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Venkatraman, Srikanth, cltizen of India, residing at 35 Roanoke Street, Woodbridge,
New Jersey 07095, US A

Chen, Kevin X, citizen of the United States of Amenca, residing at 44 Gill Lane, Apt 1D,
Iselin, New Jersey 08830, U S A

Arasappan, Ashok, citizen of India, residing at 18 Larsen Court, Bndgewater, New
Joersey 08807, US A

Njoroge, F George, citizen of Kenya, residing at 11 Softwood Way, Warren, New
Jersey 07059,US A

Girijavailabhan, Vlyyoor M , citizen of the United States of America, residing at 10
Maplewood Dnve, Parsippany, New Jersey 07054, US A

Chan, TIn-YaB\. citizen of Hong Kong, reslding at 26 Barlow Road, Edison, New Jersey
08817, US A

McKIttrlck.xﬂan A , citizen of the Unlited States of America, residing at Millbrook Road,
New Vemon, New Jersey 07976, US A

\

Prongay, Andrew J , cltizen of the United States of America, residing at 104 Willow
Grove Road, Stewartsville, New Jersey 08886, U S A

/

Madison, Vincent S , citizen of the Unlted States of America, reslding at 12 Ronarm
Drive, Mountain Lakes, New Jersey 07046, U S A
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Traduceciédn Oficial No 02-899

Efectuada el dia 20 de agosto de 2002, de un documento
escrito en Inglés, al cual para su identificacién se le
estampa el sello de Maria del Pilar Iglesias, Traductora e
Intérprete Oficial por Resolucidén No 819 del 15 de abril de
1971 expedida por el Ministerio de Justicia de la Republica
de Colombia

Traduccién de las autenticaciones notariales y subsiguientes
correspondientes a un Poder otorgado por SCHERING CORPORATION
a CARLOS REINALDO OLARTE Y/O ALVARC CORREA ORDONEZ, documento

éste que viene en espafiol y se explica por si solo

La firma y cargo de Edward H Mazer como Funcionario
Autorlzad'; de la compafiaa arriba citada fueron debidamente
certificados por el Notario Publico Norma Gallina del Estado
de Nueva Jersey, seguin consta en la Certificaciédn Notaraial,
que también viene en espaflol y que fue firmada por dicho

Notario el 2 de agosto de 2002, quien tuvo

Escritura de Constitucién de la Compafiia

16 de junio de 1997
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APOSTILLA

{(Convencion de La Haya del 5 de octubre de 1961)

1 Pais Estados Unidos de América
El presente documento publico

2 Fue firmado por Norma Gallina

3 Que actudé en su calidad de Notario Piblico del Estado de
Nueva Jersey

4 Lleva el sello del mencionado Notario Publico
Se certificéd

5 En Trenton, Nueva Jersey 6 El 9 de agosto de 2002

7 Por parte de John E McCormac, CPA, Tesorero de Nueva

Jé;sey

8 Bajo el Numero Al156329

9 Sello del Estado de Nueva Jersey

10 Firmado por John E McCormac
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C\C 41 339 183 de Bogota

ThL e ¢t By ks

cC " - = g l'u!a
ntéiprete Of g- 1 e i:}:!“
'S de Abmi de lgllut‘.r. si,da )



ok

’

L_vy !
0
il

L' (- -] -] -5} ut
.

il

N
S

!

VI

0

L

APOSTILLE

(CONVENTION DE LA HAYE DU 5 OCTOBRE 1961)

COUNTRY UNITED STATES OF AMERICA

THIS PUBLIC DOCUMENT HAS BEEN SIGNED BY
NORMA GALLINA

ACTING IN THE CAPACITY OF
NOTARY PUBLIC OF NEW JERSEY

BEARS THE SEAL/STAMP OF
NORMA GALLINA, NOTARY

CERTIFIED

AT TRENTON, NEW JERSEY

THE 9TH DAY OF AUGUST 2002

BY. John E McCormac, CPA, NEW JERSEY TREASURER
NO, Al56329

SEAL/STAMP 10 SIGNATURE
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RAIRRECK LARA RADINOUEE E MUCDA

BAKER & MSKENZIE

ATTORNIYS AT LAW

g0
MEMBERS OF THE FIRM % .
9

Av 82 No (O-82 ar FLoow
Booora D C COLOMBIA
TeLzrHONE (57 () @834-] 8OO
FACBIMNE (57-1) 376-221
NIT BOD O08 840-2
OFFICE 800oTAEBAKERNET COM
VWAWW BARERNET COM

POWER OF ATTORNEY

The undersigned
SCHERING CORPORATION

locatod in

2000 Galloping Hill Road
Kenillworih, Now Jerscy 07033
United States of Amenca

deciares thal & hereby grants o

CARLOS REINALDO OLARTE AND/OR
ALVARO CORREA ORDOREX

a full end sufficient power of attomey to apply to the
proper netional officers wnd muthorities for the esue of

Patents of Invantion Palenis for Uity Models,

To the said mandetories sufficlert power Is granted
hereby to recaive notifications for and on behalf of the
Company, 0 confer powers on thosa who are to
represent the company judicislly snd extrajudicisily to
answer in court In the matier of all claims snd demends
that may ba presentad In connaclion with the palents,
snd o do everylhing thet msy bs required before
sdmnisirstive or judiclsd officers of any class phving
them Mkewise power to eybstiiuie thess presents snd
revokea such substiiutions If necessary

Done and subscribed In
Kenilworth, Hew Jersey, USA

Onthe 2nd dayo! August

2002

Duly horized Officer

L& sbajo firmeda
SCHERING CORPORATION

domiciliadse sn

2000 Galloping Hill Road
Kenilworth, New Jerwoy 07033
Estados Unidos de Amenca

deciare por ol presente gtorgar o
GARLOS REINALDO OLARTE Y/Q
ALVARD CORREA ORDOREZ

poder sapecial ampllo y bastarvie pers recaber de los
oficines y sutoricedeas naclonaies qus correspondsn is

cblancidn de
Patentes de imencion Patentes de Modeio do Utilided,
Regietro de Disanos Indystriales fusiones, camblos de

nombre, cesliones, S0 y tramits de
opuosiclonss, cemb -d-dlneull;l

s cuyo slecio los faculle perm dar ente dchas
sutoridodes, todos o pesos nucesarios sl objeio
Indicado slevar solicitudes formuler descripcionee

, deciaracinnea spsissiones y reciamos obiar
woliciter lesthronioa recibir documentos y
velores, dealatr y percibir Se conoade s fos
expessdos mendstarios poder basiante parn recibir
notficaciones & nombre de la compsfila, otorgsar
podaeres 8 quisnes vaysn 2 representar a is compafile
Judicial y wxirsjudiciaimenis mesponder an juicio s todas
les recismaciones o demandss que por motivo de lss
. s se presentaren Y hscar cusnio fuere
ssgric enis (e sviridasdes sdministratives o
tisios O9 cusiquier orden diéndoles ssimismo
euliad psra sustiiuir ol pressnis y e caso Necasario
svacer dichas sustitucionas

dias del nes de



PAISBLECK LARA RODMRIQUEZ & RULDA

HMEMBERD OF THE FinM O
DBAKTR & MFKENZILS ks J"ﬁ \

’ ATTORNEYS AT LAW

»
Av B2 No 10-82 @rH FLooRr
Booota D C COLOMBIA
TELEPHONE (57-1) 8234 | 500
FaceIMILE (B37-1) 378221
NIT 860 0a8 840-3
OPFICE BOOOTAE BARERNET COM
WWW BAKEANET COM

CATION CERTIFICACION NOTARIAL

dias del meg da

NOTARIAL 1

dsyot Auguat Alos

de 2002 o1 suscrfic Nolsro

On thin —_ 2nd

2002 the undarsigned Notsry

CERTIFIES DA FE

1 That Edvard H. Mazer 1 Que -

.lhlﬂ-l-ﬁmun Millburp, New Jersey
United States of America

mayor y domicllado sn —_ e

ssthie hand on the foregoing document.

2. That the grantor ia Ip me parsonally know snd et ha/sha hos
lagsl capecily to execute the instrument, peo o

3 Trlllhem-nlwll--nﬂlnn ha loregoing document as
Duly Authorized pff:l.gg_g e

of tha Juicial parson

4 That the judicial parson
SCHERING CORPORATION
heving iis hame office v 2000 Galloping Hill Road,
nilvorth, Nev Jersey 07033, USA

——— ———

Is duly organtstd  has present fogal existence pnd Uat tha es for
which he power of 22omey ls granted are within the scope of Il corporate

pupoBes
5 That tho gronior Irw In 17l tho referrad 1o authorily and that his/har 5. Quo «l olorganio tiene ofectivemento lo reprosgntaciin gue
represaniation Is Ingal ostenta y que asle es legibmg
G Thal | have basod cortificoiions 3 4 gnd 5 dbova on thn Wilowing aulhentic 4 Qua ho basado las cotficacionos 3 4 y 5 onicriuros en los
documonts for such purpese exhibilag fo ma and which | mention sdacileally sipuinntes dnosmaentos nutdnticos quo sl efocio & mo oxhinaron y
0ling their dates and their o-igin or source @re monciono aspe:ifiicamoan A cen orpresiin Ja sus lachas y de su
origen o prococonda
Certificate of Incorporation, as amended, dated

April &, 1996~ . _
Certificate of Restated Incoyporation filed -
Jone 16,1997 - T NORMAGATOING — - — i
o Llll ARYPUBLICOF NEWJERSEY _ .
My Commussion Expires June 27, 2008 umhes
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(26) Publication Language EBnghish
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ance Notes on Codes arnd Abbreviailons” appearing at the begin-
ming of each regular wssue of the PCT Gaxeite.

-i..; {5d) Titlee MACROCYCLIC NS3-SERINE PROTEASE INHIBITORS OF HEPATITIS C VIRUS COMPRISING ALKYL AND

v
—]

ARY1 ALANINE P2 MOIETIES

o (57) Abstract The present nvention dhseloscs novel macrocyele compounds winch have HICV proiease ininbniory actvity as well
as methods for prepanng sach compounds. In another embodiment e invention discloses pharmaceuiical compositions comprising
such macrocycles as well as methods of using them to treat disorders ussociated with the HCV protease

17



WO 01/81325 PCT/US01/12530
lic NS-3 Se rotease bito itis C rk
Alkyl and Ary| Alanine P2 Moieties .

Field of Invention

The present iInvention relates to novel hepatitts C virus ("HCV™) protease
mhibitors, pharmaceutical compositons containing one or more such inhibttors,
methods of prepanng such inhibitors and methods of using such inhibtors to treat
hepatitis C and related disorders This invention specifically discloses novel
macrocyclic compounds as inhibitors of the HCV NS3/NS4a serine protease The
disclosure herein is related to that in pending patent application, Senal No

, filed April 5, 2000

ckgrou ntl

Hepatitis C virus (HCV) i1s a (+)-sense single-stranded RNA virus that has
been implcated as the major causative agent in non-A, non-B hepatiis (NANBH),
partcularly in blood-associated NANBH (BB-NANBH)(ses, Intemational Patent
Application Publicaton No WO 89/04669 and European Patent Application
Publication No EP 381 216) NANBH is to be distinguished from other types of
viral-induced liver disease, such as hepatiis A virus (HAV), hepatitis B virus
(HBV), delta hepatitls virus (HDV), cytomegalovirus (CMV) and Epstein-Barr virus
(EBV), as well as from other forms of liver disease such as alcoholism and
pnmary biliar cuthosis

Recently, an HCV protease necessary for polypeptide processing and viral
rephication has been Identified, cloned and expressed, (see, e.g., U S, Patent No
5,712,145) This approximately 3000 amino acid polyproteln 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, §a and
5b) NS3 s an approximately 68 kda proten, encoded by approxaimately 1893
nucleotides of the HCV genome, and has two distinct domains (a) a senne
protease domain consisting of approximately 200 of the N-terminal amino acids,
and (b) an RNA-dependent ATPase domain at the C-terminus of the protemn 1:he

0946
15
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NS3 protease i1s considered a member of the chymotrypsin family because of
similantes in protein sequence, overall three-dimensional structure and -
mechamism of catalysis Other chymotrypsindike enzymes are elastase, factor
Xa, thrombin, trypsin, plasmin, urokinase, A and PSA The HCV NS3 serine
protease Is responsible for proteolysis of the polypeptide (polyprotein) at the
NS3/NS4a, NS4a/NS4b, NS4b/NS5a and NS5a/NSSb junctons and Is thus
responsible for generating four viral proteins dunng viral replication This has
made the HCV NS3 serine protease an attractive target for antiviral
chemotherapy

It has been determined that the NS4a protein, an approxamately 6 kda
polypeptide, 18 a co-factor for the senne protease activity of NS3 Autocleavage of
the NS3/NS4a junction by the NS3/NS4a senne protease occurs intramolecularly
(Le , c1s) while the other cleavage sites are processed intermolecularly (L.e., trans)

Analysis of the natural cleavage sites for HCV protease revealed the
presence of cysteine at P1 and senne at P1’ and that these residues are strictly
conserved in the NS4a/NS4b, NS4b/NS5a and NS5a/NS5b junctions The
NS3/NS4a junction contains a threonine at P1 and a serine at P1° The Cys—>Thr
substitution at NS3/NS4a Is postulated to account for the requirement of crs rather
than trans processing at this junction See, @ g.. Pzz1 et al, (1994) Proc, Natl,
Acad, Sci (USA) 91 888-892, Fallla et al, (1996) Folding & Design 1:3542 The
NS3/NS4a cleavage site 1s also more tolerant of mutagenesis than the other sites
See, 8.9, Kollykhalov et al, (1994) J. Yiol, 88 7525-7533 It has also been found
that acidic residues in the region upstream of the cleavage site are required for
efficient cleavage See, 8.g,. Komoda et al, (1994) J, Virol, 68 7351-7357 )

Inhibitors of HCV protease that have been reported include antoxidants
(see, Intemational Patent Application Publication No WO 98/14181), certain ~
peptdes and peptide analogs (see, Intemational Patent Application Publication
No WO 98/17679, Landro et a] (1997) Biochem 36 9340-9348, Ingallinella et al
(1998) Biochem 37 8906-8914, Linas-Brunet et al (1998) Bioorg, Med, Chem.
Leit. 8 1713-1718), mhibltors based on the 70-amino acid polypeptide eglin ¢
(Martin et al, (1998) Biochem, 37 11459-11468, inhibitors affinity selected from
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human pancreatic secretory trypsin inhibitor (hPSTI-C3) and minibody repertoires
{(MBip) (Dimas! et al (1997) .1, Virol, 71.7461-7469), cVLE2 (a “camelzed” ..
vanable domain antibody fragment) (Martin et a| (1997) Protein Eng. 10 607-814),
and ai-anfichymotrypsin (ACT)Elzouk: et al.) (1997) J. Hepat, 27.42-28) A
5 nbozyme designed to selectively destroy hepatiis C virus RNA has recently been
disclosed (see, BioWorld Today 9(217) 4 (November 10, 1998))
Reference 1s also made to the PCT Pubilications, No WO 98/17679,

published Apni 30, 1998 (Vertex Pharmaceuticals Incorporated), WO 98/22498,
published May 28, 1998 (F Hoffmann-La Roche AG), and WO 989/07734,

10 published February 18, 1999 (Boehnnger ingelheim Canada Ltd )

HCV has been implicated in cirrhosis of the liver and in induction of

hepatoceliular carcinoma The prognosis for patients suffenng from HCV infechion
Is currently poor HCV infection Is more difficult to treat than other forms of
hepatitis due to the lack of iImmunity or remission associated with HCV mfechon

15 Current data indicates a less than 50% survival rate at four years post cirhosis
diagnosis Pathents diagnosed with localized resectable hepatocellular carcinoma
have a five-year survival rate of 10-30%, whereas those with locallzed
unresectable hepatocellular carcinoma have a five-year survival rate of less than
1%

20 Reference 1s made to A Marcheth et a/, Synletf, S1, 1000-1002 (1899)
descnbing the synthesis of bicylic analogs of an inhibitor of HCV NS3 protease A
compound disclosed theremn has the formula

25 Reference is also made to WO 00/09558 (Assignee Boehringer Ingelheim
Limited, Published February 24, 2000) which discloses peptide denvatives of the
formula
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Reference is also made to WO 00/09543 (Assignee Boehnnger Ingelheim
Limited, Published February 24, 2000) which discloses pephtde denvatives of the

formula
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Current therapies for hepatiis C include interferon-a (INFg) and
combination therapy with nbavirin and interferon See, @ g., Beremguer gf al ..
(1998) Proc, Assoc. Am, Physiclans 110(2) 98-112 These therapies suffer from a
low sustained response rate and frequent side effects See, 8.g.. Hoofnagle et al,
(1997) N. Engl. J. Med, 336 347 Currently, no vaccine 1s available for HCV
infection

Pending patent application, Serial Number, , filed Apnl
5, 2000, discloses certain macrocyclic compounds as inhibitors of the HCV
protease as well as pharmaceutical composttions containing saxd compounds

There I8 a need for new freatments and therapies for HCV infection Itis,
therefore, an object of this invention to provide compounds useful in the treatment
or preventon or amelioration of one or more symptoms of hepatriis C

It 1s a further object heremn to provide methods of treatment or prevention or
amehoration of one or more symptoms of hepatitis C

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

Ancther object herein is to provide methods of modulating the processing
of the HCV polypeptide using the compounds provided herein

) inventl

In its many embodiments, the present invention provides a novel class of
macrocydlic inhibitors of the HCV protease, pharmaceutical compositions
containing one or more of the compounds, methods of prepanng pharmaceutical
formulations compnsing one or more such compounds, and methods of treatment,
prevention or amelioration or one or more of the symptoms of hepatiis C Also
provided are methods of modulating the interaction of an HCV polypeptide with
HCV praoteasa Among the compounds provided herein, compounds that inhibit
HCV NS3/NS4a senne protease activity are preferred The presently disclosed
compounds generally contain about four or more amino acld residues and less
than about twelve ammo acid residues
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In its pnncipal embodiment, the present invention provides a macrocycdlic
compound of Formula | ~—

T
/H/LQ/\\E,"TR'

E, X and Y may be independently present or absent, and if present are
independently selected from the moieties alkyl, aryl, alkyl-aryl, heteroalkyl,
heteroaryl, aryl-heteroaryl, alkyl-heteroaryl, cycloalkyl, alkyl ether, alkyl-aryl ether,
aryl ether, alkyt amino, aryl amino, alkyl-aryl amino, alkyl sulfide, alkyl-aryl sulfide,
aryl sulfide, alkyl sulfone, alkyl-aryl sulfone, aryl sulfone, alkyl-alkyl suifoxide,
alkyl-aryl sulfoxide, alkyl amide, alkyl-aryl amide, aryl anude, atky! sulfonamide,
alkyl-aryl sulfonamde, aryl sulfonamide, alkyl urea, alkyl-aryl urea, aryl urea, alkyl
carbamate, alkyl-aryl carbamate, aryl carbamate, alkyl -hydrazide, alkyl-aryl
hydrazide, alkyl hydroxamide, alkyl-aryl hydroxamide, alkyl sulfonyl, aryl sulfonyl,
heteroalkyl sulfonyl, heteroaryl sulfonyl, alkyl carbonyl, aryl carbonyi, heteroalkyt
carbonyl, heteroaryl carbonyl, alkoxycarbonyl, aryloxycarbonyl, )
heteroaryloxycarbonyl, atkylaminocarbonyl, arylaminocarbonyl,
heteroarylaminocarbonyl or a combination thereof, with the proviso that E, X and
Y may optionally be addtionally substituted with moleties selected from the group
consisting of aromahc, alkyl, alkyl-aryl, heteroalkyl, aryl-heteroaryl, alkyl-
heteroaryl, cycloalkyl, alkyl ether, alkyl-aryl ether, alkyl sulfide, alkyl-aryl sulfide,
alkyl sulfone, alkyl-aryl sulfone, alkyl amide, alkyl-aryl amide, alkyl sulfonarmde, ,
alkyl amines, alkyl-aryl amines, alkyl-aryl sufonamide, alkyl urea, alkyl-aryl urea,
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alkyl carbamate, alkyl-aryl carbamate, halogen, hydroxyl amino, alkyl carbazate,
aryl carbazate, —

R' = COR® or B(OR),, wherein R® = H, OH, OR®, NR°R", CF,, C.F;, C,F;,
CF2R® R®, COR’ wherein R’ = H, OH, OR®, CHR*R™, or NR°R"? , wherein R,
R®, R® and R*° are independently selected from the group consisting of H, alkyl,
aryl, heteroalkyl, heteroaryl, cycloalkyl, cycloalkyl, arylalkyl, heteroarylalkyl,
CH(R")COOR", CH(R! JCONR™R",
CH(R'! }CONHCH(R? )cOO R", CH(R' CONHCH(R?)CONR'2R",
CH(R')CONHCH(R? )R’, CH(R! }CONHCH(R?)CONHCH(R*)COO R",
CH(R")CONHCH(R?)CONHCH(R*)CONR'2R3,
CH(R')CONHCH(R?)CONHCH(R¥)CONHCH(R*YCOO R",
CH(R' YCONHCH(R?)CONHCH(R*)CONHCH(R*)CONR'2 R,
CH(R')CONHCH(RZ YCONHCH(RY)CONHCH(R* YCONHCH(R®)COO R", CH(R"
YCONHCH(R? JCONHCH(R? CONHCH(R* )JCONHCH(R®) CONR'R"?, wherein
R', R%, R%, R*, R%, R'", R'%?, R® and R’ are independently selected from a group
consisting of H, alkyl, aryl, heteroalkyl, heteroaryl, cycloalkyl, alkyl-aryl, alkyi-
heteroaryl, aryl-alkyl and heteroaralkyl,

Z i1s selected from O, N, or CH,

W may be present or absent, and if W Is present, W is selected from C=0,
C=S8, SOz or C=NR, -

Qs (NR), O, S, CHz, CHR, CRR' or a double bond towards V,

A8 O, CHy, (CHR), , (CHR-CHR"), (CRR'),,NR, S, 802,C=0Oora
bond,

G 18 (CHz2)p, (CHR),, (CRR), NR, O, S, SOz, S(O)NH, C=0, or a doublé
bond towards E or V, ’

Vis CH,CRorN,

p 1s a number from O to 6, and

R, R, R% R® and R* are ndependently selected from the group consisting
of H, C1-C10 alkyl, C2-C10 alkenyl, C3-C8 cycloalkyl, C3-C8 heterocycloalkyl,
aryl, alkoxy, aryloxy, alkyithio, arytthio, amino, amido, ester, carboxylic acid,
carbamate, urea, ketone, aldehyde, cyano, nitro, heteroaryl, alkyl-aryl, alkyl-
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hetsroaryl, (cycloalkyl)alkyl and (heterocycloalkyl)alkyl, wherein said cycloalkyt is
made of three to eight carbon atoms, and zero to six oxygen, nitrogen, sulfur, Qr.
phosphorus atoms, and said alkyl 18 of one 1o six carbon atoms,
with said alkyl, heteroalkyl, alkenyl, heteroalkenyl, aryl, heteroaryl, cycloalkyl and
heterocycloalkyl moleties may be optionally substituted, with said term
“"substiuted” refermng to optional and surtable substituion with one or more
moieties selected from the group consisting of alkyl, alkenyl, alkynyl, aryl, aralkyl,
cycloalkyl, heterocyclic, halogen, hydroxy, thio, alkoxy, aryloxy, alkytthio, aryithio,
amno, amido, ester, carboxylic acid, carbamate, urea, ketone, aldehyde, cyano,
nitro, sulfonamide, sulfoxide, sulfone, sulfonyl urea, hydrazide, and hydroxamate
and thiourea

Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as 1s commonly understood by one of skill in the art to
which this invention belongs Thus, for example, the term alkyl (including the alkyl
portions of alkoxy) refers to a monovalent group denved from a straight or
branched chain saturated hydrocarbon by the removal of a single atom having
from 1 to 8 carbon atoms, preferably from 1 to 6,

aryl — represents a carbocyclic group having from 6 to 14 carbon atoms
and having at least one benzenoid nng, with all available substitutable aromatic
carbon atoms of the carbocyclic group being intended as possible points of
attachment. Preferred aryl groups include phenyl, 1-naphthyl, 2-naphthyl and
indanyl, and especially phenyl and substituted phenyi,

aralkyl — represents a moiety containing an aryl group linked vial a lower

alkyl, -
alkylaryl — represents a moiety containing a lower alkyl inked via an aryl

group,

cycloalkyl — represents a saturated carbocyclic nng having from 3 {0 8
carbon atoms, preferably 5 or 6, optionally substiuted,

heterocyclic — represents, in addition to the heteroaryl groups defined
below, saturated and unsaturated cyclic organic groups having at least one O, S
and/or N atom interrupting a carbocyclic ring structure that consists of one or more
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nngs, wherein each ring 1s 5-, 6- or 7-memberad and may or may not have double
bonds that lack delocalzed pi electons, which nng structure has from210 8, ..
preferably from 3 to 6 carbon atoms, e g , 2- or 3-plpendinyi, 2- or 3-piperazinyl, 2-
or 3-morpholinyl, or 2- or 3-thiomorpholinyl,

halogen — represents fluonne, chlorine, bromine and lodine,

heteroaryl — represents a cyclic organic group having at least one O, S
and/or N atom interrupting a carbocyclic ring structure and having a sufficient
number of delocallzed pli electrons to provide aromatic character, with the
aromatic heterocyclic group having from 2 to 14, preferably 4 or 5 carbon atoms,
e g, 2-, 3- or 4-pyridyl, 2- or 3-furyl, 2- or 3-thienyl, 2-, 4- or 5-thiazolyl, 2- or
4-imdazolyl, 2-, 4- or 5-pynimidinyl, 2-pyrazinyl, or 3- or 4-pyndazinyl, etc
Preferred heteroaryl groups are 2-, 3- and 4-pyndyi, Such heteroaryl groups may
also be ophonally substituted

Also included in the invention are tautomers, rotamers, enantomers and
other optical Isomers of compounds of Formula |, as well as pharmaceutically
acceptable salts and solvates thereof

A further feature of the invention is pharmaceutical compositions containing
as active ingredient a compound of Formula | (or its salt, solvate or iIsomers)
together with a pharmaceutically acceptable camer or excipient.

The inventlon also provides methods for prepanng compounds-of Formula
], as well as methods for treating diseases such as, for example, HCV and related
disorders The methods for treating comprise administenng to a patient suffenng
from said disease or diseases a therapeutically effective amount of a compound of
Formula |, or pharmaceutical compositions compnsing a compound of Formula

Also disclosed 1s the use of a compound of Formula | for the nlanufacture
of a medicament for treating HCV and related disorders ’

B8O QOSCIL preverred Mmog

MR LS

In one embodiment, the present invention discloses compounds of Formula
| as inhibitors of HCV protease, especially the HCV NS3/NS4a senne protease

d
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where the vanous moleties are defined above Some of the preferred
embodiments mclude, but are not limited to, the following definitions of the varlous
functionalibes in the above-noted general formula I, other desired definitions for

5 the same and addrbonal functonalrties may be found in the structures and claims
of this application which are also within the contemplation ofthe present invention
Among the preferred embodiments, R2 i formula | may be selected from the
followming moieties
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L\A,A/%

E may be a substituted or unsubstituted alkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted heteroaryl or
substituted or unsubstituted cycloalkyl, with preferred representations for E being

quﬁq’ o

Preferred embodiments for R? include the moieties
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COCH;

G O, C

wherein R® = H, CHj or other alkyl groups,
R® = OH, O-alkyl, NH,, N-alkyl, and

R* and R® may be the same or different and are selected independently from H,
F, Cl, Brand CHj;

Preferred embodiments for the molety X-Y are the followmng structures



10

WO 01/81325 PCT/US01/12530

14

)12 )/((\/ ‘)/(\ aocHN\}) -
X ¥R -
x
Ng ]!2-4
BocH AcH

x4

Several additonal and further refinernents of the above-noted vanous
defintions for the compounds represented by Formula | are noted in the Clalms
section of this application They are also represented by the vanous compounds
listed in the specification and claims Such refinements, definitons arid imitations
are to be considered as representing the entire invention of this applicaton

Representative compounds of the invention which exhibit excellent HCV
protease inhibitory activity are listed below
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The activity of some of the compounds are presented in Table 1 as ranges of K
values In nanomolar (hM) The Example numbers in Table 1 refer to the numbers

5 for the vanous structures in the EXAMPLES sechon found in the later parts of this
apphication

Example Ki* nM

o v ol vl bl e N
>l W > W W W >




37

PCT/US01/12530

WO 01/81325

T
9839

29

10
11
12
13
14
15
16
17
18
19
20

21
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26
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31

33

34
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30
39 A
40 B -
41 A
42 B
43 A
a4 A
45 B
46 B
47 B
48 B
49 B
50 B
51 B
52 A
53 A
54 B

HCV continous assay Ki* range
Category A= 0 001-1 0 pM, Category B=1 1-100 uM

Some methods of synthesizing the various types of the inventive
compounds are descnbed later In this section, and also schematically described,
followed by the illustrative Examples

Depending upon the structure, the compounds of the invention may form
pharmaceutically acceptable salts with organic or inorganic aclids, or organic or
inorganic bases Examples of surtable acids for such salt formation are -
hydrochloric, sulfunc, phosphonc, acetic, cltric, oxalic, malonic, salicylic, malic,
fumanc, succinic, ascorbic, maleic, methanesulfonic and other mineral and
carboxylic acids well known to those skilled in the art For formation of salts with
bases, suitable bases are, for example, NaOH, KOH, NH,OH,
tetraalkylammonium hydroxide, and the like



10

15

20

30

- 1he

WO 01/31325 PCT/USD1/12530

Qp3

31 2 g

In ancother embodiment, this Invention provides pharmaceutical
composttions compnsing the above-descnbed Inventive macrocycles as an actiye
ingredient The pharmmaceutical compositions generally addionally compnse a
pharmaceutically acceptable camer diluent, excipient or camer (collectively
referred to herein as camer matenals) Because of their HCV inhibitory activity,
such pharmaceutical compositions possess utility in treating hepatitis C and
related disorders

In yet another embodiment, the present invention discloses methods for
prepanng pharmaceutical compositions compnsing the inventive macrocycle
compounds as an achive ingredient. In the pharmaceutical compositions and
methods of the present invention, the active ingredients will typically be
administered in admbdure with sutable camer matenals surtably selected with
respect to the intended form of administration, 1 e oral tablets, capsules (either
sold-filled, semi-solid filled or hquid filled), powders for constrtution, oral gels,
eluars, dispersible granules, syrups, suspensions, and the like, and consistent with
convenhonal pharmaceutical practices For example, for oral administration in the
form of tablets or capsules, the active drug component may be combined with any
oral non-toxic pharmaceutically acceptable inert camer, such as lactose, starch,
sucrose, celluiose, magnesium stearate, dicalcium phosphats, calcium sulfate,
talc, mannitol, ethyl alcohol (iquid forms) and the like Moreover, when desired or
needed, suitable binders, lubricants, disintegrating agents and coloring agents
may also be incorporated in the mixture Powders and tablets may be compnsed
of from about 5 to about 95 percent inventive composiion  Surtable binders
include starch, gelatin, natural sugars, com sweeteners, natural and synthetic ~
gums such as acacia, sodium alginate, carboxymethyicellulose, polyéthylene
glycol and waxes Among the lubncants there may be mentioned for use In these
dosage forms, bonc acd, sodium benzoate, sodium acetate, sodium chlonde, and
the hke Disintegrants include starch, methyicellulose, guar gum and the like

Sweetening and flavonng agents and preservatives may also be included
where appropnate Some of the terms noted above, namely disintegrants,
diluents, lubncants, binders and the like, are discussed in more detail below

”
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Addiionally, the compositions of the present invention may be formulated
in sustained release form to provide the rate controlled release of any one or [pore
of the components or achve ingredients to optimize the therapeutic effects, 1
HCV mhibitory actmvity and the ke Suitable dosage forms for sustained release
include layered tablets containing layers of varying disintegration rates or
controlled release polymenc matnces impregnated with the active components
and shaped in tablet form or capsules containing such Impregnated or
encapsulated porous polymenc matrices

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

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

For prepanng suppositones, a low metting wax such as a mixture of fatty
acld glycendes such as cocoa butter s first melted, and the active ingredient 1s
dispersed homogeneously thereln by stmng or similar mpang The molten
homogeneous mixture ts then poured 1nto convenient szed molds, allowed to cool
and thereby solidify

Also included are solid form preparations which are intended to be
converted, shortly before use, to liquid form preparations for erther oral or
parenteral admmistration Such liquid forms Include solutions, suspensions and”
emulsions ’

The compounds of the invention may also be deliverable transdermally'
The transdermal compositions may take the form of creams, lotions, aerosols
and/or emulsions and can be included in a transdermal patch of the matrx or
reservorr type as are conventional in the art for this purpose

Preferably the compound 1s administered orally
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Preferably, the phamrmaceutical preparation is in a unit dosage form In such
form, the preparation Is subdivided into sultably sized unit doses containing ...
appropnate quantibes of the active components, e g , an effective amount to
achieve the desired purpose

The quantrty of the inventive active composrhon m a unit dose of
preparation may be generally vaned or adjusted from about 1 0 miligram to about
1,000 miligrams, preferably from about 1 0 to about 950 milligrams, more
preferably from about 1 0 to about 500 miligrams, and typically from about 1 to
about 250 milligrams, according to the particular application The actual dosage
employed may be vaned depending upon the patient's age, sex, weight and
seventy 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 administered 1 or 2 times per day The amount and frequency of the
administrabon will be regulated according to the judgment of the attending
chrician A generally recommended daily dosage regimen for oral administration
may range from about 1 0 mihgram to about 1,000 miligrams per day, in single or
divided doses

Some useful tarms are descnbed below

Capsule - refers to a special contamer or enclosure made of methyl
cellulose, polyvinyl alcohols, or denatured gelatns or starch for holding or
containing composttions compnsing the active ingredients Hard shell capsules
are typlcally made of blends of relatively high gel strength bone and pork skin
gelatins The capsule tself may contain small amounts of dyes, opaquing agents,
plasticizers and preservatives ’

Tablet- refers to a compressed or molded solid dosage form coninmmd the
achve ingredients with suitable diluents The tablet can be prepared by
compression of mixtures or granulations obtained by wet granulation, dry
granulation or by compacton

Oral gel- refers to the active Ingredients dispersed or solubilized in a
hydrophillic semi-solid matnx

T

J
<
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Powder for constitution refers to powder blends contamning the active
ingredients and sultable diluents which can be suspended in water or juices ...

Diluent - refers to substances that usually make up the major portion of the
composition or dosage form Suitable diluents include sugars such as lactose,
sucrase, mannitol and sorbitol, starches denved from wheat, com, rice and potato,
and celluloses such as microcrystalline celiulose The amount of diluent In the
composition can range from about 10 to about 90% by weight of the total
composition, preferably from about 25 to about 75%, more preferably from about
30 to about 60% by weight, even more preferably from about 12 to about 60%

Disintegrant - refers to matenals added to the composihon to help it break
apart (disintegrate) and release the medicaments Surtable disintegrants Iinclude
starches, "cold water soluble™ modified starches such as sodium carboxymethyl
starch, naturat and synthetic gums such as locust bean, karaya, guar, fragacanth
and agar; cellulose denvatives such as methylcellulose and sodium
carboxymaethylicellulose, microcrystalline celluloses and cross-inked
microcrystalline celluloses such as sodium croscarmellose, alginates such as
alginic acd and sodium alginate, clays such as bentonites, and effervescent
mxtures The amount of disintegrant in the composition can range from about 2 to
about 15% by weight of the compostion, more preferably from about 4 to about
10% by welight -

Binder - refers to substances that bind or "glue” powders together and
make them cohesive by forming granules, thus serving as the "adhesive" in the
formulation Binders add cohesive strength already available in the diluent or
bulking agent Sunable binders include sugars such as sucrose, starches denved
from wheat, com nce and potato, natural gums such as acacia, gelatin and
tragacanth, denvatives of seaweed such as algimc acid, sodium alginate and )
ammonium calcium alginate, cellulosic materials such as methylcsllulose and
sodium carboxymethyicellulose and hydroxypropyimethyiceliulose,
polyvinylpyrrolidone, and inorganics such as magnesium aluminum siicate The
amount of binder in the composition can range from about 2 to about 20% by
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weight of the composition, more preferably from about 3 to about 10% by weight,
even more preferably from about 3 to about 6% by weight. —~—

Lubricant - refers to a substance added to the dosage form fo enable the
tablet, granules, etc after it has been compressed, io release from the mold or die
by reducing fnction or wear Suitable lubncants include metallic stearates such as
magnesium stearate, calcium stearate or potassium stearate, steanc acid, hgh
meltng point waxes, and water soluble lubncants such as sodium chionde,
sodium benzoate, sodium acetate, sodium oleate, polyethylene glycols and d'-
leucine Lubncants are usually added at the very last step before compression,
since they must be present on the surfaces of the granules and in between them
and the paris of the tablet press The amount of lubncant in the composition can
range from about 0 2 to about 5% by weight of the composttion, preferably from
about 0 5 to about 2%, more preferably from about 0 3 to about 1 5% by welight

Gldent - material that prevents caking and improve the flow charactenstics
of granulations, so that flow 1s smooth and uniform Suitable ghidents include
silicon dioxide and talc The,amount of ghdent m the compositon can range from
about 0 1% to about 5% by weight of the total composttion, preferably from about
0 5 to about 2% by weight.

Colonng agents - excipients that provide coloration to the composition or
the dosage form Such excipients can include food grade dyes and foed grade
dyes adsorbed onto a surtable adsorbent such as clay or aluminum oxide The
amount of the colorning agent can vary from about 0 1 to about 5% by weight of the
composition, preferably from about 0 1 to about 1%

Bioavailability - refers to the rate and extent to which the active drug }
ingredient or therapeutic moiety I1s absorbed into the systemic ciréulafion from an
administered dosage form as compared to a standard or control

Conventional methods for preparing tablets are known Such methods
include dry methods such as direct compression and compression of granulation
produced by compacton, or wet methods or other special procedures
Conventional methods for making other forms for administration such as, for
example, capsules, suppositones and the like are also well known

0
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Ancther embodiment of the invention discloses the use of the
pharmaceutical composthons disclosed above for treatment of diseases such gs,
for example, hepatitis C the like The method compnses administering a
therapsutically effective amount of the inventive pharmaceutical composition to a
patient having such a disease or diseases and in need of such a treatment.

As stated earlier, the invention includes tautomers, enantiomers and other
stereoisomers of the compounds also Thus, as one skilled in the art knows, some
of the inventive compounds may exist in isomenc forms Such vanations are
contemplated to be within the scope of the invention

Another embodiment of the invention discloses a method of making the
macrocyclic compounds disclosed hereln The compounds may be prepared by
several techniques known In the art Representative illustrative procedures are
outlined in the following reachon schemes |t 1s to be understood that while the
following lllustrative schemes descnbe the preparation of macrocycles
predominately denved from mefa-tyrosine or lysine at the P2 posrhon Suitable
substitution of any of both the natural and unnatural amino acids will result in the
formation of the desired macrocycles based on such substitution

Abbreviabons which are used in the descnptions of the schemes,
preparations and the examples that follow are
THF Tetrahydrofuran -

DMF N,N-Dimethylformamide

EtOAc Ethyl acetate

AcOH Acetic acd

HOOBt 3-Hydroxy-1,2,3-benzotnazin4(3H)-one )
EDCI 1-(3-dimethylaminopropyt)-3-ethylcarbodiimide hydrochlonde *
NMM N-Methyimorpholine

ADDP 1,1'{(Azodicarbobyl)dipipendine

DEAD Diethytazodicarboxylate

MeOH Methanol

EtOH Ethanol

Et20 Diethyl ether
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Bn Benzyl

Boc tert-Butyloxycarbonyl o~

Cbz Benzyloxycarbonyl

Cp Cyicopentyidienyl

Ts p-toluenesulfonyl

Me Methyl

HATU O-(7-Azabenzotriazol-1-y1}-N,N N',N’-tetramethyluronium
hexafluorophosphate

Chg Cyclohexyliglycine

Tyr Tyrosine

G Glycerol

TG Thioglycerol

alloc allyloxycarbonyl

FMOC 9-Fluorenyl methyloxycarbonyl

Dde N-1-(4,4-dmethyl-2,6-dioxocyclohex-1-ylidene)ethyl

tBu fert-butyl

equiv equivalent

rel nt. relative intensity

aq aqueous

rt. room temperature

satd saturated

Hex hexane(s)

NBA Nrtrobenzoic acid

PyBrOP Tns(pymolidino)bromophosphonium hexafluorophosphate

DMSO Dimethyl sulfoxide ’

TFA. Tnfluoroacetic acid

HOBLt. Hydroxybezotnazole

Honigs base Dnsoprpylethyl amine

BOP Benzotnzaol-1-yloxytns(dimethylamino)phosphonium hexafluorophosphate

LDA Lithium dusopropyl amide

PhaP Trph nyl phosphine
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LAH Lihium Aluminum Hydnde

DMAP 4-Dimethyl aminopyndine o~
DCC Dicyclohexyicarbodnmide

MCPBA meta-Chloroperbenzoic acid

BINAP 2,2'-Bis(diphenylphosphino}-1,1"-binaphtol

MeCN acetonitrile

Pr Propyl
Ac Acetyl
Ph Phenyl
General Schemes for Synthesis of inventive Compounds, In the following

Schemes, n 18 a number from 110 6
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( )n HJ HYRi
o R 0 R2
k(]
5 The synthesis of compounds of type 1e wherein R', R?, R® R’ are defined

above, r? being amide, carbamate,or hydrogen, R being alkyl, aryl or arylalkyl,

began with the coupling of 1a with the dipephde 1b using NMM , HOBt, and EDCI

to obtain the iIntermediate ¢ The intermediate 1¢c was treated with Cs,COs in

DMF followed by photolysis to obtain compound 1d, The macrocyclic ester 1d ~
10 was hydrolyzed and coupled with a sutable amme Intermediate to generate

compounds of type 1@
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The preparation of the compound of formula 2e, wherein R1, R2, R3 and n
are defined above, R' 18 alkyl, heteroalkyl (OR", SR™, NR"R™ wherein R® and R*
are alkyl groups), halo substiuent at ortho, mets, or para -position to oxygen
atom, R 18 alkyl, aryl, or alkylaryl groups, and n 18 from zero to five, I8 outhned in
Scheme 2 The meta-tyrosine-dipeptide 2a s coupled to an alkenyl carboxyllc

acid in the presence of HOOBt, EDCIHClI and NMM Hydroboration of the
resulting product affords compound 2¢ The macrocyclization 18 achieved under
Mitsunobu conditions by using tnphenylphosphine and ADDP (The Miisunobu
reacton is reviewed by D L Hughes, Org Reactions, 42 (1992) 335, John Wiley
& Sons, New York, L Paquette, ed ) After the ester is hydrolyzed to an acid with
Ithium hydroxide, it 1s coupled to an amine intermediate to afford 2¢
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The preparation of compounds of formula 3¢ wherein R’, R1. R2. R3. R

5 and n are defined in Scheme 1 and PG 18 Cbz, Boc, or alloc is outined in

Scheme 3 The compound 3a was coupled with substituted hishdine denvative

using DCC This compound 3b was deprotected and further treated with o-bromo

acids to obtain compound of the type 3¢ Cydlization of 3¢ was accomplished with

Nal and Na2CO3 in boiling methylvinyl ketone to afford 3d The compound -3d

10 was convertad to compounds of type 3e by hydrolysis of the estet followed by
coupling with the appropnate amine intermediate ”
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4t
5 The preparation of the compounds of type 4f where in R’, R1. R2. R3. R, n

and PG are defined in Scheme 1 was Initiated from compound of the type 4a The
alcohol of 43 was converted to 4b by treatment with phosgene 4b was converted
to 4¢ by coupling with alloc protected 1b and Eta3N The alloc grutfp of 4c_ was
deprotected using Pd(PPh3)4 to obtan 4d which underwent cyclization under the
10 Misunobu condibons to yield 4e The ester of 4¢ was hydrolyzed and further
coupled with an amine using EDCI, HOOBt to obtain compounds of the type 4f,
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The preparation of compounds of type 5h wherein R1. Rz'. R3, R', PG and
n are defined In Schemes -3 and PG' being Cbz or Boc and PG? being alloc,
began wrth the known compound 5a The acid 53 was converted to the ester by
refluxing it with ROH and TsOH The phenalic oxygen of Sb was converted to the
alloc group by the treatment with alloc-chlonde and triethyl amine fo yield 5¢. The
secondary alcohol of S¢ was converted to compounds of type 5d by couphng with
protected cyclohexyl glycine using DCC and HOBt The alloc group of compound
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5d was deprotected using Pd(PhsP)s, and dmedone 5e was deprotected and
treated with EDCI, HOOBt and appropnately activated ruthenium complex. to
obtain compounds of the formula of 5f The compounds of the type 5f were
converted to cyclic compounds of the formula §g by the use of Cs2C03, and
subsequent photolytic removal of ruthenium The ester group of §5g was
hydrolyzed and coupled to an amine intermediate to obtain compounds of the type
sh

The preparation of the compound of formula 6f, wherein R1, R2, R3 are
defined above, R' is alkyl, heteroalkyl (OR", SR™, NR"R™ wherein R* and R™ are
alkyl groups), halo substituent at ortho, meta, or para -positon, R 1s alkyl, aryl, or
alkylaryl groups, PG 18 Cbz or Boc, and n is from zero to five, 18 outlined in
Scheme 6 The meia-lodophenyiglycine 6a i1s converted to its ester under usual
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estenficaton condihions (ROH, HCI) The product 18 then coupled to an N-
protected amino acid in the presence of HOOBt, EDCI HCl and NMM After
deprotection, the resulting amine i1s coupled again fo a terminal alkenyl carboxylic
acd to gwe product 8d¢ The Intramolecular Heck reaction with a palladium
catalyst provides the desired macrocyclic compound 6e (The Heck reaction has
been reviewed in detall by R F Heck, Org React, 27 (1689) 345-390 ) Adfter the
ester 18 hydrolyzed to an acid with Iithium hydroxide, it 1s coupled to an amme
intermediate to afford 6f

The preparahon of the compound of formula Zb, wherein R1, R2, R3 are
defined above, R' is alkyl, heteroalkyl (OR", SR™, NR'R™ wherejn R" and R™ are
alkyl groups), halo substituent at ortho, meta, or para -position, R is alkyl, an/, or -
alkylaryl groups, and n 18 from zero to five, 1s outlined in Scheme 7 The
hydrogenation of the double bond of §e gave the macrocycle 7a Hydrolysis of the
ester to acid and subsequent coupling with an amine intermediate afforded 7b

s
55
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The preparation of the compound of formula 8f, wherein R1, R2, R3 are
defined above, R’ is alkyi, heteroalkyl (OR", SR™, NR"R™ wherein R” and R™ are
alkyl groups), halo substituent at ortho, mefa, or para -postion to oxygen atom, R
1s alkyl, aryl, or alkylaryl groups, PG 1s Boc, and n i1s from zero fo ﬁv.e. Is outlined
in Scheme 8 The meta-tyrosine-dipeptide 8a 1s coupled to a terminal N-protected
amino alcohol 8b under Mitsunobu conditons (tnphenyiphosphine and ADDP)
The protecting groups are removed to give diamine hydrochloride 8d. The
macrocychzation 1s achieved by forming the urea linkage using phosgene or
carbonyl dimidazole The resulting ester Is then hydrolyzed to an acid with lithum
hydroxide and 1s subsequently coupled to an amine intennediate to afford the
desired product 8f
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The synthesis of compounds of the type_9d wherein the substtuents R1.

R2. R3. R', R and PG are defined in Scheme 1, was inihated by the deprotection
of 9a with HCI in dioxane and coupling with ®-hydroxy acid using EDCI, HOOBt to
yield compounds of the type 9b The compounds of the type 9b were further
cyclized using PhsP, ADDP to generate compounds of the type 9¢ The cyclic
compound 9¢ was deprotected and coupled with an appropnate amine
intermediate to generate compound of type 9d.

Scheme 10,
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The synthesis of the compounds of the type 103 wherein RZ, R", R', R® gre
defined n Schems 1 PG’ and PG? are defined as protecting groups namely Fmoc
and Dde P is defined as a polymer support wherein the compound 18 immobilzed,
and n is a number from 1-6 The methodology used for the synthesis of molecules
of type 10l 1s a standard solid phase peptide synthesis with Fmoc protecting
group Fmoc protected Sasann resin 10a Is first deprotected by the treatment of
pipendine followed by coupling with the Fmoc protected amino acid using HATU
to obtain compound of type 10b, The protecting group of 10b was removed and
coupled with amino acid to using HATU to obtain 10c The polymer supported 10c
was deprotected by treatment with pipendine and coupled with hydroxy acid to
obtain hydroxy amide of type 10d The protecting group of 10d was cleaved and
coupled with protected lysine denvative using HATU to obtain compounds of type
108 The protecting group of 10e was once again deprotected and coupled with
Fmoc protected amino acid to obtain compound of the type 10f The protecting
groups PG and PG? were removed and cyclzed using a diacid and HATU to
obtain the macrocycle 10g The compound of 10g was oxidzed using Dess-
Martin reagent and finally cleaved from the resin using TFA to obtain compound

101
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The synthesis of the compounds of type 118 wherein R', R2, R}, R* and n

s are defined in Scheme 1 and PG? 18 Cbz, PG 1s Bn and PG is Boc, was Initiated

from protected acid 1Ja 1ia was converted to compounds of type i1b by

couphng with lysine derivative using EDCI, HOOBt methodology The ester group

of 11b was hydrolyzed using LIOH H20 followed by the coupling with an

appropriate amine intermediate to obtain the compound jic This was further

10 treated with HC! in dioxane and coupled with lysine intermediate using EDCI,

HOOBt to form compounds of the type 11d The compounds 1id were
deprotected and cydzed using EDCI, HOOBt to form compounds of type 11_Q.
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P of Intermed
Intermediate A. -
Step 1

H
ozu\i\g,aﬂ
: A

To a stired solution of 1-nirobutane (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
tnethyl amine (83 mL, 0 667 mol) over 2 hrs The solution was warmed to room
temperature , sirred overmnight and concentrated to dryness to give an ol The oil
was then dissolved in H20 and acidified to pH =1 with 10% HCI, followed by
extraction with EtOAc The combined organic solution was washed with brne,
dned over Na2S04, filtered and concentrated to dryness to give the product Ii

(28 1 g, 99% wyield)

Step 2
H H
O2N H H H
—————
0
n m
To a stured solution of starbing matenal il (240 g, 1 35 mol) in acetic acid
(1 25 L) was added 10% Pd/C (37 g) The resulting solution was hydrogenated at

59 psi for 3 hrs and then at 60 psi overnight The acetic acid was then evaporated
and azeotroped 3 times with toluene, then tnturated with MeOH and ether The

solution was then filtered and azeotroped twice with toluene to give ill as an off

white solid (131 g, 0 891 mol, 66%)
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Step3
H H —
HﬂﬁﬂH BOGHN\&(JH
—
0 O
n v

To a stimed solution of the amino acid lll (2 0 g, 013 6 mmol) in dioxane (10
mL) and H20 (5mlL.) at 0°C, was added 1N NaOH solution (4 3 mL, 14 0 mmol)

The resuting soluion was stimed for 10 minutes, followed by addition of di-t-
butyldicarbonate (0 110 g, 14 0 mmol) and strred at 0 *C for 15 minutes The
soluttion was then warmed to room temperature, stimed for 45 minutes and kept In
refngerator overmight and concentrated to dryness to give a crude matenal To the
solution of this crude matenal in EtOAc (100 mL) and ice, was added KHSO4

(3 36 g) and H20 (32 mL) and stired 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 washed with water, bnne, dned over Na2S04, filtered

and concentrated to dryness to give the product lv as a clear gum (30 g, 89%
yield)
Step 4,
H 0
H
BocHN H BocH N\J'Lo’\ph
———
o -
Hy s
v v -
To a stired solution of v (3 00 g, 12 0 mmol) In DMF (15 mL) and CH2Cl2

(15 mL) at -20°C was added HOOBt (1 97 g, 12 0 mmol), N-methyl morpholine
(4 0 mL, 36 0 mmol) and EDCI (279 g, 14 5 mmol) and stired for 10 mnutes,

followed by addion of HCI H2N-Gly-OBn (2 56 g, 130 mmol) The resulting
solution was stired at -20°C for 2 hrs, then kept in refngerator ovemight and
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concentrated to dryness, followed by diution with EtOAc {150 mL) The EtOAc
solution was then washed twice with saturated NaHCO3, H20, 5% H3PO4, brne,

dned over Na2S04, filtered and concentrated to dryness to give the product v
(4 59, 94%) LRMS m/z MH*= 395 1

BocHN.
BocHN U\io,\Ph M
o

CH, CHy
v vl

The solution of starting matenal v (7 00 g, 17 8 mmol) in absolute ethanol
(300 mL) was stimed at room temperature under a hydrogen atmasphere in the
presence of Pd-C (300 mg, 10%) The reaction progress was monitored by tic
After 2h, the mixture was fittered through a celite pad and the resulting solution
was concentrated in vacuo to give the product wvi (5 40 g, quantitahve) LRMS m/z

MH*=305 1

Step 6.
—_— EHS
BocH H BocHN “Chy

wil vhl

To a solution of dimethylamine hydrochlonde (1 61 g, 19 7 mmol), N-Boc-
phenyiglycine (4 50 g, 17 9 mmol), HOOBt (3 07 g, 18 8 mmol) and EDCI (4 12 g,
21 5 mmol) In anhydrous DMF (200 mL) and CH2Cl2 (150 mL) at -20°C ‘was
added NMM (S 80 mL, 53 7 mmol) After being stimed at this temperature for 30
min, the reaction mixdure was kept in a freezer overnight (18 h) It was then
allowed to warm to rt, and EtOAc ( 450 mL), bnne (100 mL) and 5% H3PO4 (100
mL) were added After layers were separated, the organic solution was washed
with 5% H3PO4 (100 mL), saturated aqueous sodium bicarbonate soluton (2 X
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150 mL), water (150 mL), and bnne (150 mL), dned (MgSQ4), filtered and

concentrated /in vacuo to afford crude product vill (4 86 g) as a white solid, which
was used without further punfication

E

HCHH CH,

The N-Boc-phenyiglycine dimethylamide vill (4 70 g, crude) was dissolved
mn 4 N HCl (60 mL, 240 mmol) and the resulting solution was stimed at room
temperature The progress of the reaction was monitored by TLC After 4 h, the
solubon was concentrated /n vacuo to yield Ix as a white solid which was used in

the next reaction without further punfication LRMS m/z MH*= 1790

- w? o

The desired compound x was prepared according to the coupling
procedures descnbed in Step 4 LRMS m/z MH*= 465 1
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Boc ULE(E”‘

VLU

The desired intermediate A was preparad from tnpeptde x according to the

5 procedures descnbed in Step 7 LRMS m/z MH*= 365 1
Intermed B

Step 1,
*\&r%n\iw " Hol HA K

vi xi

H L
— BYY -
>y R/K &(
o} o}
xdi
10 The desired product xii was obtained by the procedure descnbed for

Intermediate A, Step 8 using commercially available xi as the coupling partner
The crude matenal was sufficiently pure for further studies A portion of the
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product was punfied by flash chromatography using 97/3 dichloromethane/MeOH
HRMS (FAB) Calcd for C25H40N307 464 2866 (M+H)* Found 494 2863 ...

ﬁ";r“g“\iu?m
|
HCI HaN Ho H\iﬁ,c*

The desired product B was obtamned by the procedure descnbed for
Intermediate A, Step 7 The crude matenal was used without further punfication
Interm c

Step 1,
———
BocH H BocH “CHsy
0
vl

xill
The desired compound xiil was prepared according to the coupling
procedures described in Step 6 for intermediate A

Step2
— i
n HCHH “CHa
BocH o
xiv

(o
xill
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nge!
M0
The deswed compound xlv was prepared according to the procedures
described in Step 7 for intermediate A -

Step 3,

57

H, 0
BocHN H\)LOH
CHy
vi
H E
H
_ BocHNé,uu N,
0
Hs
xv

The desired compound xv was prepared according fto the coupling
procedures descnbed in Step 8 for intermediate A LRMS mv/z MH*= 451 1

HCHN H‘CH:

xiv
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BocHN § UE'H‘CP& _—
o H o
Hs Xxvi

I Tk
HCHH ~CHa

o o

Hy
c

The desired mtermediate C was prepared according to the procedures

described in Step 7 for intermediate A LRMS m/&Z MH*= 351 1 It was used
5 without further punficahon

Intermediate D.
H H
BocH H\iDAPh e re— HCHH u OAPh
(o] o]
CHy CHs
v D

The desired intermediate D was prepared from compound v according to
10 the procedures descnbed in Step 7 for intermediate A It was used without further
purtfication
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Intermechate E. —
Step 1.
H
BocHN. H
+ HCI-H,N’\(O\I/ -
O
CHy
v xvii
H
BocH H\i;k
o]
CHs,
5 xvill

The desired product xvill was obtained by the procedure descnbed for
Intermediate A, Step 8 using commercially available xvii as the coupling partner
The crude matenal was sufficiently pure for further studies

Step 2
H H
aocﬂv\a\rn\j\?k HCI.HIN{\[
0
————
CH, CHz

10 xviil E
The desired product E was obtamed by the procedure descnbed for
Intermediate A, Step 7 The crude matenal was used without further punfication
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Intermediate F. —
Step1

H

2o an IS OO
vi xlxo
H
A
XY A
5 xx

The desired product xx was obtained by the procedure descnbed for
Intermediate A, Step 4 using commercially available xix as the coupling partner
The crude material was sufficiently pure for further studies

W%
oM n\i

10
The desired product F was obtained by the procedure descnbed for
Intermediate D
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term G -

Step 1
H " H
BocH H 2
—_—»  HO
[ G

The desired product G was obtained by the procedure described for

Intermediate A, Step 4 using allyiglycine as the coupling partner The crude

10 matenal was sufficienly pure The crude product was treated with 4N HCV

Dioxane and stirmed at rt. for 50 min The reaction mixture was concentrated to
dryness to yield intermediate G which was used without further punficabion

5

15 | on of F u

PFg PFg
-+
RuU(CHsCN)3 —————

1a 1b 1c
20 COOH
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A soluton of 4-chloropropionic acid (20 g, 108 mmol) of 13.In
dichloroethane (200 mlL) was treated with CpRu(CH3CN)3 PFg (4 7 g, 10 8 mmol,
1 0 equiv) and heated at reflux for 2 h The reachon mixture was cooled to rt when
colorless crystals of the product 1c precipitated out. The crystals were filtered and
washed with 11 mpdure of Et20/CH2CIl2 and dried in vacuo The coloriess

crystals (3 3 g) were analyhcally pure 1H NMR (CD3C(0)CD3, 400 MHz, ppm, 8,
J) 677(d,2H,J=70Hz),653 (d,2H, J=7 Hz), 564 (s, 5H), 287 {t, 2 H, J
=7 0 Hz), 274 (t, 2 H, J =7 OHz), MS (Electron spray, m/z relative mtensity)
350 9 (C14H14CIRu*, M*, 100), CHN calcd for C14H14CIFgO2PRu C=33 92%
H=2 85% CI=7 15% P=6 25% found C=34 04% H=3 04% CI=7 09% P=571%
StepB_

s aﬂ;qg?:*wir‘?m
R

A solution of Boc-cyclohexylgylcine monohydrate 1d (6 17 g, 24 00 mmol)
in dry CH2Cl2 (650 0 mL) was treated with 4-methylmorpholine (2 64 g, 26 0 mmol,

1 1 equiv ) and cooled to -10° C To this mixture was added 1scbutyl chloroformate
(362 g, 35 mL, 11 equiv) and the white suspension was stirred until the bath
temperature was -6 °C meta-Tyrosine methyl ester hydrochlonde salt ( 6 5 g,
26 5 mmol, 1 1 equiv ) was dissolved In DMF (30 mL) in a separate beaker and
treated with 4-methyl morpholine (2 64 g, 26 0 mmol, 1 1 equiv ) and stired at rt.
for 15 min This mixture was added to the reacton which was accompanied by
evolution of CO2 The reaction mixture was stirred at rt for 1 h and diluted with 1M
aq HCI (100 mL) The aqueous layer was extracted with ethyl acetats (3200 mL)
and the combined organic layer was extracted with 1M HCl (1x100 mL), aq NaOH

1
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uy
(1x100 mL), bnne (1x100 mL), dned (Na2SO04), concentrated in vacuo and
purified by chromatography (S102, EtOAc/Hexanes 3/7) to yield 53 g (53%).of
coupled compound 1f as a colorless foam
Step C.

BocHN I “\E/ﬁ‘tf ClHaN u({

o)
1f 1 D

H HO

A solution of 1f (10g, 23 04 mmol) was dissolved in HCI (4M solution n
dioxane, 100 mL) and stimed at it for 24 h The reachon miture was
concentrated /in vacuo and the solid was resuspended in ether It was filtered and
the sold was washed with ether which was dried to give a colorless soid 1g

(8 2, 96%) TH NMR (d4-CD30D, 400 MHz, 5, ppm) 709 (t, 1 H, J=80 Hz),

6 71-6 36 (m, 3 H), 469 (dd, 1H, J=6 0 Hz, 32 Hz), 360 (s, 3 H), 366 (d, 1 H.
J=52 Hz), 315 -3 10 (dd, 1 H, J=56 Hz, 4 0 Hz), 1 87-1 69 (m, 6 H), 1 32-1 10
(m, 5 H)
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0O
1c O 1ig

&%5&,, o

A solution of cyclopentadiene-n®-4-chiorophenylproplionic acid-ruthenium
hexanesafluorophosphate 1¢ (2 Og, 4 0 mmol) in DMF (20 mL) was treated with
HOBt (810 mg, 6 0 mmol, 15 equiv)and Hinigs base (26 g, 160 mmol, 40
equiv ) The reachon mixture was cooled to 0° C and treated with EDCIsHCI (888
mg, 5 0 mmol, 1 25 equiv ) The reacton mndture was stirred at 0 °C for 30 min and
amine salt 1g (1 48 g, 4 0 mmol) was added to the mixture and stirred at rt for 12
h The reaction mixture was concentrated i vacuo and the residue was diluted
with H20 (200 mL) and extracted Into CH2Cl2 (3x100 mL) The combined organic
layers were extracted with ag HCl (1x100 mL), NaHCO3 (1x100 ml.), brmne
(1x100 mL) and dned (Na2804), filtered concentrated in vacuo and the brown

solid 1h was used for cyclization without any further punfication i
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StepE -~

G@VYUL i),

1ih 11
A solution of cyclopentadiene-n6-ruthenium-4-chiorophenylpropionic acd-
cyclohexyglycine-meta-tyrosine-OCHs; 1h (1 47 g crude) in dry DMF (150 mL) was
treated with Cs2C0O3 (2 40 g, 7 37 mmol, 50 equiv) and degassed by bubbling
dry N2 into the reaction mpdure The reaction mixture was stired at rt for 16 h and
the excess DMF was distilled off The residue was dissolved in H20 (200 mL) and
extracted with CH2Cl2 (3x100 mL) The combined organic layer was extracted
with bnne (100 mL), dned (Na2S04), filtered concentrated m vacuo and the
residue was used for photolyic decomplexation of ruthenlum without further
purfication
The crude muthenum complex was dissolved In acetontrile (35 mlL),
degassed and photolysed in a Raynot (A=350 nM) for 48 h The reaction mixture
was concentrated i vacuo and the residue was punfied by chromatography
(8102, EtOAc/Hexanes 7 3) to yield 360 mg (52%) of a coloriess sold 11
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1 1)
5 A solution of biphenyl ether 1f (300 mg, 0 85 mmol) in CH30H (10 mL),
CH2Cl2 (20 mL) and H20 (5 mL) was treated with LIOHsH20 (90mg, 2 2 mmol,
3 4 equiv ) and stired at rt for 2 h The reachon mixture was acidified with aq HCl
(6 M) and extracted Into CH2CI2 (3x30 mL) The combined organic layers were
dried (Na2504), filtered, and concentrated i vacuo to yield colorless acid 1) (200

10 mg, 66%)

A solution of acid 1j (100 mg, 0 22 mmol) In dry DMF (2 5 mL) was treated
writh HOOBt (45 mg, 0 33 mmol) and HOonigs base (141 mg, 1 1 mmol, 5 0 equiv)
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The reaction mixture was cooled to 0° C and treated with EDCI (63 mgl 093
mmol, 15 equlv) and stirred for 20 min The reaction mixture was treated ygth
amine B (118 mg, 0 27 mmol, 1 22 equiv ) and stired at 1t for 12 h The reaction
mixture was concentrated /n vacuo and diluted with H20 (30 mL) The aqueous

layer was extracted with CH2CI2 (3x50 mL) and EtOAc (3x50 mL) The combined
organic layers were extracted with aq HC! (2M), ag NaOH (2M), dned (Na2S04)
fitered concentrated i vacuo to obtain a colorless solid 1k (79 mg) which was

us d for oxidation MS (Electron spray, vz rel nf) 826 [(M+1)", 100], 494 (20),
94 (30)

A solution of hydroxy amide 1k (130 mg, 0 16 mmot) in DMF (2 0 mL) was
treated with Dess-Martin reagent (130 mg, 0 32 mmol, 2 0 equiv) The reaction
mixture was stirred at rt for 2 h and the mixture was concentrated e vacuo The
residue was punfied by chromatography (Si02, CH3OH/CH2Cl2 1 49) to yield

oxidized product 1 (55 mg, 42%) as a colorless solid MS (Electron spray, m/z re/
int) 858 [(M+CH3OH+1)*, 100), 824 [(M+1)?, 63)
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A soluton of fert-butyl ester 1 (500 mg, 60 0 pmol) was treated with
TFAICH2CI2 (1 1, 4 mL) and stired at rt for 2 h The disappearance of the ester to

10 the base hne was followed by TLC (CH30H/CH2CI2 1 24) After the deprotettion
was complete the reaction mixture was concentrated m vacuo and the residue
was repeatedly treated with heptanes (4 0 mL.) and concentrated to yield a white

solid 2 (49 mg, 100%) MS (Electron spray, m/z rel int) 768 [(M+1)*, 100)
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A solution of acid 1] (100 mg, 0 22 mmol) 1n dry DMF (2 5 mL) was treated

with HOOBt (45 mg, 0 33 mmol) and Hinigs base (141 mg, 1 1 mrnc'.'l. 50 equiv)

10 The reaction mixture was cooled to 0° C and treated with EDCI (63 mg, 0 33
mmol, 15 equiv) and stimed for 20 min The reachon mixiure was treated with
amine E (79 mg, 0 27 mmol, 1 22 equiv ) and stired at rt for 12 h The reacton
mixture was concentrated in vacuo and diluted with H20 (30 mL) The aqueous
layer was extracted with CH2Cl2 (3x60 mL) The combined organic layers wers

15 extracted with aq HCI (1M, 30 mL) ag NaOH (1M, 30 mL), dned (Na2S04)
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fitered concentrated in vacuo to obtain a colorless solid 3a (58 mg) which was

used for oxidation MS (Electron spray, nvz rel inf) 693 [(M+1)", 100], 637 £41),
494 (55), 394 (51), 338 (13)
Step B

A solution of aicohol 3a (95 mg, 0 14 mmol) In CH2Cl2 (20 mL) was

treated with Dess-Martin reagent (116 mg, 0 28 mmol, 2 0 equiv ) The reaction
mixture was stirmed at rt for 2 h and the mixture was concentrated in vacuo The
residue was punfied by chromatography (S102, CH3OH/CH2Cl2 1 32) to yweld
oxidzed product 3 (47 mg, 42%) as a colorless solid MS (Electron spray, m/z-rel

+
inf) 691 (M+1)
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A solution of teri-butyl ester 3 (47 0 mg, 68 0 pmol) was treated with HCI
(4M Dioxane, 5 mL) and stired at rt for 25 h The disappearance of the ester to
the base hne was followed by TLC (CH30H/CH2C)2 1 24) Aiter the deprotection
was complete the reaction mixture was concentrated in vacuo ang the residue
was repeatedly treated with heptanes (5 0 mL) and concentrated to yield a white
solid 4 (43 mg, 100%) MS (Electron spray, m/z rel inf) 835 [(M+1)*, 100)], 485
(62), 336 (62)
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0
PF; [ NN
KO\kAm Ru(CHsCN)s » ""“"'9
COOH

A solution of 4-chlorobutyric acid 5a (3 0g, 15 10 mmol) in dichloroethane
(200 mL) was treated with CpRu(CH3CN)3PFg 1b (6 6 g, 15 10 mmol, 1 0 equiv)
and heated at reflux for 25 h The reachon mixiure was cooled to 0°C and
fitered The filtrate was concentrated in vacuo and dissolved in CH3CN (10 mL)
and treated with a large excess of Et20 The gum separating out was separated
by decanting the ether and the residue was dissolved in CH2CI2/CH30H (1 1, 100
mlL) and concentrated /n vacuo to obtain 5b as a brown gum which solidifies (3 5
g. 46%) -
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A solution of carboxyhc acid 5b (3 12 g, 5 95 mmol) in dry DMF (20 mL)
was treated with HOnigs base (3 07 g, 24 0 mmol, 4 0 equiv, 4 4 mL) and HOBt
(12 g, 893 mmol, 15 equiv) The reaction mixture was cooled to 0°C and the
treated with EDCI (1 35 g, 743 mmol, 1 25 equiv) and stimed for th To this
reaction mixture was added amine hydrochionde 1g (2 659, 7 14 mmol, 1.2
equiv), and the reachon mixture was stired at rt for 12 h DMF was distilled out
and the residue was diluted with water and the aqueous layer was extracted with
CH2Cl2 The combined organic layers were extracted with aq NaHCO3, aq HCI,

bnne, dried (Na2S04), filtered, concentrated /n vacuo and the crude product 5¢

(4 3 g) was used for cyclization without further punfication 1H NMR (d4-CD30D,
400 MHz, 3, ppm) 7 35 (t, 1H), 6 72-6 60 (m, 5 H), 6 33-6 20 (dd, 2 H), 551 (s, 5
H), 419 (d, 1 H), 368 (s, 3 H), 319-283 (m, 2 H), 251-240 (m, 2 H), 2402 25
(m, 2 H), 199-159 (m, 8 H), 135098 (m, 5 H), MS (FAB, NBA-G/TG-DMSO,

m/z relative infensity) 6853 ([M-PFgI*+ 100), 232 (20), 171(30), HRMS calcd for

+
C34H42N205CIRu  (M-PFg)* 695 1832, found 695 1845

1947 44
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A solution of chloro-compound 5¢ (3 0 g 3 6 mmol) in dry DMF (300 mL)
was degassed with dry N2 and Cs2C03 ( 5 2 g, 16 mmol, 4 0 equiv) and stimed at

rt for 16h The solvent DMF was distiled off and the residue was diluted with
water and extracted with CH2Cl2 (3x100 mL) The combined organic layers were

dned (Na2S04), filtered, concentrated mn vacuo and dned under vacuum
overnight It was used for photolytic removal of Ru without further punficabon MS
FAB (NBA-G/TG-DMSO 685 ((M-PF6]*, 100]

The cyclized compound from the previous step was dissolved in CH3CN

(35mL) and photolysed In a Raynot (A=350 nm) for 48h The reaction mixture was
concentrated /in vacuo and the residue was punfied by chromatography (SIO2,

,@’ﬂufé - S
>

EtOAc/Hexanes 1 1) o yield a tan colored solid 5d (600 mg, 34%) 'H NMR
(CDCl3, 400 MHz, 5, ppm) 7 58 (d, 1H, J=7 6 Hz), 7 14 (1, 1 H, J=8 0 Hz), 6 94 (d,
2 H, J=84 Hz), 6 87 (dd, 1 H, J=2 4, 56 Hz), 6 73 (d, 1 H, J=7 2 Hz), 6 59 (s, 1
H), 6 57 (s, 2 H), 639 (d, 1 H, J=8 0 Hz), 4 51 (dt, 1 H, J=2 8, 8 0 Hz), 3 80-3 62
(m, 1 H), 362 (s, 3 H), 305-3 00 (dd, 1H, J=2 8, 11 6 Hz), 2 85 (dd, 1 H, J=8 4,
6 0 Hz), 2 76-2 72 (m, 1 H), 2 36-2 19 (m, 3 H), 2 02 (dd, 1 H, J=6 4, 9 2 Hz), 1 8
173 (m, 1 H), 161-134(m, 7H), ,141-071 (m, 7 H) MS (FAB, NBA-G/TG-
DMSO, m/z relative mtensity), 483 [(M+1)*, 100], 465 (20), 232 (30), 171 (40),

e
HRMS calcd for C29H37N205 (M+1) 493 2702, found 493 2699
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Step D ~—

A solution of ether 5d (200 mg, 0 42 mmol) in CH30H (5 mL), CH2Cl2 (10
mL) and H20 (0 5 mL) was treated with LIOH=H20 (18 mg, 0 44 mmol, 1 1 equiv)
and stirred at rt for 12 h The reaction mixture was acidified with aqueous HCI (12
N, 1imL) and concentrated in vacuo to yield acid S5e which was used directly for
the coupling without further punfication
Step E

A solution of acid 5e in dry DMF (5 0 mL) was treated with HOOBt (103
mg, 0 63 mmol, 1 5 equiv ), HOnigs base (216 mg, 1 68 mmol, 4 0 equiv ) and
amine B (270 mg, 0 63 mmol, 1 47 equiv ) The reaction mixture was cooled to 0°
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C and treated with EDCI (101 mg, 0 52 mmol, 1 25 equiv) and stired at rt for 12
h The reacton mixture was concentrated m vacuo and diluted with H20 (30 mL)
The aqueous layer was extracted with CH2Cl2 (3x50 mL) and EtOAc (3x50 mL)
The combined organic layers were extracted with aq HCI (2M) aq NaOH (2M),
dried (Na2S04) filtered concentrated /in vacuo to obtain a coloriess sold 5f (177

mg) which was used for oxidaton MS (Electron spray, m/z rel int) 840 [(M+1 )"'.
100], 394 (100)
Step F

A solution of alcohol 5f (177 mg, 021 mmol) m CH2Cl2 (100 mL) was

treated with Dess-Martin reagent (178 mg, 0 42 mmol, 2 0 equiv ) The reaction . .
mixture was shired at rt for 3 h and the muxture was concentrated m vacuo The
residue was punfied by chromatography (S102, CH3OH/CH2Cl2 1 49) to yield
oxidzed product 5 (23 mg, 13%) as a colorless solid MS (Electron spray Wz rel

int) 870 [(M+CH3OH+1)*, 50), 838 [(M+1)*, 100)
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A solution of fert-butyl ester 5§ (500 mg, 60 0 umol) was treated with
TFA/CH2CI2 (1 1, 4 mL) and stirred at rt for 7 h The disappearance of the ester to

the base line was followed by TLC {(CH30H/CH2Cl2 1 24) After the deprotection

10 was complete the reaction mixture was concentrated m vacuo and the residue
was repeatedly treated with heptanes (4 0 mL) and concenirated to yield a white

solid 6 (14 mg, 100%) MS (Electron spray, m/z rel int) 782 [(M+1)*, 100)
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i

A solution of alcohol 7a (9 2g, 54 1 mmol) in dry CH2Cl2 (200 mL) was
treated with DMSO (35 mL) and Et3N (16 4g, 16 3 mmol, 23 4 mL) The reachon
mixture was cooled to 0 °C and treated with PyeS03 (12 9 g, 81 2 mmol, 1 50
equiv ) dissolved in DMSO (30 mL) The reacton mixture was strred at 0°C for

05 h and it for 6 h The reaction mixture was concentrated in vacuo and diluted
with Et20 (100 mL) and H20 (200 mL) The layers were separated and the

aqueous layer was extracted with Et20 (3x100 mL) The combined organic layers

were extracted with HCI (2M, 3x100 mL), brine (1x100 mL) concentrated in vacuo
and punfied by chromatography (SIO2, EtOAc/Hexanes 1 7) to yield aldehyde 7b

which solidified to a waxy solid on standing (7 1g, 77%) CHN caicd for CgHgCIO
C=64 11% H=5 38%, found C=64 08% H=5 30%

Step A

g
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Step B

7b Te

A solution of thiethylphosponoacetate (8 72g, 30 mmol, 1 2 equw) in dry
5 THF (100 mL) was treated with NaH (60% dispersion, 1 5¢, 35 mmol, 1 4 equiv) at
0°C The meaction mixture was strmed at 25°C for 1 h untl the H2 evolution
ceased A solution of aidehyde 7b (4 2g, 25 0 mmol) in dry THF (50 ml.) was
added and the reaction mixture was stured for 36 h The reachon mixture was
diluted with H20 (100 mL) and extracted with Et20 (3x70 mL) The combined
10 organic layer was dried (MgSO4), filtered, concentrated in wvacuo and
chromatographed to yield a,p-unsaturated ester 7c (4 2g, 71%) which was used

for reduction

Step C
o)
B — B
Cl
Te 7d )
15 A solution of o, 8-unsaturated ester Tc (4 2g, 8 0 mmol) n EtOAc (50" mlL)

was treated with Pd/C (10% wiw, 500 mg) and hydrogenated at 50 psi for 12 h
The reacton mixture was filtered through a plug of celite and the filtrate was
concentrated i vacuo to yield the reduced compound 7d (3 9 g, 93%)
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A solution of the ester 7d (3 9 g, 16 2 mmol) in CH30H/THF/H20 (1101,
110 mL) was treated with LIOHeH20 (1 2 g, 30 mmol, 2 0 equiv) and strred at rt

for 5 h The reachon mixture was concentrated in vacuo and the residue was
diluted with H20 (100 mL) and extracted into Et20 (3x50 mL) The aqueous layer
was acidified to pH ~1 (13 M HCI) and the turbid aqueous layer was exiracted with
Et20 (3x100 mL) The combined organic layers were dned (MgSO4) filtered
concentrated /n vacuo to yield a colorless solid 7e (3 1g, 96%) CHN calcd for
C11H13CIO2 C=62 12% H=6 16%, found C=62 27% H=6 23%

Step E
T’lf: N -_fs
* G—-au(CHaCN)s - LK “"‘9
1b
OH H

Te "

A solution of 4-chlorophenyl pentanoic acid 7e (3 0g, 1445 mmol) n
dichloroethane (150 mL) was treated with CopRu(CH3CN)3PFg 1b (675 g, 15 10
mmol, 1 0 equiv) and heated at reflux for 2 5 h The reachon mixture was cooled
to 0° C and filtered The filtrate was concentrated mn vacuo and dissolved in
CH3CN (20 mL) and treated with a large excess of Et20 The gum separating out
was separated by decanting the ether and the residue was dissolved In
CH2CI2/CH30H (1 1, 100 mL) and concentrated in vacuo to obtam 7f a brown
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gum which solidifies (4 36 g, 58%) MS (Electron spray, m/z rel mf) 379 [(M-
PFg)*, 100] -
Step F
H -

Pre

RM—Q
-+ 9 K\E%W
CIH;N\_‘)L - oH

oM ~ H
+
" PFg

n 0
'S
79 O
A solution of carboxyhc acid 7f (3 12 g, 5 95 mmol) in dry DMF (20 mL) was

treated with HOnigs base (3 07 g. 24 0 mmol, 4 0 equiv, 4 4 mL) and HOBt {1 2
g, 8 93 mmol, 1 5 equiv) The reaction mixture was cooled to 0°C and the treated
with EDCI (1 35 g, 7 43 mmol, 1 25 equiv) and stired for 1h To this reaction
mixture was added amine hydrochloride 1g (2 65g, 7 14 mmol, 1 2 equiv) was
added and the reaction mixture was stirred at rt for 12 h The DMF was distilled
out and the residue was diluted with water and the aqueous layer was extracted
with CH2Cl2 The combined organic layers were extracted with ag NaHCO3, aq
HCI, bnne, dned (Na2S04) filtered concentrated i vacuo and the cryde product

7g (4 3 g) was used for further cyclization without purtfication 1H NMR (da- ~
CD30D, 400 MHz, , ppm) 7 35 (t, 1H), 6 72-6 60 (m, 5 H), 6 33-6 20 (dd, 2 H),

551 (s, 5 H), 4 19 (d, 1 H), 3 68 (s, 3 H), 3 18-2 83 (m, 2 H), 2 51-2 40 (m, 2 H),
2 40-2 25 (m, 2 H), 1 89-1 59 (m, 8 H), 1 35-0 98 (m, 5 H), MS (FAB, NBA-G/TG-
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DMSO, m/z relative intensily) 695 3 ([M-PF3]+- 100), 232 (20), 171 (30), HRMS

g

caled for C34H4aN205CIRu. (M-PFg) 695 1832, found 695 1845
Step G

70 Th

A solution of chloro-compound 7g (3 0 g 3 8 mmol) in dry DMF (300 mL)
was degassed with dry N2 and Cs2C03 (52 g, 16 mmol, 4 0 equiv) and strred at
rt for 16h The solvent DMF was distiled off and the residue was diluted with
water and extracted with CH2Cli2 (3x100 mL) The combined organic layers were
dned (Na2S0O4) filtered, concentrated in vacuo and dned in vacuum ovemight. It
was used for photolytic removal of Ru without further punfication MS FAB (NBA-
G/TG-DMSO 685 (M-PF6]*, 100]

The cychized compound from the previous step was dissolved in CH3CN
(35mL) and photolysed in a Raynot (A=350 nm) for 48 h The reaction mixture was
concentrated mn vacuo and the reskdue was punfied by chromatography (SiO2,

EtOAc/Hexanes 1 1) to yield a tan colored solid 7h (800 mg, 34%) 'H NMR
(CDCIa, 400 MHz, 8, ppm) 7 58 (d, 1H, J=7 6 Hz), 7 14 (t, 1 H, J=8 § Hz), 6 84 (d,
2 H, J=8 4 Hz), 6 87 (dd, 1 H, J=24, 56 Hz), 6 73 (d, 1 H,.J=7 2 Hz), 6 59 (s, 1
H), 6 57 (s, 2 H), 639 (d, 1 H, J=8 0 Hz), 4 51 (dt, 1 H, J=28, 8 0 Hz), 3 80-3 62
(m, 1 H), 3 62 (s, 3 H), 3 05-3 00 (dd, 1H, J=2 8, 11 6 Hz), 285 (dd, 1 H, J=8 4,
6 0 Hz), 276-2 72 (m, 1 H), 2 36-2 19 (m, 3 H), 202 (dd, 1 H, J=64, 92 Hz), 1 &
173 (m, 1 H), 164-134(m, 7H), .141-071 (m, 7 H) MS (FAB, NBA-G/TG-
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DMSO, m/z relative mntensity), 493 [(M+1)", 100}, 485 (20), 232 (30), 171 (40),

-y

+
HRMS calcd for C2gH37N205 (M+1) 493 2702, found, 493 2699
Step H

A solution of ether 7h (220 mg, 0 46 mmol) in CH30H (3 0 mL), CH2Cl2
(10 mL) and H20 (0 5 mL) was treated with LiOHeH20 (18 mg, 0 44 mmol, 1 1
equwv ) and stimed at 1t for 12 h The reaction mixture was acidified with aq HCI
(13 M, 1imL) and concentrated i vacuo to yield acid 7§ which was used directly
for the coupling without further purification
Step |

&%{ “NH’Y X
Q, O

S
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A solution of acid 71 in dry DMF (3 0 mL) was treated with HOOBt (94 mg,
0 75 mmol, 1 6 equiv ), Himgs base (237 mg, 1 84 mmoal, 4 0 equlv ) and amige
B (246 mg, 0 58 mmol, 1 47 equiv ) The reaction mixture was cooled to 0° C and
treated with EDCI (110 mg, 0 58 mmol, 1 25 equiv) and stirred at 0 °C for 25 min
for 12 h The reaction mixture was concentrated /in vacuo and diluted with H20

(30 mL) The combined aqueous layers were extracted with CH2Cl. (3x30 mL)

The organic layers were exiracted with aq HCI (1 M, 60 mL) aq NaOH (60 mL),
dned (Na2S0,) filtered concentrated in vacuo to obtain a colorless solid 7j (230

mg) which was used for oxadation MS (Electron spray, mvz rel inf) 854 [(M+1 )"'.
100], 479 (70), 327 (50), 271 1 (100)
Step J

A soluton of alcohol 7j (220 mg, 026 mmol) n CH2Cl2 (30 mL) was
treated with Dess-Martin reagent (218 mg, 0 51 mmol, 2 0 equiv ) The reaction
mixture was strred at rt and the mixture was concentrated in vacuo The residue
was punfied by chromatography (5102, CH30H/CH2Cl2 1 24) to yield oxidized

product 7 (23 mg, 13%) as a colorless solid MS (FAB, m/z, rel mnt ) 852 [(M+1)*,
43), 796 (100), 768 (20), 461 (20), 433 (50), 405 (50), 336 (30), 204, (50)
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A solution of terf-butyl ester 7 (320 mg, 370 umol) was treated with
TFA/CH2CI2 (1 1, 5 0 mL) and stired at rt for 4 h The disappearance of the ester

to the base lne was followed by TLC (CH3OM/CH2Cl2 124) After the

deprotection was complete the reaction mixture was concentrated /n vacuo and
10 the residue was repeatedly treated with heptanes/CH30H (40 mL) and

concentrated to yield a tan solid 8 (29 0 mg, 100%) MS (Electron spray, m/z rel
nt) 798 [(M+1)*, 100)
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A solution of Boc-Glycine 9a (1 75g,10 0 mmol) in dry DMF (50 mL) was
treated with HOOBt ( 2 65 g, 15 mmol, 1 5 equiv) and EDCI (2 86g, 15 0 mmoal,
1 5 equiv) The reachon mixture was treated with Hinigs base (5 16 g, 40 mmol,
40 equiv 73 mL) The reaction mixture was stimed for 1h and mefa-tyrosine-
10 OCH3HCi1e (25 g, 11 5 mmol, 1 1 equiv ) was added and stirred at 25 "C for
12 h The reaction mndure was concentrated /n vacuo and the residue was diluted
with ag NaHCO3 and extracted into CH2Cl2 The combined organic layer were
concentrated and the residue purified by chromatography (S102, EtOAc/Hexanes
1 1) to yield a colorless solid 9b (3 4g, 90%)
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HO HO
8b fc
5 A solution of 9b (4 6g, 13 08 mmol) In HCI (4M solution in Dioxane, 50 mL)

was stred at rt. for 3h The meaction mixture was concentrated /n vacuo and the
residue was dned in high vacuum to yleld 8¢ as a fine powder which was used for

the next step 'H NMR (CD30D, 400 MHz, 5, ppm) 8 67 (d, 1 H, J=7 9 Hz),7 10-
7 07 (m, 1 H), 6 68-6 64 (m, 2 H), 4 754 70 (m, 1 H), 3 75-3 61 (m, 2 H), 3 66 (s,
10 3H),310(dd, 1 H, J=52, 8 5Hz), 2 60 (dd, 1 H, J=8 8 Hz, 50 Hz)

Step C
0

ElH,ﬁ’\&’u\)Lo’ N F{’_@

+ -
ie H
0

(]
|
)

HO
¢ C PFs }
PN .
O u 0
9d

A solution of [CpRu(n6-4—chlomphenylpmp|on|c acid)]PFg 1¢c (3 0 g, 46 01

mmol) in dry DMF (60 mL) was treated with HOBt (1 3 g, 9 16 mmol, 1 5 equiv)
15 and Hiunigs base (3 22 g, 4 60 mL, 25 0 mmol, 4 0 equiv ) The reaction mixture
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was cooled to 0 ° C and treated with EDCI (175 g, 9 16 mmol, 15 equiv ) The
reacton mixture was stmed at 0° C for 30 min and the glycine ammonium salt.9¢
(175g, 606 mmol, 1 0 equiv) was added The reaction mixture was shrred at rt
for 12 and the DMF was distllled out in vacuo The residue was diluted with aq
HCl (1M, 100 mL) and extracted into CH2CI2 (3x100 mL) The combined organic

layers were extracted with aq NaHCO3 (1x100 mL), bnne (50 mL), dried
(Na2S04), filtered, concentrated i vacuo to yield a brown solid 9d (15 g, 34%)
which was used for cydization MS (Electron spray, m/z relative infensity) 585

[(M-PFg)*, 100}, 459 (30), 373 (30), 198 (20)

A solution of the ruthenum complex 8d (1 5 g 2 05 mmol) in dry DMF (100
mL) was degassed with dry N2 at it and Cs2CO3 (50 g, 15 mmol, 7 5 equiv) was

added and stired at rt. for 12h The solvent DMF was distilled off and the residue
was diluted with water (100 mL) and extracted with CH2Cl2 (3x100 mL) The
combined organic layers were extracted with bnne (100 mL), dned (Na2S04),
filttered, concentrated /n vacuo and dned in vacuum overnight. it was used for
photolytic removal of Ru without further punfication ’

The cyclized compound from the previous step was dissolved 1n Cl-iaCN

(30 mL) and filtered Into a quartz tube The solution was degassed and
photolyzed in a Raynot (A=350 nm) for 48h The reachon mmxture was
concentrated mn vacuo and the resdue was punfied by chromatography (SIO2,

EtOAc) o yield a tan colored solid 8e (230 mg, 30%) TH NMR (CDCl3, 400 MHz,
5, ppm) 7 23-7 18 (m, 2 H), 7 09-7 01 (m, 3 H), 6 76 {dd, 1 H, J=2 4, 8 8 Hz), 6 6B
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(d, 1 H, J=7 6 Hz), 6 47 (d, 1 H, J=5 6 Hz), 6 17 (s, 1 H), 564 (s, 1 H), 4 69 (g, 1
H, J=4 4 Hz), 377 (s, 3 H), 368-351 (m, 2 H), 335 (dd, 1 H, J=40, 10 8 H2),
305 (dd, 1 H, J=52, 92 Hz), 2 96-2 92 (m, 2 H), 2 61-2 56 (m, 1 H), 2 30-2 29
(m, 1 H), 3*c NMR (CDCI3, 100 MHz, 5 ppm) 172 3, 171 4, 168 1, 150 0, 155 4,
1376, 1364, 1310, 1300, 1295, 1233, 122 4, 1210, 1177, 1171, 53 6, 530,
436,399, 361, 323 MS (Electron spray, m/z relaitive Intensily) 383 [(M+1)+.

100], 279 (20)
Step E

A solution of cyclic compound 9e (150 mg, 0 4 mmol) in THF (4 0 mL). H20
(4 0 mL) was stirmed at rt with LiOHeH20 (41 O mg, 1 0 mmol, 2 5 equiv) for 3 h

The reaction mixture was acidified with conc. HCI (2 0 mL) and concentrated in
vacuo The solid 8F was dned in vacuo and used for further coupling without
further punfication
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A solution of the hydrolyzed acld 9f in dry DMF (4 0 mL) and CH2Cl2 (4 0
mL) was treated with HOOBt (103mg, 0 58 mmol, 1 § equiv) and cooled to 0 °C
and Hinigs base (206 mg, 1 60 mmol, 4 0 equiv, 295 pl) was added To this
mixture was added EDCI (112 mg, 0 58 mmol, 1 5 equiv) and the reaction mnxture
was stirred at 0° C for 0 5 h and treated with the amine hydrochionde B (208 mg,
048 mmol, 1 2 equiv) The reacton mixture was stored In freezer for 48 h and
concentrated /n vacuo to remove DMF and CH2Cl2 The residue was diluted with
aq HCI (2M) and extracted with CH2Cl2 (3x50 mL) The combined ‘organic layer
was extracted with ag HCI (1M, 3x50 mL), aq NaOH (2M) brne (100 mL), dned
(Na2S0O4) and concentrated m vacuo The residue 8g (200 mg) was oxidized
without further punfication

-
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A solution of alcohol 9g (200 mg, 027 mmol) In CH2CI2 (3 0 mL) was

treated with Dess-Martin reagent (342 mg, 0 81 mmel, 30 equiv) The reaction
mixture was stired at rt for 3 h and diluted with aq NaHCOg3 and ag Na2S203

The reaction mixture was shrred at it for 20 min and the reaction mixture was
extracted with CH2Cl2 (3x30 mL) The combined organic layers were extracted

with bnne (50 mL), dned (Na2S04), filtered concentrated in vacuo and the residue
was punfied by chromatography (SiO2, CH30H (2M NH3)CH2Cl2 1 18) to yield
ketoanude 8 (100 mg, 50%) of a colorless solid MS (Electron spray, m/z relative

intensity) 742 (M+1]*, 100), 686 (80) |
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A solution of tert-butyl ester 9 (100 mg, 0 13 mmol) in dry CH2Cl2 (4 0 mL)

was freated with TFA (4 0 mL) and shrred at it for 5 h The reaction mixture was
concentrated in vacuo and the residue was repeatedly dissolved In
toluene/CH2CI2 and concentrated /n vacuo several times to yleld a fine colorless

solld 10 MS (FAB, NBA/DMSO, nvz relative intensiy), 688 [(M+1)*, 40], 460 (20),
307 (100), 289 (60), HRMS calcd for C3gH40N50g (M+1)* 686 2825, found
686.2840
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Pre n mpound 11 .

(.’

1s 11a
To a solution of amine hydrochlonde 1g (1 20g, 3 23 mmol), 6-heptenoic
10 acd (0610 g, 4 68 mmol), HOOBLt (0 765 g, 4 69 mmol) and EDCI (1 07 g, 5 58
mmolf) in anhydrous DMF (50 mL) and CH2CI2 (50 mL) at -20°C was added NMM
(1 55 mL, 14 1 mmol) After shrmng at this temperature for 30 min, the reaction _
mixture was kept in a freezer for 18 h It was then allowed to warm tot EtOAc (
150 mL), bnne (50 mL) and 5% H3PO4 (50 mL) were added After separation,the ~
15 organic solution was washed with 5% H3PO4 (80 mL), saturated aqueous sodium
bicarbonate solution (2 X 80 mL), water (80 mL), and brine (80 mL), dned with
magnesium sulfate, filtered and concentrated in vacuo Flash chromatography (2
to 5 % MeOH-CH2ClI2) afforded 11a (1 46 g, 3 28 mmo), quant ) as a white sohd

1H NMR (400 MHz, dg-DMSO0) 5 9 25 (s, 1 H), 8 31 (d, J =7 2 Hz, 1 H), 7 70 (d, J
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=9 2 Hz, 1 H), 7 05-7 01 (m, 1 H), 6 62-6 58 (m, 3 H), 5 82-5 72 (m, 1 H), 5 02-
491 (m, 1 H), 4 434 38 (m, 1 H), 4 23-4 19 (m, 1 H), 3 55 (s, 3 H), 2 93-2 80 {m.2

H), 2 51-1 97 (m, 2 H), 1 66-0 86 (m, 15H), 1C NMR (dg-DMSO, 125 MHz), 5
1719,1718,1711, 157 2, 138 6, 138 4, 129 1, 1195, 115 8, 114 6, 113 5, 56 5,
53 5, 516, 36 5, 34 8, 32 8, 20 0, 28 0, 27 8, 25 8, 25 5, 24 8, HRMS, m/z

445 2683 (caled for C25H36N205 445 2702, error 4 ppm)

11a 11b

To the solution of 11a (1 46 g, 3 28 mmol) in anhydrous THF (60 mL) under
nitrogen at 0°C was added borane-THF solution (12 mL, 1 0 M, 12 mmol)
cautiously The resulting solution was stirred at 0°C under nitrogen for 1 h 40 min
Then ethanol (4 mL) and pH 7 buffer (8 mL) were added, followed by aqueous 30
% H202 solution (7 5 mL) After shrred at 0°C for 20 min, ¢ was wammed fo rt and
stred for2 h EtOAc (200 mL) and bnne (100 mL) were added and layers were .
separated Aqueous solution was extracted with EtOAc (2 X 150 mL) Combined
organic solution was dned with magnesum sulfate, filtrated, concentrated i
vacuo Flash chromatography (2 to 5 % MeOH-CH2CI2) afforded 14b (1 05 g,

2 18 mmol, 68 %) as a white solid  1H NMR (400 MHz, dg-DMSO) 5 9 25 (s, 1
H), 8 30 (d, J =7.2 Hz, 1 H), 7 68 (d, J =9 2 Hz, 1 H), 7 05-7 01 {m, 1 H), 6 62-6 58
(m, 3 H), 4 434 18 (m, 3 H), 3 55 (s, 3 H), 3 37-3 33 (M,2 H), 293-2 80 (m, 2 H),
2 20-2 03 (m, 2 H), 1 66-0 87 (m, 19H), '3C NMR (dg-DMSO, 125 MHz), d 172 1,
1718,1712, 157 2, 138 4, 120 1, 119 5,115 8,113 5,60 7,56 5, 53 5, 51 7,
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365,351,326,324,290,2685,280,258,256, 25 4, 25 2, HRMS, m/z
463 2813 (calcd for C25H36N205 463 2808, error 1 ppm) ~n

11b 11c
To a solution of phenol alcohol 11b (1 00 g, 2 16 mmol) and tr-n-
butylphosphine (1 10 mL, 4 28 mmol}) in anhydrous CH2Cl2 (100 mL) and THF

(40 mL) at 0°C was added ADDP (1 08 g, 4 28 mmol) After stimng at 0°C for 1

h, the solution was warmed fo rt and stirred for 3 h under nitrogen TLC indicated
complete consumphon of the staring matenal After removal of solvent in vacuo,
the residue was partially punfied by flash chromatography (0 to 3 % MeOH in

CH2Cl2) to afford the macrocycle 11c (650 mg, 146 mmol, 68 %) 1H NMR (400
MHz, dg-DMSO) 5 8 58 (d, J =8 3 Hz, 1 H), 7 76 (d, J =9 2 Hz, 1 H), 7.18-7 14 (m,
1H), 6 76-6 65 (m, 3 H), 4 77-4 71 (m, 1 H), 4 32 (t, J=8 5 Hz, 1 H), 3 97-3 83
(m, 1 H), 382-3 78 (m, 1 H), 3 67 (s, 3 H), 3 18-3 14 (m, 1 H), 2 98-292 (m, 2 H),
232-225 (m, 1 H), 202201 (m, 1 H), 198-0 67 (m, 19H), '3C NMR (dg-DMSO,
125 MHz), 8 1721, 171 6, 1714, 160 1,158 8, 139 0, 129 1, 121 1,113 0, 111 9,

664,561,520,501,406,349,342,287,283,268,263,259,255,252, -

24 2, HRMS, mvz 445 2685 (calcd for C25H3gN205 445 2702, error 4 ppm)
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11c 11d

Aqueous lithum hydroxide solution (70 mg, 15 mL H20, 2 92 mmol) was
added to a solution of methyl ester 41¢ (330 mg, 0 742 mmol) in THF (20 mL) and
ethanol (10 mL) atrt The mixiure was stirred at rt for 3 h The progress of the
reaction was monitored by TLC After the solution was concentrated in vacuo,
EtOAc (100 ml.), 6 N HCI solution (10 mL) and water (50 mL) were added and the
layers were separated The aqueous solution was extracted with EtOAc (2 X 80
mL) Organic solutions were combined, dned with magnesium sulfate, filtered and
concentrated i vacuo to afford 11d (260 mg, 0 604 mmol, 81 %) as a white solid

1H NMR (400 MHz, dg-DMSO) 8 843 (d, J=8 3 Hz, 1 H), 7 73 (d, J=9 3 Hz, 1
H), 7 17-7 13 (m, 1 H), 6 77-6 66 (m, 3 H), 4 67-4 62 (m, 1 H), 4 32-4'28 (m, 1 H),
3 98-3 93 (m, 1 H), 3 81-3 75 (m, 1 H), 3 17-3 13 (m, 1 H), 2 87-2 90 (m, 1 H),

2 32-2 26 (m, 1 H), 2 01-1 97 (m, 1 H), 1 67-0 85 (m, 18H), 13C NMR (dg-DMSO,

125MHz), 5 1732,1716, 171 3,1588,1393,1290, 121 1,113 1, 111 9, 66 4,
561,508,351,343,288,283,269,263,259, 256,255, 25 2, 24.2, HRMS,
m/z 431 2564 (calcd for C25H3gN205 431 2546, error 4 ppm) -
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11d B

11e
5 To a solution of acid 11d (0 140 g, 0 325 mmol), amine B (0 140 g, 0 325
mmol), HOOBt (58 mg, 0 343 mmol) and EDCI (75 mg, 0 391 mmol) in anhydrous
DMF (40 mL) and CH2Cl2 (20 mL) at -20°C was added NMM (0 107 mL, 0 973
mmol) After stimed at this temperature for 30 min, the reaction mixture was kept
in a freezer for 18 h Then EtOAc, bnne and 5% H3PO4 were added The

10 separated orgamic solution was washed, successively, with 5% H3P04, saturated
aqueous sodium bicarbonate solution, water, and bnne, dried with magnesium
sulfate, fitered and concentrated In vacuo Flash chromatography (2 to 5 %
MeOH-CH2CI12) afforded 11e as a mbdure of diastereomers (0 170 g, 0 211 mmol,
65%) as a white solid, which 15 used in the next reacton without further

15  purtdication
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To the mixture of hydoxy amide t1e (0 29 g, 0 36 mmol) and Dess-Martin
reagent (0 45 g, 1 08 mmol) at 1t was added anhydrous CH2Cl2 (60 mL), DMF (3
mL) and DMSO (3 mL) The resulting solution was wigorously stirred at tfor25 h
More Dess-Martin reagént (300 mg, 0 71 mmol) was added and the reaction
mixture was stirred for another hour Saturated aqueous sodium bicarbonate and
sodium blsulfite solutions (40 mL each) were added and the mixture was .
vigorously stirred for 10 min before EtOAc (200 mL) and water (30 mL) were
added and the layers were separated The organic solution was washed with 5%
H3PO4 solution (2 X 100 mL) and saturated NaHCO3 solution (100 mL), drieq -
with magnesium sulfate, filtered and concentrated in vacuo Flash
chromatography (1 to 5 % MeOH-CH2CI2) afforded 11 (100 mg, 0 124 mmol,

35%) as a white solid TH NMR (400 MHz, dg-DMSQ) 5 8 79-8 69 (m, 2 H), 8 36-

8 16 (m, 2 H), 7 72-7 68 (m, 1 H), 7 42-7 33 (m, 5 H), 7 17-7 13 (m, 1 H), 6 77-
6 63 (m, 3 H), 5 30-5 27 (m, 1 H), 5 09-5 04 (m, 1 H), 4 854 76 (m, 1 H), 4 20-
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4 25 (m, 1 H), 3 98-3 74 (m, 1 H), 3 02-2 85 (m, 2 H), 2 32-2 27 (m, 1 H), 2 04-

196 (m, 1 H), 1 72-0 81 (m, 35 H), 13C NMR (dg-DMSO, 125 MHz), 5 196 5,
196 2, 171 65, 171 61, 171 5,171 14, 171 07, 169 4, 167 6, 160 7, 158 84,

158 79, 139 5, 138 3, 136 6, 136 5, 128 92, 128 90, 128 7, 128 6, 128 1, 127 7,
127 4,124 9, 121 34, 121 28, 113 1, 1129, 1120, 111 9, 81 3, 66 34, 66 30,

56 92, 56 87, 56 3, 56 2, 53 4, 53 3, 515,509, 41 5,41 4, 40 8, 407, 36 6, 36 1,
34 4,34 3,318,316,304,29 1,289,284, 28 3, 27 5, 26 8, 26 21, 26 17, 25 9,
25 50, 25 56, 25 0, 24 2, 18 74, 18 66, 135, 134, HRMS, m/z 804 4542 (calcd
for C25H3gN205 804 4548, ermor 1 ppm)

Example 12 tio o F a12

B



10

15

WO 01/81325 PCT/US01/12530

100

12
A solution of the -Butyl ester 11 (56 8 mg, 0 0706 mmol) in tnfluoroacetic
acid (15 mL) and CH2Cl2 (15 mL) was stired at rt for 4 h ARer the volatiles were

removed In vacuo, the residue was dissolved in 50% MeOH-CH2Cl2 (3 mL), and
concentrated to dryness in vacuo to afford an off-white solid 12 (50 mg, 0 0669
mmol, 95%) TH NMR (400 MHz, dg-DMSO) 5 8 75-8 71 (m, 2 H), 8 36-8 16 (m,
2H), 772769 (m, 1 H), 739-731 (m,5H),717-713 (m, 1 H), 6 76-6 63 (m, 3
H), 5 37-56 35 (m, 1 H), 507-5 04 (m, 1 H), 4 854 76 (m, 1 H), 4 294 25 (m, 1 H),
397374 (m, 4 H), 302-286 (m, 2 H), 232-226 (m, 1 H), 201-1,97 (m, 1 H),

-

1700 82 (m, 26 H), 3¢ NMR (dg-DMSO, 125 MHz), 5 196 5, 1962, 171 63, *

171568, 17152, 17148, 1711, 17106, 1674, 1606, 158 82, 158 78, 153.4,
139 4, 137 1, 137 0128 91, 128 88, 128 7, 128 65, 128 61, 128 5, 128 43, 128 39,
128 33, 128 32, 12814, 128 12, 1280, 1277, 1287, 12763, 12759, 1275,
127 4, 126 8, 1213, 1159, 1131, 1129, 1128, 1120, 1119,, 111 88, 66 33,
66 29,56 3, 56 2, 56 17, 53 34, 53 31, 53.27, 51 1,509,415,4084,4077,407,
40 6, 40 56, 40 53, 405, 387, 38 6, 38 56, 38 53, 366, 361, 344, 343, 318,



PCT/US01/12530 /66

WO 01/81328 6 3

101 8065

316,204,291,290,e289,284, 283,282, 269, 26 8, 26 79, 26 20, 26 16,
2588, 2586, 2579, 2575, 25671, 25686, 2557, 2554, 254, 250, 242, 187,
18 6, 13 5, 13 4, HRMS, m/z 748 39847 (calcd for C25H36N205 748 3922, error

Gt

B
@

1
v 13a

10

The desired compound 13a was prepared according to the method of .
Example 11, Step A, except substituting 6-hydroxyhexanoic acid for 6-heptenoic
acid (39%) .
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Step B. -
H
HO
(o}
H\j\ Me H\)J\ Me
13a 13b
5 The desired compound 13b was prepared from 13a according to the
method of Example 11, Step C in 74% wyield
StepC
L L owe
N Y
13b
10 The desired macrocychic acid 13c was prepared from Its comesponding

methyl ester 13b according to the method of Example 11, Step D in 88 % weld as
a white sold
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Step D. ~—~
+ H 0
@ H  HCHHN Up%/\‘
0 A 0
O "
13¢ B
H 0
: K. E 3 , l/&p
Q O (o) \F
QO
13d
5 The desired compound 13d was prepared from 13c and B according fo the

method of Example 11, Step E in 48% yield
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The desired compound 13 was prepared from 13d according to the method
of Example 11, Step F m 70% yield
re tio und o]
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14
The desired compound 14 was prepared from 13 according to the method
of Example 12, Siep A in quantitative yield

Ex 15 ho C F u
@“ Eﬂ% |
0 A o o) (o]
O W
15
Step A -
B — A
o
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A solubon of 3-odo-phenylanaline 15a, (250 g, 859 mmol) and
concentrated hydrochlonc acid (2 mL, 24 mmol) in methanol was heated to reflux
for 18 h Removal of solvents in vacuo afforded a white solid 15b, which was used

in Step B without further punfication
5 StepB

—rie-
HCIH

15b

The desired compound 15¢ was prepared in 84% yield from 15b according
to the method of Example 11, Step A 1t was used in the next reaction without

further purfication
Haﬂﬂ\i‘:%\ rOMe
SN

10 StepC
16¢ 15d

The desired compound 15d was prepared from 15¢ according to the
method of Example 11, Step A (quantitative) It was used in the next reaction

without further purificaton )
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Step D, -

/
" “’":j‘u A ﬁt’ﬁ\uzf“
O

QO

154 150
The desired compound 15e was prepared in 68% yield from 15d according
to the method of Example 11, Step A It was used in the next reaction without
further punfication

Gl — Gt
e O

150 151

A solution of 15e (1 16 g, 2 04 mmol), tnethylamine (2 90 mL, 20 6 mmol)
n anhydrous acetonitnle (25 mbL) and DMF (20 mL) in a thick walled tube was
bubbled with Argon for 5§ min To this solutton at it was quickly added
tetrakistnphenylphosphine palladium (0) (235 mg, 0 203 mmol) The tube-was ~
sealed with Teflon screw cap and heated to 85-90°C in an oil bath After stimng
for 3 h, it was cooled to rt, opened cautiously and poured onto EtOAc (100 mL)
The soluton was washed with 5% H3PO4 (4 X 50 mL) and water (50 mL)

Organic layer was dned with magnesium sulfate, filtrated, concentrated in vacuo
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Flash chromatography (1 to 4 % MeOH-CH2Cl2) afforded the macrocycle 15f
(330 mg, 0 749 mmol, 37 %) -
StepF_

16f
The desired compound 15g was prepared quantitatively from 15f according
to the method of Example 11, Step D It was used in the next reachon without
further punfication

Step G.

15h
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The desired compound 15h was prepared in 77 % yield from 15g according
to the method of Example 11, Step € |t was used i the next reachon without ___

further punficahon
Step H,
5
!\
H
o A O o (o}
O .

15
The desired compound 15 was prepared in 55 % yield from 15h according
to the method of Example 1, Step H
xample 1 re 10 u F 6

et

'® .,

L)
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The desired compound 16 was prepared quantitatively from 15 according
to the method of Example 12, Step A

g

17
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15f 17a

To the solution of 15f (150 mg, 0 340 mmol) in EtOH (10 mL) and EtOAc (5
mL) was added 10 % palladium on carbon (20 mg) The suspension was stired
under hydrogen for 8 h dunng which the reaction progress was monitored by TLC
After filtration through a celite pad, solvents were removed /n vacuo to afford the
product as a white solid 17a (150 mg, 0 339 mmol, quantiative) It was used in
the next reaction without further punfication

Step B.

17a 17b

The desired compound 17b was prepared from 17a according to the

method of Example 11, Step D It was used in the next reaction without further
punfication
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Step C.
H
. I
: " HCHH2N X N Y '
S : .«
17b B
m H U‘2ﬂ< ®

17¢c
The desired compound 17¢ was prepared in 73 % yield (Steps B and C)
5 from 17b according to the method of Example 11, Step E It was used in the next
reaction without further punfication
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17¢c
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17
The desired compound 17 was prepared in 46 % yield from 17¢ according
to the method of Example 11, Step F
Pre n of 8

e

WO 01/81325 PCT/USDV/12530

113

CHs
18
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%&%ﬂiﬁx .

The desired compound 18 was prepared quantitatively from 17 according
to the method of Example 12, Step A
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The desired compound 19b was prepared in 64 % yield from 1g and 19a
according to the method of Example 11, Step C

5 StepB,

O

O o
19b 19¢
The desired compound 19¢ was prepared from 19b according to the

method of Example 1, Step C It was used in the next reaction without further
punfication
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18¢c 19d
To a suspension of d-amine salt 19¢ (75 mg, 1 52 mmol) and carbonyl
dumidazole (260 mg, 1 60 mmol) in acetonitnie (400 ml) at it was added
tnethylammne (0 26 mL, 1 85 mmol) The mixture was stured for 3 days Solvent
was removed in vacuo The residue dissolved in EYOAC/THF (100/50 mL) and the
solution was washed with 5% H3PO4, dried with magnesium sulfate, filtered,
concentrated /n vacuo Flash chromatography (2 to 10 % MeOH-CH2Cl2) afforded

19d (290 mg, 0 651 mmol, 43 %) as a white solid

(38— &8,

19d 190
The desired compound 19e was prepared 1n 97 % yleld from 19d according

to the method of Example 11, Step D }t was used in the next reacton without
further purfication

116
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StepE

m . Hcrﬂﬂ$,nj&<

o

— & v&%u%

The desired compound 19f was prapared In 66 % yield from 19e and B
5 according to the method of Example 11, Step E
Step F

e
H(;\g\%n&gnvt&

19

Y
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The desired compound 19 was prepared in 66 % yeld from 19f according
to the method of Example 11, Step F Two products were partially separategd by

flash chromatography (0 to 5 % MeOH-CH2Cl2) '
le 20 Prepara mpoun E

H.%a[n o n\j\gf

CHy
20

H%&uérn\i%* .
%&ﬁwﬂw

L)
rd

The desired compound 20 was prepared from 18 according to the method
of Example 12, Step A
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21a 21b

A solution of 5-hexene-1-o0l 21a (10g, 50 mmol) in diethylether {100 mL)
was treated with tnethylamine (10 1g, 100 mmol, 2 0 equiv) and cooled to 0° C
A solution of phosgene in benzene (20%, 100 mL, 20g, 200 mmol, 4 0 equiv)
was added dropwise and the reachon mixture was stired at rt for 12h The
tnethylamine hydrochlonde separating out was filtered and the filtrate was
concentrated /n vacuo The residue 21b was used directly for further studies
without purtfication
Step B

BocH

1, Bocin 0“31« -
I \Q ) o

OH o

1i® 21c
A solution of 1f (8 Og, 18 43 mmol) In CH2Cl2 (100 mL) was treated with
tnethylamine (2 43 g, 24 0 mmol, 1 3 equiv) The reaction midure was cooled to -
78° C and allychloroformate (2 9g, 24 mmol, 1 3 equiv ) was added dropwise The
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reacton mixture was stirred at rt for 12 h and the reaction mixture was diluted with
H20 (100 mL) and aq HCI (2M, 200 mL) The aq layer was extracted with E{QAc
(3x200 mL) The combined EtOAc layer were extracted with brine, drled
(Na2504), filtered concentrate m vacuo and the residue 21c was directly used for

Boc deprotecton 'H NMR (CHCl3, 300 MHz, 5, ppm) 729 (t, 1 H, J= 6 0 Hz),
7068-698 (m, 3 H), 641 (d, 1 H, /=54 Hz), 605595 (m, 1H), 542 (dd, 1H,
J=12, 132), 531 (dd, 1 H, J=12, 132), 510 (d, 1 H, J=6 6 Hz), 4914 87 (q, 1
H), 474 (d, 1H, J=4 5 Hz), 395-392 (m, 1 H), 370 (s, 3 H), 312 (d, 1 H J=4 2
Hz),1 81-1 51 (m, 6H), 143 (s, 8 H), 1 21-0 81 (m, 6 H)

Step C

S B 64 suhy el
NO\Q 0
Y nf

A solution of 21¢ (1 5 g) in HCI (4M in dioxane, 100 mL) was stired at rt for
3 h The disappearance of the starting matenal was followed by TLC and once the
starbng matenal disappeared the reacton mixture was concentrated i vacuo and
the residue 21d was dned n pump It was used for coupling without furl:her
purtfication |
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Step D

21d Oiu \'io’

210
A solution of the aminehydrochloride 21d (4 Og, 8 9 mmol) in CH2Cl2 (50

mL) was treated with tnethylamine (273 g, 27 mmol, 30 equwiv, 38 mlL) and
cooled to -78° C A solubon of chloroformate 21b (2 3g, 13 3 mmol, 1 5 equiv) in
CH2Cl2 (30 mL) was added dropwise The reaction mixture was stirred ovemight

at rt and diluted with aq HCI (1M, 150 mL) The aqueous layer was exiractad with
EtOAc (3x100 mL) The combined ethyl acetate layers were extracted with H20

(100 mL), bnne (100 mL), dried (Na2S04) filtered concentrated /n vacuo and the
residue was purified by chromatography (S102, EtOAc/Hexanes 3 7) to yield 21e
as colorless solid (5g, 80%)
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A solution of alloc-protected compound 21e (4 0 g, 7 2 mmol) in dry THF
(60 0 mL) was treated with dimedione (2 01g, 14 4 mmol, 2 0 equiv ), Pd(PPh3)4
(830 mg, 071 mmol, 10 mol%) at 0 °C and stired at t for 1h The reaction
mixture was concentrated i wvacuo and the residue was punfied by
chromatography (5102, EtOAc/Hexanes, 3 7) to yield a deprotected alcohol 21f as

a colorless solid (2 7g, 79%) 1H NMR (CDCI3, 300 MHz, 5 ppm) 7 44 (bs, 1 H),
709(s,1H, J=60Hz), 675672 (m,2H), 658648 (m, 2 H), 581-571 (m, 1 H),
565(d,1H,J/~72Hz,498(ddd, 1 H, /=15,12,9Hz),492 (dd, 1H, /=45,09
Hz), 488483 (m, 1 H), 412-387 (m, 1 H), 371 (s, 3 H), 308-298 (m, 2 H),
2 08-2 03 (m, 2 H), 1 722-1 40 (m, 10 H), 1.24-0 84(m, 5 H), 13C NMR (100 MHz,
5) 1716, 157 3, 1566, 1383, 1366, 1298, 1235, 1206, 1170,114 9, 1146,
657,601,532, 525,404,371,333,206,286,283,260, 259, 251, CHN
calcd for C25H3gN20g C=8520% H=7 88% N=608%, Found C=64 90%
H=7 98% N= 6 01%
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Ste

o

OH
OH

f&{é A%,

21g

A solution of alkene 21f (650 mg, 1 4 mmol) in anhydrous THF (52 mlL)
was cooled to 0°C and treated with BH3«THF (1M soln in THF, 4 2 mL, 4 2 mmol,
3 0 equiv ) The reaction mixture was stirred at rt for 2 h and EtOH (2 0 mL) was
added carefully with the evolubhon of hydrogen gas After the H2 evolution was
complete the reachon mixture was treated with pH 7 buffer and treated with aq
H202 (30%, 50 mL) at 0 °C The ice bath was removed and the mixture was
strred at rt for 34 h The reaction mxture was extracted with EtOAc (3x100 mL)
The combined organic layers were extracted with H20, bnne, dned (MgSO4),
fitered, concentrated in vacuo and the residue was punfied by chromatography
(8102, EtOAc/Hexanes 3 7) to yield hydroborated product as a colorless solid 21g
(400 mg, 60%) [a]p 864 (c 03 CHCI3, 25 °C), TH NMR (CDCl;, 400 MHz, 5)
726(s,1H),708(t.1H, /~57Hz2),683(d,1H,Js~60Hz),671(dd, 1 H, J=12,
4 5Hz), 657 (bs, 1 H),654 (d, 1 H, J=57 Hz), 568 (d, 1 H, J=6 9 Hz), 4 85 (dq,
1H,J=4 2,18 Hz), 4053 67 (m, 3 H), 368 (s, 3H),360(t 2H, /=48 Hz), 3 08-
297 (m, 2 H), 177-153 (m, 10H), 142 125 (m, 4 H), 124-092 (m, 5 H), 13C
NMR (CDCls, 100 MHz, &) 171 8, 171 8, 157 6, 156 9, 136 8, 1300, 120 8, 117 0,
1148,657,627,603,533,527,405,374,325,207,290, 288,262, 280,
256, 254 MS (FAB, NBA/DMSO, m/z, relative infensiy) 479 (IM+1]*,100), 2886
(40), 196 (25), 156 (25), 136 (25), 112 (20) HRMS calcd for C25H3gN207

(M+1)* 479 2760, found 479 2757
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A solution of PPh3 (385 mg, 1,47 mmol, 1 75 equiv)) i CH2CI2 (10 mL)
was treated with the compound 21g (400 mg, 084 mmol) and cooledto 0° C A
5 solution of DEAD (220 mg, 1 26 mmol, 1 5 equiv ) iIn CH2Cl2 (10 mL.) was added
dropwise and stirred at rt for 3 h The reaction mixture was concentrated i vacuo
and the residue was punfied by chromatography (Si02, EtOAc/Hexanes 1 9) to
yield cydiic product 21h as a colorless solid {110 mg, 25%)
Step H

10 21h
A solution of cyclic carbamate 21h (200mg, 0 44 mmol) in dioxane (30 mL),
CH3OH (20 mL) and CH2Cl2 (20 mL) was treated with LIOHeH2Q (80 mg, 20
mmol, 4 5 equiv) and strred at rt for 4 h The reaction was concentrated in vacuo ~
and diluted with HCI (4M soin in dioxane,10 mL) The water was removed by
15 lyophilzer to yield the crystalline acid 21} directly used for coupling
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A solution of the hydrolyzed acid 211 (210 mg, 047 mmol) in dry DMF (6 0
mL) and CH2Ci2 (50 mL) was treated with HOOBt (125 mg, 070 mmol, 15
equiv) and cooled fo 0 *C and Hilnigs base (258 mg, 2 0 mmol, 4 0 equiv, 369 pL)
was added To this modure was added EDCI (134 mg, 0 70 mmol, 1 5 equlv) and
the reachon mixture was stimed at 0° C for 05 h and treated with the amine
hydrochlonde B (2563 mg, 0 58 mmol, 1 25 equiv) The reachon mixture was
stored in freezer for 24 h and concentrated in vacuo to remove DMF and CH2Cl2
The residue was diluted with aq HC! (2M, 30 mL) and extracted with CH2Cl2
(3x50 mL) The combined organic layer was extracted with aq HCI (2M, 30 mL),
aq NaOH (1M) brine (2x50 mL), dned (MgSO4) and concentrated in vacuo The
residue 21J (220 mg) was oxidized without further purification
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A solution of alcohol 21] (220 mg, 0 26 mmol) n CH2Ci2 (50 mL) was

treated with Dess-Martin reagent (200 mg, 0 47 mmol, 1 8 equiv) The reachon
5 mixture was shrred at 1t for 1 h and diluted with ag NaHCO3 (15 mL) and aq

Na2S203 (15 mL) The reacton mixture was strmed at rt for 20 min and the
reaction mixture was extracted with CH2Cl2 (3x30 mL) The combined organic
layers were extracted with ag Na2CO3, dned (Na2S04), filtered, concentrated in
vacuo and the residue was punfied by chromatography (Si02, CH30OH (2M
10 NH3)YCH2CI2 1 20) to yield ketoamide 24 (60 mg, 27%) of a coloriess solid
: ratio mpound a
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Step A

A solution of tert-butyl ester 21 (50 mg, 0 059 mmol) in dry CH2Cl2 (20

mL) was treated with TFA (2 0 mL) and stired at ri. for 4 h The reaction mixture
5 was concentrated mn vacuo and the residue was repeatedly dissolved In
heptanes/CH2CI2 and concentrated in vacuo several times to yield a fine tan solid

22 (47 mg), which was dned mn vacuo
E | P | ompound o 2

10
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1d 23b

A solution of acid 1d (255mg, 1 0 mmol) in DMF (2 0 mL) was treated with
HOBt (202 mg, 1 5 equiv) and HOnigs base (517 mg, 4 @ mmol, 4 0 equiv, 738
pL) The reacton mixture was cooled to 0° C and treated with DCC (258 mg, 1 25
mmol, 125 equiv) After stmng the mixiure for 1th Hishdine-OCH32HC! 23a
(242 0 mg, 1 0 mmol) was added and stired at it ovemight The reaction mixture
was concentrated /n vacuo and extracted in EtOAc (3x50 mL) and ag NaHCOs;
(50 mL) The combined organic layer was concentrated in vacuo and the residue
was purified by chromatography (Si0O2, CH30OH/CH2Cl2 1 18) to yield dipeptide
23b as a colorless sohd (380 mg, 93%) 1H NMR (dg-DMSO, 400 MHz, 5, ppm)
817(d,1H,J=T2Hz), 748 (s, 1 H), 677 (s, 1 H) 657 (bs, 1 H), 554 (d, 1H,
J=7T6Hz),447 (q,1H,J/=7T2Hz),379(t,1H, J=84 Hz), 355 (s, 3 H), 336320
(m,2 H), 294-2 82 (m, 2 H), 1 70-147 (bm, 6H), 135 (s, 9 H), 146085 (m, &

H) 13¢c NMR (dg-DMSO, 100 MHz, & ppm) 1725, 1719, 157 3, 1559, 1354,
7886, 505, 520, 523, 341, 206, 289, 286, 265, 263, 260, 252 FAB MS

(NBA-G/TG-DMSO, nvz refative mtensity) 408 [(M+1)*, 100], 353 (10), 170 (20),
HRMS calcd for C20H3aN4Og 4002451 found 4092466, CHN Calcd for

C20H32N405 C=5881% H=7 80%, N=1372%, Found C=5870% H=7.78% -

N=13 43%
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Step B.
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A solution of o-bromoheptenoic acd (223 mg, 1 0 mmol) i DMF (3 0 mL)
was treated with deprotected amine hydrochlonde 23b (380 mg, 1 0 mmol, 10
equiv) and HOonigs base (387 mg, 3 0 mmol, 3 0 equiv) was added The reaction
mixture was treated with PyBroP (465 mg, 1 0 mmol) and stimed atrt for 3 h The
reachon mixture was concentrated in vacuo and the residue was punfied by
chromatography (S102, CH30H/CH2CI2, 1 19) to yield a colorless solid (220 mg,

50 %) MS (FAB) 515 2 [(M+1)*, 100], 513 2 [(M+1)*, 95)], 469 (60), 433 (20),
170 (40) HRMS calcd for C23H38BMN40O4 513 2076 found 513 2073
Step C

b : T/
3
o X
tﬁ?c
Cl :
23c 23d -

A solution of bromo-compound 23¢ (100 mg, 0 23 mmol), it 2-butanone
(4 0 mL) was treated with Na2CO3 (31 0 mg, 0 28 mmol, 1 25 equiv) and with Lil
(50 mg, 0 37 mmol 1 3 equiv ) and heated at reflux for 24 h The reacton mixture

was concentrated in vacuo and the residue was diluted with water The residue
was extracted with CH2Cl2 (3x30 mL) The combined organic layer was dned(

Na2S804) and punfied by chromatography (S102, CH30H CH2Cl2 1 19) to yield
the cyclized compound 23d (25 mg, 31%). Rf 068 (2M NH3 in CH;OH CH.Cl

73
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119) TH NMR (CDCI3, 400 MHz, 5, ppm) 8 17 (d, 1 H, J=8 8 Hz) 7 33 (s, 1 H),
6 48 (d, 1 H, J=8 4 Hz), 4 90-4 85 (m, 1H), 4 26 (t, 1 H, J=8 0 Hz), 3 82-3 74" m,
2 H), 368 (s, 3H), 316- 311 (m, 2 H) 291-284 (m, 1 H), 230-201 (m, 2 H).
165159 (m, 11 H), 118-0986 (m, 11H) 13C NMR (CDCI3, 100 MHz, 5 ppm)
s 1728, 1724, 1719, 1382, 136 8, 576, 525, 517, 466, 4186, 360, 309, 295,
288, 273, 267, 264, 263, 262, 252, 248 MS (Electron spray, m/z relatve

mntensity) 433 1 [(M+1)*,100], HRMS Calcd for C23H37N4O4 433 2815 found

O Q-

StepD
10 23d 23
A solution of methyl ester 23d (200 mg, 0 46 mmol) in CH3OH (50 mL)

H20 (0 5 mL) was treated with LIOHH20 (30 mg, 0 75 mmol, 1 6 equiv) The

reaction mixture was strroed at rt for 15 h and concenfrated /n vacuo and dned in
pump to yield hydrolyzed compound 23e which was used for coupling directly

““S=o
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A solution of the acid 23e in CH2CI2 (3 0 mL), DMF (5 0 mL) was treated

with HOOBt (115 mg, 0 70 mmol, 1 50 equiv) and EDCI (113 mg, 0 60 mmol, 1 25
5 equlv) The reachon mixture was then treated with Et3N (180 mg, 1 88 mmol,

271pL, 4 0 equiv) and amine hydrochloride B (201 mg, 0 5 mmol, 1 1 equiv) The
reaction mpdure was strred at rt for 13 h and diluted with H2O The aqueous layer

was extracted with CH2C!i2 (3x50 mL) and the combined organic layers were
extracted with aq NaOH (1M, 50 mL) and dned (Na2S0O4) The dned organic
10 layer was filtered and concentrated in vacuo to yield a colorless residue 23f (442
mg) which was dned in vacuo and direcly used for further oxidabon MS

(Electron spray, m/z relative infensity) 794 [(M+1 )"', 100] -
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A soluton of hydroxy-amide 23f (50 mg, 0 064 mmol) n CH2Cl2 (3 0 mL)

5 was treated with Dess Martin reagent (53 mg, 0 13 mmol, 2 0 equiv) and shired at
rt for 3 h The reachon muxture was diluted with ag satd Na28203 (20 mL) and

stired at rt for 15 min The aqueous layer was extracted with CH2Cl2 (3x30 mL)
The organic layer was dned (Na2S04) filtered concentrated in vacug and purtfied
by chromatography (S102, CH3OH/CH2Cl2, 1 15) to yield ketoamide 23 (20mg,
10 40%), MS (FAB, NBA-G/TG-DMSO, m/z relative intensity) 824 [(M+CH30H)¥,

100], 762 [(M+1)*, 60], 447 (20), HRMS calcd for C42Hg2N708 (M+1)*
792 4860 found 792 4658
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A solution of terf-butyl ester 23 (17 mg, 21 5 pymol) in dry CH2Cl2 (2 0 mL)

was treated with TFA (2 0 mL) and stirred at rt. for 8 h The disappearance of the
ester 1o the base line was followed by TLC (CH30H/CH2CI2, 1 19) The reaction

10 mpdure was concentrated in vacuo and the residue was repeatedly dissolved in
CH30H/heptanes/CH2CI2 and concentrated in vacuo several times to yield 24 as

fine colorless sold (7 mg) MS (Electron spray, m/z relatrve intensty) 768
[(M+CH30H)¥, 100], 738 [(M+1)*, 60], 46 (10)

LI
40
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| _ _
PFg PFe

* Ru(CHsCN)s — = (RU-S—

OOH OOH
HBoc HBoc
25a 1b 25b

A solution of Boc4-Chlorophenylalanine 25a (523 mg, 175 mmol) in
dichloroethane (37 mL) was treated with CpRu(CH3CN)3 PFg 1b (760 mg, 175

10 mmol, 1 0 equiv) and heated at reflux for 2 h The reactton mpcture was cooled to
0 °C and filtered The filtrate was concentrated in vacuo and dissolved In
minlmum CH3CN and treated with a large excess of Et20 The solid separating

out was separated and dissolved m CH2Cl/CH3OH (11, 50 mL) and
concentrated in vacuo to obtain 25b as a brown foam (640 mg, 69%)'
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A solution of carboxylic acid 25b (2 4 g, 3 80 mmol) in dry DMF (15 mL)
was treated with Hilmigs base (1 64 g, 12 64 mmol, 4 0 equiv, 29 mL) and HOBt
5 (661 mg, 4 38 mmol, 1 5 equiv) The reaction mixiure was cooled o 0° C and the
treated with EDCI (699 mg, 3 95 mmol, 1 25 equiv) and stirred for 15 min To this
reaction mxture was added amine hydrochionde 1g (1 50 g, 4 00 mmol, 1.2
equiv) and the reaction modure was stirred at rt for 12 h The DMF was distilled
out and the residue was diluted with water (30 mL) and the aqueous layer was
10 extracted with CH2Clo (3x50 mL) The combined organic layers were extracted
with aq NaHCO3 (30 mL), ag HCl! (30 mL), brine, dned (Na2SO4) filtered
concentrated in vacuo and the crude product 25¢c (25 g, 69%) was used for
further cychizaton without punfication
Step C
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25¢
A solution of compound 25¢ (100 mg O 11 mmol) in dry DMF (10 mL) was
degassed with dry N2 and treated with Cs2CO3 (170 mg, 05 mmol, 50 equlv)
and stired at it for 12 h The solvent DMF was distilled off and the residue was
diluted with water (35 mL) and extiracted with CH2Cl2 (3x100 mL) The combined
organic layers were dned (Na2S04) fittered, concentrated in vacuo and dried In
vacuum overmnight it was used for photolyhc removal of Ru without further
purification
The cyclzed compound from the previous step was dissolved n CH3CN

and photolysed in a Raynot (A=850 nm) for 48h The reaction miture was
concentrated 1 vacuo and the residue was purified by chromatography (SiO2,
EtOAc/Hexanes 2 1) to yleld 25d as a tan colored sohd (29 mg, 46 %) MS (FAB,
NBA-G/TG-DMSO, nvz relative intensiy), 680 [(M+1)", 80], 524 (100), 418 (40),
482 (30), 452 (20), 313 (60), 253 {20)

Step D

5 5

A solution of ester 25d (150 mg, 0.26 mmol) in THF (3 mL), CH30H (3.0
mL) and H20 (3 0 mL) was treatad with LIOHeH20 (18 mg, 043 mmol, 1 65

-
-



WO 01/81325 PCT/US01/12530

137 ] L
Es'gs»«"b
equiv ) and stimed at rt for 35 min The reacton moxdure was acidified with conc
HCI (13 M, 1mL) and extracted m CH2Cl12 (3x50 mL) The combined organic layers
were dned (NapS04) filtered and concentrated n vacuo to yeld acid 25e which
was used directly for the coupling without further punfication
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A solution of acid 25e (150 mg, 0 27 mmol) in dry CH2Cl2 (2 0 mL), was
treated with HOBt (62 mg, 0 40 mmol) and Hinigs base (139 mg, 1 1 mmol, 40
equiv ) The reaction mixiure was cooled to 0° C and treated with EDCI (53 mg,
0 34 mmol, 1 25 equiv) and stirred for 30 min The reachon mixture was treated
with amine F (88 mg, 0 29 mmol, 1 22 equiv ) and stored in the freezer for 12 h
The reachon mixture was concentrated /7 vacuo and diluted with H20 (50 mL)
The aqueous layer were exiracted with CH2Cl2 (3x50 mL) The combined organic
layers were extracted with aq HCI (1M, 3x20 mL) aq NaOH (1M, 3x20 fnL), dned
(Na2S04) filtered concentrated /n vacuo to obtain a colorless solid 25¢f (138 mg)
which was used for oxidation
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A solution of alcohol 25f (140 mg, 0 143 mmol) m CH2Cl2 THF (11,50

mL) was treated with Dess-Martin reagent (121 mg, 0.42 mmol, 3 0 equiv ) The
reacthon mixture was stired at rt for 2 h and the mxture was concentrated in
vacuo The residue was purfied by chromatography (S102, CH3OH/CH2Cl2 1 32)
to yield oxidized product 25 (57mg, 41%) as a colorless solid
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A solution of the benzyl ester 25 (30 mg, 38 0 pmol) In CH3OH/THF (1 1,
4 0 mL) was treatad with Pd/C (20 mg, 10% ) and H2 was bubbled through it. A
drop of acetic acid was added to accelerate the reduction The reaction mmxtufe

was filtered through a plug of celite and the filtrate was concentrated in vacuo.
The residue 28 was enalyzed without further punfication
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A solution of acid 25e(100 mg, 0 17 mmol) in dry CH2Cl2 was treated \q_rth
HOOBt (41 mg, 0 26 mmol) and Hinigs base (81 mg, 0 70 mmol, 4 0 equiv ) The
reaction mixture was cooled to 0° C and treated with EDCI (35 mg, 0.22 mmol, -
1 25 equiv) and stimed for 30 min The reaction mixture was treated with amine D
(71 mg, 022 mmol, 1 22 equiv) and stored in the freezer for 12 h The reaction
mixture was concentrated in vacuo and diluted with H20 (30 mL) The aqueous
layers was extracted with CH2Cl2 (3x30 mL) The organic layers were extracted
with aq HCI (1M, 30 mL) ag Na2CO3 (1M, 30 mL), dned (Na2SOj4) filtered



WO 01/81325 PCT/US01/12530
142

concentrated /n vacuo to obtain 27a colorless solid (119 mg) which was used for
oxidation MS (FAB), 842 [(M+1), 100], 765 (20), 735 (10), 657 (20), 575 (10),492
(10), 464 (20), 448 (30) HRMS calced for C46HgON5O10 (M+1)+ 842 4339,
found 842 4336

Step B

A solution of alcohol 27a (120 mg, 0 143 mmol) n CH2Cl2 THF (11, 30

mL) was treated with Dess-Martin reagent (180 mg, 0.42 mmol, 3 0 equiv) The
reacton mixture was stirred at it for 2 h and the mbdure was concentrated mn
vacuo. The residue was purified by chromatography (S1O2, CH3OH/CH2Cl2 1 32)

o yeld oxidized product 27 as a colorless solid MS (FAB, NBA-G/TG-DMSO,
m/z rel inf), B40 [(M+1)*, 50] HRMS calcd for C4gH5gN5010 (M+1)1 840 4184,
found 840 4199 !
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Step A:

O O

A solution of benzyl ester 27 (40 mg, 47 0 ymol) m CH3OH/THF (11,60
mL) was treated with Pd/C (30 mg, 10% ) and H2 was bubbled through it A drop

of acetic acid was added to accelerate the reduction The reacton mbxiure was
filtered through a plug of celite and the filtrate was concentrated ,in vacuo to yield
28 . ,



WO 01/81325 PCT/US01/12530
144

Step A-

2%a 28b
A solution of 4-chlorophenylalanine 28a (1 5g, 7 5 mmol) In THF (20 mL)
and H20 (20 mL) was treated with NaOH (900 mg, 22 5 mmol, 3 0 equiv) and
cooled to 0°C, A solution of acetyl chioride (707 mg, 9 00 mmol, 1 25 mmol) n
THF (10 mL) was added dropwise and the reaction mixture was stimed overnight
at t The reaction mixture was acidified with aq HCI (1M, 10 mL) and extracted
with CH2Cl2 (3x30 mL) The combined organic layers were dred (Na2SO4)

fikered concentrated in vacuo to yeld 28b which was used in the next step
without purification
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A solution of N-acetyl-4-chiorophenylalanine 28b (139 g, 575 mmol) in
dichloroethane (118 mL) was treated with CpRu(CH3CN)3 PFg 1b (26 g, 58

mmol, 1 0 equiv ) and heated at reflux for 2 h The reachon mixture was cooled to
0°C and fitered The filtrate was concentrated i vacuo and dissolved in CH3CN

(15 mL) and treated with Et20 (150 mL) The gum separating out was separated
by decanting the ether and the residue was dissolved in CH2Clo/CH30H (1 1, 50
mL) and concentrated 7 vacuo to obtain 29¢ as a brown foam (22 g, 89%) MS

(Electron spray, m/z rel in) 408 [(M-PFg)*, 100]
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A solution of carboxylic acld 28¢ (2 0 g, 4 00 mmol) in dry DMF (20 mL)
was treated with HOnigs base (2 06 g, 16 0 mmol, 4 0 equiv, 2 9 mL) and HOBt
(810 mg, 6 0 mmol, 1 5 equiv) The reachon mixture was cooled io 0°C and then
treated with EDCI (888 mg, 5 0 mmol, 1 25 equiv) and stimed for 05 h To this
reaction mxture was added amine hydrochlonde 1g (148 g, 7 14 mmol, 12
equwv ) and the reaction mixture was stimed at t for 12 h The DMF was distllied
out and the residue was diluted with water and the aqueous layer was axtracted
with CH2Cl2 (8x100 mL) The combined organic layers were extracted wrth aq

NaHCO3 (200 mL), aq HCI (100 mL), bnne, dried (Na2S04) filtered concentirated

in vacuo and the crude product 28d (1 2 g, 38%) was used for cyclization without
further punfication
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A solution of chloro-compound 28d (12 g 1 5 mmol) in dry DMF (120 mlL)
was degassed with dry N2, treated with Cs2CO3 (24 g, 7 4 mmol, 5 0 equiv ) and
strred at rt for 23 h The solvent DMF was distilled off and the residue was
diluted with water (300 mL) and extracted with propionitrile (3x100 mL) The
combmed organic layers were dried (Na2SO4) filtered, concentrated mn vacuo
and dried 1n vacuum overmnight It was used for photolytic removal of Ru without
further punfication

The cychzed compound from the previous step was dissolved in CH3CN
(40 mL) and photolyzed in & Raynot (A=350 nm) for 48h The reaction mucture
was concentrated 7 vacuo and the residue was punfied by chromatography
(S102, EtOAc/Hexanes 4 1) to yleld a tan colored sohid 28e (240mg, 38 %) MS

(FAB, NBA-G/TG-DMSO, m/z relative intensny), 522{(M+1)*, 100]
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A soluhon of ester 29e (200 mg, 0 42 mmol) n CH30H (5 mL), CH2Cl2 (13
mL) and H20 (2 0 mL) was treated with LIOH H20 {41 mg, 1 0 mmol, 2 4 equiv)

and stirred at rt. for 3 h The reacton mixture was acudified with aq HCI (13 M,
1mL) and extracted m CH2Cl2 (3x50 mL) and EtOAc (3x60 mL) The combined

organic layers were dned (Na2504) filtered and concentrated i vacuo to yleld
acid 28f (178 mg) which was used directly for the couphng without further
purification
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Step F.
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20g
A solution of acid 28f (90 mg, 0 18 mmol) n dry DMF {1 0 mL) was treated
with HOBt {45 mg, 0 33 mmol, 1 6 equiv), HDnigs base (142 mg, 1 1 mmol, 50
equiv ) and amine B (118 mg, 0 28 mmol, 1 47 equiv ) The reachon mixture was
cooled to 0° C and treated with EDCI (63 mg, 0 33 mmol, 1 6 equiv) and strred

at 0 °C for 20 min for 12 h The reacton mixture was concentrated in vacuo and
diluted with H20 (30 mL) The combined aqueous layers were extracted with

CH2Cl2 (3x30 mL) and EtOAc (3x30 mL) The organic layers were extracted with
aq NaOH (2M, 30 mL), dned (Na2S04) filtered concentrated in vacuo to obtain a
coloriess solid 28g (50 mg, 32%) which was used for oxidaton MS (Electron

spray, m/z rel int) 883 [(M+1)*, 100], 522 (30), 394 (60) .
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A suspension of alcohoi 28g (50 mg, 60 0 zmol) in CH2Cl2 (2 0 mL) was

treated with Dess-Martin reagent (40 mg, 0 94 mmol, 2 0 equiv) The reaction
mixture was stirred at it for 3h and the mixture was concentrated in vacuo The

residue was purified by chromatography (Si02, CH3OH/CH2Cl2 1 32) to yleld
oxadized product 20 (41 mg, 80%) as a coloriess soid MS (FAB, m/z, rel int)
881 [(M+1)+, 100), 825 (170}, 248 (100)

E P of Compou Formula

r
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A solution of tert-butyl ester 29 (230 mg, 26 0 xmol) was treated with
TFA/CH2CI2 (11, 20 mL) and stired at rt for 4 h The disappearance of the

ester to the base line was followed by TLC (CH3OH/CH2CI2 124) After the
deprotecton was complete the reacton mixture was concentrated in vacuo and
the residue was repeatedly treated with heptanes/CH2Cl2 (40 ml) and
concentrated to yield a tan solid 30 (13 0 mg, 100%) MS (Electron spray, m/z rel
inf) 825 [(M+1)t, 100)
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A solution of acid 29f (150 mg, 0 28 mmol} n dry DMF (4 0 mL), CH2Cl2
(3 0 mL) was treated with HOBt (58 mg, 0 44 mmol) and Honigs base (149 mg,
1 1 mmol, 4 0 equiv) The reaction mixiure was cooled to 0° C and treated with
EDCI (82 mg, 0 44 mmol, 1 5 equiv) and shrred for 30 min The reaction mixture
was treated with amme E (88 mg, 0 29 mmol, 1 22 equiv ) and stirred at 1t for 12
h The reaction mixture was concentrated /n vacuo and diluted with H20 (30 mL)
The aqueous layer was extracted with CH2Cl2 (3x30 mL) The combined organic

layers were extracted with ag HCl! (1M, 3x20 mL), ag NaOH (1M, 3x20 mL),
dned {Na2S04) filtered concentrated i vacuo to obtain a colorless sohd 31a (56
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g5 A0
mg) which was used for oxidaton MS (Electron spray, m/z rel mf) 750 [(M+1),
20], 863 (10), 522 (10), 416 (20), 247 (30) -
Step B*
M},é{;\%ﬂ
O

A soluhion of alcohol 31a (56 mg, 75 zmol) in CH2Cl2 (5 0 mL) was treated

with Dess-Marhn reagent (93 mg, 0 22 mmol, 30 equiv) The reacton mpcture
was stred at t for 4 h and the mixture was concentrated /in vacuo. The residue
was punfied by chromatography (5102, CH30H/CH2Ci2 1 19) to yield oxidzed

product 31 (34 mg, 60 %) as a colorless solid MS (Electron spray; m/z rel i)
748 [(M+1)*, 35], 692 (5), 279 (100)
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A solution of tert-butyl ester 31 was treated with TFA/CH2Cl2 (1 1, 4 0 mL)
and strred at rt for 4 h The disappearance of the ester to the base ne was
followed by TLC (CH30H/CH2Cl2 1 24) After the deprotection was complete the
reaction mixture was concentrated /n vacuo and the residue was repeatel:lly
treated with heptanes/CH2Cl2 (4 0 mL) and concentrated to yleld.az as g tan -
sohd
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Step A )
H H
(%;Lr“ E%;LEMO
a3 33b

A solution of acid 33a (4 5g, 25 0 mmol) in dioxane (30 mL) and benzene
(80 mL) was treated with BnOH (8 0 g, 74 mmol, 3 0 equiv ) and TsOH H20 (713

mg, 3 75 mmol, 10 mol%) The reaction mixture was heated at reflux for 5 h, when
the water was separated using a Dean-Stark apparatus The reaction mixiure was
concentrated in vacuo and the residue was purfied by chromatography (Si02,

EtOAc/Hexanes 3 7) to yield benzyl ester 33b as a colorless oll (4 2 g, 62%), Rf

0 22 (EtOAc/Hexanes 37), 1°C NMR (CH30D, 75 MHz, §) 175 1, 158 2, 1397,
1303, 1295, 1293, 1217, 1174, 1146, 731, 676, 416, MS (FAB, G/TG-
DMSO, m/z, relative intensily) 351 (M+DMSOJ', 70), 273 ((M+1]+, 100), 255

(20), 227 (30), 181 (40), HRMS: Calcd for C1gH1704 (M+1)* 272 1049, found
272 1054

ql
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Step B

¢
33b 33c

A solution of benzyl ester 33b (3 8 g, 12 9 mmol) in CH2Cl2 (100 mL) was
treated with EtaN (155 g, 154 mmol, 22 mL, 1 1 equiv ), cooled to -78°C (2-
PrOH, dry ice) and a solution of allyl chloroformate (184 g, 1538 mmol, 11
equwv ) in CH2Cl2 (10 mL) was added dropwise The reacton mixture was
allowed to warm up to the it and diluted with aq HCI (1M, 100 mL) The reacton
mbdure was extracted with EtOAc (3x100 mL) The combined organic layer was
washed with aq HCI (100 mi, 1M), bnne (100 mL), dned (MgSO4) concentrated m
vacuo to yield 33¢c which was used in the next step without further punfication Ry

- 043 (EtOAc/Hex 7 13), 13C NMR (CH3OD, 75 MHz, 8) 1748, 1625, 1550,

152 5, 1403, 137 1, 1328, 130 3, 128 6, 1295, 1204, 1232, 1203, 1194,727,
701,677,412,209

Step C

—————
Boat SYN
i
~ O
° O
33 3d

A solution of Boc-cyclohexyiglycine monohydrate 1d (6 02 g, 23 4 mmol,
2 0 equiv ) was dissolved in CH2Cl2 and dned (MgSO4) The mndture was filtered
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and the residue was further azeotropically dried with toluene The residue was
dissolved in CH2Cl2, and treated with HOBt (4 73 g, 35 1 mmol, 2 9 equiv ) EDCI
(6 7 g, 35 1 mmol, 2 9 equilv ) and Hinigs base (B 31 g, 64 3 mmol, 11 mL) It was
strred at rt. for 30 min and the alloc protected alcohol 33¢ (4 3 g, 12 04 mmol)
was added The reaction mixture was stired at it for 38 h and diluted with aq
HCI (1M, 100 mL) and extracted with EtOAc (3x100 mL) The combmed organic
layers were extracted with aq NaOH (1M, 100 mL), brine (100 mL), dred,
concentrated i vacuo and punfied by chromatography (SiO2, EtOAc/Hex 1 4) to

yield depsipeptide 33d (7 1g 100%) Rf 0 18 (EtOAc/Hex 1 4), HRMS Caled for

C2gH3407 (M-Boc)* 496 2335 found 496 2333
Step D.

BocHN

33d 33e

A solution of alloc-protected depsipeptde 33d (78 g, 13 0 mmol) in dry
THF (200 mL) was treated under N2 with dimedione (327 g, 234 mmol, 20

equiv ) and Pd(Ph3P)4 (780 mg, 0 67 mmol, 5 mol%) The reaction mndture was

sirred at t  for 1h and the disappearance of reactant was followed by TL.C
(EtOAc/Hex 1 4) The reacton mixture was concentrated in vacuo and the reSidue
was punfied by chromatography (S102, EtOAc/Hexanes 1 4) to yield phenol 33e

(5.29, 78%) as a coloriess foam Rf 052 ( EtOAc/Hexanes 37), TH NMR (ds-
CD30D, 300 MHz, §) 7 4-7 19 (m, 5 H), 7 15-6 89 (m, 1 H), 6 68-6 55 (m,4 H)
543-5 01 (m,3 H), 4 6 (bs, 2H), 4 11-4 00 (m, 1 H), 3 18-291 (m, 2 H), 1 80-1 55
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(bs, 6H) 139 (s, 9 H) 1 21-0 89 (m, 8 H), 13C NMR (CH3OD, 75 MHz, §, mixture
of diastereomers) 171 6, 169 4, 168 3, 1611, 157 1, 157 0, 137 2, 1369, 135 4,

1353,1292, 1291, 1282, 128 2, 1280, 1203, 1201, 1160, 1159, 1136, 94 8,
793,736,735,667,666,586, 585,400,399, 368,291, 277,273,255

MS (Electron spray, m/z, relative intensity) 1023 ([2M+1]*, 20), 512 ((M+3]*, 20),

412 (IM-Boc]", 100), 202 (40) HRMS Calcd for C24H3oNO5 (M-Boc)™ 412 2123
found 412 2119
Step E

A soluhon of Boc protected amine 33e (52 g, 10 7 mmol) was stired with
HCI (4M, dioxane, 200 mL, 800 mmol, 80 equiv) untll the starting matenal
disappeared to the base line as indicated by TLC (EtOAc/Hex 3 7) The reachon
mbxture was concentrated /n vacuo and dried in high vacuum and the residue 33f

was directly used mn the next step 'H NMR (d4-CD30D, 300 MHz, §) 7 40-3 23
(m, 5H), 707 (g, 1 H, /=13 Hz) 8 77-6 8 (m, 3 H), 5 335 41 (m, 1 H), 5 3-5 05 (2
AB, 2 H) 399-3 85 (m, 1 H) 335-22 (m, 2 H) 200-1 5 (m, 5 H), 1 50-0 80 (m, 6
H), MS (FAB, G/TG-DMSO, m/z, relatve mtensty) 412 ((M+1], 100), HRMS
Calcd for CpaH30NO5, M¥ 4122123 found 412 2138 ]

L



WO 01/81325 PCT/US01/12530
159

Q5

Bag

Step F

-

A solution of [CpRu(n®- 4-chlorophenylpropionic acid)]PFg 1¢ (20 g, 4 03
mmol) in dry DMF (20 mL) was treated with HOBt (835 mg 6 0 mmol, 1 5 equiv )
and Hiinigs base (2 06 g, 2 95 mL, 16 mmol, 4 0 equiv ) The reaction mixture was
cooled to 0° C and treated with EDCI (1 15 g, 6 0 mmol, 1 5 equiv) The reachon
moxture was stired at 0°C for 30 min and the amine hydrochlonde was added 33f
(18 g, 403 mmol, 10 equiv) in dry DMF (10 mL) The reachon mixture was
stimed at it for 12 h and the DMF was distilled out vacuo The residue was diluted
with aq HC! (1M, 100 mL) and exiracted into CH2Cl2 (3x100 mL) The combined

organic layers were extracted with aqg NaHCOg3 (3x50 mL) , brine (100 mL), dned
{Na2S04), filtered, concentrated in vacuo to yweld a brown solid 33g (35 g)
which was used for cychzation, MS Electron spray, m/z, relative Intensity) 743

[(M-PFg)*, 100], 304 (60), HRMS Calcd for C3gHg1NOgCI'02Ru (M-PFg)*
7441666 found 744 1694
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A soluhion of n8—ruthenium complex 33g (35 g, 393 mmol) m dry DMF
(300 mL) was degassed with dry N2 and treated with Cs2CO3 (65 g, 1995

mmol, 50 equiv) and stmed at t for 16 h The reaction mixture was
concentrated in vacuo to remove the DMF and the residue was diluted with HoO

(100 mL) The reaction mixure was extracted with CH2Cl2 (3x100 mL) The
combined CH2Cl2 layers were extracted with brine, dried (Na2SQ4), filtered,
concentrated 7 vacuo to yield 33h which was directly used for photolysis, MS
(Electron spray, m/z, relatve intensity) 708 [(M-PFg)*, 100]), HRMS: Caicd for

C3gH4pNOg102Ru (M-PFg)*t 708 1892 , found 708 1818
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A solution of cychzed ruthenium complex 33h (3 5g, 3 9 mmol) in CH3CN
(60 mL) was degassed and photolyzed n a quariz tube at A=350 nm in iwo
batches for 48 h each The reaction mixture were pooled together and punfied by
chromatography (SiO2, CH2Clo/EloO 9/1) to yleld cyclic depsipeptide as a
mixture of diastereomers (700 mg, 34%) The diastereomers were separated by
additonal chromatography (Hexanes/CH2Cls/ Et20 63 1) to yleld the two

diastereomers 33l (370 mg, 18%) and 33] (216 mg 11%) as colorless solhd Ry

028 (Hexanes EtOAc 32), [a]p= 25 (c 0 15, CHCI3, 20 °C) IR (neat, cm’})
3329 (w), 2960 (m) 2926 (s), 2854 (s), 1745 (s), 1680 (m), 1589 (m), 1506 (m),
1446 (m), 1365 (w), 1259 () 1098 (m), 1030 (g), BOO (s), 752 (m), 698 (w) 619
W) 'HNMR (CDCI3, 300 MHz, 8) 7 36-7 23 (m, 5 H), 7 18- 6 99 (m, 4 H), 6 B1

(d, 1 H, J=7 5 Hz), 6 74 (dd, 1 H, J=27, 57 Hz), 830 (s, 1 H), 575 (d, 1 H, &7 2
Hz), 5 61 (dd, 1 H, J=2 4 Hz, 5 4 Hz), 5 18, 5 14 (AB, 2 H, J=12 3 Hz), 4 23 (dd, 1
H, J=4 2 Hz, 33 Hz), 326-301 (m, 2 H), 298-2 85 (m, 2 H), 2 682 64 (m, 1H)
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2 38-2 34 (m, 1H),1 96-1 51 (m, 6 H), 151-096 (M, 5H) 1°C NMR (CDCla, 75

MHz, 5, ppm) 1773, 1711, 1687, 1598, 1553, 1386, 1354, 1348, 137 2,
1297, 1292, 1287, 126 6, 126 1, 1233, 120 8, 1208, 1175, 1142, 71 8, 57 5,
569,415, 390,357,326,313,290,276,260,259 FAB (NBA/DMSO, nve,

relative intensity) 542 [(M+1)* 100, 514 (15), 450 (5), 307 (8), 232 (5), 154 1

(17), 136 (14) HRMS Caled for CasHagNOg (M+1)* 542 2543 found 542 2541
CHN Caled for C33H35NOg 0 5H20, C 71 98% H 650% N 254%, Found C
72 56% H 7 05% N 2 63%

Step |

A solution of benzyl ester 331 (360 mg, 0 86 mmol) in CH3OH/EtOAc (1 1,
50 mlL), was treated with Pd(OH)2 and hydrogenated (50 psl) for 12 h The

reaction mixture was filtered through a plug of celite and the cake wes rinsed with
CH30H/CH2ClI2 (1 1, 50 mL) The filirate was concentrated i vacuo and the

residue 33k (330 mg) was used for coupling without purfication Rf 058
(CH3OH/CH2CI2 1 19) MS (Electron spray, m/z, relative intensity) 827 2 [(M+1)",
100}, 694 (20), 539 (40), 466 (10), 174 (70) HRMS Caled for C4gHsgN4010

(M+1)T 827 4231 found 827 4215
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A solution of acid 33k (165 mg, 0 31 mmol) n dry DMF (50 mL) and
CH2Cl2 (5 0 mL) was treated with HOBt (83 mg, 046 mmol, 15 equiv) and

cooled to 0 °C and Himgs base (159 mg, 123 mmol, 4 0 equiv, 229 ul) was
added To this mixture was added EDCI (89 mg, 0 47 mmol, 1 5 equiv) and the
reachon mixture was stired at 0° C for 1 h and treated with the ammine
hydrochionde B (159 mg, 0372 mmol, 12 equiv) The reacton mixiure was
shired at rt for 48 h and concenirated mn vacuo to remove DMF and CH2Cl2 The
residue was diluted with water and extracted with CHaCl2 (3x50 mL) The
combined organic layer were extracted with aq HCI (1M, 3x50 mL), aq Na©OH
(1M, 3x50 mL) bnne (100 mL) and concentrated m vacuo The residue 331 was
oxidzed without further punfication - 7
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A solution of alcohot 331 (330 mg, 04 mmol) in CH2Cl2 (50 mL) was

treated with Dess-Martin reagent (424 mg, 1 00 mmol, 25 equiv) The reaction
mbxture was stired at it for 1 h and diuted with aq NaHCO3 (50 mL) and ag

Na2S203 (50 mL) The reachon mixture was shrred at rt for 20 min and the
reacton mxture was extracted with CH2Cla (3x50 mL) The combined organic
layers were extracted with bnne (50 mL), dried (Na2S034), filtered, concentrated in
vacuo and the residue was purified by chromatography (SiO2, EtOAc/Hexanes
11) to yield ketoamide 33 (180 mg, 55%) of a colorless solld Rf : 063
(CH3OH/CH2Cl2 1 19), MS (Electron spray, m/z relative intensity) 857 2

(M+CH3OHT*, 40), 825 2 ((M+1]* 100) -
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A solution of oxidized depsipeptide 33 (160 mg, 0 2 mmol) in dry CH2Cl2

(50 mL) was treated with TFA (5 0 mL) and stred at it for 7 h The reacton
mixture was concentrated in vacuo and the residue was repeatadly dissolved m
CH3OH/CH2Cl2/Hexanes (1 1 1) and concentrated m vacuo several imes to yield

a tan colored solid 34 (133 mg, 86%) which was dned in vacuo ais (Electron
spray, m/z relative intensty) 769 2 [(M+1)*,100], 481 (5), 269 (25) 191 (90)
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Step A
0
H CHM -
CHgN ~ T
] :! o + OH @ -
33k A

AR

A solution of acid 33k (165 mg, 0 31 mmol) in dry DMF (50 mL) and
CH2Cl2 (50 mL) was treated with HOBt (83 mg, 046 mmol, 15 equiv) and
cooled to 0 °C and Hamgs base (159 mg, 123 mmol, 40 equiv, 229 pulL) was
added To this muxture was added EDCI (89 mg, 0 47 mmol, 15 equiv) and the
reaction mixture was strred at 0° C for 1 h and treated with the amine
hydrochlonde A (159 mg, 0372 mmol, 1 2 equiv) The reaction modure was
shrred at t for 48 h and concentrated i vacuo to remove DMF and CH2Cl2 The

resdue was diluted with water and extracted with CH2Cl2 (3x50 ml) The

4
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combined organic layer was extracted with aq HCI (1M, 3x50 ml), ag NaOH
(1M, 3x50 mL), bnne (100 mL) and concentrated /n vacuo The residue 35a was
oxidized without further punficabton MS (Electron spray, m/z relatve intensiy)

798 2 [(M+1)T, 30], 479 (10), 391 (20) 180 (100)
Step B.

A solution of alcohol 35a (180 mg, 024 mmol} in CH2Ci2 (10 mL) was

treated with Dess-Martin reagent (423 mg 1 0 mmol, 4 0 equiv ) and stired at rt
for 1h The reaction mixture was diluted with aq NaHCO3 (50 mL) and extracted

in CH2Cl2 {(3x50 mL) The combined organic layers were extracted with aq satd
Na2S203, bnne (3x50 mL), dned (Na2S04), filtered concentrated /n vacuo and
punfied by chromatography (8102, acetone/Hexanes 3 7->11 to yield oxudized
product 35 (163 mg, 86%) as a colorless solid MS (Electron spray, nv/z relative
intensity) 796 [(M+1)*, 100], 508 (20), 269 (20)
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A solution of BH3 THF (1M in THF, 100 mmol, 100 mL, 3 0 equiv) was
added dropwise to a solution of alkene (5 O g, 35 mmol) in THF (100 mL) at 0° C
and stired for 1h The reacton mpdure was treated with ethanol (20 mi)
dropwise After the evolution of hydrogen gas was complete the reaction mixture
was treated with pH 7 buffer (100 mL) and H202 (30 volumes, 100 mL) The
reachon mixture was shired at it for 4 h and quenched with aq HCI (100 mL)
The aqueous layer was exiracted with Et20 (3x100 mL) The combined ether
layers were extracted with aq NaOH (1M, 100 m L), bnne (100 mL), dried
(MgSO04), filtered, concentrated in vacuo and punfied by chromatography (SiO2,
EtOAc/Hexanes 2/3) to yield alcohol as a colorless liquid (2 9 g, 52%)

A solution of the hydroxylated ester in THF/H20/CH30H (100 mL, T 1 1)

was treated with LLOH H20 (2 1g, 51.2 mmol, 30 equiv) and stired at 1t for3 d

The reaction mixture was concentrated /1 vacuo and the aqueous layer was
extractad with ether (2x40 mL) The aqueous layer was acidified to pH ~1 and
extracted into EtOAc (3x50 mL) The combined organic layers were extracted with
bnne (100 mL), dned (MgSO4) filtered concentrated in vacuo and the residue
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36b was used as 1s for coupling m Step B 1TH NMR (300 MHz, CD,0D, §) 353 {t,
2H,J66H2),272 1, 2H, =72Hz), 159 (,2H, &=75Hz),15(t, 2H, &75
Hz), 1 38-1 33 (m, 6 H)

Step B

A solution of e-hydroxyl heptanoic acid 36b (1 01g, 6 93 mmol) in CH2Cl2

(40 mL) was treated with Hinigs base (1 97 g, 1524 mmol, 2 2 equiv 2 81 mL)
and amine hydrochioride 33f (3 1g, 6 93 mmol, 1 0 equiv) The reacton mucture
was cooled to 0 °C and treated with PyBrOP (3 22g, 6 93 mmol, 1 0 equiv) The
reachon mixture was shired overmight at . and the reaction midure was
concentrated mn vacuo The residue was punfied by chromatography
(EtOAc/Hexanes 1 1) to yleld depsipeptde 36¢c (25 g, 66%) as a colorless
viscous oil TH NMR (CD30D, 400 MHz, 5, ppm) 8 07 {t, 1 H), 7 33-7 21 (m, 4 H),
709-702(m, 1 H), 667-663(m,3 H), 5256606 (m, 1 H), 508 (q, 2 H, /75
Hz), 4364 33 (m, 1 H), 351 (dd, 2 H, /54 Hz, 09 Hz), 311-296 (m, 2 H),
222-2 17 (m, 1 H), 199-090 (m, 14 H) '3C NMR (CD30D, 75 MHz, &, ppm,
mixture of diastereomers) 172 1, 1720, 171 B, 1711, 1709, 169 5, 169 3, 157 1,
1570, 1373, 1370, 1353, 1352, 1292, 1201, 1282, 1280, 12798, 1203,
1200, 116 0, 1159, 1136, 948, 736, 734,668, 66 7, 602, 573, 396, 36 7,
289, 280, 256, 209, 195, 13, MS (FAB, NBA DMSO, m/z rel mnf) 562
[(M+Na)*, 20}, 540 {(M+1)*, 100), 412 (15), 240 (50), 112 (80)

Step C:
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A solution of alcohol 36c (2 5g, 4 63 mmol) in dry CH2Cl2 (50 mL) was
treated with tnphenylphosphine (267 g, 102 mmol, 22 equiv) under N2 and

cooled to 0°C The reacton mixture was treated with DEAD (1 61g, 9 26 mmol,
2 0 equiv ) In CH2Cl2 (30 mL) The reachon mixture was warmed to it and stirred

for 2h It was concentrated in vacuo and punfied by chromatography (EtoO/Hex
1 3) to yield cychc product 36d (530 mg, 21%) as a colorless solid

MS (FAB, NBA, DMSO, m/z rel mnf), 522 [(M+1)*, 100], 484 (60), 268 (20),
222(20), HRMS caled for C31H40NOg ( M+1)*+ 522 2856, Found 522 2864
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36d 36e
A solution of the benzyl ester (242 mg, 0 47 mmol) m methanol (30 mL)
was ireated with Pd/C (10 wt %) and hydrogenated on a Parr at 40 psi for 14h
The reachon mixture was filtered through a plug of celite and the filtrate was
concenirated /n vacuo to yield a colorless solid 36e {181 mg, 93%) which was
used for coupling

= "y
G&wﬁ*

A solution of the hydrolyzed acid 36e (167 mg, 0 39 mmol) n CH2Cl2 {4 0
mL) was treated with HOOBt (95 mg, 0 58 mmol, 1 5 equiv ) and cooled to 0 °C
and Hinigs base (202 mg, 1 56 mmol, 4 0 equiv 288 ulL) was added To this
mixture was added EDCI (111 mg, 0.58 mmol, 15 equiv) and the reaction



WO 01/81325 PCT/US01/12530
172

mixture was shrred at 0° C for 05 h and treated with the amine hydrochionde
(186 mg, 0 47 mmol, 1 20 equiv) The reachon mixture was stored in freezar.for
24 h and concenirated in vacuo to remove DMF and CH2Ci2 The residue was

diluted with aq HCI (2M, 30 mL) and exiracted with CH2Cl2 (3x50 mL) The

combined organic layer was exiracted with ag HCI (2M, 30 mL), ag NaOH (1M)
bnne (2x50 mL), dned (MgSO4) and concentrated /n vacuo The residue 36f (100

mg) was oxidized without further punfication HRMS caled for C42HggN509

(M+1)t+ 778 4391, Found 778 4399
Step F

A solution of alcohol 36f (100 mg, 0 13 mmol) in CH2Cl2 (5 0 mL) was
treated with Dess-Martin reagent (100 mg, 0 0 23 mmol, 1 8 equiv) The reaction ,
mixture was stimed at it for 2 h and diluted with aq NaHCO3 (15 mlL) and aq
Na2S203 (15 mL) The reaction mixture was concentrated mn vacuo and the
residue was punfied by chromatography (S1O2, acetone/Hexanes 37) to yield
ketoamide 368 (61 mg, 61%) as a colorless sohd, MS (FAB, NBA/DMSO, m/z re/
Int) 7786 [(M+1)+, 100], 731 (10), 598 (25), 570 (15), 485 (20), 358 (20), 247 (50)
Exam P n_of of Fo H
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A solution of benzyl ester 33} (230 mg, 0 42 mmol) in CH30H/EIOAc (1 1,
50 mL), was treated with Pd(OH)2 and hydrogenated (50 psi) for 12 h The

reaction mixture was filtered through a plug of celite and the cake was nnsed with
CH3aOH/CH2Cl2 (1 1, 50 mL) The reachon mixture was concentrated In vacuo

and the residue 37a (177 mg, 93%) was used for coupling without punfication
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A solution of acd 37a (177 mg, 033 mmol) in dry DMF (50 mL) and
CH2Cl2 (50 mL) was treated with HOBt (88 mg, 049 mmol, 15 equiv) and

cooled to 0 °C and Hinigs base (175 mg, 1 35 mmol, 4 0 equiv, 251 pl) was
added To this mpdure was added EDCI (85 mg, 049 mmol, 1 5 equiv) and the
reachon mixture was strred at 0° C for 1 h and treated with the amine
hydrochloride B (170 mg, 0 39 mimol, 1 2 equiv) The reaction mixture was strred
at rt for 48 h and concentrated in vacuo to remove DMF and CH2Clo The residue
was diuted with water and extracted with CH2Cl2 (3x50 mL) The combined
organic layer was extracted with ag NaOH (1M, 2x50 mL), bnne (100 mL) and
concentrated /n vacuo The residue 37b (315 mg) was oxidized without further
purification -
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A solution of alcohol 37b (315 mg, 04 mmol) n CH2Cl2 (50 mL) was

treated with Dess-Martin reagent (424 mg, 1 60 mmol, 2 5 equiv) The reaction
modure was stimed at i, for 1 h and diluted with aq NaHCOg3 (50 mL) and aq

Na25203 (50 mL) The reachon mixture was stured at rt. for 20 min and the
reaction mxture was extracted with CH2Cl2 (3x50 mL) The combined organic
layers were extracted with bnne, dried (Na2S0O4), filtered concentrated in vacuo
and the residue was purified by chromatography (S102, EtOAc/Hexanes 1 1) to
yield ketoamide 37 (210 mg, 66%) of a colorless solid Ry- 0 63 (CH3OH/CH2Cl2

1 19), MS (Election spray, m/z melative intensity) 857 ((M+CH3OHJ", 33), 825 (

[M+1]* 40), 191 (100)
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Step A

A solution of oxidized depsipeptide 37 (200 mg, 0 24 mmol) in dry CH2Cl2

(5 0 mL) was treated with TFA (5 0 mL) and strred at . for 7 h The reachon
mixture was concentrated 1 vacuo and the residue was repeatedly dissolved in
CH3OH/CH2CloMexanes (1 1 1) and concentrated i vacuo several bmes to yield

a tan colored solid 38 (130 mg, 87%) which was dned in vacuo; MS (Electron
spray, m/z relative intensity) 769 ((M+1]T, 45), 294 (45), 191 (100)
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A solution of acid 22 (40 mg, 0 06 mmol) in CH2Cl2 (0 5 mL) and DMF (0 5
mL) was cooled to 0° C and treated with Me2NH HCI (15 mg, 0 18 mmol, 30
equiv) and HiOnigs base (31 mg, 024 mmol, 44 xl, 40 equv) The reacton
mixture was then treated with PyBrOP {55 mg, 0 12 mmol, 2 0 equv) and sfored
for 12 h in the freezer The yellow reachon midure was concentrated in vacuo
and the residue was punfied by chromatography (S102, EtOAc/Hexanes gradient
32 —>10) to obtain impure product which was punfied once again using
(acetone/Hexanes 1 6) to yield dimethyl amide 39 as a colorless solid (14 mg,
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35%) MS (Electron spray, mvz relative mtensity) 791 [(M+1)*, 50], 391 (40),
276 (50), 176 (100) -~
mple P ion of Co und o ula 40:

The synthesis was done in a reaction vessel which was constructed from a
polypropylene synnge cartndge fitted with a polypropylene fnt at the bottom The
Fmoc-protected amino acids were coupled under standard solidphase
techniques Each reaction vessel was loaded with 100 mg of the starhng Fmoc-
Sieber resin {(approximately 0 035 mmol) The reain was washed with 2 mL
portions of DMF (2 times) The Fmoc protecting group was removed by treatment
wrth 2 mL of a 20 % v/v solution of piperidine in DMF for 20 min The resin was
washed with 2 mL portions of DMF (4 tmes) The coupling was done In DMF (2
mL), using 0 12 mmol of Fmoc-amino acid, 0 12 mmol of HATU and 0 24 mmol of
DIPEA After shaking for 2 h, the reachon vesssl was drained and the resin was
washed with 2 mL portions of DMF (4 times) The coupling cycle was repeated
with the next Fmoc-amino acld or capping group



_ _ 018610

WO 01/81325 PCT/US01/12530
179 5

Scheme 10*

S N
ngm . &Wﬁ“‘

“Mug,h B



OOOOOOOO

PCT/US01/12530




WO 01/81328 PCI'IUSDIII)SJJ] %

181 '0\.’

Fmoc-Sieber resin 40a (0 035 mmol) was treated with 2 mL of a 20 % viv
solution of pipendine in DMF for 20 rin followed by washing with 2 mL portions
of DMF (4 tmes) DMF (2 mL) was added to the resn followed by Fmoc-
phenylglycine (0 12 mmol), HATU (0 12 mmol) and DIPEA (0.24 mmol} After
shaking at room temperature for 2 h, the resin was washed with 2 mL portions of
DMF (4 times) 1o afford resin-bound compound 40b Resin-bound compound 40b
was treated with 2 mL of a 20 % v/v solution of pipendine n DMF for 20 min
followed by washing with 2 mL portions of DMF (4 times) DMF (2 mL) was
added to the resin foliowed by Fmoc-glycine (0 12 mmof), HATU (0 12 mmol) and
DIPEA (024 mmol) After shalking at room temperature for 2 h, the resin was
washed with 2 mL portions of DMF (4 times) to afford resin-bound compound 40c
Resm-bound compound 40c was treated with 2 mL of a 20 % v/v solution of
piperidine in DMF for 20 min followed by washing with 2 mL portons of DMF (4
tmes) DMF (2 mL) was added to the resin followed by N-Fmoc-propylisosenne
(0 12 mmol), HATU (0 12 mmol) and DIPEA (0 24 mmol) After shaking at room
temperature for 2 h, the resin was washed with 2 mL portions of DMF (4 times) to
afford resin-bound compound 40d Resm-bound compound 40d was treated with
2 mL of a 20 % v/v solution of pipendine in DMF for 20 min followed by washing
with 2 mb portions of DMF {4 imes) DMF (2 mL) was added 1o the resin foliowed
by Fmoc-lysine(Dde) (0 12 mmol), HATU (0 12 mmol) and DIPEA {0.24 mmol)
After shalang at room temperature for 2 h, the resin was washed with 2 mL
portions of DMF (4 times) to afford resin-bound compound 40e Resin-bound
compound 40e was treated with 2 mL of a 20 % v/v solution of piperidine in DMF
for 20 min followed by washing with 2 mL portions of DMF (4 times) DMF (2 mL)
was added to the resin followed by Fmoc-cyclohexylglycine (0 12 mmof), HATU .
(0 12 mmol) and DIPEA (0 24 mmol) Afer shaking at room temperature for 2 b,
the resin was washed with 2 mL portions of DMF (4 times) to afford resin-bound
compound 40f Resin-bound compound 401 was treated with 2 mL of a 20 % viv
solution of pipendine n DMF for 20 min  The resin was washed with 2 mL
portions of DMF (4 times) to provide resin-bound compound 40g Resin-bound
compound 40g was treated with 2 mL portions of a 2 % v/v soluton of hydrazine
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in DMF for 5§ min (3 tmes) The resin was washed with 2 mL portions of DMF (4
hmes) to provide resin-bound compound 40h Resin-bound compound 40h-was
treated with 0 035 mmol of glutanc acid, 0 07 mmol of HATU and 0 14 mmol of
DIPEA in 2 mL of DMF at room temperature for 16 h The resin was washed with
2 mL porhons of DMF (4 tmes), THF (4 tmes) and DCM (4 times) to provide
resin-bound compound 401 Resin-bound compound 401 was ireated with a
solution of 0 14 mmol of Dess-Martin pencdinane and 0 14 mmol of +-BuOH in 2
mL of DCM at room temperature for 4 h The resin was washed with 2 mL
portions of a 20 % v/v solution of IPrOH m DCM, THF, a 50 % v/v solution of THF
in water (4 times), THF (4 times) and DCM (4 times) to provide resin-bound
compound 40] The resin-bound compound 40] was treated with 4 mL of a 2 %
v/v solution of TFA in DCM for 5 min The filtrate was added to 1 mL of AcOH
and the soluhion was concentrated by vacuum centnfugation to provide compound

40 (00117 g, 48 % yield) MS (LCMS-Electrospray) 698 2 MH*
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Compounds 41-53 were synthesized using solid phase methodology
gimilar to the procedure outhined for the synthesis of Example 40
l on nd u

ﬂ%t:,xnﬁuw
PR

54a 54b
To a stired solution of Boc-Cyclohexylglycine-OH (2 33 g, 8 07 mmol) in
DMF (20 mL) and CH2Cl2 (20 mL) was added HOBT (1 48 g, 9 07 mmol), EDCI
(1 91 g, 8 97 mmol) and NMM (2 99 mL, 27 2 mmol) The solution was stimed at —
20°C for 10 mmnutes, followed by addrion of H-Lys(Z)-OMe HCI and stirred for half
an hour at -20°C and kept n freezer overnight The solution was then
concentrated to dryness, followed by exirachon with EtOAc, saturated NaHCO3
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The combined organic layer was washed with H20, bnne, dried over Na2S04
and concentrated to dryness to give a white solid (4 83 g, MH*=534 1) -
Step B

CbzhN CbzHN
BOGHN\iu CHs »BocHN H
O O

To a shrred solution of 54b (4 86 g, 8 76 mmol) in MeOH (10 mL) and H20

(7 mL) was added LIOH (70 mg, 11.4 mmol) The white precipitate was formed
and the solution was allowed to stir at room temperature ovemight and then
concentrated to dryness This crude matenal was then parhtioned between CH,CL,
and water The organic layer was separated and washed with bnine, dned over

Na2S04, filtered and concentrated to dryness to give 54c (4 55 g, MH=520 1)

- jg\{ oy RL,LO,\,

To a shrred cooling solution of 54¢ (4 3 g, 8 27 mmol) m DMF (40 mL) and
CH2Cl2 (40 mL) at —20 °C was added HOBT (1 35 g, 8 27 mmol), EDCI (1 74 g,
9 1 mmol} and NMM (2 73 mL, 8 27 mmol) The resuiting solution was shrred at —
20 °C for 10 minutes, foliowed by addiion of amine G (2 32 g, 8 27 mmol) and
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stirred at —20 °C for half an hour and kept n freezer overmght The work up
procedure from step A was followed to give a 54d (6 21 g, MH'=7482)  ~
Step D.

Cbz]

e ST S

A § b -

The solution of 54d (6 16 g, 8 26 mmol) in 4N HCl/Dioxane (40 mL) was
stirred at room temperature for 1 hr and concentrated to dryness to give a crude

product 54e (5 70 g, 100% yield, MH'=8486 3)
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Step E

CbzH

o
oty e

To a stirred cooling solution of Boc-Glu(OBn)-OH in DMF (25 mL) and
CH2Cl2 (25 mL) at —20 °C, was added HOBT (1 29 g, 7 82 mmol), EDCI (1 66 g,
8 71 mmol) and NMM(2 61 mL, 23 7 mmol) The resulbng solution was stimed for
10 minutes at —20°C, followed by addition 54e (5 4 g, 7 916 mmol) and stirred for
half an hour at -20°C and kept in freezer ovemight Foliowed the work up
procedure from step A to give a crude product (7 14 g, 93 5% yleld)
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Step F

To a shired solution of 54f (6 9 g, 7 15 mmol) in absolute EtOH (350 mL),
was added 10% Pd/C (2 8 g) in 50% H20 (w/w) The resulting solution was
purged with H2 and stired under H2 balloon overnight The solution was then
filtered through celrte and the filtrate was washed with EtOH/CH2Cl2 and then

concentrated to dryness to give a white sohd (1 44 g) The solld was washed with
25% H0/ MaOH and filtered through sintered funnel, then freezed and

lyophilzed to give 54g (4 12 g, 77 5% yleld, MH1=743 2)
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To a stired cooling solution of 54g (0 5 g, 6 7 mmol) in DMF (50 mL) and
CH2Cl2 (50 mL} at —20 °C, was added HOBT (0 219 g, 1 34 mmol), EDCI (0 271
g, 1 41 mmol) and NMM (0 296 mL, 2 69 mmol) The resulting solution was shred
at —20 °C for 25 minutes and then kept in freezer ovemight The solution was
concentrated to dryness, followed by extraction with EtOAc saturated NaHCO3

The combined organic layer was then concentrated to dryness to give 54h (254

mg, MH*=725 2)
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To a strred solution of 54h (0 2 g, 0 27 mmol) in anhydrous CH2Cl2 (20

mL), was added Dess-Martin penodinane (0 234 g, 055 mmol) The resulting
soluton was stimad at room temperature for 1 hr To this solution was added
dropwise over half an hour the solution of H20 (0 010 mL}) in CH2Ci2 (20 mL) and

stmed wigorously for addmional 2 hrs The soluhon was then shrred for half an
hour with 50% Na25203/50% sat NaHCO3 The organic layer was separated

and washed with H20, bnne, dned over NagSQg4, filtered, concentrated to
dryness and purfied by column chromatography on silica gel, eluting with 10%

MeOH/CH2Cl2 to yield 54 (17 mg, 62% MH*=723 2)

MIEIO_QM Spectrophotometnc assays for the HCV sarino
protease was performed on the Invenhve compounds by following the procedure

descnbed by R Zhang et al, Analytical Biochemistry, 270 (1999) 268-275, the
disclosure of which i1s incorporated herein by reference The assay based on the
proteolysis of chromogenic ester substrates is sunable for the conbnuous
monitonng of HCV NS3 protease activity The substrates were denved from the P
side of the NS5A-NS5B junction sequence (Ac-DTEDVVX(Nva), where X = A or
P) whose C-terminal carboxyl groups were estenfied with one of four different
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chromophonc alcohols (3- or 4-nitrophenol, 7-hydroxy-4-methylcoumann, or 4-
phenylazophenol) Presented below are the synthesis, characternzation -.and
apphcation of these novel spactrophotometric ester substrates to high throughput
screening and detailed kinetic evaluation of HCV NS3 protease mhibiiors
M an

Matenals Chemical reagents for assay related buffers were obtained from
Sigma Chemical Company (St Louis, Missoun) Reagents for peptide synthesis
were from Aldrich Chemicals, Novabiochem (San Diego, Califormia), Apphed
Biosystems (Foster Criy, California) and Perseptive Blosystems (Framingham,
Massachusetis) Peptdes were synthesized manually or on an automated ABI
model 431A synthesizer (from Applied Blosystams) UV/VIS Spectromster model
LAMBDA 12 was from Perikin Elmer (Norwalk, Connecheut) and 96-well UV plates
were obtained from Coming (Coming, New York) The prewamming biock was
from USA Sclentfic (Ocala, Florida) and the 96-well plate vortexer was from
Labline Instruments (Meirose Park, lllinois) A Spectramax Plus microtiter plate
reader with monochrometer was obtamed from Molecular Devices (Sunnyvale,
Calliormia)
Enzyme Preparahon, Recombinant heterodimenc HCV NS3/NS4A protease
(strain 1a) was prepared by using the procedures published previously (D L. Sali
et al, Biochemustry, 37 (1998) 3392-3401) Protein concentratons were
determined by the Biorad dye method using recombinant HCV protease
standards previously quantified by amino acid analysis Pnor to assay intiation,
the enzyme storage buffer (50 mM sodium phosphate pH 8 0, 300 mM NaCl, 10%
glycerol, 0 05% lauryl maltoside and 10 mM DTT) was exchanged for the assay
buffer (25 mM MOPS pH 65, 300 mM NaCl, 10% glycerol, 005% lauryi
maitoside, 5 uM EDTA and 5 yM DTT) utilizing a Biorad Bio-Spin P-8 prepacked
column
Substmate Synthesis and Punfication The synthesis of the substrates was done
as reported by R Zhang et al, (ibid) and was inihated by anchonng Fmoc-Nva-
OH to 2-chlorotnityl chlonde resin using a standard protocol (K. Barlos et al, Int. J
Pept Protein Res, 37 (1991), 513-520) The pephdes were subsequently

(O
o
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assembled, using Fmoc chemistry, ether manually or on an automatic ABI model
431 peptide synthesizer The N-acetylated and fully protected peptde fragnvents
were cleaved from the resin elther by 10% acstic acid (HOAc) and 10%
trifluoroethanol (TFE) in dichioromethane (DCM) for 30 min, or by 2%
tnfluoroacetic acid (TFA) in DCM for 10 min The combined filtrate and DCM wash
was evaporated azeoctropically (or repeatedly extracted by aqueous Nay,COs
solution) to remove the acid used In cleavage The DCM phase was dried over
Na,SO, and evaporated

The ester substrates were assembled using standard acld-alcohol coupling
procedures (K Holmber et al, Acta Chem Scand , B33 (1979) 410-412) Peptde
fragments were dissolved in anhydrous pyridine (30-60 mg/mi) to which 10 molar
equvalents of chromophore and a catalyic amount (01 eq) of para-
toluenesulfonic acid (pTSA) were added Dicyclohexylcarbodnmide (DCC, 3 eq )
was added to inmhate the coupling reactions Product formaton was monitored by
HPLC and found to be complete following 12-72 hour reacton at room
temperature Pyridine solvent was evaporated under vacuum and further removed
by azeotropic evaporation with toluene The peptide ester was deprotecied with
85% TFA in DCM for two hours and extracted three times with anhydrous ethyl
ether to remove excess chromophore The deprotected substrate was punfied by
reversed phase HPLC on a C3 or C8 column with a 30% to 60% acetonitnle
gradient (using sx column volumes) The overalt yeld following HPLC purtfication
was approximately 20-30% The molecular mass was confirmed by electrospray
lonizaion mass spectroscopy The substrates were stored In dry powder form
under desiccation .
Spectra of Subsirates and Products Spectra of substrates and the corresponding
chromophore products were obtained in the pH 65 assay buffer Extinchon
coefficients were determuned at the optimal off-peak wavslength in 1-cm cuvettes
(340 nm for 3-Np and HMC, 370 nm for PAP and 400 nm for 4-Np) using multiple
diubons The optmal off-peak wavelength was defined as that wavelength
yielding the maximum fractonal difference in absorbance between substrate and
product {product OD - substrate OD)/substrate OD)
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Protease Assay, HCV protease assays were performed at 30°C using a 200 4
reachon mix in a 96-well microtter plate Assay buffer condions (25 mM M PS
pH 6 5, 300 mM NaCl, 10% glycerol, 0 05% lauryl maltoside, 5 M EDTA and 5
#M DTT) were optimized for the NS3/NS4A heterodimer (D L. Sal et ai, ibid))
Typically, 150 x4l moctures of buffer, substrate and Inhibitor were placed in wells
{final concentration of DMSO = 4 % v/v) and allowed to preincubate at 30 °C for
approximatsly 3 minutes Fifty uis of prewarmed protease (12 nM, 30°C) in assay
buifer, was then used to inthate the reaction (final volume 200 ul) The plates were
monrtored over the length of the assay (60 minutes) for change in absorbance at
the appropnate wavelength (340 nm for 3-Np and HMC, 370 nm for PAP, and 400
nm for 4-Np) using a Spectromax Pius microtiter plate reader equipped with a
monochrometer (acceptable results can be obtained with plate readers that utilize
cutoff fiters) Proteolytic cleavage of the ester imkage beiween the Nva and the
chromophore was monitored at the appropnate wavelength against a no enzyme
blank as a control for non-enzymatic hydrolysis The evaluahon of substrate
kinehc parameters was performed over a 30-fold substrate concentration range
{~6-200 M) Inrbal velocthies were determined using linear regression and kinetic
constants were obtaned by fithng the data to the Michaelis-Menten equation
using non-lnear regression analysis (Mac Curve Fit 11, K Raner) Tumover
numbers (kq;) were caiculated assuming the enzyme was fully active

Evaluation of intubitors and Inactivators. The inhibition constants (K) for the
competiive inhibitors Ac-D{D-Gla)-L-1-(Cha)-C-OH (27), Ac-DTEDVVA(Nva)-OH
and Ac-DTEDVVP(Nva)-OH were determined expenmentally at fixed
concentrations of enzyme and substrate by ploting vo/v; vs inhibitor concentration
(I ,) according to the rearanged Michaehs-Menten equahon for compefitive -
inhibihon kinetice v/vi =1 + [I) o /(K (1 + [S] o Km)), wWhere v, 1s the uninhibted
mmal veloctty, v; i1s the inihal velocity in the presence of inhibitor at any given
mtubitor concentration ([l};) and [S], 1s the substrate concenirabon used Th
resutting data were fitted using Inear regression and the resulhng slope,
1{K{(1+{S] /K,,), was used to calculate the IK; value
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The obtamned K; values for the vanous macrocycles of the present inventon
are given in the afore-mentioned Table 1 wherein the compounds have been~~
arranged in the order of ranges of K, values From these test results, it would be
apparent to the skilled artisan that the compounds of the invention have excellent
utility as NS3-senne protease inhibitors
Cel] Bloassay Method- The cell bioassays for the HCV senne protease was
performed on the inventive compounds by following the procedure described by
S Agrawal et al, “Development and Chanactenzation of Hepatitis C Virus Senne
Protease Cell-based Trans-Cleavage Assay”, Hepatology Supplement to Volume
30 (No 4, Part 2, October 1999), Absiract No 615 (Proceedings of AASLD 50™
Annual Mesting, Dallas, Texas, November 5-9, 1899), the disclosure of which is
incorporated herein by reference The assay was performed in HeLa/Huh7 cells
that were co-transfected with a plasmid that expresses a reporter protein
substrate containing the NS5A/5B cleavage recogniion sequence and an
1BNS4A ;.30 GS-GSNS 34 117K expression vector and YFPn1 as a intemal
standard protein to control cytotoxicty Protease activity was measured by SDS-
PAGE of total cell lysates followed by Westem blot detection using a monocional
antbody directed against the reporter substrate Quantitation of subsirate
cleavage was performed by scanning the immuncbiot on the phosphoimager
Materjals,

Plasmid DNAs

pBFR-SA/SB-GFP The reporter gene that expresses the substrate encodes a

fusion protein compnsed of an N’ terminal blue flucrescent protein (BFP) domam

and a C' termunal green fluorescent protein (GFP) domain, separated by a 25

amino acids derived from the NS5A/5B cleavage recognition sequence Both GFP ~
and BFP are essentially homologous autofluorescent protemns that emit green or

blue light, respectively, when excited by UV light of the appropnate wavelength

Four amino acid substitutions in the chromophore of GFP alter the emission
wavelength and convert the protein to BFP
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The substrate and the resuiting GFP and BFP products can be detected in
cell lysates by immunologic methods using a monoclonal antibody that recognires
both proteins

The BFP-5A/5B-GFP reporter gene contains the BFP and GFP
autofluorescent protein coding sequences (Quantum Biotechnologles, Inc,
Montreal, Canada) separated by the NS5A/5B cleavage recogniion sequence,
cloned between the Nhe | and Bam Hi restrichon endonuclease sites of the
pQBI25 clomng vector (Quantum Biotechnologies, Inc ) Expression of the fusion
protein i1s under the control of the CMV IE promoter-enhancer The bovine growth
hormone p (A) sequence of the vector provides the polyadenylation signal for the
mRNA The NS5A/5B cleavage sequence is
SSGADTEDVVCCSMSYTWTGALVTP DNA sequencing was used to validate the
clone
P1BO0O2 1bNS4A21-32GS-GS NS 3-81 117K The subiype 1b protease was
cloned as an Xba1/Not1 fragment behind the CMV promoter i vector pC1neo
YFPn1- YFPn1 was purchased from CLONTECH (Palo Alto, Califomia) Additton
of third plasrmud to the transfection supphes an intemal standard protein to control
for cytotoxicity and does not affect percentage of protease cleavage

Plasrid DNAs were maintained and propagated in DH5a cells (obtained
from LifeTechnologies) in LB medium under the appropnate antibiotic selaction,
and purified using QlAfilter Plasmid Kits (Qiagen, Valencia, Califormia)

Cell Culture-
HelLa cells were maintained and propagated in Eagle’s Minmum Essential Media
(EMEM, BioWhittaker, Walkerswville, Maryland) supplemented with 10% fetal calf
serum (FCS), 2 mM glutamine, and 100 uw/ml penicillin-streptomycin -
(BioWhitaker), 2% NaHCO,
Huh? celis were mamntained and propagated in Dulbecco’s Modified Eagle’s
medium (DMEM, BioWhittaker) supplemented with 10% fetal calf serum (FCS),
100uw/ml penicillin-streptomycin (BioWhiteker) and 5 mi NEAA (100x,
BioWhittaker)/1.

OP Procedure

0T
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ing transfecti
HelLa cells were seeded In 24 well plates (Falcon 3047 plates) at a denslity of 6'x

10* celis/well and grown overmight at 37°C in a 5% CO, incubator

n ion
Plasmid DNAs wera diiuted to a final concentration of 0 05 yg/ud In nuclease free
water (Promega, Madison, Wisconsin, cat # P119C) 0 75 ug BFP-5A/5B-GFP
was combmed and mxed with 0 175 zg P1B002 {0 23X) and 0 02xg of YFPn1
The DNAs were brought to a final volume of 60 x4l with EMEM lacking FBS,
giutamine, and antiblotics A ratio of 5 ul volumes of SuperfFect Reagent (Qiagen,
cat # 301305) per total zgs of DNA was added and the mixiure vortexed about 10
seconds and incubated 10 min at room temperature to allow complax formation
While complex formation was talang place, growth medium from cell culture plates

was asprrated and cells washed 1X with 1 ml PBS without Ca®*, Mg®*
(BioWhitaker) 350 ;4 EMEM (supplemented with appropnate suplements-
compleat medium) was added to the tube containing the transfection complexes
and the mixture pipetied up and down 2-3 hmes Total volume was transferred to
one well of the 24 well cullure plate The Hel.a cells were incubated with the

transfection complexes for about 3 hr at 37°C and 5% CO2 The media
containing the transfection complexes was removed from the cells by.aspiration
The cells were washed once in about 1 ml PBS, the PBS was aspirated and 495
4 of complete EMEM was added followed by 5 ul compound/well The cells were
incubated 22-24 hr at 37°C and 5% CO2

Preparation of Cell Lysates )
The medium from each well was aspirated and washed once 1x with DPBS Celis
were harvested n 100 z4 of 1x Tne-SDS-BME sample butfer (OWL separation
system, Portsmouth, New Hampshire, cat # ER33) and transferred to
microcentrifuge tubes It was then boiled 3-5 min to lyse cells Loading was done
at 10 pdwell on SDS-PAGE gel The lysates were resolved by electrophoresis on
10 cm x 10 cm 12 5% SDS-PAGE (Owl Scientffic, cat # OG-0125B) run at 30
mamp in Tns-Glycine-SDS buifer (Owl Scientific) Pnor to use, PVDF membrane

’
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(immobilon-P, 45um pore size, Millpore, Bedford, Massachusetis) was soaked in
100% methanol for 10 seconds and then the biot was placed in distilled waters
The proteins were transferred to PVDF filter membranes (0 45um, Millipore) at
108 mamp per gel for 90 minutes using a semrdry slectroblotter

Detection of Proteins by ECF Western Blot (Amersham Pharmacia Biotach,
Litile Chalfont, England), catalog #RPN 5780) The PVDF filter membranes were
blocked by 5% blocking reagent (from kit) in ~10 ml PBS containing 0 05% Tween
20, pH 7 4 (Sigma Chemicals, St. Lowis, Missouri, cat # 3563) for overmight at 2-
4 C mn refnigerator The next day, the membranes were nnsed briefly twice with
TPBS contaning 0 05% Tween 20 washing buffer, then washed three imes each
time 5 min in PBS contalning 0 05% Tween 20, pH 7 4 The membranes were
incubated in 12 mis of a 1 3000 dilution of anti-GFP monoclonal antibody for 30
minutes (Clontech, Palo Alto, California) in PBS containing 0 05% Tween 20,
pH7.4 while at the same time 1% BSA (Albumin, bovine cat # A-2153 from Sigma)
was added to reduce background The membranes were washed bnefly twice
with TPBS, then thrice, for 5 min each tme, in TPBS washing buffer The
membranes were incubated in 12 mis of a 1 600 dilubon ant fluorescein-hinked
ant mouse Ig in TPBS for 30 minutes The membranes were washed bnefly with
TPBS twice, then for 5 min In TPBS washing buffer thrice For signal
ampiification with ECF substraie membranes were Incubated In 10 mi of 1.2500
anti fluorescein alkalne phosphatase conjugate for 30 minutes The membranes
were rinsed briefly with TPBS twice, then 5 min In TPBS washing buffer thrice
The ECF substrate solution was prepared as per manufacturer’s instructions _
(aliquot and freeze), membranes were mcubated for 2-3 minutes, excess reagent
was drained off, then were blotted with filter papers, air-dned for 9-10 minutes and .
then scanned

Scanning the membrane The blot was placed on the glass of phosphoimager
Storm 860 The blue chemiluminiescent was set up, 200 pixcels sze, 700 PMT
voltage The file was opened in ImageQuant and quantiated by creating squares
around the bands representing the substrate (S), the product (P) and the intemal
control (IC) The % cleavage of the substrate was measured as P/(S+P)x100
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The inhibltlon in cleavage due to drug was measured compared duplicate to drug
controls included on each blot. A report was created in Excel The resulis fora-
some of the compounds are given below
Compound of Example 36 EC,, = 9um

Compound of Example 35 EC,, = 20um
From these test results, it would be apparent to the skilled arhisan that the
compounds of the invention have excellent utility as NS3-serine protease
mhibltors



WO 01/81325 PCT/US01/12530

201
1)
Clalms 7
What is claimed 1s /0{ 47

it

1 A macrocyclic compound, including enantiomers, sterecisomers, rotomers
and tautomers of said compound, and pharmaceutically acceptable salts or
solvates of said compound having the general structure shown in Formula |

Y
/MT‘

E, X and Y may be independently present or absent, and if present are
independently selected from the motehes alkyl, aryl, alkyl-aryl, heteroalkyl,
heteroaryl, ary-heteroaryl, alkyl-heteroaryl, cycloalkyl, alkyl ether, alkyl-aryl ether,
aryl ether, alkyl amino, aryl amino, alkyl-aryl amino, alkyl sulfide, alkyl:aryl sulfide,
aryl sulfide, alkyl sulfone, alkyl-aryl sulfone, aryl sulfone, alkyl-alkyl sulfoxide,
alkyl-aryl sulfoxide, alkyl amide, alkyl-aryl amide, aryl amide, alkyl sulfonamide,
alkyl-aryl sulfonamide, aryl suifonamide, alkyl urea, alkyl-aryl urea, aryt urea, alkyl
carbamate, alkyl-aryl carbamate, aryl carbamate, alkyl -hydrazide, alkyl-aryl
hydrazide, alkyl hydroxamide, alkyl-aryl hydroxamide, alkyl sulfonyl, aryl sulfonyl,
heteroalkyl sulfonyl, heteroaryl sulfonyl, alkyl carbonyl, aryl carbonyl, hoteroalityl
carbonyl, heteroaryl carbonyl, alkoxycarbonyl, aryloxycarbonyi,
heteroaryloxycarbonyl, alkylaminocarbonyl, arylaminocarbonyl,
heteroarylaminocarbonyl or a combination thereof, with the proviso that E, X and
Y may optionally be additionally substituted with moieties selected from the group
consistng of aromatic, alkyl, alkyl-aryl, heteroalkyl, aryl-haeteroaryl, alkyl-
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hetaroaryl, cycloalkyl, alkyl ether, alkyl-aryl ether, alkyl sulfide, alkyl-aryl sulfide,
alkyl sulfone, alkyl-aryl sulfone, alkyl amide, alkyl-aryl amide, alkyl sulfonamids, ,
alkyl amines, alkyl-aryl amines, afkyl-aryl sulfonamide, alkyl urea, alkyl-aryl urea,
alkyl carbamate, alkyl-aryl carbamate, halogen, hydroxyl amino, alkyl carbazate,
aryl carbazate,

R' = COR® or B(OR),, wherein R* = H, OH, OR", NR'R", CF,CF,CF,
CF,R’, R’, COR™ wherein R’ = H, OH, OR', CHR’R", or NR’R" , wherein R®, R",
R’ and R" ara independently selected from the group consisting of H, alkyl, aryl,
heteroalkyl, heteroaryl, cycloalkyl, cycloalkyl, arylalkyl, heteroarylalkyl,
CH(R"COOR", CH(R"YCONR"R",

CH(R' YCONHCH(R" )COO R", CH(R"YCONHCH(R"YCONR"“R",
CH(R"YCONHCH(R" )R’, CH(R")CONHCH(R")CONHCH(R")COO R",
CH(R"YCONHCH(R")CONHCH(R")CONR"R",
CH(R"CONHCH(R)CONHCH(R")CONHCH(R*)COO R",
CH(R")CONHCH(R)CONHCH(R")CONHCH(R®YCONR"R", CH(R")CONHCH(R®
YCONHCH(RTYCONHCH{(R)CONHCH(R")COO R", CH(R' )CONHCH(R"
JCONHCH(R")CONHCH(R)CONHCH(R") CONR"R", wherein R', R", R, R", R",
R", R® R", and R’ are independently selectad from a group consisting of H, alkyf,
aryl, heteroalkyl, heteroaryl, cycloalkyl, alkyl-aryl, alkyl-heteroaryl, aryl-alkyl and
heteroaralkyl,

Z 18 selected from O, N, or CH,

W may be present or absent, and f W Is present, W 1s selected from C=0,
C=S, SO, or C=NR,

Qs (NR),, O, S, CH,, CHR, CRR' or a double bond towards V,

A1s O, CH,, (CHR),, (CHR-CHR), (CRR),, NR, S, SO, , C=0 or a bond,

G 18 (CH,),, (CHR),. (CRR’),. NR, O, S, SO,, S(O),NH, C=0, or a double
bond towards E or V,

VisCH,CRorN,
p 1s a number from O to 6, and

R, R', R*, R’ and R’ are independently selected from the group consisting
of H, C1-C10 alkyl, C2-C10 alkenyl, C3-C8 cycloalkyl, C3-C8 heterocycloalkyl,
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aryl, alkoxy, aryloxy, alkylthio, aryithio, amino, amido, ester, carboxyhc acid,
carbamate, urea, ketone, aldehyde, cyano, nitro, heteroaryl, alkyl-aryl, alkyl- -~
heteroaryl, (cycloalkyl)alkyl and (heterocycloalkyl)alkyl, wherein saxd cycloalkyl 18
made of three to eight carbon atoms, and zero to six oxygen, nitrogen, sulfur, or
phosphorus atoms, and said alkyl 1s of one to six carbon atoms,

with said alkyl, heteroalkyl, alkenyl, heteroalkenyl, aryl, heteroaryl, cycloalkyl and
heterocycloalkyl moisties may be optionally substituted, with said term
*substriuted” refernng to optional and suitable substitution with one or more
moieties selected from the group consisting of alkyl, alkenyl, alkynyl, aryl, aralkyl,
cycloalkyl, heterocyclic, halogen, hydroxy, thio, alkoxy, aryloxy, atkylthio, arylthio,
amino, amido, ester, carboxylic acid, carbamate, urea, ketone, aldehyde, cyano,
nitro, sulfonamide, sulfoxide, sulfone, sulfonyl urea, hydrazide, hydroxamate and
throurea

2 The compound of claim 1, wherein R' = COR®, and R* 1s H, OH, COOR’, or
CONR’R"

3 The compound of claim 2, wherein R = COCONR’R™, and 15 R* s H, R" 13
H, CH(R")COOR", CH(R") CONR"™R"™, CH(R")CONHCH(R")COOR",
CH(R"CONHCH(R") CONR"R", or CH(R")CONHCH(R")(R")

4 The compound of claim 3, wherein R* = CH(R"YCONHCH(R")COOR",
CH(R"YCONHCH(R") CONR™R", or CH(R" YCONHCH(R")(R'), wherein R' 1s H or
alkyl, and R"1s selected from the group consisting of phenyl, substituted phenyl,
hetero atom-substrtuted phenyi, thiophenyl, cyclohexyl, cyclopentyl, cyclopropyl,
piperidy! pyridyl and 2-indanyl

5 The compound of claim 4, wheren R’ 18 H

6 The compound of claim 5, wherein R” = phenyl, thiophenyl, cyclohexyl, 2-
indanyl, cyclopentyl, pyndyl, phenyi(4-HNSO,NH,), R” Is H or tert-butyl, R™ and
R" are methyl, and R’ 18 hydroxymethyl or tert-butoxymethyl

7 The compound of claim 1, wherein R is selected from the group consisting
of the following moieties
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The compound of claim 7 wherein R' = COR®, and R’ is H, OH, COOR®, or
CONR'R"

The compound of clazm 8 wherein V is CH

The compound of claim 9 wherein Q18 NR or O

The compound of claam 10 wherein G 1s CH,

The compound of claim 11 wheren A Is O, NR, CH=CH or CH,
The compound of claim 12 wherein E is alkyl, aryl, hereroalkyl, heteroaryl, i
alkyl, aryl, or cycioalkyl ]

The compound of claam 13 wherein E is selected from the group consisting

of the moieties
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15  The compound of claim 14 wherein R’ is selected from the group
consisting of the moieties

wherein R* = H, CH, or other alkyt groups,
R" = OH, O-alkyl, NH,, N-alkyl, and

R™ and R may be the same or different and are selected independently from H,
F, Cl, Brand CH,

16 The compound of claim 15 wheren Z = N and R*=H

17  The compound of claim 16 wheremm W 1s C=0
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18  The compound of claim 17 wherein the moiety X-Y 1s selected from the
group consisting of C1-C10 aikyl, alkyl, cycloalkyl, heteroalkyl, arylalkyl, aryl,....

hereroaryl and alkylaryl
19  The compound of claim 18, wheremn

S of
wherein R® 18 connected directly to A and R’ is connected directly to W, and the
moety U', U*, U®, U, U® and U form elther a six membered carbon ring, or a five
or six membered nng with one or more heteroatoms,
R" = H, alkyl, alkoxy, hydroxy, alkylthto, halogen, nitro, cyano, carboxyhc acid,
ester, amide, anuno, nitrile, or CF,,
R" 18 a bond, C,-C, alkyl, C,-C, alkenyi, C,-C, alkynyl, O, S, SO,, NH, O(alkyl),
S(alkyl), SO,(alkyl) or N(alkyl), and
R’ Is a bond, C1-C6 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, O, S, SO,, NH, O(alky1),
S(alkyl), SO, (alkyl), N(alkyl) or CH,-N(alkyl) with the CH, being linked to the
aromatic nng

20 The compound of claim 18 wherein the moiety X-Y Is selected from the
group consisting of the following structures
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21 A pharmaceutical composition compnsing as an achve ingredient a
compound of clam 1

22  The pharmaceutical composttion of claim 21 for use in treating disorders”
associated with Hepatitis C virus

23  The phamaceutical composttion of claim 21 addtionally compnsing a ’
pharmaceutically acceptable camer

24 A method of treating disorders associated with the HCV protease, sald
method compnsing administenng to a patient in need of such treatment a
pharmaceutical composition which composition compnses therapeutically
effective amounts of a compound of claim 1
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25 The use of a compound of claim 1 for the manufacture of a medicament to
treat disorders associated with the HCV protease ~
26 A method of prepanng a phammaceutical composihon for treating disorders
associated with the HCV protease, said method compnsing bnnging into inimate
contact a compound of claim 1 and a phanmaceutically acceptable camier

27 A compound exhibiting HCV protease inhibitory activity, inciuding
enantomers, sterecisomers, rotamers and tautomers of said compound, and
pharmaceutically acceptable salts or solvates of said compound, saixd compound
being selected from the group of compounds with structures listed below
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28 A phamaceutcal composiion for treating disorders associated with the
HCYV protease, said composition compnsing therapeuhcally effechive amount of~
one or more compounds In claim 27 and a phamaceutically acceptable carrier
29 The pharmaceutical compositon of claim 28, additonally contauning an
antiviral agent
30  The pharmaceutical composihion of claim 28 or claim 29, shil addihonally
containing an interferon
31  The pharmaceutical compostion of claam 30, wheremn said antviral agent i1s
ribavinn and said interferon is o-interferon



S D

81325 A3

—d

01/

(12) INTERNATIONAL AFPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organzation
Internanonal Burcau

(43) International Publication Date
1 November 2001 (01 11 2001)

PCT

-a—e'?f\q_s

NOISBK. 1OE-
AN RANNIN

(10) International Publication Number

WO 01/081325 A3

(51) Imternationsl Patent Classification’ CO7K T8,
14/18 5/062, 5/065 5/087 5/107 AGIK 3805 3807
38/08 ASIP31/14

{21) Intermations| Appheation Namber  PCTAISO1/12530
(22) International Flling Date* 17 Apnl 2001 {17 04.2001)
Englsh

Englsh

{25) Filleg Langusge
(26) Pablication Langnage-

(30) Priority Data

60/198 204 19 Apnl 2000 (19 04.2000) US

({71} Applicant SCHERING CORPORATION [US/US]
2000 Gallopaing Hill Road Kenilwarth NJ 07033 0530
(Us

(72) laveators VENKATRAMAN, Srikanth 35 Roanoke
Street Woodbndge NJ 07095 (US) CHEN, Kevin, X 44
Gill Lane Apt 1D Isehin NJOBR30 (US) ARASAPPAN,
Ashok 18 Larsen Court, Bndgewster NJ 08807 (US).
NJOROGE, F, George 11 Softwood Way Warren NI
07059 (US). GIRLIAVALLABHAN, Viyyoor, M 10
Maplewood Drive, Pamippany NJ 07054 (US). CHAN,
Tin-Yan 26 Barlow Road Bdison NJ DRB17 (US).
MCKITTRICK, Brisn, A Millbrook Road New Ver
non NJ 07976 (US) PRONGAY, Andrew,J. 104 Willow
Grove Road Siewartsville, NJ 083886 (US). MADISON,

m&e-<i4/o4 5

Vinceat, 5 12 Ronamn Drive Mountmn Lakes, NJ 07046
{US)

(81) Desiguated States (afional) AL, AG AL, AMLAT AU,
AZ,BA BB BG BR BY BZ CA CH ch, CZ,
DE, DK DM DZ, EE, ES,FI GB GD GE-HK, HU ID

IL,IN IS.JF KG KR KZ LC LK, LR LT LU LV MA,
MD, MG MK MN MX MZ, NO NZ, PL, PT RO RU
SE, SG SI SK SL T! TM TR TT TZ, UA UZ, VN
YU 7A

(84) Designuted States (regional) ARIPO patent (GH GM
KHE, LS MW MZ, SD SL, SZ, TZ, UG ZW) Bomasian
paient (AM AZ BY KG KZ MD RU Tl TM)

patent (AT BE, CH CY DE, DK, ES, FI FR GB GR, IE,
IT LU MC NL, PT SE, TR), OAPFI patent (BF BJ CF

CG C1 CM GA ON GW ML, MR NE SN TD TG).

Published

— Jwith injernational search rgport

before the expuranon of the ume himit for amending the
claims and to be republished m the evenl of receipt of
amendments

(88) Date of publication of the International search report
1 Aogusi 2002

For two-letier codes and other abbreviations refer (o the "Gurd-
ance Noies on Codes and Abbrevialions” appearing af the begin-
mng of each regular wsue of the PCT Gezeite.

PATENT DERART,
RECEVED N

AUG 1 2 2002 .

i —|
e

Attny
O rme 3 ClCK FLL

(54) Title MACROCYCLIC NS3-SERINE PROTEASE INHIBITORS OF HEPATITIS C VIRUS COMPRISING ALKY] AND
=i ARYL ALANINE P2 MOIETILS

such macrocycles as well a8 methads of using them lo treat disonders assocated with the HCV protease.



INTERNATIO!? 3 SEARCH REPORT

[.m‘k.:..,..,,.......

PCT/US 01/12530

CLA
TeC oI o6 Tk 14/18
CO7K5/107  A61K38/05

C07K5/062
A61K38/07

C07K5/065

C07K5/087
A61K38/08

A61P31/14

menmwmuhmmmmm

B. FELDS SEARCHED

Minimum documaniation searched (clasaliicaiion sysiem followsd by ciessificalion symbols)
IPC 7 CO7K A61K

Docunenialion ssarchad othat than minknum documnaniation io the siani thal stsch docsmanis amn nciuded in the fiskds ssarched

Elbcironic dala bass consuled during e imsmational search (neme of Gala base and, whers praciical, Search terms usad)
EPO-Internal, WPI Data, PAJ, CHEM ABS Data, MEDLINE, BIOSIS

C- DOCUMENTS COMBIERED TO BE RELEVANT

Calegyy | Clhiadion of document, with indication, where spproprisis, of the siovani passapes

Relovant 1o claim No.

BIO ,MARCHETTI ANTONELLA (IT), ONTORIA J)
16 December 1999 (1999-12-16)
claims, exampie 2C

X MARCHETTI A ET AL
NOVEL CYCLIC BIPHENYL ETHER ANALOGS OF AN
INHIBITOR OF HCY NS3 PROTEASE"

SYNLETT, THIEME YERLAG, STUTTGART, DE,

no S01, June 1999 (1999-06), pages
1000-1002, XP008002749

ISSN 0936-5214

cited in the application

the whole document

X WO 99 64442 A (ANGELETTI P IST RICHERCHE 1-28

"SYNTHESIS OF TWO 1-28

m Fither docurnests mre Tsle bn the contiustion of box C. D Puteni family members are Seted in xnnes.

P _rmpgu-uubmm fiing dae bul

* Specinl catagories of disd docutments "T* Jatwr documant publshed after the Intemational -

A docomani dafining the general sisis of tha art which 1 not oty crte il nct n confict with the e
conakderad 1o be of peticular relvance - prindiple or fhpory iderying

E awfor documand but published on or afier the intsmations! "X° document of pasticular ralevance, the clskned invertion

" mhm thwow m:m-p wﬂﬁmb ﬂlnbﬂ;-
'hlﬂlhﬂaﬂh'ulﬂlh ﬂﬂ%ﬂ' " mummmmd-md imanton
duhnwuhuqnum o invoive an iveniive sisp when 0w

o mmu-nm uné exhibition or chalul MMm-mud- such docy-
othor means menia, uch coniaiion 108 poerson skiled

4 docamvent mamber of the sume pajent family

Date of the aciual completion of the intamational saarch Duie of maliing of e Injamalional saerch report
23 May 2002 04/06/2002
Nams and maling addmes of the IBA Authorized officer
m_ml".i;lﬂlh.l’l 5618 Petnlizan 2
RS- Funr, ¢

Feam PCTASNRI0 tencend shael) {ly 1082)

page 1 of 2




INTERNATIONZ 3EARCHREP RT

ﬂ —alonal Application No
PCT/US 01/12530

C{Continustion) DOCUMENTS CONSIDERED TO BE RELEVANT

Calegory

Chation of documnaent, with indiction.where approprinte, of the releven! paseagns

Falevant fo cialm No.

A

WO 00 09558 A (BOEHRINGER INGELHEIM CA LTD
,GOUDREAU NATHALIE (CA), GHIRO ELISE ()
24 February 2000 (2000-02-24)
cited 1n the application
claims, examples

WO 99 07734 A (BAILEY MURRAY DOUGLAS
,BOEHRINGER INGELHEIM CA LTD (CA), HALMOS
TE) 18 February 1999 (1999-02-18)

claims, examples

1-28

1-28

Foom PCTASAZ0 fcontinuiiion ol wecond shesl) (uly 1983)

page 2 of 2




' INTERNATIO? | SEARCH REPORT ) g.2% w

international Appiication No. PCTAJS 01 42530

FURTHER INFORMAYION CONTINUED FROM PCTASA/ 21D

Continwation of Box I 2 -~

Present clatms 1-26 relate to an extremely large number of possible
compounds, products and methods Support within the meaning of Article 6
PCT and/or disclosure within the meaning of Article 5 PCT 1s to be found,
however, for only a very small proportion of the compounds, products and
methods claimed In the present case, the claims so lack support, and the
application so lacks disclosure, that a meaningful search over the whole
of the claimed scope 1s impossible Consequently, the search has been
carried out for those parts of the claims which appear to be supported
and disclosed, namely those parts relating to the compounds, products and
methodsdprepared in the examples and closely related homologous
compounds

The applicant’s attention 1s drawn to the fact that claims, or parts of
claims, relating to inventions in respect of which no international
search report has been established need not be the subject of an
international preliminary examination (Rule 66 1(e) PCT) The applicant
is advised that the EPO policy when acting as an International
Preliminary Examining Authority 1s normally not to carry out a
preliminary examination on matter which has not been searched This is
the case Irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter 11 procedure




INTERNATI N/ 3EARCH REPORT
Infarmation on peten fanly members

 ——

anal Applicalion No

nt
l PCT/US 01/12530

Patent document

Publication Patent lamily Publication
ciied in search repori daln member{s) dats
W0 9964442 A 16-12-1999 AU 4279899 A 30-12-1999
EP 1084137 Al 21-03-2001
WO 9964442 Al 16-12-1999
W0 0009558 A 24-02-2000 AU 5273299 A 06~03-2000.
B& 105230 A 31~10-2001
BR 9912943 A 08-05-2001
WO 0009558 Al 24—02-2000
CN 1315965 T 03-10-2001
EP 1105422 Al 13-06-2001
NO 20010604 A 05-02-2001
PL 346051 Al 14-01-2002
TR 200100438 T2 21-06-2001
WO 9907734 A 18-02-1999 AU 8846698 A 01-03-1999
WO 9907734 A2 18-02-1999
EP 1012180 A2 28-06-2000
HU 0100100 A2 28-11-2001
JP 2001512744 T 28-08-2001
us 6143715 A 07-11-2000

Fown PCTABANG jpetent furlly srix) Gy 1902)




208423
CRF

e INONNSSK - AK -
130

Y,
126

i |
YRR

Memoria Descriptiva

Patente de Invencion

Sobre

“INHIBIDORES MACROCICLICOS DE LA SERINA PROTEASA NS-3
DEL VIRUS DE LA HEPATITIS C QUE COMPRENDEN
PORCIONES ALQUIL Y ARILALANINA P2*

Solicitada por-
SCHERING CORPORATION, xescdente ex 2000

Galloping Hill Road, Keniiworth, Nueva Jersey
070338-0530. £ U DE NORTEAMERICA




Z 0

N

06 423

0331
Inhibidores Macrociclicos de la Senna Proteasa NS-3 del Virus de la

Hepatttis C que comprenden porciones alquil y arlalanina P2

Campo de la Invencidn

La presente invencidn se relaciona con novedosos inhibidores de la
proteasa del virus de la hepatitis C (“VHC"), con composiciones farmacéuticas
que contienen uno o mas de tales inhibidores con métodos para preparar dichos
inhibidores y con métodos para usar dichos inhibidores en el tratamiento de la
hepattis C y trastomos relacionados Esta invencién descnbe especificamente
novedosos compuestos macrociclicos como inhibidores de la senna proteasa

NS3/NS4a del VHC La presente memona descriptiva se relaciona con la de la

solicitud de patente en tramite, Acta No , presentada el 5 de abnl
de 2000

Antecedentes de 1a Invencién

El virus de la Hepatits C (VHC) es un ARN virus de cadena simple de
sentido (+) al que se ha identificado como pnncipal agente causante en la
hepatitis no A ni B (HNANB), especiaimente en la NANBH asoctada con la sangre
(BB-NANHB) (ver Publicacion de Solictud de Patente Intemacional No WO
89/04669 y la Publicacion de Solicitud de patente europea No EP 381 216) Se
debe distinguir a la HNANB de otros tipos de enfermedad hepatca inducida por
virus, como el virus de la hepatiis A (VHA), el virus de la hepattis B (HBV), el
virus de la hepatitis delta (VHD), el citomegalovirus (CMV) y el virus de Epstein-
Barr (VEB), asi como de otras formas de enfermedad hepatica tal como el
alcoholismo y la cirrosis billar pnmaria

Recientemente se ha identificado, clonado y expresado una VHC proteasa
necesana para el procesamiento de polipéptidos y la replicacion viral {ver, por
ejempio, la patente de los Estados Unidos No 5712 145) Esta poliproteina de

aproximadamente 3000 aminodcidos contiene, del término amino al témino
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carboxi, una proteina de nucleocapside (C), proteinas de envoltura (E1 y E2) y
varias protetnas no estructurales (NS1, 2, 3, 4a, 5ay 5b) La NS3 es una proteina
de aproximadamente 68 kDa, codificada por alrededor de 1893 nucieétidos del
genoma del VHC, y tiene dos domimos diferenciados (a) un dominio de senna
proteasa que consiste en aproximadamente 200 de los aminoacidos N-terminales
y (b) un dominio de ATPasa dependiente del ARN en el termino C de la proteina
La proteasa NS3 es considerada un miembro de la familia de la quimotnpsina en
vitud de las similitudes en la secuencia proteica, la estructura general
tndimensional y el mecanismo de catalisis Otras enzimas tipo quimotnipsina son
la elastasa, el factor Xa, la trombina, tnpsina, plasmina, urocinasa, tPAy PSA La
serina proteasa NS3 del VHC es responsable de la proteolisis del polipéptido
(poliproteina) en las uniones NS3/NS4a, NS4a/NS4b, NS4b/NS5a y NS5a/NS5b
Y. por consiguiente, es responsable de la generacion de cuatro proteinas virales
durante ia replicacién viral Esto ha convertido a la senna proteasa NS3 del VHC
un objetivo de interés para la quimioterapia antiviral

Se ha establecido que la proteina NS4a, un polipéptido de
aproximadamente 6 kDa, es un cofactor para la actividad de sernna proteasa de
NS3 La autoescision de la union NS3/NS4a por la serina proteasa NS3/NS4a se
produce intramolecularmente (es decir, sic), en tanto que los demas sitios de
escisidn se procesan intermolecularmente (es decir, trans)

El andlisis de los sitios de escisidn naturales para la proteasa del VHC
revelé la presencia de cisteina en P1 y serina en P1’' y que estos residuos se
conservaban estrictamente en las umiones SN4a/NS4b, NS4b/NSS5a vy
NS5a/NS5b La unién NS3/ND4a contiene una treonina en P1 y una serina en
P1' Se sugiere a sustitucion Cis— Thr en NS3/NS4a es la razon de la necesidad
del procesamiento cis, en lugar de trans, en esta union Ver, por ejemplo, Pizz1 y

otros (1994) Proc _Nati Acad Sc (USA) 91 888-782, Failla y otros (1996)
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Folding & Design 1 3542 El sitio de escision NS3/NS4a) también es mas
tolerante con respecto a la mutagénesis que los demas sitios Ver, por ejemplo,
Kollykhalov y otros (1994) J Virol 68 7525-7533 También se ha encontrado que
los rasiduos acidos de la regidn en hnea de entrada del sitic de escisidn son
necesarios para la escision eficiente Ver, por ejemplo, Komoda y otros (1994) J_
Virol 68 7351-7357

Entre los inhibidores de la proteasa del VHC que han sido dados a conocer
se cuentan los antioxidantes (ver la Publicacion de solicitud de patente
intemacional No WO 98/14181), ciertos péptidos y andlogos peptidicos (ver la
Publicacion de solicitud de patente internacional No WO 98/17679, Landro y otros
(1997) Biochem, 36 9340-9348, Ingallinella y otros (1998) Biochem 37 8906-
8914, Llnas-Brunet y otros (1998) Bicora Med Chem Lett 8 1713-1718),
inhibidores a base del polipeptido de 70 aminoacidos eglin ¢ (Martin y otros (1998)
Biochem 37 11459-11468, inhibidores de afimdad seleccionados entre el inhibidor
de la tnpsina secretorta pancreatica humana (hPSTI-C3) y repertonos
minicorpusculares (MBip) (DIMAXI y otros (1997) (1997) J Virol 71 7461-7469),
cVHE2 (un fragmento de anticuerpo de dominio vanable “camelizado”) (Martin y
otros (1997) Protein Eng, 10 607-614) y a1-antiquimotripsina {ACT) Elzouk: y
otros) (1997) J Hepat 27 42-28) Recientemente se ha descnpto una nbozima
disenada para destruir selectivamente el virus ARN de la hepatitis C (ver BioWorld
Today 9(217) 4 (Noviembre 10 de 1998))

Tambien se hace referencia a las publicaciones PCT No 98/17679,
publicada el 30 de abnl de 1998 (Vertex Pharmaceuticals Incorporated), WO
98/22496, publicada el 28 de mayo de 1998 (F Hoffmann-La Roche AG) y WO
99/07734, publicada el 17 de febrero de 1999 (Boehnnger Ingelheim Canada

Ltd )
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Se ha involucrado al VHC en la cirrosis hepatica y en la induccion del
carcinoma hepatocelular El pronostico para pacientes que sufren una infeccion
por VHC es malo en la actualidad La infeccidn por el VHC es mas dificil de triar
que otras formas de hepatitis debido a la falta de inmunidad o remisidn asociada
con la infeccion por VHC Los datos actuales indican una tasa de supervivenc:a
inferior a 50 % despues de cuatro afos de diagnosticarse la cirrosis Los
pacientes a los que se ha diagnosticado carcinoma hepatocelular localizado
operable tienen una tasa de supervivencia de 10-30 % en tanto que los que tienen
carcinoma hepatocslular localizado no operable tienen una tasa de supervivencia
a los cinco arios inferiora 1 %

Se hace referencia a Syniett, de A Marchett y otros, S1, 1000-1002
(1999), que descnbe la sintesis de analogos biciclicos de un inhubidor de la

proteasa de VHC NS3 Un compuesto descripto en dicha publicacién tiene la

4
1 L
AcHN % ﬁ -1
° N u

COOH

formula

También se hace referencta a WO 00/09558 (Cesionario Boehringer
Ingelheim Limited, publicada el 24 de febrero de 2000) que describe denvados

peptidicos de la formula
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en la cual los diversos elementos se describen en dicho documento Un

compuesto ilustrativo de dicha serie es

PO
A

CH,
o)
HaC HN N
N
\]_( N \cHz
0 0 OH
8]

Iz
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También se hace referencia a WO 00/09543 (Cesionano Boehringer
ingelheim Limited, publicada el 24 de febrero de 2000) que descnbe derivados

peptidicos de la formula

en la cual los diversos elementos se descnben en dicho documento Un

compuesto llustrativo de dicha serie es

N \CH3
F
] 0
\CHz

Iz
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Las terapias actuales para la hepatitis C incluyen interferon-a (IFN,) y la
terapia combinatona con nbavirina e interferdn Ver, por ejemplo, Beremguer y
otros (1998) Proc_Assoc Am Physicians 110{2) 98-112 Estas terapias padecen
un bajo coeficiente de respuesta sostenida y frecuentes efectos colaterales Ver,
por ejemplo, Hoofnagle y otros (1997) N_Engl J Med 336 347 En la actuahdad,
no se dispane de una vacuna contra la infeccién por VHC

La solicitud de patente en tramite, Acta No , presentada el

S de abnl de 2000 describe ciertos compuestos macrociclicos como inhibidores de
la proteasa de VHC as! como composiciones farmaceuticas que contienen dichos
compuestos

Existe la necesidad de nuevos tratamientos y terapias para la infeccidn por
VHC Por lo tanto, uno de los objetivos de la presente invencion es presentar
compuestos utiles en el tratamiento o prevencion o mitigacidn de uno o mas
sintomas de la hepatitis C

Otro de los objetivos de la presente es presentar metodos de tratamiento o
prevencion o mitigacién de uno o mas sintomas de la hepatitis C

Un objetivo mas de la presente invencion es presentar métodos para
modular la actividad de las serina proteasas, especialmente la serina proteasa de
VHC NS3/NS4a utilizando los compuestos presentados en la presente

Otro de los objetivos de la presente invencion es presentar metodos para
modular el procesamiento del polipéptido VHC empleando los compuestos
provistos en la presente

Sintesis de la Invencidn

En sus numerosas realizaciones, la presente invencidn presenta una
novedosa clase de nhibidores macrociclicos de i{a proteasa de VHC,
composiciones farmaceuticas que contienen uno o mas de dichos compuestos,

métodos para la preparacion de formulaciones farmacéuticas que comprenden
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uno o0 mas de tales compuestos y métodos de tratamiento, prevencién o
mitigacion de uno o mas de los sintomas de la hepatiis C También se presentan
métodos para modular ia interaccion de un pohpéptido de VHC con 1a proteasa de
VHC Entre los compuestos presentados en la presente, se prefieren los
compuestos que inhiben la actividad de serina proteasa de VHC NS3/ND4a Los
compuestos descriptos en ia presente contienen generalmente cuatro o mas
residucs aminodcidos y menos de aproximadamente doce residuos aminoacidos

En su pnncipal realizacion, la presente invencidn presenta un compuesto

macrociclico de la férmula |

SN
[

[ e\ .
e \Rrﬂ\o/“\g/“\r

Formula |

en |a cual

E, X e Y pueden estar independientemente presentes o ausentes y, en
caso de estar presentes, son independientemente seleccionados entre las
porciones alquilo, anlo, alquilanilo, heteroalquilo, heteroanlo, arilheteroarilo,
alquilheteroarilo, cicloalquilo, eter alquimico, éter alquilarilico, eter arilico,
alquilamino, anlamino, alquilarilamino, alquiisulfuro, alquilariisulfuro, anisulfuro,
alquilsulfona, alqulanisulfona, anisulfona, alquilalquilsulfoxido, alquilanisulféxida,
alquilamida, alquilaniamida, aniamida, alquisulfonamida, alquilariisuifonamida,
anisulfonamida, alquilurea, alquilaniurea, aniurea, carbamato de alquilo,

carbamato de alquilanio, carbamato de anlo, alquilhidrazida, alquilanitudrazida,
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alquilhidroxamida, alquilanihidroxamida, alquisulfoniio, aniisulfonilo,
heteroalquilsuifonilo, heteroaniisulfoniio, alquilcarboniio, ariicarbonilo,
heteroalquilcarbonilo, heteroarilcarbonilo, alcoxicarbonilo, anloxicarbanilo,
heteroariloxicarbonilo, alquilaminocarboniio, arilaminocarbonilo,
heteroanlaminocarbontlo 0 una combinacidn de las mismas, con la salvedad de
que optativamente, E, X e Y pueden estar sustituidas ademas con porciones
seleccionadas entre el grupo que consiste en aromatico, alquilo, alquilarilo,
heteroalquilo, anlheteroanlo, alquilheteroanlo, cicloalquilo, eter aiquilico, éter
alquilankco, alquilsulfuro, alquilanisuifuro, alquilsulfona, alquilanisulfona,
alqulamida, alquilaniamida, alquiisulfonamida, alquilaminas, alquilarilaminas,
alquilanisuifonamida, alquilurea, alquilaniurea, carbamato de alquilo, carbamato
de alquilanio, halégeno, hidroxilamino, carbazato de alquilo, carbazato de arilo,

R' = COR® o B(OR),, donde R® = H, OH, OR®, NR®°R'’, CFs, CsFs, CaFy,
CF2R® R® COR’ donde R’ = H, OH, OR®, CHR'R'® o NR°R"°, donde R®, R%, R°y
R'® son independientemente seleccionados entre el grupo que consiste en H,
alquilo, anlo, heteroalquilo, heteroarlo, cicloalquilo, cicloalquiio, anlalquilo,
heteroarilalquilo, CH(R' }COOR'', CH(R' }CONR'?R™, CH(R' \CONHCH(R?)COO
R", CH(R! )CONHCH(R?)CONR'?R", CH(R' )JCONHCH(R?)R,
CH(R' )CONHCH(R?)CONHCH(R®*)COOR"",
CH(R')CONHCH(R?*)CONHCH(RT)CONR'®R",
CH(R'! )CONHCH(R?)CONHCH(R®)CONHCH(R*)COOR",
CH(R' )CONHCH(R?)CONHCH(R®)CONHCH(R*)CONR'?R"3,
CH(R" )CONHCH(R?)CONHCH(R¥)CONHCH(R*)CONHCH(R®)COO R',
CH(R' )JCONHCH(R?)CONHCH(R® )\CONHCH(R*)CONHCH(R%)CONR"?R",
donde R', RZ, R, Rf, R%, R", R"2Z R" y R' son independientemente
seleccionados entre el grupo que consiste en H, alquilo, anlo, hetsroalquilo,

heteroarlo, cicloalquilo, alquilanlo, alquilheteroarilo, anlaiquilo y heteroaraiquilo,
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Z es seleccionado entre O, No CH,

W puede estar presente o ausente y, en caso de estar presente, W es
selecctonado entre C=0, C=S§, S0z 0 C=NR,

Qes (NR),, O, S, CHz, CHR, CRR’ o un enlace dobie hacta V,

A es O, CHz, (CHR),, (CHR-CHR'), (CRR"),, NR, S, SO, C=0 o un enlace,

G es (CHz)p, (CHR),, (CRR')p, NR, O, S, SO;, §(0)2NH, C=0 o un enlace
doble haciaEo V,

VesCH, CRoN,

pesunnumerodeQaby

R, R, R%2 R® y R* son independientemente seleccionados entre el grupo
que consiste en H, alquile C1-C10, alqueniio C2-C10, cicloalquilo C3-C8,
heterocicloalquilo C3-C8, anlo, alcox, anloxi, alquiltio, anltio, amino, amido, ester,
acido carboxilico, carbamato, urea, cetona, aldehido, ciano, nitro, heteroanio,
alquilanlo, alquilheteroanlo, (cicloaiquif)alquiio y (heterocicloalquil)aiquilo, donde
dicho cicloalquilo se compone de tres a ocho dtomos de carbono y de cero a seis
atomos de oxigeno, nitrogeno, azufre o fdsforo y dicho aiquilo es de uno a seis
dtomos de carbono, donde dichas porciones alquilo, heteroalquilo, alquenilo,
hetercalquenilo, arnlo, heteroanio cicloalquilo y heterocicloalquilo pueden estar
optativamente sustituidas, y donde dicho término “sustituido” se refiere a una
sustitucidn optativa y adecuada con una o0 més porciones seleccionadas entre el
grupo que consiste en alquilo, alquenilo, alquinilo, anlo, aralquila, cicioalquilo,
heterociclico, halégeno, hidrox, tio, alcoxi, anloxi, alquiltio, anltio, amino, amido,
éster, acido carboxilico, carbamato, urea, cetona, aldehido, ciano, nitro,
sulfonamida, sulféxido, sulfona, sulfonilurea, hidrazida e hidroxamato y tiourea

A menos que se indique lo contrano, todos los terminos tecnicos y
cientificos utilizados en Ia presente tienen el mismo significado que los expertos

en la téchica a la cual se refiere la presente invencion les dan comunmente Asi,
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por ejemplo, el tdrmino alquilo (incluyendo las porciones alquio de alcoxi) se
refiere a un grupo monovalente derivado de un hidrocarburo saturado de cadena
recta o ramificada por medio de la eliminacidn de un solo atomo, que tiene de 1 a
8 atomos de carbono, preferentemente de 1 a 6,

anlo - representa un grupo carbociclico que tiene de 6 a 14 atomos de
carbono y tiene por lo menos un aniflo bencenoide, pretendiéndose que todos los
atomos de carbono aromaticos sustitutbles hbres del grupo carbociclico sean
posibles puntos de union Los grupos anlo prefendos incluyen fenilo, 1-naftilo, 3-
naftilo e Indanilo, y especialmente fenilo y fenilo sustituido

aralguilo — representa una porcidn que contiene un grupo arilo igado por
medio de un alquilo inferior;

alquilarilo — represanta una porcion que contiene un alquilo inferior hgado
por un grupo anlo,

cicloalquilo — representa un anillo carbociclico saturado con 3 a 8 atomos
de carbono, preferentemente 5 o 6, optativamente sustituido,

heterociciico — representa, ademas de los grupos heteroanlo definidos mas
adelante, grupos organicos ciclicos saturados y no saturados con por lo menos un
atomo de O, S y/o N interumpiendo una estructura carbociclico que consiste en
uno o mas anillos, donde cada anilo es de 5, 6 6 7 miembros y puede o no tener
enlaces dobles que carecen de electrones pi deslocalizados, estructura de anillo
que tiene de 2 a 8, preferentemente de 3 a 6 atomos de carbono, por ejemplo 2-0
3-pipendinilo, 2- o 3-piperazinilo, 2- o 3-morfoliniio o0 2- o 3-tiomorfolmilo,

halogeno — representa fluor, cloro, bromo y yodo,

heteroarnio — representa un grupo organico ciclico con por o menos un
atomo de O, S y/o N que interrumpe una estructura de anillo carbaciclico y tiene
un numero suficiente de electrones pi1 deslocalizados para conferir caracter

aromatico, donde el grupo heterociclico aromatico tene de 2 a 14,
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preferentemente 4 o 5 atomos de carbono, por gjemplo 2-, 3- 0 4-pindilo, 2- 0 3-
funio, 2- o 3-tienilo, 2-, 4- o 5-tiazolilo, 2- 0 4- imidazolilo, 2-, 4- o 5-pinmidinifo, 2-
pirazinilo 0 3- 0 4-piridazinilo, etc Los grupos heteroarilo prefendos son 2-, 3-y 4-
pindilo Tales grupos heteroarilo pueden estar también optativamente sustituido

También estan incluidos en la presente invencion los tautomeros,
rotdmeros, enantiomeros y demas 1sdmeros opticos de los compuestos de la
formula 1, asi como las sales farmaceuticamente aceptables y soivatos de las
mismas

Otra caractenistica de la presente invencién corresponde a composiciones
farmacéuticas que contiene como ingrediente activo un compuesto de la férmula |
(o su sal, solvato o 1someros del mismo) junto con un vehiculo o excipiente
farmacéuticamente aceptable

La invencién presenta asimismo métodos para preparar los compuestos de
la férmula |, asi como metodos para tratar enfermedades tales como, por ejemplo,
el VHC y trastomos relacionados Los metodos de tratamiento comprenden
administrar a un paciente que padece dicha enfermedad o enfermedades una
cantidad terapéuticamente efectiva de un compuesto de la formula | o
composiciones farmacéuticas que comprenden un compuesto de la formuia |

También se descnbe el uso de un compuesto de la formula | para la
elaboracidn de un medicamento para el tratamiento del VHC y trastornos
relacionados

DESCRIPCION DETALLADA DE LAS REALIZACIONES PREFERIDAS

En una realizacion, la presente invencidn descnbe compuestos de la
formuia | como inhibidores de la proteasa de VHC, especiaimente la senna

proteasa de VHC NS3/NS4a
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en la cual las diversas porciones son como se los definiera anteriormente
Algunas de las realizaciones preferidas incluyen, aunque no se hmitan a las
siguientes defimiciones de las diversas funcionalidades en la formula general |
antes citada, se pueden encontrar otras definiciones convenientes para las
mismas y ofras funcionalidades en las estructuras y revindicaciones de esta
solicitud, que también estan dentro det alcance de la presente invencién Entre las
realizaciones preferidas, R? de la férmula | puede ser seleccionado entre las

siguientes paorciones

:t;jf"kj' Jéi c«]}iF,J

scom s 0 \[('
9 0 CHS ( )0—2 >

CH,

e
:;j»
:<i>—\,,,.
Dy
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E puede ser un alquillo sustituido o no sustituido, anlo sustituido o no
sustituido o heteroalquilo sustituido o no sustituido heteroarilo sustituido o no

sustituido o cicloalquilo sustituido o no sustituido, siendo las representaciones

Y L’C{}

Las realizaciones prefendas con respecto a R® incluyen las porciones

prefendas de E

COCH;
COR™ cor™
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en las cuales R¥= H, CHj3 u otros grupos alquilo,

R = OH, O-alquilo, NH2, N-alquilo y

R% y R® pueden ser iguales o diferentes y son seleccionados
independientemente entre H, f, Cl, Br y CHs

Las realizaciones prefendas para la porcion X-Y son las siguientes

Faivs

‘.L’ \R

estructuras

s
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En la seccion Reivindicaciones de la presente solicitud se consignan vanas
profundizaciones adicionales de las diversas definiciones antes citadas para los
compuestos representadas por la formula | Estas tambien estan representadas
por los diversos compuestos enumerados en la memoria descriptiva y las
reivindicaciones Tales profundizaciones, definiciones y restricciones deben ser
consideradas representativas de la totalidad de ia invencidn presentada en esta
solicitud

A continuacidon se enumeran los compuestas representativos de la presente

invencion, que exhiben excelente actividad inhibitona de la proteasa de VHC

ZT
ZT
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En la tabla 1 se presenta la actividad de algunos de los compuestos como
intervalos de valores de K; en nanomoles {nM) Los numeros de Ejemplo de la
Tabla 1 se refieren a los numeros para las diversas estructuras de la seccion
EJEMPLOS que se encuentra en las partes subsiguientes de la presente solicitud

Tabla 1 Resultados de los ensayos continuos sobre proteasa del VHC
Ejempio Numero K* nM

1 B
2 A
3 B
4 B
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30

10
11

12
13
14
15
16
17
18
19
20
21

22
23

24
25

26

27

28

28

30

3

32
33
34
35

36

37
38
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39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
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Intervalo de Ki* de ensayo continuo sobre VHC

Categoria A = 0,001-1,0 uM, Categoria B = 1,1-100 uM

Mas adelante en esta seccion se describen algunos métodos para sintetizar
los diversos tipos de los compuestos de la invencidn, y tambien se los descnbe
esqueméticamente, para proceder luego a los Ejemplos ilustrativos

Dependiendo de la estructura, los compuestos de la presente invencion
pueden formar sales farmaceuticamente aceptables con acidos organicos o
tnorganicos o con bases organicas o inorganicas Entre los ejemplos de &cidos
adecuados para dicha formacidon de sales se cuentan los &cidos clorhidrico,
sulfurico, fosforico, acetico, citrico, oxalico, malénico, salicilico, mélico, fumanco,
succlnico, ascérbico, maleico, metansulfonico y otros acidos minerales y

carboxilicos muy conocidos por los expertos en la técnica Para la formacién de
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sales con bases, las bases adecuadas son, por ejemplo, NaOH, KOH, NH,OH,
hidréxido de tetraalquilamonio y demas

En otra realizacién, esta invencidn presenta composiciones farmacéuticas
que comprenden los macrociclos antes descriptos de la mnvencidn como
ingrediente activo Por lo general, las composiciones farmacéuticas comprenden
ademds un diluyente portador, excipiente o vehiculo farmacéuticamente aceptable
(a los qua en ia presente se denomuna colectivamente como matenales
portadores) A causa de su actividad inhibitorra del VHC, tales composiciones
farmacéuticas son de utihidad en el tratamiento de la hepatitis C y trastomos
relactonados

En otra de sus realizaciones, la presente invencion descnbe métodos para
prepara las composiciones farmacéuticas que comprenden los compuestos
macrociclicos inventvos como ingrediente activo En las composiciones
farmacéuticas y los métodos de la presente invencion, los ingredientes activos se
administran tipicamente mezclados con materiales portadores adecuados
adecuadamente seleccionados con respecio a la forma de administracion
pretendida, es decw, compnmidos, capsulas (ya sea llenadas con sdlhdos,
llenadas con semisdlidos o llenadas con liquido) orales, polvos para su
constitucion, geles orales, elixiras, granulos dispersables, jarabes, suspensiones y
demas, y de conformidad con el uso farmacéutico convencional Por eemplo,
para la administracidn oral en forma de comprimidos o capsulas, el componente
farmacolégico activo puede estar combinado con cuaiquier vehiculo oral inerte no
tébxico farmacéuticamente aceptable, como ser lactosa, almidén, sacarosa,
celulosa, estearato de magnesto, fosfato dicalcico, sulfato de caicio, talco, manitol,
alcohol etilico (formas liquidas) y similares Por afiadidura, cuande resulta
conveniente o necesario, también se pueden incorporar a |2 mezcia aglutinantes,

lubnicantes, agentes desintegrantes y agentes colorantes adecuados Los polos y
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comprimidos pueden estar compuestos por aproximadamente 5 a 95 por ciento de
la composicion de la presente invencién Entre los aglutinantes adecuados se
incluyen el almidon, gelatina, azucares naturales, edulcorantes de maiz, gomas
naturales y sintéticas tales como acacia, alginato de sodio, carboximetiicelulosa,
polietilenglicol y ceras Entre los lubricantes se pueden mencionar, para usar en
estas formas de dosificacidn, dcido bénco, benzoato de sodio, acetato de sodio,
cloruro de sodio y demds Entre los desintegrantes se cuentan el almidon,
metilcelulosa, goma de guar y similares

También se pueden Inclur, en caso de ser apropiado, .agentes
edulcorantes y sabonzantes ademds de conservantes Mds adelante se describen
en forma més detallada algunos de los términos citados, como ser desintegrantes,
diluyentes, lubricantes, aglutinantes y demas

Ademds, las composiciones de la presente invencibn pueden ser
formuladas en forma de lberacidn sostenida para producir la liberaci6n a
velocidad controlada de uno o mas de los componentes o ingredientes activos,
con el proposito de optimizar los efectos terapéuticos, es decir, la actividad
inhibitoria del VHC y demas Las formas de dosificacion adecuadas para la
hberacion sostentda incluyen comprimidos estratificados que contienen capas con
velocidades de desintegracion vanadas o matnces polméncas de liberacion
controlada impregnadas con componentes activos y moldeados en forma de
compnmidos O capsulas que contienen dichas matnces poliméncas porosas
impregnadas o encapsuladas

Las preparaciones en forma liquida incluyen soluciones, suspensiones y
emulsiones Como ejemplos se pueden mencionar soluciones en agua o agua —
propilenglicol para inyecciones parenterales o la adicidon de edulcorantes y

suavizantes para soluciones, suspensiones y emulsiones orales Entre las
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preparaciones en forma liquida se pueden inclurr ademas soluciones jppra la
administracion intranasal

Las preparaciones en aerosol adecuadas par ia inhalacién pueden incluir
soluciones y solidos en forma de polvo, que pueden estar en combinacién can un
vehiculo farmacéuticamente aceptable tal como un gas compnmido inerte, por
ejemplo nitrégeno

Para la preparacion de supositorios, se funde en pnmer lugar una cera con
bajo punto de fusién tal como una mezcla de glicendos de &cidos grasos tales
como la manteca de cacao y luego se dispersa el ingrediente activo de manera
homogenea en la misma por agitacion o similar técnica de mezclado A
continuacion se vierte la mezcla homogenea fundida en moldes del tamafo
conveniente, se deja enfnar y asi solidificar

Tambien se incluyen las preparaciones en forma solida destinadas a ser
convertidas, poca antes de su uso, en preparaciones en forma hquida para
administracién oral o parenteral Tales formas liquidas incluyen soluciones,
suspensiones y emulsiones

Los compuestos de la presente invencion también se pueden administrar
por via transdérmica Las composiciones transdérmicas pueden tomar la forma de
cremas, lociones, aerosoles y/o emulsiones y pueden estar incluidas en un parche
transdérmico del ipo de matnz o de depdsito, ambos convencionales en la tecnica
para este fin

De preferencia, el compuesto se administra por via oral

De preferencia, la preparacion farmacéutica se presenta en forma de
dosificacion unitana En esa forma, se subdivide la preparacidn en dosis unitanas
de tamario adecuado que contienen cantidades apropiadas de los componentes

activos, por ejemplo una cantidad efectiva para obtener el fin propuesto
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La cantidad de composicion activa de la invencién en una dosis unitaria de
la preparacion puede ser vanada o ajustada en general entre aproximadamente
1,0 miigramo y aproximadamente 1000 miligramos, preferentemente de
aproximadamente 1,0 a aproximadamente 950 miligramos, mas preferentemente
de aproximadamente 1,0 a aproximadamente 500 miligramos y tipicamente de
aproximadamente 1 a aproximadamente 250 miligramos, de acuerdo con la
aplicaciébn especifica Se puede vanar la dosis real empleada dependiendo de la
edad, sexo, paso del paciente, asl como de la gravedad de la afeccion en
tratamiento Tales técnicas son muy conocidas por los expertos en la tecnica

Generalmente, la forma de dosificacion oral para humanos que contiene los
iIngredientes activos puede ser administrada 1 6 2 veces por dia La cantidad y
frecuencia de adminustracion se regula de acuerdo con el criterio del medico a
cargo Un régimen diario de dosificacion oral generalmente recomendado puede
vanar entre aprooamadamente 1,0 miligramo y aproximadamente 1 000 mihgramos
dianos, en dosis unicas o divididas

A continuacidn se definen algunos terminos utiles

Capsula — se refiere a un envase o envoltura especial hecho de
metilcelulosa, alcoholes polivinilicos o gelatinas desnaturalizadas o almiddn para
sostener o contener composiciones, que comprende los ingredientes activos Las
capsulas de cascara dura se hacen tipicamente de mezclas de gelatinas de hueso
y piel de cerdo con gelficacion relativamente alta La capsula en st puede
contener pequeias cantidades de tinturas, agentes opacificantes, plastificantes y
conservantes

Comprimido (tableta) — se refiere a una forma de dosificacion solida
moldeada o comprimida que contiene los ingredientes activos con diluyentes

adecuados El compnmido se puede preparar mediante la compresion de mezcias
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o granulaciones obtenidas por granulacion humeda, granulacion seca o por
compactacion

Gel oral — se refiere a los ingredientes activos dispersos o solubilizados en
una matnz hidrdfila semisolida

Polvo para reconstitucion - se refiere a mezclas de polvo que contienen los
ingredientas activos y diluyentaes adecuados que pueden ser suspendidos en agua
0 jugos

Diluyente — se refiere a sustancias que habitualmente conforman la mayor
parte de la composicion o forma de dosificacidn Los diluyentes adecuados
incluyen azucares tales coma lactosa, sacarosa, manitol y sorbitol, almidones
derivados del trigo, maiz, arroz y papa y celulosas tales como la celulosa
microcnistalina La cantidad de diluyente en la composicion puede oscilar entre
aproxmadamente 10 y aproximadamente S0 % en peso de la composicion total,
preferentemente desde aproximadamente 25 a aproxxmadamente 75 %, més
preferentemente de aproximadamente 30 a aproximadamente 60 % en peso, aun
mas preferentemente de aproxmadamente 12 a aproximadamente 60 %

Desintegrante — se refiere a matenales agregados a la composicion para
contnbur a su desmenuzamiento (desintegracidn) y liberacién de los
medicamentos Los desintegrantes adecuados incluyen almidones, almidones
modificados “solubles en agua fria" tales como el carboximetiialmidén sédico,
gomas naturales y sintéticas tales como las de algarrobilla, karaya, guar,
tragacanto y agar, denvados de la celulosa tales como metiicelulosa y
carboximetilcelulosa sddica, celulosas microcnstalinas y celulosas microcnstalinas
entrecruzadas tales como la croscarmelosa, alginatos tales como el dcido alginico
y el alginato de sodio, arcillas como las bentonitas y mezclas efervescentes La

cantidad de desintegrante incluido en la composicion puede fluctuar entre
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aproximadamente 2 y aproximadamente 15 % en peso de ia composicion, mas
preferentemente de aproximadamente 4 a aproxxmadamente 10 % en peso
Aglutinante — se refiere a sustancias que agiutinan o "pegan” los polvos
entre si1 y los hacen cohesivos formando granulos, actuando asi como “adhesivo”
en |a formulacién Los agiutinantes suman a la fuerza cohesiva ya existente en el
diluyente o agente reforzador Los aglutinantes adecuados incluyen azucares
tales como la sacarosa, almidones dernivados del tngo, maiz, arroz y papa, gomas
naturales tales como acacia, gelatina y tragacanto, derivados de algas mannas
tales como el acido alginico, alginato de sodio y alginato de calcio y amonio,
mateniales celulosicos tales como metilcelulosa y carboximetilcelulosa sédica, asi
como hidroxipropiimetilcelulosa, poliviniiptrolidona y matenales inorgénicos tales
como el aluminosilicato de magnesio La cantidad de aglutinante inclurda en la
composicion puede oscilar entre aproximadamente 2 y aproximadamente 20 % en
peso de la composicién, mas preferentemente entre aproximadamente 3 y
aproximadamente 10 % en peso, aun mas preferentemente entre
aproximadamente 3 y aproximadamente 6 % en peso
Lubncante — designa una sustancia agregada a la forma de dosificacion
para permitir que el compnmido, los granulos, etc, sean liberados del molde o
matnz, una vez compnmidos, reduciendo la fnccion o el desgaste Entre los
lubncantes adecuados se cuentan los estearatas metalicos tales como el
estearato de magnesio, estearato de calcio o estearato de potasio, el dcido
estearico, ceras con alto punto de fusidn y lubricantes hidrosolubles tales como el
cloruro de sodio, benzoato de sodio, acetato de sodio, oleato de sodio, glicoles de
polietileno y d'lHeucina Los lubncantes se anaden por lo general en el ultimo paso
antes de la compresion, puesto que deben estar presentes en ia superficie de los
granulos y entre éstas y las partes de la prensa para compnmidos La cantidad de

lubricante incluido en la composicion puade fluctuar entre aproxmadamente 0,2 y
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aproximadamente 5 % en peso de ila composicidn, preferentemente entre
aproximadamente 0,5 y aproximadamente 2 %, mas preferentemente entre
aproximadamente 0,3 y aproxxmadamente 1,5 % en peso

Deslizante — matenal que previene la aglomeracion y mejora las
caracteristicas de flujo de las granulaciones, de manera que el flujo sea suave y
uniforme Entre los deslizantes adecuados se incluyen el dioxido de silicio y el
talco La cantidad de deslizante incluido en la composicién puede fluctuar entre
aproximadamente 0,1 % y aproximadamente 5 % en peso de la composicion total,
preferentemente entre aproximadamente 0,5 y aproximadamente 2 %, en peso

Agentes colorantes — excipientes que confieren coloracién a la composicion
0 a la forma de dosificacion Tales excipientes pueden inclurr tinturas de grado
alimentario y tinturas de grado alimentano adsorbidas en un adsorbente adecuado
tal como la arcilla o el 6xido de aluminio La cantidad de agente colorante puede
vanar entre aproximadamente 0,1 y aproximadamente 5% en peso de la
composicion, preferentemente entre aproximadamente 0,1 y aproximadamente 1
%

Biodisponibilidad — se refiere a la velocidad y al grado en que el ingrediente
farmacologico activo o porcidn terapéutica es absorbido en la circulacion
sistémica desde una forma de dosificacién administrada en comparacién con un
standard o control

Los métodos convencionales de preparacién de comprnimidos son
conocidos Tales métodos incluyen métodos en seco como la compresion directa
y la compresién de granulacién producida por compactacidn, o bien metodos
humedos u otros procedimientos especiales También son conocidos los métodos
convencionales para preparar otras formas de administracion tales como, por

ejemplo, capsulas, supositorios y demas
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Otra realizacibn de la presente invencidn describe el uso de las
composiciones famaceuticas antes descriptas para el tratamento de
enfermedades tales como la hepatitis C y similares El metodo comprende
administrar a un paciente que padece dicha enfermedad, o enfermedades, y
necesita dicho tratamiento, una cantidad terapéuticamente efectiva de la
compaosicién farmaceutica de la presente invencion

Como se Iindicara anteriormente, la mvencion incluye los tautdmeros,
enantiomeros y tambien otros estereoisémeros de los compuestos Por
consiguiente, como sabra apreciar la persona capacitada en la tecnica, algunos
de los compuestos de la presente invencién pueden existir en forma tautomerica
Tales vanaciones estan contempiadas dentro del alcance de la presente
nvencion

Otra realizacion de la presente invencion describe un método para preparar
los compuestos macrociclicos descriptos en la presente Los compuestos se
pueden prepara mediante vanas tecnicas conocidas en la técnica Se esbozan los
procedimientos ilustrativos representativos en los siguientes esquemas de
reaccion Se debe tener en cuenta que, sI bien los siguientes esquemas
lustrativos describen la preparacion de los macrociclos predomiantemente
derivados de meta-tirasina o isina en la posicion P2, la sustitucion adecuada de
cualquiera de los aminodcidos tanto naturales como no naturales dard como
resultado la formacion de los macrociclos deseados basados en dicha sushtucidn

Las siguientes son abreviaturas utiizadas en las descnpciones de los
esquemas, preparaciones y los ejemplos siguientes

THF, tetrahidrofurano

DMF N,N-dmetiformamida

EtOAc acetato de etilo

AcOH acido acetico
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HOOBt 3-hidroxi-1,2,3-benzotriazin-4(3H)-ona

EDCI 1{3-dimetilaminopropil)-3-etilcarbodimida clorhudrato

MMM N-metiimorfolina

ADDP 1,1'-(azodicarbonil)dipiperidina

DEAD dietilazodicarboxilato

MeOH Metanol

EtOH Etanol

Et20 éter dietilico

Bn bencilo

Boc terc-butiloxicarbonilo

Cbz Benciloxicarbonilo

Cp ciclopentildienilo

Ts p-toluensulfonilo

Me Metilo

HATU = hexafluorofosfato de O<(7-azabenzotnazol-1-il)-N,N,N',N'-
tetrametilamonio

Chg ciclohexilglicina

Tyr tirosina

G glcerol

TG tioglicerol

alloc ahloxicarbonilo

FMOC, 9-fluorenil metiloxicarbonilo

Dde N-1-(4,4-dimetil-2,6-dioxociclohex-1-iideno)etilo

tBu terc-butiio

equiv equivalente

int rel ntensidad relativa

ac acuoso
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ta temperatura ambiente

sat saturado

Hex hexano(s)

ANB acido nitrobenzoico

PyBrOP hexafluorofosfato de tris(pirrolidino)bromfosfonio
DMSO dimetiisuifoxido

ATF acido trifluoroacético

HOBt hidroxibenzotriazol

Base de Hunigs dusopropiletilamina

BOP hexafluorofosfato de benzotnazol-1-lloxitns(dimetiiamino)fosfonio
LDA dusopropilamida de litio

PhsP trifeniifosfina

LAH hidruro de litio y alumsnio

DMAP 4-dimetilaminopindina

DCC dicicloohexilcarbodimida

MCPBA &cido meta-cloroperbenzoico

BINAP 2 2'-bis(difeniifasfino)-1,1’-binaftol

MeCN acetonitrilo

Pr propilo

Ac acaetilo

Ph fenilo

Esquemas Generales para la Sintesis de los compuestos de |a invencién

En los siguientes Esquemas, n representa un numerode 1 a6
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Esquema 1

H

La sintesis de los compuestos del tipo 1e, en los cuales R1, R4 R}, R son
como se las definiera anteriormente, donde R* es amida, carbamato o hidrogeno,
R es alquilo, arlo o anlailquilo, comenzo con el acoplamiento de ia con el
dipéptido 1b mediante el uso de NMM, HOBt y EDCI para obtener el intermediario
1c Se tratd al intermediano 1c con Cs2CO3 en DMF seguido por fotolisis para
obtener el compuesto 1d Se hidrofizo el ester macrociclico 1d y se lo acopié a un

intermediario aminico adecuado para generar los compuestos del tipo 1e
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Esquema 2

R H

r

HCI-HzN\J\N R ([ ',;]\/ﬁ\
&3 H 0 o & ”

2 2b

HQ Ko

l: R | D—r
(N
"H\j\ﬂ R ”"H\i
Q ﬁ3 H O (s} ‘ﬁl u o
2d

En el Esquema 2 se resume la preparacidn del compuesto de la férmula
2e, en la cual R', R% R?y n son como se los definiera antenormente, R' es alquilo,
hetercalquile (OR®*, SR™, NR"R™ donde R"” y R™ son grupos aiquilo), ei
sustituyente halo en la posicion orto, meta o para con respecto al atomo de
oxigeno, R reprasenta grupos alquilo, arilo o alquilanlo y n es de cero a cinco Se
acopla el dipeptido meta-tirosina 2a a un acido alquenilcarboxilico en presencia de
HOOBt, EDCI HCl y NMM La hidroboracion del producto resultante produce el
compuesto 2¢c. Se obtiene la macrociclacion en condiciones de Mitsuncbu
utihzando trifeniifosfina y ADDP (La reaccion de Mitsunobu ha sido resefiada por
D L Hughes, Org Reactions, 42 (1992) 335, John Wiley & Sons, Nueva York, L
Paquette, edit) Una vez hidrolizado el ester a un acido con hidréxido de litio, se
lo acopla a un intermediario aminico para dar 2e



Esquema 3

H

PG’N\/COOH

'h:l
3a

‘F

En el Esquema 3 se resume la preparacidn del compuesto de la formula
2e, en la cual R, R, R2 R} R y n son como se los definiera en el Esquema 1 y
PG es Cbz, Boc o alloc. Se acoplé al compuesto 3a con un denvado de histidina
sustiturdo utihzando DCC Este compuesto 3b fue desprotegido y tratado tambien
con o-bromo acidos para obtener un compuesto del tipo 3¢ Se logré la ciclacién
de 3¢ con Nal y Na;CO3 en metilvinil cetona en ebullicion para dar 3d Se convirtié
el compuesto 3d a compuestos del tipo 3e por medio de la hidrolisis del éster

seguida por acoplamiento con el intermediario aminico apropiado
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Esquema 4

v

Se dio comienzo a la preparacion de los compuestos del tipo 4f en los que
R, R, RZ R3 R, n y PG son como se los definiera en el Esquema 1 a partir del
compuesto del tipo 4a Se convirio al alcohol de 4a a 4b mediante tratamiento con
fosfeno Se convirtio a 4b a 4c mediante acoplamiento con 1b protegido con alloc
y EtsN EIl grupo alloc de 4c fue desprotegido utiizando Pd(PPhs)4 para abtener
4d, que sufnd la ciclacidon en condiciones da Mitsunobu para dar 4e Se hidrolizé

el ester 4e y luego se lo acoplo con una amina uhlizando EDCI, HOQOBt para

obtener los compuestos del tipo 4f
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Esquema 5

H
COOR
§b
2
R A PG
OPG?
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N
¢ OOR P~ OOR
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- 5d
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Se dio comienzo a la preparacién de los compuestos del tipo 5h en los que

R!, R% R?, R', PG y n son como se los definiera en los Esquemas 1-3 y donde

PG' es CBz o Boc y PG? es alloc, a partir del compuesto del tipo 5a Se convirtio

al acido 5a al ester llevandolo a reflujo con ROH y TsOH Se convirtié al oxigeno

fenélico de Sb al grupo alloc mediante tratamiento con alloc-cloruro y tnetilamina

para dar 5¢c Se convirtid ai alcohol secundano de 5¢ a los compuestos del tipo 5d
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mediante acoplamiento con ciclohexiiglicina protegida utilizando Dcc y HOBt Se
desprotegid al grupo alloc del compuesto 5d usando Pd(PhsP)sy dmedocna Se
desprotegid a Se y se lo trato con EDCI, HOOBt y un complejo de rutenio
debidamente activado para obtener los compuestos de la formula S5f Los
compuestos del tipo 5f fueron convertidos a compuestos ciclicos de la formula Sg
mediante el uso de Cs,CO3 y postenor remocion fotolitica del rutenio Se hidrohzd
al grupo éster de 5g y se lo acoplo a un intermediano aminico para obtener los

compuestos del tipo 5h

Esquema 6
== R R
N\ / -\ /
—
HaN H R
HCIH N
6a sp ©

\
0 —_— l\/ —_— .
PG-HN' N R rh
R
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En el Esquema 6 se reseiia la preparacion del compuesto de la férmula 6f
en la cual R', R2 R? son como se los definiera antenormente, R’ es alquilo,
heteroalquilo (OR”, SR”, NR'R” donde R" y R™ son grupos alquilo), el
sustituyente halo en la posicion orto, meta o para, R representa grupos alquilo,
anio o alquilarilo, PG es Cbz o Boc y n es de cero a cinco Se convierte la meta-
yodofenilglicina 6a a su ester en las condiciones habituales de esterificacion
(ROH, HCI) Luego se acopla al producto a un aminoacido N-protegido en
presencia de HOOBt, EDCI-HCI| y NMM Después de la desproteccion, se vuelve
a acoplar la amina producida a un acido alquenilcarboxilico terminal para dar el
producto 6d La reaccion de Heck intramolecular con un catalizador de paladio
produce el compuesto macrociclico buscado 6e (La reaccion de Heck ha sido
resefiada en detalle por R F Heck, Org, React, 27 (1989) 345-390) Una vez
hidrolizado el ester a un acido con hidroxido de lhitio, se lo acopla a un
intermediario aminico para producir 6f

Esquema 7
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En el Esquema 7 se resena la preparacién del compuesto de la formula 7b
en la cual R', R2, R® son como se los definiera antenormente, R* es alquilo,
heteroalquilo (OR", SR™, NR"R™ donde R" y R"™ son grupos alquilo), el
sustituyente halo en la posicion orto, meta o para, R representa grupos alquilo,
arilo o alquilarilo y n es de cero a ainco La hidrogenacion del doble enlace de 68
dio el macrociclo 7a La hidrolisis del éster a dcido y el postenor acoplamiento con

un intermediarnio aminico produjo 7b

Esquema 8
— '//R
HO—\ H :
o PG-HN n
PG-HN R T n —_—
RI ” 0o PG-HN
8a 8b 8c

— _R
) /]
n
HYH\’?L R
o R N 0
Be 8

En el Esquema 8 se resena |a preparacion del compuesto de la fdrmula 8f
en la cual R, R? R? son como se los definiera antenormente, R’ es alquilo,

heteroalquilo (OR", SR™, NR"R™ donde R" y R™ son grupos alqulo), el
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sustituyente halo en la posicion orto, meta o para con raspecto al atomo de
oxigeno, R representa grupos alquilo, anlo o alquilariio PG es Boc y n es de cero
a cinco Se acopla el meta-tirosina-dipéptido 8a a un aicohol aminico N-protegido
terminal 8b en condiciones de Mitsunobu (trifenilfosfina y ADDP) Se eliminan los
grupos protectores para dar el clorhidrato de diamina 8d Se obtiene la
macrociclacidn formando el hgamiento de urea por medio del uso de fosgeno o
carbonildiimidazol Luego se hidroliza el éster resultante a un dcido con hidréxido
de lIitio y seguidamente se lo acopla a un intermediano aminico para dar el
producto deseado 8f

Esquema 9

H
pg-N QOR

OR

Se dio inicio a la sintesis de los compuestas del tipo 9d en los cuales los
sustituyentes R', R2, R® R' R u PG son como se los definiera en el Esquema 1,
mediante la desproteccidn de 9a con HCI en dioxano y acoplamiento con o-
hidroxiacido utiizando EDCI, HOOBt para dar ios compuestos del tipo 9b Los
compuestos del tipo 9b fueron adicionalmente ciclados utiizando PhaP, ADDP
para generar los compuestos del tipo 9¢ Se desprotegio al compuesto ciclico 9c y
se lo acoplo con un intermediano aminico apropiado para generar el compuesto
del tipo 9d

Esquema 10
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La sintesis de los compuestos del tipo 101 en los cuales R%, R', R', R® se
definen en el Esquema 1 PG' y PG? se definen como grupos protectors, a saber
Fmoc y Dde P se define como soporte polimenco en el cual se inmoviliza el
compuesto y n 8s un numero de 1-6 La metodologia empleada para la sintesis de
las moléculas del tipo 101 es una sintesis de peptidos en fase sdlida normal con
un grupo protector Fmoc En pnmer lugar se desprotege una resina Sasann
protegida con Fmoc 10a mediante tratamiento de piperidina seguido por
acoplamiento con el aminoacido protegido con Fmoc utiizando HATU para
obtener el compuesto del tipo 10b Se retira el grupo protecto'r de 10b y se acopla
a este con aminoécido para usar HATU a in de obtener 10c Se desprotegio a 10c
inmovilizado en un soporte polimerico mediante tratamiento con pipendina y se lo
acopla con un hidroxiécido para obtener 1a hidroxiamida del tipo 10d Se escindié
el grupo protector de 10d y se acoplé a este con un derivado de lisina utilizando
HATU para obtener los compuestos del tipo 10e Una vez mas de desprotegid al
grupo protector de 10e y se lo acoplé con un aminoacido protegido con Fmoc para
obtener el compuesto del tipo 10f Se eliminaron los grupos protectores PG' y PG?
y se los ciclo utiizando un didcido y HATU para obtener el macrociclo 10g Se
oxido al compuesto 10g utiizando reactivo de Dess-Martin y por ultimo se lo

separ6 de la resina utlizando ATF para obtener el compuesto 101
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Esquema 11
PGHN
R &
PGHN’LCOOH - PGHN\iN R >
11a g3 H o
11b
1
PGHNYY) PG HPG?
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: B
=q H o \l'!: R N - H HYR'
¢ o R 0 R?
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Se dio comienzo a la sintesis de los compuestos del tipo 116 en los cuales
R', R?, R, R*y n fueran definidos en el Esquema 1 y PG? es CBz, PG' es Bn y
PG es Boc, a partir del acido protegido 11a Se conwvirtio a 11a a los compuestos
del tipo 11b medianta acoplamiento con un denvado de lisina utilizando
metodologia con EDCI, HOOBt El grupo ester de 11b fue hidrolizado empleando
L1OH Ha0 seguido por acoplamiento con un intermediano aminico apropiado para
obtener el compuesto 11c Este fue tratado ademas con HC| en dioxano y
acoplado con el intermediario lisina utilizando EDCI, HOOBt para formar los
compuestos del tipo 11d Los compuestos del tipo 11d fueron desprotegidos y

ciclados empleando EDCI, HOOBt para formar los compuestos del tipo 11e
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Preparacién de los intermedianos.
Intermediano A

Paso 1

H
ON" "N —_— OZN‘&WH

| o

il
A una solucion agitada de 1-nitrobutano (16,5 g, 0,16 mol) y dcido glicolico
en H20 (28,1 g, 0,305 mol) y MeOH (122 ml) a 0°C-5°C, se agregd por goteo
tnetilamina (93 mi, 0,667 mol) en el curso de 2 horas La solucidn fue calentada a
temperatura ambiente, agitada durante la noche y concentrada a sequedad para
dar un aceite Luego se disolvio el aceite en H20 y se lo acidificd a pH = 1 con HCI
al 10 %, seguido por extraccion con EtOAc La solucidén organica combinada fue
Iavad::-i con salina, secada sobra Naz;SQy, filtrada y concentrada a sequedad para

dar el producto 1 {28,1 g, 99 % de rendimiento)

Paso 2

O2N H HaN H
0 O

i i
A una solucién agitada del matenal de partida n (240 g, 1,35 mol) en acido

acetico 1 (1,25 1) se agrego PD/C al 10 % (37 g) La solucion resultante fue
hidrogenada a 59 ps) (406 kPa) por espacio de 3 h y luego a 60 psi (413,6 kPa)
durante la noche A continuactdn se evaporo el acido acetico y se la azeotropizo 3

veces con tolueno, luego se fa tnturd con MeOH o éter Seguidamente, 1a solucién



55

e 1

fue filtrada y azeotropizada dos veces con tolueno para dar it en forma de salido

blanquecino (131 g, 0,891 mol, 66 %)

Paso 3
H H
HaN H BocHN H
——————
o) 0
[]] v

A una solucién agitada del aminoacido i (2,0 g, 0,136 mmol) en dioxano
(10 ml) y H20 (5 ml) a 0*C, se agrego una solucion de NaOH 1N (4,3 ml, 14,0
mmol) La solucion resultante fue agitada por espacio de 10 minutos, tras lo cual
se agregd di-t-butildicarbonato (0,110 g, 14,0 mmol) y se la agito a 0°C por un
lapso de 15 minutos A continuacion, la solucién fue calentada a temperatura
ambiente, agitada durante 45 minutos y mantenida en el refngerador durante la
noche y concentrada a sequedad para dar un matenal crude A la solucidn de este
matenal crudo en EtOAc (100 ml) y hielo, se agregé KHSO4 (3,36 g) y H20 (32
mi) y se la agito durante 46 minutos Luego se separd la capa organica y se
extrajo fa capa acuosa dos vecas con EtOAc y la capa organica combinada fue
lavada con agua, salina, secada sobre Na;SQ, filtrada y concentrada a
sequedad para dar el producto iv en forma de goma traslucida (3,0 g, 89 % de
rendimiento)

Paso 4

H H o]
BocHN H BocHN “\/u\o’\
— Ph
o
CH,
iv

| CHy
!
|
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A una solucion agitada de v (3,00 g, 12,0 mmol) en DMF (15 ml) y CHxClz

(15 ml) a =20°C se agrego HOOBt (1,97 g, 12,0 mmol), N-metilmorfolina (4,0 mi,

36 mmol) y EDCI (2,79 g, 14,5 mmol) y se la agité por espacio de 10 minutos, tras

lo cual se agregé HCI HzN-Gly-OBn (2,56 g, 13,0 mmol) La solucién resultante

fue agitada durante 2 horas, luego guardada en el refrigerador durante la noche y

concentrada a sequedad, para luego diluirla con EtOAc (150 ml) Seguidamente

se lavé la solucidn de EtOAc dos veces con NaHCQs saturado, H20, HsPO4 al 5

%. salina, se la secd sobre NazS04, se la filtro y concentro a sequedad para dar el
producto v (4,5 g, 94 %) LRMS m/z MH" = 395,1

Paso 5

H
H
H\iﬁ/\ BocHN H\L
BocHN N Ph H
o] O
CHj,
v

CHs

vi

La solucion del matenal de partida v (7,00 g, 17,8 mmol) en etanoi absoluto
(300 mi) fue agitada a temperatura ambiente bajo atmosfera de hidrogeno en
presencia de Pd-C (300 mg, 10 %) Se monitoreé el proceso de la reaccion
mediante tic Al cabo de 2 h, la mezcla fue filtrada a través de una plancha de
celite y la solucion resultante fue concentrada al vacio para dar el producto vi
(5,40 g, cuantitaivo) LRMS m/z MH* = 305,1

Paso 6

H

h —— i

BocHN BocHN “CHj
o]

Vil vili
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A una solucién de clorhudrato de dimetilamina (1,61 g, 18,7 mmol), N-Boc-
fenilghcina (4,50 g, 17,9 mmol), HOOBt (3,07 g, 18,8 mmol) y EDCI (4,12 g, 21,5
mmol) en DMF anhidra (200 ml) y cw (150 ml} a —20°C se agregé NMM (5,90 mi,
53,7 mmol) Despues de ser agitada a esta temperatura por espacio de 30
minutos, la mezcla de reaccin fue guardada en un freezer durante la noche (18
h) Luego se la dejé entibiar a temperatura ambiente, y se agrego EtOAc (450 mi),
salina (100 ml) y HaPO4 al 5 % (100 ml) Una vez separadas las capas, la solucion
orgénica fue favada con HiPQO4 al 5 % (100 ml), una solucién acuosa saturada de
bicarbonato de sodio (2 x 150 ml), agua (150 ml) y salina (150 ml), secada
(MgSOQ.y,), filtrada y concentrada al vacio para dar el producto crudo vin (4,86 g) en
forma de sélido blanco, que fue utihzado sin mas purficacién

Paso 7

BocHN “CH, HCIH N “CH,
(o] 0

vill Ix

Se disolvié la N-Boc-fenilghicina dimetilamida vin (4,70 g, cruda) en HCl1 4 N
(60 ml, 240 mmol) y la solucion resultante fue agitada a temperatura ambiente Se
monitoreo el progreso de la reaccion por TLC Al cabo de 4 h, la solucion fue
concentrada al vacio para dar ix en forma de solido blanco que fue utilizado en la
siguiente reaccién sin mas purificacion LRMS m/z MH* = 179,0

Paso 8
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H
BocHN H\io
H + Hs
o ’
HCIH N “CH,
CH;
vi

0387

o

Ix
H H
————>  BocHN H\j\ z 3
N “CHy
Y o
CH

Se prepard el compuesto buscado x de acuerdo con los procadimientos de
acoplamiento descriptos en el Paso 4 LRMS m/z MH" = 465,1

Paso 9

H EHS
BocHN n\jm “CHs —_—
o} H o

CH3

X
Hj
A
HCIHZN N N CHs
o} H o
CHs
A
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Se preparo el intermediario propuesto A, a partir del tripeptido x de acusrdo
con los procedimientos descriptos en el Paso 7 LRMS m/z MH"* = 365,1
Intermediano B

Paso 1

. P
SR SRR

Se obtuvo el producto buscado xu mediante el procedimiento descripto para
el intermediario A, paso 8 utiizando x1 adquindo en el comercio como adjunto de
acoplamiento El matenal crudo era suficientemente puro para continuar los
estudios Una porcién del producto fue purficada por cromatografia instantanea
utilzando diclorometano/MeOH 97/3 HRMS (FAB) Calc. para CazsHaoNaO7
494 2866 (M+H)" Encontrado 494,2863

Paso 2
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Se obtuvo el producto buscado B mediante el procedimiento descripto para
el Intermediarto A, Paso 7 Se utihizd el matenal crudo sin més punficacién
Intermediario C

Paso 1

BocHN H BocHN I':LCHa
O 8]
vil xiil
Se prepard el compuesto deseado xii de acuerdo con los procedimientos
de acoplamiento descniptos en el Paso 6 para el Intermediario A.

Paso 2

T
Y
X

zZ

BocHN “CH, HCIHAN “CH,

xui xlv
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Se preparo el compuesto deseado xiv de acuerdo con los procedimientos
descnptos en el Paso 7 para el intermediario A

Paso 3

H H o
BocHN
. N\/U\OH
H
HCIHN" N ~CH,
CH,3
xlv vi
H E
BocHN H\j\ﬁ kLCH
> 3
0 ¢
CH

b 474
Se preparé el compuesto deseado xv de acuerdo con los procedimientos
de acoplamiento descriptos en el Paso 6 para el intermedianio A LRMS nmvz MH*
= 451,1

Paso 4

H
H
S S5 & ¢ -

O 0
CH,
xvi
H
HCIH N u\j‘N H‘CH )
0 H o

CH,
c
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Se preparo el compuesto ntermedio C de acuerdo con los procedimientos
descnptos en el Paso 7 para el Intermediario A LRMS m/z MH" = 351,1 Selo
utilizo sin mas purificacion

Intarmediario D

: n\io . \i
BocHN
—~pp ——> HCIH2N H o ph
O (o]

CHs CHjy
v D
Se preparo el intermediario D deseado a partir del compuesto v de acuerdo
con los procedimentos descriptos en el paso 7 para el intermediario A Se lo
utihzd sin mas punficacidn

intermediano E

Paso 1
H
BocHN H
+ HClH ww
Y o]
CH,
iv xvlii

BocHN. § n\j\?’\

0
CH,

xvul

Se obtuvo el producto buscado xvii mediante el procedimiento descripto

para el intermediano A, Paso 8, ublizando xvii adquindo en el comercio como
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adjunto de acoplamiento E! matenal crudo era suficientemente puro para
continuar los estudios

Paso 2

H
H
BocHN 'ﬁ'\,ﬁ\o)k HCIeH N H\i}l\
0
—_—— o
CH, &y

xvhi E

Se obtuvo el producto deseado E medianta al procedimiento descripto para
el intermediario A, Paso 7 El matenal crudo fue utilizado sin mas punficacion

Intermediano F

Paso 1
H o]
Y\ggj\g o HCleH,N Ph
vi xix ©
H o
- R N ?‘;\,Ph
Y YY N Y

Se obtuvo el producto deseado xx mediante el procedimiento descripto

para el intermediario A, Paso 4, utiizando xix adquindo en el comercio como
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adjuntc de acoplamiento El matenal crudo era suficcentemente puro para

continuar los estudios

Paso 2

v M H\i %
S92 0a0 agli
HCisH3N " H\j\ -Ph
o) H o)
F

Se obtuvo el producto deseado F mediante el procedimiento descripto para
el intermediario D

Intermedianio G

Paso 1
H
BocHN H H H4N n\j\o,\/
oc ————>  HC 0
0
CH.
CHy 3
G

v

Se obtuvo el producto deseado G mediante el procedimiento descnipto para
el intermediario A, Paso 4, utiizando aliiglicina como adjunto de acoplamiento El
matenal crudo era suficientementa puro El producto crudo fue tratado con HCI
4N/dioxano y agitado a ta por espacio de 50 min La mezcla de reaccidn fue
concentrada a sequedad para dar el intermediano G que fue utilizado sin mas

purficacion
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EJEMPLOS

Ejemplo 1 Preparacién del Compuesto de la Férmula 1

O N O
1
\ _ - |
PFg PFg
. . Q4
Ru(CH3CN)3 P
OOH
1a 1b 1c

COOH

Una solucidn de &cido 4-cloropropidnico (2,0 g, 10,8 mmol) de ta en
dicloroetano (200 mi) fue tratada con CpRu{CHJCN)a PFg (4,7 g, 10,8 mmol, 10
equiv ) y calentada a reflujo durante 2 h La mezcla de reaccion fue enfnada a ta,
cuando precipitaron del producto 1c crnistales incoloros del mismo Los cnistales
fueron filtrados y lavados con una mezcla 1 1 de Et;0/CH2Cl; y secados al vacio
Los cnstales incoloros (3,3 g) eran analiticamente puros RMN 'H (CD3C{O)CDs,
400 MHz, ppm, §, J) 6,77 (d, 2 H, J = 7,0 Hz), 6,53 (d, 2H, J = 7 Hz), 5,64 (s, 4H),
287 (t, 2H, J = 7,0 Hz), 274 (t, 2H, J = 7,0 Hz) EM (Electroatomizacion,
intensidad relatva m/z) 350,9 (CisHiCIRU*, M®, 100), CHN calc para
C14H14CIFe0,PRu C =33,92 %, H =2,85 %, Cl =8,15 %, P =6,25 % Encontrado C
=34,04 %, H =3,04 %, Cl =7,09 %, P =5,71 %

Paso B
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J

,\ﬁ/n H 0
: _—
° + - + )<O], H\E)Lu \CHa
CiHaN Hy :
0 O
1d 1e 1f

UNa solucion de Boc-ciclohaxilglicina monohidrato 1d (6,17 g, 24,00 mmol)
en CH:CI; seco (50,0 ml) fue tratada con 4-metiimorfolina (2,64 g, 26,0 mmol, 1,1
equiv ) y enfnada a ~10°C A esta mezcla se agregd cloroformiato de isobutilo
(362 g, 3,5 ml, 1,1 equiv) y la suspension blanca fue agitada hasta que la
temperatura del bafio llego a -5°C Se disolvid |la sal de clorhidrato del ester
metlico de meta-tirosina (6,5 g, 26,5 mmol, 1,1 equiv ) en DMF (30 ml) en un vaso
separado y se la trato con 4-metiimorfolina (2,64 g, 26,0 mmol), 1,1 equiv )}y se la
agité a ta por espacio de 15 min Esta mezcla fue agregada a la reaccion que
estuvo acompafada por la evolucion de CO2> La mezcla de reaccion fue agitada a
ta durante 1 h y diluda con HCl ac 1M (100 ml) La capa acuosa fue extraida con
acetato de etilo (3x200 ml) y la capa organica combinada fue extraida con HCI 1M
(1 x 100 ml), NaOH ac (1 x 100 mi), salina (1 x 100 mil), secada (NazSOu),
concentrada al vacio y punficada por cromatografia (8102, EtOAc/Hexanos 3/7)
para dar 5,3 g (53 %) del compuesto acoplado 1f en forma de espuma incolora

Paso C

¥

BocHN

_ClHyN

oF

HO HO
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Una solucion de 1f (10 g, 23,04 mmol) fue disuelta en HCI (solucion 4M en
dioxano, 100 ml) y agitada a ta por espacio de 2-4 h La mezcla de reaccion fue
concentrada al vacio y el sélido resuspendido en eter Este fue filtrado y el solido
lavado con éter, al que se secd para dar un sélido incoloro, 1 g (8,2 g, 96 %)
RMN 'H (CD3C(O)CD3, 400 MHz, 5, ppm) 7,09 (t, 1H, J = 8,0 Hz), 6,71-6,36 (m,
3H), 4,69 (dd, 1H, J = 6,0 Hz, 3,2 Hz), 3,69 (s, 3H), 3,66 (d, 1H, J = 5,2 Hz), 3,15-
3,10 (dd, 1H, J = 5,6 Hz, 4,0 Hz), 1,87 — 1,69 (m, 6H), 3,66 (d, 1H, J = 5,2 Hz),
3,15-3,10(dd, 1H, J = 5,6 Hz, 4,0 Hz), 1,87 — 1,69 (m, 6H), 1,32 ~ 1,10 (m, 5H)

PasoD
H
e- t@\/\(o CH :-.N\J\ CHs -
PFg E

GiO\/ﬁ(N T Q‘cu,

Una solucibn de 4cido ciclopentadien-n®4-clorofenipropidnico-

hexansafluorofosfato de rutenio 1¢ (2,0 g, 4,0 mmol) en DMF (20 ml) fue tratada
con HOBt (810 mg, 6,0 mmol), 1,5 equiv) y base de Hanig (2,6 g, 16,0 mmol, 4,0
equiv } La mezcla de reaccidn fue enfnada a 0°C y tratada con EDCleHCI (888
mg, 5,0 mmol, 1,25 equiv) La mezcla de reaccidn fue agitada a 0°C por espacio

de 30 min y se agrego sal de amina 1 g (1,48 g, 4,0 mmol) a la mezcla y se la
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agité a ta durante 121 h La mezcla de reaccidn fue concentrada al vacio y el
residuo diluido con Hz0 (200 ml) y extraido con CH:Cl2 (3 x 100 ml) Las capas
organicas combinadas fueron extraidas con HCl ac (1 x 100 ml), NaHCOs (1 x
100 ml), salina (1 x 100 ml) y secadas (Na;SO.), filtradas, concentradas al vacio y
el sélido marron 1h fue utilizado para la ciclacién sin mas punficacion

Paso E
H

Gﬁ A H
_ ~» N\.iN “CHs "
PFg z H
o] O O

1h 1

Una solucibn de acdo ciclopentadien-n®<4-clorofenilpropionico-
ciclohexilglicina-meta-tirosina-OCH3 1h (1,47 g cruda) en DMF seca (150 mi) fue
tratada con Cs;COj (2,40 g, 7,37 mmol, 5,0 equiv ) y desgasificada mediante el
burbujeo de N2 seco en la mezcla de reaccion La mezcla de reaccion fue agitada
a ta por espacio de 16 h y el exceso de DMF fue separado por destilacidn Se
disolvio el residuo en H2Q (200 ml) y se lo extrajo con CH2Clz (3 x 100 ml) La
capa orgénica combinada fue extraida con salina (100 ml), secada (Na2S04),
filtrada, concentrada al vacio y el residuo utilizado para la separactén fotolitica del
rutenio sin mas purificacion

Se disolvid el complejo de rutenio crudo en acetonitriloacetonitrilo (35 mi),
se lo desgasifico y fotohzd en un Raynot (A=350 nM) por espacio de 48 h La
mezcla de reaccién fue concentrada al vacio y el residuo purificado por
cromatografia (Si02, EtOAc/Hexanos 7 3) para dar 360 mg (52 %) de un sélido
incoloro 11

Pasa F
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1
1]
Una solucion de éter bifenilico 11 (300 mg, 0,65 mmol) en CH3;OH (10 mi),

CHzClz (20 ml) y H20 (5 ml) fue tratada con LIOHeH20 (90 mg, 2,2 mmol, 3,4
equiv ) y agitada a temperatura ambiente durante 2 h La mezcla de reaccion fue
acidificada con HCl ac (6 M) y extraida en CH;Cl> (3 x 30 ml) Las capas
organicas combinadas fueron secadas (Na>SQ,), filtradas y concentradas al vacio
para dar el 4cido incolora 1) (20 0 mg, 66 &)

Paso G

Una solucién del acido 1j (100 mg, 0,22 mmol) en DMF seco (2,5 mi) fue
tratada con HOOBt (45 mg, 0,33 mmol) y base de Hanig (141 mg, 1,1 mmol, 5,0
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equiv ) La mezcla de reaccion fue enfriada a 0°C y tratada con EDCI (63 mg, 0,33
mmol, 1,5 equiv ) y agitada durante 20 min La mezcla de reaccién fue tratada con
la amina B (118 mg, 0,27 mmol, 1,22 equiv ) y agitada por espacio de 12 h a ta
La mezcla de reaccion fue concentrada al vacio y diluida con Hz0 (30 mi) Se
extrajo la capa acuosa con CH2Clz (3 x 50 ml) y EtOAc (3 x 50 ml) Se extrajeron
las capas organicas combinadas con HC! ac (2M) NaOH ac (2M), se las secd

(NazS0y), filtrd, concentro al vacio para obtener un sélido incoloro 1k (79 mg) que

fue utthzado para la oxidacion EM (Electroatomizacion, int rel m/z) 826 [(M+1)°,
100], 494 (20), 94 (40)
Paso H

‘I’

Una solucion de la hidroxiamida 1k (130 mg, 0,16 mmol) en DMF (2,0 ml)
fue fratada con reactivo de Dess-Martin (130 mg, 0,32 mmol, 2,0 equiv) La
mezcla de reaccion fue agitada a ta por espacio de 2 h y la mezcla fue

concentrada al vacio El residuo fue purnficado por cromatografia (8102,
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CH30H/CH,C)2 1 49) para dar el producto oxidado 1 (55 mg, 42 %) en forma de
solido incoloro EM (Electroatomizacion, int rel m/z) 858 [(M+CH3OH+1)*, 100},
824 [(M+1)", 63)

Ejemplo 2 Preparaciéon del Compuesto de la Formula 2

Paso A

Una solucidn del éster terc-butilico 1 (50,0 mg, 60,0 umol) fue tratada con
ATF/CHCl, (11,4 ml) y agtada a temperatura ambiente durante 2 h La
despancion del ester hasta la linea de base fue seguida por TLC (CHsOH/CH.Cl>
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124) Una vez completada la desproteccion, la mezcla de reaccion fue
concentrada al vacio y el residuo tratado reiteradamente con heptanos (4,0 mi) y
concentrado para dar un solido blanco 2 (49 mg, 100 %) EM (Electroatomizacion,

int rel m/z) 768 [(M+1)*, 100)

Ejemplo 3 Preparacion del Compuesto de la Formula 3

ZX
ZI

Paso A

B

Una solucién del acido 1) (100 mg, 0,22 mmol) en DMF seco (2,5 ml) fue
tratada con HOOBt (45 mg, 0,33 mmol) y base de Hanig (141 mg, 1,1 mmoi, 5,0
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equiv ) La mezcla de reaccién fue enfnada a 0°C y tratada con EDCI (63 mg, 0,33
mmol, 1,5 equiv ) y agitada durante 20 min La mezcla de reaccién fue tratada con
la amina E (79 mg, 0,27 mmol, 1,22 equiv ) y agitada por espaciode 12h ata La
mezcla de reaccidn fue concentrada al vacio y diluida con H20 (30 ml) Se extrajo
la capa acuosa con CHxCl (3 x 50 ml) Se extrajeron las capas organicas
combinadas con HCI ac (1M, 30 ml), NaOH ac (1M, 30 mi), se las secd (Na2S04),
filtr6, concentro al vacio para obtener un sélido incoloro 3a (58 mg) que fue
utiizado para la oxidacion EM (Electroatomizacion, int rel m/z) 693 [(M+1)",
100], 637 (41), 494 (55), 394 (51), 338 (13)
Paso B

Una solucion del alcohol 3a (95 mg, 0,14 mmol} en CH2Clz (2,0 ml) fue
tratada con reactivo de Dess-Martin {116 mg, 0,28 mmol, 2,0 equiv) La mezcla
de reaccion fue agitada a ta por espacio de 2 h y la mezcla fue concentrada al

vacio El residuo fue punficado por cromatografia (S102, CH3OH/CH2Clz 1 32) para



74 o M

200
dar el producto oxidado 3 (47 mg, 42 %) en forma de séhdo incoloro EM
(Electroatomizacion, int rel m/z) 691 (M+1)*

Ejemplo 4 Preparacion del Compuesto de la Formula 4

ZTL
ZX
I

Paso A

Una solucion del ester terc-butilico 3 (47,0 mg, 68,0 umol) fue tratada con
HCI (Dioxano 4M, 5 mi) y agitada a temperatura ambiente durante 25 h La
desparicion del ester hasta fa linea de base fue seguida por TLC (CH3OH/CH2Cl2

124) Una vez completada la desproteccion, la mezcla de reaccion fue
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concentrada al vacio y el residuo tratado reiteradamente con heptanos (5,0 ml) y
concentrado para dar un solido blanco 4 (43 mg, 100 %) EM (Electroatomizacion,
int rel m/z) 635 [(M+1)", 100), 465 (62), 336 (62)

Ejemplo 5 Preparacion del Compuesto de la Formula 5

(o]
Paso A
c PF PF
.,_E c = 1-s
+ Ru(CHCN), »- iR
sa COOH 4 b COOH

Una solucion del acido 4-clorobutinco 5a (3,0 g, 1510 mmol) en
dicloroetano (200 mi) fue tratada con CpRu{CH3CN)3PFg 1b (6,6 g, 15,10 mmol,

1,0 equiv ) y calentada a reflujo durante 2,5 h La mezcla de reaccion fue enfnada
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a 0°C y filtrada El filtrado fue concentrado al vacio y disuelto en CHsCN (10 ml) y
tratado con un gran exceso de Et;O La goma que se separaba fue desprendida
mediante decantacion del eter y e! residuo fue disusitc en CHzClz/CH3OH (1 1,
100 ml) y concentrado al vacio para obtener 5b en forma de goma que solidifica
(3,59, 46 %)

Paso B

I—F:s

Sc
Una solucién del acido carboxilico 5b (3,12 g, 5,95 mmol) en DMF seca {20

ml) fue tratada con base de Honig (3,07 g, 24,0 mmol, 4,0 equiv, 4,4 mi) y HOBt

(1,2 g, 8,93 mmol, 1,5 equiv ) La mezcla de reaccidn fue enfriada a 0°C y tratada
con EDCI (1,35 g, 7,43 mmol, 1,25 equiv) y agitada durante 1h A esta mezcla de
reaccidn se agrego el clorohidrato de amina 1g (2,65 g, 7,14 mmol, 1,2equiv )y la
mezcla de reaccién fue agitada a ta por espacio de 12 h La DMF fue separada
por deshlacion y el residuo diluido con agua y la capa acuosa fue extraida con
CHxCl; Se exirajeron las capas organicas combinadas con NaHCOs ac. HCI,
salina, secadas (NazS0y), filtradas, concentradas al vacio y el producto crudo 5¢
(4,3 g) fue utiizado para la ciclacion sin mas punficacion RMN 'H (d«~CD.0D,
400 MHz, §, ppm) 7,35 {t, 1H), 6,72 — 6,60 (m, 5H), 6,33-6,29 (dd, 2H), 5,51 (s,
SH), 4,19 (d, 1H), 3,68 (s, 3H), 3,19-2,83 (m, 2H), 2,51-2,40 (m, 2H), 2,40-2,25 (m,
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2H), 1,99-1,59 (m, 8H), 1,35-0,98 (m, 5H), EM (FAB, NBA-G/TG-DMSO,
intensidad relativa m/z) 695,3 ([M-PFg]’, 100), 232 (20), 171(30), HRMS caic para
CadHe2N20sCIRU" (M-PFg)* 695,1832, encontrado 695,1845

Paso C

Sc 5d
Una solucién del compuesto cloro 5¢ (3,0 g, 3,6 mmol) en DMF seca (300

mi) fue desgasificada con N2 seco y CszCOas (5,2 g, 16 mmol, 4,0 equiv ) y agitada
a temperatura ambiente por espacio de 16 h La DMF solvente fue separada por
destilacion y el residuo diluido con agua y extraido con CH2Cl> (3x100 ml) Las
capas organicas combinadas fueron secadas (NazS0Q,), filtradas, concentradas ),
filtradas, concentradas al vacio y secadas al vacio durante ia noche Se la s utiizo
para la remocion fotolitica del Ru sin mas punficacion EM FAB (NBA-G/TG-
DMSO 695 ([M-PF6]", 100)

Se disolvid el compuesto ciclado del paso anterior en CH3sCN (35 ml) y se
lo fotolizo en un Raynot (A=350 nm) por espacio de 48 h La mezcla de reaccion
fue concentrada al vacio y el residuo punficado por cromatografia (S102,
EtOAc/Hexanos 1 1) para dar un sélido de color tostado 5d (600 mg, 34 %) RMN
'H (CDCls, 400 MHz, 8, ppm) 7,58 (d, 1H, J = 2,4, 5,6 Hz), 7,14 (t, 1H, J =8,0 Hz),
6,94 (d, 2H, J = 8,4 Hz), 6,87 (dd, 1H, J=2,4 Hz, 5,6 Hz), 6,73 (d, 1H, J = 7,2 Hz),
6,59 (s, 1H), 6,57 (s, 2H), 6,39 (d, 1H, J = 8,0 Hz), 4,51 (dt, 1H, J = 2,8, 8,0 Hz),
3,80 — 3,62 (m, 1H), 3,62 (s, 3H), 3,05 — 3,00 (dd, 1H, J = 2,8 Hz, 11,6 Hz), 2,85
(dd, 1H), J = 8,4, 6,0 Hz), 2,76 — 2,72 (m, 1H), 2,36-2,19 (m, 3H), 2,02 (dd, 1H, J =
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6.4, 9,2 Hz), 1,8 - 1,73 (m, 1H), 1,61-1,34 (m, 7H), 1,41 0,71 (m, 7H), EM (FAB,
NBA-G/TG-DMSOQ, intensidad relativa m/z ) 493 [(M+1]", 100] 465 (20), 232 (30),
171 (40), HRMS calc para CyH37N20s (M+1)* 493,2702, encontrado 493,2699
Paso D

5d 5e

Una solucion del éter 5d (200 mg, 0,42 mmol) en CH3OH (5 mi), CHxCI2 (10
ml) y HzO (0,5 ml) fue tratada con LIOHeH20 (18 mg, 0,44 mmol, 1,1 equiv) y
agitada a temperatura ambiente durante 12 h La mezcla de reaccidn fue
acidificada con HCl ac (12 M, 1 ml) y concentrada al vacio para dar el 4cido 5e
que fue utilizado directamente para el acoplamiento sin mas purificacién

Paso &
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Una solucion del acido 5e en DMF seca (5,0 ml) fue tratada con HOOBt
(103 mg, 0,63 mmol, 1,5 equiv ), base de Hunig (216 mg, 1,68 mmol, 4,0 equiv ) y
la amina B (270 mg, 0,63 mmol, 1,47 equiv) La mezcla de reaccion fue enfnada
a 0°C y tratada con EDCI {101 mg, 0,52 mmol, 1,25 equiv ) y agitada durante 12
h La mezcla de reaccion fue concentrada al vacio y diluida con Hz0 (30 ml) Se
extrajo la capa acuosa con CHCI; (3 x 50 mi) y EtOAc (3 x 50 ml) Se extrajeron

las capas organicas combinadas con HCI ac (2M), NaOH ac. (2M), se las seco

(Na2S0,), filtro, concentrd al vacio para obtener un sélido incoloro 5f (177 mg) que

fue utiizado para la oxidacion EM (Electroatomizacién, int rel m/z) 840 [(M+1)*,
100], 394 (100)

Paso F

ZT

Una solucton del alcohol 5f (177 mg, 0,21 mmol) en CHzCl> (10,0 ml) fue
tratada con reactivo de Dess-Martin (178 mg, 0,42 mmol, 2,0 equiv) La mezcla
de reaccidn fue agitada a ta por espacio de 3 h y la mezcla fue concentrada al

vacio El residuo fue purificado por cromatografia (S102, CHsOH/CHzClk 1 49) para
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dar el producto oxidado 5 (23 mg, 13 %) en forma de sohdo incoloro EM
(Electroatomizacién, int rel m/z) 870[(M+CHJOH+1)*, 40}, 838 [(M+1)", 100)

Ejemplo 6 Preparacion del Compuesto de la Férmula 6

ZT

ZIL
Iz

x

Paso A

$=o
»

Una solucién del éster terc-butilico 5 (50,0 mg, 60,0 umol} fue tratada con
ATF/CH:Cilz (11,4 ml) y agitada a temperatura ambiente durante 7 h La
desparicion del éster hasta la linea de base fue seguida por TLC {CHsOH/CH2Cl2
124) Una vez completada la desproteccidn, la mezcla de reaccion fue
concentrada al vacio y el residuo tratado reiteradamente con heptanos (4,0 ml) y
concentrado para dar un sdlido blanco 6 (14 mg, 100 %) EM (Electroatomizacion,
int rel m/z) 782 [(M+1)*, 100)
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Ejemplo 7 Preparacion del Compuesto de la Férmula 7

Paso A

7Ta 7b

Una solucion del alcohol 7a (9m2 g, 54,1 mmol)} en CH2CI> seco (200 ml)
fue tratada con DMSO (35 mi) y EtaN (16,4 g, 16,3 mmol, 23,4 ml) La mezcla de
reaccidn fue enfnada a 0°C y tratada con PyeS0; (12,9 g, 81,2 mmaol, 1,50 equiv )
disuelta en DMSO (30 ml) La mezcla de reaccion fue agitad a O!IC durante 0,5hy
a ta durante 6 h La mezcla de reaccion fue concentrada al vacio y diluida con

Et20 (100 ml) y H20 (200 ml) Se separaron las capas y se extrajo la capa acuosa
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con Etz0 (3x100 ml) Se extrajeron las capas organicas combinadas con HCI (2M,
3x100 ml), salina (1x100 ml), se las concentro al vacioc y se las purifico por
cromatografia ($10,, EtQAc/Hexanos 1 7) para dar el aldehido 7b que solidificd
tomandose un solido cereo al reposar (7,1 g, 77 %) CHN calc para CgHgCIO C=
64,11 % H =5,38 %, encontrado C =64,08% H=5,30%

Paso B

b 7c
Se traté una solucién de tnetilfosfonoacetato (6,72 g, 30 mmol, 1,2 equiv)

en THF seco (100 mi) con NaH (dispersion al 60 %, 1,5 g, 35 mmol, 1,4 equiv ) a
0°C La mezcla de reaccidn fue agitada a 25°C por espacio de 1 h hasta que la
evolucion de Hz hubo cesado Se agrego una solucién del aldehido 7b (4,2 g, 25,0
mmol) en THF seco y la mezcla de reaccién fue agitada durante 36 h La mezcla
de reaccion fue diluida con Hz0 (100 ml) y extraida con Et;0 (3x70 ml) La capa
organica fue secada (MgSQOJ), filtrada, concentrada al vacio y cromatografiada
para dar el éster o,p-saturado 7¢ (4,2 g, 71 %), que fue utiizado para la
reduccién
Paso C

~ogt — Bt
c c

7c 7d

Se trato una solucion del ester a,8-saturado 7c (4,2 g, 8,0 mmol) en EtOAc
(50 ml) con Pd/C (10 % p/p. 500 mg) y se la hidrégeno a 50 psi (34,7 kPa) por

espacio de 12 h La mezcla de reaccidn fue filtrada a través de un cilindro de
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celite y el filtrado concentrado al vacio para dar el compuesto reducido 7d (39 g,
93 %)
Paso D
= > H
c c

7d e

Una solucién del eter 7d (3,9 g, 16,2 mmol) en CH3OH/THF/H20 (1 10,1,

110 ml) fue tratada con LIOHeH20 (1,2 mg, 30 mmol, 2,0 equiv) y agitada a

temperatura ambiente durante 5 h La mezcla de reaccién fue concentrada al

vacio y el residuo diluido con Hz0 (100 ml) y extraido en Et;O (3x50 mi) La capa

acuosa fue acidificada a pH ~1 (HCI 13M) y la capa acuosa turbia fue extraida con

Et20 (3x100 ml) Las capas organicas combinadas fueron secadas (MgSOs),

filtradas, concentradas al vacio para dar un sélido incoloro 7e (3,1 g, 96 &) CHN

calc para calc para Cy1H1aClO2 C=62,12 % H =6,16 %, encontrado C = 62,27
% H=6,23%

Paso E

|=|=s N, Pre
RU(CH:sCNh - 7““"@
O0OH

Tf

Una solucién del acido clorofenilpentanoico 7e (3,0 g, 14,15 mmol) en
dicloroetano (150 mi) fue tratada con CpRu(CH3CN)sPFg 1b (6,75 g, 15,10 mmol,
1,0 equiv ) y calentada a refiujo durante 2,5 h La mezcla de reaccién fue enfriada
a 0°C y filtrada El filtrado fue concentrado al vacio y disuelto en CH3CN (20 ml) y

tratado con un gran exceso de EtzO La goma que se separaba fue desprendida
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mediante decantacion del eter y el residuo fue disuelto en CH2Cl/CHSOH (1 1,
100 ml) y concentrado al vacio para obtener 7f en forma de goma marron que
solidifica (4,36 g, 58 %) EM EM (Electroatomizacién, int rel m/z) 379 [(M-Pfe)"
100]

Paso F

Una solucion del acido carboxilico 7f (3,12 g, 5,95 mmol) en DMF seca (20
ml) fue tratada con base de Hanig (3,07 g, 24,0 mmol, 4,0 equiv, 4,4 ml) y HOBt
(1,2 g, 8,93 mmol, 1,5 equiv) La mezcla de reaccidn fue enfnada a 0°C y tratada
con EDCI (1,35 g, 7,43 mmol, 1,25 equiv) y agitada durante 1h A esta mezcla de
reaccion se agrego el clorhidrato de amina 1g (2,65 g, 7,14 mmol, 1,2 equiv) y la
mezcla de reaccidn fue agitada a ta por espacio de 12 h La DMF fue separada
por destilacion y el residuo diluido con agua y la capa acuosa fue extraida con
CH;Cl2 Se extrajeron las capas organicas combinadas con NaHCOj; ac. HCI,
salina, secadas (NazSQ,), filtradas, concentradas al vacio y el producto crudo 7g
(4,3 g) fue utilizado para la ciclacidn postenor sin mas punficacion RMN 'H (ds-
CD30D, 400 MHz, 5, ppm) 7,35 (t, 1H), 6,72 — 6,60 (m, 5H), 6,33-6,29 (dd, 2H),
5,51 (s, 5H), 4,19 (d, 1H), 3,68 (s, 3H), 3,19-2,83 {m, 2H), 2,51-2,40 (m, 2H), 2,40-
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2,25 (m, 2H), 1,99-1,59 (m, 8H), 1,35-0,98 (m, 5H), EM (FAB, NBA-G/TG-DMSO,
intensidad relativa m/z) 695,3 ([M-PFg]", 100), 232 (20), 171(30), HRMS calc para
CadHeN20sCIRU* (M-PFg)* 695,1832, encontrado 695,1845

Tg 7h

Una solucidn del compuesto cloro 7g (3,0 g, 3,6 mmol) en DMF seca (300
ml) fue desgasificada con N3 seco y Cs2CO3 (5,2 g, 16 mmol, 4,0 equiv ) y agitada
a temperatura ambiente por espacio de 16 h La DMF solvente fue separada por
destilacidn y el residuo diluido con agua y extraido con CH2Clz (3x100 ml) Las
capas organicas combinadas fueron secadas (Na:SQy), filtradas, concentradas al
vacio y secadas al vacio durante la noche Se las utihzé para la remocion fotolltica
del Ru sin més punficacion EM FAB (NBA-G/TG-DMSO 695 ([M-PF6]", 100]

Se disolvio el compuesto ciclado del paso antenor en CHsCN (35 mi) y se
lo fotolizdé en un Raynot (A=350 nm) por espacio de 48 h La mezcla de reacci6n
fue concentrada al vacio y el residuo purfficado por cromatografia (Si02,
EtOAc/Hexanos 1 1) para dar un sélido de color tostado 7h (600 mg, 34 %) RMN
'H (CDCls, 400 MHz, 5, ppm) 7,58 (d, 1H, J = 7,6 Hz), 7,14 (t, 1H, J = 8,0 H2),
6,94 (d, 2H, J =8,4 Hz), 6,87 (dd, 1H, J=2,4 Hz, 56 Hz), 6,73 (d, 1H, J =7,2 Hz),
6,59 (s, 1H), 6,57 (s, 2H), 6,39 (d, 1H, J = 8,0 Hz), 4,51 (dt, 1H, J = 2,8, 8,0 Hz),
3,80 - 3,62 (m, 1H), 3,62 (s, 3H), 3,05 - 3,00 (dd, 1H, J =2,8 Hz, 11,6 Hz), 2,85
(dd, 1H), J = 8,4, 6,0 Hz), 2,76 — 2,72 (m, 1H), 2,36-2,19 (m, 3H), 2,02 (dd, 1H, J =
6,4, 9,2 Hz), 1,8 — 1,73 (m, 1H), 1,61-1,34 (m, 7H), 1,41 -0,71 (m, 7H), EM (FAB,
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NBA-G/TG-DMSO, intensidad relativa m/z ) 493 [(M+1]", 100] 465 (20), 232 (30),
171 (40), HRMS calc para CxH37N20s (M+1)* 493,2702, encontrado 493,2699
Paso H

7h 71
Una solucion del éter 7h (220 mg, 0,46 mmol) en CHsOH (3 ml), CHzCl2 (10
ml) y H2O (0,5 mi) fue tratada con LIOHeH20 (18 mg, 0,44 mmol, 1,1 equiv) y
agitada a temperatura ambiente durante 12 h La mezcla de reaccién fue
acidificada con HCI ac (13 M, 1 ml) y concentrada al vacio para dar el 4cido 71
que fue utihzado directamente para el acoplamiento sin mas purificacidn

Paso |
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Una solucién del acido 71 en DMF seca (3,0 mi) fue tratada con HOOBt (94
mg, 0,75 mmol, 1,6 equiv ), base de Hinig (237 mg, 1,84 mmol, 40 equiv) y la
amina B (246 mg, 0,58 mmol, 1,47 equiv) La mezcla de reaccion fue enfnada a
0°C y tratada con EDCI (110 mg, 0,58 mmol, 1,25 equiv ) y agitada a 0°C durante
25 min, 12 h La mezcla de reaccion fue concentrada al vacio y diluida con Hz0
(30 mi} Se extrajo la capa acuosa con CH2Clz (3 x 30 ml) Se extrajeron las capas
organicas combinadas con HCI ac (1M, 60 ml), NaOH ac (60 ml), se las seco
(NaxSQy), filtrd, concentrd al vacio para obtener un solido incoloro 7) (230 mg) que
fue utilizado para la oxidacién EM (Electroatomizacidn, int rel miz) 854 [(M+1)",
100), 479 (70), 327 (50), 2,71,1 (100)

Paso J

Una solucion del alcohol 7] (220 mg, 0,26 mmol) en CH:Cl; (3,0 ml) fue
tratada con reactivo de Dess-Martin (218 mg, 0,51 mmol, 2,0 equiv) La mezcla

de reaccion fue agitada a ta y la mezcla fue concentrada al vacio El residuo fue
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purificado por cromatografia (S102, CHaOH/CHCl> 1 24) para dar el producto
oxidado 7 (23 mg, 13 %) en forma de séiido incoloro EM (Electroatomizacién, int

rel m/z) 852 [(M+ 1)*, 43), 796 (100), 768 (20), 461 (20), 433 (50), 405 (40), 336
(30), 294 (50

Ejemplo 8 Preparacion del Compuesto de ia Férmula 8

ZT
zZX
rz
x

Paso A

¢,
2—@

Una solucién del ester terc-butilico 7 (32,0 mg, 37,0 umol) fue tratada con
ATF/CHCl; (11, 5,0 ml) y agitada a temperatura ambiente durante 4 h La
despanicién del éster hasta la linea de base fue seguida por TLC (CHsOH/CHZCl2

124) Una vez completada ia desproteccidn, la mezcla de reaccion fue
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concentrada al vacio y el residuo tratado reiteradamente con heptanos/CH;OH
(4,0 ml) y concentrado para dar un séhdo tostado 8 (29,0 mg, 100 %) EM
(Electroatomizacién, int rel m/z) 796 [(M+1)*, 100)

Ejemplo 9 Preparacion del Compuesto de la Férmula 9

Paso A

HO
%a 1e

Una solucién de Boc-Glicina 9a (1,75 g, 10,0 mmal) en DMF seca (50 mi})
fue tratada con HOOBt (2,65 g, 15 mmol, 1,5 equiv) y EDCI (2,86 g, 15,0 mmol,
1,5 equiv) La mezcla de reaccidn fue tratada con base de Hanig (5,16 g, 40
mmol, 4,0 equiv, 7,3 ml) La mezcla de reaccidn fue agitada durante 1 h y se
agrego meta-tirosina-QOCHa*HCI 1e (2,5 g, 11,5 mmol, 1,1 equiv), agitando a
25°C durante 12 h La mezcia de reaccidon fue concentrada al vacto y el residuo
diluido con NaHCO; y extraido en CH2Cl> La capa organica combinada fue
concentrada y el residuo punficado por cromatografia (S10,, EtOAc/Hexanos 1 1)
para dar un s6lido incoloro 9b (3,4 g, S0 %)

Paso B
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9
b 8c

Una solucién de 9b (4,6 g, 13,06 mmotl) en HCI {solucién 4M en dioxano, 50
ml) fue agitada a temperatura ambiente por espacio de 3 h La mezcla de reaccion
fue concentrada al vacio y el residuo secado en alto vacio para dar 9¢ en forma
de polvo fino que fue utilizado para el siguiente paso RMN 'H (d-CDsOD, 400
MHz, 8§, ppm) 8,67 (d, 1H, J = 7,9 Hz), 7,10-7,07 (m, 1H), 6,68 — 6,64 (m, 2H),
4,75-4,70 (m, 1H), 3,75-3,61 (m, 2 H), 3,66 (s, 3H), 3,10 (dd, 1H, J = 5,2, 8,5 Hz),
$,90 (dd, 1H, J = 8,8, 5,0 Hz),

Paso C
0 ;
EIH;N’T \E)Lo/ N El,:ﬁ
H . = |r—9 -
1ic H
HO O
9¢ D H
c | N F:-Fe
Z R
u\iN
o H o

9d

Una solucién de CpRu(dcido n°~4-clorofeniipropiénico)-PFe 1c (3,0 g, 46,01
mmol) en DMF seca (60 ml) fue tratada con HOBt (1,3 g, 9,16 mmoal), 1,5equiv )y
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base de Hunig (3m22 g, 4,60 mmol, 4,0 equiv) La mezcia de reaccion fue
enfriada a 0°C por un lapso de 30 minutos y tratada con EDCI (1,75 g, 9,16 mmol,
1,5 equiv) La mezcla de reaccién fue agitada a 0°C por espacio de 30 min y se
agrego la sal de glicina-amonio 9¢ (1,75 g, 6,06 mmol, 1,0 equiv) la mezcla de
reaccion fue agitada a ta por espacio de 12 h y la DMF fue separada por
destilacidn al vacio El residuo fue diluido con HCI ac (1M, 100 ml) y extraida en
CHxClz (3x100 ml) Las capas organicas combinadas fueron extraidas con
NaHCO3; ac (1 x 100 ml), salina (50 ml) y secadas (NaxSO,), filtradas,
concentradas al vacio para dar un sélido marron 9d (1,5 g, 34 %) que fue utiizado
para la ciclacion EM (Electroatomizacién, intensidad relativa m/z) 585 ([M-PFg]",
100], 459 (30), 373 (30), 198 (20)

Paso D
_ H
C N P_fs
7““'9 1
\Oﬁwn\i L ; -
0] ” o]

9d 9e

Una solucidn del compuesto rutenio 9d (1,5 g, 2,05 mmol) en DMF seca
(100 mi) fue desgasificada con N2 a ta seco y se agrego CszCOa (5,0 g, 15 mmol,
7.5 equiv) y se agitd a temperatura ambiente por espacio de 12 h La DMF
solvente fue separada por destilacion y el restduo diluido con agua (100 ml) y
extraido con CH:Cl2 (3x100 ml) Las capas orgénicas combinadas fueron
extraidas con salina (100 ml), secadas (NazS0,), filtradas, concentradas al vacio
y secadas al vacio durante la noche Se las utilizo para la remocién fotolitica del

Ru sin mas punficacion
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Se disolvio el compuesto ciclado del paso antenor en CH3CN (30 mi) y se
lo filtré, introduciendolo en un tubo de cuarzo La solucion fue desgasificada y
fotolizada en un Raynot {A=350 nm) por espacio de 48 h La mezcla de reaccién
fue concentrada al vacio y el residuo punficado por cromatografia (SiO2,
EtOAc/Hexanos 1 1) para dar un solido de color tostado 9e (230 mg, 30 %) RMN
'H (CDCly, 400 MHz, 8, ppm) 7,23 — 7,18 (m, 2H), 7,09-7,01 (s, 3H), 6,76 (dd, 1H,
J =24 88 Hz), 666 (d, 1H, J = 7,6 Hz), 6,47 (d, 1H, J = 5,6 Hz), 6,17 (s, 1H),
564 (s, 1H), 4,69 (q, 1H, J = 4,4 Hz), 3,77 (s, 3H), 3,68-3,51 {(m, 2H), 3,35 (dd,
1H, J = 4,0, 10,8 Hz), 3,05 (dd, 1H, J = 5,2, 9,2 Hz), 2,96-2,92 (m, 2H), 2,61-2,56
(m, 1H), 2,30-2,29 (m, 1H), RMN C (CDClL 100 MHz, 5 ppm 172,3, 171.4,
168,1, 159,9, 1554, 137,6, 136,4, 131,0, 130,0, 129,5, 123,3, 122,4, 121,0, 1177,
117,1, 53,6, 53,0, 43,6, 39,9, 36,1, 32,3 (Electroatomizacion, intensidad relativa
m/z ) 383 [(M+1]*, 100} 279 (20)

Paso E

Una solucién del compuesto ciclico Se (150 mg, 0,4 mmol) en THF (4,0 ml),
H20 (4,0 ml) fue agitada a ta con LIOHeH20 (41,0 mg, 1,0 mmol, 2,5 equiv) por
espacio de 3 h La mezcla de reaccion fue acidificada con HCI conc, (2,0 ml) y
concentrada al vacio El sélido 9f fue secado al vacio y utilizado para el posterior

acoplamiento sin mas punficacion
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Una solucion del acido hidrolizade 9f en DMF seca (4,0 ml) y CH2Clz (4,0
ml) fue tratada con HOOBt (103 mg, 0,58 mmol, 1,5 equiv) y enfnada a 0°C y se
agrego base de Hanig (206 mg, 1,60 mmol, 4,0 equiv, 295 ul) A esta mezcla se
agregd EDCI (112 mg, 0,58 mmol, 1,5 equiv) y la mezcla de reaccién fue agitada
a 0°C durante 0,4 h y tratada con el clorhidrato de amina B (206 mg, 0,48 mmol,
1,2 equiv) La mezcla de reaccion fue guardada en un freezer por espacio de 48 h
y concentrada al vacio para eliminar la DMF y el CHzClz Ei residuo fue diluido con
HC! ac. (2M) Y extraido con CH2Cl2 (3x50 ml) La capa organica combinada fue
extraida con HC! ac (1M, 3x50 mi), NaOH ac (2M), salina (100 ml), secada
(Na2SO4) y concentrada al vacio El residuo Sg (200 mg) fue oxidado sin méas
purnificacién
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Una solucidn del alcohol 8g (200 mg, 0,27 mmol) en CH2Cl; (3,0 ml) fue
tratada con reactivo de Dess-Martin (342 mg, 0,81 mmol, 3,0 equiv) La mezcla
de reaccion fue agitada ata durante 3 h y diluida con NaHCO3 acuoso y Na2S20,
ac La mezcia de reaccion fue agitada a ta durante 20 min y se extrajo la mezcia
de reaccion con CH:Cl: (3x30 ml) Las capas organicas combinadas fueron
extraidas con salina (50 mi), secadas (Na;SQ,), filtradas, concentradas al vacio y
el residuo fue punficado por cromatografia (8102, CH3OH (NH; 2M)/CH2Clz 1 19)
para dar la cetoamida 9 (100 mg, 50 %) en forma de sélido incoloro EM
(Electroatomizacion, int rel m/z) 742 [(M+ 1)*, 100), 686 (80)
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Ejemplo 10 Preparacion del Compuesto de la Férmula 10

SUN
H
N N%
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S
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10
Una solucién del éster terc-butilico 9 (100 mg, 0,3 mmol) en CHzClz seco

(4,0 ml) fue tratada con ATF (4,0 ml) y agitada a temperatura ambiente durante 5
h La mezcla de reaccidn fue concentrada al vacio y el residuo disuelto
reiteradamente en tolueno/CH2Clz y concentrado al vacio varias veces para dar un
fino sélido incoloro 10 EM (FAB, NBA/DMSO intensidad relativa m/z), 686 [(M+
1)*, 40], 460 (20), 307 (100), 289 (60), HRMS calc. para CasHeoNsOg (M+1)*
686,2825, encontrado 686,2840
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Ejempio 11 Preparacion del Compuesto de ia Formula 11

oo

1"
HO
= H

R
QO QO

g 11a

Paso A

0O

A una solucion del clorhidrato de amina 1g (1,20 g, 3,23 mmol), 4cido 6-
heptenoico (0,610 g, 4,68 mmol), HOOBt (0,765 g, 4,69 mmol) y EDCI (1,07 g,
5,58 mmol) en DMF anhidra (50 ml) y CH2Clz (50 ml) a —20°C se agregé NMM
(1,55 ml, 14,1 mmol) Después de agitar a esta temperatura durante 30 min, se
guardo ta mezcla de reaccion en un freezer por espacio de 18 h Luego se la dejd
entibiar a ta y se agregé EtOAc (150 mil), salina (50 ml) y HsPQO4 al 5 % (50 ml)
Tras la separacion, se tavd la solucién organica con HsPO4 al 5 % (80 ml), una
solucién acuosa saturada de bicarbonato de sodio (2 x 80 ml), agua (80 mi) y
salina (80 ml), se la secd con sulfato de magnesio, se la filtro y concentré al vacio
La cromatografia instantdnea (MeOH 2 a 5 %-CH2Cl3) dio 11a (1,46 g, 3,28 mmol,
cuant ) en forma de sdlido blanco (RMN 'H (400 MHz, dg-DMSO) 5 9,25 (s, 1H),
8,31 (d, J=7,2Hz, 1 H), 7,70 (d, J = 9,2 Hz, 1 H), 7,05-7,01 (m, 1 H), 6,62 6,58
(m, 3H), 5,82-5,72 (m, 1 H), 5.102-4,91 (m, 1 H), 4,43-4,38 (m, 1 H}, 4,23-4,19 (m,
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1 H), 3,55 (s, 3 H), 2,93-2,80 (m, 2 H), 2,51-1,97 (m, 2 H), 1,66-0,86 (m, 125H),
(RMN '3C (de-DMSO, 125 MHz) 5 171,9, 171,8, 171,1, 157,2, 138,6, 138,4, 129,1,
119,5, 115,8, 114,6, 113,5, 56,5, 53,5, 51,6, 36,5, 34,8, 32,8, 29,0, 28,0, 27,8,
25,8, 25,5, 24,8, HRMS calc para CzsHasN2Os 445,2702, error 4 ppm)

08—
[:::] O [::) O

11a 11b

A una solucién de 11a (1,46 g, 3,28 mmol) en THF anhido (60 mi) bajo
nitrogeno a 0°C se agrego una solucion de borano-THF (12 ml, 1,0 M, 12 mmol),
cuidadosamente La soiucién resultante fue agitada a 0°C bajo nitrégeno durante
1 h 40 min Luego se agregé etanol (4 ml) y buffer pH 7 (8 ml), seguido por una
solucién de H;0; al 30 % (7,5 ml) Después de agitar a 0°C durante 20 min, se la
calentd a ta y se la agité durante 2 h Se agrego EtOAc (200 ml) y salina (100 ml)
y se separaron las capas Se extrajo la solucién acuosa con EtOAc (2 x 150 mi)
La solucién orgdnica combinada fue secada con sulfato de magnesio, filtrada y
concentrada al vacio La cromatografia instantanea (MeOH 2 a 5 %-CHzCl;) dio
11b (1,05 g, 2,18 mmol, 68 %) en forma de solido blanco (RMN 'H (400 MHz, de-
DMSO) 6§ 9,25 (s, 1H), 8,30 (d, J =7,2 Hz, 1 H), 7,68 (d, J = 9,2 Hz, 1 H), 7,05-
7.01 (m, 1 H), 6,62 —6,58 ({m, 3H), 4,43-4,18 (m, 3 H), 3,55 (s, 3 H), 3,37-3,33 (m 2
H), 2,93-2,80 (m, 2 H), 2,20-2,03 (m, 2 H), 1,66-0,87 (m, 19H), RMN °C (d¢-
DMSO, 125 MHz) d 172,1, 171,8, 171,2, 1572, 138,4, 138,4, 1291, 119,5, 1158,
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113,5, 56,5, 53,5, 51,7, 36,5, 35,1, 32,6, 32,4, 29,0, 28,5, 28,0, 25,8, 25,6, 25,2,
HRMS calc para CxHxN20Os 463,2808, error 1 ppm)
Paso C

g 68,
G

11b 11e

A una solucion del alcohol fendlico 11b (1,00 g, 2,16 mmol) y trin-
butiifosfina (1,10 ml, 4,28 mmol) en CH2Cl2 anhidro (100 ml) y THF (40 mi) a 0°C
se agregé ADDP (1,08 g, 4,28 mmol) Después de agitar a 0°C durante 1 h, la
solucion fue calentada a ta y agitada durante 3 h bajo nitrégeno La TLC indicé el
consumo total del matenial de partida Tras la eliminacidn del solvente al vacio, el
residuo fue parcialmente punficado por cromatografia instantanea (MeOH O a 3 %
en CH.Cl) para dar el macrociclo 11c (650 mg, 1,46 mmol, 68 %) RMN 'H (400
MHz, de-DMSO) & 8,58 (d, J =83 Hz, 1 H), 7,76 (d, J = 9,2 Hz, 1 H), 7,18-7,14
(m, 1 H), 6,76 —6,65 (m, 3H), 4,77-4,71 (m, 1 H), 4,32 (t, J = 8,5 Hz, 1 H), 3,97-
3,93 (m, 1 H), 3,82-378 (m, 1 H), 3,18-3,14 (m, 1 H), 2,98-2,92 (m, 2 H), 2,32-2,25
(m, 1 H) 1,99-0,87 (m, 19H), RMN "*C (de-DMSO, 125 MHz) d 172,1, 171,85,
171,4, 160,1, 158,8, 139,0, 1291, 121,1, 113,0, 1119, 66,4, 56,1, 52,0, 50,1,
406, 34,9, 34,2, 28,7, 28,3, 26,8, 26,3, 25,9, 25,5 252, 24,2, HRMSm/z
445,2685 calc para CxsHasN20s 445,2702, error 4 ppm)
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Paso D

e — G
S @

11c 11d

Se agrego una solucién acuosa de hidroxido de itio (70 mg, 15 ml, H20,
292 mmol) a una solucidn del ester metilico 11¢ (330 mg, 0,742 mmol) en THF (20
mi) y etanol (10 ml) a ta La mezcla fue agitada a ta por espacio de 3 h Se
monitored el progreso de la reaccion por TLC Una vez concentrada ta solucion al
vacio, se agregd EtOAc (100 ml), una solucion de HCI 6N (10 mi) y agua (50 mi) y
sSe separaron las capas Se extrajo la solucidn acuosa con EtOAc (2 x 80 ml) Se
combinaron |as soluciones organicas, estas fueron secadas con sulfato de
magnesio, filtradas y concentradas al vacio para dar 11d (260 mg, 0,604 mmol, 81
%) en forma de solido blanco RMN 'H (400 MHz, de-DMSO) § 8,43 (d, J = 8,3
Hz, 1 H), 7,73 (d, J = 9,3 Hz, 1 H), 7,17-7,13 (m, 1 H), 6,77 -6,66 {m, 3H), 4,67-
4,62 (m, 1 H), 4,32-4,28 (m, 1 H), 3,98-3,93 (m, 1 H), 3,81-375 (m, 1 H), 3,17-
3,13 (m, 1 H), 2,97-2,90 (m, 1 H), 2,32-2,26 (m, 1 H) 2,01-1,97 (m, 1 H), 1,67-
0,85 (m, 19H), RMN '3C (de-DMSO, 125 MHz) d 173,2, 171,6, 171,3, 160,1, 158,8,
139,3, 129,0, 121,1, 113,1, 111,99, 66,4, 56,1, 50,8, 35,1, 34,3, 28,8, 28 3, 26,9,
26,3, 25,9, 256, 25,5, 25,2, 24,2, HRMS m/z 431,2564 (calc para CasHisN20s
431,2546, error 4 ppm)
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N
11d B
b
CHs

11e

A una solucion del acido 11d (0,140 g, 0,325 mmol), la amina B (0,140 g,
0,325 mmol), HOOBt (56 mg, 0,343 mmol) y EDCI (75 mg, 0,391 mmol)} en DMF
anhidra (40 mi) y CHzCiz (20 mi) a —20°C se agrega NMM (0,107 mi, 0,873 mmol)
Despues de agitar a esta temperatura durante 30 min, se guardé la mezcla de
reaccidn en un freezer por espacio de 18 h Luego se agregd EtOAc, salina y
H3PO4 al 5 % Se lavo la solucidn organica separada sucesivamente con HsPOy, al
5 %, una solucién acuosa saturada de bicarbonato de sodio, agua y salina, se la
seco con sulfato de magnesio, se la filtro y concentré al vacio La cromatografia
instantdnea (MeOH 2 a 5 %-CHxCl) dio 11e como mezcla de diastereomeros
(0,170 g, 0,211 mmol, 65 %) en forma de sdhdo blanco, que fue utilizado en la

reaccion siguiente sin mas purificacion
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Paso F
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A la mezcla de la hidroxiamida 11e (0,29 g, 0,36 mmoll y reactivo de Dess-
Martin (0,45 g, 1,06 mmol) a ta se agrego CHzClz anhidro (60 ml), DMF (3 ml) y
DMSO (3 ml) La solucion resultante fue agitada vigorosamente durante 2,5 h a
temperatura ambiente, se agregé mas reactivo Dess-Martin (300 mg, 0,71 mmol)
y se agito la mezcla de reaccidn durante una hora mas Se agrego una solucién
saturada acuosa de bicarbonato de sodio y una de bisulfito de sodio (40 mi de
cada una) y se agitd vigorosamente {a mezcla durante 10 min antes de la adicidn
de EtOAc (200 ml) y agua (30 ml} y de la separacidn de las capas Se lavé la
solucién organica con una solucién de H3PO4 al 5 % (2 x 100 ml) y una solucion
saturada de NaHCOQ3; (100 ml), se la secé con suifato de magnesio, se la filtrd y
concentrd al vacio La cromatografia instantdnea (MeOH 1 a § %-CHxClp) dio 11
(100 mg, 0,134 mmol, 35 %) en forma de sélido RMN 'H (400 MHz, de-DMSO) 5
8,79-8,69 (m, 2 H), 8,36-8,16 (m, 2 H), 7,72-7,68 (m, 1 H), 7,42-7,33 (m, 5 H),



102

g3

0237
7.17-7,13 {m, 1 H), 6,77 —6,63 (m, 3H), 5,30-5,27 (m, 1 H), 5,09-5,04 (m, 1 H),
485476 (m, 1 H), 4,29-4,25 (m, 1 H), 3,98-3,74 (m, 1 H), 3,02-2,85 (m, 2 H),
2,32-2,27 (m, 1 H) 2,04-1,96 (m, 1 H), 1,72-0,81 (m, 35 H), RMN '*C (ds-DMSO,
125 MHz) § 196,5, 196,2, 171,5, 171,14, 171,07, 169,4, 1576, 160,7, 158,94,
158,79, 139,5, 139,3, 136,6, 136,5, 128,92, 128,90, 128,7, 128,6, 128,1, 127,7,
127,4, 1249, 121,34, 121,28, 1131, 1129, 111,9, 81,3, 66,34, 66,30, 56,92,
56,87, 56,3, 56,2, 53,4, 53,3, 51,5, 50,9, 41,5, 41,4, 40,8, 40,7, 36,6, 36,1, 25,59,
25,55, 25,0, 24,2, 18,74, 18,66, 13,5, 13,4, HRMS m/z 804,4542 (calc para
CxsHaeN20Os 804,4548, emmor 1 ppm)

Ejemplo 12 Preparacion del compuesto de la Férmula 12

R

12
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Una solucidn del ester t-butilico 11 (56,8 mg, 0,0706 mmol) en acido
tnfluoroacético (15 ml) y CH2Cl; (15 ml) fue agitada a ta por espacio de 4 h Una
vez eliminados todos los volétiles al vacio, se disolvié el residuo en MeQH al 50
%-CH2Cl2 (3 ml) y se lo concentrd a sequedad al vacio para dar ongen a un sélido
blancuzco 12 (50 mg, 0,0669 mmol, 95 %) RMN 'H
(400 MHz, dg-DMSQ) & 875-8 71 (m, 2 H), 8 36-8 16 (m,
2 H), 7 72-7 69 (m, 1 H), 739-7 31 (m, 5 H), 7 17-7 13 (m, 1 H), 6 76-6 63 (m, 3
H), §37-5 35 (m, 1 H), 507-504 (m, 1 H), 4 85476 (m, 1 H), 4 294 25 (m, 1 H),
397-374 (m, 4 H), 302-286 (m, 2 H), 232-226 (m, 1 H) 201-197 (m, 1 H),
170-082 (m, 26 H), 13¢ NMR (ds-DMSO, 125 MHz), 5 1965, 196 2, 171 63,

17159, 17152, 17148, 1711, 17106, 167 4, 1606, 158 82, 158 78, 153 4,
139 4, 137 1, 137 0128 91, 128 88, 128 7, 128 65, 128 61, 128 5, 128 43, 128 39,
128 33, 128 32, 128 14, 128 12, 1280, 1277, 1287, 12763, 12759, 1275,
127 4, 126 8, 1213 1159, 1131, 1129, 1128, 1120, 1119,, 111 88, 66 33,
66 29, 56 3, 56 2, 56 17, 53 34, 53 31,53 27,511,509,415,4084,4077,407,
40 6, 40 56, 40 53, 405, 387, 386, 38 56, 38 53, 366, 36 1, 344, 34 3, 318,
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316,294,291 290, €289, 284, 283 282, 269, 26 8, 26 79, 26 20, 26 16,
25 88, 2586 2579, 2575, 2571, 2566, 25 57, 2554, 254, 250, 242, 187,
186,13 5, 134, HRMS, m/z 748 3947

(calc para CxsHagN20s 748,3922, error 3 ppm)

Ejemplo 13 Preparacidon dei compuesto de la Férmula 13

AN

13

Paso A

Se preparo el compuesto buscado 13a de acuerdo con el método del
Ejemplo 11, Paso A, excepto que se sustituyo e! acido 6-heptenoico por acido 6-

hidroxshexanoico (39 %)
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13a 13b

Se preparo el compuesto buscado 13b de acuerdo con el método del
Ejemplo 11, Paso C con 74 % de rendimento
Paso C

el —Geie
QO O

13b 13c

Se preparo el acido macrociclico deseado 13c a partr de su
correspondiente ester metilico de acuerdo con el método de! Ejemplo 11, Paso D

con 88 % de rendimiento, en forma de s6lido blanco
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Pasoc D

iﬂ\\:j\u % T OH HCIH;N{E,H\)LE[D%
O CHy B
A VY

13d

Se prepard el compuesto deseado 13d a partir de 13¢ y B de acuerdo con

el metodo del Ejemplo 11, Paso E con 48 % de rendimiento
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Paso E

Se preparo el compuesto deseado 13 a partir de 13d de acuerdo con el
metodo del Ejemplo 11, Paso F con 70 % de rendimiento
Ejemplo 14 Preparacion del Compuesto de la Férmula 14

d:“tﬁ\u :‘rﬂ&gn\j‘ﬂ ] H
O CH,y

14
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Paso A
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LR ﬁklc‘; H o
O CH,

13

o

14
Se prepard el compuesto deseado 14 a partir de 13 de acuerdo con el

metodo del Ejemplo 12, Paso A con rendimiento cuantitativo

Ejemplo 15 Preparacion del Compuesto de la Férmula 15

i, “{W\i?ﬂ*
o o H o 0 R 0
CHs

15
Paso A

H
HaN HCIH,N Me

15a 15b
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Una solucibn de 3-yodo-ferulalanina 15a (2,50 g, 8,59 mmol) y acido
clorhidrico concentrado (2 ml, 24 mmol) eh metanol fue calentada a reflujo por
espacio de 18 h La eliminacion de los solventes al vacio dic un solido blanco 15b,
que fue utilizado en el Paso B sin mas punficacidn

Paso B

15b
15¢
Se prepar6 el compuesto deseado 15¢ con 84 % de rendimiento a partir de
15b de acuerdo con el metodo del Ejemplo 11, Paso A Se lo utilizé en la siguiente

reaccion sin mas punﬁcaclon

Paso C

X

15¢ 15d

e

Se preparo el compuesto deseado 15d a partir de 15¢ de acuerdo con el
método del Ejemplo 11, Paso A (cuantitativo) Se lo utilizo en la siguiente reaccién

sin mas purificacion
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Paso D

15d 150

Se preparo el compuesto deseado 15e con 68 % de rendimiento a partir de
15d de acuerdo con el metodo del Ejemplo 11, Paso A Se lo utiliz6 en ia siguiente

reaccidn sin mas punficacién

B —
O

-

15e 415f
Una solucién de 15e (1,16 g, 2,04 mmol), tnetilamina (2,90 m, 20,6 mmol)

en acetonitnio anhidro (25 ml) y DMF (20 ml) en un tubo de paredes gruesas fue
insuflado con argén por un lapso de 5 minutos A esta solucion a ta se agregd
répidamente tetrakis(tnferulfosfina)paladio (0) (235 mg, 0,203 mmol) El tubo fue
cerrado herméticamente con una tapa a rosca de teflén y calentado a 85-90°C en
un bafio de aceite Después de agitar por espacio de 3 h, se lo enfrié ata, se lo
abné con cuidado y se vertié su conterudo sobre EtOAc (100 ml) La solucién fue

lavada con HaPQO4 al 5 % (4 x 50 ml) y agua (50 ml) Se seco la capa organica con
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sulfato de magnesio, se la filtrd, concentro al vacio La cromatografia instantdnea
(MeOH 1 a 4 %-CHxCl,) dio el macrociclo 15f (330 mg, 0,749 mmol, 37 %)

OO 0 OO

Se prepard el compuesto deseado 15g cuantitativamente a partir de 15f de
acuerdo con el metodo del Ejemplo 11, Paso D Se lo utiizé en la siguiente
reaccion sin méas punficacién

Paso G

N s

G

o B

. mn\a;nigmﬁ
O L

15h
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Se preparo el compuesto deseado 15h con 78 % de rendimiento a partir de
15g de acuerdo con el metodo del Ejemplo 11, Paso F Se lo utiizo en la siguiente

reaccion sin mas punficacién

Paso H

Cadrie e
SARRS ”"ﬁ‘g’*

o
O CHy

15
Se preparé el compuesto deseado 15 con 55 % de rendimiento a partir de

Y

15h de acuerdo con el metodo del Ejemplo 1, Paso H
Ejemplo 16 Preparaciéon del Compuesto de la Fdrmula 16

il
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Paso A

Z
‘P

16
Se preparo el compuesto deseado 16 cuanttativamente a partir de 15 de

acuerdo con el metodo del Ejemplo 12, Paso A

Ejemplo 17 Preparacion del Compuesto de la Formula 17

bty e

17 \
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Paso A
H\j\n Me i} H\j\ Me
0 O H o 8 O N |
15¢ 17a

A |a solucién de 15f (150 mg, 0,340 mmol) en EtOH (10 mt) y EtOAc (S ml)
se agregdé paladio sobre carbén al 10 % (20 mg) La suspension fue agitada bajo
hidrogeno durante 8 h, lapso durante el cual se monitoreo el progreso de la
reaccién por TLC Después de la filtracion a través de una plancha de celite, los
solventes fueron eliminados al vacio para dar el producto en forma de sélido
blanco 17a (150 mg, 0,339 mmol, cuantitativo) Se lo utihzo en la siguiente
reaccion sin mas purificacion

Paso B

17a 17b

Se prepard el compuesto deseado 17b a partir de 17a de acuerdo con el
metodo del Ejempio 11, Paso D Se lo utilizd en la siguiente reaccion sin més

purificacion
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Paso C

OH H
H\j\ + HCIH2N N

o:HOH 0 3
O CHs
— (R TR K
n{* Y-
CHa
17c

Se prepard el compuesto deseado 17¢ con 73 % de rendimiento (Pasos B y
C) a partir de 17b de acuerdo con el metodo del Ejemplo 11, Paso E Se lo utihizo

en la siguiente reaccion sin mas punficacion
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PasoD

Se preparé el compuesto deseado 17 con 46 % de rendimiento a partir de
17c de acuerdo con el método del Ejemplo 11, Paso F

Ejemplo 18 Preparacion del Compuesto de la Formula 18

O
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18

Se preparé el compuesto deseado 18 cuantitatvamente a partir de 17 de
acuerdo con el método del Ejemplo 12, Paso A

Ejemplo 19 Preparacion del Compuesto de |a Formula 19

H%%n@n\iu% \

19
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18b

Se prepard el compuesto deseado 19b con 64 % de rendimiento a partir de

1g de acuerdo con el método del Ejemplo 11, Paso C

B:JBO{‘L Ia
ﬂ%iﬂ 0 I ZNHCI.HIN}%M.
A

19b 19c
Se prepard el compuesto deseado 19¢ a partir de 19b de acuerdo con el
método del Ejemplo 1, Paso C Se lo utihzd en la siguiente reaccion sin mas

purificacién
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Paso C

j}ﬁﬂ L {r&%
A ses

19
¢ 19d

A una suspensin de la sal de diamina 189¢ (75 mg, 1,52 mmol) y
carbonildiirmidazol (260 mg, 1,60 mmol) en acetonitnio (400 ml) a ta, se agrego
tnetilamina (0,26 ml, 1,85 mmol) La mezcla fue agitada durante un periodo de 3
dias Se eliminé el solvente al vacio Se disolvié el residuo en EtOAC/THF (100/50
ml) y se lavo la solucion con H3PO4 al 5 %, se la secd con sulfato de magnesio, se
la filtro y concentrd al vacio La cromatografia instantanea (MeOH 2 a 10 %-
CHzCl2) dio 19d (290 mg, 0,651 mmol, 34 %) en forma de solido blanco

Paso D
nJLH e - H{—u}\n ;

HNIr- \gz .
O

O
19d 190
Se prepard el compuesto deseado 19e con 97 % de rendimiento a partir de

19d de acuerdo con el método del Ejemplo 11, Paso D Se lo utilizd en la

siguients reaccion sin mas punficacién



120 oA

Paso E

o = 0
O CHs

HYéﬁ\ ; n&nvﬁ\%ﬁ

19f
Se preparo el compuesto deseado 19f con 66 % de rendimiento a partir de
196 y B de acuerdo con el método del Ejemplo 11, Paso E

Paso F
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Se prepand el compuesto deseado 19 con 66 % de rendimiento a partir de
19f de acuerdo con el método del Ejemplo 11, Paso F Se separaron parcialmente
dos productos por medio de cromatografia instantdnea (MeOH 0 a § %-CHzCl2)

Ejemplo 20 Preparacion del Compuesto de la Formula 20

0 o) o]
O
Se prepard el compuesto deseado 20 a partir de 19 de acuerdo con el
método del Ejemplo 12, Paso A
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Ejemplo 21 Preparacion del Compuesto de la Formula 21

Paso A

‘ﬂ’\\/’“\,/’\t)H ""fx\’/ﬁ\N,f\trji‘m

21a 21b
Una solucion de 5-hexen-1-ol 21a (10 g, 50 mmol) en eter dietilico (100 ml)

fue tratada con tnetlamina (10,1 g, 100 mmol, 2,0 equiv) y enfriada a 0°C Se
agregd por goteo una solucion de fosgeno en benceno (20 %, 100 ml, 20 g, 300
mmol, 4,0 equiv) y la mezcla de reaccion fue agitada a temperatura ambiente por
espacio de 12 h El clorhidrato de tnetlamina que se separo fue eliminado por
filtracién y el filtrado fue concentrado al vacio El residuo 21b fue utihzado
directamente para otros estudios sin punficacidn

Paso B

H
N\j\)/
BocHN .
o &

—
"~

A
Q ~

OH 0

BocHN

1f 21c

Una solucion de 1f (8,0 g, 18,43 mmol) en CHzCl; (100 ml) fue tratada con

tnetilamina (2,43 g, 24,0 mmol, 1,3 equiv) La mezcla de reaccion fue enfnada a —
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78°C y se agregd por goteo alicloroformiato (2,9 g, 24 mmol, 1,3 equiv) La
mezcla de reaccion fue agitada a temperatura ambiente por espacio de 12 h y
diluida con H20 (100 ml) y HC! acuoso (2M, 200 mi) Se extrajo la capa acuosa
con EtOAc (3x200 mi) La capa combinada de EtOAc fue extraida con sahina,
secada (NaxS0,), filtrada, concentrada al vacio y el residuo 21c fue utilizado
directamente para la desproteccion del Boc RMN 'H (CDCly, 300 MHz, § ppm)
729(t, 1H,J=8,0Hz), 6,94 (d, 2 H, J=6,0 Hz), 8,06-6,98 (m, 3 H), 6,41 (d, 1 H,
1= 5,4 Hz), 6,05-5,95 (m, 1H), 542 (dd, 1 H, J=1,2,13,2), 531 (dd, 1H,J) 1.2,
13,2), 5,10 (d, 1 H, J = 6,6 Hz), 4,91-4,87 (q, 1 H), 4,74 (d, 1 H, J = 4,5 Hz), 3,95-
3,92 (m, 1 H), 3,70 (s, 3 H), 3,12 (d, 1 H J= 4,2Hz), 1,81-1,51 (m, 6H), 1,43 (s, 9
H), 1,21-0,91 (m, 6 H)

Paso C
BocHN } ¥ 0~ CiHaN n\(to’
0o = - o &
AN
*g*o N\c',/o
21¢ 21d

Una solucién de 21c (1,5 g) en HCI (solucion 4M en dioxano, 100 mi) fue
agitada a temperatura ambiente por espacio de 3 h La desaparicion del matenal
de partida fue seguida por TLC y una vez desaparecido dicho matenal la mezcla
de reaccién fue concentrada al vacio y el residuo 21d fue secado en una bomba

Se lo utilizé para el acoplamiento sin mas purificacién



e /rf{

Paso D

0o 0

A
S

21e

21d

Una solucion del clorhidrato de amina 21d (4,0 g, 8,9 mmol) en CHClz (50
ml) fue tratada con tnetilamina (2,73 g, 27,0 mmol, 3 equiv-, 3,6 ml) y enfnada a -
78°C Se agregé por goteo una solucion del cloroformiato 21b (2,3 g, 13,3 mmol,
1.5 equiv) en CH2Cl2 (30 ml) La mezcla de reaccidon fue agitada a temperatura
ambiente durante la noche y diuida con HCI acuoso (1M, 150 mi) Se extrajo la
capa acuosa con EtOAc (3x100 ml) La capa combinada de acetato de etilo fue
extraida con Hz0 (100 ml), salina (100 ml), secada {NazS0,), filtrada, concentrada
al vacio y el residuo fue punficado por cromatografia (S102, EtOAc/Hexanos 3 7)
para dar 21e en forma de solido incoloro (5 g, 80 %)
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Paso E

N\/LO,

\\

OH
21f
Una solucmn del compuesto protegido con alloc 31e (4,0 g, 7,2 mmol) en

THF seco (60,0 mi) fue tratada con dimediona (2,01 g, 14,4 mmol, 2,0 equiv ),
Pd(PPha)+ (830 mg, 0,71 mmol, 10 % en moles) a 0°C y agitada a ta durante 1 h
La mezcla de reaccion fue concentrada al vacio y el residuo purificado por
cromatografia ($10,, EtOAc/hexanos, 3 7) para dar un alcohol desprotegido 21f en
forma de sélido incoloro (2,7 g, 79 %) RMN 'H (CDCl3) § ppm) 7,44 (bs, 1 H),
7,09 (s, 1 H, J=6,0 Hz), 6,75-6,72 (m, 2 H), 6,58-6,48 (m, 2 H), 5,81-571 (m, 1 H),
5,585 (d, 1 H, J=7,2 Hz, 4,98 (ddd, 1 H, J=1,5, 1,2 9 Hz), 4,92 (dd, 1H, J=4,5, 0,9
Hz), 4,88-4,83 (m, 1 H), 4,12-3,97 (m, 1 H), 3,71 (s, 3 H), 3,09-2,98 (m, 2 H), 2,08-
2,03 (m, 2 H), 1,722-1,40 (m, 10 H), 1,24-0,94 (m, 5 H), RMN '3C (100 MHz, &)
171,6, 1573, 156,6, 138,3, 136,6, 129,8, 132,5, 120,6, 117,0, 114,9, 114,6, 65,7,
60,1, 53,2, 52,5, 40,4, 37,1, 33,3, 29,6, 28,6, 28,3, 26,0, 25,9, 25,1, CHN calc
para CasHigN20g C= 65,20 %, H= 7,88 %, N=6,08 %, Encontrado C= 64,90 %,
H= 7,98 %, N=6,01 %,
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Una solucion del alqueno 21f (850 mg, 1,4 mmol) en THF anhidro (5,2Qr,nl)
fue enfriada a 0°C y tratada con BH3eTHF (sol 1M en THF, 4,2 mi, 4,2 mmal, 3,0
equiv) La mezcla de reaccion fue agitada a ta por espacio de 2 h y se agregé
EtOH (2,0 ml) con cuidado por la evolucidn de gas hidrogeno Una vez
completada la evolucidn de H,, la mezcla de reaccidn fue tratada con buffer pH 7
y tratada con H202 (30 %, 5,0 ml) a 0*°C Se retiro el baiio helado y la mezcla fue
agitada a ta durante 3-4 h La mezcia de reaccidn fue extralda con EtOAc (3x100
ml) Las capas orgénicas combinadas fueron extraidas con H20, salina, secadas
(MgSQ,), filtradas, concentradas al vacio y el residuo fue punficado por
cromatografia (S102, EtOAc/hexanos, 3 7) para dar el producto hidroborado en
forma de sdlido incoloro 21g (400 mg, 60 %) [alo 86,4 (c 0,3 CHCIs, 25°C), RMN
'H (CDCls, 400 MHz, 8) 7,26 (s, 1 H), 7,08 (t, 1 H, J=5,7 Hz), 6,83 (d, 1 H, |=6,0
Hz), 6,71 (dd, 1 H, J=1,2, 4,5 Hz), 6,57 (bs, 1 H), 6,54 (d, 1 H, J=5,7 Hz), 5,68 (d,
1 H, J=6,9 Hz), 4,85 (dq, 1 H, J=4,2,1,8 hz), 4,05-3,97 (m, 3 H), 3,69 (s, 3 H), 3,60
(t, 2 H, J=4,8 Hz), 3,08-2,97 (m, 2 H), 1,77-1,53 (m, 10H), 1,42 1,25 (m, 4 H),
1,24-0,92 (m, 5 H), RMN °C (CDCly, 100 MHz, ) 171,8, 181,8, 157,6, 1569
136,9, 130,0, 120,8, 117,0, 114,8, 65,7, 62,7, 60,3, 53,3, 52,7, 40,5, 37,4, 32,5,
29,7, 29,0, 28,8, 26,2, 26,0, 25,6, 25,4, EM (FAB, NBA/DMSO, intensidad relativa
m/z) 479 ([M+1]", 100), 296 (40), 196 (25), 156 (25), 136 (25), 112 (20) HRMS
calc. para CxHxN2O7 (M+1)* 479,2760, encontrado 479,2757
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21g 21h
Se trato una solucion de PPhs (385 mg, 1,47 mmol, 1,75 equiv)) en CHCla

(10 ml) con el compuesto 21g (400 mg, 0,85 mmol) y se la enfné a 0°C Se agregd

CHa

ZXL
o
I=

por goteo una solucion de DEAD (220 mg, 1,26 mmol, 1,5 equiv ) en CHzCl> (10
mi) y se la agité a ta por espacio de 3 h La mezcla de reaccion fue concentrada
al vacio y el residuo punficado por cromatografia (S10,, EtOAc/hexanos, 1 9) para
dar el producto ciclico 21h en forma de séhido incoloro (110 mg, 25 %)

Paso H

R S

QO

21h 211
Una solucion del carbamato ciclico 21h (200 mg, 0,44 mmol) en dioxano

{30 mi), CHsOH (20 mi) y CH2Cl> (20 mi) fue tratada con LIOHeH20 (80 mg, 2,0

mmol, 4,5 equiv) y agitada a ta por espacio de 4 h La reaccidon fue concentrada
al vacio y diluida con HCI (sol 4M en dioxano, 10 ml) El agua fue eliminada por
hofihizacion para dar el 4cido cnstalino 211 que fue utiizado directamente para el

acoplamiento
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Paso |

21

Una solucidn del dcido hidrolizado 21i (210 mg, 0,47 mmol) en DMF seca
(5,0 ml) y CHzCl2 (5,0 ml) fue tratada con HOOBt (125 mg, 0,70 mmol, 1,5 equiv) y
enfriada a 0°C y se agregd base de Hinig (258 mg, 2,0 mmol, 4,0 equiv, 369 pl)
A esta mezcla se agregdé EDCI (134 mg, 0,70 mmol, 1,5 equiv) y la mezcla de
reaccion fue agitada a 0°C durante 0,5 h y tratada con el clorhudrato de amina B
(253 mg, 0,58 mmol, 1,25 equiv) La mezcia de reaccion fue guardada en un
freezer por espacio de 24 h y concentrada al vacio para eliminar la DMF y el
CHzCl; El residuo fue diluido con HCI ac (2M, 30 ml) y extraido con CH2Clz (3x50
ml) La capa organica combinada fue extraida con HCI ac (2M, 30 mi), NaOH ac
{(1M), salina (2x50 ml), secada (MgSO4) y concentrada al vacio El residuo 21;j

(220 mg) fue oxidado sin mas punficacién
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Paso J

21
Una solucién del alcohol 21) (220 mg, 0,26 mmol) en CH:Cl2 (5,0 ml) fue

tratada con reactivo de Dess-Martin (200 mg, 0,47 mmol, 1,8 equiv) La mezcla
de reaccion fue agitada a ta durante 1 h y diluida con NaHCOj3 acuoso (15 ml) y
NazS203 ac (15 ml) La mezcla de reaccion fue agitada a ta durante 20 min y se
extrajo la mezcla de reaccibn con CHxCla (3x30 ml) Las capas organicas
combinadas fueron exiraidas con NaxCO, secadas (Na:SQ,), (filtradas,
concentradas al vacio y el residuo fue purificado por cromatografia {$102, CHaOH
(NH3 2M)/CH:Cl; 1 20) para dar la cetoamida 21 (60 mg, 27 %) en forma de séhdo
incoloro

Ejemplo 22 Preparacion del Compuesto de la Férmula 22

n\i nﬁn\i%
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Paso A

22

Una solucion del ester terc-butilico 21 {50 mg, 0,059 mmol) en CHzCl> seco
(2,0 ml) fue tratada con ATF (2,0 mi) y agitada a ta -durante 4 h La mezcla de
reaccion fue concentrada al vacio y el residuo disuelto reiteradamente en
heptanos/CHzCl2 y concentrado al vacio varias veces para dar un fino solido
tostado 22 (47 mg), que fue secado al vacio

Ejemplo 23 Preparacion del Compuesto de la Formula 23

/\\N
n\i%wn°n %
8. R*g\iaox

O
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1d H.Cl 23b N

23a
Una solucion del acido 1d (255 mg, 1,0 mmol) en DMF (2,0 ml) fue tratada

con HOBt (202 mg, 1,5 equiv) y base de Hunig (517 mg, 4,0 mmol, 4,0 equiv, 738
ul) La mezcla de reaccion fue enfriada a 0°C y tratada con DCC (258 mg, 1,25
mmol, 1,25 equiv) Después de agitar la mezcla durante 1 h, se agregd histidina-
OCH3¢2HCI 23a (242,0 mg, 1,0 mmol) y se agité a temperatura ambiente durante
la noche La mezcla de reaccién fue concentrada al vacio y extraida en EtOAc
(3x50 ml) y NaHCO3 ac (50 ml) La capa orgédnica concentrada al vacio y el
residuo punficado por cromatografia (S102, CH3OH/CH;Ciz 1 19) para dar el
dipéptido 23b en forma de solido incoloro (380 mg, 93 %) RMN 'H (de-DMSO 400
MHz, §, ppm) 8,17 (d, 1 H, J=7,2 Hz), 7,48 (s, 1 H), 6,77 (s, 1 H), 6,57 (bs, 1 H),
554 (d, 1H, J=7,6 Hz), 4,47 (q, 1 H, J=7,2 Hz), 3,79 (t, 1 H, J=8,4 hz), 3,55 (s, 3
H), 3,36-3,20 (m, 2 H), 2,94-2,82 (m, 2 H), 1,70-1,47 (bm, 6R), 1,35 (s, 9 H), 1,46-
0,85 (m, 5 H), RMN *C (de-DMSO, 100 MHz, 5 ppm) 172,5, 171,8, 157,3, 155,9,
135,4, 78,6, 59,5, 52,9, 52,3, 34,1, 29,6, 28,9, 28,6, 28,6, 26,5, 26,3, 26,0, 25,2
EM FAB (NBA-G/TG-DMSO, intensidad relativa m/z) 409 [(M+q)*, 100}, 353 810,
170 (20), HRMS calc para CxH:sN4Os 409,2451, encontrado 409,2466, CHN
calc para CxH»nNsOs C=58,81 %, H=7,90 %, N=13,72 %, Encontrado C=58,70
%, H=7,78 % N=13,43 %
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Paso B

St AT,
1’]’ 05

236 HCl 23c N

Una solucion de acido o-bromoheptenaico (223 mg, 1,0 mmol) en DMF (3,0
ml) fue tratada con clorhidrato de amina desprotegido 23b (380 mg, 1,0 mmol, 1,0
equiv) y se agregd base de Hunig (387 mg, 3,0 mmol, 3,0 equiv) La mezcla de
reaccion fue tratada con PyBroP (465 mg, 1,0 mmol) y agitada a ta durante 3 h
La mezcla de reaccion fue concentrada al vacio y el residuo fue punficado por
cromatografia (S102, CHsOH/CH,Cl., 1/19) para dar un s6iido incoloro (220 mg, 50
%) EM (FAB) 415,2 [(M+1)*, 100], 513,2 [(M+1)*, 95)], 469 (60), 433 (20), 170
(40) HRMS calc. para CxH3sBrN4«O4 513,2076, encontrado 513,2073

Paso C

L

HzCI
23¢ zad

Una solucidn del compuesto bromo 23c (100 mg, 0,23 mmol} en 2-
butanona (4,0 ml) fue tratada con NazCOj3 (31,0 mg, 0,29 mmol, 1,25 equiv ) y con
Li (50 mg, 0,37 mmol 1,3 equiv) y calentada a reflujo por espacio de 24 h La
mezcla de reaccion fue concentrada al vacio y el residuo diluido con agua El

residuo fue extraido con CH:Clz (3x30 ml) La capa orgdnica combinada fue
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secada (Na;S0,) y punficada por cromatografia (S102, CHsOH CH:Cl; 1 19) para
dar el compuesto ciclado 23d (25 mg, 31 %), Ry 0,68 (NHs 2M en CH30H CHzCl2
119) RMN 'H (CDCls, 400 MHz, §, ppm) 8,17 (d, 1 H, J)8,8 Hz), 7,33 (s 1 H),
6,48 (d, 1 H, J=8,4 Hz) 4,90-4,85(m, 1 H) 426 (t, 1 H, J=8,0 Hz), 3,82-3,74 (m, 2
H), 3,69 (s, 3 H), 3,16-3,11 (m, 2 H), 2,91-2,84 (m, 1 H), 2,30-2,01 (m, 2 H), 1,65-
1,59 (m, 11 H), 1,18-0,96 (m, 11H), RMN **C (CDCls 100 MHz, & ppm) 1728,
172,4, 171,9, 138,2, 136,8, 57,6, 52,5, 51,7, 46,6, 36,0, 30,9 29,5, 28,8, 27,3,
26,7, 26,4, 26,3, 26,2, 25,2, 148 EM (Electroatomizacion, intensidad relativa
m/z) 433 [(M+1], 100] HRMS calc para CzHsN4Os 433,2815, encontrado
433,2822
Paso D

ot —— T

23d 23e

Una solucion del ester metilico 23d (200 mg, 0,46 mmol) en CH3OH (5,0
mi), Hz0 (0,5 ml) fue tratada con LiIiOHeH20 (30 mg, 0,75 mmol, 1,6 equiv) La
mezcla de reaccion fue agitada a ta durante 15 h y concentrada al vacio y secada
en bomba para dar el compuesto hidrolizado 23e que fue utiizado directamente

para el acoplamiento
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Paso E

Una solucidn del dcido 23e en CH:Clz (3,0 mi), DMF (5,0 mi) fue tratada
con HOOBt (115 mg, 0,70 mmol, 1,50 equiv) y EDCIi (113 mg, 0,60 mmol, 1,25
equiv) La mezcla de reaccion fue tratada con EtsN (190 mg, 1,88 mmol, 271 w,
4.0 equiv) y el clorhidrato de amina B (201 mg, 0,5 mmol, 1,1 equiv) La mezcla de
reaccion fu agitada a ta por un lapso de 13 h y diluida con H20 La capa acuosa
fue extrairda con CH.CL (3x50 ml) y las capas organicas combinadas fueron
extraidas con NaOH ac (1M, 50 ml) y secadas (Na;SQ4) La capa orgénica seca
fue filtrada y concentrada al vacfo para dar un residuo incoloro 23f (442 mg) que
fue secado al vacio y utilizado directamente para la postenor oxidacion EM

(Electroatomizacién, intensidad relativa m/z) 794 [(M+1]", 100]
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Una solucién de la hidroxiamida 23f (50 mg, 0,064 mmol) en CH2Clz (3,0
mi) fue tratada con reactivo de Dess-Martin (53 mg, 0,13 mmol, 2,0 equiv) ¥
agitada a ta durante 3 h La mezcla de reaccion fue diluida con NazS;0; ac sat
(20 mi) y agitada por espacio de 15 min La capa acuosa fue extraida con CHzCl
(3x30 ml) La capa organica fue secada (Na2S0,,), filtrada, concentrada al vacio y
punficada por cromatografia (St02, CH3OH/CH2Cl2 1 15) para dar la cetoamida 23
(20 mg, 40 %) EM (FAB, NBA-G/TG-DMSO, int rel m/z) 824 [(M+ CHiOH)",
100], 792 [(M+1)*, 60}, 447 (20), HRMS calc. para CeHeaN7Og (M+1)* 792,4660 ,
encontrado 792,4659
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Paso A
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Iz

g&iwn\iﬂ '

Una solucién del ester terc-butilico 23 (17 mg, 21,5 umol) en CH:Cl» seco
(2,0 ml) fue tratada con ATF (2,0 mi) y agitada a ta durante 8 h La desapancién
del éster hasta la inea de base fue seguida por TLC (CHsOH&CH:Cl,, 1 19) La
mezcla de reaccion fue concentrada al vacio y el residuo fue repetidamente
disuelto en CH3sOH/Meptanos/CH2Clz y concentrado al vacio vanas veces para dar
24 en forma de fino sélido incoloro (7 mg) EM (Electroatomizacion, intensidad
relativa m/z) 768 [(M+CHsOH)", 100], 736 [(M+1]", 60), 46 (10)
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Ejemplo 25 Preparacion del Compuesto de la Férmula 25

Paso A

| ) - o
PFs EFa
RU(CHiCN)s — = CRRU—

OOH Q0OH
NHBac HBoc
25a 1b 25b

Una solucibn de Boc-4-clorofenilalanina 25a (523 mg, 175 mmol) en
dicloroetano (37 ml) fue tratada con CpRU(CHaCN);PFs 1b (760 mg, 175 mmol,
1,0 equiv ) y calentada a reflujo durante 2 h La mezcla de reaccién fue enfriada a
0°C vy filtrada E! filtrado fue concentrado al vacio y disuelto en minimo CHaCN y
tratado con un gran exceso de Et:O El sélido que se separo fue desprendido y
disuelto en CH;Cl2/CH30H (1 1, S0 ml) y concentrado al vacio para obtener 25b
en forma de espuma marrén (640 mg, 69 %)
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Una solucidn del acido carboxilico 25b (2,4 g, 3,80 mmol) en DMF seca (15

ml) fue tratada con base de Himg (1,64 g, 12,64 mmol, 4,0 equiv, 2,9 mi) y HOBt
(661 mg, 4,38 mmol, 1,5 equiv ) La mezcla de reaccién fue enfriada a 0°C y luego
tratada con EDCI (699 mg, 3,95 mmol, 1,25 equiv) y agitada durante 15 min A

esta mezcla de reaccibn se agregé el clorohidrato de amina 1g (1,50 g, 4,00

mmol, 1,2 equiv } y la mezcla de reaccién fue agitada a ta porespaciode 12h La

DMF fue separada por destiacion y el residuo diluido con agua (30 ml) y la capa

acuosa fue extraida con CHClx (3x50 mL) Se extrajeron las capas organicas
combinadas con NaHCO; ac. (30 mi) HCI ac (30 ml), salina, secadas (Na:SOy,),

filtradas, concentradas al vacio y el producto crudo 25c¢ (2,5 g, 69 %)) fue utiizado

para la ciclacién postenor sin punficacién

Paso C
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Una solucién del compuesto 25¢ (100 mg, 0,11 mmol) en DMF seca (10 ml)
fue desgasificada con N seco y tratada con CsxCO, (170 mg, 0,5 mmol, 5,0
equiv) y se la agito a temperatura ambiente por espacio de 12 h La DMF
solvente fue separada por destilacion y el residuo fue diluido con agua (35 ml) y
extraido con CH2Clz (3x100 ml) Las capas organicas combinadas fueron secadas
(Na2S0y), filtradas, concentradas al vacio y secadas al vacio durante la noche Se
las utiizo para la remocién fotolitica del Ru sin mas punficacion

Se disolvid el compuesto ciclado del paso anterior en CH;CN y se lo
fotalizé en un Raynot (A=350 nm) por espacio da 48 h La mezcla de reaccién fue
concentrada al vacio y el residuc punficadoe por cromatografia (SiO.,
EtOAc/Hexanos 2 1) para dar 25d en forma de solido de color tostado (29 mg, 46
%) EM (FAB, NBA-G/TG-DMSO, intensidad relativa m/z ) 580 [(M+1]", 80] 524
(100), 418 (40), 462 (30), 452 (20), 313 (60), 253 (20)

Paso D

25d 25¢
Una solucién del éster 25d (150 mg, 0,26 mmol) en THF (3 ml), CH3OH (3,0

ml) y H20 (3,0 mi) fue tratada con LiOHeH20 (18 mg, 0,43 mmol, 1m65 equiv) y

agitada a ta por espacio de 35 min La mezcla de reaccién fue acidificada con HCI
conc. (13 M, 1 ml) y extraida con CH.Cl2 (3x50 ml) Las capas organicas
combinadas fueron secadas (Na;SQ,), filtradas y concentradas al vacio para dar
el dcdo 25e¢ que fue utiizado directamente para el acoplamiento sin mas

punficacion
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Paso E

Una solucién del dcido 25e (150 mg, 0,27 mmol) en CH;Clx (2,0 ml) fue
tratada con HOBt (62 mg, 0,40 mmol) y base de Hanig (139 mg, 1,1 mmol, 4,0
equiv ) La mezcla de reaccion fue enfriada a 0°C y tratada con EDC! (53 mg, 0,34
mmol, 1,25 equiv) y agitada durante 30 min La mezcla de reaccidn fue tratada
con la amina F (88 mg, 0,29 mmol, 1,22 equiv) y guardada en un freezer durante
12 h La mezcla de reaccidn fue concentrada al vacio y diluida cona gel de silice
(50 mi) Se extrajo la capa acuosa con CHzCl; (3x50 ml) Las capas orgénicas
combinadas fueron extraidas con HC! ac (1M, 3x20 mi), NaOH (1M, 3x20 ml),
secadas (Na;S0,), filtradas, concentradas al vacio para obtener un sélido incoloro

25f (138 mg) que fue utiizado para la oxidacién
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Una solucion del alcohol 25f (140 mg, 0,143 mmol) en CHxCl, THF (1 1, 5,0

ml) fue tratada con reactivo Dess-Martin (121 mg, 0,42 mmol, 3,0 equiv) La
mezcla de reaccion fue agitada & ta por espacio de 2 h y la mezcla fue
concentrada al vacio El residuo fue purificado por cromatografia (Si0,,
CH3OH/CHCl> 1 32) para dar el producto oxidado 25 (57 mg, 41 % en forma de

sdlido incoloro
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Ejemplo 26 Preparacién del Compuesto de la Férmula 26

o

26

s

ZX
CO
x

26
Una solucién del ester bencilico 25 (30 mg, 38,0 umol) en CHsOH/THF

(1 1, 4,0 ml) fue tratada con Pd/C (20 mg, 10 %) y se insuflo H; a traves de la
misma Se agregd una gota de acido acetico para acelerar la reduccién La
mezcla de reaccidn fue filtrada a través de un cilindro de celite y el filtrado fue

concentrado atl vacio El residuo 26 fue anahzado sin mas punficacién
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Ejempio 27 Preparacién del Compuesto de la Férmula 27

s
I
ZT
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-

27a
Una solucién del acido 25e (100 mg, 0,17 mmol) en CH.Cl; seco fue

tratada con HOOBt {41 mg, 0,26 mmol) y base de Himg (91 mg, 0,70 mmol, 4,0

equiv) La mezcla de reaccion fue enfnada a 0°C y tratada con EDCI (35 mg,
0k,22 mmol, 1,25 equiv) y agitada por espacio de 30 min La mezcla de reaccién
fue tratada con la amina D (71 mg, 0,22 mmol, 1,22 equiv) y guardada en un
freezer durante 12 h La mezcia de reaccién fue concentrada al vacfo y diitnda con
H20 (30 ml) Las capas acuosas fueron extraidas con CH2Clz (3x30 ml) Las
capas orgdnicas fueron ex‘traldas con HCl ac (1M, 30 ml), NazCO3 ac (1M, 30 mi),
sacadas (NazSOq4)m filtradas, concentradas al vacio para obtener 27a en forma de

solido incoloro (119 mg) que fue utilizado para la oxidacion EM (FAB), 842
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LD
[(M+1)*, 100] 765 (20), 735 (10), 657 (20), 575 (10), 492 (10), 464 (20), 446 (30)
HRMS calc para CsHagNsO10 (M+1)* 862,4339 , encontrado 842,4336

Paso B

Una solucidn dei alcohol 27a (120 mg, 0,143 mmol) en CHzCl; THF (1 1,
3,0 ml} fue tratada con reactivo Dess-Martin (180 mg, 0,42 mmol, 3,0 equiv) La
mezcla de reaccion fue agitada a ta por espacio de 2 h y la mezcla fue
concentrada al vacio El residuo fue purificado por cromatografita (S10;,
CHJyOH/CHZCIz 1 32) para dar el producto oxidado 27 en forma de solido incoloro
EM (FAB, NBA-G/TG-DMSO, intensidad relativa m/z ) 840 {(M+1)*, 50] HRMS
calc. para CeHssNsO0 (M+1)" 8404184, encontrado 8404199
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Ejempio 28 Preparacion del Compuesto de ia Férmula 28
L4

Paso A

Una solucién del ester bencilico 27 {40 mg, 47.0 umol) en CHOHTHF
(1 1, 6,0 ml) fue tratada con Pd/C (30 mg, 10 %) y se insuflé H, a traves de la
misma Se agregd una gota de acido acético para acelerar la reduccion La
mezcla de reaccién fue filtrada a traves de un cilindro de celite y el filtrado fue

concentrado al vacio para dar 28
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Ejemplo 29 Preparacién del Compuesto de la Formuia 29

0
7
L8] 0 (o)
H H H
AN N A AN N A o
O O H O O H 0 \F
Paso A.
29
!
. - .
¥ CH;L”QEE}
O

29a 29h

Una solucidn de 4clorofenilalanina 29a (1,5 g, 7,5 mmol) en THF (20 mi) y
Hz0 (20 mi) fue tratada con NaOH (800 mg, 22,5 mmol, 3,0 equiv) y enfniada a
0°C Se agregd por goteo una solucidn de cloruro de acetilo (707 mg, 9,00 mmoal,
1,25 mmol) en THF (10 ml) y la mezcla de reaccion fue agitada durante la noche a
ta La mezcla de reaccidn fue acidificada con HCl ac (1M, 10 ml) y extraida con
CH2Cl2 (3x30 ml) Las capas organicas combinadas fueron secadas (NazSO4,),
filtradas, concentradas al vacio para dar 29b, que fue uhlizado en el paso

siguientes sin purificacion



147

Paso B
' - -l
PFq PFg
+ + +
RU(CHACN), o \FRu—
&
O0H 4, OOH
HAc NHAc

29b 29¢

Una solucién de N-acetil-4-clorofenilalanina 29b (1,39 g, 5,75 mmol) en
dicloroetano (118 ml) fue tratada con CpRu(CH3CN)sPFs 1b (2,5 g, 5,8 mmol, 1,0
equiv ) y calentada a reflujo durante 2 h La mezcla de reaccidn fue enfriada a 0°C
y filtrada El filtrado fue concentrado al vacio y disuelto en CHaCN (15 mi) y
tratado con Et20 (150 ml) La goma que se separd fue retirada por decantacion
del éster y el residuo fue disuelto en CH2Cl2/CH30OH (1 1, 50 ml) y concentrado al
vacio para obtener 29c en forma de espuma marron (2,2 g, 69 %) EM

(Electroatomizacidn, int rel m/z) 408 {{M-PFg)’, 100]
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Paso C

H P
c Fo
SR
29c
cm,ﬁ\j\ﬁ . AcHN” “COOH
| 3 o P

——

1g PFg . A5

C u H
I A \i
I . r Fre
O
29d
Una solucién del acido carboxilico 29¢ (2,0 g, 4,00 mmol) en DMF seca (20
ml) fue tratada con base de Hanig (2,06 g, 16,0 mmol, 4,0 equiv, 2,9 mi) y HOBt
(810 mg, 6,0 mmol, 1,5 equiv) La mezcla de reaccidn fue enfnada a 0°C y luego
tratada con EDCI (888 mg, 5,0 mmol, 1,25 equiv) y agitada durante 0,5 h A esta
mezcla de reaccion se agregd el clorohidrato de amina 1g (1,48 g, 7,14 mmol, 1,2
equiv ) y la mezcla de reaccidn fue agitada a ta por espacio de 12 h La DMF fue
separada por destilacion y el residuo diluido con agua y la capa acuosa fue
extraida con CH2Cl2 (3x100 mL) Se extrajeron las capas orgdnicas combinadas
con NaHCOj3 ac (200 ml) HCI ac. (100 ml), salina, secadas (Na;SQy), filtradas,
concentradas al vacio, El producto crudo 29d (1,2 g, 38 %)) fue utiizado para la

ciclacion sin punficacion
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Paso D

H
S
c Ru
) HA 0
ol
29d 29¢

Una solucidn del compuesto cloro 29d (1,2 g, 1,5 mmol) en DMF seca (120
mi) fue desgasificada con N2 seco, tratada con Cs.COs (24 g, 7.4 mmol, 5,0
equiv ) y agitada a temperatura ambiente por espacio de 23 h La DMF solvente
fue separada por destilacion y el residuo fue diluido con agua (300 ml) y extraido
con propionitnio (3x100 ml) Las capas organicas combinadas fueron secadas
(Na2S0Q,), filtradas, concentradas al vacio y secadas al vacio durante la noche Se
las utilizd para la remocion fotohtica del Ru sin mas purificacion

Se disolvio el compuesto ciclado del paso antenor en CHsCN (40 ml) y se
lo fotolizo en un Raynot {(A=350 nm) por espacio de 48 h La mezcla de reaccion
fue concentrada al vacio y el residuo punficado por cromatografia (Si102,
EtOAc/Hexanos 4 1) para dar un sélido de color tostado 29e (240 mg, 38 %) EM
(FAB, NBA-G/TG-DMSO Iintensidad relativa m/z ) 522 [(M+1]", 100]
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Paso E

29
Una solucidn del éster 29e (200 mg, 0,42 mmol) en CH3OH (5 ml), CHxClz

13 mi) y H20 (2,0 ml) fue tratada con LIOH«H20 (41 mg, 1,0 mmol, 2,4 equiv) y
agitada a ta por espacio de 3 h La mezcla de reaccion fue agidificada con HCI
conc (13 M, 1 ml) y extraida con CH2Cla (3x50 ml) y EtOAc (3x50 ml) Las capas
organicas combinadas fueron secadas (NaxSQy), filtradas y concentradas al vacio
para dar el acido 29f (178 mg) que fue utilizado directamente para el acoplamiento

sin mas punficacién
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Paso F

b
T
i

29g

Una solucion del acido 29f (90 mg, 0,18 mmol) en DMF seca (1,0 ml) fue
tratada con HOBt (45 mg, 0,33 mmol, 1,6 equiv) y base de Hunig (142 mg, 1,1
mmol, 5,0 equiv) y {a amina B (118 mg, 0,28 mmol, 1,47 equiv) La mezcla de
reaccion fue enfnada a 0°C y tratada con EDCI (63 mg, 0,33 mmol, 1,6 equiv) y
agitada a 0°C por espacio de 20 min, durante 12 h La mezcla de reaccion fue
concentrada al vacio y diluida con H20 (30 ml) Las capas organicas combinadas
fueron extraidas con CHzClz (3x30 mi) y EtOAc (3x30 ml) Las capas organicas
combinadas fueron extraidas con NaOH ac (2M, 30 mi), secadas (NazSOy),
filtradas, concentradaas al vacio para obtener un solido incoloro 29g (50 mg, 32
%) que fue utilizada para la oxidacion EM (Electroatomizacion, int rel m/z) 883
[(M+1)*, 100] 522 (30), 394 (60)
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Paso G

‘F

29

Una suspension del alcohol 29g (50 mg, 60,0 umol) en CH;Cl2 (2,0 ml) fue
tratada con reactivo Dess-Martin {40 mg, 0,94 mmol, 2,0 equiv) La mezcia de
reaccion fue agitada a ta por espacio de 3 h y la mezcla fue concentrada al vacio
El residuo fue punficado por cromatografia (S102, CHsOH/CH,Ciz 1 32) para dar
el producto oxidado 29 (41 mg, 80 %) en forma de sélido incoloro EM (FAB, int
rel m/z) 881 [(M+1)*, 100) 825 (170), 248 (100)

Ejemplo 30 Preparacién del Compuesto de la formula 30
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Una solucion del ester terc-butilico 29 (23,0 mg, 26,0 umol) fue tratada con
ATFICHCl2 (11, 20 ml) y agitada a temperatura ambiente durante 4 h La
despanicion del éster hasta la linea de base fue seguida por TLC (CHyOH/CH2Cla
124) Una vez completada la desproteccion, la mezcla de reaccibn fue
concentrada al vacio y el residuo tratado reiteradamente con heptanos/CHsOH
(4.0 mil) y concentrado para dar un séldo tostado 30 (13,0 mg, 100 %) EM
(Electroatomizacion, int rel m/z) 825 [(M+1)*, 100)
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Ejemplo 31 Preparacion del Compuesto de la formula 31

Sl

ran o
&
ZL

Paso A 31

Una solucién del acido 29f (150 mg, 0,29 mmol) en DMF seca (4,0 ml),
CHzClz (3,0 mi) fue tratada con HOBt (58 mg, 0,44 mmol) y base de Hunig (149
mg, 1,1 mmol, 4,0 equiv) La mezcla de reaccion fue enfriada a 0°C y tratada con
EDCI (82 mg, 0,44 mmol, 1,5 equiv) y agitada por espacio de 30 min La mezcla
de reaccidn fue tratada con la amina E (88 mg, 0,29 mmol, 1,22 equiv) y agitada a
temperatura ambiente por espacio de 12 h La mezcla de reaccion fue

concentrada al vacio y diluida con Hz0 (30 ml) La capa acuosa fue extraida con
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23]
CH2CI2 (3x30 ml) Las capas organicas combinadas fueron extraidas con HCI ac
(1M, 3x20 mi), NaOH ac (1M, 3x20 ml), secadas (NazSQ,), filtradas,
concentradaas al vacio para obtener un solido incoloro 31a (56 mg) que fue
utilizado para la oxidacién EM (Electroatormizacién, int rel m/z) 750 [(M+1)*, 20]
663 (10), 522 (10), 416 (20), 247 (30)

Paso B

H

,(‘ “JL i A IS K

AcHN N ﬁ N N -
O O o] O

Jia

BB S
N N N
AcHN u
o 0 0
3

O

Una suspension del alcohol 31a (56 mg, 75 umol) en CH2Cl2 (5,0 ml) fue
tratada con reactivo Dess-Martin (83 mg, 0,22 mmol, 3,0 equiv) La mezcia de
reaccién fue agitada a ta por espacio de 4 h y la mezcla fue concentrada al vacio
El residuo fue punficado por cromatografia ($102, CHaOH/CH,Cl, 1 19) para dar
el producto oxidado 31 (34 mg, 60 %) en forma de sdlido incoloro EM
(Electroatomizacion, int rel m/fz) 748 {(M+1)*, 35] 692 (5), 279 {100)
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Ejemplo 32 Preparacion del Compuesto de la formula 32

ZT
ZT
I

Paso A 32

Una solucién del éster terc-butilico 31 fue tratada con ATF/CH:Ci2 {1 1, 4,0
ml) y agitada a temperatura ambiente durante 4 h La despancion del éster hasta
la inea de base fue seguida por TLC (CH3OH/CHCl2 1 24) Una vez completada
la desproteccion, la mezcla de reaccién fue concentrada al vacio y el residuo
tratado reiteradamente con heptanos/CHyOH (4,0 ml) y concentrado para dar un

solido tostado 32 en forma de sdlido tostado
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Ejemplo 33 Preparacion del Compuesto de la formula 33

O H 0
N\)LN
H
Paso A
33
H
H H
33a 33b

Una solucidén del acido 33a (4,5 g, 25,0 mmol) en dioxano (30 ml) y
benceno (80 ml) fue tratada con BnOH (8,0 g, 74 mmol, 3,0 equiv ) y TsOH H20
(713 mg, 3,75 mmol, 10 % en moles) La mezcla de reaccion fue calentada a
reflujo por espacio de 5 h, tras lo cual se separo el agua utilizando un aparato de
Dean-Stark La mezcla de reaccion fue concentrada al vacio y el residuo
purtficado por cromatografia (S102, EtOAc/Hexanos 37) para dar el ester
bencilico 33b en forma de aceite incoloro (4,2 g, 62 %), Rf 0,22 (EtOAc/Hexanos
37), RMN C (CHJOD, 75 MHz, 5) 175,1, 158,2, 139,7, 130,3, 129,5, 129,3,



158

AZX lf

121,7, 1174, 1146, 73,1, 67,6, 41,6, EM (FAB, G/TG-DMSO, intensidad relativa)
351 (HRMS calc para CieHi704 (M+1)* 272,1049 , encontrado 272,1054
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33b 33c
Una solucion del éster bencilico 33b (3,8 g, 12,9 mmol) en CHzClz (100 mi)

fue tratada con EtsN (1,55 g, 15,4 mmol, 1,1 equiv), enfnada a —78°C (2-PrOH,
hielo seco) y se le agregd por goteo una solucidn de cloroformiato de alilo (1,84 g,
15,36 mmol, 1,1 equiv) en CH2Cl2 (10 mi) Se dejé que la mezcla de reaccion
entiblara a ta y se la diluyo con HCI ac (1M, 100 ml) La mezcla de reaccion fue
extraida con EtOAc (3x100 ml) La capa organica combinadas fue lavada con HCI
ac. (100 mi, 1M), salina (200 mi), secada (MgSO,) concenbtirada al vacio para dar
33c que fue utihizado en el siguiente paso sin mas purficacion Rf 0,43
(EtOAc/Hex. 7 13), RMN '3C (CH\OD, 75 MHz, 5) 174,8, 162,5, 155,0, 1525,
140,3, 1371, 132,8, 130,3, 129,6, 129,5, 1294, 123,2, 1203, 119,4, 72,7, 70,1,
67,7, 41,2, 299

Paso C
OL/\/
oﬁ\f\/
\/@ BocHN O\/Q
H - o)
: O
33c 33d

Una solucidn de Boc-ciclohexilghcina monchidrate 1d (6,02 g, 23,4 mmol,

2,0 equiv) fue disuelta en CHxCl; y secada (MgSQO,) Se filtrd la mezcla y
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posteriormente se seco el residuo azeotrépicamente con tolueno Se disolvid el
residuo en CHxCl2 y se lo traté con HOBt (4,73 g, 35,1 mmol, 2,9 equiv) EDCI (6,7
g, 35,1 mmol, 2,9 equiv) y base de Hunig (8,31 g, 64,3 mmol, 11 ml) Selaagité a
ta durante 30 min y se agregé el alcohol protegido con alloc 33c (4,3 g, 12,04
mmol) La mezcla de reaccion fue agitada a ta por espaciao de 36 h y diluida con
HCl ac (1M, 100 ml) y extraida con EtOAc (3x100 ml) Se exirajeron las capas
arganicas combinadas con NaOH ac (1M, 100 ml), salina (100 mi), se las seco,
concentro al vacio y purificd por cromatografia (S102, EtOAc/Hex 1 4) para dar el
depsipéptido 33d (7,1 g, 100 %) Rf 0,18 (EtOAc/Hex. 1 4), HRMS calc para
C2sH1:07 (M-Boc)® 496,2335, encontrado 496,2333
Paso D

33d 33e
Una solucién del depsipeptido protegido con alloc 33d (7,8 g, 13,0 mmol)

en THF seco (200,0 ml) fue tratada bajo N, con dimediona (3m27 g, 23,4 mmol,
2,0 equiv) y Pd(PPhs)s (780 mg, 0,67 mmol, 5 % en moles)l La mezcla de
reaccion fue agitada a ta durante 1 h y la desapancidn del reactivo fue seguida
por TLC (EtOAc/Hex 14) La mezcla de reaccidn fue concentrada al vacio y el
residuo punficado por cromatografia (8102, EtOAc/hexanos, 1 4) para dar el fenol
33e (5,2 g, 78 %) en forma de espuma incolora Rf 0,52 (EtOAc/Hexanos 37
RMN 'H (d,-CD30D, 300 MHz, §) 7,4-719 (m, 5 H), 7,15-6,99 (m, 1 H), 6,68-6,55
(m, 4 H), 5,43-5,01 (m, 3 H), 4.6 (bs, 2 H), 4,11-4,00 (m, 1 H), 3,18-2,91 {m, 2 H),
1,80-1,55 (bs, 6 H), 1,39 (s, 9 H) 1,21-0,89 (m, 6 H), RMN 3C (CD50D, 75 MHz, 5,
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mezcla de diastereomeros) 171,6, 1694, 169,3, 161,1, 157,1, 157,0, 137,2, 136,9,
135,3, 129,2, 129,1, 1282, 128,2, 128,0, 120,3, 120,1, 116,0, 115,9, 113,6, 94,8,
79,3, 73,6, 73,5, 66,7, 66,6, 58,6, 58,5, 40,0, 29,9, 26,8, 29,1, 27,7, 27,3, 25,5
EM (Electroatomizacién, int rel m/z) 1023 ([2M+1]", 20) 512 ([M+a]’, 20), 412
(IM-Boc]", 100), 202 (40), HRMS calc para CxHxNOs (M-Boc)® 412,2123,
Encontrado 412,2119

Paso E

H
B°°HN\/?\¢);§/© rc‘;‘n—qaﬁ\io
- 0 :_ 0
3le 33
Una solucion de la amina protegida con Boc 33e (5,2 g, 10,7 mmol) fue

U

agitada con HCI (4M, dioxano, 200 ml, 800 mmol, 80 equiv) hasta que el matenal
de partida hubo desaparecido hasta la linea de base segun lo indicado por TLC
(EtOAc/Hex 3 7) La mezcla de reaccidn fue concentrada al vacio y secada con
alto vacio y el residuo 33f fue utiizado directamente en el paso siguiente RMN 'H
(de-CD50D, 300 MHz, 5) 7,40-3,23 (m, 5 H), 7,07 (q, 1 H, J=13 H2),6,776,6 (m, 3
H), 5,33-5,41 (m, 1 H), 5,3-5,05 (2 AB, 2 H), 3,99-3,85 (m, 1 H), 3,35-22 (m, 2 H),
2,00-1,5 (m, 5 H), 150080 (m, 6 H) EM (FAB, G/TG-DMSO, m/z, intensidad
relativa) 412 ([M+1]', 100), HRMS calc para CxHxNOs (M* 412,2123,
Encontrado 412,2139
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H
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CiH3N O >
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Una solucién de [CpRu{acido n°4-clorofeniipropionico))PFs 1¢ (2,0 g, 4,03
mmol) en DMF seca (20 ml) fue tratada con HOBt (835 mg, 6,0 mmol, 1,5 equiv) y
base de Hanig (2,06 g, 2,95 ml, 16 mmol, 4,0 equiv) La mezcia de reaccion fue
enfnada a 0°C y tratada con EDCI (1,15 g, 6,0 mmol, 1,5 equiv) La mezcla de
reaccion fue agitada a 0°c por espacio de 30 min y se le agrego el clorhidrato de
amma 33f (1,8 g, 4,03 mmol, 1,9 equiv) en DMF seca (10 ml) La mezcla de
reaccion fue agitada a ta por espacio de 12 h y la DMF fue eliminada por
destilacion al vacio E! residuo fue diluido con HCI ac (1M, 100 mi) y extraido con
CH2Cl2 (3x100 ml) Las capas organicas combinadas fueron extraidas con
NaHCO; (3x50 mi), sakina (100 ml), secadas (Naz50,), filt4radas, concentradas al
vacio para dar un solido marrdn 33g (3,5 g) que fue utilizado para la ciclacibn EM
(Electroatomizacion, int. rel m/z) 743-[(M-PFg)*, 100] 304 (60), HRMS calc para
Cx:H41NOsCI'®Ru (M PFg)* 744,1666, Encontrado 744,1694

3%
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Paso G

33g a3h

Una solucién del complejo n®-rutemio 33g (3,5 g, 3,93 mmol) en DMF seca
(300 ml) fue desgasificada con N2 seco, tratada con CszCQs (6,5 g, 19,95 mmol,
5,0 equiv ) y agitada a temperatura ambiente por espacio de 16 h La mezcla de
reaccidn fue concentrada al vacio para eliminar la DMF y el residuo fue diluido
con Hz0 (100 ml) La mezcia de reaccion fue extraida con CHzClz (3x100 ml) Las
capas combinadas de CH:Cl, fueron extraidas con salina, secadas (NazSO4),
filtradas, concentradas al vacio para dar 33h que fue utiizado directamente para
ia fotdlisis EM (Electroatomizacion, intensidad relativa m/z ) 708 [(M-PFs)*, 100]
HRMS calc. para C3sHeoNOsO2RU (MPFe)* 708,1892, Encontrado 708,1918



33
Una solucion del complejo rutenio ciclado 33h (3,5 g, 3,9 mmol) en CHaCN

(60 ml) fue desgasificada y fotolizada en un tubo de cuarzo a A=350 nm en dos
lotes durante 48 horas cada uno La mezcla de reaccidén fue acumulada y
purificada por cromatografia (S10;, CH2Clo/EtzO 9/1) para dar el depsipépsido
ciclico en forma de mezcla de diasteredmeros (700 mg, 34 %) Se separaron los
diastereomeros por medio de una cromatografia adiiconal (Hexnos/CH:Cl/ Et20
6 3 1) para dar los dos diasteredmeros 331 (370 mg, 18 %) y 33; (216 mg 11 %) en
forma de sélido incoloro Rf 0,28 (Hexanos EtQAc. 32), [a]p 25 (¢ 0,15 CHCI,,
20°C), IR (puro, cm™) 3329 (w), 2960 (m) 2926 (s), 2854 (s), 1745 (s), 1680 (m),
1589 (m), 1506 (m), 1446 (m), 1365 (w), 1259 (s) 1099 (m), 1030 (s), 800 (s), 752
(m), 6,98 (w), 619 (w) RMN 'H (CDCls, 300 MHz, 5) 7,36-7,23 (m, 5 H), 7,18-6,99
(m 4 H), 6,81 (d, 1 H, J=7,5 Hz), 6,74 (dd, 1 H, J=2,7, 5,7 Hz), 6,30 (s, 1 H), 5,75
(d, 1 H, J=7,2 Hz), 5,61 (dd, 1 H, J=2,4 Hz, 54 Hz), 5,18, 5,14 (AB, 2 H, J=12,3
Hz), 4,23 (dd, 1 H, J=4,2 Hz,3,3 Hz), 326-3,01 (m, 2 H), 2,98-2,85 (m, 2 H), 2,68-
2,64 (m, 1 H), 2,38-2,34 (m, 1 H), 1,96-1,51 (m, 6 H), 1,51-0,96 (M, 5H) , RMN °C
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(CDCl3, 75 MHz, & ppm) 177,3, 171,1, 159,8, 1553, 138,6, 1354, 134,9, 131,2,
129,7, 129,2, 128,7, 126,6, 126,1, 123,3, 120,8, 120,8, 117.5, 114,2, 71,8, §7.5,
56,9, 41,5, 39,0, 35,7, 32,6, 31,3, 29,0, 27,6, 26,0, 25,9, FAB (NBA/DMSQ,
intensidad relativa m/e) 542 ([M+1)*, 100], 514 (15), 450 (5), 307 (8), 232 (5)
154,1 (17), 136 (14) HRMS calc para CxHaNOgs (M+1)" 542,2543, encontrado
542 2541 CHN calc para C3HisNOg 0,5 H20 C 71,98 %, H 6,59 %, N 2,54 %,
Encontrado C 72,56 %, H7,05% N 2,63 %

Paso |

i

Una solucidn del éster bencilico 331 (360 mg, 0,66 mmol) en CHyOH/EtOAC
(1 1, 50 ml), fue tratada con Pd(OH), e hidrogenada (50 psi, 344,7 kPa) por
espacio de 12 h La mezcla de reaccion fue filtrada a través de un cilindro de
celite y la torta enjuagada con CH3sOH/CHCl; (11, 50 ml) El filtrado fue
concentrado al vacio y el residuo 33k (330 mg,) fue utiizado para el acoplamiento
sin punficacion Rf 0,58 (CH3OH/CH2Cl2 1 19), EM (Electroatomizacién, nt rel
m/z) 827,2 [(M+1)*, 100] 694 (20), 539 (40), 466 (10), 174 (70) HRMS calc. para
CasHsaN4O1o (M+1)" 827,4231, Encontrado 827,4215
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Una solucién del acido 33k (165 mg, 0,31 mmol) en DMF seca (50 mi) y

CH2ClIz (5,0 ml) fue tratada con HOBt (83 mg, 0,46 mmol, 1,5 equiv) y enfnada a
0°C, tras lo cual se agrego base de Hunig (159 mg, 1,23 mmol, 4,0 equiv, 229 ul)
A e sta mezcla se agrego EDCI (89 mg, 0,47 mmol, 1,5 equiv) y Iia mezcla de
reaccion fue agitada a 0°C por espacio de 1 h y tratada con el clorhidrato de
amina B (159 mg, 0,372s mmol, 1,2 equiv) La mezcla de reaccion fue agitada a
temperatura ambiente por un lapso de 48 h y concentrada al vacio para eliminar
la DMF y el CH2Cl> El residuo fue diluido con agua y extratrdo con CH2Cl2 (3x50
ml) Las capas organicas combinadas fueron extraidas con HCI ac (1M, 3x50 ml),
NaOH ac (1M, 3x50 ml), solucidn salina (100 ml} y concentradas al vacio E!

residuo 33| fue oxidado sin mas purificacion
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Paso K

Una solucién del alcohol 331 (330 mg, 0,4 mmol) en CHzCIz (5,0 mi) fue
tratada con reactivo de Dess-Martin (424 mg, 1,00 mmol, 2,5 equiv) La mezcla
de reaccion fue agitada a ta durante 1 h y diluida con NaHCO5 acuoso (15 ml) y
Na>S201 ac (50 ml) La mezcla de reaccion fue agitada a ta durante 20 min y se
extrajo la mezcla de reaccidbn con CH:Cl; (3x50 ml) Las capas orgénicas
combinadas fueron extraidas con solucidn salina (50 mi), secadas (NaxSQ4),
filtradas, concentradas al vacio y el residuo fue purtficado por cromatografia (S10.,
EtOAc/Hexanos 1 1) para dar la cetoamida 33 (180 mg, 55 %) en forma de solido
incoloro Rf 0,63 (CHsOH/CHCl2 1 19), EM (Electroatomizacion, int rel m/z)
857,2 ([M+CH,OHJ", 40) 825,2 ([M +1]" 100)
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Ejemplo 34 Preparacién del Compuesto de la férmula 34

Y

Una solucidon del depsipéptido oxidado 33 (160 mg, 0,2 mmol) en CH.CI:
seco (5,0 ml) fue tratada con ATF (5,0 ml) y agitada a ta por espaciode 7 h La
mezcla de reaccidn fue concentrada al vacio y el residuo disueito reiteradamente
en CH3sOH/CH2Cl/ Hexanos (1 1 1) y concentrado varias veces al vacio para dar
un solido de color tostado 34 (133 mg, 86 %) que fue secado al vacio EM
(Electroatomizacion, int rel m/z) 769,2 [(M+1)*, 100}, 481 (5), 269 (25) 191 (90)
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Ejemplo 35 Preparacion del Compuesto de la formula 35

Una solucién del acido 33k (165 mg, 0,31 mmol) en DMF seca (5,0 ml) y
CH2Clz (5,0 ml) fue tratada con HOBt (83 mg, 0,46 mmol, 1,5 equiv) y enfriada a
0°C, tras lo cual se agrego base de Hamg (159 mg, 1,23 mmol, 4,0 equiv, 229 ul)
A esta mezcla se agrego EDCI (89 mg, 0,47 mmol, 1,5 equiv) y la mezcla de
reaccidon fue agitada a 0°C por espacio de 1 h y tratada con el clorhidrato de
amina A (159 mg, 0,372 mmol, 1,2 equiv) La mezcla de reaccion fue agitada a
temperatura ambiente por un lapso de 48 h y concentrada al vacio para ehminar
la DMF y el CH2Clz El residuo fue diluido con agua y extraido con CH2Cl2 (3x50

mi) Las capas organicas combinadas fueron extraidas con HCIl ac (1M, 3x50 ml),
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NaOH ac (1M, 3x50 ml), solucién salina (100 ml) y concentradas al vacio El

residuo 35a fue oxidado sin mas punficacion EM (Electroatomizacién, int rei
m/z) 798,2 [(M+1)*, 30), 479 (10), 391 (20) 180 (100)

Paso B

Una solucion del alcohol 35a (190 mg, 0,24 mmol) en CH2Cl2 (10,0 mi) fue
tratada con reactivo de Dess-Martin (423 mg, 1,0 mmol, 4,0 equiv ) y agitada a ta
durante 1 h La mezcla de reaccién fue diluida con NaHCO3 acuoso (50 ml) y
extraida con Na;S:;0, ac sat, salina (3x50 ml), , secadas (Na:SO,), filtradas,
concentradas al vacio y el residuo fue purificado por cromatografia (Si02,
EtOAc/Hexanos 3 7 ->1 1) para dar el producto oxidado 35 (163 mg, 86 %) en
forma de séhdo incoloro, EM (Electroatomizacion, int. rel m/z) 796 ((M+1)" 100]
508 (20), 269 (20)
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Paso A 36
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36a 36b

Una solucion de BH; THF (1 M en THF, 100 mmol, 100 ml, 3,0 equiv) fue
adicionada por goteo a una solucion de alqueno (5,0 g, 35 mmol) en THF (100 ml)
a 0°C y agitada por espacio de 1 h La mezcla de reaccién fue tratada por goteo
con etano! Una vez completada fa evolucion de gas hidrégeno, la mezcla de
reaccién fue tratada con buffer pH 7 (100 ml) y con H202 (30 volumenes, 100 ml)
La mezcla de reaccion fue agitada a ta durante 4 h y apagada con HCI ac (100
ml) Se extrajo la capa acuosa con Et;O (3x100 ml) Las capas de eter
combinadas fueron extraidas con NaOH ac (1M, 100 mi), salina (100 ml),
secadas (MgSQ,), filtradas, concentradas al vacio y punficadas por cromatografia
(5102, EtOAc/hexanos, 2/3) para dar un alcohol en forma de liquido incoloro 2,9 g,
52 %)

Una solucidn del éster hidroxilado en THF/H20/CH3;0H (100 ml, 1 1 1) fue
tratada con LIOH Hz0 (2,1 g, 51,2 mmol, 3,0 equiv) y agitada ata por espacio de
3 d La mezcla de reaccion fue concentrada al vacio y la capa acuosa fue extraida
con éter (2x40 ml) La capa acuosa fue acidificada a pH ~1 y extraida en EtOAc

(3x50 mi) Las capas orgdnicas combinadas fueron extraidas con solucion salina
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(100 ml), secadas (MgSQ,), filtradas, concentradas al vacio y se utilizo el residuo
36b como tal para el acoplamiento en el paso B RMN 'H (300 MHz, CD30D, §)
3,53t 2H, J=6,6 Hz), 2,72 (t,2H, J=7,2 H2), 1,59 (t, 2H, J=7,5Hz),1,5(t, 2 H,
J =7,5 Hz), 1,38-1,33(m, 6 H)

Paso B

H
:,(—-li OH _ . — H
H 5 + CIHJN\J\) \/© N
O ° i

36b 33f 36c

Una solucién del acido e-hidroxilheptanoico 36b (1 01 g, 6,93 mmol) en
CHzCl2 (40 ml) fue tratada con base de Hunig (1,97 g, 15,24 mmol, 2,2 equiv, 2,81
mi) y el clorhidrato de ammina 33f (3,1 g, 6,93 mmol, 1,0 equiv) La mezcla de
reaccion fue enfnada a 0°C y tratada con PyBrOP (3,22 g, 6,93 mmol, 1,0
equiv) La mezcla de reaccibn fue agitada durante la noche a temperatura
ambiente y concentrada al vacio El residuo fue purificado por cromatografia
((EtOAc/Hexanos 1 1) para dar el depsipeptido 36¢ (2,5 g, 66 %) en forma de
aceite viscoso RMN 'H (CDsOD, 400 MHz, 5, ppm) 8 07 (t, 1 H) 7,33-7,21 (m, 4
H), 7,09-7,02 (m, 1 H), 6,67-6,63 (m, 3 H), 5,25-5,06 (m, 1 H), 5,08 (q, 2 H, J=7,5
Hz), 4,36-4,33 (m, 1 H), 3,51 (dd, 2 H, J=5,4 Hz, 0,9 Hz), 3,11-2,96 (M, 2 H), 2,22-
2,17 (m, 1 H), 1,98-0,90 (m, 14 H) RMN 3C (CD10D, 75 MHz, 5, ppm, mezcla de
diastereébmeros) 172,1, 172,0, 171,8, 171,1, 170,9, 169,5, 169,3, 157,1, 157,90,
137,3, 137,0, 135,3, 135,2, 129,2, 129,1, 128,2, 128,0, 127,9, 120,3, 120,0, 116,0,
115,9, 113,6, 94,8, 73,6, 73,4, 66,8, 66,7, 60,2, 57,3, 39,6, 36,7, 28,9, 28,0, 25,6,
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20,9, 19,5, 13, EM (FAB NBA DMSO, int rel m/z) 562, [(M+Na)", 20), 540
[((M+1)*, 100), 412 (15), 240 (50), 112 (80)
Paso C

Una sclucion del alcohol 36¢ (2,5 g, 4,63 mmol) en CH2Cl; seco (50 ml) fue
tratada con trifenilfosfina (2,67 g, 10,2 mmol, 2,2 equiv) bajo N; y enfriada a 0°C
La mezcla de reaccidn fue tratada con DEAD (1,61 g, 9,26 mmol, 2,0 equiv) en
CH:Cl2 (30 ml) La mezcla de reaccion fue calentada a ta y agitada por espacio
de 2 h Se la concentro al vacio y se la punficd por cromatografia (Et20/ Hex 1 3)
para dar el producto ciclico 36d (530 mg, 21 %) en forma de solido incoloro EM
(FAB, NBA, DMSO, int rel m/z), 522 [(M+1)", 100), 494 (60), 268 (20), 222 (20),
HRMS calc para CajHgNOs (M+1)* 522,2856, Encontrado 522,2864

Paso D
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Una solucion del éster bencilico (242 mg, 0,47 mmol) en metanol (30 mil)
fue tratada con Pd/C (10 % en peso) e hidrogenada en un Parr a 40 psi (276 kPa),
durante un periodo de 14 h La mezcla de reaccion fue filtrada a través de un
cilindro de celite y el filtrado fue concentrado al vacio para dar un solido incoloro
36e (181 mg, 93 %) que fue utiizado para el acoplamiento

Paso E

36e

Una solucidn de! 4cido hidrolizado 36e (167 mg, 0,39 mmol) en CHZCl2 (4,0
ml) fue tratada con HOOBt {95 mg, 0,58 mmol, 1,5 equiv) y enfnada a 0°C y se
agregd base de Hanig (202 mg, 1,56 mmol, 4,0 equiv, 288 ul) A esta mezcla se
agrego EDCI (111 mg, 0,58 mmol, 1,5 equiv) y la mezcia de reaccién fue agitada
a 0°C durante 0,5 h y tratada con el clorhidrato de amina (186 mg, 0,47 mmol,
1,20 equiv) La mezcla de reaccion fue guardada en un freezer por espacio de 24
h y concentrada al vacio para eliminar la DMF y el CH2Cl2 El residuo fue diluido

con HCl ac (2M, 30 ml) y extraido con CHxCl> (3x50 ml} La capa orgdnica
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combinada fue extraida con HCI ac (2M, 30 mi), NaOH ac (1M), salina (2x50 ml),
secada (MgSQ,) y concentrada al vacio El residuo 36f (100 mg) fue oxidado sin
méas punficacién HRMS calc para CeHeoNsOg (M+1)* 778,4391, Encontrado
778,4399

Paso F

fq ENUL(E”

H | I
|I:lI H N\J\N NS
o] 0 noo

3

Una solucién del aicohol 36f (100 mg, 0,13 mmal) en CH:Cl: (5,0 ml) fue
tratada con reactivo de Dess-Martin (100 mg, 0,0,23 mmol, 1,8 equiv) La mezcla
de reaccidn fue agitada a ta durante 2 h y diluida con NaHCO3 acuoso (15 ml) y
Naz520; ac (15 ml) La mezcla de reaccion fue concentrada al vacio y el residuo
fue punficado por cromatografia (Si02, acetona/Hexanos 37) para dar la
cetoamida 36 (61 mg, 61 %) en forma de sélido incoloro, EM (FAB, NBA/DMSO,
int rel m/z), 776 [(M+1)*, 100], 731 (10), 598 (25), 570 (15), 485 (20), 358 (20),
247 (50)
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Ejemplo 37 Preparacion del Compuesto de la formula 37

Una solucién del ester bencilico 331 (230 mg, 0,42 mmotl) en CHyOH/EtOAC
(11, 50 ml), fue tratada con Pd{OH); e hidrogenada (50 psi, 344,7 kPa) por
espacio de 12 h La mezcla de reaccidn fue filtrada a través de un cilindro de
celite y la torta enjuagada con CH3;OH/CH2Cl2 (1 1, 50 ml) La mezcla de reaccion
fue concentrada al vacio y el residuo 37a (177 mg, 93 %) fue utilizado para el

acoplamiento sin punficacion
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Una solucion del acido 37a (177 mg, 0,33 mmol) en DMF seca (5,0 ml) y
CH2Clz (5,0 ml) fue tratada con HOBt (88 mg, 0,49 mmol, 1,5 equiv) y enfnada a
0°C, tras lo cual se agrego base de HGrig (175 mg, 1,35 mmol, 4,0 equiv, 25 ul) A
esta mezcla se agrego EDCI (85 mg, 0,49 mmol, 1,5 equiv) y la mezcla de
reaccién fue agitada a 0°C por espacio de 1 h y tratada con el clorhidrato de
amina A (170 mg, 0,39 mmol, 1,2 equiv) La mezcla de reaccién fue agitada a
temperatura ambiente por un lapso de 48 h y concentrada al vacio para sliminar
la DMF y el CHzClz El residuo fue diluido con agua y extraido con CH2Cli; (3x50
ml) Las capas organicas combinadas fueron extraidas con NaOH ac (1M, 2x50
ml), solucion salina (100 ml) y concentradas al vacio El residuo 37b (315 mg) fue

oxidado sin mas purificacion



178

Lg330Y

Paso C

Una solucion del alcohol 37b (315 mg, 0,4 mmol) en CH2Cl2 (5,0 ml) fue
tratada con reactivo de Dess-Martin (424 mg, 1,00 mmol, 2,5 equiv) La mezcla
de reaccidn fue agitada a ta durante 1 h y diluida con NaHCO3 ac (50 ml) y
NazS20; ac (50 mi) La mezcla de reaccidn fue agitda a ta durante 20 min y
extraida con CH2Clz (3x50 ml) Las capas orgdnicas combinadas fuen extraidas
con salina, secadas (Na;S0,), filtradas, concentradas al vacio y el residuo fue
purificado por cromatografia (S102, EtOAc/Hexanos 1 1) para dar la cetoamida 37
(210 mg, 66 %) en forma de soldo incoloro, Rf 0,63 (CH3;OH/CH2Cl> 1 19) EM
(Electroatomizacién, int rel m/z), 857 [(M+CHsOH]", 33), 825 ([M+1]" 40), 91
(100)
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Ejemplo 38 Preparacion del Compuesto de la férmula 38

mu
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Paso A

njgﬂﬁ

Una solucién del depsipeptido oxidado 37 (200 mg, 0,24 mmol) en CHzCl.

38

seco (5,0 ml) fue tratada con ATF (5,0 mi) y agitada a ta por espaciode 7 h La
mezcla de reaccidn fue concentrada al vacio y el residuo disuelto reiteradamente
en CH3OH/CH2Cla/Hexanos (1 1 1) y concentrado vanias veces al vacio para dar
un sélido de color tostado 38 (130 mg, 86 %) que fue secado al vacio EM
(Electroatomlza;uén, nt rel m/z) 769 [(M+1)*, 45), 294 (45), 191 (100)
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Ejempio 39 Preparacion del Compuesto de la formula 39

Paso A 39

Una solucién del acido 22 (40 mg, 0,06 mmol) en CHzClz (0,5 ml) y DMF
(0,5 ml) fue enfriada a 0°C y tratada con Me;NM HCI (15 mg, 0,18 mmol, 3,0
equiv) y base de Hinig (31 mg, 0,24 mmol, 44 pl, 4,0 equiv) A continuacion se
tratd a la mezcla de reaccidon con PyBrOP (55 mg, 0,12 mmol, 2,0 equiv) y se la
guardo en el freezer por espacio de 12 h La mezcla de reaccion amarilla fue

concentrada al vacio y el residuo fue punficado por cromatografia {SiO-,
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EtOAc/Hexanos gradiente de 32 - 1 0) para obtener un producto impuro que
fue punficado una vez mas utiizando (acetona/hexanos 1 6) para dar la
dimetlamida 39 en forma de soldo incoloro (14 mg, 35 %) EM
(Eletroatomizacion, int rel m/z) 791, {(M+1)", 50], 391 (40), 276 (50}, 176 (100}

Ejemplo 40 Preparacion del Compuesto de la formula 40

HN
0 ON 0 0 ©
CHs

40

Procedimiento General para las reacciones de acoplamiento en fase solida

Se llevd a cabo la sintesis en un recipiente de reaccién que fue construido
con un cartucho de jeringa de polipropileno equipado con un disipador de
polipropilenc en el fondo Los aminoacidos protegidos con Fmoc fueron acoplados
par técrucas normales de fase sélida Se cargo cada recipiente de reaccién con
100 mg de la resina Fmoc-Sieber de partida (aproximadamente 0,035 mmol) Se
lavé la resina con porciones de 2 mi de DMF (2 veces) El grupo protegido con
Fmoc fue eliminado mediante tratamiento con 2 ml de una solucion al 20 % v/v de
pipendina en DMF par espacio de 20 min Se lavé la resina con porciones de 2 mi
de DMF (4 veces) E! acoplamiento se llevo a cabo en DMF (2 ml), utihzando 0,12
mmol de Fmoc-aminoacido, 0,12 mmol de HATU y 0,24 mmol de DIPEA. Despues
de agitar durante 2 h, se dreno el recipiente de reaccion y se {avé la resina con
porciones de 2 ml de DMF (4 veces) Se repitid el ciclo de acoplamiento con el

siguiente Fmoc-aminoacido o grupo de casquete
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Se trato a la resina Sieber con Fmoc 40a (0,0365 mmol) con 2 ml de una
solucionsolucion al 20 % viv de pipendina en DMF durante 20 min, tras lo cual se
lavd con porciones de 2 ml de DMF (4 veces) Se adicioné DMF (2 ml) a ia resina,
seguida por Fmoc-fneilghcina (0,12 mmol), HATU (0,12 mmol) y DIPEA (0,24
mmol) Despues de agiar a temperatura ambiente por espacio de 2 h, se lavo la
resina con porciones de 2 ml de DMF (4 veces) para producir un compuesto unido
a la resina 40b El compuesto unido a la resina 40b fue tratado con 2 ml de una
solucion al 20 % v/v de pipendina en DMF durante 20 min, seguida por lavado con
porciones de 2 mi de DMF (4 veces) Se adiciond DMF a ia resina, seguida por
Fmoc-glicina (0,12 mmol), HATU (0,12 mmol) y DIPEA (0,24 mmol) Despues de
agitar a temperatura ambiente por espacio de 2 h, la resina fue lavada con
porciones de 2 ml de DMF (4 veces) para producir el compuesto unido a la resina
40c Se trato al compuesto unido a la resina 40c con 2 ml de una solucion al 20 %
viv de pipendina en DMF durante 20 min, seguido por lavado con porciones de 2
mil de DMF (4 veces) Se adiciond DMF (2 ml) a la resina, seguida por N-Fmoc-
propiliseserina (0,12 mmol), HATU (0,12 mmol) y DIPEA (0,24 mmol) Después de
agitar a temperatura ambiente por espacio de 12 h, se lavo la resina con
porcionas de 2 ml de {DMF (4 veces) para producir el compuesto unido a la resina
40d Se tratd al compuesto unido a ia resina 40d con 2 ml de una solucidn al 20 %
viv de pipendina en DMF durante 20 min, seguido por lavado con porciones de 2
ml de DMF (4 veces) Se adiciono DMF (2 ml) a la resina, seguida por Fmoc-
hsina{Dde) (0,12 mmol), HATU (0,12 mmol) y DIPEA (0,24 mmol) Después de
agitar a temperatura ambiente por espacio de 12 h, se lavo la resina con
porciones de 2 ml de DMF (4 veces) para producir el compuesto unido a la resina
40e Se trato al compuesto unido a la resina 40e con 2 ml de una solucion al 20 %
viv de pipendina en DMF durante 20 min, seguido por lavado con porciones de 2

mi de DMF (4 veces) Se adiciondé DMF (2 ml) a la resina, seguida por Fmoc-
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ciclohexilghcina (0,12 mmol), HATU (0,12 mmol) y DIPEA (0,24 mmol) Después
de agitar a temperatura ambiente por espacio de 12 h, se lavd la resina con
porciones de 2 mi de DMF (4 veces) para producir el compuesto unido a la resina
40f Se tratd al compuesto unido a la resina 40f con 2 mi de una solucién al 20 %
viv de pipendina en DMF durante 20 min Se lavd la resina con porciones de 2 mi
de DMF {4 veces) para producir el compuesto unido a la resina 40g Se trato al
compuesto unido a la resina 40g con porciones de 2 ml de una solucion al 2 % viv
de hidrazina en DMF durante S min (3 veces) Se lavo la resina con porciones de
2 ml de DMF(4 veces) para producir el compuesto unido al a resina 40h Se trato
al compuesto unido a la resina 40h con acido glutarico 0,035 mmol, HATU 0,07
mmol y DIPEA 0,14 mmol en 2 mi de DMF a temperatura ambiente por espacio de
16 h Se lavé la resina con porciones de 2 ml de DMF (4 veces), THF (4 vecas) y
DCM (4 veces) para producir el compuesto unido a la resina 401 Se trato al
compuesto unido a la resina 401 con una soluctdn de periodinano de Dess-Martin
0,14 mmol y t-BuOH 0,14 mmol en 2 ml de DCM a temperatura ambiente por
espacio de r h Se lavo la resina con porciones de 2 ml de una solucion al 20 %
viv de iPrOH en DCM, THF, una solucién al 50 % v/v de THF en agua (4 veces),
THF (4 veces) y DCM (4 veces) para producir el compuesto unido a la resina 40,
El compuesto unido a la resina 40) fue tratado con 4 ml de una solucion al 2 % viv
de ATF en DCM durante 5 min Se adicioné el filtrado a 1 mi de AcOH y la
solucion fue concentrada por centrifugacidn al vacio para dar el compuesto 40
(0,0117 g, 48 % de rendimiento) EM (LCMS-Electroatomizacién) 698,2 MH"

Ejemplo 41 — 53 Preparacién de los Compuestos de tas Formulas 41 a 53
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Los compuestos 41 - 53 fueron sintetizados utihzando una metodologia en
fase solida smilar al procadimiento resefiado para la sintesis del Ejemplo 40

Ejemplo 54 Preparacion del Compuesto de la Formula 54

,.,cmf%%%uw

Paso A.

BocHN O0H :-
54a

A una solucién agitada de Boc-Ciclohexilghicina-OH (2,33 g, 9,07 mmol) en
DMF (20 ml) y CHzCl2 (20 ml) se adicioné HOBT (1,48 g, 9,07 mmol), EDCI (1,91
g, 9,97 mmol) y NMM (2,99 ml, 27,2 mmol La solucién fue agitada a -20°C
durante 10 minutos, para luego adicionar H-Lys(Z)-OMe HCI y agitar durante

media hora a -20°C y mantener en el freezer durante la noche Luego se
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concentré la solucién a sequedad, y luego se la extrajo con EtOAc, NaHCO,
saturado Se lavé la capa organica combinada con H;0, se la seco sobre Naz;S0s,

y se la concentré a sequedad para dar un solido blanco (4,83 g, MH" = 534,1)

Paso B
B°°“N\/EN CHy ~BocHN\j\N H
H

- = H
: 54b O 54c
A una solucién agitada de 54b (4,86 g, 8,76 mmol) en MeOH (10 ml) y H20
(7 ml) se adiciono LIOH (70 mg, 11,4 mmol) Se formo un precipitado blanco y se
dejo agitar la solucidn a temperatura ambiente durante la noche y luego se la
concentrd a sequedad Luego se repartié el matenal crudo entre CHzClz y agua
Se separd la capa organica y se la lavo con salina, se |a seco sobre Na;SQ,,, se

la filtrd y concentré a sequedad para dar 65c (4,55 g, MH* = 520,1)
Paso C

CszN’\Sf

BocHN

CbzHN

g% i

54::
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A una solucién agitada al frio de 54c (4,3 g, 8,27 mmol) en DMf (40 ml) y
CHzCl2 (40 ml) a —=20°C se adicioné HOBT (1,35 g, 8,27 mmol), EDCI (1,74 g, 9,1
mmol) y NMM (2,73 mi, 8,27 mmoi La solucion resultante fue agitada a -20°C
durante 10 minutos, para luego adicionar la amina G (2,32 g, 8,27 mmol) y agitar
durante media hora a -20°C y mantener en el freezer durante la noche Se siguib
el procedmiento de estimulacion del proceso del paso A para dar 54d (6,21 g,
MH* = 748,2)

Paso D

CbzHN

aocH\i \jv\/

ChzHN

R4da

54d

Se agito la solucidn de 54d (6,16 g, 8,26 mmol) en HCI/Dioxano 4N (40 ml)
a temperatura ambiente por espacio de 1 h y se la concentro a sequedad para dar

un producto crudo 54e (5,70 g, 100 % de rendimiento, MH" = 646,3)
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Paso E Le22

Ziran

A una solucidn agitada al frio de Boc-Giu(OBn)-OH en DMF (25 ml) y
CHzCl2 (25 ml) a ~20°C se adicioné HOBT (1,29 g, 7,92 mmol), EDCI (1,66 g, 8,71
mmol) y NMM (2,61 ml, 23,7 mmol La solucion resultante fue agitada a —20°C
durante 10 minutos, para luego adicionar 54e (5,4 g, 7,916 mmol) y agitar durante
media hora a -20°C y mantener en el freezer durante la noche Se siguio el
procedimento de estimulacién del proceso del paso A para dar un producto crudo

(7,14 g, 93,5 % de rendimiento
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Paso F

BnOO

Y\T@n\ﬁw -
oy

A una solucion agitada de 54f (6,9 g, 7,15 mmol) en EtOH absoluto (350
ml) se agregd Pd/C al 10 % (2,8 g) en 50 % de H20 (p/p) La solucion resultante

AT

ZI

fue purgada con Hz y agitada bajo un balon de H; durante la noche Luego se filtré
la solucion a través de celite y se lavé el filtrado con EtOH/CH2CI2 y luego se lo
concentré a sequedad para dar un sélido blanco (1,44 g) Se lavé el sélido con
H20 al 25 %/MeQOH y se lo filtro a través de un embudo de vidrio sintenzado,
luego se lo congelé y liofilizé para dar 54g (4,12 g, 77,5 % de rendimiento, MH"* =
743,2)
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Paso G

2bvg—
AT

A una solucién agitada al frio de 54g (0,5 g, 6,7 mmol) en DMf (50 ml) y
CHzCl2 (50 ml) a —20°C se adicionéd HOBT (0,219 g, 1,34 mmoal), EDCI (0,271 g,
1,41 mmol) y NMM {0,296 ml, 2,69 mmol) La solucién resultante fue agitada a —

20°C durante 25 minutos y luego se la guardo en el freezer durante la noche La
solucién fue concentrada a sequedad, y luego se la extrajo con EtQAc y NaHCO;
saturado A continuacidén se concentr$ a sequedad la capa organica combinada
para dar 54h (254 mg, MH" = 725,2) Se siguio el procedimiento de estimulacién
del proceso del paso A para dar 54d)
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Paso H

e ——
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A una solucién agitada de 54h (0,2 g, 0,27 mmol) en CH>Cl> anhudro (20 ml)

se adiciond penodinano de Dess-Martin (0,234 g, 0,55 mmol) La solucién
resultante fue agitada a temperatura ambiente durante 1 h A esta solucién se
agrego por goteo, en el curso de media hora, la solucidon de HzO (0,010 mi) en
CH2CI; (20 ml) y se la agito vigorosamente durante 2 horas mas A continuacidn
se agitd la solucion durante media hora con 50 % de NazS203 y 50 % de NaHCO,
saturado Se separd la capa organica, que fue lavada con Hz0, salina, secada
sobre Na,SO,, filtrada, concentrada a sequedad y punficada por cromatografia en
columna sobre gel de silice, eiuyendo con MeOH al 10 %/ CH:Cl; para dar 54 (17
mg, 62 % MH" = 723,2)

Ensayo para Determinar la Actividad Inhibitona de la Proteasa de VHC
Andlisis Espectrofotometnco Se llevaron a cabo andlisis espectrofotometncos
para la senna proteasa de VHC en los compuestos de la presente invencién
siguiendo el procedmiento descnpto por R Zhang y otros, Analytical
Biochemustry, 270 (1999) 268-275, la descnpcidn de la cual se incorpora a la

presente como referencia El analisis basado en la proteolisis de los sustratos de
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ester cromogénico es adecuado para el monitoreao continuo de la actividad de la
proteasa de VHC NS3 Los sustratos fueron obtenidos del extremo P de la
secuencia de empalme NSSA-NS5B (Ac-DTEDVVX(Nva), donde X = A o P),
cuyos grupos carboxilo C-terminales se estenfican con uno de cuatro alcoholes
cromofoncos diferentes (3- o 4-nitrofenol, 7-hudroxi-4-meti-cumarina o 4-
fenilazofenol) Mas adelante se presenta la sintesis, caracterizacion y aplicacion
de estos novedosos sustratos éster espectrofotométricos al rastreo de alto
rendimiento y la evaluacion cinetica detallada de los inhibidores de la proteasa del
VHC NS3

Matenales y Métodos

Matenales Los reactivos quimicos para los buffers relacionados con el
ensayo fueron obtenidos de Sigma Chemical Company (St Louis, Missoun) Los
reactivos para la sintesis de péptidos eran de Aldnch Chemicals, Novabiochem
(San Diego, Califormia), Applied Biosystems (Foster City, Califorria) y Perseptive
Biosystems (Framingham, Massachussets) Los péptidos fueron sintetizados a
mano o en un sintetizador automatico de péptidos ABI modelo 431A (de Applied
Biosystems) El Espectrometro UV&VIS modelo LAMBDA 12 era de Perkin Eimer
(Norwalk, Connecticut) y las placas de UV de 96 receptaculos fueron adquindas a
Coming (Coming, Nueva York) El bloque de precalentamiento era de USA
Scientific (Ocala, Flornida) y el generador de vortice con placa de 96 receptaculo
era de Labline Instruments (Melrose Park, IHinois) Se obtuvo un lector de placas
microtituladoras Spectramax Plus con nomocrémetro de Molecular Devices
(Sunnyvale, California)

Preparacion de las Enzimas Se prepard proteasa de VHC NS3/NS4A
heterodimenca recombinante (cepa 1a) utiizando los procedimientos publicados
antennormente (D L Sah y otros, Biochemustry, 37 (1998) 3392-3401) Se

determinaron las concentraciones proteicas por medio del método de tincion de
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Biorad utihzando patrones de proteasa de VHC recombinante previamente
cuantficada por analisis de aminodcidos Antes de dar comienzo al ensayo, se
intercambié el buffer de almacenamiento de enzimas (fosfato de sodio pH 8,0 50
mM, NaCl 300 mM, glicerol al 10 %, {aunl maltosido al 0,05 % y DTT 10 mM) por
el buffer de ensayo (MOPS pH 6,5 25 mM, NaCl 300 mM, glicerol al 10 %, lauril
maltosido al 0,05 %, EDTA 5 pM y DTT 5 pM) uthizando una columna
preempaquetada Biorad Bio-Spin P-6

Sintesis y Purificacion de los Sustratos La sintesis de los sustratos se llevd
a cabo de la manera dada a conocer por R Zhang y otros (Ibid ) y la misma se
inicio mediante el anclaje de Fmoc-Nva OH a una resina de cloruro de 2-clorotritilo
utiizando un protocolo standard (K Barlos y otros, Int J Pept Protein Res 37
(1991), 513-520) Seguidamente, los péphdos fueron acoplados, ya sea
manualmente o en un sintetizador automatico de peptidos ABI modelo 431 Los
fragmentos peptidicos N-acetilados y completamente protegidos fueron
escindidos de la resina con dcido acético al 10 % (HOAC) y trifluorcetanol {TFE)
al 10 % en diclorometano (DCM) por espacio de 30 min, 0 bien con acido
trfluoroacético (ATF) al 2 % en DCM durante 10 min  El filtrado combinado y el
lavado con DCM fueron evaporados azeotrépicamente (0 extraidos repetidamente
con una solucidn acuosa de Na;CO;) para eliminar el acido utiizado en la
escision Se seco la fase de DCM sobre Na2SQ,, y se la evapord

Los sustratos de ésteres fueron acoplados utiizando procedimentos de
acoplamiento standard de acido-alcohol (K. Holmber y otros, Acta Chem Scand ,
B33 (1979) 410-412) Los fragmentos peptidicos fueron disueltos en pindina
anhidro (30-60 mg/ml) a la cual se agregaron 10 equivalentes molares de
croméforo y una cantidad catalitica (0,1 eq) de acido para-toluensulfénico (pTSA)
Se adiciono diciclohexilcarbodumida (DCC, 3 eq ) para niciar las reacciones de

acoplamiento La formacidn de productos fue monitoreada por HLC y se encontro
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que se habia completado despues de 12-72 horas de reaccion a temperatura
ambiente Se evaporo el solvente pindina al vacio y se la eliminé mas a fondo por
evaporacién azeotrdpica con tolueno El éster peptidico fue desprotegido con ARF
al 95 % en DCM durante dos horas y se lo extrajo tres veces con eter etilico
anhidro para eliminar el exceso de cromoforo El sustrato desprotegido fue
purificado por HPLC de fase inversa en una columna C3 o C8 con un gradiente de
acetonitrilo de 30 % a 60 % (utlizando seis volumenes de columna) El
rendmiento general después de la punficaciin por HPLC fue de
aproximadamente 20-30 % Se confié la masa molecular por espectroscopia de
masa por 1onizacion por electroatomizacion Los sustratos fueron almacenados
desecados en forma de polvo seco

Espectros de los Sustratos y los Productos Se obtuvieron los espectros de
los sustratos y los correspondientes productos cromoforicos en el buffer de
ensayo de pH 6,5 Se determinaron los coeficientes de extincion a la longitud de
onda optima alejada de los picos en cubetas de 1 cm (340 nm para 3-Np y HMC,
370 nm para PAP y 400 nm para 4-Np) utiizando diluciones multiples La longitud
éptima alejada de los picos se definid como la longitud de onda que da la maxima
diferencia fraccionana de absorbancia entre el sustrato y el producto (DO
producto — DO del sustrato)/ DO del sustrato)

Ensayo de la Proteasa Se realizaron ensayos de proteasa de VHC a 30°C
utlizando una mezcla de reaccibn en una placa microtituladora de 96
receptaculos Las condiciones del buffer de ensayo (MOPS 25 mM, pH 6,5, NaCl
300 mM, glicerol 10 %, launl maltosido 0,05 %, EDTA 5 uM y DTT 5 uM) fueron
optimizadas para el heterodimero NS3/NS4A (D L Sali y otros, ibidem))
Tipicamente, se colocaron 150 ul de mezclas de buffer, sustrato e inhibidor en los
receptaculos (concentracion final de DMSO 4 % viv) y se las dejé preincubar a

30°C por espacio de aproximadamente 3 minutos Luego se, utilizaron cincuenta pl
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de proteasa precalentada (12 nM, 30°C) en buffer de ensayo para dar comienzo a
la reaccion (volumen final 200 ul) Las placas fueron monitoreadas durante toda la
duracién del ensayo (60 minutos) para detectar los cambios de absorbancia a la
longitud de onda indicada (340 nm para 3-Np y HMC, 370 nm para PAP y 400 nm
para 4-Np) utihzando un lector de placas microtituladoras Spectromax Plus
equipado con un monocrometro (se pueden obtener resultados aceptables con
lectores de placas que utihizan filtros de corte) La escisidn proteolitica del lincaje
de esteres entre el Nva y el croméforo fue monitoreada a la longitud de onda
aproplada contra un testigo sin enzima como control para determinar la hidrolisis
no enzimética La evaluacion de los parametros cinéticos del sustrato se llevo a
cabo en un rango de concentraciones de sustrato de 30 veces (~6-200 uM) Se
determinaron las velocidades miciales utiizando regresion lineal y constantes
cinéticas ajustando los datos a la ecuacién de Michaelis-Menten empleando un
anélisis de regresién no lineal (Mac Curve Fit 1 1, K Raner) Los numeros de
recambio (k) fueron calculados sobre la presuncién de que la enzima era
totalmente activa

Evaluacién de los inhibidores e inactivadores Se determinaron las
constantes de inhibicion (K;) para los inhibidores competitivos Ac-D-{D-Gla)-L-I-
(Cha)-C-OH  (27), Ac-DTEDVVA(Nva)-OH y Ac-DTEDVVP(Nva)-OH
expenmentalmente en concentraciones fijas de enzima y sustrato representando
Vo/vi versus la concentracidn del inhibidor ([l] o) de acuerdo con la ecuacién
reordenada de Mchaelis-Menten para determinar la cinética de inhibicion
competitiva vovi= 1 + [l] (K (1 + [S] o Kn)), ©n la cual v, s la velocidad inicial
sin inhibicién, v, es la velocidad inicial en presencia de un inhibidor en cualquier
cancentracién de inhibidor dada ([I,) ¥ [Sk es la concentracion del sustrato
utihzado Los datos as: obtenidos fueron ajustados utiizando regresion lineal y se

uhiizé la pendiente resultante, 1/(K,(1+[S}h/Km) para calcular el valor K,
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Los valores K obteridos para los diversos macrociclos de la presente
invencion estan consignados en la Tabla 1 antes mencionada, donde los
compuestos han sido dispuestos en el orden de progresion de valores K De
estos resultados de los ensayos, resultaria evidente a la persona capacitada en la
tecnica que los compuestos de la presente invencion son de gran utiidad como
inhibidores de la senna proteasa NS3

Método de Bioensayo Celular

Los bioensayos celulares para detectar la serina proteasa de VHC se
llevaron a cabo sobre los compuestos de la invencion siguiendo el procedimento
descripto por S Agrawal y otros, “Development and Charactenzation of Hepatitis
C Virus Sernne Portease Cell-based Trans-Cleavage Assay", Hepalology
Suplemento del Tomo 30 (No 4, Parte 2, octubre de 1999), Abstract No 615
(Acta de la 50" Reunién Anual de AASLD, Dalias, Texas, 59 de noviembre de
1999), descnpciones que se Incorporan a la presente como referencia El ensayo
se llevd a cabo en células HeLa/Huh7 que habian sido co-transfectadas con un
plasmido que expresa un sustrato proteico reportero que contenia una secuencia
de reconocimiento de segmentacibn NS5A/5B y un vector de expresion
1BNS4A2.52GS-GSNS3 /117K y YFPn1 como proteina patrén interno para el
control de la citotoxicidad Se midi6 la actividad de proteasa por medio de SDS-
PAGE de los lisados celulares completos seguida por deteccion por transferencia
Waestemn utiizando un anticuerpo monoclonal dingido contra el sustrato reportero
La cuantificacién de la segmentacién de los sustratos se realizo por barrido de la
inmunotransferencia en el phosphoimager

Maternales

ADN Plasmidos

pBFP-5A/SB-GFP E} gen reportero que expresa el sustrato codifica una

proteina de fusion compuesta por un dominio de proteina fluorescente azul N'
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terminal (BFP) y un dominio de proteina fluorascente verde C'terminal (GFP),
separados por 25 ammoacidos, derivados de la secuencia de reconocimiento de
segmentacion NS5A/5B La GFP y la BFP son proteinas autofluorescentes
esencialmente homologas que emiten luz verde o azul, respectivamente, cuando
son excitadas por luz UV de la longitud de onda apropiada Cuatro sustituciones
de aminoacidos en el cromoforo de GFP alteran la longitud de onda de enusion y
convierten la proteina a BFP

Se puede detectar el sustrato, asi como los productos GFP y BFP
obtenidos en los lisados celulares por metodos inmunologicos empleando un
anticuerpo monoclonal que reconoce a ambas proteinas

El gen reportero BFP-5A/5B-GFP contiene las secuencias codificadoras de
las proteinas autofluorascentes BFP y GFP (Quantum Biotechnologies, Inc,
Montreal, Canada) separadas por la secuencia de reconocimento de
sagmentacidn NS5A/58, clonada entre los sittos de endonucleasa de restnccién
Nhe | y Bam Hi del vector de clonacién pQBI25 {Quantum Biotechnologies, Inc )
La expresion de la proteina de fusibn esta bajc el control del promotor-
intensificador del CMV |[E La secuencia de la hormona de crecimiento bovina p
(A) del vector produce la sefial de poliadenilacion para el ARNm La secuencia de
segmentacion NSS5A/5B es SSGADTDVVCCSMSYTWTGALVTP Se utilizé la
secuenciacidn de ADN para validar el clon

P1BO02 1bNS4A21-32GS NS 3-81 117K Se clono el subtipo de proleasa
1b como fragmento Xba1/Not1 detrds del promotor CMV del vector pC1ineo

YFPn1 Se adquiné YFPn1 a CLONTECH (Palo Alto, Califormia) La adicién
del tercer plasmido a la transfeccion otorga una proteina patron intemo para
controlar la citotoxicidad y no afecta el parcentaje de escisidn de proteasa

Los ADN plasmidos se mantuvieron y propagaron en celulas DH5a

(obterudas de Life Technologies) en medio LB bajo la seleccién apropiada de
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antibidticos, y fueron purficados utiizando QlAfilter Plasmid Kits (Qiagen,
Valencia, California)

Cultivo Celular

Las células HelLa fueron mantenidas y propagadas en Medio Esencial
Minmo de Eagle (EMEM, BioWhittaker, Walkersville, Maryland) suplementado
con suero fetal bovino al 10 % (SFB), glutamina 2 mM y 100 u/ml de penicilina-
estreptomicina (BioWhittaker), NaHCO3 al 2 %

Las células Huh7 fusron mantenidas y propagadas en medio Eagle
Modificado de Dulbecco (DMEM, BioWhittaker) suplementado con suero fetal
bovino al 10 % (SFB), 100 wmi de penicihina-estreptomicina (BioWhittaker) y
NEAA 5 m! (100x, BioWhittaker)/|

Procedimiento SOP

Dia anterior a la transfeccion

Se sembraron celulas HelLa en placas de 24 receptaculos (placas Falcon
3047) a una densidad de 6 x 10* céiulas / receptaculo y se las cultivo durante la
noche a 37°C en un incubador con 5 % de CO;

Dia de la transfeccion

Se diluyeron ADN pldsmidos hasta una concentracion final de 0,05 pg/ul en
agua sin nucleasa (Promega, Madison, Wisconsin, # cat P119C) Se combind
0,75 ng de BFP-4A/5B-GFP y se lo mezclo con 0,175 ug de P18002 (0,23X) y
0,02 pg de YFPn1 Se llevo a los ADN a un volumen final de 60 ul con EMEM sin
SFB, glutamina y antibidticos Se adiciond una proporcién de volumenes de 5 ul
de Reactivo SuperFect (Qiagen, # cat 301305) por ug totales de ADN y se
sometid a la mezcla a vortice durante aproximadamente 10 segundos y se la
incubd durante 10 min a temperatura ambiente para dar lugar a la formacion del
complejo Mientras tenia lugar la formacion del complejo, se aspiro el medio de

cultivo de ias placas de cultivo celular y se lavo a las células 1X co 1 ml de PBS
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sin Ca®*, Mg?* (Bio Whittaker) Se agregaron 350 ul de EMEM (suplementado con
el medio de suplemento-terminacion) al tubo que conterua los complejos de
transfeccion y se pipeteo la mezcla con movimiento reciproco 2-3 veces Se
transfino el volumen total a uno de los 24 receptacuios de una placa de cultivo
Las células Hel.a fueron incubados con los complejos de transfeccion por espacio
de aproximadamente 3 h a 37°C y con 5 % de CO2 Se retiraron de los
receptaculos los medios que contenian los complejos de transfeccion por
aspiracion Las células fueron lavadas una vez en alrededor de 1 mi de PBS, se
aspir® el PBS y se agregaron 495 ul de EMEM completo y luego 5 pl del
compuesto por recepticulo Las céiulas fueron incubadas durante 22-24 h a 37°C
y con 5 % de CO2

Preparacion de los Lisados Celulares

Se aspiré el medio de cada receptaculo y se lo lavd una vez con DPBS
Las células fueron cosechadas en 100 ul de 1x buffer de muestreo Tris-SDS-BME
(sistema de separacion OWL, Portsmouth, Nueva Hampshire, # cat ER33) y
transferidas a tubos de microcentrifugas Luego se las hirvié durante 3-5 min para
lisar las células Se realizé la carga a razén de 10 pl/receptaculo en gel SDS-
PAGE Los lisados fueron resueltos por electroforesis en SDS-PAGE al 12,5 % de
10 cm x 10 cm (Owl Scientific, # cat 0G-0125B) operando a 30 mamp en buffer
Tns-Ghicina-SDS (Owl Scientific) Antes de su uso, se empapo una membrana
PVDF (Immobilon-P, tamaiio de poro 45 um, Millipore, Bedford, Massachussets)
en metanol al 100 % durante 10 segundos y luego se coloco la transferencia en
agua destilada Las proteinas fueron transferidas a membranas de filtro PVDF
(0,45 um, Millipore) a 108 mamp por gel por espacio de 90 minutos utiizando una
membrana de electrotransferencia semiseca

Deteccién de Protemnas por Western Blot ECF (Amersham Phamacia
Biotech, Little Chalfont, Inglaterra), # catdlogo RPN 5780) Las membranas de
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filtro PVDF fueron bloqueadas por reactivo de bloqueo al 5 % (del kit) en ~ 10 ml
de PBS que contenia Tween 20, pH 7,4 (Sigma Chemicals, St Louis, Missour, #
cat 3563) durante ia noche en un refrigerador a 2-4C Al dia siguiente, ias
membranas fueron enjuagadas brevemente dos veces con TPBS que contenia
0,05 % de buffer de lavado Tween 20, luego se las lavé tres veces durante 5 min
por vez en PBS que contenia 0,05 % de Tween 20, pH 7,4 Las membranas
fueron iNncubadas en 12 ml de una solucién 1 3000 de anticuerpo monoclional anti-
GFP durante 30 minutos (Clontech, Palo Alto, California) en PBS que contenia 05
% de Tween 20, pH 7,4 en tanto que, al mismo tiempo, se agregé 1 % de BSA
(Sercalbumina bovina, # cat A-2153 de Sigma) para reducrr el fondo Las
membranas fueron lavadas dos veces brevemente con TPBS, luego tres veces
durante 5 min por vez en buffer de lavado TPBS Las membranas fueron
incubadas en 12 ml de Ig anti raton anti-fluoresceina en una dilucidn de 1 6000 en
TPBS por espacio de 30 minutos Las membranas fueron lavadas brevemente
dos veces con TPBS, luego durante 5 min en buffer de lavado TPBS tres veces
Para la amplificacién de seiial con sustrato ECF, las membranas fueron
incubadas en 10 mi de conjugado anti fluoresceina fosfatasa alcalina durante 30
minutos Las membranas fueron enjuagadas brevemente dos veces con TPBS,
luego tres veces durante 5 min en buffer de lavado TPBS La solucién de sustrato
ECF fue preparada de acuerdo con las instrucciones del fabnicante (allcuotas y
congelacién) Las membranas fueron incubadas durante 2-3 minutos, se drené el
exceso de reactivos, luego se las escumo con papeles de filtro, se las seco en
aire durante 9-10 minutos y luego se las sometio a exploracion

Exploracion {barmdo) de la membrana Se coloco el blot sobre el vidno de
un phosphoimager Storm 860 Se encendié el quimoluminiscente azul, de 200
pixeles de tamario, un voltaje de 700 PMT Se abrio el archivo en ImageQuant y

se lo cuantificd generando cuadrados alrededor de las bandas que representaban
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el sustrato (S), el producto (P) y el control mtemmo (IC) Se midi6 el % de escision
del sustrato como P/(S+P)x100 Se midi6 {a inhibicion de segmentacion debido al
fArmaco en comparacién doble con controles farmacolégicos incluidos en cada
blot Se creo un informe en Excel A continuacién se consignan los resultados
para algunos de los compuestos

Compuesto del Ejemplo 36 CEgp= 9 um

Compuesto del Ejemplo 35 CEsp= 20 um

De estos resultados de los ensayos, la persona con capacitacion en la
técnica considerarnia evidente que los compuestos de la presente invencion tienen

excelente aptitud como inhibidores de |la serna proteasa NS3
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REIVINDICACIONES
1 Un compuesto macrociclico, incluyendo los enantibmeros,

estereocisdmeros, rotameros y tautdmeros de dicho compuesto, asi como las sales
o solvatos farmaceuticamente aceptables de dicho compuesto, que tene la

estructura general expuesta en la Formula |

R/\[J\Q/ T

Férmula |

en la cual

E, X @ Y pueden estar independientemente presentes o ausentes y, en
caso de estar presentes, son independientemente seleccionados entre las
porciones alquilo, anlo, alquilanio, heteroalquilo, heteroarilo, anlheteroarilo,
alquilheteroarilo, cicloalquilo, éter alquilico, éter alquilaniico, éter anlico,
alquilamino, anlamino, alquilarilamino, alquilsulfuro, alquilariisulfuro, anisulfuro,
alquilsuifona, alquilanisulfona, anisulfona, alquilalquilsulfoxido, aiquilarilsulfoxido,
alqulamida, alquilanlamida, anlamida, alquilsulfonamida, alquilanisulfonamida,
ariisuifonamida, alquilurea, alquilanlurea, arilurea, carbamato de alquilo,
carbamato de alquilanlo, carbamato de anio, alquilhidrazida, alquilarithidrazida,
alquithidroxamida, alquilanihidroxamida, alquilsulfonilo, anlisulfonilo,

heteroalquilsulfonilo, heteroanisulfonilo, alquilcarbonilo, anlcarbonilo,
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heteroaiquiicarbonilo, heteroanicarbomio, alcoxicarbonilo, anloxicarbanilo,
heteroariloxicarbonilo, alquilaminocarbonilo, anlaminocarbonuilo,
heteroanlammnocarbonilo o una combinacidn de las mismas, con la condicion de
que optativamente, E, X e Y pueden estar sustituidas ademas con porciones
seleccionadas entre el grupo que consiste en aromaticos, alquilo, alquilanio,
heteroalquilo, anlheteroarilo, alquilheteroanio, cicloalquilo, eter alquilico, éter
alquilarihco, alquilsulfuro, alquilanisulfuro, alquisulfona, alquilanisulfona,
alquilamida, alquilantamida, alquilsulfonamida, alquilaminas, alquilarilaminas,
alquilanisulfonamida, alquilurea, alquilanilurea, carbamato de alquilo, carbamato
de alquilarilo, halégeno, hidroxilamino, carbazato de alquilo, carbazato de arilo,

R' = COR® o B(OR),, donde R® = H, OH, OR®, NR°R'%, CF3, CoFs, CaFy,
CF2R% R®, COR’ donde R = H, OH, OR®, CHR®R' o NR®°R"®, donde R®, R®, R®y
R" son independientemente seleccionados entre el grupo que consiste en H,
alquilo, anlo, heteroalquilo, heteroanlo, cicloalquilo, cicloalquilo, anlalquilo,
heteroarilalquilo, CH(R' )JCOOR'"!, CH(R! )JCONR'?R'3, CH(R' )CONHCH(R?)COO
R"Y, CH(R!)CONHCH(R?)CONR'?R"3, CH(R' )CONHCH(R?)R,
CH(R' )CONHCH(RZ)CONHCH(R?)COOR"",

CH(R' )CONHCH(R?)CONHCH(RY)CONR'R",

CH(R' )CONHCH(R?)CONHCH(R?®)CONHCH(R*)COOR"",

CH(R' )CONHCH(R?)CONHCH(R®)CONHCH(R*)CONR'?R",

CH(R' )CONHCH(R?)CONHCH(R®)CONHCH(R*)CONHCH(R®)COOR"",

CH(R' YCONHCH(R*)CONHCH(R*)CONHCH(R*)CONHCH(R®)CONR'?R",
donde R', R?, R¥, R*, R°, R", R'¥, R"® y R son independientemente
seleccionados entre el grupo que consiste en H, alquilo, arilo, heteroalquilo,
heteroanio, cicloalquilo, alquilanio, alguilheteroanlo, anialquilo y heteroaralquilo,

Z es seleccionado entre O, No CH,
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W puede estar presente 0 ausente y, en caso de estar presente, W es
seleccionado entre C=0, C=S, SOz 0 C=NR,

Q es (NR),, O, S, CHz, CHR, CRR’ o un enlace dobie hacia V,

A es O, CHz, (CHR),, (CHR-CHR')p, (CRR')p, NR, S, SOz, C=0 o un enlace,

G es (CHz)p, (CHR),, (CRR'),, NR, O, S, SO, S(0)zNH, C=0 o un enlace
doble haciaEo V,

VesCH,CRoN,

pesunnumerode0aby

R, R, R% R®y R* son independientemente seleccionados entre el grupo
que consiste en H, alquilo C1-C10, alquenilo C2-C10, cicloalquilo C3-C8,
heterocicloalquilo C3-C8, anlo, alcox, anloxi, alquiltio, anltio, amino, amido, éster,
acido carboxilico, carbamato, urea, cetona, aldehido, ciano, nitro, heteroanlo,
alquilanlo, alquilheteroanlo, (cicloalgquil)alquilo y (heterocicloalquil)alquilo, donde
dicho cicloalquilo se compane de tres a ocho atomos de carbono y de cero a seis
atomos de oxigeno, nitrogeno, azufre o fosforo y dicho alquilo es de uno a seis
atomos de carbono, donde dichas porciones alquilo, heteroalquilo, alquenilo,
heteroalquenilo, arilo, heteroanlo cicloaiquilo y heterocicloalquilo pueden estar
optativamente sustituidas, y donde dicho témino "“sustituido® se refiere a una
sushitucién optativa y adecuada con una o méas porciones seleccionadas entre el
grupo que consiste en alquilo, alquenilo, alquinilo, anlo, aralquilo, cicloalquilo,
heterociclico, haldégeno, hidroxi, tio, alcoxi, anloxi, alquiltio, anltio, amino, amido,
ester, acido carboxilico, carbamato, urea, cetona, aldehido, ciano, nitro,
sulfonamida, sulféxido, sulfona, suiforilurea, hidrazida e hidroxamato y tiourea

2 E! compuesto de acuerdo con ia reivindicacion 1 en el cual R' = CORS y
R® es H, OH, COOR® o0 CONR®R"

3 El compuesto de acuerdo con la revindicacién 2 en el cual R' =

COCONR°R™ y R® es H, R" es H, CH(R')COOR', CH(R')CONR'*R™,
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CH(R')CONHCH(R?)COOR'"*, CH(R' )CONHCH(R?*)CONR'?R" )
CH(R')CONHCH(R?)(R)

4 E} compuesto de acuerdo con fa rewindicacion 3, en el cual R" =
CH(R')CONHCH(R?)COOR"", CH(R' )CONHCH(R¥)CONR'?R",
CH(R')CONHCH(R?)XR) donde R’ es H alquilo, y R? es seleccionado entre el
grupo que consiste en fenilo, fenilo sustituido, fenilo sustituido con heteroatomo,
tiofenulo, ciclahexilo, ciclopentilo, ciclopropilo, pipendilo, piridilo y 2-indanilo

5 E! compuesto de acuerdo con ia reivindicacion 4, en el cual R"esH

6 EI compuesto de acuerdo con la reivindicacién 5, en el cual RZ = fenilo,
tiofenilo, ciclohexilo, 2-indanilo, ciclopentilo, pinidilo, fenil{(4-HNSO.NH,), R'! es H
o terc-butilo, R'2y R' son metilo y R’ es hidroximetilo o terc-butoximetilo

7 E! compuesto de acuerdo con la revindicacién 1, en el cual R? es

seleccionado entre el grupo que consiste en las siguientes porciones

CHj
CHs
_— T e T N
L L~ & &sJT
— . ~ —— —_—
|\9 \Lo $(Ok-2 \L§(0)M \") /H
CH, éHs CH; CH, =
N
?CH;, ;‘ M
CH, CHy ot CH, Cha 5 g
n=0-3
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8 El compuesto de acuerdo con la reivindicacién 7 en el cual R' = COR® y
R® es H, OH, COOR® 0 CONR®R"
9 El compuesto de acuerdo con la reivindicacion 8 en el cual V es CH

10 EI compuesto de acuerdo con [a reivindicacién 9 en ei cual Q es NR u

11 El compuesto de acuerdo con la reivindicacién 10 en el cual G es CHz

12 El compuesto de acuerdo con la reivindicacion 11 en el cual A es O NR,
CH=CH o CH;

13 El compuesto de acuerdo con la rewindicacidén 12 en el cual E es
alquilo, anilo, heteroalquilo, heteroarilo, alquilo, anlo o cicloalquilo

14 El compuesto de acuerdo con la reivindicacion 13 en el cual E es

selaccionado entre el grupo que consiste en las porciones

F A N
N~ 'L__C’

15 El compuesto de acuerdo con la reivindicacion 13 en el cual R? es

seleccionado entre el grupo que consiste en las porciones
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COCH,
corY! cor™!

CORY  RuZR™

en las cuales R¥ = H, CH; u otros grupos alquilo,

RY = OH, O-alquilo, NHz, N-alquilo y

R¥ y R® pueden ser iguales o diferentes y son seleccionados
independientemente entre H, F, Cl, Bry CHa

16 El compuesto de acuerdo con la reivindicacion 15 en el cuai Z =N y R*

17 El compuesto de acuerdo con la reivindicacion 16 en el cual W es C=0

18 El compuesto de acuerdo con la reivindicacion 17 en el cual la porcidon
X-U es seleccionada entre el grupo que consiste en alquilo C1-C10, alquifo,
cicloalquilo, heteroalquilo, arilalquilo, anlo, heteroanlo y alquilarilo

19 El compuesto de acuerdo con la reivindicacion 18 en el cual

}/\ Afu\
donde R® estd directamente conectado a A y R° esta directamente

conectado a W, y la porcion U', U3, U?, R?, U® y U® forma un anillo de carbonas de

seis miembros © un anillo de cinco o seis miembros con uno 0 mas heteroatomos,
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R" = H, alquilo, alcoxi, hudroxi, aiquitio, halogeno, mitro, ciano, acido

carboxilico, ester, amida, amino, nitnlo o CF3,

R® es un enlace, alquilo C4-Cq, alquenifo Cz-Ce, alquiniio C2-Ce, O, S, SO2
NH, O(alquilo), S(alquilo), SOx{alquilo) o N(alquilo) y

R°® @s un enlace, alquilo C,-Ce, alquenilo C2-Cs, alquinilo C2-Cs, O, S, SO,

NH, O(alquilo), S{alquilo), SOz(alquilo), N(alquilo) o CHx-N(alquilo), estando CH2

higado al anillo aromatico
20 El compuesto de acuerdo con |a reivindicacion 18 en el cual la porcion

X-Y es seleccionada entre el grupo que consiste en las siguientes estructuras

- M o]
jﬁ -2 ﬁ/(\/ H/( BocHNf
¥ kY —

R

Y A
JC,O/ *
BocHN” AcHN

i
S o o

cr

1422
NH
HQ\(Y H

N
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21 Una composicidén farmacéutica que comprende, como ingrediente
activo, un compuesto de acuerdo con la reivindicacion 1

22 La composicion farmaceutica de acuerdo con ia reivindicacion 21 para
usar en el tratamiento de trastornos asociados con el virus de la Hepatitis C

23 La composicion farmaceutica de acuerdo con la rewvindicacion 21 que
ademas comprende un vehiculo farmacéuticamente aceptable

24 Un metodo para el tratamiento de trastormos asociados con {a proteasa
del VHC, metodo que comprende administrar a un paciente que necesita dicho
tratamiento una composicion farmaceutica que comprende cantidades
terapeuticamente efectivas de un compuesto de acuerdo con la reivindicacion 1

25 E! uso de un compusesto de acuerdo con la revindicacidn 1 para la
elaboracién de un medicamento para el tratamiento de trastornos asociados con
la proteasa del VHC,

26 Un método para la preparacion de una composicion farmaceutica para
el tratamiento de trastomos asociados con la proteasa del VHC, método que
comprende poner en intimo contacto a un compuesto de acuerdo con la
reivindicacién 1 y un vehiculo farmacéuticamente aceptable

27 Un compuesto que exhibe actividad inhibitona de |a proteasa de VHC,
incluyendo los enantibmeros, estereoisémeros, rotameros y tautébmeros de dicho
compuesto, as| como las sales o solvatos fammaceuticamente aceptables de dicho
compuesto, compuesto éste que es seleccionado entre el grupo de compuestos

que tienen las estructuras enumeradas a continuacion
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28 Una composicion farmaceutica para el tratamento de trastomos
asociados con la proteasa del VHC, composicion que comprende una cantidad
terapéuticamente efectiva de uno o mas compuestos de acuerdo con la
rewvindicacion 27 y un vehiculo farmaceuticamente aceptable

29 La composicion farmaceutica de acuerdo con la reivindicacion 28, que
ademas contiene un agente antiviral

30 La composicion farmacéutica de acuerdo con la reivindicacién 28 o la
reivindicacién 29, que por afiadidura contiene un interferon

31 La composicién farmacéutica de acuerdo con la reivindicacion 30, en el

cual dicho agente antiviral es la nbavinna y dicho interferon es a-interferén
p SCHERING CORPORATION
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La presente invencidn describe novedosos compuestos macrociclicos que

Resumen de la Invencion

tienen actividad inhibitoria de la proteasa del VHC asi como metodos para la
preparacion de dichos compuestos En ofra realizacidn, la invencion descnbe
composiciones farmaceuticas que comprenden dichos macrociclicos asi como

metodos para su uso en el tratamiento de trastomos asociados con la proteasa de
VHC
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PATENT CASE INO1155P jg

Fleld of |

The present invention relates to novel hepatiis C virus ("HCV") protease
Inhibrtors, pharmaceutical compositions containng one or more such inhibitors,
methods of preparing such inhiblters and methods of using such inhibitors to treat
hepatitis C and related disorders This Invention specifically discloses novel
macrocyclic compounds as Inhibitors of the HCV NS3/NS4a serine protease The
disclosure herein (s related to that n pending patent application, Serial No
filed Apnl 5, 2000

Background of the nvention

Hepattis C virus (HCV) Is a (+)-sense single-stranded RNA virus that has
besn implicated as the major causative agent in non-A, non-B hepatiis (NANBH),
particularly in blood-associaled NANBH (BB-NANBH)(see, intemationa! Patent
Application Publication No WQ 89/04669 and European Patent Applicaton
Publication No EP 381 216) NANBH s to be dishnguished from other types of
viral-induced liver diseass, such as hepatitis A virus (HAV), hepatitis B virus
(HBY), deita hepattis virus (HDV), cytomegalovirus (CMV) and Epstein-Barr virus
(EBV), as well as from other forms of [ilver disease such as aicoholism and
pnmary blhar cirrhosis

Recently, an HCV protease necessary for polypeptde processing and viral
replication has been identfied, cloned and expressed, (sese, 8.0..US Patent No
5,712,145) This approximately 3000 amino acid polyprotein conlains, 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 s an approximatsely 68 kda protein, encaded by approximately 1883
nucleotides of the HCV genome, and has two distinct domains (a) a serine
protease domain consisting of approximately 200 of the N-terminal amino acids;
and (b) an RNA-dapendent ATPase domain at the C-terrminus of the protein  The
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NS3 proteass is considered a member of the chymotrypsin family because of
similarites in protein sequence, overall three-dimensional structure and
mechanism of catalysis. Other chymotrypsin-like enzymes are elastase, factor
Xa, thrombin, trypsin, plasmin, urokinase, tPA and PSA The HCV NS3 senne
protease I8 responsible for proteclysis of the polypeptide (polyprotein) at the
NS3/NS4a, NS4a/NS4b, NS4b/NSSa and NS5a/NS5b junchons and Is thus
responsible for generating four viral proteins during viral replicaton This has
made the HCV NS3 serine proteass an attractve target for antiviral
chemotherapy

it has been determined that the NS4a protein, an approximately 6 kda
polypeptide, 18 & co-factor for the serine prolease achivity of NS3. Autocleavage of
the NS3/NS4a junchon by the NS3/NS4a senne protease occurs intramolecularly
(Le ., cis) while the other cloavage sites are processed intermolecularly (8., trans)

Analyals of the natural cleavage sites for HCV protease revealed the
presence of cysteine at P1 and serine at P1’ and that these resldues are stnctly
conserved in the NS4a/NS4b, NS4b/NS5a and NS5a/NS5b junctions. The
NS3/NS4a junction contains a threonine at P1 and a serine at P1’ The Cys—Thr
substitution at NS3/NS4a Is postulated to account for the requirement of cis rather
than trans processing at this junction See, a.g,. Pizzi ¢t al. (1994) Proc, Nati,
Acad, Scf (USA) 91 888-892, Fallla ot al, (1996) Foiding & Design 1,35-42 The
NS3/NS4a cleavage site is also more tolerant of mutagenesis than the other sites
Ses, 8.0 , Kollykhalov et al. (1984) J, Virol, 68 7525-7533 h has also been found
that acidic residues In the region upstream of the cleavage site are required for
efficlent cleavage See, 8.9, Komoda gt al, (1964) . Virol, 88.7351-7357

Inhibritors of HCV protease that have been reported Include antioxddants
(see, Intomational Patent Application Publication No WO 98/14181), certain
pephdes and peptxde analogs (see, Intemational Patent Apphcabon Publicaton
No WO 88/17679, Landro et al, (1997) Biochemn, 38 9340-9348, Ingallinelia ot al
(1998) Blochem 37 8908-8914, Llins-Brunet at o (1998) Bioorg, Med Chem,
Lett._ 8 1713-1718), inhibliore based on the 70-amino acid polypeptide aglin ¢
(Martin et al, (1998) Biochem, 37 11459-11468, Inhibitors affinity selected from
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human pancreatic secretory trypsin inhibitor (WPSTI-C3) and minibody repertowres
(MBip) (Dimasi at al (1997) J, Virol. 71,7461-7489), ¢V, E2 (a “camellzed”
vanable domamn antibody fragment) (Marbn et al (1897)_Protein Eng. 10 607-614),
and a1-antichymotrypsin (ACT)(Elzoula et al ) (1997} J Hepat, 27,42-28) A
ribozyme designed to selectively destroy hepatiis C virus RNA has recently been
disclosed (see, BioWorld Today 9(217) 4 (November 10, 1998))

Reference I8 also made to the PCT Publications, No WO 88/17678,
published Aprll 30, 1898 (Vertex Phamaceuticals Incorporated), WO 88/22496,
published May 28, 1998 (F Hoffmann-La Roche AG), and WO 99/07734,
published February 18, 1999 (Boetwinger Ingelheim Canada Ltd )

HCV has been implcated in ciirhosla of the iver and in induction of
hepatoceliular carcinoma. The prognosis for patients suffering from HCV infection
18 currently poor  HCV infection Is more difficult to treat than other forms of
hepatihs due to the lack of immunity or remission associated with HCV Infection
Current data ndicates a less than 50% survival rate at four years post cirrhosis
diagnosis Patlents diagnosed with localized resectable hepatoceliular carcinoma
have a five-year survival rate of 10-30%, whereas those with localized
unresectable hepatocellular carcinoma have a five-year survival rate of less than
1%

Reference 18 made to A Marchettl ef al, Synisif, S1, 1000-1002 (1999)
deacnbing the synthesis of bicylic analogs of an inhibitor of HCV NS3 protease A
compound disclosed tharain has the formula.

COOH

Reference s aiso made to WO 00/09558 (Assignee Boehnnger Ingelheim

Limited, Published February 24, 2000) which dlacioses pephde derivatives of the
formula.

~7
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Reference Is also made to WO 00/09543 (Assignee Boehringer Ingelheim
Limrted, Published February 24, 2000) which discloses peptide derivatives of the

formula.
Rs R
Re N
™~ /ﬂ\
(o]

where the various elements are defined therem An lllustratve compound of that
serles is
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Current theraples for hepatitis C include interferon-a (INFg) and
combination therapy with nbavirin and interferon See, 9.g.. Beromguer gt a).

{1998) Proc Assoc. Am Physicians 110(2).98-112 These therapies suffer from a
low sustained response rate and frequent side effects See, a g., Hoofnaglo et al,

5 (1997} N. Engl J. Med, 336 347 Currently, no vaccme Is available for HCV
infachon
Pending patent apphcabon, Serial Number, , filed Apnl

5, 2000, discloses certain macrocyclic compounds as mhibrtors of the HCV
protease as well as pharmaceutical composttions contauning said compounds

o 10 There ia a need for new treatmants and theraples for HCV Infachon Itis,
¢y therefore, an object of this invention to provide compounds useful in the treatment
S or prevention or amelioration of one or more symptoms of hepatitis C
43 It is a further object herein to provide methods of treatment or prevention or
Eg amehoration of one or more symptoms of hepatitis C
:= 15 A still further object of the present inventon is to provide methods for
I:E modulating the activity of senne proteases, parbcularly the HCV NS3/NS4a serine
b proteasa, using the compounds provided herain
Eg Another object herein is to provide methads of modulating the processing
[t of the HCV polypeptide using the compounds provided herein

20

Summary of the invention

In s many embodiments, the present invention provides a novel class of
macrocyclic inhibitors of the HCV protease, pharrnaceuhcal composttions
contalning one or more of the compounds, methods of prepanng pharmacsutical

25 formulations comprising one or more such compounds, and methods of treatment,
prevention or amelioration or one or more of the symptoms of hepatitis C Also
provided are methods of modulating the Interaction of an HCV polypeptide with
HCV protease Among the compounds prowvided herein, compounds that inhibit
HCV NS3/NS4a serine protease activity are prefarred The presently disclosed

30 compounds generally contain about four or more amino acld residues and less
than about twelve amino acyd residues
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In ts pnncipal embodiment, the present invention provides a macrocyclic
compound of Formula |

8
R WH\!:R‘

[

1 (1] wherein

' E—f E, X and Y may be independently present or absent, and if present are
= independently selacted from the moieties alkyl, aryl, alkyl-aryl, heteroalky,
@ 10 hetercaryl, ary-heteroaryi, alkyl-heteroaryl, cycioalkyl, alky! ether, alkyi-aryl ether,
b aryl ether, alkyl amino, aryl amino, alkyl-aryl amino, alkyl sulfide, aikylaryl sulfide,
'Eg aryl sulfide, alkyl sulfone, alkyl-aryl sulfone, aryl sulfone, alkyl-alkyl sulfoxide,
e alkyl-aryl sulfoxide, alkyl amide, alkyl-aryl amide, aryl amide alkyl sulfonamide,

alkyt-aryl sulfonarnide, aryl sulfonamide, alkyl urea, alkyl-aryt urea, aryl urea, alkyl

15 carbamate, alkyl-aryl carbamate, aryl carbamate, alkyl -hydrazide, alkyl-aryi
hydrazide, alkyl hydroxarmde, alkyl-asyl hydroxamide, alky! sulfonyl, aryl sulfonyl,
heteroalkyl sulfonyl, heteroaryl sulfonyl, alkyl carbonyl, aryl carbonyl, heteroalkyl
carbonyl, heteroaryl carbonyl, alkoxycarbonyl, aryloxycarbonyl,
hetoroaryloxycarbonyl, alkylaminocarbonyl, arylaminocarbonyl,

20 heteroarylaminocarbonyi or a combination thereof, with the proviso that £, X and
Y may optionally be additionally substrituted with moleties selected from the group
consisting of aromatic, alkyl, alkyl-aryl, heteroalkyl, ary-heteroaryl, alkyl-
heteroaryl, cycloalkyl, alkyl ather, alkyl-aryl ether, alkyl sulfide, alkyl-aryl sulfide,
alkyl sulfone, alkyl-aryl sulfone, alkyl amide, alkyl-aryl amide, alkyl sulfonamde, ,

25 alkyl amines, alkyl-aryl amines, alkyl-aryl sulfonamide, alkyl urea, alkyl-aryl urea,
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alkyl carbamate, alkyi-aryl carbamate, halogen, hydroxyl amuno, alkyl carbazate,
aryl carbazate,

R' = COR’ or B(OR),, wherein R* =H, OH, OR’, NR'R", CF,,CF,CF,
CF,R", R, COR’ wherem R’ =H, OH, OR®, CHR’R™, or NR'R" , wherein R’, R',
R’ and R" are independently selected from the group consisting of H, alkyl, aryl,
heteroalkyl, heteroaryl, cycloalkyl, cycloalkyl, arylalkyl, heteroarylalkyl,
CH(R")COOR", CH(R")CONR"R",

CH(R' YCONHCH(R" }COO R", CH(R"YCONHCH(R"YCONR"R",
CH(R"CONHCH(R" )R", CH(R"YCONHCH(R")CONHCH(R"YCOO R",
CH(R"CONHCH(R")YCONHCH(R"YCONR"R",
CH(R"CONHCH(R"YCONHCH(R”")CONHCH(R)COO R",
CH(R"YCONHCH(R")CONHCH(R")YCONHCH(R*)CONR™R", CH({R")CONHCH(R"
JCONHCH(R"YCONHCH(R)CONHCH(R")COO R", CH(R' JCONHCH(R*
JCONHCH(R"YCONHCH(R")YCONHCH(R") CONR"R", wherein R", R", R”, R*, R’,
R”, R® R", and R’ are independently selected from a group consisting of H, alkyl,
aryl, heteroalkyl, heteroaryl, cycloalkyl, alkyl-aryl, alkyl-hetaroaryi, aryt-alkyl and
heteroaralkyl,

Z is selected from O, N, or CH,

W may be presemnt or absent, and f W i1s present, W 18 selected from C=0,
C=S, SO, or C=NR,

Qs (NR),, O, S, CH,, CHR, CRR' or a double bond towards V,

A s O, CH,, (CHR),, {CHR-CHR), (CRR), NR, S, SO,, C=0O ora bond,

G s (CH,),, (CHR),, (CRR"),, NR, O, S, SO,, S(O),NH, C=0, or a double
bond towards E or V,

VisCH,CRorN,

p Is a number from O to 8, and

R, R', /', R’ and R* are independently selected from the group consisting of
H, C1-C10 alkyl, C2-C10 alksnyl, C3-C8 cycloalkyl, C3-C8 heterocycioalkyl, aryl,
alkoxy, aryloxy, alkyithio, aryithio, amino, emido, ester, carboxylic acid,
carbamate, urea, ketone, aldehyde, cyano, nitro, heteroaryl, alkyl-aryl, alkyl-
heteroaryl, (cycloalkyl)alkyl and (heterocycioalkyl)alkyt, wherein said cycloalkyl i1s




15

made of three to eight carbon atoms, and zero 1o six oxygen, nitrogen, sulfur, or
phosphorus atoms, and said alkyl 1s of one to s carbon atoms,

with saud alkyl, heteroalkyl, alkenyl, heteroalkenyl, aryl, heteroaryl, cycloalkyl and
heterocycloalkyl moieties may be optionally substituted, with saxd term
"substrituted” refemnng to optional and surtable substitubon with one or more
moieties selected from the group consisting of alkyl, alkenyi, alkynyl aryl, aralkyi,
cycloalkyl, heterocychic, halogen, hydroxy, thio, alkoxy, aryloxy, alkylthio, aryithwo,
amino, amido, ester, carboxyllc acd, carbamate, urea, ketone, aldehyde, cyano,
nitro, sulfonamide, sulfoxide, sulfone, sulfonyt urea, hydrazide, and hydroxamate
and thiourea.

Unless defined otherwiss, all techrucal and scientific terms used herein
have the same meaning as 1s commonly understood by one of skall in the art to
which this invention belongs. Thus, for example, the term alky! (including the alkyl
portions of alkoxy) refers to a monovalent group derived from a straight or
branched chain saturated hydrocarbon by the removal of a single atom having
from 1 to 8 carbon atoms, preferably from 1 to 6,

aryl — represents a carbocyclic group having from 6 to 14 carbon atoms
and having at least one benzenod ring, with all available substitutsble aromatic
carbon atoms of the carbocyclc group being intended as possible points of
attachment. Preferred aryl groups include phenyl, 1-naphthyl, 2-naphthyl and
indanyl, and especially phenyl and substituted phenyl,

aralkyl - represents a molety contalning an aryl group inked vial a lower
alkyl,

alkylaryl - rapresents a moisty containing a iower alkyl linked via an aryl
group,

cycioalkyl - represents a saturated carbocyclic ring having from3to 8
carbon atome, preferably § or 6, optionally substituted,

heterocyclic — represents, In addition to the heteroaryl groups defined
below, saturated and unsaturated cyclic organic groups having at least one O, S
and/or N atom mterrupting a carbocyclic nng structure that consists of one or more
rings, wherein each ring Is 5-, 6- or 7-membered and may or may not have double
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bonds that lack delocalized pi electrons, which ring structure has from 2 to 8,
preferably from 3 to 6 carbon atoms, e g , 2- or 3-piperidinyl, 2- or 3-plperazinyl, 2-
or 3-morpholinyl, or 2- or 3-thiomorphofinyl,

halogen — represents fluonne, chionne, bromine and iodine,

heteroaryl — represents a cyclic organic group having at ieast one O, S
and/or N atom interruphing a carbocyclic ring structure and hawing a sufficient
nurnber of delocalzed p1 electrons to provide aromatic character, with the
aromatic heterocyclic group having from 2 1o 14, prafarably 4 or 5 carbon atoms,

8 g.2- 3-or4-pyndyl, 2- or 3-furyl, 2- or 3-thienyl, 2-, 4- or 5-thiazolyi, 2- or
4-midazoiyl, 2-, 4- or 5-pynmidinyl, 2-pyrazinyl, or 3- or 4-pyridannyl, etc.
Prefeirred heteroaryl groups are 2-, 3- and 4-pyndyl, Such hetaroaryl groups may
also be optionally substituted

Also included in the invention are tautomsers, rotamers, enantomers and
other optical isomers of compounds of Formula |, as well as pharmaceutically
acceptable salts and solvates thereof

A further feature of the invention 1s pharmaceutical compositions containing
as active Ingredient a compound of Formula | (or its salt, solvate or isomers)
together with a pharmaceutically acceptable camer or excipient.

The invention also provides methods for prepanng compounds of Formula
|, as well as methods for treating diseases such as, for example, HCV and related
disarders The methods for treating comprise admunistering to a patient suffering
from sald disease or diseases a therapeutically sffective amount of a compound of
Formula |, or pharmaceutical compositions comprising a compound of Formula |

Also disclosed 1s the use of a compound of Formula | for the manufacture
of a medicament for treating HCV and related disorders

{ as inhibitors of HCV protease, especially the HCV NS3/NS4a sarine protease
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where the various moehes are defined above Some of the preferred
embodiments mnclude, but are not limited to, the following defimtions of the various
functionalities in the above-noted general formula |, other desired definitions for

the same and additional functionalities may be found In the structures and claims
of this appiicaton which are also within the contemplation of the present invention
Among the pmfa;rad embodiments, R' in formuta | may be selectad from the
following moiehes
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E may be a substituted or unsubstituted alkyl, substituted or unsubsititiuted aryl,
substituted or unsubstituted heteroalkyl, substituted or uneubstituted heteroaryl or
substituted or unsubstituted cycloalkyl, with preferrad representations for E being

F

Prefermed embodiments for R’ include the moleties.
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o wherain R™ = OH, O-alkyl
Eg Preferred embodiments for the molety X-Y are the foliowing structures
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Representative compounds of the invention which exhibk excellent HCV
protease inhibitory activity are listed below
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£y The actmty of some of the compounds are presentad in Table 1 as ranges of K
o~ values in nanomolar (nM) The Example numbers in Table 1 refer to the numbers
w 5 forthe various structures in the EXAMPLES section found in the later parts of this
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HCV continous assay Ki* range
Category A= 0 001-1 O puM, Category B= 1 1-100 uM

Some methods of syntheslzing the various typaes cf the inventive
compounds are descnbed later in this sechon, and also schematically described,
followed by the illustrative Examples

Depending upon the structure, the compounds of the invention may form
pharmacsutically acceptable salts with organic or inorganic acads, or organic or
inorganic bases Examples of sultable acids for such salt formation are
hydrochloric, sulfuric, phosphoric, acetic, citric, oxahc, malonic, saficylc, malic,
fumaric, succinic, ascorbic, maleic, methanesulfonic and other mineral and
carboxylic acids well known to those skilled in the art For formation of salts with
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bases, surtable bases are, for example, NaOH, KOH, NH,OH,
tetraalkylammonium hydroxide, and the ike
In another embodiment, thes invention provides pharmaceutical
composlitions comprising the above-described Inventive macrocycles as an active
5 ingredient The pharmaceutical composrtions generally addionally comprise a
pharmaceutically acceptable carmier diluent, excipient or camer (collectively
referred to herein as camier materials) Because of thewr HCV inhibitory activity,
such pharmaceutical compositions possess utilty in treating hepatihs C and
related disorders
10 in yet another embodiment, the present invention diascloses methods for
g preparing pharmaceutical composaihions comprising the inventive macrocycle
:; compounds as an active ingredient In the pharmaceuhcal compositions and
1] methods of the present invention, the active ingredients will typically be
Eg adminustered in admixture with sultable carrler materials surtably selected with
:= 15 respect to the intended form of administration, | @ oral tablets, capsules (either
':3 sold-filled, semi-solld filled or liquid filled), powders for constitution, oral gels,

b elxirs, dispersible granules, syrups, suspensions, and the fike, and consistertt with
'Eg conventional pharmaceutical prachces For example, for oral administration in the
£ form of tablets or capsules, the active drug component may be combined with any

20 oral non-ioxic pharmaceutcally acceptable inert carrier, such as lactose, starch,
sucrose, cellulose, magnesium stearate, dicalcium phosphate, calclum sulfate,
talc, mannttoi, ethyl alcohol (liquid forms) and the ke Moreaver, when desired or
needed, suitable binders, lubricants, disintegrating agents and coloring agents
may also be incorporated In the mixture Powders and tablets may be comprised

25 of from about 5 to about 85 percent inventve compositon.  Sultable binders
include starch, gelatin, natural sugars, com sweeteners, natural and synthstic
gums such as acacia, sodium alginate, carboxymethyicellulose, polyethylene
glycol and waxes Among the lubricants there may be mentioned for use in these
dosage forms, bonc acld, sodium benzoate, sodium acetats, sodium chioride, and

30 the ke Disintegrants include starch, methyiceliulose, guar gum and the like

Sweetening and flavoring agents and preservatves may also be included
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where appropnate Some of the terms noted above, namely disintegrants,
diluents, lubncants, binders and the like, are discussed in more detail below

Addonally, the compositions of the present inventon 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 optmize the therapeutic effects, 1e
HCV inhibstory activity and the hke Suitable dosage forms for sustaned release
include layered tablets contalning layers of varying disintegration rates or
controlled release polymeric matrices iImpregnated with the active components
and shaped in tablet form or capsules containing such mpregnated or
encapsulated porous polymenc matrices

Liquid form preparations include solutions, suspensions and emulsions As
an example may be mentoned water or water-propylene glycol solutions for
parenteral injechons or addition of sweeteners and paciiers for oral solutions,
suspenslons and emulsions. Liquid form preparations may also include solutions
for intranasal administration

Asrosol preparations surtable for inhalation may include solutions and
solids in powder form, which may be in combination with a pharmacsutically
acceptable carrier such as inert compressed gas, e g nitrogen

For prepanng suppositories, a low melhng wax such as a mixture of fatty
acid glycerides such as cocoa butter 15 first meited, and the active ingredient is
dispersed homogeneously therein by shrring or similar mbung The moltan
homogeneous mixture Is then poured into convenient sized moida, allowed to cool
and thereby solidify

Also included are solld form preparations which are intended to be
convertad, shortly before use, to liquid form preparations for either oral or
parenteral administration Such liquid forms Include solutons, suspensions and
emulsions

The compounds of the invention may aiso be dellverable tranadermally
The transdermnal compositions may take the form of creams, lotions, asrosols
and/or emulsions and can be included in a transdermal patch of the matrix or
reservoir type aa are conventional in the art for this purpose
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Preferably the compound is admnistered orally

Preferably, the pharmaceutical praparation Is in a unit dosage form In such
form, the preparation Is subdivided into suitably szed unit doses containing
appropriate quantities of the active components, e g , an effective amount to
achieve the desired purpose

The quantity of the mventive active compositon in a unit dose of
preparation may be generally varied or adjusted from about 1 0 miligram to about
1,000 milkgrams, preferably from about 1 0 to about 950 milligrams, more
preferably from about 1 0 to about 500 milligrams, and typically from about 1 to
about 250 milkgrams, according to the particular application The actual dosage
employed may be varied depending upon the patient's age, sax, weight and
severity of the condibon being treated Such techniques are well known to those
skilled in the art.

Generally, the human omal dosage form containing the active ingredients
can be administered 1 or 2 tmes per day The amount and frequency of the
adminstration will be regulated according to the judgment of the atiending
cliniclan A generally recommended dally dosage regimen for oral administration
may range from about 1 0 miligram to about 1,000 milligrams per day, In single or
divided doses.

Some useful terms are described below

Capsuls - refers to a apecial container or enclosure made of methyl
celiulose, polyvinyl alcohols, or denatured gelatins or starch for holding or
containing compositions comprising the active ingredients Hard shell capsules
are typically made of blends of relatively high gel strength bone and pork skin
gelatns The capsule itself may contain small amounts of dyes, opaquing agents,
plasticizers and praservatives.

Tablet- refers to a compressed or moided solld dosage form contalning the
active ingredients with sultable diluents. The tablet can be prepared by
compression of mbdures or granulations obtained by wet granulation, dry
granulation or by compaction
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Oral gel- refers to the active ingredients dispersed or solubllized in a
hydrophillic seml-solid matrix.

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

5 Diluent - refers 1o substances that usually make up the major portion of the
composttion or dosage form Sunable diluents include sugars such as lactose,
sucrose, mannnol and sorbritol, starches denved from wheat, com, nce and potato,
and celiuloses such as microcrystaliine cellulose The amount of diluent in the
composition can range from about 10 to about 90% by wesght of the total
10 composition, preferably from about 25 to about 75%, more preferably from about

0 30 to about 60% by weight, aven more preferably from about 12 to about 80%.
t; Disintegrant - refers to materials added to the composition to help It braak
0 apart (disintegrate) and release the medicaments Sultable disintegrants include
Eg starches, "cold water soluble® modified starchas such as sodium carboxymethyl
:= 1s  starch, natural and synthetic gums such as locust bean, karaya, guer, tragacanth
l.':_ and agar; celiulose derivatives such as methyicellulose and sodium

;: carboxymethyiceliuiose, microcrystalline celluloses and cross-linked

'Eg microcrystalline celluloses such as sodium croscammellose, alginates such as

=) alginic acyd and sodium alginate, clays such as bentonites, and effervescent

20 muxtures 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 1o about
10% by weight.

Bmder - refers to substances that bind or "glue” powders together and

make them cohesive by forming granules, thus serving as the "adhesive® In the

25 formulation Binders add cohesive strength already available in the diluent or
bulking agent. Sultable binders include sugars such as sucross, starches derived
from wheat, com rice and potato, natural gums such as acacia, geiatin and
tragacanth, derivatives of seaweed such as alginic acid, sodium alginate and
ammonium calcium alginate, cellulosic materials such as methyiceiluicae and

30 sodium carboxymethyicsliulose and hydroxypropyimethyicellulose,
polyvinyipyrrolidone, and inorganics such as magnesium alurmunum sificate The
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amount of binder In the composition can range from about 2 to about 20% by
welght of the compaoaition, more preferably from about 3 to about 10% by weight,
even more preferably from about 3 to about 8% by weight

Lubricant - refers to a substance added to the dosage form to enable the
tablet, granules, etc after it has been compressed, to release from the moki or die
by reducing fnction or wear Surtable lubncants mclude metallic stearates such as
magnesium stearate, caicium stearate or potassium stearate, stearic acid, high
meltng point waxes, and water soluble lubricants such as sodum chioride,
sodium benzoate, sodlum acetate, sodium oleate, polyethylene glycols and d'-
leucine Lubricants are usually added at the very last atsp before compression,
since they must be present on the surfaces of the granules and in between them
and the parts of the tablet press The amount of lubncant In the composrtion 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 Surtable glidents include
silicon dioxide and talc. The amount of ghdent in the composition can range from
about 0 1% fo about 5% by weight of the total composition, preferably from about
0 5 %o about 2% by welight.

Coloring agents - excipients that provide coloration to the composition or
the dosage foorm Such excipients can include food grade dyes and food grade
dyes adsorbed onto a suitable adsorbent such as clay or aluminum cxdide The
amount of the coloring agent can vary from about 0 1 to ahout 5% by weight of the
composrtton, preferably from about 0 1 to about 1%

Bioavailability - refers to the rate and extent to which the active drug
ingredient or therapeutic molety I8 absorbed into the systemic circulation from an
administered dosage form as compared fo a standard or controi

Conventlional methods for preparing tablets are known. Such methods
nclude dry msthods such as direct compression and comprassion of granulation
produced by compaction, or wet methods or other special procedures
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Conventional methods for malang other forms for administration such as, for
example, capsules, suppositories and the like are also well known

Another embodiment of the invention discloses the use of the
pharmacseubcal composttions disciosed above for treatment of diseases such as,
for example, hepatiis C the ke The method compnses administering a
therapeutically effactive amount of the inventive pharmaceutical composition to a
patient having such a disease or diseases and n need of such a treatment

As stated earller, the Invention inciudes tautomers, enanbhomers and other
stereocisomers of the compounds also Thus, as one skilled in the art knows, some
of the inveniive compounds may exist in isomeric forms Such variations are
contemplated to be within the scope of the invention

Another embodiment of the invention discioses a method of making the
macrocyclic compounds disclosed herein The compounds may be prepared by
several techniquas known In the art. Reprasentative tllustrative procedures are
outiined in the foliowing reaction schemes It 1s to be understood that while the
following illustrative schemes describe the prepamation of macrocycles
predominately derived from meta-tyrosine or lysine at the P2 position Surtable
substitution of any of both the natural and unnatural amino acids will resutt in the
formation of the desired macrocycies based on such substitution

Abbreviations which are used In the descriphons of the schemes,
preparations and the examples that follow are
THF Tetrahydrofuran
DMF N,N-Dimethylformamide
EtOAc- Ethyl acetate
AcOH Acetic acld
HOOBt: 3-Hydroxy-1,2,3-benzotriazin-4(3H)-one
EDCI 1-(3-dimethylaminopropyi)-3-ethylcarbodiimide hydrochloride
NMM AN-Methyimorpholine
ADDP 1,1-{Azodicarbobyl)dipiperidine

DEAD Diethylazodicarboxylate
MeOH Methanol
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Bn Benzyl

Boc tert-Butyloxycarbonyl

Cbz Benzyloxycarbonyl

Cp Cylcopentyldienyl

Ts p-toluenesulfonyt

Me Methyl

HATU O-(7-Azabenzotriazol-1-yl)-N,N N',N'-tetramathylurontum
hexafluorophosphate

Chg Cyclohexyliglycine

Tyr Tyrosine

G Glycerol

TG Thiogtycerol

alloc allyloxycarbonyl

FMOC 9-Fluorenyl methyloxycarbonyl

Dde N-1-{4,4-dimethyi-2,6-dioxocyciohex-1-ylidene)ethyl

tBu tertbutyl

aquiv equivaient

rel int. relative intenslty

aq aqueous

rt room temperature

satd saturated

Hex hexane(s)

NBA Nitrobenzoic acid

PyBrOP Tris(pymolidino)bromophosphonium hexafluorophosphate

DMSO Dimethyl sulfoxide

TFA Tnfluoroacetc acd

HOBt Hydroxybezotriazole
Hinlgs base Diisopmpylethyl amine
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BOP Benzotrizaol-1-yloxytris(dimethylamino)phosphonium hexafiuorophosphate
LDA Lithwum dusopropyl amide
PhgP Triphenyl phosphine
LAH Lithium Aluminum Hydnde
5 DMAP 4-Dimethyl aminopyndine
DCC Dicyclohexylcarbodumide
MCPBA. meta-Chioroperbenzoic acld

BINAP 2,2'-Bla{diphenyiphosphino)-1,1'-binaphtol
MeCN acetonitrfle

10 Pr Propyl

) ds, In the following
Schemes, nis a numberfrom 1406

oG LHO" LEG23LE LY

'y}
()
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Scheme 1

5 The aynthesls of compounds of type 18 wherein R', R', R’ A" are defined

above, R* being amide, carbamate,or hydrogen, R being alkyl, aryl or arylalkyl,
began with the coupling of 1a with the dipeptde 1b using NMM , HOBt, and EDCI
o obtain the Intermediate 1¢. The intermediale 1¢ was treated with Cs,CO, in
DMF followed by photolysis to obtain compound 1d, The macrocyciic ester 1d

10 was hydrolyzed and coupled with a sultable amine Intermediate to generate
compounds of type 18 .
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The preparation of the compound of formula 28, wherein R1, R2, RS and n
are defined above, R' is alkyl, heteroalkyl (OR", SR™, NR*"R" wherein R* and B*
are alkyl groups), halo substiuent at ortho, meta, or para -position to oxygen
atom, R is alkyl, aryl, or alkylaryl groups, and n is from zero to five, I8 outiined In
Scheme 2 The meta-tyroaine-dipeptide 2a 18 coupled to an alkenyl carboxylic
acd in the presence of HOOBt, EDCI HCl and NMM Hydroboraton of the
resulting product affords compound 2c The macrocyciization is achleved under
Mitsunobu conditions by using triphenylphosphine and ADDP (The Mitsunobu
reaction 18 reviewed by D L Hughes, Org Reactions, 42 (1992) 335, John Wiley
& Sons, New York, L. Paquette, ed ) After the ester Is hydrolyzed to an acid with
Iittwum hydroxdde, It 18 coupled to an amine intermediate to afford 28

ni
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The preparation of compounds of formula 3g wheren R, R1, RZ, R, R
and n are defined in Scheme 1 and PG is Cbz, Boc, or alloc 18 outlined in
Scheme 3 The compound 3a was coupled with substituted histdine derivative
uaing DCC This compound 3b was deprotected and further treated with e-bromo
acids to obtaln compound of the type 3e. Cycitzation of 3¢ was accomplished with
Nal and Na2CO3 in boling methylvinyl ketone to afford 3d The compound 3d
was convertad to compounds of type 3a by hydrolysis of the ester followed by
coupling with the appropriate amine intermedsats
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s The preparation of the compounds of type 4t where In R* R', RZ, R3, R, n
and PG are defined m Scheme 1 was initlated from compound of the type 4a. The
alcohol of 48 was converted to 4b by treatment with phosgene 4b was converted
fo 4e by coupling with afloc protected 1b and EtsN The alloc group of 4¢ was
deprotacted using Pd{PPhg)4 to oblain 4d which undeiwent cyclization under the

10 Mitsunobu condmons to yleld 48 The ester of 48 was hydrolyzed and further
coupled with an amine using EDC), HOOB to obtain compounds of the type 4f,
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5 The preparation of compounds of type 5h wheren R', RZ, R, R, PG and

n are defined in Schemes 1-3 and PG' being Cbz or Boc and PG" being alloc,
began with the known compound 5a The acwd §8 was converted to the ester by
refluxing it with ROH and TsOH The phenolic oxygen of Sb was converted to the
alloc group by the treatment with alloc-chloride and triethyl amine to yield 5. The
10 sacondary alcohol of §¢ was converted to compounds of type 5d by coupling with
protected cyciohexyl glycine using DCC and HOBt The alloc group of compound
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5d was deprotected using Pd(Ph,P),, and dmedone 5e was deprotected and
treated with EDCl, HOOBt and appropriately activaled ruthenium complex to
obtain compounds of the formula of 5f The compounds of the lype 5f were
converted to cyclic compounds of the formula 5q by the use of C32C03, and
subsequent photolyic removal of ruthenum The ester group of §g was
hydrolyzed and coupled to an amine intermadhate to obtain compounds of the type
sh

Scheme 6.

—— e
H H HCHHN R
o)
8a -]
= 29
—— ——
m-ukj\n R R
e 0 0
e

The preparation of the compound of formula 8f, where:nn R1, R2, R3 are
defined above, R' Is alkyl, hetercalkyl (OR", SR™, NR"R" wherein R" and R" are
alkyl groups), halo substituent at ortho, meta, or para -position, R Is alkyl, aryl, or
alkylaryl groups, PG 18 Cbz or Boc, and n 18 from zero to five, Is outlined in
Scheme 6 The meta-lodophenyiglycine §a 18 converted to its ester under usual
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estenficaton condions (ROH, HCI) The product is then coupled to an N
protectad amino acid in the presence of HOOBt, EDCI HCl| and NMM After
deprotection, the resulting amine is coupled again to a tarminal alkenyl carboxylic
acld 1o give praduct §d. The intramolecular Heck reaction with a palladium
catalyst provides the desired macrocyclic compound 6 (The Heck reaction has
been reviewed in detall by R F Heck, Orng React, 27 (1988) 345-390 ) After the
ester is hydrolyzed to an acid with Iithium hydroxide, It is coupled to an amine
intermediate to afford 8f.

Scheme 7,

[ o o R
i)

The preparation of the compound of formula Zb, wherein R1, R2, R3 are
defined above, R' s alkyl, hatercalkyl (OR", SR™, NR"R" wherein R* and R" are
alkyl groups), halo substituent at ortho, meta, or para -position, R Is alkyl, aryl, or
alkylaryl groups, and n is from zero to five, is outined In Scheme 7 The

hydrogenaton of the double bond of e gave the macrocycie 7a. Hydrolyss of the
ester to acid and subsequent coupling with an amine intermediate afforded 7b

Yot
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Scheme 8,

. R R
N & S =2 2 2 4
o R o o R o R
I
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s The preparation of the compound of formula 8f, wherain R1, R2, R3 are
defined above, R' 1s alkyl, hetaroalkyl (OR*, SR™, NR"R"™ wherein R" and R" are
alkyl groups), halo substituent at ortho, meta, or para -postion to oxygen atom, R
is alkyl, aryl, or alkylaryl groups, PG is Boc, and n 1a from zero fo five, Is outfined
in Scheme 8 The mefa-tyrosine-dipeplide 8a is coupled to a termina! N-protectsd

10 amino alcohol 8b under Mitsunobu conditions (tnphenyiphosphine and ADDP)
The proteching groups are removed to give diamine hydrochioride 8d The
macrocyclization Is achieved by forming the urea linkage using phosgene or
carbonyl dumidazole The resulting ester 18 then hydrolyzed to an acid with lithlum
hydroxide and is subsequently coupled to an amine intermediate to afford the

15 desired product 8f
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ES The synthesis of compounds of the type_8d wherein the substiiuents R!,
ru
[ Rz. Rs. R', R and PG are defined in Scheme 1, was Initiated by the deprotection
=" 5 of 9a with HCI In dioxane and coupling with w-hydroxy ackd using EDCI, HOOBt fo
62 yleld compounds of the type 8b The compounds of the type 9b were further
b cyclized using Ph,P, ADDP to generate compounds of the type 9¢. The cyclic
Eg compound Sc was deprotected and coupled with an appropriate amine
G intermadiate to generate compound of type 8d,
10
sScheme 10,
|
|
|
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The synthesis of the compounds of the type 101 wherein R®, R", R', R’ are
defined in Scheme 1 PG’and PG* are defined as protacting groups namely Fmac
and Dde P s defined as a polymer support wherein the compound 18 immobiiized,

5 and ns a number from 1-8 The methodology used for the synthasis of molecules
of type 101 i1s a standard solid phase pephde synthesls with Fmoc protecting
group Fmoc protected Sasann rasin 10a Is first deprotected by the treatment of
plpendine followed by coupling with the Fmoc protectad amino acid using HATU
fo obtain compound of type 10b, The protecting group of 10b was removed and

r 10 coupled with amino acld to using HATU to obtain 10¢ The polymer supported 10c

(3 was deprotected by treatment with piperidine and coupled with hydraxy acid to
t; obtain hydroxy amide of type 10d.The protecting group of 10d was cleaved and
IEE coupled with protected lysine derivative using HATU to obtain compounds of type
=) 10e The protecting group of 10a was once again deprotected and coupled with
+ 15 Fmoc protected amino acid to obtain compound of the type 10f The protecting
'_:g groups PG' and PG"* were removed and cycized using a diacid and HATU to

b obtaln the macrocycie 10g. The compound of 10g_was oxkiized using Dess-

E§ Martin reagent and finally cleaved from the resin using TFA to obtaln compound

€ 101
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The synthesis of the compounds of type 11e wherein R', R, R, R' and n
are defined 1n Scheme 1 and PG" 1s Cbz, PG' Is Bn and PG is Boc, was inthated
from protected acid 11a. 11a was converied to compounds of type 11b by
coupling with lysine derivative using EDCI, HOOBt methodology The ester group
of 11b was hydrolyzed using LIOH H20 followed by the coupling with an
appropriate aimine intermediate to obtain the compound 11¢ This was further
treated with HC! in dioxane and coupled with lysine intermediate using EDCI,
HOOBt to form compounds of the type 1id. The compounds 11d were
deprotected and cyclized using EDCt, HOOBt to form compounds of type 118
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Preparation of Intermediates
Intermediate A,
Step 1,
H
H
——
ONT |
! I
5 To a stired solution of 1-nitrobutane (16.5 g, 0 16 mol) and glyoxyhc acid in
H20 (28 1 g, 0 305 mol) and MeOH (122 mL) at 0°C-5°C, was added dropwise
» triathyl amine (93 mL, 0 887 mol) over 2 hra. The solution was warmed to room
¥ temperature , stirred overmght and concentrated to dryness to give an oll The ol
0 was then dissoived In H2O and acidified to pH =1 with 10% HCI, followed by
F‘i 10 extraction with EtOAc. The combined organic solubon was washed with bnne,
CE dried over NagSO4, fitered and concentrated to dryness to give the product Il
“u Step 2,
hd H
1] wﬁ;,au Hﬂ%‘ﬂ“
e —_—
g o] o
n m
15 To a stirred solution of starting material (1 (240 g, 1 35 mol) In acatic acid

(1.25 L) was added 10% Pd/C (37 g) The resulting solution was hydrogenated at

59 psl for 3 hrs and then at 60 psl ovemight. The acetic acki was then evaporated

and azeotroped 3 tmes with toluene, then triturated with MeOH and ether The

solution was then filtered and azeotroped twice with toluene to give Il as an off
20 white sold (131 g, 0.891 mol, 66%)
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Step 3,
OH OH
HWH BocHN
—-
[}

To a stirad solution of the amino acld (il (2.0 g, 013.6 mmol) in dioxane (10
mL.) and H20 (5mL) at 0°C, was added 1N NaOH solution (4 3 mL, 14.0 mmol)
The resulting solubon was shrred for 10 minutes, followed by additon of dl-+
butyidicarbonate (0 110 g, 14 0 mmoi} and strmed at 0 *C for 15 minutes The
solution was then warmed to room temperature, shrred for 45 minutes and kept in
refrigerator ovemight and concentrated to dryness to give a crude material To the
solution of this csude matenal m EtQOAc (100 mL) and ice, was added KHSO4
{3 38 g) and H20 (32 mL) and stimed for 4-6 minutes The organik: layer was then
separated and the aqueous layer was extracted twice with EtOAc and the

combined organic layer was washed with water, brine, dned over Na2S04, fittered
and concentratad to dryneas to give the product Iv as a clear gum (30 g, 88%

L

H H o)
BocHN\@ﬂH ’W“\é«%
——————
v v
To a shrred solution of Iv (3 00 g, 12.0 mmol) in DMF (15 mL) and CH2Cl2

20 {15 mL) at -20°C was added HOOBt (1 87 g, 12 0 mmoi), A-methyl morpholilne
(4 0 mL, 38 0 mmol) and EDCI (279 g, 14 5 mmol) and stirred for 10 mmutes,

followed by additon of HCI HoN-Gly-OBn (258 g, 130 mmol) The resulting
solubon was stired at -20°C for 2 hrs, then kept In refngerator ovemight and
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concentrated to dryness, followed by diluton with EtOAc (150 mL) The EtOAc
solubon was then washed twice with saturated NaHCO3, H20, 5% H3PO4, bnne,

dried over Na2SQy4, filtered and concentrated to dryness to give the product v

(4.5 g, 94%) LRMS mvz MH*= 395 1
Step 5,

(o] o]
CHy CHy
v vl
The solution of staring matenal v (7 00 g 17 8 mmol) in abaolute ethanol
(300 mL) was stired at room temperature under & hydrogen atmosphere in the
prasence of Pd-C (300 mg, 10%) The meaction progress was monitored by tic
After 2h, the mixture was filtered through a celite pad and the resulting solution

was concentrated ¢ vacuo to give the product vl (5 40 g, quanttative) LAMS m/z
MH+=305 1

Step 6.
Enml-»?(‘;’1 Bo “CHy
o

o]
vil vill

To a solution of dimethylamine hydrochloride (1.81 g, 19 7 mmol), N-Boc-
phenyiglycine (4.50 g, 17.9 mmol), HOOBt (3 07 g, 18.8 mmol) and EDCI (4 12 g,
21 5 mmof) In anhydrous DMF (200 mL) and CH2Ci2 (150 mL) at -20°C was
added NMM (5 90 mL, 53 7 mmol) After being stirred at this temperature for 30
mn, the reachon modure was kept in a freazer ovemight (18 h) It was then
allowed to warm to rt, and EtOAc ( 450 mL), brine {100 mL) and 5% H3PO4 (100
mL) were added After layers were separated, the organic solution was washed
with 5% H3PO4 (100 mL), saturated aqueous sodum bicarbonate solution (2 X
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150 mL), water (150 mL), and brine (150 mL), diied (MgSO4), filtered and
concentrated in vacuo to afford crude product viil (4.86 g) as a white solid, which
was used without further purification

Step 7
BocHN “CHy IﬂHzN; ?n‘ “CHy
o) o]
i 5 will Ix
The N-Boc-phenyliglycine dimethylamide vill (4 70 g, crude) was dissolved
Eg in 4 N HCl (80 mL, 240 mmol) and the resuttng solution was strred at room
:; temperature The progress of the reaction was monitored by TLC After 4 h, the
Lo solubon was concentrated in vacuo to yield Ix as a white sold which was used In
Eg 10 the next reaction without further purification LRMS m/zMH*=1790
- Step 8

"
‘ Eg BocHN. 0.
| Q 0 HCH CHs
CHy 0
vi x

H

o
CHs

X
The desired compound x was prepared according to the coupling

1s procedures described in Step 4. LAMS m/z MHT=465 1
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The dasired intermediate A was prepared from tripeptide x according to the
5 procedures described in Step 7 LRMS mvz MH+= 365 1

Intermediate B,
Step 1,

So00LT 6} LEESLTOD

The deasred product xll was obiained by the procedure descnbed for
Intermediate A, Step 8 using commercially avaulable xi as the coupiing partner
The crude material was sufficlently pure for further studies A portion of the
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product was purified by flash chromatography using 97/3 dichloromethana/MeOH
HRMS (FAB) Calcd for C25H40N307 494 2866 (M+H)* Found 494 2883

Step2
H \i
0 o
i

EI'I l
&
b H
'Eg HCI HaN
r 0 o]
®
= B
o s The desired product B was obtalned by the procedure described for
ﬁ Intermediate A, Step 7 The crude matenal was used without further purification
E‘.?l Intermediate C.
] Step 1,

5%

10 The desired compound xili was prepared according to the coupling
procedures described in Step 6 for ntermediate A
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The deswed compound xiv was prepared according to the procedures
descnbed in Step 7 for ntermedhate A

Step 3.
0
+ Bmﬂ.l}k&\/‘LOH
HCHHoN n‘ﬂ-b Cty

xiv

vi
A
[ - mwu%,ﬂ\i Hm
b 0 0
%
G.la xv

':! 5 The desired compound xv was prepared according to the coupiing

p procadures described in Step § for intermediate A LAMS m/z MH*= 451 1
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Step 4
BocH “\j\gj“ _—
[¢) o
CHy
) |
H
HCHiaN
O

& °
£ CHs
" ¢
'Eg The desired intermediate C was prepared according to the procedures
ru described in Step 7 for intermediate A LRMS m/z MH*= 3511 |t was used

= 5§ without further purificabon
£ Intermedijate D.

v H
L BocHN ‘J*O’\Ph » HCH
(] S 3
CHy
v

CHy
D

The desired Intermediate D was prepared from compound v according to
10 the procedures described in Stap 7 for Intermediate A. It was used without further
purification
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\ Intermediate E.

xvil
H
BocH

5 ¥
¥
59
[} 5 xvill
ik The deaired product xvill was obtained by the procedure descnibed for
- Iintermediate A, Step 8 using commercially available xvlil as the coupling partner
E: The crude material was sufficiently pure for further studies

Step 2
[ H
N Boc J e SN
| ] "(Fr"
9] - . [s)
CHa CHa
xvill E

The desired product E was obtained by the procedure described for
Intermediate A, Step 7. The crude material was used without further purification
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. The desired product xx was obtained by the procedure described for
t intermediate A, Step 4 using commercially available xix as the coupling partner
b The crude matarial was sufficlently pure for further studies

(™)

£y Step 2

F wes obtained by the procedure descnbed for
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Intennediate G
Step1

OH " OH 'ﬁ‘ ﬁ
BocHN H
——— Ha
v

G
The desired product G was obtained by the procedure described for

& intermedciate A, Step 4 using allyiglycine as the coupling partner The crude
E:; 10 material was sufficently pure The crude product was treated with 4N HCV
1] Dioxane and sbtrred at it for 50 min The reachon mixiure was concentrated to
g dryness to yiold Intermediate G which was used without further purification

%] EXAMPLES
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A solution of 4-chloropropiorsc acid (20 g, 108 mmol) of 1a In
dichloroethane (200 mL) waas treated with CpRu{CH3CN)3 PFg (4 7 g, 10 8 mmol,

1 0 equiv) and heated at reflux for 2 h The reaction mociure was cooled to it when

s colorless crystals of the product 1¢ precipitated out The crysials were filtered and
washed with 11 modure of Et20/CH2CI2 and dried in vacuo. The coloriess

crystals (3 3 g) were analytcally pure 1H NMR (CD3C{O)CDg3, 400 MHz, ppm, §,

J) 677(d,2H,/=70H2),653(d,2H, J=7 Hz),564 (s, 5 H),287 (1, 2H, J
=70 Hz), 274 (t, 2 H, J =7 0Hz), MS (Electron spray, m/z relative mtensity)
g 10 3509 (C14H14CIRu*, M+, 100), CHN caled for C14H14CWFgO2PRu C=33 92%
I-; H=2 B5% Ck=7 15% P=6 25% found C=34 04% H=3.04% Ci=7 09% P=571%
5
o Step B,
r H
3
2 Aedida . :
|.-E 0 O . W\H\
: . G
Q
9 1d 1e 1"
15 A solution of Boc-cyclohexylgyicine monohydrate 1d (6 17 g, 24 00 mmof)
in dry CH2Cl2 (50 0 mL) was treated with 4-methyimorpholine (2.64 g, 26 0 mmol,

1 1 equiv ) and cooled 10 -10° C To this mixture was added Isobutyl chloroformate
(362 g, 35 mL, 11 equiv) and the white suspension was stimed unill the bath
temperature was -5 °C  mels-Tyrosine methyl ester hydrochioride salt ( 8 5 g,
20 265 mmol, 11 equiv) was dissolved in DMF (30 mL) In a separate beaker and
treated with 4-methyl morpholine (2 84 g, 26 0 mmol, 1 1 equiv ) and stirred at rt.
for 15 min This mixture was added to the reaction which was accompanled by
evolution of CO2 The reacthon mbdture was stimed at rt for 1 h and diiuted with 1M
aq HCI (100 mL) The aqueous layer was extracied with ethyl acetate (3x200 mL)
25 and the combined organic layer was extracted with 1M HC! (1x100 mL), aq NaOH
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(1x100 mL) bnne (1x100 mL), dried (Na2S04), concentrated m vacuo and
purified by chromatography (S102, EIOAc/Hexanes 3/7) to yeld 53 g (53%) of
coupled compound 1f as a colorless foam

A solution of 1f (10g, 23 04 mmol) was disaoived in HCI {4M solubon in
dioxane, 100 mL) and stmed at nt for 24 h The reacton modure was
concentrated m vacuo and the solid was resuspended in ether It was filtered and
the sold was washed with ether which was dned to give a coloriess solid 1g

(8 29, 96%) TH NMR (dg-CD30D, 400 MHz, §, ppm) 709 (t, 1 H, <80 Hz),
871-8.36 (m, 3 H), 469 (dd, 1H, J~60 Hz, 3.2 Hz), 369 (s, 3 H), 3668 (d, 1 H,
J52Hz),315-310(dd, 1 H, /56 Hz, 40 Hz), 187-183 (m, 6 H), 1.32-1 10
{m, 5 H)
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5 A solution of cyclopentadiene-n6-4-chlorophenylpropionic acd-ruthenium
hexanesafiuorophosphate 1c (2 Og, 4 0 mmol) in DMF (20 mL) was treated with
HOBt (810 mg, 6 0 mmol, 1.5 equiv)and Hiinige base (26 g, 16 0 mmol, 40
equilv ) The reacton mbxture was cooled to 0° C and treated with EDCleHCI (888
mg, 5 0 mmol, 1 25 equiv ) The reecton mixture was stired at 0 °C for 30 min and

10 amine salt 1g (148 g, 4.0 mmol) was added 1o the mixture and stired at 1t for 12
h The reaction modure was concentrated in vacuo and the residue was diuted
with H20 (200 mL) and extractad into CH2Cl2 (3x100 mL) The combined organic
layers were extracted with aq HCI (1x100 mL), NaHCO3 (1x100 ml), brine
{1x100 mL) and dried (Na2804), fitered concentrated /n vacuo and the brown

15 sold th was used for cyclization whhout any further punfication




% whw AR L O nuithn n SO g s W -l

85 ajégqll

SiepE.

emé&“_* -

O (o]
1h 1

e A solution of cyclopentadiene-n6-ruthemum-4-chlorophenyiproplonic acid-

Ez s cyclohexyglycine-meta-tyrosine-OCH, 1h (1 47 g crude) in dry DMF (150 mL) was

W treated with Ca2CO3 (2.40 g, 737 mmol, 5 0 equw) and degassed by bubbling

i dry N2 into the reaction mture The reacton mbdure was stirred at rt for 18 h and

« the excess DMF was distiited off The residue was dissolved In H20 (200 mL) and

EJ extracted with CH2Cl2 (3x100 mL) The combmed orgamc layer was extracted

« 10 with brine (100 mL), dried (Na2SO4), filtered concentraled in vacuo and the

t; residue was used for photolytic decomplexation of ruthenium without further
g purification

The crude ruthenium complex was dissolved in acetonitrile (35 mlL),

degassed and photolysed 1n a Raynot (A=350 nM) for 48 h The reaction muxture

15 was concentrated in vacuo and the reeidue was purified by chromatography

(5102, EXOAc/Haxanss 7-3) to yield 360 mg (52%) of a colorless sofid 11
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h 10 1

ﬁ 5 A solution of biphenyl ether 1l {300 mg, 065 mmol) m CH3OH (10 mL),

g CHzCl2 (20 mi) and H20 (5 mL) was treated with LIOHsH20 (90mg, 2 2 mmol,

1] 3.4 equiv ) and stirred at rt for 2 h The reaction mixture was ackiifiad with ag HC!

f—_’ (6 M) and extracted into CH2Cl2 (3x30 mL) The combined organic layers were

E: dried (Na2S04), fittered, and concentrated in vacuo to yield coloriess acid 1) (200

;' 10 mg, 66%)

| Step G:

(s

Q

A sofution of acld 1j (100 mg, 0 22 mmol) in dry DMF (2 5 mL) was treated
with HOOBt (45 mg, 0 33 mmol) and Hirvgs base (141 mg, 1 1 mmol, 5 0 equiv)
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The reaction mixture was cooled to 0° C and treated with EDCI (63 mg, 0.33
mmol, 1.5 equiv) and stirred for 20 min The reaction mixture was treated with
amine B (118 mg, 0 27 mmol, 1 22 equiv ) and stimad at rt for 12 h The reaction
mixture was concentrated m vacuo and diuted with H20 (30 mL) The aqueous
5 layer was extracted with CH2CI2 (3x50 mL) and EtOAc {(3x50 mL) The combined
organic layers were extractad with ag HCI (2M), aq NaOH (2M), dried (Na2SO34)
fitered concentrated in vacuo to obtain a coloriess solid 1k (79 mg) which was

used for oxidation MS (Electron spray, m/z ref inf) 828 [(M+1)Y, 100], 484 (20),

94 (30)
10 StepH.

@ A eolution of hydroxy amide 1k (130 mg, 0 16 mmol) in DMF (2 0 mL) was
treated with Dess-Martin reagent (130 mg, 0 32 mmol, 2.0 equiv) The reaction
mixture was shrred at rt for 2 h and the mixture was concentrated m vacuo. The

15 residue was purified by chromatography (SiO2, CH30H/CH2Cl2 1.49) to yeld
oxidized product 1 (55 mg, 42%) as a colorieas solld MS (Electron spray, m/z rel

mf) 858 [(M+CHaOH+1)¥, 100), 824 [(M+1)*, 63)




A solution of tert-butyl ester 1 (500 mg, 600 umol) was treated with
TFA/CH2CH2 (1 1, 4 mL) and stimed at rt for 2 h The disappearance of the ester to
the base line was followed by TLC (CH3OH/CH2Cla 1.24) Aftar the deprotection
was complete the reaction mixiure was concentrated in vacuo and the reswdue
was repeatedly treated with heptanes (4 0 mL) and concentrated to yield a white
sofid 2 (49 mg, 100%) MS (Electron spray, m/z re/ inf) 768 [(M+1)¥, 100)
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A sohution of acid 1) (100 mg, 0.22 mmol) in dry DMF (2.5 mL) was treated
with HOOB (45 mg, 0.33 mmol) and Hanigs base (141 mg, 1 1 mmol, 5.0 aquiv)
The reaction mixture was cooled to 0° C and treated with EDCI (683 mg, 0.33
mmol, 15 equv) and stimed for 20 min The reaction mixture was treated with
amine E (79 mg, 0.27 mmol, 1.22 equiv ) and stirmed at 1t for 12 h The reachon
maxture was concentrated in vacuo and diluted with H20 (30 mL) The aqueous
layer was extracled with CH2Cla (3x50 mL) The combmned organic layers were
extracted with aq HC! (1M, 30 mL) aq NaOH (1M, 30 mL), dried (Na2S04)

YoM
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fitered concentrated in vacuo to obtain a colorless solld 3a (58 mg) which was

usad for oxidaton MS (Electron spray, mvz rel inf) 693 [(M+1)*, 100), 837 (41),
494 (65), 394 (51), 338 (13)
Step B

A solution of alcohol 3a (85 mg, 0 14 mmol) In CH2Cl2 (20 mL) was

treated with Dess-Martin reagent (116 mg, 028 mmol, 2 0 equiv ) The reaction
mixture wag stimed at it for 2 h and the mbdure was concentrated /n vacuo. The

residue was purified by chromatography (SiO2, CHgOH/CH2Ci2 1 32) to yileld
oxidized product 3 (47 mg, 42%) as a coloriess solid M8 (Electron spray, mvz re/

inf) 891 (M+1)"
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Step A.

A solution of tert-butyl estor 3 (47.0 mg, 8.0 ymol) was treated with HCI

(4M Dioxans, 6 mL) and shrrad at it for 25 h The disappearance of the aster to

the base fine was followed by TLG (CHZOH/CH2Cl2 1:224) Afer the deprotection

10 was complete the reaction moxture was concentrated In vacuo and the residue

was repeatedly treated with heptanes (5 0 mL) and concentrated to yleld a white

solld 4 (43 mg, 100%) MS (Electran spray, m/z ref inf) 635 [(M+1)*, 100)], 465
(62), 336 (62)
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9 A solubon of 4-chiorobutyric acid 5a (3 0g, 15 10 mmol) m dichloroethane
I;; (200 mL) was treated with CpRu({CH3CN)3PFg 1b (6 6 g, 15 10 mmol, 1 0 equlv)
g and heated at reflux for 25 h The reaction mixture was cooled o 0°C and

10 filtersd The filtrate was concentrated 2 vaicuo and dissoived in CH3CN (10 mL)
and treated with a large excess of EtoO The gum separating out was separatad
by decanting the ether and the reskiue was dissolved in CH2Cl2/CHa0H (1 1, 100
mL) and concenirated /n vacuo to obtan 5b as & brown gum which solidifies (3.5
g, 46%)




O LGTHG" Q2

5

N
gi\i'}

73 30
) ,. a\ej-g i |
% Q

5o

A solution of carboxyfic acid 5b (3 12 g, 5 95 mmol) in dry DMF (20 ml)
was treated with Hinigs base (3.07 g, 24 0 mmol, 4 0 equiv, 44 mL)} and HOBt
(1.2 g, 893 mmol, 1.5 equiv) The reaction mixture was cooled to 0°C and the
treated with EDCI (1 35 g, 7.43 mmol, 1.25 equiv) and stimed for 1h To this
reaction mixture was added amine hydrochioride 1g (2.66g, 7 14 mmol, 1.2
equiv), and the reaction mixture was stimed at rt for 12 h DMF was distiled out
and the residue was diluted with water and the aqueous layer was extracted with
CH2Ci2 The combined organic layers were extracted with ag NaHCOg, ag HCI,
brine, dried (Na2S04), fittered, concentrated /n vacuo and the crude product Sc

(4.3 g) was used for cyciization without further purtfication YH NMR (d4-CD30D,
400 MHz, 8, ppm) 7 35 (t, 1H), 8.72-8 60 (m, 6 H), 6 33-8.20 (dd, 2 H), 551 (s, 5
H), 419 (d, 1 H), 368 (s, 3 H), 3 18-2.83 (m, 2 H), 2.51-240 (m, 2 H), 240-225
(m, 2 H), 198-1.59 (m, 8 H), 1.35-0 88 (m, 6 H), MS (FAB, NBA-G/TG-DMSO,
vz relative intensiy) 6353 (IM-PFg 100), 232 (20), 171(30), HRMS calod for

Ca4H42N205CIRU" (M-PFg)* 695 1832, found 895 1845
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A solution of chloro-compound 5e (3 0 g 3 68 mmol) in dry DMF (300 mL)
was degassed with dry N2 and Cs2CO3 ( 5 2 g, 16 mmoil, 4.0 equiv) and atitred at
rt for 16h The solvent DMF was distiled off and the residue was diluted with
water and extracted with CH2Cl2 {(3x100 mL) The combined organic layers were
dned (Na2S04), fitered, concentrated i vacuo and dred under vacuum
ovemight. It was used for photolytic removal of Ru without further purification MS
FAB (NBA-G/TG-DMSO 885 (IM-PF8]+, 100]

The cyclized compound from the previous step was dissolved in CHaCN

(35mL) and photolysed in a Raynot (A=350 nm) for 48h The reaction mbdure was
concentrated i vacuo and the residue was purified by chromatography (SiO2,

EtOAc/Hexanes 11) to yield a tan colored soid 5d (800 mg, 34%) 'H NMR
(CDCis, 400 MHz, 8, ppm) 7.58 (d, 1H, J=7 6 Hz), 7 14 (t, 1 H, J=8.0 Hz), 6 84 (d,
2 H, J=B 4 Hz), 6.87 (dd, 1 H, J~2.4, 56 Hz), 673 (d, 1 H,.=7 2 Hz), .58 (s, 1
H), 8.57 (s, 2 H), 6.39 (d, 1 H, J=B 0 Hz), 4.51 (dt, 1 H, /2.8, 8 0 Hz), 3 80-3.82
(m, 1 H), 362 (s, 3 H), 305-3 00 (dd, 1H, A28, 11 6 Hz), 285 (dd, 1 H, J=8.4,
6 0 Hz), 276-2 72 (m, 1 H), 2.36-2 19 (m, 3 H), 202 (dd, 1 H, /8.4, 0.2 Ha), 1.8-
173 (m, 1 H), 161-134(m, 7H), .141-071 (m, 7 H) MS (FAB, NBA-G/TG-
DMSO, mvz relative intensity), 493 [(M+3)", 100], 485 (20), 232 (30), 171 (40),

HRMS calcd for CogHazN2Os (M+1)' 493.2702, found 483 2699
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A solution of ether 5d (200 mg, 0.42 mmol) in CH3OH (5 mL), CH2Cli2 (10
mL) and H20 (0.5 mL) was treated with LIOHsH20 (18 mg, 0.44 mmol, 1 1 equiv)
and stirred at it for 12 h The reaction mixiure was acidified with aqueous HCl (12
N, 1mL) and concenirated i vacuo to yleld acid 5e which was used directly for
the coupling without further purification
Step E

A solution of acid Se in dry DMF (5.0 mL) was treated with HOOBt (103
mg, 0 63 mmol, 1 5 equiv ), HOnigs base {218 mg, 1 88 mmol, 4 0 equiv) and
amine B (270 mg, 0 63 mmol, 1.47 equiv ) The reaction mixture was cooled to 0°
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C and treated with EDCI (101 mg, 0.52 mmol, 1.25 equiv) and stirred at rt for 12
h The reaction mbcture was concentrated n vacuo and diuted with H20 (30 mL)
The aqueous layer was extractad with CH2Cl2 (3x50 mL).and EtOAc (250 mL}
The combined organic layers were extracted with aq HCI (2M) aq NaOH (2M),
dned (Na2SO4) filtered concentrated /n vacuo to obtain a colorless solld 5f (177

mg) which was used for oxidation MS {Electron spray, m/z el i) 840 [(M+1)*,
100}, 394 (100)
Step F

A solubon of alcohol 5f (177 mg, 021 mmoal) in CH2CI2 (100 ml) was
troated with Dese-Martin reagent (178 mg, 0.42 mmol, 20 equiv) The reaction
mixture was stirred at rt for 3 h and the mixture was concentrated in vacuo The
residue was purified by chromatography (802, CH3OH/CH2Cl2 1 49) to yeld
oxidzed product 5 (23 mg, 13%) as a coloriess solld MS (Electron spray, m/z rel

inf) 870 [(M+CHgOH+1)*, 50), 838 [(M+1)*, 100)




A soluton of fertbutyl ester 5§ (50.0 mg, 60.0 xmol) was treatod with
TFA/CH2CI2 (1 1, 4 mL) and stimed at rt for 7 h The disappearance of the ester to
the base line was followed by TLC (CH3OH/CH2Cl2 1:24) Afer the deprotaction

10 was complaete the reaction mixture was concentratad in vacuo and the residue
was repeatedly treated with heptanes (4.0 mL) and concentrated to yield a white
sohd 6 (14 mg, 100%) MS (Electron spray, m/z ref inf) 782 [(M+1)*, 100)




LT L ¥R

10

15

O O

A solution of alcohol 7a (9 2g, 54 1 mmol) In dry CH2CI2 (200 mL) was
treated with DMSO (35 mL) and Et3N {16 4g, 16.3 mmol, 23.4 mL) The reaction
mixture was cooled to 0 °C and treated with PysSO3 (12 9 g, 812 mmol, 1 50
equiv ) dissolved in DMSO (30 mL) The reaction mbxture was stirred at 0°C for
0 5 h and rt for 6 h. The reacton mixture was concentrated i vacuo and diluted
with Et20 (100 mL) and H20 (200 mL) The layers ware ssparated and the
aqueous layer was extracted with Et20 (3x100 mL) The combined organic layers
were extracted with HCI (2M, 3x100 mL), brine (1x100 mL) concentrated in vacuo
and purified by chromatography (SiO2, EtOAc/Hexanes 1 7) to yield akishyde 7b
which solidified to a waxy sold on standing (7 1g, 77%) CHN calcd for CgHgClO
C=64 11% H=5.38%, found C=£4.08% H=5.30%
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A solution of thiethylphosponoacetats (8 72g, 30 mmoi, 12 equiv) n dry
THF (100 mL) was treated with NaH (80% dispersion, 1 5g, 35 mmol, 1.4 aquiv) at
0°C The reaction mixture was strred at 26°C for 1 h until the H2 evoluton
ceased A solution of aldehyde 7b (4.2g, 25 0 mmol) In dry THF (50 mL) was
added and the reaction mixiure was stimed for 36 h The reaction mixture was
diluted with H20 (100 mL) and extracted with Et20 (3x70 mL) The combined
omganic layer was dred (MgSO4), filtered, concentrated in vacuo and
chromatographed to yield a,p-unsaturated ester 7¢ (4 2g, 71%) which was used
for reduction

ﬂwlm__*(?ﬂﬁjm

A solution of o,f-unsaturatad ester 7¢ (4.2g, 8 0 mmol) In EtOAc (60 mL)
was treated with PA/C (10% w/w, 500 mg) and hydrogenated ai 50 psi for 12 h
The reaction mixture was filtered through a plug of cefite and the filirate was
concentrated in vacuo to yleld the reduced compound 7d (3.9 g, 93%)

StepC
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A solution of the ester 7d (3.9 g, 18 2 mmoal) in CH3OH/THF/H20 (1101,
(7§ 110 ml) was treated with LIOHsH20 (1 2 g, 30 mmol, 2 0 equiv) and stired at it

E for 5 h The reachon mbdure was concentrated in vacuo and the residue was
E‘;‘ diluted with H20 (100 mL) and extracted into Et20 (3x50 mL) The aqueous layer
g was acidified to pH ~1 (13 M HCI) and the turbid aqueous layer was extracted with
E,?; Et20 {3x100 mL) The combined organic layers were dried (MgSO4) filtered
¢y 10 concentrated in vacuo to yleld a coloriess solid 7e (3 1g, 96%) CHN calcd for
I-_f C11H13C102 C=82 12% H=8 16%, found C=52 27% H=6.23%
b
. Step £
2 _ -
PFy FFe
L d
+ e—mwﬁm — """9
1@
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15 A solution of 4-chlorophenyl pentanoc acd 7e (30g, 14 15 mmol) in

dichlorosthane (150 ml.) was treated with CpRu(CH3CN)3PFg 1b (875 g, 15 10
mmol, 1 0 equiv) and heated at reflux for 2 5 h. The reaction mixiure was cooled
to 0° C and filtered The filtrate was concentrated in vacuo and dissolved In
CH3CN (20 mL) and treated with & large excess of Et20 The gum separating out
20 was separated by decantng the ether and the residue was dissoived In
CH2Cl2/CH30H (1 1, 100 mL) and concentrated in vacuo to obtan 71 a brown




b

<84

8 GTuh" i«

e P R H:k;fw

B 0 g SORERR L ORI s

81

gum which soldifies (4 36 g, 58%) MS (Electron spray, m/x rel inf) 379 [(M-
PFe)*, 100]

Step F

5 A solution of carboxylic acid 71 (3.12 g, 5.95 mmol) in dry DMF (20 mL) was
treated with Hanigs base ( 3.07 g, 24 0 mmol, 4.0 equiv, 4 4 mL) and HOBt (12
g, 8 93 mmol, 1 5 equrv) The reaction mbdure was cocled to 0°C and the treated
with EDCI {1.35 g, 7.43 mmol, 1 25 equiv) and stiured for 1h To this reaction
mixture was added amine hydrachioride 1g (2.65g, 7 14 mmol, 1.2 equiv) was

10 added and the reaction mixture was stimed at rt for 12 h The DMF was distilled
out and the residue was diluted with water and the aqueous layer was exiracted
with CH2Cl2 The combined organic layers were extracted with aq NaHCOg, aq
HCI, brine, dried (Na2504) filtered concentrated in vacuo and the crude product

7g (4.3 g) was ueed for further cycitzation without purification TH MR {d4-
15 CD30D, 400 MHz, 5, ppm) 7.35 {t, 1H), 6.72-8 60 {m, 5 H), 8.33-6.20 (dd, 2 H),

5.51 (s, 5H), 419 (d, 1 H), 3.68 (s, 3 H), 3.19-2.83 (m, 2 H), 2.51-2.40 (m, 2 H),
2 40-2 25 (m, 2 H), 1 88-1.59 (m, B H), 1.35-0 88 (m, 5 H), MS (FAB, NBA-G/TG-
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DMSO, m/z relative mtensity) 695 3 ([M-PFs]+- 100), 232 (20), 171 {30), HRMS

calcd for C34H42N205CIRU” (M-PFg) 895 1832, found 895 1845
Step G*

5
3

A solution of chloro-compound 7g (3 0 g 3 6 mmol) in dry DMF (300 mL)
was degassed with dry N2 and Cs2C03 (5 2 g, 16 mmol, 4.0 equlv) and stirred at
. for 16h The solvent DMF was distilled off and the residue was diluted with
water and extracted with CH2Cl2 (3x100 mL) Ths combined organic layers were
dried (Na2SQ4) filtered, concentrated in vacuo and dried In vacuum ovemight. it
was used for photolytic removal of Ru without further purification. MS FAB (NBA-
G/TG-DMSO 895 (IM-PF8]¥, 100)

The cyclized compound from the previous step was dissolved In CH3CN
(35mL) and photolysed in a Raynot (A=350 nm) for 48 h The reaction mixture was
concentrated /n vacuo and the residue was purified by chromatography (SiOz,

EtOAcHexanes 11) 1 yield a tan colored solid 7h (800 mg, 34%) 'H NMR
(CDClg, 400 MHz, 5, ppm) 7.58 (d, TH, Js7 6 Hz), 7 14 (1, 1 H, J=B 0 Hz), 6 94 (d,
2 H, J=8.4 Hz), 6 87 (dd, 1 H, J=2 4, 56 Hz), 6 73 (d, 1 H, J=7.2 Hz), 6.50 (s, 1
H), 657 (s, 2 H), 839 (d, 1 H, J=8 0 Hz), 4.51 (dt, 1 H, J=2.8, 8.0 Hz), 3.80-3 82
(m, 1 H), 362 (s, 3 H), 305-3 00 (dd, 1H, J<2.8, 11 6 Hz), 285 (dd, 1 H, J=B 4,
80 H2), 276272 (m, 1 H), 236-2.19 (m, 3 H), 2.02 (dd, 1 H, /6.4, B2 Hz), 1 &-
173 (m, 1 H), 161-1.34(m, 7H), ,141-071 (m, 7 H) MS (FAB, NBA-G/TG-
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DMSO, m/z relative ntensity), 493 [(M+1)°, 100], 485 (20), 232 (30), 171 (40),

HRMS calcd for CogHa7N20s (M+1)* 483.2702, found, 493 2699

ié‘ O

™h n
A solution of ether 7h (220 mg, 0.48 mmol) in CH3OH (3 0 mL), CH2Cl2
(10 mL) and H20 (0.5 mL) was treated with LiOHeH20 (18 mg, 0.44 mmol, 1 1
equiv ) and strred at rt for 12 h The reaction mucture was acidiied with aq HCl
(13 M, 1mL) and concentrated in vacuo to yield acid 71 which was used directly
for the coupling without further purffication.
Step |




‘)

A solution of acsd 71 m dry DMF (3 0 mL) was treated with HOOBt (84 mg,
0 75 mmol, 1 6 equlv ), Hirugs base (237 mg, 1 84 mmo, 4 0 equiv ) and amine
B (248 mg, 0.58 mmol, 1.47 equiv ) The reaction mixture was cooled to 0° C and
ireated with EDCI {110 mg, 0 58 mmof, 1 25 equiv) and stirred at 0 °C for 25 min
for 12 h The reaction mudure was concentrated i vacuo and diluted with H20
(30 mL) The combined aqueous layers were extracted with CH2Cl, (3x30 mL)
The organic layers were extracted with aq HCI (1 M, 60 mL) ag NaOH (80 mL),
dried {Na2S0,) filtered concentrated i1 vacuo to obtain a colorless solid 7) (230

mg) which was usad for oxidation MS (Electron spray, nvz rel inf) 854 [(M+1)*,
100], 479 (70), 327 (50), 271 1 (100)

A solution of alcohol 7] (220 mg, 026 mmol) in CH2Cl2 (3.0 mL) was
treated with Dess-Martin reagent (218 mg, 0 51 mmol, 2 0 equiv) The reachon
mbdure was stirred at it and the mixture was concentrated /n vacuo. The reskiue
was punfied by chromatography (S102, CH3OH/CH2CI2 1 24) to yleld oxdized
product 7 (23 mg, 13%) as a colorless solid MS (FAB, m/z, rel int) 852 [(M+1),
43), 796 (100), 768 (20), 461 (20), 433 (50), 405 (50), 336 (30), 294, (S50)
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A solution of tert-butyl ester 7 (320 mg, 370 umol) was treated with
TFA/CH2CIz2 (1 1, 5 0 mL) and stirred at rt for 4 h. The dissppearance of the ester
to the base fine was followed by TLC (CH3OHCH2Cl2 1:24) After the
deprotection was complete the reaction mixture was concentrated in vacuo and
the residue was repeatedly treaied with heptanes/CH3OH (4.0 mlL) and
concontrated 1o yleld a tan sofid 8 (20 0 mg, 100%) MS (Electron spray, nvZ rel

inf) 798 {(M+1)*, 100)
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A solution of Boc-Glycine 9a (1 759,10 0 mmol} in dry DMF (S50 mL) was
treatad with HOOB! { 2 65 g, 15 mmol, 1 5 equiv) and EDCI (2 88g, 150 mmol,
15 equiv) The reaction mixiure was treated with Hinigs base (5 16 g, 40 mmol,
40 equlv 7.3 mL) The reaction mixture was strred for 1h and meta-tyrosine-
10 OCH3+HCl 1e (25 g, 11.5 mmol, 1 1 equiv) was added and stimed at 25 °C for
12 h The reachon mixture was concentrated /n vacuo and the residue was dijuted
with ag. NaHCO3 and extracied into CH2Cl2 The combined organic layer ware
concentrated and the residus purifled by chromatography (SiO2, EtOAc/Hexanes
1 1) to yleid a coloriess solid 9b (3.4g, 90%)
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Step B.
Bod-IN’\rn\itf &ﬁ’ﬁrn\.j‘o’
o ! . O \‘
p HO
o ]
?’.1
,."m s A solution of 9b (4 6g, 13.06 mmol) in HCI (4M solution In Dicxane, 50 mL)
E was stimed at rt. for 3h The reaction mixture was concentrated m vacuo and the
W residue wes dried 1n high vacuum %o yleld 8¢ as a fine powder wiuch was usad for
o the next step. TH NMR (CDaOD, 400 Mz, 5, ppm) 8.87 (d, 1 H, J=7.9 Hz),7 10-
:= 707 (m, 1 H), 6 68-8 64 (m, 2 M), 4.75-4 70 (m, 1 H), 3 75-3.81 (m, 2 H), 366 (s,
© 10 3H),310(dd, 1H,J=52,85Hz), 290 (dd, 1H, J=8.8 Hz, 50 Hz)
b Step C
v o

g .(-:I'lk\gn“!/“\?’ "f'e

A solution of [CpRu(n®-4-chiorophenyipropionic acii)]PFg 1¢ (30 g, 46 01
mmol) in dry DMF (60 ml.) was treated with HOBt (1.3 g, 8 16 mmol, 1.5 equiv)
15 and Hings base (3.22 g, 4 60 mL, 25 0 mmol, 4 0 equiv) The reaction mbxture
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was cooled to 0 ° C and treated with EDCI (1 75 g, 9 16 mmol, 1 5 equiv) The
reaction mixture was stwred at 0° C for 30 mm and the glycine ammonium salt Sc¢
{175 g, 6.06 mmol, 1 0 equv ) was added The reacton mixture was stirved at rt
for 12 and the DMF was distilied out 17 vacvo The residue was diluted with aq
HCI {1M, 100 mL) and extracted into CH2Cl2 (3x100 mL) The combined organic
layers were extracted with aq NaHCO3 (i1x100 mlL), brine (50 ml), drled
(Na2S04), filtered, concentrated i vacuo to yield a brown solid 9d (1 5 g, 34%)
which was used for cyclizaton MS (Elaectron spray, m/z relative miensity) 585

[(M-PFg)*, 100}, 459 (30), 373 (30), 198 (20)

Step D
o o o QO
od

S

A solution of the ruthenium complex 8d (1.5 g 2.05 mmol) in dry DMF (100
mL) was degassed with dry N2 at rt. and Ca2C03 (50 g, 15 mmol, 7 5 equiv) was
added and stimed at rt. for 12h The solvent DMF was distilied oft and the residue
was diluted with water (100 mL) and extracted with CH2Cl2 (3x100 mL) The
combined organic layers were extracted with brine (100 ml), dried (Na2504),
fitered, concentrated in vacuo and dned in vacuum overight. It was used for
photolytic removal of Ru without further purification

The cyclized compound from the previous step was dissolved in CH3CN
(30 mL) and filtered o & quartz tube The solution was degassed and
photolyzed n a Raynot (A=850 nm) for 48h The reaction mixture was
concentrated m vacuo and the residue was purified by chromatography (SiO2,

EtOAC) to yield a tan colored solid 8e (230 mg, 30%) 'H NMR (CDCig, 400 MHz,
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8, ppm) 7 23-7 18 (m, 2 H), 7 08-7 01 (m, 3 H), 6 76 (dd, 1 H, J<2.4, 8 8 Hz), 6 68
(d, 1 H, J=7 6 Hz), 6 47 (d, 1 H, J5 6 Hz), 6.17 (s, 1 H), 564 (s, 1 H), 469 (q, 1
H, J=4 4 Hz), 377 (s, 8 H), 3.68-3.51 (m, 2 H), 335 (dd, 1 H, J=4.0, 108 Hz),
805 (dd, 1 H, J=5.2, 92 Hz), 298292 (m, 2 H), 261-2 56 (m, 1 H), 2.30-2.28
s (m.1H), SCNMR (CDCI3, 100 MHz, & ppm) 172.3, 171 4, 188.1, 159 8, 155.4,
137 6, 136 4, 131 0, 130 0, 129.5, 123.3, 122.4, 1210, 1177, 1171, 536, 530,
43.6, 399, 36.1, 323 MS (Electron spray, m/z relative mtanslty) 383 [(M+1),
100), 279 (20)
Step E

B

A solution of cyclic compound 9e (150 mg, 0.4 mmol) In THF (4 0 mL), H20

(4.0 mL) was stirrad at rt with LIOHeH20 (41 0 mg, 1 0 mmol, 2.5 equlv) for 3 h
The reaction mixture was acidified with conc. HCI (2 0 mL) and concentrated n

15 vacuo The sohd ©f was dried in vacuo and used for further coupling without
further punfication
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StepF

A solution of the hydrolyzed acld 8f in dry DMF (4.0 mL) and CH2Cl2 (40
mL) was treated with HOOBt (103mg, 0.58 mmol, 1.5 equiv) and caoled to 0 °C
and Hanigs base (206 mg, 1 60 mmol, 4.0 equiv, 205 pL} was added To this
mexture was added EDCI (112 mg, 0.58 mmol, 1 5 equiv) and the reaction mixture
was stirrad at 0° C for 0.5 h and treated with the amine hydrochloride B (206 mg,
048 mmol, 1 2 vquiv) The reaction mocture was storad in freezer for 48 h and
concentrated in vacuo to remove DMF and CH2Cl2 The residue was diluted with
aq HCl (2M) and extracted with CH2Cl2 (3x50 mL) The combined organic layer
was extracted with aq HCI (1M, 3x50 mlL}, aq NaOH (2M) bnne (100 mL), dried
(Na2S04) and concenirated In vacuo The residue 99 (200 mg) was oxidized
without further purification
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5 A solution of alcohol Bg (200 mg, 0.27 mmo}) in CH2Cl2 (3.0 mL) was
treated with Dess-Martin reagent (342 mg, 0 81 mmol, 30 equiv) The reaction
mbcure was stired at rt for 3 h and diluted with aq. NaHCO3 and aq Na2S203
The reachon mbdure was stimed at rt for 20 min and the reaction mixture was
extractad with CH2Clz (230 mL) The combined organc layers were extracted

10  with brine (50 mL), dried (Na2S04), fittered concentrated i vacuo and the residue
was purtfied by chromatography (SIO2, CH3OH (2M NH3)/CH2Ci2 1 18) to yield
ketoamide 8 (100 mg, 50%) of a coloriess solid MS (Electron spray, m/z relative

intensity) 742 ((M+1]", 100), 686 (80)

SOGThG" Wad OTTFE3R
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A solution of tert-butyl ester ® (100 mg, 0 13 mmol) in dry CH2Cl2 (4 0 mL)

was treated with TFA (4.0 mL) and stimed at 1. for 5 h The reaction mxture was
concentrated In vacuo and the residue was repeatedly dissolved In
toluene/CH2Ci2 and concentratad /n vacuo several times to yieid a fine colorless

solid 10 MS (FAB, NBA/DMSO, nvz relative intansidy), 688 [(M+1)°, 40], 480 (20),

307 (100), 289 (80), HRMS caled for CagH40N5O9 (M+1)+ 688 2825, found
686 2840
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To a soiution of amine hydrochioride 1g (1 20g, 3.23 mmof), 6-heptencic
10 acd (0610 g, 4 68 mmol), HOOBt (0 785 g, 4 66 mmol) and EDCI (1 07 g, 5.58
mmoi) In anhydrous DMF (60 mL) and CH2Cl2 (50 mL) at -20°C was added NMM
(1.55 mL, 14.1 mmol) After stirring at this temperature for 30 min, the reaction
mixture was kept In a freezer for 18 h It was then allowed to warm to rt. EYOAc (
150 mL), brine (50 mL) and 5% H3PO4 (50 mL) were added Afor separation, the
15 organic solution was washed with 5% H3zPO4 (80 mL), saturated aquecus sodium
bicarbonate soluton (2 X 80 mL), water (80 mL), and brine (80 mL), dried with
magnesium sulfats, fitered and concentrated in vacuo. Flash chromatography (2
to 5 % MeOH-CH2Cl2) afforded 11a (1.48 g, 3 28 mmol, quant.) as a white sofid

1H NMR (400 MHz, dg-DMSO0) § 9.25 (s, 1 H); 8 31 (d, J=7.2 Hz, 1 H), 770 (d, J
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=9 2 Hz, 1 H), 7 05-7 01 (m, 1 H), 6 62-6.58 (m, 3 H), 5 82-5 72 (m, 1 H), § 02-
491 (m, 1 H), 4.434.38 (m, 1 H), 4.23-4 19 (m, 1 H), 3.55 (s, 3 H), 2.83-2.80 (m,2

H), 2.51-1 97 (m, 2 H), 1 68-0 86 (m, 15H), 13C NMR (dg-DMSO, 125 MHz), §
1719,1718,171 1, 1572, 1386, 1384, 1291, 1195, 11568, 114 8, 113.5, 58 5,
53.5, 51 6, 36.5, 34 8, 32.8, 20 0, 28 0, 27 B, 25 B, 25.5, 24 B, HAMS, m/z

445 2683 (caled for C25HagN20s5 445 2702, emor 4 ppm)

11a 11b

To the solution of 11a (1.46 g, 3 28 mmol) In anhydrous THF (80 mL}) under
nitrogen at 0°C was added borane-THF solution (12 mL, 1 0 M, 12 mmol)
cauhously The resulting solution was stimed at 0°C under nitrogen for 1 h 40 min
Then ethanal (4 mL) and pH 7 butfer {8 mL) were added, followed by aqueous 30
% H202 solution (7.5 mL) After stured at 0°C for 20 min, it was warmed fo rt and
stimed for 2 h EtOAc (200 mL) and brine (100 mL} were added and layers were
separated Aqueous solution was extracted with EtOAc (2 X 150 mL) Combined
organic solution was dried with magnesium sulfate, filtrated, concentrated in
vacuo. Flash chromatography (2 to § % MeOH-CH2Cl2) afforded 11b (1.05 g,

2 18 mmol, 68 %) as a white solid 1H NMR (400 MHz, dg-DMSO) 5 9 25 (8, 1
H), 830 (d, /=7 2 Hz, 1 H), 7 88 (d, J=8 2 Hz, 1 H), 7 05-7 01 (m, 1 H), 6 82-6 58
(m, 3 H), 4.434 18 (m, 3 H), 3 55 (s, 3 H), 3.37-3 33 (m,2 H), 2 93-2 80 (m, 2 H),

220-2 03 (m, 2 H), 1 66-0 87 (m, 19H), 13C NMR (dg-DMSO, 125 MHz), d 1721,
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To a solution of phenol alcohol 11b (1 00 g, 2.16 mmol) and tri-n-
butylphoaphine (1 10 mL, 4.28 mmol) In anhydrous CH2Cl2 (100 mL) and THF
(40 mL) at 0°C was added ADDP (1 08 g, 4 28 mmol) After sfiring at 0°C for 1
h, the solution was warmed to 1t and stirred for 3 h under nitrogen TL.C indicated
complete consumption of the starting material After removal of soivent in vacuo,
the residue was partially purified by flash chromatography (0 to 3 % MeOH in
CH2Cl2) to afford the macrocycle 11¢ (850 mg, 1.46 mmol, 68 %) TH NMR (400
MHz, dg-DMS0) 38.58 (d, J=8.3 Hz, 1 H), 778 (d, J=8.2 Hz, 1 H), 7 18-7 14 (m,
1H),878-865(m,3H), 477471 (m, 1 H), 432 (t, J=8.5 Hz, 1 H), 3.97-3.83
(m, 1 H), 382-3 78 (m, 1 H), 367 (s, 3 H), 3 18-3 14 (m, 1 H), 286-2.92 (m, 2 H),

2.32-2.26 (m, 1 H), 2.02-2.01 {m, 1 H), 1.98-0.87 (m, 18H), 13C NMR (de-DMSO,
125 MHz), 8 1721, 1718, 171.4,180 1, 158 8, 1390, 128 1, 121 1, 113.0, 111 9,
88.4, 56 1, 52.0, 50 1, 40.8, 34 9, 34.2, 28 7, 28 3, 26.8, 26.3, 25 9, 25 5, 25.2,

20 242, HRMS, m/z 445.2685 {calcd for C25H3gN20s 4452702, error 4 ppm)

95 - _
B<5g
171.8, 1712, 157 2, 138 4, 129 1, 1195, 115 8, 11355, 60 7, 56.5, 53 5, 51 7,

38.5,351,326, 32.4,29 0, 28.5, 28.0, 25 8, 25 6, 25.4, 25 2, HAMS, m/z
463.2813 (calcd for C25H3gN205 463.2808, error 1 ppm)
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11e 11d
Aqueous lithium hydroxide solution (70 mg, 15 mL H20, 2.92 mmol) was
added to a solution of methyl eater 11¢ (330 mg, 0 742 mmol) in THF (20 mL) and
gthanol (10 mL) at rit. The mudure was stimed at 1t for 3 h The progrees of the
reaction was monhiored by TLC After the solution was concentrated /n vacuo,
EtOAc (100 mL), 6 N HCI soiution (10 mL) and water (50 mL) were added and the
layers were separated The aqueous solution was extracted with EtOAc (2 X 80
mL) Organic solubons were combined, dried with magnesium sulfate, filterad and
concentrated in vacuo to afford 11d (260 mg, 0 604 mmol, 81 %) as a white solid
TH NMR (400 MHz, dg-DMSQO) § 8.43 (d, J=8.3 Hz, 1 H), 773 (d, J=0.3 Hz, 1
H), 7 17-7 13 (m, 1 H), 8 77-6.88 (m, 3 H), 4 67-4 62 (m 1 H), 4.32-4.28 (m, 1 H),
398-383 (m, 1 H), 3.81-3.75 (m, 1 H), 3 17-3.13 (m, 1 H), 2.97-2.90 (m, 1 H),
2.32-2.28 (m, 1 H), 201-1 87 (m, 1 H), 1 67-0 85 (m, 18H), '3C NMR (dg-DMSO,
125 MHz), § 173.2, 171 8, 171.3, 168.8, 139.3, 1290, 121 1,113 1, 111 9, 86 4,
56 1,508, 35.1, 34.3, 28 8, 28.3, 26.9, 28.3, 25 9, 25 6, 25.5, 25 2, 24.2, HRMS,
m/z 431 2564 (caled for C2s5HagN205 431 2548, ermor 4 ppm)
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To a solution of acid 11d (0 140 g, 0.325 mmof), amine B (0 140 g, 0 325
mmof), HOOBt (58 mg, 0.343 mmol) and EDCI (75 mg, 0.381 mmof) in anhydrous
DMF (40 mL) and CH2Cl2 (20 mL) at -20°C was added NMM (0 107 mL, 0 873
mmal) After stirred at this temperature for 30 min, the reaction mbdure was kept
in a freezer for 18 h Then EiOAc, brine and 5% H3PO4 were added The

‘ separated organic solution was washed, successively, with 5% HaPQ4, saturated

aqueous sodium bicarbonate solution, water, and brine, dried with magnesium
sulfate, filtered and concentrated in vacuo. Flash chromatography (2 o 5§ %
MeOH-CH2Clo) afforded 11e as a mixture of dlastereomers (0 170 g, 0 211 mmol,
65%) as a white solld, which is used In the next reaction without further
purffication
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To the mixture of hydoxy amide 11e (0.29 g, 0.396 mmol) and Dess-Martin
reagent (0.45 g, 1 06 mmol) at 1t was added anhydrous CH2Cl2 (60 mL), DMF (3
mL) and DMSO (3 mt) The resulting solution was vigorously stimed at rt for 2.5 h
More Dess-Martin reagent (300 mg, 0 71 mmol) was added and the reachon
muxture was stimed for another hour Saturated aqueous sodium bicarbonate and
sodium bisulitte solutions (40 mi each) were added and the muxiure was
vigorously stimed for 10 mun before EtOAc (200 mL) and water (30 mL) were
added and the layers were separated The orgamic solution was washed with 5%
H3PO4 soiution (2 X 100 mL) and saturated NaHCOg3 solution (100 mL), dried
with magnesium sutfate, filtered and concentrated In vacuo. Flash
chromatography (1 to 5§ % MeOH-CH2Cl2) afforded 11 (100 mg, 0 124 mmol,

35%) as a white soid 1H NMR (400 MHz, dg-DMSQ) 5 8 78-8 69 (m, 2 H), B.36-

8 16 (m, 2 H), 7 72-7 68 (m, 1 H), 7 42-7.33 (m, § H), 7 17-7 13 (m, 1 H), 6 77-
6 63 (m, 3 H), 6.30-5.27 (m, 1 H), 5095 04 (m, 1 H) 4 85-4 76 (m, 1 H), 4.29-
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4.25 (m, 1 H), 3 98-3 74 (m, 1 H), 3 02-2.85 (m, 2 H), 2.32-2.27 (m, 1 H), 2 04

196 (m, 1 H), 1 72-0.81 {m, 35 H), 13C NMR (dg-DMSO, 125 MHz), 5 196 5,
186.2, 171 65, 171 81, 171 5, 171 14, 171.07, 169.4, 167.6, 160 7, 158.84,

168 79, 139 5, 139.3, 136.6, 1365, 128 92, 128 80, 128 7, 128 6, 128 1, 127 7,
127 4, 124 9, 121.34, 121 28, 113 1, 1128, 1120, 111 9, 81.3, 88.34, 66.30,
56.92, 56 87, 56 3, 56 2, 53 4, 53.3, 51.5, 50 9, 41.5, 41.4, 40.8, 407, 36 6, 36 1,
34.4,34 3, 318,918, 304, 20 1, 28.9, 284, 2B.3, 27 5, 28.8, 26.21, 26.17, 25 5,
25 59, 25.55, 25 0, 24 2, 18 74, 18.86, 13 5, 13.4, HRMS, m/z 804.4542 (calcd
for C25H3gN20s5 804.4548, eror 1 ppm)
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A solution of the {-Butyl ester 11 (66 8 mg, 0 0706 mmol) in trifluoroacebe
s acd (15 mL) and CH2Cl2 (15 mL) was stired at rt for 4 h After the volatiiea were
removed /n vacuo, the residue was dissolved In 50% MeOH-CHzCl2 (3 mL), and
concentrated to dryness /n vacuo to afford an off-white solld 12 (50 mg, 0.0669
mmol, 95%) 1H NMR (400 MHz, dg-DMSO) 8 8 75-8.71 (m, 2 H), 8 36-8 16 (m,
2 H), 772-769 (m, 1 H), 7.38-7.31 (m, 5 H), 7 17-7 13 (m, 1 H), 8 76-8.63 (m, 3
) 10 H), 537-5.35 (m, 1 H), 5 07-5.04 (m, 1 H), 4 854 76 (m, 1 H), 4.29-4 25 (m, 1 H),
397-3.74 (m, 4 H), 3.02-2 88 (m, 2 H), 2.32-2.26 (m, 1 H), 201-1.97 (m, 1 H),

170-082 (m, 26 H), 13C NMR (dg-DMSO, 125 MHz), § 1965, 198.2, 171 63,

17159, 171.52, 171.48, 1711, 171.06, 187.4, 1606, 158 82, 158 78, 1534,
139 4, 137 1, 137 0128 91, 128 88, 128 7, 128.65, 128 61, 128 5, 128 43, 128 39,
1s 12833, 128.32, 128.14, 128.12, 1280, 1277, 1287, 12763, 127 58, 1275,
1274, 1268, 1213, 1159, 1131, 1129, 1128, 1120, 1119, 11188, 6633,
66 29 58.3, 56 2, 58 17, 53 34, 53.31,53.27, 51 1,509 41.5,40.84,4077,407,

SUOFHG" WOEILTFED
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40 8, 40.58, 40.53, 40.5, 38 7, 38 6, 38 58, 38.53, 3665, 36 1, 34.4, 34 3, 31 §,
316,204,291, 200, 6289, 26.4, 28.3, 282, 26.9, 268, 26 79, 26.20, 26 16,
2588, 2588, 2579, 2575, 2571, 2568, 25.57, 2554, 254, 250, 242, 187,
18 6, 13.5, 134, HRMS, m/z 748.3947 (calcd for Co5H38N20s5. 748.3822, error

3 ppm)

13

1
9 138

The desired compound 13a was prepared according to the method of
Example 11, Step A, except substituting 8-hydroxyhexanoic acwd for 8-heptenoic
acd (39%)
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g 5 The desired compound 13b was prepared from 13a according to the
t; method of Example 11, Step C In 74% yield
] Step C,
[}
2
E
" Mo —————> H
g o A 0 o A )
: O O
13b 13¢
10 The desired macrocyciic acld 13c was prepared from ita corresponding

methy! ester 13b according to the method of Example 11, Step D n 88 % ylald as
a white golid
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Thedeshadmpoundﬂdmpnpamdﬂ'omﬂeuﬂsmrdmglom
method of Example 11, Step E m 48% yeld
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13

The desired compound 138 was preparad from 13d according to the method
of Example 11, Step E n 70% yle!
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The desired compound 14 was prepared from 13 according to the method
of Example 12, Step A in quantitative yield
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A solution of 3+odophenylanaline 15a, (250 g, 8.59 mmol) and
concentrated hydrochloric acid (2 mL, 24 mmol) In methanol was heated to reflux
for 18 h Removal of solvents /n vacuo afforded a white solld 15b, which was used
in Step B without further purification

9, —

0

g 16b
b 15¢
g The desired compound 15¢ was prepared in 84% yield from 15b according
rn to the method of Example 11, Stap A. & was usad in tha next reaction without
3 further punfication
| ]
ﬂ_ 10 StepC
b
hd
ol
160 15d

The desired compound 15d was prepared from 15¢ according to the
method of Example 11, Siep A (quanitahive) it was used in the next reaction
without further purification
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Step D,

.g 5 The desired compound 15e was prepared in 868% yeld from 15d according
I;; to the method of Example 11, Step A it was used In the next reaction without
@ further purification
v Step E
3
Q
5
&) Mo >
n O o

10 16 15t
. A solution of 16e (1 16 g, 2.04 mmol), triethylamine (2.90 mL, 20 8 mmol)

Iin anhydrous aceionitriie (25 mL) and DMF (20 mL) In a thick walled tube was
bubbled with Argon for 5 min To this solution at it was quickly added
tetrakistriphenyliphosphine palladium (0) (235 mg, 0203 mmol) The tube was
15 sealed with Teflon screw cap and heated to 85-80°C In an oil bath After shmng
for 3 h, It was coolad to rt, opened cautiously and poured onto EtOAc (100 mL)
The solution was washed with 5% H3PO4 (4 X 50 mL) and water (50 mL)}

Organic layer was dried with magnesium suifate, filtrated, concentrated m vacuo
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Flash chromatography (1 to 4 % MeOH-CH2Cl2) afforded the macrocycle 15f
(330 mg, 0 749 mmol, 37 %)
StepF

151 159
The desired compound 15g was prepared quantitatively from 151 according
to the method of Example 11, Step D 1t was used in the next reaction without
{urther purification

Step G,

|,
3
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The desired compound 15h was prepared in 77 % yweld from 15g according
to the method of Example 11, Siep E it was used In the next reaction without
further purification
StepH

The desired compound 15 was prepared n 55 % yleld from 15h according
to the method of Example 1, Step H

" - !
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Ea The desired compound 16 was prepared quantitatively from 15 according
b to the method of Example 12, Step A

EXBMpeE 1 FTODErauon o1 LCLOMBOUNd ©
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Step A,
m
; O ol
1 17a
® s To the solution of 15¢ (150 mg. 0.340 mmol) in E1OH (10 mL) and EtOAG (5

ml.) was added 10 % palladium on carbon (20 mg) The suspension was stimed

under hydrogen for 8 h during which the reachon progress was monitored by TLC

After fittration through a celite pad, solverits were removed in vacuo to afford the

product as a white solid 17a {150 mg, 0.339 mmol, quantitative) It was used In
10 the next reaction without further punfication

-3

17a 17
The desired compound 17b was prepared from 17a according to the
15 method of Example 11, Step D I was used in the next reaction without further
purification

GGGTFO" LOSa3LTO3
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17e
Thadeslradcmnpoundﬂewaspmpamdhﬁ%yhld(ShpsBandG)
from 17D according to the method of Example 11, Step E It was used In the next
reaction without further purification.
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- 17
v The desired compound 17 was prepared In 48 % ymeid from 17¢ according
== to the method of Example 11, Step F.
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:- The desired compound 18 was prepared quantitatively from 17 according
E to the method of Exampie 12, Step A.

b 5 EXAMDIS 13, Fropary . DMPa
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£
ba
W
r
2
. The desired compound 19b was prepared In 64 % yleld from 1g and 19a
‘! according to the method of Example 11, Step C
b Step B,
)
[
3
BocH 0 HCWHN
W M . HCWH Me

10b 190

The desired compound 19¢ was prepared from 18b according to the
method of Exampie 1, Step C it was used in the next reaction without further

purification
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18¢ 19d
To a suspension of di-amme sak 19¢ (75 mg, 1 52 mmol) and carbonyl
diimidazole (260 mg, 1.60 mmol) 1n acetonitrile (400 mL) at it was added
5 trethylamine (0.28 mL, 1 85 mmol) The mbdure was strred for 3 days Soivent
was removed in vacuo The residue dissolved in EtOAC/THF (100/50 mL) and the
solubon was washed with 5% H3PO4, dried with magnesium sulfate, filtered,
concentrated in vacuo. Flash chromatography (2 to 10 % MeOH-CH2Cl2) afforded
18d (290 mg, 0 651 mmol, 43 %) as a white solid

10 StepD,

e e

’ 18d 1%

The desired compound 19e was prepared in 97 % yield from 18d according
io the method of Example 11, Step D It was used In the next reaction without
further purificabon
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The desired compound 18f was prepared in 68 % ylald from 18e and B
5 according to the method of Example 11, Siep E

Step F




‘E‘* @‘a s “hER s WG NSRRI R @..'1& ‘W ﬁ'; aﬁum-—-ﬂm

118

The desired compound 19 was preparad in 66 % yield from 19 according
to the method of Example 11, Step F  Two products were partially separated by
flash chromatography (0 to 5 % MeOH-CH2Cl2)

of Co

The desired compound 20 was prepared from 18 according to the mathod
of Example 12, Step A
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Step A

TN —

s 21a
A solution of 5-hexene-1-ol 21a (10g, 50 mmol) [n diethylether (100 mL)

was treated with tristhylamine {10 1g, 100 mmol, 2 0 equiv) and cooledto 0° C
A solution of phosgene in benzene (20%, 100 mL, 20g, 200 mmol, 4 0 equiv)
was added dropwise and the reaction mixture was strred at rt for 12h The

10 triethylarmne hydrochloride ssparating out was filtered and the filtrate was
concentrated In vacuo. The resldue 21b was used directly for further studies
without purification
Step B

1" 21c
15 A solution of 11 (8 0g, 18 43 mmol) In CH2Cl2 (100 mL) was treated with
triethylamine (2 43 g, 24.0 mmol, 1 3 equiv) The reaction mixture was copled to -
78° C and allychioroformata (2.9g, 24 mmol, 1.3 equiv ) was added dropwise The
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reachon mixture was strred at it for 12 h and the reaction mixture was diluted with
H20 (100 mL) and aq HCI (2M, 200 mL) The aq layer was extracted with EIOAc
(2200 mL) The combined EtOAc layer wers exiracted with brine, dried
(Na2S04), filtared concentrate in vacuo and the remdue 21c was directly used for

Boc deprotection 'H NMR (CHCI3, 300 MHz, 8, ppm) 7.29 (4, 1 H, J= 8.0 Hz),
708698 (m, 3 H), 641 (d, 1 H, /54 Hz), 805595 (m, 1H), 5.42 (dd, 1H,
J=12, 132), 531 (dd, 1 H, J=1 2, 132), 510 (d, 1 H, J<8 8 Hz), 491487 (g, 1
M), 4.74 (d, 1H, J=4 5 Hz), 395-392 (m, 1 H), 370 (5. 8 H), 312 (d, 1 H J=4.2
Hz),1.81-1.51 (m, 6H), 1.43 (s, 8 H), 1.21-0 91 (m, 8 H)

10 StepC

I

o)

-
CH
- 0

210 2ud

A solution of 21e (1 5 g) In HCI (4M In dioxane, 100 mL) was stirred at rt for
8 h The disappearance of the starting material was followed by TLC and once the
starting material disappeared the reaction mixture was concentrated in vacuo and
the residue 21d was dried in pump it was used for coupling withaut further
purification
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Step D
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21e

A solution of the aminehydrochloride 21d (4 Og, 8.9 mmol) in CH2Cl2 (60
ml.) was treated with tristhylamine (273 g, 27 mmol, 30 equwv, 38 mL) and
cooled to -78° C A solubion of chioroformate 21b (2.3g, 13 3 mmol, 1.5 equiv) in
CH2Cl2 (30 mL) was added dropwise, The reaction modure was strmed ovemight
at 1t and dlluted with ag HCI (1M, 150 mL) The aqueous layer was extracted with
EtOAc (3x100 mL) The combined ethyl acetate layers were extractad with H20
{100 mL), brine (100 mL), dried (Na2S04) filtered concentrated in vacuo and the
residue was purified by chromatography (SiO2. EfOAc/Hexanes 3 7) to yield 21e
as colorless solid (5g, 80%)
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OH
211

A solution of alloc-pratected compound 21e (4 0 g, 72 mmol) in dry THF
(60 0 mL) was treated with dmedione {2 01g, 14.4 mmol, 2 0 equiv ), Pd(PPh3)4
{830 mg, 07t mmol, 10 mol%) at 0 °C and stimed at nt for 1h The reaction
mxture was concentrated /in vacuo and the reaxdue was purified by
chromatography (SiO2, EtOAc/Hexanes, 3 7) to yleld a deprotectad alcohol 211 as

a colorless solid (2 7g, 79%) 1H NMR (CDCl3, 300 MHz, § ppm) 7.44 (bs, 1 H),
709 (8, 1 H, J~8.0 Hz), 6 75-6 72 (m, 2 H), 8.58-6.48 (m, 2 H), 5.81-5 71 (m, 1 H),
555 (d, 1 H, J=7.2 Hz, 4.98 (ddd, 1 H, /15, 12, 9 Hz), 4 82 (dd, 1H, J=4.5,09
Hz), 4.88-483 (m, 1 H) 412-3.87 (m, 1 H), 3.71 (s. 3 H), 3.09-2.98 (m, 2 H),
2 08-2 03 (M, 2 H), 1 722-1 40 (m, 10 H), 1.24-0 94(m, 5 H), 13C NMR (100 MHz,
8) 171 8, 167.3, 1568, 138 3, 1366, 1298, 1235, 1206, 117.0,1149, 1146,
857, 60 1, 53.2, 52.5, 404, 37 1, 33.3, 296, 286, 28.3, 260, 259, 251, CHN
calcd for Cos5HagN20g C=8520% H=7.88% N=8.08%, Found C=64 80%
H=7.98% N= 6.01%.

/%
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OH 21g

Asoluﬁonofalknnaﬁi(ﬂ&tlmn,1.4mmol)manhydrous11-lF(52mL)

was cooled 1o 0°C and treated with BHa«=THF (1M soin in THF, 4.2 mL, 4.2 mmol,

s 30 equiv) The reaction mixture was stimed at rt for 2 h and EtOH (2.0 mL) was
added carefully with the evolution of hydrogen gas. After the H2 evolubon was
complete the rgaction mxture was treated with pH 7 buffer and treated with ag
H202 (30%, 50 mL) at 0 *C The ke bath was removed and the mixiure was
shired at 1t for 3-4 h The reaction mixture was axtracted with EtOAc (3x100 mL)
10 The combined organic layers were extracted with H20, brine, dried (MgSOQ4),
fitered, concentrated in vacuo and the residue was purifled by chromatography
(S102, EtOAc/Hemnes 3.7) to yield hydroborated product as a coloriess solid 21g

(400 mg, 60%) [alp 86.4 {c 0.3 CHCa, 25 °C). 1H NMR (CDCL, 400 MHz, §)
726 (s, 1 H), 708 (t, 1 H, J5 7Hz), 6 83 (d, 1 H, J=6 0 Hz), 6.71 (dd, 1 H, J=1 2,
2 15 45 Hz), 657 (bs, 1 H), 6.54 (d, 1 H, /<57 Hz), 5 68 (d, 1 H, J=6.9 Hz), 4.85 (dq,
1 H, J=4.2, 18 Hz), 4 05-3.97 (m, 3 H), 3 68 (s, 3 H), 3 60 (1, 2 H, J=4.8 Hz), 3 08-

297 (m, 2 H), 177-1.53 {m, 10H), 1.42 125 (m, 4 H), 1.24-092 (m, 5 H), 1°C
NMR (CDC, 100 MHz, 8) 171.8, 171 8, 157.8, 156.9, 138.9, 1300, 120.8, 1170,
1148, 65 7, 62 7, 60.9, 53.3, 527, 40.5, 37.4, 32.5, 297, 29 0, 28 8, 28.2, 26,0,

2 256, 254 MS (FAB, NBA'DMSO, m/z, relative intansity) 479 (M+11+,100), 296
(40), 186 (25), 158 (25), 138 (25), 112 (20) HRMS caled for C25H3gN207

LGLTLEG" WGSBLTLS

(M+1)*+ 479 2780; found 479 2757
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Step G
w - CfB\’m
———.
g
21g 2th
A solution of PPhg (385 mg, 1,47 mmol, 1 75 equiv)) n CH2Cl2 (10 mL)
Eg was treated with the compound 21g (400 mg, 084 mmol) and cooled t0 0° C A
l-; 5 solution of DEAD (220 mg, 1 26 mmol, 1 5 equlv ) in CH2Cl2 (10 mL) was added
lEu dropwise and stirred at rt for 3 h The reaction mxture was concentrated in vacuo
s and the residue was purtfied by chromatography (SO, EtOAxHexanes 18) to
-~ yleld cyclic product 21h as a coloriess solid {110 mg, 25%)

] | 10 21h 21

A solution of cyclic carbamate 21h (200mg, 0 44 mmol) 1n dioxane (30 mL),
CH3OH (20 mL) and CH2Cl2 (20 mL) was treated with LIOHeH20 (80 mg, 20

mmol, 4.5 equiv) and stimed at rt for 4 h The reaction was concentrated in vacuo
and diluted with HCl {(4M soin n dloxane,10 mL) The water was removed by
15 lyophilizer to yield the crystalline acid 211 directly used for coupling
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- A solution of the hydrolyzed acid 211 (210 mg, 0 47 mmol) in dry DMF (50
L) mL) and CH2Cl2 (5.0 mL) was treated with HOOBt (125 mg, 070 mmol, 1.5
l-; 5 equiv) and cooled to 0 °C and Hinigs bass (258 mg, 2.0 mmol, 4.0 equiv, 369 pl)
8 wes acded To this mixture was added EDCI (134 mg, 0 70 mmol, 1.5 equlv) and
t the reaction mixture was stimed at 0° C for 0.5 h and treated with the amine

hydrochloride B (253 mg, 0.58 mmol, 1.25 equiv) The reacton mixture was
stored in freezer for 24 h and concentrated In vacuo to remove DMF and CH2Cl2

10 The reskiue was diluted with aq HCI (2M, 30 ml) and extracted with CH2Cl2
(3x50 mL) The combmed organic layer was extracted with aq HCI1 (2M, 30 mL),
aq NaOH (1M) brine (2x50 mL), dried (MgSO4) and concentrated in vacuo. The
residue 21] (220 mg) was oxkilzed without further purification.
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- A solution of alcohol 21) (220 mg, 026 mmol) in CH2Cl2 {5 0 mL) was
o treated with Dess-Martin reagent (200 mg, 0.47 mmol, 1.8 equiv) The reaction
l: s muciure was stimed at rt for 1 h and diiuted with aq NaHCO3 (15 mi) and aq
) NegS203 (15 mL) The reaction mbdure was sbrved at rt for 20 min and the

0
() reaction mixture was extracted with CH2Cl2 (3x30 mL) The combined organc

layers were exiracted with ag Na2COz3, difed (Na2S04), filtered, concentrated i
vacuo and the resldue was purified by chrometography (Si02, CH3OH (2M

10 NH3g)/CH2Cla 1 20) to yeld ketoamide 21 (80 mg, 27%) of a coloriess solid
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o A solution of fert-butyl ester 21 (50 mg, 0059 mmol) in dry CH2Cl2 (20
- mL) was freated with TFA (20 mL) and stired et rt for 4 h Tha reaction mbdure
s s was concentated in vacuo and the residue was repeatedly dissolved in
[ wmmlzmmmnmmmmmammmu
0

22 (47 mg), which was dried /n vacuo.
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Step A
-
1
0 * \Qc 7’?
23

A solution of acid 1d (255mg, 1 0 mmol) in DMF (2 0 mL) was treated with
HOBt (202 mg, 1.5 equiv) and Hlnigs base (517 mg, 4 0 mmol, 4 0 equlv, 738
#L) The reacton mixture was cooled to 0° C and treated with DCC (258 mg, 1.25
mmol, 125 equiv) After stining the mixture for 1h Histidine-OCH3«2HCI 23a
(242.0 mg, 1 0 mmol) was added and stirred at rt ovemight The reaction mixture
was concentrated in vacuo and extracted In EtOAc (3x50 mL) and agq. NaHCO,
(50 mL) The combined organic layer was concentrated i vacuo and the reeidue
was purified by chromatography (SiO2, CH3OH/CH2Cl2 1 18) to yield dipeptide
23b as a coloriess solid (380 mg, 93%) 1H NMR (dg-DMSO, 400 MHz, 8, ppm)
817 (d, 1 W, ~T2Hz),748 (8, 1H), 6877 (s, 1 H) 657 (bs, 1 H), 554 (d, TH,

J=7 8 Hz), 4.47 (9, 1 H, /=7 2 Hx), 3 79 (1, 1 H, J~8.4 Hz), 3 55 (s, 3 H), 3.36-320
(m,2 H), 294-282 (m, 2 H), 1 70-1.47 (bm, 6H), 1.35 (s, 9 H), 146085 (m, 5

H) 13c NMR (dg-DMSO, 100 MHz, 5 ppm) 1725, 1718, 157.3, 155.9, 1354,
786, 595, 52.9, 62.3, 34 1, 296, 28.9, 286, 285, 26.3, 260, 252 FAB MS
(NBA-G/TG-DMSO, nvz relative intsnsity) 409 [(M+1)*, 100}, 353 (10), 170 (20),
HRMS calcd for CopHaaN4Og 409.2451 found 408.2468, CHN Caled for
CooHaaN4Os C<58.81% H=7 90%, N=1372%, Found C=5870% H=778%
N=13.43%
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A solution of @-bromoheptencic acid (223 mg, 1 0 mmol) in DMF (3 0 mlL)

5 was treated with deprotecied armne hydrochioride 23b (380 mg, 10 mmol, 10

equw) and Hinigs base (387 mg, 3 0 mmol, 3.0 equiv) was added The reaction

mbxture was treated with PyBroP (485 mg, 1 0 mmol) and shired at rt for 3h The

reaction mixture was concentrated in vacuo and the residue was purified by

chromatography (SiO2, CH3OH/CH2Cl2, 1 18) to yleld a colorless sokd (220 mg,

10 50 %) MS (FAB) 5152 {(M+1)*, 100], 513.2 [(M+1)*, 85)], 468 (60), 433 (20),
170 (40) HRMS caled for C23H3gBrN4O4. 513.2076 found. 513 2073

o Gpi &

%9

23¢ 23d
A solution of bromo-compound 23c (100 mg, 0 23 mmol), n 2-butanone
15 (4 0 ml) was treated with Na2CO3 (31 0 mg, 0 29 nunol, 1.25 equiv) and with Lil
(50 mg, 0 37 mmol 1.3 equiv ) and heated at reflux for 24 h The reaction mbdure
was concenirated in vacuo and the reskiue was diluted with water The residue
was extracted with CH2Cl2 (3x30 mL) The combined organic layer was dried(

Na2S04) and purified by chromatography (Si02, CH30H CH2Cli2 1 19) to yleld
20 the cyclized compound 23d (25 mg, 31%), Rr 068 (2M NH, In CH,OH CH,CL.
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118) TH NMR (CDCl3, 400 MHz, 8, ppm) 8 17 (d, 1 H, J=8 8 Hz) 7.33 (s, 1 H),
648 {d, 1 H, J=8.4 Hz), 4 90-4 85 (m, 1H), 4.26 (t, 1 H, /80 Hz), 382-374 (m,
2 H), 369 (s, 3H), 316- 311 (m, 2 H) 2.91-2.84 (m, 1 H), 2.30-2.01 (m, 2 H),
185-1.59 (m, 11 H), 118086 (m, 11H) 13C NMR (CDCl3, 100 MHz, 5 ppm)

s 1728, 1724, 1719, 1382, 136 8, 576, 525, 517, 466, 416, 360, 309, 295,
288, 273, 267, 264, 263, 262, 25.2, 24.8 MS. (Electron spray, m/z relative
intensity) 433.1 [(M+1)*,100], HRMS. Calcd for C23H37N4O4 433 2815 found
433 2822

O O

10 23d 230
A solution of methyl ester 28d (200 mg, 0 46 mmol) in CH3OH (5 0 mL)
H20 (0.5 mL) was treated with LIOHeH20 (30 mg, 075 mmol, 16 equiv) The
reaction mixture was stirmed at rt for 15 h and concentrated in vacuo and dried in
pump 1o yield hydrolyzed compound 23e which was usad for coupling directly
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Step E

A solution of the acid 23e in CHzCl2 (3 0 mi), DMF (5 0 mL) was treated

with HOOBt (115 mg, 0 70 mmol, 1.50 equiv) and EDCI (113 mg, 0 60 mmol, 1.25

s equiv) The reachon mixture was then treated with Et3N (190 mg, 1.88 mmol,
271,21, 4.0 equiv) and amine hydrochloride B (201 mg, 0.5 mmol, 1 1 equiv) The
reaction mixture was stimed at rt for 13 h and diluted with H2O The aqueous layer
was extracted with CH2CI2 (3x50 mL) end the combined organic layers were
exiracted with aq NeOH (1M, 50 mL) and dried (Na2S0O4) The dried organic

10 layer was fittered and concentrated in vacuo to yield a colorlass residue 23f (442
| ] mg) which was dried in vacuo and directly used for further oxidation MS

(Electron spray, nvz relative intenslty) 784 [(M+1)*, 100)

CDLT LU L GBS8LTOLS
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'n A solution of hydroxy-anmude 231 (50 mg, 0 064 mmol) in CH2Cl2 (3 0 mL)
If 5 was treated with Dess Martin reagent (53 mg, 0 13 mmol, 2.0 equiv) and stirred at
3 it for 3 h The reacton mixture was diluted with aq satd Na2S203 (20 mL) and
Eg stimed at 1t for 15 min The aquoous layer was exiracted with CH2Cl2 (3x30 mL)

The organic layer was dried (Na2SO4) filtered concentrated i vacuo and purified
by chromatography (SiO2, CH3OH/CH2Cl2, 1 15) to yield ketoamide 23 (20mg,
40%), MS (FAB, NBA-Q/TG-DMSO, m/z relative miensity) 824 [(M+CH3OH)*,

100], 792 [(M+1)*, 60], 447 (20), HAMS caled for C42HgoN70g (M+1)*
7924660 found 782.4659

] 10
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A solution of tert-butyl ester 23 (17 mg, 21.5 pmol) In dry CH2Clo (2 0 mL)

’ was treated with TFA (2.0 mL) and stired at it. for 8 h The disappearance of the
ester to the base line was followed by TLC (CH3OH/CH2CI2, 1 18) The reaction

10 mixture was concentrated /n vacuo and the resdue was repeatedly dissolved in
CH3OH/Mheptanes/CH2Cl2 and concentrated m vacuo several imes to yield 24 as

fine colorless solid (7 mg) MS (Electron spray, m/z relative intensily) 768

[(M+CH3OH)*, 100], 738 [(M+1)*, 60}, 48 (10)
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",g 25a ) 25b

0 A soluton of Boc-4-Chlorophenylalanine 25a (523 mg, 175 mmol) In

dichlorogthane (37 mL) was treated with CpRu{CH3CN)3 PFg 1b (760 mg, 175
10 mmol, 10 equv) and heated af reftux for 2 h The reachon mixture was cooled to

0 °C and fitsred The fitrate was concentrated in vacuo and dissoived In
’ minimum CH3CN and treated with a large excess of Et20 The solid separating
out was separated and dissolved in CH2Clo/CH3OH (11, 50 mL) and
concentrated m vacuo to obtain 25b as a brown foam (640 mg, 89%)
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Step B
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A solution of carboxylic acld 25b (2 4 g, 3 80 mmol) In dry DMF (15 mL)
was troated with HOnigs base (1 64 g, 12 64 mmol, 4 0 equiv, 2.9 mL) and HOBt
5 (661 mg, 4.38 mmol, 1.5 equiv) The reaction mixture waa cooled to 0° C and the
treated with EDCI (699 mg, 3.85 mmol, 1 25 equiv) and stired for 15 mun To this
reaction mixture was added amine hydrochloride 1g (150 g, 4.00 mmol, 12
equiv) and the reaction mixture was stirmed at 1t for 12 h The DMF was distilled
out and the residue was diluted with water (30 mL) and the aqueous layer was
10 exiracted with CH2Cl2 (3x50 mi) The combined organic layers were extracted
with aq NaHCO3 (30 mL). aq HC! (30 mL), brine, dried (Na2504) fitered
) concentrated /n vacuo and the crude product 25¢ (2.5 g, 69%) was used for
further cyciization without purification
Step C

GOt G HOS23LTO9
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A solution of compound 25¢ (100 mg 0 11 mmol) In dry DMF (10 mL) was
degassed with dry N2 and treated with Cs2C03 (170 mg, 05 mmol, 50 equiv)
and stired at it for 12 h The solvent DMF was distilled off and the residue was
dliuted with water (35 mL) and extracted with CH2Clz (3x100 mL) The combined
organic layers were driled (Na2S04) filtered, concentrated In vacuo and dred in
vacuum ovemight. t was used for photolyhc removal of Ru without further
purification

The cyclized compound from the previous step was dissolved in CH3CN
and photolysed In a Raynot (A=350 nm) for 48h The reaction mixture was
concentrated in vacuo and the residue was purified by chromatography (S102,
EtOAc/Hexanaes 2 1) to yield 25d as a tan colored solid (29 mg, 46 %) MS (FAB,
NBA-G/TG-DMSO, m/z relative intensity), 580 [(M+1)", 80], 524 (100), 418 (40),
462 (30), 452 (20), 313 (60), 253 (20)
Step D

288

A solution of aster 25d (150 mg, 0 268 mmol) in THF (3 mL), CHaOH (30
mL) and H2O (30 mL) was treated with LIOHeH20 {18 mg, 0.43 mmol, 165

arwvarNAAR vl hmﬂiﬂnﬂ
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equiv ) and stuved at rt for 35 min The reachon modure was acidified with conc
MCI (13 M, 1mlL) and extracted in CH2Cl2 (3x50 mL) The combined organc layers
were dried (Na2S04) fittered and concentrated in vacuo to yield acid 25e which
was usad directly for the coupling without further purification
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A solution of acid 25e (160 mg, 0.27 mmol) in dry CH2Cl2 (2 0 mL), was
treated with HOBt (62 mg, 0 40 mmol) and Harugs base (139 mg, 1 1 mmol, 40
equiv ) The reaction mixfure was cooled to 0° C and treated with EDCI (53 mg,
0 34 mmol, 1.25 equiv) and stimed for 30 min The reaction mixture was treated
with amine F (88 mg, 0.29 mmol, 1 22 equiv ) and stored In the freezer for 12 h
The reaction mixture was concenirated m vacuo and diiuted with H20 (50 mL)
The agqueous layer were extracted with CHaCl2 (3x50 mL) The combined organic
layers were extracted with aq HCI (1M, 3x20 mL) aq NaOH (1M, 3x20 mL), drled
(Na2S04) filtered concentrated in vacuo o obtaln a colorless solld 25¢ (138 mg)
which was used for axidation

[
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A sotution of alcohol 25¢ (140 mg, 0 143 mmol) In CH2Cl2 THF (1 1,5.0

mL) was treated with Dess-Martin reagent (121 mg, 0 42 mmol, 3 0 equiv ) The
reaction mixture was stimed at ri for 2 h and the mixture was concentrated in
vacuo. The residue was purified by chromatography (Si02, CH3OH/CH2Cl2 1:32)

to yield oxidized product 25 (S7mg, 41%) as a colorless sold
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le 26 a 28:

A solution of the benzyi ester 25 (30 mg, 38 0 pmoal) In CH3OH/THF (1 1,
40 ml) was treated with Pd/C (20 mg, 10% ) and H2 was bubblad through it A

drop of acetic acid was added to accelerate the reducton The reaction mixture
was fillered through a plug of celite and the filtrate was concentratad in vacuo.

The residue 26 was analyzed without further purification
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A solution of acid 25e(100 mg, 0 17 mmol) in diy CH2Cl2 was treated with
HOOBt (41 mg, 0 28 mmol) and Hiinigs base (81 mg, 0 70 mmol, 4.0 equiv) The
reactron mbdure was cooled to 0° C and treated with EDCI (35 mg, 022 mmol,
1.25 equiv) and stimed for 30 min The reachon mocure was treated with amine D
(71 mg, 022 mmol, 1.22 equiv ) and stored in the freezer for 12 h The reachon
mucture was concentrated 7 vacuo and diluted with H20 (30 mL) The aqueous
layars was extracted with CH2Cl2 (3x30 mL) The organic layers were extracted
with ag HClI (1M, 30 mL) aq Na2COg (1M, 30 mL), dried (Na2S04) fitered
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concentrated /n vacuo to obtaln 27a colorless sold (118 mg) which was used for
oxidaton MS (FAB), 842 [(M+1), 100], 785 (20), 735 (10), 657 (20), 575 (10), 492
(10), 464 (20), 448 (30) HRMS calcd for C4gHgoN5O10 (M+1)* 842.4339,
found 842 4336

Step B

BocH

A solution of aicohol 27a (120 mg, 0 143 mmol) In CH2Cl2 THF (11,30
mL) was treated with Dess-Martin reagent (180 mg, 0.42 mmol, 3.0 equiv) The
reaction mbdure was stirred at it. for 2 h and the mbdure was concenttated in
vacuo. The residue was purified by chromatography (Si02, CH3OH/CH2CI2 1.32)
to yield oxidized product 27 as a coloriess solld MS (FAB, NBA-G/TG-DMSO,
m/z rel inf), 840 [(M+1)", 50] HRMS calcd for C4gHs58Ns0O10 (M+1)* 840.4184,
found 840 4199

Y49
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BocH H

Step A

A solution of benzyl aster 27 (40 mg, 47 0 zmol) In CH3OH/THF (11,60
’ mlL) was treated with Pd/C (30 my, 10% ) and H2 was bubbled through it. A drop

of acetic acld was added 0 accelerate the reduction The reaction mixture was
filtered through a plug of celite and the filtrate was concantrated in vacuo to yieid
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A solution of 4-chlorophenylalanine 20a (1.5g, 7.5 mmol) in THF (20 mL)
and H20 (20 mL) was treated with NaOH (900 mg, 22.5 mmol, 3 0 equiv) and
cooled to 0°C, A solution of acetyl chioride (707 mg, 8 00 mmol, 1.25 mmol) In
THF (10 mL) was added dropwise and the reaction mixture was stirred ovemight
at it. The reacton mbdure was acddfled with aq HCI (1M, 10 mlL) and extracted
with CH2Clz2 (3x30 mL) The combined organic layers were dried (Na2S04)
fitered concentrated in vacuo to yield 28b which was used [n the next step

without purtfication
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i

A solution of N-acetyl-4-chlorophenylalanine 29b (139 g, 575 mmol) In
dichioroethane (118 mL) was treated with CpRUW(CHaCN)3 PFg 1b (25 g, 58
mimol, 1 0 equiv ) and heated at reflux for 2 h The reachon mbdure was cooled o
0°C and filtered The filtrate was concentrated /n vacuo and dissolved in CH3CN
{15 mL) and treated with Et20 (150 mL) The gum separating out was separated
by decanting the ether and the reaidue was dissolved in CH2Clp/CH30H (1 1, 50
mL) and concentrated m vacuo to obtain 29¢ as a brown foam (2.2 g, 68%) MS.

(Electron spray, m/z rel inf) 408 [(M-PFg)*, 100)

SooCTHD" WDE TTOS
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Step C

148
H PFe
B
R%\:bm&
CHaN A
TN Y .
: H
1g ;FC

A soluton of carboxyhe acid 29¢ (2 0 g, 4 00 mmol) in dry DMF (20 mL)
was treated with HOmga base (2 06 g, 18 0 mmol, 4 0 equiv, 2.9 mL) and HOBt
(810 mg, 6 0 mmol, 1.5 equiv) The reaction mixture was cooled to 0°C and then
treated with EDCI (888 mg, 5 0 mmol, 1 25 equiv) and stimed for 05 h To this
reaction mixture was added amine hydrochloride 1g (148 g, 7 14 mmot, 12
equiv ) and the reaction mixture was stired at rt for 12 h The DMF was distiiled

out and the residue was diluted with water and the aqueous layer was extracted

with CH2Cl2 (3x100 mL) The combined organic layers were extractad with ag
NaHCO3 (200 mL). aq HCI (100 mL), brine, dned (Na2S04) filtered concentrated
in vacuo and the crude product 28d (1 2 g, 38%) was used for cyciization without
further punfication
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Step D
|;F. . “
e ———-
o o AcHN Y
O 0
20d 29¢

th A solution of chloro-compound 29d (1 2 g 1 5 mmol) in dry DMF (120 mL)
E was degassed with dry N2, treated with Cs2COg (2.4 g, 7 4 mmol, 5 0 equiv } and
2 stimed at it for 23 h The solvent DMF was distlled off and the residue was
o diluted with water (300 mL) and extracted with propionitrile (3x100 mL) The
0 combined organic layers were dried (Na2SOg) filtered, concentrated in vacuo
a and dried In vacuum ovemight. it was used for photolytic removal of Ru without
f§ further puntfication
t; The cyclhized compound from the previous step was dissolved in CH3CN
g (40 mL) and photolyzed in a Raynot (A=350 nm) for 48h The reacton mixture

was concentrated in vacuo and the residue was purified by chromatography
(S102, EtOAc/Hexanes 4 1) to yield a tan colored solld 28e (240mg, 38 %) MS

(FAB, NBA-G/TG-DMSO, mvz relative intensdy), 522[(M+1)*, 100).
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Step E

! O T
29t
A solution of aster 29e (200 mg, 0 42 mmol) m CH30H (5 mL), CH2Ck2 (13
Eg mL) and H20 (2 0 mL) was treated with LIOH H20 (41 mg, 1 0 mmol, 2.4 equiv)
t; and strred at it for 3 h The reaction midture was acidrfied with aq HCI (13 M,
0 iml) and extracted 1n CH2Cl2 (3x50 mL) and EtOAc (3x50 mL) The combinaed
Eg organic layers were dried {Na2S04) fittered and concentrated mn vacuo to yield
- acd 291 (178 mg) which was used directly for the couping without further

i punfication
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E: A solution of acid 281 (30 mg, 0 18 mmol) In dry DMF (1 0 mL) was treated
b with HOBt (45 mg, 0.33 mmol, 1 8 equiv ), Hiinigs base (142 mg, 1 1 mmol, 50
Eg equrv ) and amine B (118 mg 028 mmol, 1 47 equiv) The reaction mbdure was

cooled to 0° C and treated with EDCI (63 mg, 0 33 mmol, 1 6 equiv) and stimed
at 0 °C for 20 min for 12 h The reaction mixture was concentrated /n vacuo and
diiluted with H20 (30 mL) The combined aqueous layars were axtracted with

CH2Cl2 (3x30 mL) and EtOAc (3x30 mL) The organic layers were extracted with
ag NaOH (2M, 30 mL), dried (Na2S04) filtered concentrated » vacuo to obtain a
colorless soid 29g (S0 mg, 32%) which was used for oxidation MS (Electron

spray, mvz rel inf) 883 [(M+1)*, 100], 522 (30), 394 (80)
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:- A suspension of aicohol 28g (S0 mg, 60 0 zmol) In CH2Cl2 (2 0 mL) was
‘§ treated with Dess-Martn reagent (40 mg, 0 94 mmol, 20 equiv) The reachon
i'; mixture was strred at it for 3h and the mbcture was concentrated in vacuvo The
Eg residue was purified by chromatography (S:102, CH3OH/CHaCl2 1 32) to yield

oxidized product 28 (41 mg, 80%) as a coloriess sohd MS (FAB, m/z, re! int)
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:- A solution of tert-butyl ester 29 (23 0 mg, 26 0 ymol) was treated wath
tg TFA/CH2CI2 (11, 20 mlL) and stired at it for 4 h The disappearance of the
K estor to the base line was followed by TLC (CH3OH/CH2CI2 1.24) After the
ég deprotection was complete the reacton mixture was concentrated in vacuo and

the residue was repeatedly treated with heptanes/CH2Cl2 (40 mL) and
concentrated to yield a tan sofid 30 (13 0 mg, 100%) MS (Electron spray, m/z rel

inf) 825 {(M+1)*, 100)
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Example 31 P ration of Co of Formula 31

A solution of acid 29f (150 mg, 0 29 mmol) in dry DMF (4 0 mL), CH2Cl2
(3 0 mL) was treated with HOBt (58 mg, 0 44 mmol) and Himigs base (149 mg,
1 1 mmol, 4 0 equiv) The reaction mixture was cooled to 0* C and treated with
EDCI (82 mg 0 44 mmo), 1 5 equiv ) and shrred for 30 min The reachon mbxture
was treated with amine E (88 mg, 0 29 mmol, 1 22 equiv ) and stirred at rt. for 12
h The reacton mixture was concentrated i vacuo and diluted with H20 (30 mL)
The aqueous layer was extracted with CHoCl2 (3x30 mL) The combined orgamic
layers were extracted with aq HCI (1M, 3x20 mL), aq NaOH (1M, 3x20 mL),
dried (Na2S04) filtered concentrated in vacuo to obtan a coloriess solid 31a (56
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mg) which was used for oxidation MS (Electron spray, m/z ral inf) 750 [(M+1)F,
20}, 663 (10), 522 (10), 416 (20), 247 (30)
Step B

O.

0

e 4
N

2 e R

; O

u a
Eg A solution of alcohol 31a (56 mg 75 pmol) m CH2Cl2 (5 0 mL) was treated
h with Dess-Martin reagent (33 mg, 022 mmol, 30 equv) The reaction mbture
o weas stmed at it for 4 h and the mixture was concentrated /in vacuo. The residue

was purifiled by chromatography (Si02, CH30H/CH2Cl2 1 19) to yield axudized
product 31 (34 mg 60 %) as a colorless solld MS (Electron spray, nvz ral Inf)

748 [(M+1)*, 35}, 692 (5), 279 (100)




A solution of fert-butyt ester 31 was treated with TFA/CH2Cl2 (1 1, 4 0 mL)
and stirred at 1t for 4 h The disappearance of the ester to the base ine was
followed by TLC (CH30OH/CH2C!2 1 24) After the deprotecton was complete the
reaction mixture was concentrated in vacuo and the residue was repeatedly

treated with heptanes/CH2CI2 (4 0 mL) and concentrated to yield 32 as a tan
sohd
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] Step A.
& tep
™) H
W
0
r —_—
l:! %\f}' %\F\D
"'g 3%a 33b
I-; A solution of acid 33a (4 5g, 25 0 mmol) in dioxane (30 mL) and benzene
& (80 mL) was treated with BnOH (8 0 g, 74 mmol, 3 0 equiv ) and TSOH H20 (713
(&)

mg, 3 75 mmol, 10 mot%) The reacton mixture was heated at reflux for 5 h, when
the water was separated using a Dean-Stark apparatus The reaction modure was
concentrated in vacuo and the residue was purifled by chromatography (SiO2,

EtOAc/Hexanes 3 7) to yield benzyl ester 33b as a colorless oii (4 2 g, 62%), Rf

0 22 (EtOAc/Hexanes 37), 15C NMR (CH3OD, 75 MHz, §) 1751, 1582, 1387,
130 3, 120.5, 1293, 1217, 1174, 1146, 731, 676, 416, MS (FAB, G/TG-
DMSO, mvz, relatve intensity) 351 (M+DMSO], 70), 273 ([M+1}*, 100), 255
(20), 227 (30), 181 {40), HRMS Calcd for C1gH1704 (M+1)* 272 1049, found
272 1054
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Step B
H
0
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A soluton of benzyl ester 33b (3 8 g, 12 9 mmol) In CH2Ci2 (100 mL) was

Eg treated with EtgN (1 55 g, 15.4 mmol, 22 mL, 1 1 equwv ), cooled to -78°C (2-
\

:; PrOH, dry ice) and a solubon of allyl chioroformate (184 g, 15.36 mmal, 11
o equiv) In CH2Cl2 (10 mL) was added dropwise The reacton mixture was
L allowsd 1o wam up to the rt. and dilutad with aq HCI (1M, 100 mL) The reaction
-~ mixture was extracted with EtOAc (3x100 mL) The combined organic layer was
| |
L3 washed with aq HCI (100 ml, 1M), brine (100 mL), dried (MgSQO4) concentrated in
b vacuo to yleld 33c which was used in the next step without further punfication Ry
M
Eg 0 43 (EtOAcHex 7 13), 19C NMR (CH30D, 75 MHz, 8) 1748, 1625, 1560,

1525, 140 3, 1371, 1328, 1303, 1206, 129.5, 129 4, 1232 1203, 1194, 727,
701,6877,412,209

Step C

o

33¢
A solution of Boc-cyclohexyiglycine monohydrate 1d (6 02 g, 23 4 mmol,
2 0 equiv ) was dissolved in CH2Cl2 and dried (MgSO4) The muxture was filtered
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and the residue was further azectropically dried with toluene The resxiue was
dissolved in CH2Cl2, and treated with HOBt (4 73 g, 35 1 mmol, 2 9 equiv ) EDCI
{6 7g 351 mmol, 2 9 equiv) and Hinigs base (8 31 g, 64 3 mmol, 11 mL) It was
stirred at rt for 30 min and the alloc protected alcohol 33¢ (4 3 g, 12 04 mmol)
was added The reacton mixture was stimed at it for 36 h and diluted with aq
HCI (1M, 100 mL) and extracted with EtOAc (3x100 mL) The combined organic
layers were extracted with aq NaOH (1M, 100 mlL), brine (100 mL), dried,
concentrated i vacuo and purified by chromatography (Si02, EtOAc/Hex 1 4) to
yield depsipeptide 33d (7 1g 100%) Rf O 18 (EtOAc/Hex 1 4), HRMS Calcd for

C28H3407 (M-Boc)* 496 2335 found 496 2333
Step D

A solution of alloc-protected depsipeptide 33d (78 g, 130 mmol) In dry
THF (200 mL) was treated under N2 with dimedione (327 g, 234 mmol, 20
equiv ) and Pd{Ph3P)4 (780 mg, 0 67 mmol, 5 mol%) The reaction mixiure was
stimed at it for 1th and the disappearance of reactant was followed by TLC
(EtOAc/Hex 1 4) The reachon midure was concentrated i vacuo and the residue
was purified by chromatography (Si0O2, EtOAc/Haxanes 1 4) to yweld phanol 33e

(5 2g, 76%) as a coloriess foam Ry 052 ( EtOAcHexanes 37), TH NMR (d¢-
CD30D, 300 MHz, 5) 74718 (m 5 H), 7 15689 (m, 1 H) 668655 (m,4 H)
543-5 01 (m,3 H), 4 8 (bs, 2H), 4 11-4.00 (m, 1 H), 3 18291 (m, 2 H), 1 B0-1 55
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(bs, 6H) 138 (s, 9 H) 1 21-0 89 (m, 8 H), *3C NMR (CH30D, 75 MHz, 5, mixture
of diasterecmers) 171 6, 169 4, 169 3, 161 1, 157 1, 1570, 1372, 1369, 135 4,
1353, 1202, 1291, 1282, 128 2, 1280 1203, 120 1, 1160, 1158, 1136,94 8
793, 736,735,667, 666, 586, 585, 400, 399, 368, 291,277, 273, 255

MS (Electron spray, m/z, relative intensdy) 1023 ((2M+1]* 20), 512 (IM+1]", 20),
412 ((M-BocJ", 100), 202 (40) HRMS Calcd for C24H3oNOs (M-Boc)* 412 2123

found 412 2119
H
M io'q éﬁj
O o

StepE
33 331

A solution of Boc protected armne 33e (5 2 g, 10 7 mmol) was stirred with
HC! (4M, dioxane, 200 mL, 800 mmol, 80 aquiv) untl the starting matenal
disappeared to the base ine as indicated by TLC (EtOAc/Hex 3 7) The reaction
mbxture was concentrated /n vacuo end dried in high vacuum and the residue 33f

was directly used In the next step TH NMR (dg-CD3OD, 300 MHz, § ) 7.40-3 23
(m., 5 H), 707 (g, 1 H, /=18 Hz) 6 77-8 8 (m, 3 H), 5 33-5 41 (m, 1 H), 53505 (2
AB, 2 H) 388-8 85 (m, 1 H) 335-22 (m, 2 H) 200-1 5 (m, 5 H), 1.50-0 80 (m, 8
H), MS (FAB, G/TG-DMSO, m/%, reiative mtensity) 412 ([M+1]', 100), HRMS
Caled for CoqH3pNOs, M+ 4122123 found 412 2139
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Step F

A solution of [CpRu(n®- 4-chlorophenyipropionic acd)]PFg 1¢ (20 g, 4 03
mmof) in dry DMF (20 mL) was treated with HOBt (835 mg 6 0 mmol, 1.5 equiv)
and HOmigs base (2 08 g, 2 95 mL, 16 mmol, 4 0 equiv ) The reaction modure was
cooled to 0° C and treated with EDCI (1 15 g, 6 0 mmol, 1 5 equiv ) The reaction
mbdure was stirred at 0°C for 30 min and the amine hydrochioride was added 331
(18 g, 403 mmol, 10 equiv) In dry DMF (10 mL) The reaction mixiure was
stimed at rt for 12 h and the DMF was distilled out vacuo The residue was diluted
with aq HCI (1M, 100 mL) and extracted into CH2Cl2 (3x100 mL) The combined

organic layers were extracted with aq NaHCOz3 (3x50 mL) , brine (100 mL), dried
(Na2S04), filtered, concentrated in vacuo to yweld a brown solid 33g (35 g)
which was used for cycilzation, MS Electron apray, m/z, relative intensity) 743

[(M-PFg)*, 100], 304 (80), HRMS Calcd for C3aH41NOgCi!'%Au (M-PFg)*
7441666 found 744 1694

Sle
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A solution of n°~ruthenium complex 33g (35 g, 383 mmol) In dry DMF
(300 mL) was degassed with dry N2 and treated with Cs2CO3 (65 g, 1995
mmol, 50 equv) and stimed at it for 16 h The reachon mixiure was
concentrated in vacuo to remove the DMF and the residue was diluted with H20

(100 mL) The reaction mmture was extracted with CH2Cl2 (3x100 mL) The
combined CH2Cl2 layers were extracted with brine, dried (Na2504), filtered,
concentrated in vacuo to ylald 33h which was directly used for photolysis, MS
(Electron spray, m/z, relative intensity) 708 [(M-PFg)*, 100}, HRMS Calcd for

C3sH40NOg102Ru (M-PFg)* 708 1882 , found 708 1918
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;: A solution of cychized ruthenium complex 33h (3 5g, 39 mmol) in CH3CN
4 (60 mL) was degassed and photolyzed in a gquartz tube at A=350 nm in two
3 batches for 48 h each The reaction mixture were pooled together and purifiad by
chromatography (SiO2, CH2CI/E20 9/1) to ywekd cyciic depsipeptide as a
mixture of diasteraomers. (700 mg, 34%) The diastereomers were separated by
additional chromatography (Hexanes/CHaCla/ EtpO 631) to yleld the two

diastereomers 331 (370 mg, 16%) and 33] (216 mg 11%) as coloress solkd Ry

028 {Hexanes EtOAc 32), [o)D= 25 (c O 15, CHCI3, 20 °C) IR (neet, om’ )
3329 (w), 2060 (m) 2928 (s), 2854 (s), 1745 (s), 1680 (m), 1589 (m), 1608 (m),
1448 (m), 1385 (w), 1259 (s) 1099 (m), 1030 (s), BOO (8), 752 (m), 698 (W) 619
(w) 'H NMR (CDCl3, 300 MHz, 8) 7 36-7 28 (m, 5 H), 7 18- 6 99 (m, 4 H), 6 81
(d, 1H, J=75Hz),674 (dd, 1 H, 27,57 Hz), 630 (s, 1 H). 5 75 (d, 1 H, /=7 2

Hz), 561 (dd, 1 H, J=2 4 Hz, 5 4 Hz), 5 18, 5 14 (AB, 2 H, J=12 3 Hz), 4.23 (dd, 1
H, J=4 2 Hz, 3.3 Hz), 3 26-3 01 (m, 2 H), 2 98-2 85 (m, 2 H), 2.68-2 84 (M, 1H)
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2382 34 (m, 1H),196-1 51 (m, 6 H), 151-096 (M, 5H) '3C NMR (COCl3, 75
MHz, §, ppm) 1773, 1711, 1687, 1598, 155.3, 1386, 1354, 134.9, 1312,
1297, 1292, 1287, 1266, 126 1, 123.3, 1208, 1208, 117 5, 1142, 71 8, 57 5,
569,415, 390,357,326,313,290,276,260,259 FAB (NBA/DMSO, m/,
relative Infensiy) 542 [(M+1)* 100], 514 (15), 450 (5), 307 (8), 232 (5), 154 1

(17), 136 (14) HRMS Calcd for CazHagNOg (M+1)T 5422543 found 5422541
CHN Calcd for C3gH35N0g.0 5H20, C 7198% H 659% N 254%, Found C
72 56% H 7 05% N2 63%

2
d

I
)

3
a
[

F

{ A solution of benzyl estor 331 (360 mg, 0 66 mmol) in CH3OH/EtOAG (11,
) 50 mL), was treated with Pd(OH)2 and hydrogenated (50 psi) for 12 h The
reaction midure was filtered through a plug of celite and the cake was nnsed with
CH30H/CH2CI2 (1 1, 50 mL) The filtrate was concentrated i1 vacuo and the

i residue 33k (330 mg) was used for coupling without punfication Ry 058
(CH3OH/CH2Cl2 1 18) MS (Electron spray, nvz, relative Intensity) 827.2 [(M+1)",

100}, 694 (20), 539 (40), 466 (10), 174 (70) HAMS Calcd for CagH5N4010

(M+1)* 827.4231 found 827 4215
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Step J

byl
3
ha
Yt
)
My
9
cg A solution of acd 33k (165 mg, 031 mmol) in dry DMF {50 mL) and
b CH2Cl2 (50 mlL) was treated with HOBt (83 mg, 0.48 mmol, 15 equlv) and
g cooled to 0 °C and Hinigs base (158 mg, 1.23 mmol, 4 0 equiv, 229 pl) was
& added To this mbdure was added EDCI (89 mg, 0 47 mmol 15 equiv) and the

reaction modure was stuted at 0° C for 1 h and treated with the amne
hydrochioride B (159 mg, 0372 mmol, 12 equiv) The reaction mbdure was
stirred at 1t. for 48 h and concentrated /n vacuo to remove DMF end CH2Cl2 The
’ residue was dliuted with water and extracted with CH2Cl2 (3x50 mL) The
combined organic layer were extracted with aq HCl (1M, 3x50 mL), aq NaOH
(1M, 3x50 mL) brine (100 mL) and concentrated i» vacuo The residue 331 was
oxidized without further punfication
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Step K

n
3
b
%
£2
iy
& A solution of alcohol 331 (330 mg, 04 mmol) in CH2Cl2 (50 mL) was
Ea treated with Dess-Martin reagent (424 mg, 1 00 mmol, 2.5 equiv) The reaction
= mixture was stirred at rt. for 1 h and diluted with aq NaHCOg3 (50 mL) and aq
:; Na2S203 (50 mL) The reacton mixture was strmed at rt for 20 min and the
3 reacton mixture was extracted with CH2Cl2 (3x50 mL) The combined organic

{ayers were extracted with brine (50 mL), dned (Na2S04), filtered, concentrated in
vacuo and the resxue was punfied by chromatography (S5/102, EtOAc/Hexanes
11) to yleld ketoamide 33 (180 mg, 55%) of a colorless solid Rf 063
‘ (CH3OH/CH2Cl2 118), MS (Electron spray, mVz relative intensify} 8572

(M+CH3OH]*, 40), 825 2 ((M+1]* 100)
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A solution of oxidized depsipeptide 33 (180 mg, 0 2 mmol) In dry CH2Cl2
(50 mL) was treated with TFA (50 mL) and stired at it. for 7 h The reaction
mixture was concentrated /n vacuo and the residue was repeatadly dissolved in
CH30H/CH2Cl2/Hexanes (1 1 1) and concentrated /n vacuo several times to yield

a tan colored soid 34 (133 mg, 86%) which was dried in vacuo MS (Electron
spray m/z relative mtensiy) 769 2 [(M+1)*,100], 481 (5), 269 (25) 181 (90)
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Step A

oy &&m?r___*
OO o) + O

33k A

N a

A solution of acld 33k (185 mg, 0.31 mmol) in dry DMF (50 mL) and
CH2Cl2 (50 mL) was treated with HOBt (83 mg, 048 mmol, 15 equiv) and
cooled to 0 °C and Hlnigs base (159 mg, 1 23 mmol, 4 0 aquiv, 229 ulL) was
added To this mixture was added EDCI (89 mg, 0 47 mmol, 1 5 equiv) and the
reaction mixture was stmed at 0° C for 1 h and treated with the amne
hydrochlonde A (159 mg, 0372 mmol, 12 equiv) The reaction mixture was
silrred at it for 48 h and concentrated in vacuo to remove DMF and CH2Cl2 The
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regsidue was diuted with water and extracted with CHoCl2 (3x50 mL) The
combined organic layer was extracted with aq HCI (1M, 3x50 mL), ag NaOH
(1M, 3x50 mL), bnne (100 mL) and concentrated m vacuo. The residue 35a was
oxidized without further purificaton MS (Electron spray, m/z relative intensity)
798 2 [(M+1)*, 30], 479 (10), 391 (20) 180 (100)

Step B

A solution of aicohol 35a (180 mg, 0 24 mmol) in CH2Cl2 (10 mL) was

treated with Dess-Martin reagent (423 mg 1 0 mmol, 4.0 equiv ) and stited at rt.
for 1h The reaction mbcdure was diluted with aq NaHCO3 (50 mL) and extracted

in CH2CI2 (3x50 mL) The combined organic layers were extracted with aq satd
Na25203, brine (3x50 mL), dried (Na2S04), filtered concentrated in vacuo and
purified by chromatography (SIO2, acetone/Hexanes 3 7->1 1 v yield oxidized
product 35 (163 mg, 868%) as a coloriess solid MS (Electron spray, m/z relative
miensdy) 788 [(M+1)*, 100], 508 (20), 268 (20)
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m n of und of

PO L
‘o rt
a8

t Step A
]
b
P, H
:g 36 36b
3 A solution of BH3 THF (1M in THF, 100 mmol, 100 mL, 3 0 equiv) was
" added dropwise to a solution of akene (5 0 g, 35 mmol) in THF (100 mL) at 0° C
Eg and stired for 1h The reachon mxiure was treatad with ethanol (20 mL)
L dropwise Afier the evolution of hydrogen gas was complete the reacton mixture

was treated with pH 7 buffer (100 mL) and H202 (30 volumes, 100 mL) The
reection mixture was stired at rt. for 4 h and quenched with aq HCI (100 mL)
The aqueous layer was extracted with Et2O (3x100 mL) The combined ether
layers were extracted with ag NaOH (1M, 100 m L), brine (100 mL), dried
(MgS04), filtered, concontrated i vacuo and purified by chromatography (SIO2,
EtOAc/Hexanes 2/3) to yleld alcohol as a colorless fiquid (2 9 g, 52%)

A solution of the hydroxylated ester m THF/H20/CH30H (100 mL, 11 1)
was freated with LIOH H20 (2 1g, 51.2 mmol, 3 0 equiv) and stirred at rt. for 3 d
The reacton muxxture was concentrated i1 vacuo and the aqueous layer was
extracted with ether (2x40 mL} The aqueous layer was acxdified to pH ~1 and
extracted into EtOAc (3x50 mL) The combined organic layers were extractad with
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brine (100 mL), dried (MgSO4) filtered concentrated i vacuo and the residue

36b was used as s for coupling in Step 8 TH NMR (300 MHz, CD,0D, §) 353 (t,
2H,J66H2),272(t, 2H, J<T2Hz), 159 (1, 2H, J=75Hz), 15, 2H, &75
Hz), 1 38-1.33 (m, 6 H)

Step B
jﬂ H H
HO'“?'(OH - * R \/@ — g
1)) o* o H :
] 0 o) o
: O O
\J
0 asb 39 I
FJ
Q
- A soluton of m-hydroxyl haptanoic acid 38b (1 01g, 6 83 mmol) in CH2Cl2
:2 (40 mL) was treated with Honigs base (1 97 g, 1524 mmol, 2 2 equiv 2 81 mL)}
;: and amine hydrochloride 33f (3 1g, 6 93 mmol, 10 equiv) The reaction mixture
- was cooled 1 0 °C and treated with PyBrOP (3 22g, 6 83 mmol, 1 0 equiv) The
0 reachon mixture was strred ovemight at i and the reaction muxiure was

concentrated fn vacuo The residue was purified by chromatography
(EtOAc/Hexanes 1 1) to yield depsipeptide 36c (25 g, 66%) as a coloriass
viscous oll 'H NMR (CD30D, 400 MHz, 5, ppm) 8 07 {t, 1 H), 7 33-7.21 (m, 4 H),
» 709-702 (m, 1 H), 6 67-8 63 (m, 3 H), 525508 (m, 1 H), 508 (g, 2 H, /75
Hz), 4 36-4 33 (m, 1 H), 351 (dd, 2 H, J5.4 Hz, 09 Hz), 3.11-296 (m, 2 H),
222-2 17 (m, 1 H), 198-080 (m, 14 H) 13C NMR (CD30D, 75 MHz, 5, ppm,
mixdure of diastereomers) 172 1, 1720, 171 8, 171 1, 1709, 169 5, 169 3, 157 1,
1570, 1378, 1370, 1353, 1352, 1292, 1291, 1282, 1280, 1279, 1203,

1200, 1160, 1159, 1136, 948, 738, 734, 668,667, 602, 57.3, 386, 367
289, 280, 256, 209, 195, 13, MS (FAB, NBA DMSO, m/z rel infj 562

[(M+Na)+, 20] 540 [(M+1)* 100), 412 (15), 240 (50), 112 (80)
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Step C

o

38c
A solution of alcohol 36¢ (2 Sg, 4 63 mmoal} n dry CH2Cl2 (50 mL) was

treated with triphenylphosphine (2 67 g, 102 mmol, 22 equiv) under N2 and
cooled to 0°C The reachon modure was treated with DEAD (1 61g, 9.26 mmol,
2 0 equiv ) in CH2Cli2 (30 mL) The reaction mixture was warmed to rt and stired

for 2h It was concentrated m vacuo and purified by chromatography (Et2O/Hex
1.3) to yield cyclic product 36d (530 mg, 21%) as a colorless solid

MS (FAB, NBA, DMSO, avz rel inf), 522 [(M+1)*+, 100}, 494 (60), 268 (20),
222(20), HRMS calcd for C31H4oNOg ( M+1)+ 522.2856, Found 522 2864
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(530~
e

57°

sad 3
A solution of the benzyl ester (242 mg, 0.47 mmol) n methanol (30 mL)
o was treated with Pd/C (10 wt %) and hydrogenated on a Pawr at 40 ps: for 14h
!'-2 The reacton mucture was fillared through a plug of celte and the filtrate was
:‘.’l concentrated i vacuo to yield a colorless solid 36e (181 mg, 83%) which was
;u usad for coupling
:2 Step E

2
|': 0 OH 0
xd i H  GH
e z + oH ~
3 -
O .
35

A

O

A solution of the hydrolyzed acid 36e (167 mg, 0 39 mmol) in CH2CI2 (4 0
mL) was treated with HOOBt (95 mg, 0 58 mmol, 1.5 equiv ) and cooled to 0 °C
and Hinigs base (202 mg, 156 mmol, 4 0 equiv 288 ul) was added To this
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mixture was added EDCI (111 mg, 058 mmol, 15 equiv) and the reaction
mixture was stimed at 0° C for 05 h and treated with the amine hydrochlonde
(186 mg, 0 47 mmol, 1.20 equiv) The reachon mixture was stored in freezer for
24 h and concentrated in vacuo to remove DMF and CH2Ci2 The residue was
diluted with aq HCI (2M, 30 mL) and extracted with CH2Cl2 (3x50 mL) The
combined organic layer was extracted with aq HCI (2M, 30 mL), aq NaOH (1M)
bnne (2x50 mL), drisd (MgSO4) and concentrated # vacuo. The resldue 36f (100
mg) was oxidized without further punficabon HRMS calcd for C42Hs0NSO9

s N (M+1)*+ 778 4381, Found 778.4399
EE Step F

A solution of alcohol 38f (100 mg, 0 13 mmol) in CH2Cl2 (50 mL) was

treated with Dess-Martin reagent (100 mg, 0 0 23 mmol, 1 8 equiv) The reacton
mixture was stured at rt. for 2 h and diluted with aq NaHCO3 (156 mL) and ag

Na2S203 (15 mL) The reachon mocture was concentrated i vacuo and the
residue was purified by chromatography (S102, acetona/Haxanes 3 7) to yleld
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ketoarmde 38 (61 mg, 61%) as a coloriess solid, MS (FAB, NBA/DMSO, nvz re/
i) 778 [(M+1)+, 100], 731 (10), 598 (25), 570 (15), 485 (20), 358 (20), 247 (50)
I aratl mpound of u

A solution of benzyl ester 33| (230 mg, 0 42 mmol) in CH3OH/EtOAc (1 1,
50 mL), was treated with Pd{OH)2 and hydrogenated (50 psl) for 12 h The

reachon mixture was filttered through a plug of celite and the cake was rinsed with
CH3OH/CH2Cl2 (1 1, 50 mL) The reaction mixture was concentrated In vacuo

and the residue 37a (177 mg, 93%) was used for coupling without purification
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Step B

A solution of acid 37a (177 mg, 0.33 mmol) in dry DMF (50 mt) and
CH2Cl2 (50 mL) was treated with HOBt (88 mg, 049 mmol, 15 equnv) and
cooled to 0 °C and Hanigs base {175 mg, 1.35 mmol 4 0 equiv, 251 pul) was
added To this mixture was added EDCI (85 mg, 0 49 mmol, 1 5 equiv) and the
reachon mixture was shrmed at 0° C for 1 h and treated with the amne
hydrochloride B (170 mg, 0.39 mmol, 1 2 equiv) The reaction mxture was shrred
at rt for 48 h and concentrated in vacuo to remove DMF and CH2Cl2 The rasidue
was dlluted with water and extracted with CH2Cl2 (3x50 mL) The combined
organic layer was extractad with ag NaOH (1M, 2x50 mL), brine (100 mL) and
concentrated in vacuo. The residue 37b (315 mg) was oxdized without further
purification
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A solution of alcohol 37b (315 mg, 04 mmol) in CH2Cl2 (5 0 mL) was
treated with Dess-Martin reagent (424 mg, 1 00 mmol, 2 5 equiv) The reaction
mixture was stired at rt. for 1 h and diluted with aq NaHCOg3 (50 mL) and aq
Na2S203 (50 mL) The reaction mixture was stired at t for 20 mm and the
reaction mbdure was exiracted with CH2CI2 (3x50 mL) The combined organic
layers were extracted with bnne, dried (Na2S0Q4), filtered concentrated in vacuo
and the residuse was purified by chromatography (Si102, EtOAc/Hexanes 1 1) to
yeld ketoamida 37 (210 mg, 66%) of a colorless sold Rf 0 63 (CH3OH/CH2Cl2

118), MS (Electron spray, m/z relative intensiy) 857 ((M+CH3OH]', 33), 825 (
M+1]* 40), 191 (100)
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Example 38 nd of Formula

o gvi%?f

Step A

A solution of oxidized depsipeptide 37 (200 mg, 0 24 mmol) in dry CH2CI2
(50 mlL) was treated with TFA (5 0 mL) and shrred at rt. for 7 h The reaction
mbdure was concentrated i vacuo and the residue was repeatedly dissolved in
CH3OH/CH2Clz2/Hexanes (1 1 1) and concentrated /n vacuo several times to yleki

a tan colored solid 38 (130 mg, 87%) which was dried in vacuo; MS (Electron
spray, m/z refative intensiy) 769 (M+1T", 45), 294 (45), 191 (100)
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A solubon of acid 22 (40 mg, 0 06 mmol) m CH2Cl2 (0.5 mL) and DMF (05
mL) was cooled to 0° C and treated with Me2NH HCI (15 mg, 0 18 mmol, 30
equwv) and Hinigs base (31 mg, 024 mmol, 44 4L, 40 equiv) The reacton
mbdure was then treated with PyBrOP (55 mg, 0 12 mmol, 2 0 equiv) and stored
for 12 h in the freezer The ysllow reaction mixture was concentrated /n vacuo
and the residue was punfied by chromatography (S102 EtOAc/Hexanes gradient
32 —>10) to obtain /mpure praduct which was punfied once agan using
(acetona/Hexanes 1 6) to yield dimethyl amide 39 as a coloriess solid (14 mg,
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35%) MS (Electron spray, m/z relative intenslty) 791 [(M+1)*, 50], 381 (40),
278 (50), 176 (100)
Exa E b

n

[

ph

W

Fﬁ polypropylene syringe cartridge fitled with a polypropylene frit at the bottom The
':! Fmoc-protected amino acids were coupled under standard solid-phase
u techniques Each reaction vesss! was loaded with 100 mg of the staring Fmoc-
? Sieber resin (approximately 0035 mmol) The resin was washed with 2 mL
l'; portons of DMF (2 imes) The Fmoc protecting group was removed by treatment
\

) with 2 mL of a 20 % v/v solution of piperidine in DMF for 20 min The resin was
9 washed with 2 mL portions of DMF (4 times) The coupling was done n DMF (2

mL), using 0 12 mmol of Fmoc-amino acid, 0 12 mmol of HATU and 0.24 mmol of
DIPEA After shaking for 2 h, the reaction vassel was dralned and the resin was
washed with 2 mL portions of DMF (4 timea) The coupling cycle was repeated
with the next Fmoc-ammo acid or capping group
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Schemse 10

EE 0

FmocHN-P ——> P—h-ﬁmd-lN\JL H-P—-
H

o o)

40n 40b

d0c
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Fmoc-Sieber resin 40a (0 035 mmof) was treated with 2 mL of a 20 % viv
solution of piperidine in DMF for 20 min followed by washing with 2 mL porbions
of DMF (4 times) DMF (2 mL) was added to the resin followed by Fmoc-
phenyiglycine (0 12 mmol), HATU (0 12 mmol) and DIPEA (0.24 mmol) After
shaking at room temperature for 2 h, the resin was washed with 2 mL porhons of
DMF (4 imes) 1o afford resin-bound compound 40b Resin-bound compound 40b
was treated with 2 mL of a 20 % v/v solution of piperidine in DMF for 20 min
followed by washing with 2 mL porhons of DMF (4 times) DMF (2 ml) was
added to the resin followed by Fmoc-glycine (0 12 mmol), HATU (0 12 mmol) and

Eg DIPEA (024 mmol) After shaking at room temperature for 2 h, the resin was
13 washed with 2 mL portions of DMF (4 times) to afford resin-bound compound 40¢
9 Resin-bound compound 40c was treated with 2 mL of a 20 % v/v soluton of
Eg piperidine In DMF for 20 min followed by washing with 2 mL portions of DMF (4
-~ tmes) DMF (2 mL) was added to the resin followed by N-Fmoc-propylisoserine
EE (0 12 mmol), HATU {0 12 mmol) and DIPEA (0 24 mmol) After shaking at room
b temperature for 2 h, the resin was washed with 2 mL portions of DMF (4 tmes) to
Eg afford resin-bound compound 40d Rasin-bound compound 40d was treated with
£3 2 mL of a 20 % v/v solution of piperidine n DMF for 20 min followed by washing

with 2 mL portons of DMF (4 imes) DMF (2 mL) was added to the resin followed
by Fmoc-lysine{Dde) (0 12 mmol), HATU (0 12 mmol) and DIPEA (0 24 mmol)

After shalking at room temperature for 2 h, the reain was washed with 2 mL
portons of DMF (4 times) to afford resin-bound compound 40e Resin-bound
compound 40e was treated with 2 mL of a 20 % v/v solution of piperidine In DMF
for 20 min followad by washing with 2 mL portions of DMF (4 tmes) DMF (2 mL)
was added to the resin followed by Fmoc-cyclohexyiglycine (0 12 mmol), HATU
(0 12 mmol) and DIPEA (0 24 mmol) After shaking at room temperature for 2 h,
the resin was washed with 2 mL porthons of DMF (4 times) to afford resin-bound
compound 40f Resin-bound compound 40f was treated with 2 mL of a 20 % vv
solution of pipendine in DMF for 20 min The resin was washed with 2 mL
portions of DMF (4 times) to provide resin-bound compound 40g Resin-bound
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compound 40g was treated with 2 mL portions of a 2 % v/v solution of hydrazine
in DMF for 5 min (3 times) The resin was washed with 2 mL portions of DMF (4
times) to provide resin-bound compound 40h Resin-bound compound 40h was
treated with 0 035 mmol of glutaric acid, 0 07 mmol of HATU and 0 14 mmol of
DIPEA in 2 ml of DMF at room temperature for 186 h The resin was washed with
2 mL portions of DMF (4 timsa), THF (4 times) and DCM (4 times) to provide
resin-bound compound 40i Resm-bound compound 401 was treated with a
solution of 0 14 mmol of Dess-Martin periodinane and 0 14 mmo! of t-BuOH in 2
mL of DCM at room temperature for 4 h The reein was washed with 2 mL

E;l portions of a 20 % v/v solution of WPrOH in DCM THF, a 50 % v/v solution of THF
t:_.‘, in water (4 tmes), THF (4 times) and DCM (4 times) to provide resin-bound
[ compound 40] The resin-bound compound 40] was treated with4 mL of a 2 %
Eg viv solution of TFA s DCM for 5 min The flltrate was added to 1 mL of AcOH

and the solution was concentrated by vacuum centnfugation to provide compound
40 {0 0117 g, 48 % yield) MS (LCMS-Electrospray) 608.2 MH"
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Compounds 41-53 were synthesized using solid phase methodology
similar to the procedure outlined for the synthesis of Example 40

e

o

Step A.

O.

To a stimed solution of Boc-Cyclohexyiglycine-OH (2.33 g, 8 07 mmol) in
DMF (20 mL) and CH2Cl2 (20 mL) was added HOBT (1.48 g, 8 07 mmol), EOCI
(191 g, 9 97 mmol) and NMM (2 99 mL, 27.2 mmol) The solution was stimed at -
20°C for 10 minutes, followed by addition of H-Lys(Z-OMe HCI| and strred for half
an hour at —20°C and kept In freezer ovemight The soluton was then
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concentrated to dryness, followed by extraction with EtOAc, saturated NaHCO3
The combined organic layer was washed with H20, bnne, dned over Na2S04

and concentrated to dryness to give a white solid (4 83 g, MH*=534 1)

A R—y

To a stimed solution of 54b (4 86 g, 8 76 mmol) in MeOH (10 mL) and H20

(7 mL) was added L\OH (70 mg, 11 4 mmol) The white precipitate was formed
and the eoluton was allowed to stir at room temperature ovemight and then
concentrated to drynees This crude matenal was then partthoned between CH,C,
and water The organic [ayer was separated and washed with brine, dried over

Na2S04, fitered and concentrated to dryness io give 54¢ (4 55 g, MHT=520 1)

T a
g}f

CozH
54c

To a stired cooling solution of 54¢ (4 3 g, 8 27 mmol) in DMF (40 mL) and
CH2Cli2 (40 mL) at —20 °C was added HOBT (1.35 g, 8 27 mmol), EDCI (174 g,
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9 1 mmol) and NMM ( 2 73 mL, 8 27 mmol) The resulting solution was strred at —

20 °C for 10 minutes, followed by additon of amine G (2 32 g, 8.27 mmol) and
stimed at —20 *C for half an hour and kept In freezer overnight. The work up

procedure from step A was followed to give a 54d (8.21 g, MH'=748 2)
Step D
CbzHN
H
Bo
é b
54d CbzH

HCkH

Ske
The soluhon of 54d (8 18 g, B 26 mmol) in 4N HCI/Dioxane (40 mL) was
stirred at room temperature for 1 hr and concentrated to dryness to give a crude

product 54e (5 70 g, 100% yleld, MH*=646 3)
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Step E.

=N

AT

To a stimed cooling solution of Boc-Glu{OBn}-OH In DMF {25 mL) and
CH2Cl2 (25 mL) at-20 °C, was added HOBT (128 g, 7 82 mmol), EDCI (1 66 g,
8 71 mmol) and NMM(2 61 mL, 23 7 mmol) The resulting solution was stirmed for
10 minutes at —20'C, followed by addition 54e (5.4 g, 7 816 mmol) and stired for
half an hour at -20°C and kept in freezer ovemight. Followed the work up
procadure from step A to give a crude product (7 14 g, 93 5% yield)
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Step F

To a stirrad solution of 54f ( 6 9 g, 7 15 mmol) in absofute EIOH (350 mL),
was added 10% Pd/C (2 8 g) in 50% H20 (w/w) The resultng solution was
purged with H2 and stimed under H2 balloon ovemight. The sclution was then
fitered through celite and the filimte was washed with EtOH/CH2Cl2 and then
concentrated to dryness to give a white solid (1.44 g) The solid was washed with
25% H 0/ MeOH and filtered through sintered funnel, then freezed and

lyophilzed to give 54g (4 12 g, 77 5% ylekd, MH*=743 2)




- gsag

191

Step G

)
Q

o

W

S To a stimed cooling solution of 54g (0.5 g, 6 7 mmol) In DMF (50 mL) and
4 ) CH2Cl2 (50 mL) at -20 °C, was added HOBT (0 219 g, 1 34 mmol), EDCI (0 271
v g, 1.41 mmol) and NMM (0 296 mL, 2 69 mmol) The resulting solution was stirmed
E?: at 20 °C for 25 minutes and then kept in freezer ovemight The solution was
t; concentrated to dryness, followed by extraction with EtOAc saturated NaHCOg
Q The combmed organic layer was then concentrated to dryness to give 54h (254

mg, MH*=725.2)
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To a stirred solution of 54h (0 2 g, 027 mmol) In anhydrous CH2Cl2 (20

mL), was added Dess-Martin periodnane (0234 g, 0 55 mmol) The resultng
solution was shrred at room temperature for 1 hr To this soluton was added
dropwise over half an hour the solution of H20 (0 010 mL) in CH2Cl2 (20 mL) and

stired wigorously for additional 2 hrs The solution was then stmed for half an
hour with 50% Na25203/50% sat. NaHCO3 The organic layer was separated
and washed with H20, bnne, dned over Na2SO4, fitered, concentrated to
dryness and puritled by column chromatography on siica gel elutng with 10%
MeOH/CH2Cl2 to yield 54 (17 mg, 62% MH*=723 2)
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Spectrophotometne Assay: Spectrophotometric assays for the HCV serine
protease was performed on the Inventive compounds by following the procadure
descnbed by R Zhang et al, Analytical Biochermstry, 270 (1999) 268-275, the
disclosure of which 1s incorporated herein by reference The assay based on the
proteclysis of chromogenic ester substrates 18 suitable for the continuous
monitonng of HCV NS3 protease actmty The substrates were denved from the P
side of the NSS5A-NS5B junchon sequence (Ac-DTEDVVX(Nva), where X = A or
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P) whose C-terminal carboxyl groups were esterified with one of four different
chromophoric alcohols (3- or 4-nitrophenal, 7-hydroxy-4-methyl-coumann, or 4-
phenylazophenol) Presented below are the synthesis, characierization -and
application of these novel spectrophotometnc aster substrates to high throughput
screaning and detailed kinetic evaluation of HCV NS3 protease inhibitors

te o]

Matorials Chamical reagents for assay related buffers were obtained from
Sigma Chemical Company (St. Louis, Missouri) Reagents for peptide synthesis
were from Aldrich Chemicals, Novablochem (San Dlego, Califorma), Applhed
Blosystems (Foster Crty, California) and Perseptve Biosystems (Framingham,
Massachusetts) Peplides were syntheszed manually or on an automated ABI
model 431A syntheszer (from Appled Blosystems) UV/AVIS Spectrometer model
LAMBDA 12 was from Perkin Elmer (Norwalk, Connecticut) and 96-well UV plates
weare oblamned from Coming (Comung, New York) The prewaming block was
from USA Scientfic (Ocala, Florida) and the 96-well plate vortexer was from
Labline Instruments (Melrose Park, linms) A Spectramax Plus microtiter plate
reader with monochrometer was obtained from Molecular Devices (Sunnyvale,
Califomia)

Enzyme Prepamhbon, Recombmant heterodimeric HCV NS3/NS4A protease
(strain 1a) was prepared by using the procedures published previously (D L. Sall
ot al, Blochermstry, 37 (1998) 3392-3401) Protein concentrations were
determined by the Biorad dye method usmg recombinant HCV protesase
standards previously quantfied by amino acid analysis Prior to assay initiaton,
the enzyme storage buffer (50 mM scdium phosphate pH 8 0, 300 mM NaCl, 10%
glycerol, 0 05% lauryl maltoside and 10 mM DTT) was exchanged for the assay
buffer (25 mM MOPS pH 65, 300 mM NaCl, 10% glycerol, 005% lauryi
majtosde, 5 uM EDTA and S M DTT) utiizing a Biorad Bio-Spin P-6 prepacked
column

Substrate Synthesls and Purlfication, The synthesis of the substrates was done
as reported by R Zhang et al, (/bid) and was intiated by anchonng Fmoc-Nva-

GQGTLE" WG2 CFOS
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OH to 2-chlorotnty! chionde resin using a standard protocel (K Barlos ef al, Int J

Pept Protem Res, 37 (1991), 513-520) The pepbdes were subsequently
assembled, using Fmoc chemistry, efther manually or on an automabc ABI model
431 peptide synthesizer The N-acetylated and fully protected peptde fragments
were cleaved from the resin either by 10% acebc acid (HOAc) and 10%
irfluoroethanol (TFE) in dichloromethane (DCM) for 30 min, or by 2%
trifluorcacetic acid (TFA) in DCM for 10 min The combined filtrate and DCM wash
was evaporated azeotropically (or repeatedly extracted by aqueous Na;CO,
solution) to remove the acid used in cleavage The DCM phase was dned over
Nap,SO, and evaporated

The ester substrates were assembled using standard acid-alcohol coupling
procedures (K. Holmber et a/, Acia Chem Scand., B33 (18798) 410-412) Pephde
fragments were dissolved in anhydrous pyridine (30-80 mg/ml) to which 10 molar
equivalents of chromophore and a catalyic amoumt (01 eq) of para-
toluenesulfonic acld (pTSA) were added Dicyclohexylcarbodnmide (DCC, 3 eq)
was added fo inthate the coupling reactions Product formation was monitored by
HPLC and found to be complete following 12-72 hour reachon at room
temperature Pyridine solvent was evaporated under vacuum and further removed
by azeotropic evaporation with toluene The peptide ester was deprotected with
95% TFA in DCM for two hours and extracted three times with anhydrous ethyl
ether to remove aexcess chromophore The deprotected substrate was purtfied by
reversed phase HPLC on a C3 or C8 column with a 30% to 80% acetonltrile
gradient (using six column volumes) The overall yleld followming HPLC purificaton
was approximately 20-30% The molacular mass was confirmed by electrospray
ionizakon mass spectroscopy The substrates were stored in dry powder form
under desiccation
Spectra of Substrates and Products, Spectra of substrates and the corresponding
chromophore products were obtained in the pH 6.5 assay buffer Extinction
coefficlants were determined at the optimal off-peak wavelangth ir 1-cm cuvettes
(340 nm for 3-Np and HMC, 370 nm for PAP and 400 nm for 4-Np) using muiltiple
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dilutons The optimal off-peak wavelength was defined as that wavelength
ylelding the maximum fractonal difference in absorbance between subsirate and
product (product OD - substrate OD)/substrate OD)

Proteagse Assay- HCV protease assays ware performed at 30°C using a 200
reaction mix in a 86-well microtiter plate Assay buffer conditions (25 mM MOPS
pH 8 5, 300 mM NaCi, 10% glycerol, 0 05% lauryl maltoside, 5 sM EDTA and §
4M DTT) were optimzed for the NS3/NS4A heterodimer (D L Sal ef al, bid))

Typically, 150 z#l mptures of buffer, substrate and inhibltor were placed in wells
(final concentration of DMSO « 4 % v/v) and allowed to preincubate at 30 “C for
approximately 3 minutes Fifty s of prewarmed proteasa (12 nM, 30°C) in assay
butter, was then used to inihate the reacton (final volume 200 ;1) The plates were
monitored over the length of the assay (60 minutes) for change m 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 microtter plate reader equipped with a
monochrometer (acceptable results can be obtaned with plate readers that utliize
cutoff filters) Proteclytic cleavage of the esler linkage batween the Nva and the
chromophore was monitorad at the appropriate wavelength against a no enzyme
blank as a control for non-enzymatic hydrolysis The evaluaton of substrate
kinetic parameters was performed over a 30-fold substrate concentraton range
(~6-200 uM) Inibal velocibes were determined using linear regression and lonetc
constants were obtained by fitting the data to the Michaelis-Menten equation
using non-linear regreasion analysis (Mac Curve Fit 11, K Raner) Tumaver
numbars (k) were calculated assuming the enzyme was fully active

Evaluation of Iniibitors and Inactivators, The nhibition constants (K) for the
competitve inhibtors Ac-D-(D-Gla)-L-I-{Cha)-C-OH (27), Ac-DTEDVVA(Nva)-OH
and Ac-DTEDVVP(Nva)-OH were determmned expenmentally at fixed
concentrations of enzyme and substrate by plotting v,/v; v8 inhibitor concentrabon
(1) ;) according to the rearranged Michaslis-Menten equation for competiive
inhibiion kinetics vo/v; = 1 + (Il o /{IG (1 + [S] o Kn)), Where v, is the uninhiblted
inihial velocty, v; is the Initlal velocity in the presence of inhibitor at any given
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inhtbitor concentration {[lL) and [S], 18 the substrate concentraton used The
resulting data were fitted using finear regreasion and the resulting siope,
1/{K{1+{S] o/Kr). was used fo calculate the K, value

The obtained K; values for the various macrocycles of the presant invention
are given in the afore-mentioned Table 1 wheremn the compounds have been
amranged in the order of ranges of K; values From these test results, it would be
apparent to the skilled artisan that the compounds of the mvention have excelient

utiity as NS3-serine proteasae inhibitors
m Celi Blosssay Method The cell bioassays for the HCV senne protease was
] performed on the inventive compounds by following the procedure describad by
S S Agrawal et al, "Development and Characterization of Hepatttis C Virus Serine
I?g Protease Cell-based Trans-Cleavage Assay”, Hapatology Supplement to Volume
£ 30 (No 4, Part 2, October 1999), Abstract No 815 (Proceedings of AASLD 50
. Annual Mesting, Dallas, Texas, November 5-9, 1998), the disclosure of which 18
Eg incorporated heretn by refarence The assay was performed in HeLa/Huh?7 cells
b that were co-transfected with a plasmid that expresses a reporter protein
4 substrate containing the NSSA/5B Cleavage recognition sequence and an
Q 1BNS4A g1.32 GS-GSNS 341 117K expression vector and YFPn1 as a Intemal

standard protein to control cytotoxicty Protease actwity was measured by SDS-
PAGE of total cell lysates followed by Westem blot detection using & monocional
antibody directed aganst the reporter substrate Quanttaton of substrate
cleavage was performed by scanning the Immunoblot on the phosphoimager

als
Plasmid DNAs
pBFP-5A/5B-GFP Tha reporter gene that expresses the subatrate encodes a
fusion protein compnsed of an N' terminal biue fluorescent protein (BFF) domain
and a C' termunal green fluorescent protein (GFP) domain, separated by a 25
amino acids derived from the NS5A/5B cleavage recognition sequence Both GFP

and BFP are essentially homologous autofluorascant proteins that emit green or
blue ight, respectively, when excited by UV light of the appropnate wavelength
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Four amino acid substitutions in the chromophore of GFP atter the emisslon
wavelength and convert the protein to BFP

The subestrate and the resulting GFP and BFP products can be detected in
csll lysates by immunologic methods using a monocional antibody that recognzes
both protens.

The BFP-SA/SB-GFP reporter gene contames the BFP and GFP
autofluorescent protsin coding aequencas (Quantum Biotechnologies, Inc ,
Montreal, Canada) separated by the NS5A/GB cleavage recognition sequence,
cloned betwean the Nhe | and Bam Hl restriction endonuciease sites of the
pQBI25 cloning vector (Quantum Biotechnologies, inc ) Expression of the fusion
protein Is under the control of the CMV IE promoter-enhancer The bovine growth
hormone p (A) sequence of the vector provides the polyadenylation signal for the
mRNA The NS5A/5B cleavage sequence 18
SSGADTEDVVCCSMSYTWTGALVTP DNA sequencing was used to validate the
clone
P1B002. 1bNS4A21-32GS-GS NS 3-81 I17K. The subtype 1b protease was
cloned as an Xba1/Not1 fragment behind the CMV promoter in vector pC1neo
YFPni YFPn1 was purchased from CLONTECH (Palo Alio, Callfornia) Addrion
of third plasmid to the transfection supplies an internal standard protemn to control
for cytotoxicity and does not affect percentage of protease cleavage

Plasmid DNAs were maintained and propagated in DH5« celis (obtamned
from LifeTechnolagies) in 1B medium under the appropriate antiblotic selaction,
and purified using QlAfilter Plasmid Kits (Qiagen, Valencia, Callfomia)

Cell Culture

Hela cells were maintained and propagated in Eagle’s Minimum Essential Media
(EMEM, BloWhittaker, Walkersville, Maryland) supplemented with 10% fetal calf
serum (FCS), 2 mM glutamine, and 100 u/ml penicillin-streptomycin
(BloWhtitaker), 2% NaHCO;.

Huh? cells were maintamed and propagated in Dulbecco’s Modified Eagle's
medium (DMEM, BioWhittaker) supplemented with 10% fetal calf serum {(FCS),
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100wml penucillin-streptomycm (BioWhsitaker) and 5 ml NEAA (100x,
BloWhittaker)/L

SOP Procedure

Day preceding transfection

Hela cells were sesded in 24 well plates (Falcon 3047 plates) at a density of 8 x
10* cells/well and grown overnight at 37°C n a 5% CO, incubator

Day of transfection

Plasmid DNAs were dliuted to a final concentration of 0 05 4g/ut In nuclease free
water (Promega, Madison, Wisconsin, cat # P119C) 0 75 zg BFP-5A/5B-GFP
was combined and mowmed with 0 175 g P1B002 (0 23X) and 0 02.g of YFPn1
The DNAs were brought to a finat volume of 80 x with EMEM lacking FBS,
giutamine, and anhinotics A ratio of 5 2 volumes of SuperFect Reagent (Qiagen,
cat # 301305) per total ugs of DNA was added and the mmture vortexed about 10
seconds and incubated 10 mun at room temperature to allow complex formation
While complax formation was taking place, growth medium from csll culture piates
was aspirated and cells washed 1X with 1 ml PBS without Ca™, Mg**
(BioWhitaker) 350 ;1 EMEM (supplemented with appropriate suplements-
compleat medium) was added to the tube contauning the transfection complexes
and the mixture pipettad up and down 2-3 imes Total volume was transferred to
one well of the 24 well culture plate The HelLa cells were Incubated with the
transfaection complexes for about 3 hr at 37°C and 5% CO2 The media
containing the transfechon complexes was removed from the cells by aspiration
The cells were washed once in about 1 mi PBS, the PBS was aspirated and 495
# of complete EMEM was added followed by 5 ;1 compound/well The cells were
incubated 22-24 hr at 37°C and 5% CO2

Preparation of Cell Lysates

The medium from each well was aspirated and washed once 1x with DPBS Calls
were harvested in 100 1 of 1x Tris-SDS-BME sample buffer (OWL separation
system, Portsmouth, New Hampshire, cat # ER33) and transferred lo
microcentrifuge tubes it was then bailed 3-5 min to lyse cells Loading was done
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at 10 ps/well on SDS-PAGE gel The lysates were resolved by electrophoresis on
10 cm x 10 cm 12 5% SDS-PAGE (Owl Scientific, cat # 0G-01258) run at 30
mamp In Tns-Glycine-SDS buffer (Owl Scientific) Prior to use, PYDF membrane
(iImmobilon-P, 45um pore sze, Mithpore, Bedford, Massachusetis) was soaked in
100% methanol for 10 seconds and then the blot was placed in distilled water
The proteins were transferred to PVDF filter membranes (0 45um, Millipore} at
108 mamp per gel for 90 minutes using a semi-dry electroblotier
Detection of Proteins by ECF Western Blot (Amersham Pharmacia Biotech,
Little Chalfont, England), catalog #RPN 5780) The PVDF filter membranes were
blocked by 5% blocking reagent (from kit) in ~10 mi PBS containing 0 05% Tween
20, pH 7 4 (Sigma Chemicals, St Lows, Missouri, cat # 3563) for ovemight at 2-
4 Cn refrigerator The next day, the membranes were rinsed briefly twice with
TPBS containing 0 05% Tween 20 washing buffer, then washed three times each
time 5 min in PBS contalning ¢ 05% Tween 20, pH 7 4 The membranes were
mncubated in 12 mis of a 1 3000 dilubon of ant-GFP monocional antibody for 30
minutes (Clontech, Palo Alto, California) in PBS contalning 0 05% Tween 20,
pH7 4 while at the same time 1% BSA (Albumin, bavine cat # A-2153 from Sigma)
was added to reduce background The membranes were washed briefly twice
with TPBS, then thrice, for 5 min each time, in TPBS washing bufter The
membranes were incubated In 12 mis of a 1 600 dilution antl fluorescein-knked
anti mouse Ig in TPBS for 30 minutes The membranes were washed briefty with
TPBS twice, then for 5 min m TPBS washing bufler thrice For signal
amphficaton with ECF substrate membranes were incubated in 10 mi of 1.2500
anti flucrescein alkaline phosphatase conjugate for 30 minutes The membranes
waere rinsed briefly with TPBS twice, then 5 min in TPBS washing buffer thrice
The ECF substrate solution was prepared as per manufacturer's instructons
(ahquot and freeze), membranes were incubated for 2-3 minutes, axcess reagent
was drained off, then were blotted with filter papers, alr-dried for 9-10 munutes and
then scanned
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Scanning the membrane, The blot was placed on the glass of phosphownager
Storm 860 The blue chemilumimescent was set up, 200 pixcels size, 700 PMT
voltage The file was opened in imageQuant and quantitated by creating squaresa
around the bands representing the substrate (S), the product {P) and the intemal
control (IC) The % cleavage of the substrate was measured as P/(S+P)x100
Tha inhibition In cleavage due to drug was measured compared duplicate to drug
controls ncluded on each biot A report was created in Excel The results for
some of the compounds are given below
Compound of Example 38 EC, = 9pm

Compound of Example 35 EC,, = 20um
From these test results, it wouki be apparent to the sidlled artisan that the
compounds of the invention have excellent utihity as NS3-gerine protease
inhibitors
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Claims
What 18 claimed 1s.

1 A macrocyclic compound, ncluding enantiomers, sterecisomers, rotomars
and tautomers of said compound, and pharmaceutically acceptable salts or
solvates of said compound having the general structure shown in Formula |

O
m/)v \ "

R?
Formula |

wherein

£, X and Y may be independantly present or ahsent, and if present are
independently selected from the moistes alkyl, aryl, alkyl-aryl, heteroalkyl,
heteroaryl, aryl-heteroaryl, alkyl-hsteroaryl, cycioalkyl, alkyl ether, alkyl-aryl ether,
aryl ether, alkyl amuno, aryl amino, alkyl-aryl amino, alkyl sufficle, alkyl-aryl suifide,
aryl sulfide, alkyl sulfons, alkyl-aryl sulfone, aryl sulfone, alkyl-alkyl sulfoxide,
alkyl-aryl sutfoxide, alkyl amide, alkyl-aryl amide, aryl amude, alkyl suifonamide,
alkyl-aryl sulfonamude, aryl sulfonamide, alkyl urea, alkyl-aryl urea, aryl urea, alkyl
carbamate, alkyl-aryl carbamate, aryl carbamate, alkyl -hydrazide, alkyl-aryl
hydrande, alkyl hydroxamide, alkyl-aryl hydroxamide, alkyl sulfonyl, aryl sulfonyl,
heteroalkyl sulfonyl, heteroaryl sulfonyl, alkyl carbonyt, aryt carbonyl, heteroalkyl
carbonyl, heteroaryl carbonyl, alkoxycarbonyl, aryloxycarbonyl,
heteroaryloxycarbonyl, alkylaminocarbonyl, arylaminocarbonyt,
heterocarylaminocarbonyl or a combination thereof, with the prowiso that E, X and
Y may optionally be addtionally substituted with molshes selected from the group
consisting of aromatic, alkyl, alkyl-aryl, heteroalkyl, aryl-heteroaryl, alkyl-
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heteroaryl, cycloalkyl, alkyl ether, alkyl-aryl ether, alkyl sulfide, alkyl-aryl sulfide,
alkyl sulfone, alkyl-aryl sulfone, alkyt amide, alkyl-aryl amide, alkyl sulfonamide, ,
alkyl amines, alkyl-aryl amines, alkyl-aryl sutfonamide, alkyl urea, alkyl-aryl urea,
atkyl carbamate, alkyl-aryl carbamate, halogen, hydroxyl amino, alkyl carbazate,
aryl carbazate,

R’ = COR’ or B{OR),, wherein R’ = H, OH, OR", NR'"R", CF,CF,CF,,
CF,R’, R", COR’ wherain R’ = H, OH, OR", CHR’R", or NR'"R" , wherein R’, R",
R’ and R™ are Indepandently selectsd from the group consisting of H, alkyl, aryl,
heteroalkyi, heteroaryl, cycloalkyl, cycioalkyl, arylalkyl, hetercarylalkyl,
CH(R"COOR", CH(R"YCONR"R",

CH(R" )CONHCH(R" }COO R", CH(R"YCONHCH(R")CONR"R",
CH(R"YCONHCH(R" )R", CH(RNCONHCH(RYCONHCH(R")COO R",
CH(R"YCONHCH(RTYCONHCH(R" )CONR"R",
CH(R"YCONHCH(R")CONHCH(R"YCONHCH(R"YCOO R",
CH(R"YCONHCH(R)YCONHCH(RT)CONHCH(R"YCONR"R", CH(R"YCONHCH(R"
YCONHCH(R")CONHCH(R)CONHCH(R®)COO R", CH(R' YCONHCH(R"
YCONHCH(R")CONHCH(R*YCONHCH(R") CONR"R", wherein R', R", R", R', K,
R", R%, R", and R’ are independently selectsd from & group consishing of H, alkyl,
aryl, heteroalkyl, heteroaryl, cycioalkyl, alkyl-aryl, alkyl-heteroaryl, aryl-alkyl and
heteroaralkyl,

Z is selected from O, N, or CH,

W may be prasent or absent, and if W 1s present, W s selected from C=0,
C=S, SO, or C=NR,

Qs (NR),, O, S, CH,, CHR, CRR' or a doubie bond towards V,

Als O, CH,, (CHR),, (CHR-CHR), (CRR), NR, S, SO, ,C=0 ora bond,

G 18 (CH,),, (CHR),, (CRR"),, NR, O, S, SO,, S(O),NH, C=0, or a double

bond towards E or V,

VisCH,CRorN,
p Is a number from 0 to 6, and

R, R, R', R’ and R are Independently selectad from the group consisting

of H, C1-C10 alkyl, C2-C10 alkenyl, C3-C8 cycloalkyl, C3-C8 heterocycioalkyl,
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aryl, alkoxy, aryloxy, alkyithio, arylthio, amino, amido, ester, carboxylic acld,
carbamate, urea, ketone, aldehyde, cyano, nitro, heteroaryl, alkyt-aryl, alkyl-
heteroaryl, (cycloalkyl)alkyl and (heterocycloalkylalkyl, wherein said cycioalkyl s
made of three to eight carbon atoms, and zero to six axygen, nitrogen, sulfur, or
phosphorus atoms, and said alkyl 1s of one to six carbon atoms,

with said alkyl, heteroalkyl, alkenyl, heleroalkenyl, aryl, heteroaryl, cycloalkyl and
heterocycioalkyl moieties may be ophonally substituted, with saxd term
“substrituted” referring to optional and suitable substitution with one or more
moeties selected from the group consisting of alkyl, alkenyl, alkynyl, aryl, aralkyl,
cycioaikyl, heterocychc, halogen, hydroxy, thio, alkoxy, aryioxy, aikyithio, aryithio,
amino, amido, ester, carboxylic acid, carbamale, urea, ketonse, aldehyde, cyano,
nitro, sulfonarmde, sulfoxide, sulfone, sulfonyl urea, hydrazide, hydroxamate and
thiourea.

2 The compound of clalm 1, wherein R' = COR", and R® 18 H, OH, COOR’, or
CONR'R"

3 The compound of clalm 2, wherein R' = COCONR'R”, andisR'lsH, R" Is
H, CH(R"YCOOR", CH(R"} CONR"R", CH(R"YCONHCH(R")COOR",
CH(R"YCONHCH(R") CONR™R"™, or CH(R")CONHCH(R")(R")

4  The compound of clam 3, whereln R" = CH(R"YCONHCH(R"COOR",
CH(R")CONHCH(R™) CONR"R", or CH(R' YCONHCH(R*)(R"), whereln R' s H or
alkyl, and R" s salactad from the group consisting of phenyl, substituted phenyl,
hetero atom-substituted phenyt, thiophenyl, cyclohexyl, cyclopentyl, cyclopropyl,
pperidyl and pyrioyi

5§  The compound of claim 4, wherein R"1s H

6 The compound of claim 5, wherain R* = phenyl, thiophenyl, cyclohexyl,
cyclopentyl, pyridyl, or phenyl(4-HNSO,NH,), R" 8 H, tert-butyl, or CH,phenyl,
R" and R* are independent combinations of H, methyl, and R’ 18 hydroxymethyl
7 The compound of claim 1, wherein R* 1s selected from the group conaiating
of the following moietes
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The compound of claim 7 wherein R' = COR’, and R’ is H, OH, COOR", or
CONR'R"

The compound of claim 8 wheren V Is CH

The compound of claim 9 wheren Qls NR or O

The compound of claim 10 wherein G 18 CH,

The compound of claim 11 wherein A Is O, NR, CH=CH or CH,.

The compound of clam 12 wherein E 1s alkyl, aryl, hereroalkyl, heteroaryl,
alkyl, aryl, or cycloalkyl

The compound of clalm 13 wherein E 1s selected from the group consistng
of the moieties
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15  The compound of ciaim 14 wherein R’ is selected from the group
consisting of the moietias

X RS oo
13553
2.0 Q O.Q

wherem R* = OH or O-alkyl
16  The compound of claim 15 whereinZ =N and R'=H

17  The compound of claim 16 wherein W s C=0

18  The compound of claim 17 wherein the moety X-Y Is selected from the
group consiatng of C1-C10 alkyl, alkyl, cycloalkyl, heteroalkyl, arylalkyl, aryl,
hereroaryl and alkytaryl

19 The compound of clam 18, wherein
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wherein R® is connected directly to A and R’ 1s connected directly to W, and the
moisty U*, U*, U*, U, U® and U* form erther a spx membered carbon nng, or a five
or six membered ring with one or more heleroatoms,

R" = H, alkyl, alkoxy, hydroxy alkyithio, haiogen, nitro, cyano, carboxylic acid,
ester, amide, amno, nitnle, or CF,,

R" 18 a bond, C,-C, alkyl, C,-C, alkenyl, C,-C, alkynyl, O, S, SO,, NH, O{alky)),
S(alkyl), SO,(alkyl) or N(alkyl), and

R’ 1s a bond, C1-C8 alkyl, C2-C6 alkenyl, C2-C8 alkynyl, O, S, NH, O(alkyl),
S{alkyl), or N{alkyl)

20 The compound of claim 18 wherein the molaty X-Y s selected from the
group consiating of the following structures
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21 A phamaceutical composthon compnsing as an actve ingredient a
compound of claim 1

22 The pharmaceutical composition of claim 21 for use in treating disorders
associated with Hepatitis C virus

23 The phammaceulical composition of claim 21 addlitionally compnsing a
pharmaceutically acceptable carrier

24 A method of treating disordars associated with the HCV proteasa, said
method compnsing administering to a patient in need of such treatment a
phamaceutical composition which composttion comprises therapeuticaily
effactive amounts of a compound of claim 1
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25  The use of a compound of claim 1 for the manufacture of a medicament to
treat disorders associated with the HCV protease

26 A method of prepanng a pharmaceutical compoesition for treating disordérs
associated with the HCV protease, sald method compnsing bnnging nto intimate
contact a compound of claim 1 and a pharmaceubcally acceptable camer

27 A compound exhibting HCV protease inhibitory activity, including
enantiomers, sterecisomers, rolamers and tautomers of sald compound, and
phammaceutically accaptable salts or solvates of sald compound, saxd compound
beng selected from the group of compounds with structures listed below-

208
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28 A phammaceutcal composition for treating disorders associated with the
HCV protease, said compositon compnsing therapeutcally effective amount of
one or more compounds in claim 27 and a pharmaceutically acceptable camer
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Abstract of the Invention
The prasant invention discioses novel macrocyclic compounds which have

HCV protease inhibitory activity as well as methods for prepanng such
compounds In another embodiment, the invention discleses pharmaceutical
compostttons compnsing such macrocycles as well as methods of using them to
treat disorders associated with the HCV protease




- 9539
S76

Attorney Docket No _IN01155P

DECLARATION AND POWER OF
ATTORNEY FOR PROVISIONAL PATENT APPLICATION

As a below-named Inventor, | hereby declare that
My residence, post office address and citizenship are as stated below next to my name,

| behieve | am the onginal, first sole inventor (if onty one name s listed below) or an
original, first and Joint inventor (if plural names are listed below) of the subject matter
which is clamed and for which a patent 1s sought on the inventon enttied

ROCY IN R
COMPRISING ALKYL AND ARYL ALANINE P2 MOIETIES

the specification of which is attached hereto

I hereby state that | have reviewed and understand the contents of the above-dentfied
specification, including the daims

| acknowledge the duty to disclose Information which is material to the examunation of this
application in accordance with 37 CF R §1 58(a)

Power of Attomey- As a named inventor, | hereby appoint the following attomey(s) and/or
ageni(s) to prosecute this application and transact all business in the Patent and
Trademark Office connected therewith (List name and registration number )

Margarst M. Albansss Reg No 45525 Susan Lee Reg No 300853
Edwin P Ching Reg No 34000 Anla W Maget Reg No 20825
Erdc S Dicker Rag No 316609 Arthur Mann Reg No 35508
Cynthia L Foulke Reg No 32364 Cluistine F Martin Rag No. 39762
Robert A. Franka Reg No 28806 Edward H Mazer Reg No. 27573
Kenneth M Gokiman Reg No. 34174 Jayn P Mclaughiin Reg No. 41211
Jamsa M Gould Reg No. 33702 Richard P Murphy Reg No 35200
Richard J Grochala Reg No. 31518 James R. Nelson Reg No. 27920
Horwy S. Hadad Rag No. 35888 Oavid B. Schmm Reg No 43008
Thomas D Hoffman Rep No 28221 immecJ Thampos Reg No 38322
Henry C. Jeaneolin Reg No. 30858 Paul A. Thompson Reg No. 353856
Palalyur S Kalyanareman Reg No 34834 Joanns P Wil Rag No 317
Gerald P Keleher Reg No 43707 Donald W Wyntt Rag No. 40879
Gabrlel P Krallk Reg No 34855 Sandy Zaradlc Reg No 45007
Send Carraspondence to Diruci Telephone Calls to

Senron Procg Curooration - [Name  PALAIYURS KALYANARAMAN

Patent D m K-:r:u:nm Talephane No (908) 268-5068

. -
Kenliworth New Jarsey 07033-0530




0583

51

Attomey Docket No ___IN01155P Page 2
guRLL NAME OF 15T | FAMILY NAME FIRST GIVEN NAME "SECOND GIVEN NAME
SOLE
INVENTOR VENKATRAMAN SRIKANTH
RESIDENCE&  |[cnTY STATE OR FOREIGN 'COUNTRY OF CTZENSHIP |
CITIZENSHIP COUNTRY
FORDS USA INDIA
rrosr“' OFFICE | POST OFFICE ADDRESS cny STATE & ZIP
ADDRESS CODE/COUNTRY
6 TULIP DRIVE #3H FORDS NEW JERSEY 08863
[FULL NAME OF 2ND [ FAMILY NAME FIRST GIVEN NAME SECOND GIVEN NAME
INVENTOR
CHEN KEVIN X
RESIDENCE & Y STATE OR FOREIGN "COUNTRY OF CTZENSHIP |
CITIZENSHIP COUNTRY
PISCATAWAY USA USA
IPOST OFFICE | POST OFFICE ADDRESS _ [CITY STATE R ZIP
ADDRESS
35 ROYAL DRIVE #1688 PISCATAWAY
NEW JERSEY 08854
FULL NAME OF 3RD | FAMILY NAME FIRST GIVEN NAME SECOND GIVEN NAME
INVENTOR
ARASAPPAN ASHOK
RESIDENCE & ChY STATE OR FOREIGN COUNTRY OF CITRENSHIP
CITIZENSHIP COUNTRY
BRIDGEWATER USA INDIA
'POST OFFICE | POST OFFICE ADDRESS CITY STATE & ZIP
ADDRESS CODE/COUNTRY
18 LARSEN COURT BRIDGEWATER NEW JERSEY 08807
FAMILY NAME FIRST GIVEN NAME SECOND GIVEN NAME
NJOROGE F GEORGE
ey STATE OR FOREIGN COUNTRY OF CITIZENSHIP |
CITIZENSHIP COUNTRY
UNION USA KENYA
'POST OFFICE | POST OFFICE ADDRESS oY STATE & 2P
ADDRESS CODE/COUNTRY
2587 JUUAT PLACE UNION NEW JERSEY 07083
[FULL NAME OF 2ND | FAMILY NAME FIRST GIVEN NAME SECOND GIVEN NAME
INVENTOR
GIRLIAVALLABHAN VIYYOOR MOOPIL
'RESIDENCE & cITY STATE OR FOREIGN _ooum__—ﬁor CITZENSHIP
CITIZENSHIP COUNTRY
PARSIPPANY USA USA
'POST OFFICE | POST OFFICE ADDRESS CITY STAIE & 2P
ADDRESS CODE/COUNTRY
10 MAPLEWOOD DRIVE PARSIPPANY

NEW JERSEY 07054




W
1]
rl
£l

R

b
g

)

Attomey Docket No __IN01155P

s 51%

Page 3

FULL NAME OF 3RD | FAMILY NAME FIRST GVEN NAME SECOND GIVEN NAME |
INVENTOR

CHAN TIN-YAU
RESIDENCE & CIvY STATE OR FOREIGN COUNTRY OF CITIZENSHIP
CITZENSHIP COUNTRY

EDISON USA HONG KONG
POST OFFICE | POST OFFICE ADDRESS chyY STATE & 2P
ADDRESS CODE/COUNTRY

26 BARLOW ROAD EDISON NEW JERSEY 08817
gnumm OF 18T | FAMILY NAME FIRST GIVEN NAME SECOND GIVEN NAME
NVENTOR MC KITTRICK BRIAN ALEXANOER
RESIDENCE & cmY STATE OR FOREIGN COUNTRY OF CITIZENSHIP |
CITIZENSHIP COUNTRY

BLOOMFIELD USA USA
POST OFFICE POST OFFICE ADDRESS cnY STAIE & ZiP
ADDRESS BLOOMFIELD CODE/COUNTRY

87 LAUREL AVENUE NEW JERSEY 07003
FULL NAME OF ZND| FAMILY NAME FIRST GIVEN NAME SEGOND GIVEN NANE
INVENTOR

PRONGAY ANDREW JOSEPH
RESIDENCE & cny STATE OR FOREIGN "COUNTRY OF CITZENSHIP |
CITZENSHIP COUNTRY

STEWARTSVILLE USA USA
e ettt ——e s ——eeet s ———eeeeeeet i e
POST OFFICE POST OFFICE ADDRESS oy STATE & ZIP
ADDRESS STEWARTSVILLE CODE/COUNTRY

104 WILLOW GROVE ROAD

NEW JERSEY 08888

FULL NAME OF 3RD| FAMILY NANE FIRST GIVEN NAME SECOND GIVEN NANE
INVENTOR

MADISON VINCENT STEWARY
RESIDENCE & ary STATE OR FOREIGN 'COUNTRY OF CITIZENSHIP |
CITIZENSHIP COUNTRY

MOUNTAIN LAKES UsA USA
POBT OFFICE POGT OFFICE ADDRESS cY STATE & 2P
ADORESS CODE/COUNTRY

12 RONARM DRIVE MOUNTAIN LAKES NEW JERSEY 07048




Attomey Docket No __INO1155P

Rgde

| further declare that all statements made herein of my own knowledge are true and
that all statements made on information and belief are belisved to be true, and further
that these statements were made with the knowledge that willful false statements and
the like s0 made are punishable by fine or Imprisonment, or both, under Section 1001
of Tiie 18 of the United States Code, and that such willful felse statements may
jeopandize the validity of the application or any patent issulng thereon

Signature of Firsl Inventor Signeture of Second inventor Signature of Third Inventor
[ SRIKANTH VENKATRAMAN [KEVIN X CHEN ASHOK ARASAPPAN
Deate Dete Dute
Signature of Fourth Inventor Signature of Fifth nventor Signature of Sixth Inventar
F GEORGE NJOROGE VIYYOOR MOOPIL ASHIT K GANGULY
GIRLIAVALLABHAN
Date Date Dats
Signatura of Savanthimventor Signahure of Eighth Inventor Signsture of Ninth Invenior
TIN YAU CHAN BRIAN ALEXANDER NANHUA HUGH YAO
MC KITTRICK
Data Date Date
Signature of Tenth inventor Signature of Eleventh inventor
| ANDREW JOSEPH PRONGAY VINCENT STEWART MADISON
Date Date




! 4 ﬂ,
T 10
Industria y Comercio

SUPERINTENDENCIA
REQUISITOS NECESARIOS PARA PRESENTACION Y AGILIZACION DEL TRAMITE

USUARID  RADICADOR
PATENTE DE INVENCION [ | uon?/oa UTILIDAD (] 11

Mdoqmﬂi".ﬂéhhla ncesion de una patants /
Datos de Identificacidn del ¢ o de Ja persona que presanta 12 sclicrtud
Descripcian de la Invencidn

Dibujos de sar estos partinentes /
Comprobants de Pago de las tasas estahlecidas

e o 0 0 @
p— gumy gy —
S S St S Sl

——
*q-.-'-'-"'._“

— po———

COMPLETA[ Y ‘, INCOMPLETA

"
[~

[}
"DISERO INDUSTRIAL | |

» Indicacion de que sa solicita o registro de Disefio Indusirial.
o Daios de Identficacidn del solicitants o de la persona que presenta la solicitud

e Represantacitn grafica y fulc grifica del Disefio Ingustial o muestra del
materia que incorpord el «Jisafio

« Comprobants de pago de 3¢ 1asas establecidas
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INCOMPLETA (1 (]

ESQUEMA DE TRAZADO | ]

Indicacitn de que sa soflc.ta el registro de un Esquema de trazado
Datos de identificacion dei solicitants o de la persona que presenta fa soliciud
Representacion gréfica d>l asquema de frazado

Comprobante de pago de ta, tasas astablecidas
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