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CARLOS R. OLARTE, mayor de edad y vecino de Bogota, identificado tal como aparece al pie
de mi firma, en mi caricter de apoderado de la sociedad solicitante, me permito manifestar lo
siguiente ante el auto emanado por ese Despacho, dentro del plazo legal previsto en el articulo 45

de la Decisién 486, en los siguientes términos:

I En primer lugar, y con el 4nimo de brindar mayor claridad a la materia reivindicada, me

permito presentar un Capitulo Reivindicatorio Modificado, que reemplaza en su totalidad al

Capitulo Reivindicatorio Modificado voluntariamente, de fecha 16 de abril de 2010.

Asi entonces, ¢l Capitulo Reivindicatorio Modificado contiene los signientes cambios:
— se eliminan las Reivindicaciones 1 a 50;

- Las nuevas Reivindicaciones 1 a 6 se limitan exclusivamente al compuesto del

Ejemplo XXIV (Capitulo Descriptivo, pagina 261), vy sus enantiémeros,
esteroisomeros, rotdmeros, tautdmeros, o racematos, o una sal o solvato
farmacéuticamente aceptable de dicho enantiémero, esteroisomero, rotamero,

tautomero o racemato.
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Valga anotar que las modificaciones efectuadas al Capitulo Reivindicatorio cumplen a cabalidad
con lo estipulado en el Articulo 34 de la Decision 486, ya que éstas de ninguna manera implican

una ampliacién de la proteccidn correspondiente a la divulgacion contenida en la solicitud inicial,

2. a- El Examinador establece que la Reivindicacién 1 no es clara ni concisa, ya que los
sustituyentes comprenden muchos significados y posibilidades, reclamando asi, un ntmero

extremadamente grande de compuestos.

Adicionalmente, el Examinador establece que las Reivindicaciones 1, 2, 4 y 10 contienen
términos y expresiones como “solvato”, “opcional”, “alquilo”, “alquenilo”, “alquinilo, “arilo”,
“cicloalquilo, “heterociclilo”, “hidroxi”, “alcoxi”, “ariloxi”, “amino”, “carboxi”, y sus

combinaciones, que no se encuentran definidas y no delimitan la materia a proteger.

b- i) En primera medida, llamo respetuosamente la atencién del Examinador
sobre las modificaciones realizadas en el Capitulo Reivindicatorio adjunto, en donde la
Reivindicacién | se ha limitado al compuesto del Ejemplo XXIV. EI compuesto de la nueva
Reivindicacién 2 corresponde a un isémero especifico del compuesto de la Reivindicacién 1
(Ejemplo XXIV), que ya se encontraba reivindicado en la Reivindicacién 39 de la solicitud tal y
como se radico. Las nuevas Reivindicaciones 3 y 4 protegen dos formas racémicas del compuesto
de la Reivindicacién 1. Teniendo en cuenta lo anterior, considero superada la objecién de

claridad elevada por el Examinador.

Adicionalmente, me permito presentar adjunto a este memorial copia del articulo “Challenges in
Modern Drug Discovery: A Case Study of Boceprevir, an HCV Protease Inhibitor for the
Treatment of Hepatitis C Virus Infection”, como informacién suplementaria que ilustra el nivel

inventivo del compuesto de reclamado en la presente solicitud.

1i) En relacion con el término “solvato” objetado por el Examinador, deseo
subrayar que un inventor estd en su derecho de reclamar proteccion para la totalidad de un
concepto inventivo desarrollado, siempre y cuando éste guarde unidad de invencién a lo largo de
la solicitud. Asi las cosas, considero errénea dicha objecion, pues el término “solvato” indica
claramente y de manera directa, que las moléculas de la invencidn, por ejemplo, en estado sélido,
pueden conservar restos de solventes, sean estos acuosos o no. Esto es, dentro del concepto
inventivo desarrollado se contemplan modalidades en las que las moléculas de interés pueden o

no incluir moléculas de solvente en su estado s6lido. De nuevo, una persona versada en la
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materia puede entender perfectamente el alcance y los limites de la proteccién solicitada,

entendiendo qué modalidades presentan solvente intersticial en el estado sélido y cudles no.

Por lo demds, vale la pena anotar que el uso de estos términos y otros analogos que indican la
posibilidad de obtener la invencién en diversas modalidades, es una préactica aceptada a nivel
mundial en el &mbito de las patentes, ya que como el Examinador debe saberlo, una patente de

invencion no se limita a una unica modalidad, sino que cubre un concepto inventivo global que

abarca diferentes modalidades (diversas materializaciones de la invencién) ligadas por un efecto
técnico comin que finalmente delimita el alcance de la invencién. De hecho, la misma SIC ha
concedido repetidamente el privilegio de patente para solicitudes que incluyen el término
“solvato” (por ejemplo las patentes: C005-023.068, C0O04-076.757, C003-032.395, CO06-
070.683, CO04-022.055, CO04-022.055B, COO04-115.486, C002-101.292, CO005-040.051,
CO03064.030A, CO04-012.905, CO04-079.404, CO05-020.516). Asi las cosas, insisto
respetuosamente que el término “solvato” es perfectamente entendible por cualquier persona
medianamente versada en la materia, de tal manera que a la luz del Capitulo Descriptivo es
perfectamente claro el alcance y los limites de la proteccion solicitada, entendiendo qué
moléculas estan cobijadas por las reivindicaciones y cudles no. Adicionalmente, es importante
sefialar que la tnica reivindicacién que contempla este tipo de compuestos, es la nueva

Reivindicacion 5.

3. a- El Examinador establece que las Reivindicaciones 28, 29, 32, 33, 45, 46, 49 y 50
reclaman combinaciones de compuestos de Formula (T) con otros agentes terapéuticos, que no se

encuentran soportadas en el Capitulo Descriptivo.

b- Considero superada la anterior objecidn, en tanto que, las Reivindicaciones 28, 29,

32, 33, 45, 46, 49 y 50 han sido eliminadas del Capitulo Reivindicatorio Modificado.

4. Finalmente, pongo bajo su conocimiento que para el concepto inventivo comprendido en
la presente solicitud, ha sido otorgado hasta el momento el privilegio de patente por parte de

Oficinas de Patentes en Europa (EP1.85870) y Estados Unidos (US7012066).

Si bien es cierto que las concesiones de patentes en oficinas de otros paises no son vinculantes en
el sentido que obliguen a la SIC a tomar una decisién en el mismo sentido, considero que dichas
concesiones sugieren el cumplimiento de los requisitos de patentabilidad de la materia
reivindicada, ya que los criterios de evaluacion y estudio aplicados para concluir la aceptacion de

dichas patentes resultan equivalentes a los que la SIC debe emplear.
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S. Por todo lo anterior, considero que las objeciones presentadas por el Examinador en su
examen de fondo 2393 han sido resueltas y por consiguiente solicito respetuosamente se tengan

por cumplidos los requisitos de patentabilidad, y se proceda con la concesién de la patente.

Atentamente,

CARLOS R. OLARTE
C.C. No. 79.782.747 de Bogota
T.P. 74.295

Anexos:
— Capitulo Reivindicatorio Modificado.
— Copia del Articulo: Njoroge, et al, “Challenges in Modern Drug Discovery: A
Case Study of Boceprevir, an HCV Protease Inhibitor for the Treatment of
Hepatitis C Virus Infection”. Accounts of Chemical Research, Vol. 41, No. 1,

Pages 50-59, January 2008.
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CAPITULO REIVINDICATORIO MODIFICADO

(Primer Examen de Fondo)

1. Un compuesto que tiene la estructura:

zx
=
3

H
N N
XT 0
[s}

2. El compuesto de la Reivindicacion 1, en donde dicho compuesto tiene la estructura:

NH,

3. El compuesto de la Reivindicacién 1, en donde dicho compuesto es:

HM\%
>f N\Aoo Z>o

4, El compuesto de la Reivindicacién 1, en donde dicho compuesto es:

5. Un compuesto que exhibe actividad inhibitoria de la proteasa HCV, que tiene la

estructura:
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O un enantiémero, esteroisémero, rotimero, tautémero, o racemato del mismo, o una

sal 0 solvato farmacéuticamente aceptable de dicho enantiémero, esteroisémero, rotimero,

tautdémero o racemato.

6. El compuesto de la Reivindicacidn 5, donde dicho compuesto es:
B o
N NH
2
N d

XHTH\/KO 0 0

0 una sal farmacéuticamente aceptable del mismo.
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Challenges in Modern Drug Discovery: A Case
Study of Boceprevir, an HCV Protease Inhibitor
for the Treatment of Hepatitis C Virus Infection

F. GEORCE NJOROGE" KEVIN X. CHEN, NENG-YANG SHIH,
AND JOHN J. PIWINSKI

Schering-Plough Research institute, 2015 Goltoping Hil! Road,
Kenitworth, New fersey 07033

RECEIVED ON MAY 4, 2007

CONSPECTUS

ore than 170 miflion people worldwide are affected

by the hepatitis C virus (HCV). The disease has been
described as a “silent epidemic” and “a serious global
health crisis”. HCV infection is a leading cause of chronic
liver disease such as cirrhosis, carcinoma, or [liver fail-
ure, The current pegylated interferon and ribavirin com-
bination therapy is effective in only 50% of patients. Its
moderate efficacy and apparent side effects underscore the
need for safer and more effeclive treatments. The non-
structural NS3 protease of the virus plays a vital role In
the repliation of the HCV virus. The development of small
molecule inhibitors of NS3 protease as antiviral agents
has been intensively pursued as a viabie strategy to erad-
icate HCV infection. However, it is a daunting task. The
protease has a shallow and solvent-exposed substrate
binding region, and the inhibitor binding energy is mainly
derived from weak lipophilic and electrostatic interactions.
Moreover, lack of a robust in vitre cell culture system and
the absence of a convenient small animat model have
hampered the assessment of both in vitre and in vivo effi-
cacy of any antiviral compounds. Despite the tremendous
challenges, with access to a recently developed cell-based replicon system, major progress has been made toward a
more effective small molecule HCY drug. In our HCV program, fadng no leads {rom our screening effort, a structure-
based drug design approach was carried out. An a-Ketoamide-type electrofile was designed to trap the serine hydroxyl
of the protease, Early ketoamide inhibiters mimicked the structures of the peptide substrates. With the ald of X-ray
structures, we successfully truncated the undecapeptide lead that had a molecular weight of 1265 Da stepwise to a
tripeptide with a molecular weight of 500 Da. In an attempt to depeptidize the inhibitors, various strategies such as
hydrazine urea replacement of amide bonds and P2 to P4 and P1 to P3 macrocyclizations were examined. Further
eptimization of the tripeptide inhibltors led to the identification of the best moieties for each site: primary ketoam-
ide at P’, cyclobutylalanine at P1, gem-dimethylcyclopropylpraline at P2, tert-leucine at P3, and fert-butyl urea as cap-
ping agent. The combination of these ted to the discovery af compound 8 (SCH 5030634, boceprevir), our dinical
candidate. It is a potent inhibitor in both enzyme assay (K;* = 14 nM) and cell-based replicon assay {(ECg = 0.35
#M). 1t Is highly selective (2200 =) against human neutrophit elastase (HNE). Boceprevir is well tolerated in humans
and demonstrated antiviral aclivity in phase | clinical trials. 1t is currently in phase Ii trials. This Account details the
complexity and challenges encountered in the drug discovery process.
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Introduction

Hepatitis Cvirus (HCV) infection is one of the most significant
heath problems affecting humans. An estimated 170 miflion
individuals (3%} warldwide and more than 4 mitlion Ameti-
cans (1.3%j are Infected with HQY.? In roughly 80% of cases,
the virus leads to a chronic form of hepatitis, a condition that
is incurable in many patients. Without therapeutic interven-
tion, i can lead to mc;rIJidity or mortality in 10-20 years
through elther clrrhosls and hepatic fallure or hepatoceliular
carcinoma.? It s anticipated that a significant percentage of
those currently infected will develop cirrhosis and other asso-
clated hepatic sequelae. HCV infection is the most common
cause of liver transplantation.”

Current medical treatment options are limited. The only
drugs available are subcutaneous interferon-o (IFN-o) or peg-
ylated-IFN-,, alone or in combination with oral ribavirin®
[FN-a is & protein that stimulates the immune sysiem, while
ribavirin is a nudeoside analog that works in concert with
IFN-o. to control the infection. The efficacy of this combina-
tion therapy against the predominant genotype 1 aftecting
North America, Europe, and lapan is moderate, with only
about 50% of the patients showing sustained virologica!
response. Some patients also experience significant side
effects related to the treatment. With few alternatives avail-
able, more effective agents with fewer side effects are dlearly
needed.

HCV, the etiologic agent of non-A, non-B hepatitis, was
identified in 1989* and is a member of the Faviviridae. HQV
is an cnveloped, positive-strand RNA virus of approximately
9.6 kilobases. Upon entering a suitable host celi, the HCV
genome serves as a template for cap-independent translation
through an intemal ribosome entry site {IRES).* The resulting
polyprotein undergoes both ¢o- and post-iranslational pro-
tealytic maturation by host and virally encoded proteases. The
virally encoded protease responsible for processing the non-
structural (NS) portion of the polyprotein is located in the
N-terminat third of the NS3 protein® (Figure 1}. Following auto-
proteolysis of the NS3~NSA4A junction, the protease cleaves
the polyprotein at the NS4A—NS4B, NS4B--NSS5A, and
NS5A~NS3B junctions to release the downstream NS proteins.
The mature proteins subsequently self-assemble on the endo-
plasmic reticulumn to generate the replicative complex or repli-
some. The replisome, using the viral genome as a template,
generates negative-strand viral RNA Intermediates, which are
then used as templates to synthesize new positive-strand
{genomic) RNAs. These are either transiated 10 yield more
polyprotein or, later in the Infection cyde, encapsulated to
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FIGURE 1. Schematic representation of the HCV genome and NS3
protease potyproteln, NS3 is a bifunctional protein with protease
and helicase activitles. The green box represents the NS3 protease
domain, and thin arrows depict deavages mediated by the NS3/
NS4A protease complex.

generate progeny virions. Inhibition of the maturational activ-
ities of the NS3 protease would therefare suppress replisome
tormation, RNA replication, and ultimately new virions.

The X-ray structures of N53 protease, both as an isolated
domain and in the fulldength NS3 protein, have been deter-
mined.® The structural data has provided detailed insights 10
facilitate rational inhibitor design. The NS3 protease is in
many ways a typical f-harrel serine protease, wih a canonl-
cal Asp-His-Ser catalytic triad similar to the well-studied diges-
tive enzymes trypsin and chymotrypsin. By contrast, the N53
protease uses an extended polydentate binding cleft, with sev-
eral recognition subsites to ensure specificity. it forms a het-
erodimeric complex with the NS4A protein, an essential
cofactor that activates the protease and assisis In anchoring
the heterodimer to the endoplasmic retlculum. On the other
hand, the RNA-dependent RNA polymerase (RARp} contained
within the NS5B protein is the catalytic component of the HCV
RNA replication machinery.>? This enzyme synthesizes RNA
using the RNA template. This biochemical actlvity Is not
present in mammalian cells, offering the opportunity to iden-
tify very selective inhibitors of the viral enzyme.

Much of the recent effort has been directed 1oward devel-
oping drugs that inhibit viral replication. Several promising
small-molecule inhibitors of the NS3/4A protease and the
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NS58 polymerase are in dinical development.® Early testing
has demonstrated strong antivirat activity both in vitro and in
patients. Inhibitors toward other potential targets such as IRES
and NSSA are in earlier stages of predinical investigation.
Although efforts are ongoing to develop a vaccine,® the
unusually rapid genetic drift of HOV makes this a daunting
task.

Challenges in Discovering
HCV Protease Inhibitors

Although HCV was charaderized more than a decade ago, the
lack of a robust in vilro cell culture system capable of support-
ing its replication has complicated traditional approaches to
developing or evaluating antiviral compounds. Likewise, the
ahsence of a convenient small animal model has hampered
the assessment of in vivo efficacy. Most of our knowledge of
HCV has been derived from surrogate experimental systems
that approximate infeclion and often preclude definitive inter-
pretation. Only since the development of the HOV autono-
mous subgenomic replicon system,'® a severe combined
immunodeficiency disease {SCID} mouse with chimeric human
liver model,'’ and the chronically infected chimpanzee
mode!' “has the preclinical evaluation of potential anti-HCV
agents hecome possible.

There are curently two animal models for preclinical eval-
uation of anti-HCV therapies; both of which suffer from limi-
fations that make them less than ideal for preliminary studies.
HCV infects only humans and chimpanzees. The chronically
infected chimpanzee model,'? the “gold standard” for HCV
studles, Is chatlenging and expensive because one out of three
chimpanzees spontaneausly resolve their HCV infection. An
immune-deficient SCID mouse—human liver xenograft sys-
tem'" was developed by rescarchers at the University of
Alberta. [n this maodel, the livers of neonate SCID beige mice
are colonized with infused human hepatocytes, which rescues
them {rom a fatal transgene. Infection of these human liver
grafis by several genotypes of HCV and the therapeutic effects
of INF-a. have been reported. Unfortunately, the animals are
fraglie and scale up of the colony has been slower than
expected, thus [imiting access to the system.

Owing to the fad that the NS3—-NS4A protease is playing
a citical role in HCV viral replication, it has been viewed as an
ideal target for the creation of new HCV therapy.®'® How-
ever, developing HCV protease inhibitors as drugs was no triv-
lai 1ask. At the onset of our work, there were na viable lead
structures from which to develop potential drug candidates.
Our screening effort of four million compounds did nat gen-
erate any meaningful leads to initiale a drug discovery effort.
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Thus, early inhibitors were designed based on th
substrate—enzyme active site interactions.’® However, th
HCV protease requires an extensive peptide subsirate, with
which It establishes muliiple weak interactions distributed
along an extended surface. The requirement of large sub-
strates was a major concemn in the development of orally bio-
avaliabie small molecuie drugs. It was feared that the enzyme
may onty be inhibited by molecules large enough to mimic
the natural substrate. Indeed, early leads were long pepildic
compounds that occupied much of the substrate-binding site
to take advantage of multiple hydrogen bonging and hydro-
phobic interactions. The major challenge was to modify these
large molecules to the less peptidic and tower molecular
weight drug candidates with desirable pharmacokinetic (PK)
profiles, while retaining or improving potency in the enzymatic
and cellular assays. The resolution of the three-dimensional
structure® of the enzyme damped the enthusiasm of medici-
nal cnemists furlher, because the substrate-binding cleft of
NS3—NS4A protease seemned flat and featureless, lacking the
cavities, holes, and flaps, or so-calied binding podkets, that had
been exploited as anchor points to design potent and selec-
tive inhibitors of other proteases.

Moregver, there was another major challenge for any suc-
cessful ami-HCV therapy: drug-resistant viruses emerge rap-
idly under the seleclive pressure. The fast tumover rate and
the intrinsic low fidelity of the HCV replication machinery
endowed the virus with the ability to fully explore its genome
space and quickly come up with mutations that rendered it
resistant to antiviral drugs.

As a result of all these difficulties, no HCV protease Inhib-
itors have been approved yet for the treatment of HCV dis-
ease in spite of the fact that the virus was fully characterized
in 1889. However, efforts within the pharmaceutical industry
have resulted in several candidates in clinical development®
including boceprevir.'s

Our Approach for Inhibitor Design

Since our screening efforts failed to generate potentiat ieads
to initiate a drug discovery efforl, we embarked on a structure-
based design approach. Early research for inhibltors capital-
ized on the observation that the enzyme is susceptibie to
marked inhibltion by the N-terminal peptide produds released
from the substrates upon enzymatic deavage. Leaming from
experiences from others in developing potent serine-protease
inhibitors,"® Incorporation of a serine trap into the molecute
was a promising approach. We envisioned that reaction of the
active site serine {Ser139)¢ with conventional electrophiles
such as aldehydes, ketones, trifluoromethy] ketones, and a-ke-
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FIGURE 3. Progress curve of peptide substrate hydrolysis by the

HCV protease domain showing the time-dependent inhibition.

toamides and subsequent trapping of the resuliing transition-
state analogues by the active site triad (Ser139, RHIs57, and
Asp81, Figure 2)® would provide effective Inhibition. After con-
siderable research, a few large peptidic molecules, mimick-
ing the peptide substrate structures but containing an
a-ketoarnide functionality, were discovered to be potent HCV
protease inhibitors.

The g-ketoamide molety was essential for the inhibitory
activity. When It is attacked by Ser139 of the NS3 protease,
It forms a stable, covalent, and reversible complex with the
enzymic. The time required for stable covalent adduct forma-
tion is on the order of minutes. To assess the potency of such
slowly equilibrating or "slow-binding” Inhibitors accurately,
proteolylic reactions containing inhibitor are usually moni-
{ored until equilibrium is evident using progress curve anaty-
sis (Figure 3). In this continuous assay,'” the exteni of
hydrolysis of chromogenic 4-phenylazophenyl (PAP) ester
from the peptide fragment ACG-DTEDVVP{Nva)-0-4-PAP was
specirophotometrically determined. To underscore the slow-
binding nature of these molecules and distinguish them from
simple, instantaneous competitive inhibitors, the equilibrium
binding constant was usually designated K,*,'® although for
most purposes it could be considered equivalent to a tradi-
tionaf K.
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FIGURE 4. Schematic representation of the RNA encoding the
biclsronic subgenomic HCV replicon.

Besides an enzymatic assay, a cell-based assay was also
essential for optimizing inhibitor potency. An HCV subgenomic
replicon sysiem was developed by Bartenschlager and col-
leagues in 1999.7° The replicon cell-based assay has been
used extensively t0 evaluate the functional potency and sub-
sequent antiviral efficacy of HCV protease inhibttors. The HCV
replicon is essentially a defective {i.e., noninfectious) viral
genome in which the sequences encoding the structural pro-
telns at the 5’ end of the RNA have been replaced by a select-
able marker, the neomycin resistance gene (NeoR} (Figure 4).
The NeoR marker allows selection of cells harboring functional
replicons following transfection and antibiotic treatment. Rep-
licon constructs, Induding those developed to evaluate poten-
tial antiviral agents, use a bicistronic design where two
independent IRES elements are present. The HCV IRES
sequence drives expression of the neamycin resistance gene
to allow selection of replicon bearing cells and a second IRES
sequence from encephalomyocarditis virus (EMCV) Initiates
translation of the RNA segment encoding HCV nonstructural
proteins frorm NS3 to NS5B.

Unlike a true HCV infection, cells bearing HCV replicons,
even fulldength replicons expressing structural proteins, do not
generate progeny virions. At the time, the replicon system was
the anly germane in vitro System for evaluating potential anti-
viral agents directed against the HCV nonstructural proteins
and, consequenily, provided an essentlal and stringent sys-
tern for the evaluation of potent Inhibitors of HCOV protease.
The ECgq and ECqq values for suppression of the bicistronic
subgenomic replicon (genotype 1b) were obtained through a
72 h assay in HuH-7 cells. At 72 h, cells were lysed, and the
replicon RNA leve! was determined using real-time poly-
merase chaln reaction (PCR) analysis (Tagman) that targeted
the N55B portion of the viral genome. Changes in replicon
RNA level were compared to an intemal control, celiular gly-
ceraldehyde-3-phosphate dehydrogenase {(GAPDH) mRNA lev-
els, in a singie-tube multiplex reaction. Dose—response curves
were generated and drug concentrations resuliing in a 2-fold
or a 10-fold reduction in replicon RNA were estimated uslng
a grid search method to give EC;, and ECy, values.
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One of the key elements contributing to the potency of an
a-kelpamide is the elecrophilic ketoamide functionality, which
forms a reversible covalent bond with serine 139 of the HCV
protease. However, the ketoamide moti could aiso be sus-
ceptible to attack by a variety of other nucleophiles present on
other proteins. Thus, to address the selectivity issue, inhibi-
tory adtivity against the human neuirophil elastase (HNE) was
measured as a gauge of selectivity (HNE/HCV) in the struc-
ture—activityrefationship (SAR} development. The active site of
HNE resembles closely the active site structure of HCV NS3
protease. Atthough the clinical relevance of this selectivity
parameter has not been demonsirated, it helped to serve as
a guide in designing selective inhibitars versus similar pro-
teases, thereby potentially minimizing side effects that could
surface in the dinic.

Our early work led to the discovery of undecapeptide ao-
ketoamide inhlbitors,’® which had structures with 11 amino
acid residues that spanned from Pé to P5”.'% One of the ear-
liest leads, compound 1 (Figure 5), exhibited excellent HQV
NS3 protease Inhibitlon (7 = 1.9 nM). It was a mixture of two
diasteromers at the epimerizable P1 o-center. However, with
a molecular weight of 1265 Da, it was not surprising that this
compound did not exhibit a desirable PK proflle. Neverthe-
tess, compound 1 and related analogs served as a starting
point for further SAR studies. Our research toward improving
the overall profile of these initial leads was greatly aided by
using X-ray structures of inhibitors bound to the BCV NS3 pro-
tease and continupus drug metabolism/pharmacokinetic
evaluation.

Truncation Effort. Starting from the lead compound 1, an
undecapeptide, a series of stepwise truncations at both the
prime and nonprime ends led to a pentapeptide inhibitor 2.2°
The molecular weight was reduced to approximately half of
that of compound 1. A number of amino acids were also mod-
ified to optimize potency. Thus, P1 and P2 were replaced with
cyclopropylalanines, P3 was replaced with cydohexylglycine,
and P2’ was substituied with phenylglycine. The compound
was capped as isobutyl carbamate at P3 and as carhoxylic
acld at P2’. Inhibitor 2 was quite potent with a K" of 15 nM.
However, it was inactive in the cell-based HCV replicon assay
{ECqo > 5 uM}, possibly due to the presence of the charged
carboxylic acid preventing It from getting into the cells.

Further optimization along the entire backbone was car-
ried out with the aid of X-ray crystal structures. The most
imporant discovery occurred at P2 position. The gem-dimeth-
yleyclopropylprofine was discovered to be a superior leucine
surrogate. The terf-butylglycine was found to be a good
replacement of cyclohexylglycine at P3. The capping groups
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FIGURE 5. From undecapeptide to pentapeptide HCV NS3 protease
inhibitors.

at both ends were also changed to feri-butyl carbarnate for P3
and dimethylamide for P2’, respectively. The latter would
address the cell penetration Issue of compound 2. Indeed, as
a result of all these optimizations, compound 32" demnon-
strated a dramatic improvement over compound 2, with goad
binding affinity (K;" = 5 nM) and replicon activity (ECoo = 0.1
#M). Shown in the X-ray structure of 3 bound to the protease
(Figure &), the improvement in binding potency was a result
of favorable interaction of the P2 gem-dimethylcyclapropyl-
proline moiety with the methyi side chain of Ala156. The
cyclopropylmethyl side chain of P1 and the phenyl group of
P2’ formed a “C-shaped clamp around the side chain of



FIGURE 6. X-ray structure of inhibitor 3 bound to the HCV
protease.

Lys136. However, the molecular weight (725 Da) of 3 was still
larger than that of a typlaal drug candidaie, which, prefera-
bly, should be less than 500 Da.2? Thus, it was not unex-
pected that this translated to a poor PK profile in rats and
monkeys. Cenerally, an oral area-under-curve (po AUG of
greater than 1.0 M- h and bioavailability of at least 10% are
desired. In rats, compound 3 had a po AUC of 0.35 uM-h at
10 mg/kg and a bioavailability of 4%, while in monkeys the
AUCwas 0.03 gM-h at 3 mg/kg and bioavaliability was 1%.
Cearly, further reduction in the molecular weight of the Inhib-
ltors was necessary io achieve desirable PK properties.

Due to the importance of the remalning residues at ngn-
prime side, we focused our additional truncation efforts on the
prime Side. First, the P2’ phenylglycine residue was removed
with modest loss of potency. The P17 glycine was replaced by
simple alkyl groups such as methyl, ethyl, ar allyl. Unfortu-
nately, all secondary and tertiary P1 ketoamides were signif-
icantly less potent than compound 3. However, it was
discovered that the nonsubstituted primary ketoamides had
the best potency in both enzyme and replicon assays. The rep-
resentative inhibitor after this round of SAR development was
compound 4 (Figure 5). 1t had a K;” of 25 nM, and a replicon
ECgp of 0.40 M. Although both values were higher than
those of analog 3, the molecular weight was significantly
fower and fell within the preferred range for a developable
candidate.

Depeptization Studies. It is difficult to aquire desirable
pharmacokinetic properties from large peptides because they
are susceptible to hydrolysis by various peptidases. Thus, sub-
stantial efforts were devoted to depeptizing the lead mole-
cules. Shown in Figure 7 are several examples of that eftort.
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FIGURE 7. Efforts toward depeptization of HCV protease inhibitors.

First, replacement of P2 amino add residue with an aza motif
was executed. Thus, in compound 5,'® the cyclopropylala-
nine P2 was replaced with a substituted hydrazine urea moi-
ety. Unfortunately, that resulted in a signiflcant loss in binding
affinity (K;* = 230 nM} and a iotal loss of potency in replicon
assay (ECqg > 5 uM).

Efforts were also made to improve potency and PK pro-
files through macrocydlization of P2 and P3 residues, resuit-
ing in macrocyclic inhibitors of type 623 (Figure 7). A
phenylacetarmnide capping from P3 was linked to C-4 of P2
proline through a fert-altkyl ether linkage. The 16-membered
macrocyclic ring formed a donut-shaped circle over the methyl
group of Ala156 as evidenced by X-ray crystallography, The
inhibitor had excellent K;* of 6 nM and was moderately active
in the cell-based assay [ECyq == 0.90 uM). However, It had an
oral AUC of only 0.46 #M-h at 10 mg/kg in rals with a low
bigavailability of 2.2%. Similarly sized compounds with modi-
ficaftions along the macrocyclic ring gave equally poor PK
resulis. When truncated at the prime side, smaller macrocy-
dlic inhibilors did nol have the desired level of potency In rep-
licon assay.

On the other hand, macrocyclization from P1 to P3 resi-
dues through a 16-membered ring provided novel Inhibitors
such as 7.2* With these analogs, we were able to incorpo-
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Bocepravir

{SCH 503034)

Ki* = 14 nM

ECg = 0.35 pM

HNE/MCV = 2200
FIGURE 8. HCV protease inhibitor 8.

rate the dimethylcyclopropyl-proline at P2. Compound 7 was
a single diastereomer with a nonepimerizable P1 o-center. It
had a respectable K™ of 30 nM, and a good replicon ECgq of
0.60 uM. However, as in the other cases described above, fur-
ther expioratiort of this series of inhibltors did not provide an
improved PK profile.

In summary, the depeptization exerclses carried out nei-
ther resulted in significant iImprovement in potency nor pro-
vided measurable enhancement in PK properties in these HCV
protease inhibitors,

Discovery of Boceprevir (8)

Extensive SAR investigation at the P1, P3, and P3-capping
positions from the lead primary ketoamide 4 was continued.
The dimethylcyclopropylproline molety at P2 was established
to be optimal and was retained in all subsequeni analogs. Sys-
tematic variation in chain length and ring size on the P1 side
chain led to the discovery of cyclobutylalanine as the optl-
mal choice. RIngs witlt other slzes, such as cydaopentyl or
cydohexyl, were found to be too large for the S1 pocket. A
large effort was also spent on exploring many P3 capping
groups. Various substituents extending from the P3 amino
group were examined; these included alkyis, aryls, amides,
carbamates, ureas, sulfonamides, and sulfonyl ureas. It was
discovered that the urea type of P3 capping gave the best
averall proflle. Ultimately, the combinatlon of varlous opti-
mized maoieties led 1o the discovery of boceprevir (8, SCH
503034, Figure 8),'° which was seledled for drug safety stud-
ies and potential development in clinical trials.

The o-center of the P1 residue of 8 was racemic. The two
diastereomeric compounds could be separated by HPLC. How-
ever, when either pure isomer was treated with an organic or
inorganic base (e.g., triethyl amine or lithium hydroxide), they
underwent rapid isomerizalion. fast equilibration was also
demonstrated under the conditions of blological assays. This
alleviated any need for separation of the two entities for phar-
macological evaluations. The ratio of the two isomers varied

56 ¥ ACCOUNTS OF CHEMICAL RESEARCH # 50-59 m January 2008 = Val. 41, No. 1

ECio EGa

log [8] (nM)
FIGURE 9. Effect of 8 on HuH-7 cells bearing the subgenomlc HCV
replicon. RNA level was measured relative to an intemal control
(ACY). Increase in ACt indicated decreasing replicon RNA levels;
gach ACt reflects a 2-foid change in RNA level from baseline.
significantly depending on the experimental conditions. The
isomer with an (S)-configuration al the P1 g-center was the
major isomer in most ases.

Compound 8 had an optimal overall profile. In the HCV
NS3 protease continuous assay, it had a potency of 14 nM
(") averaged over a large number of runs. In the 72-h bicis-
fronic subgenomic cell-based replicon assay in HuH-7 cells, the
ECs, and ECy, values were determined o be 0.20 M and
0.35 uM, respectively (Figure 9). inhibitor 8 was also found to
be a very weak inhibitor of HNE (K, = 26 M) representing a
selectivity of 2200. Additionally, the reactivity of 8 toward a
panel of other sering proteases was measured, and 8 showed
no aoss-reactivity when tested up 1o 50 M with trypsin, chy-
maotrypsin, thrombin, and factor Xa. The cross-reactivity
against a broad panel of other general enzymes was also eval-
uated, and no major issues were Identified. All these studies
indicated that compound 8 was highly selective toward the
HCV serine protease.

The pharmacokinetic profite of 8 was evaluated in several
animal species. Following oral administration, it was moder-
ately absorbed in rats, dogs, and monkeys. Absorption was rel-
atively rapid in dogs but slower in mice, rats, and monkeys,
as evidenced by mean absorption {imes (MAT) ranging from
0.5 to 1.4 h (Table 1). The AUC was good in dogs and rats,
moderate in mouse, and low in monkeys. The absolute oral
bioavailability was modest in mouse, rats, and dogs
(26—-240%) but low in monkeys {4%). There was no issue with
CYP 2D6, 2C9, 2C19, and 3A4 inhibition, either co- or prein-
cubated. Target organ analysis in rats revealed that 8 was



TABLE 1. Mean (n = 3) Pharmacokinetic Parameters of 8 Following
Oral Dosing

Species mouse rat dog monkey
dose (mg/kg 10 10 3 3
AUC [po, #M-h] 0.53 1.5 3.1 0.12
bicavallabillty (30) 34 26 30 1
MAT (i) 1.2 1.4 0.5 1.4
Crnax M) 23 0.66 23 0.09

FIGURE 10. X-ray structure of inhibitor 8 bound to the HCV
protease.

highly concenirated in liver with a remarkable liver/plasma
concentration ratlg of approximately 30.

The X-ray structure of compound 8 bound 1o NS3 protease
was solved and is shown in Figure 10. It was dear that the
diastereomer with an [5)-configuration at the P1 a-center was
the active inhibitor. The cycabutylalanine moiety effectively
occupied most of the space available at the 51 pocket. This
group was largely responsible for the excellent selectivity
observed with 8 versus human neutrophil elastase, which has
a much smaller 51 pocket. The P2 dimethylcyclopropylipro-
line residue adopted a bent conformation that allowed max-
imum overlap of the moiety with Ala156 of the enzyme. The
exa-methy! on the cycdopropane ring had favorable interac-
tion with imidazole of His57, and the endo-methyl had con-
tact wilh Ala156 and Arg155. The side chain of P3 terf-
butylglycine occupled the 53 pocket, providing good
hydrophobic interaction with the enzyme. The terf-butyl group
of the P3 urea capping group had good contact in the S,
pocket, presumably also through a pure hydrophobic interac-
tion. The ketoamide was reversibly trapped by Ser139 to form
a covalent bond and at the same time donated a hydrogen
bond to the protein backbone. in addition to van der Waals
contacts, 8 formed a series of specific hydrogen bonds with
the protein backbone, which involved P1-NH, P3-carbonyl, and
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both urea NiH's. Combination of a number of hydrophobic
interactions and the array of hydrogen bonds contributed
greatly to the binding potency and the selectivity of 8.

In summary, we discovered boceprevir (8} as a novel,
potent, highly selective, orally bioavailable HCOV NS3 protease
inhibitor. It has been advanced to clinical trials in human
beings for the treatment of hepatitis C viral Infections. It was
well tolerated and demonsirated antiviral activity In phase |
clinical trials and is currently In phase il.

Summary and Outlook

The pursuit of a potent and orally bloavailable HOV NS3 pro-
tease inhibitor as a drug candidate for the treatment of hep-
atitis C has been a difficult task. The shallow and featureless
nature of the enzyme’s active site presented a significant chal-
lenge for the discovery of enzyme Inhibitors. Without any via-
ble leads, a structure-based drug design approach gulded hy
X-ray crystal structures of the enzyme was pursued. System-
atic truncations and depeptidizations on both prime and non-
prime sites gave rise to smaller pentapeptides that were potent
Inhibitors, but did not possess the destrable pharmacokinetic
properties. Modifications on the prime side resulted in the dis-
cavery of the primary a-Ketoamide molety, which gave excel-
lent potency. Further SAR optimization Identified P1
cycobutylalanine, P2 dimethylcycopropylproline, P3 fert-
butylglycine, and fert-butyl urea capping group as the best
combination, which led to the discovery of baceprevlr (8). It
had an in vitro potency of 14 nM (K"} and celi-based repli-
con assay potency of 350 nM (ECge). Compound 8 demon-
strated good oral bioavailabilities In rats and dogs and was
found to be highly concentrated in the liver.

Across the pharmaceutical Industry, several novel drug can-
didates have entered or will soon enter dinical evaluation 1o
establish thelr clinical effectiveness for HCV patients. Aside
from ihe safety and efficacy requirements common to all new
drugs, the success of HCV-targeted agents will be heavily influ-
enced by their ability to inhibit all viral variants and prevent
the emergence of escape mutants. As is the case for HIV, com-
binations of several antlviral agents attacking different tar-
gets along the viral life cycle and, perhaps, the hosts
themse]ves wilt certainly be required (o control infection and
prevent the emergence of drug-resistant viral variants.

The authors wish to thank the many contributors whose efforts
resufted in the successful outcome of this project. Especially
noteworthy is the successful collaborative efforts of scientists in
the Medicinal Chemistry {SPRI and Corvas), Structural Chemis-
try, Virology, and Drug Metabolism depariments.
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