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Description

[0001] The invention pertains to certain peptide-like and peptidomimetic compounds that advantageously inhibit the
enzymatic activity of picomaviral 3C proteases, especially rhinovirus 3C proteases (RVPs), and that retard viral growth
in cell culture. The invention also relates to the use of such compounds in pharmaceutical compositions and therapeutic
treatments for rhinoviral infections. The invention further relates to processes for synthesizing such compounds and
compounds useful in such syntheses.

BACKGROUND OF THE INVENTION

[0002] The picomaviruses are a family of tiny non-enveloped positive-stranded RNA-containing viruses that infect
humans and other animals. These viruses include the human rhinoviruses, human polioviruses, human coxsackievi-
ruses, human echoviruses, human and bovine enteroviruses, encephalomyocarditis viruses, meningitis virus, foot and
mouth viruses, hepatitis A virus, and others. The human rhinoviruses are a major cause of the common cold. To date,
there are no effective therapies on the market that cure the common cold, only treatments that relieve the symptoms.
[0003] Picomaviral infections may be treated by inhibiting the proteolytic 3C enzymes. These enzymes are required
for the natural maturation of the picornaviruses. They are responsible for the autocatalytic cleavage of the genomic,
large polyprotein into the essential viral proteins. Members of the 3C protease family are cysteine proteases, where
the sulfhydryl group most often cleaves the glutamine-glycine amide bond. Inhibition of 3C proteases is believed to
block proteolytic cleavage of the polyprotein, which in turn can retard the maturation and replication of the viruses by
interfering with viral·particle production. Therefore, inhibiting the processing of this cysteine protease with selective
small molecules that are specifically recognized should represent an important and useful approach to treat and cure
viral infections of this nature and, in particular, the common cold.
[0004] Some small-molecule inhibitors of the enzymatic activity of picomaviral 3C proteases (i.e., antipicomaviral
compounds) have been recently discovered. See, for example: U.S. Patent No. 5,856,530, issued January 5, 1999,
to Webber et al.; U.S. Patent Application No. 08/991,282, filed December 16, 1997, by Dragovich et al.; U.S. Patent
Application No. 08/991,739, filed December 16, 1997, by Webber et al.; and U.S. Patent Application No. 09/301,977,
filed April 29, 1999, by Dragovich et al. See also: Dragovich et at., "Structure-Based Design, Synthesis, and Biological
Evaluation of Irreversible Human Rhinovirus 3C Protease Inhibitors... ," J. Med. Chem. (1999), vol. 42, no. 7,
1203-1212, 1213-1224; and Dragovich et al., "Solid-phase Synthesis of Irreversible Human Rhinovirus 3C Protease
Inhibitors ... ," Bioorg. & Med Chem. (1999), vol. 7, 589-598. There is still a desire, however, to discover small-molecule
compounds that are especially potent antipicomaviral agents.
[0005] Inhibitors of other related cysteine proteases such as cathepsins have been described in, e.g., U.S. Patent
No. 5,374,623, issued December 20, 1994, to Zimmerman et at.; U.S.
[0006] Patent No. 5,498,616, issued March 12, 1996, to Mallamo et al.; and WIPO International Publication Nos.
WO 94/04172, WO 95/15749, WO 97/19231, and WO 97/49668. There yet remains a need for inhibitors targeting the
picomaviral 3C cysteine protease with desirable pharmaceutical properties, such as high specificity.

SUMMARY OF THE INVENTION

[0007] Thus, an object of this invention is to discover small-molecule compounds that inhibit picornaviral 3C proteases
and are especially potent antipicomaviral agents. A further object of the invention is to provide intermediates useful for
the synthesis of protease-inhibiting compounds and synthetic methods useful for such syntheses. A yet further object
of the invention is to achieve pharmaceutical compositions that are effective for treating maladies mediated by inhibition
of picomaviral 3C proteases, such as the common cold. These objects have been solved with the subject maths in
accordance with claims 1 to 35.
[0008] The present invention provides compounds of the following general formula I:
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wherein:

• Y is -N(Ry)-, -C(Ry)(Ry)-, or -O-, where each Ry is independently H or C1-C4 alkyl;
• R1 is unsubstituted or substituted alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, or -C(O)R16, where R16 is

unsubstituted or substituted alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, alkoxy, cycloalkoxy, heterocy-
cloalkoxy, aryloxy, heteroaryloxy, or amine;

• R2 and R8 are each independently H, F, or unsubstituted or substituted alkyl, cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl;

• R3 and R9 are each independently H or unsubstituted or substituted alkyl, cycloalkyl, heterocycloalkyl, aryl, het-
eroaryl, -OR17, -SR17, -NR17R18, -NR19NR17R18, or -NR17OR18, where R17, R18, and R19 are each independently
H, alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, or acyl;

• R4 is selected among hydroxyl groups, alkyl groups, oxo groups, cycloalkyl groups, heterocycloalkyl groups, aryl
groups, heteroaryl groups, acyl groups, sulfonyl groups, mercapto groups, alkylthio groups, alkoxy groups, carboxy
groups, amino groups, alkylamino groups, dialkylamino groups, carbamoyl groups, arylthio groups, heteroarylthio
groups;

• R5, R6 and R7 are each independently H, F, or C1-C4 alkyl;
• m is 0 or 1;
• p is an integer of from 0, 1, 2, 3, 4, or 5;
• A1 is CH or N;
• each A2 present is independently C(R10)(R11), N(R12), S, S(O), S(O)2, or O, where each R10, R11 and R12 is

independently H or C1-C4 alkyl;
• each A3 present is independently C(R10)(R11), N(R12), S, S(O), S(O)2, or O, where each R10, R11 and R12 is

independently H or C1-C4 alkyl;
• when p is not 0, i.e. when p is 1, 2, 3, 4 or 5, A4 is N(R13), C(R10)(R11), or O, and when p is 0 (i.e., A3 is not present),

A4 is N(R13)(R14), C(R10)(R11)(R12), and O(R14), provided that when p is 0 and A4 is O(R14), A1 is not CH, where
each R10, R11 and R12 is independently H or C1-C4 alkyl, each R13 is H, alkyl, aryl, or acyl, and each R14 is H,
alkyl, or aryl.

• provided that no more than two heteroatoms occur consecutively in the above-depicted ring formed by A1, (A2)m,
(A3)p, A4, and C=O, where each dotted line in the ring depicts a single bond when A2 is present (i.e., m = 1) and
a hydrogen atom when A2 is absent (i.e., m = 0).

[0009] In addition to compounds of the formula I, antipicornaviral agents of the invention include pharmaceutically
acceptable salts and solvates of such compounds.
[0010] In a preferred embodiment of formula I, R2 and R8 are not both hydrogen, and R3 and R9 are not both hydrogen.
In another preferred embodiment of formula I: R2 is benzyl optionally substituted with a halogen; R3 is a lower alkyl;
R4 is Cbz; and R7, R8, and R9 are each H. It is further preferred when R7, R8 and R9 are each H.
[0011] In a preferred embodiment, R1 is a substituted methylene group, for example, - CH2NR20R21, -CH2OR20,
-CH2OC(O)R20, -CH2ONR20R21, or -CH2SR20, where R20 and R21 are each independently selected from H, optionally
substituted alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, and -C(O)R22, where R22 is selected from optionally
substituted alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, alkoxy, cycloalkoxy, heterocycloalkoxy, aryloxy, heter-
oaryloxy, and amine, and optionally any two of R20, R21, and R22, together with the atoms to which they are bound,
form a 4- to 7-membered ring. In an alternative preferred embodiment, R1 is -CR23=CR24R25 or -C;CR26, where R23,
R24, R25 and R26 are each independently selected from H and optionally substituted alkyl, cycloalkyl, heterocycloalkyl,
aryl, and heteroaryl. In yet another preferred embodiment, R1 is a -C(O)R16 group, where R16 is -NR27R28, wherein
R27 and R28 are each independently selected from H and optionally substituted alkyl, cycloalkyl, heterocycloalkyl, aryl,
and heteroaryl, or R27 and R28 together with the nitrogen to which they are bound form a 4- to 7-membered heterocyclic
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ring. In another preferred embodiment, R1 is a mono- or bi-cyclic heteroaryl or aryl group.
[0012] Especially preferred compounds are depicted by formula I-a:

wherein R1 through R6, A, through A4, m, p, and Y are as defined above.
[0013] In preferred embodiments of compounds of the formula I-a, R1 is selected from alkyl and monocyclic and
bicyclic heteroaryl and aryl groups.
[0014] R2 in formula I-a is preferably selected from unsubstituted and substituted benzyl groups, preferably benzyl,
mono-substituted benzyl, and disubstituted benzyl, where the substituents are independently selected from C1-C4 alkyl,
C1-C4 alkoxy, and halogen.
[0015] R3 is preferably an optionally substituted alkyl (e.g., 2-propyl, 2-methyl-2-propyl, or 2-methyl-1-propyl) or aryl-
methyl (e.g., unsubstituted or substituted phenylmethyl or naphthylmethyl).
[0016] R4 is preferably selected from -[C(O)]n-R15, where n is 0 or 1 and R15 is optionally substituted alkyl, cycloalkyl,
aryl, heteroaryl, alkoxy, cycloalkoxy, aryloxy, or heteroaryloxy. In especially preferred embodiments, R4 is benzyloxy-
carbonyl, arylcarbonyl, or heteroarylcarbonyl, more preferably heteroarylcarbonyl, where the heteroaryl moiety is a
five-membered heterocycle having from one to three heteroatoms selected from O, N, and S, more preferably a five-
membered heterocycle having at least one nitrogen heteroatom and at least one oxygen heteroatom (e.g., unsubsti-
tuted or substituted 1,2-oxazolyl (i.e., isoxazolyl), 1,3-oxazolyl (i.e., oxazolyl), or oxadiazolyl (1,2,3-oxadiazolyl,
1,2,4-oxadiazolyl, or 1,2,5-oxadiazolyl). When the heteroaryl moiety is oxadiazolyl, unsubstituted and monomethyl-
substituted 1,2,4-oxadiazolyl are preferred. In especially preferred embodiments, the heteroaryl moiety is 3-isoxazolyl
or 5-isoxazolyl, either, unsubstituted or substituted with one or two methyl groups and/or halogens (F, Cl, Br or I), with
chlorine and fluorine being preferred. H is in particular preferred if R1 in compound I-a is -C(O)R16 where R16 is
-NR27R28, wherein R27 and R28 are each independently selected from optionally substituted alkyl, cycloalkyl, hetero-
cycloalkyl aryl and heteroaryl, or R27 and R28 together with the nitrogen to which they are bound form a 4- to 7- mem-
bered heterocyclic ring.
[0017] Preferably, the moiety:

is selected from -CH2CH2C(O)NH2; -CH2CH2C(O)NH-alkyl; -CH2NHC(O)CH3; and

where n is 1 or 2. The moiety is more preferably
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[0018] In preferred embodiments, the compounds, prodrugs, pharmaceutically acceptable salts, and pharmaceuti-
cally active metabolites and solvates have an antipicomaviral activity with an EC50 less than or equal to 100 µM in the
H 1-HeLa cell culture assay.
[0019] The invention is also directed to intermediates of formula II, preferably of the subformula II-a, which are useful
in the synthesis of certain compounds of formula I:

wherein:

• q is an integer of from 0 to 5, preferably 1 or 2;
• A11 is C, CH or N;
• A12 and each A13 are each independently selected from C(R61)(R62), N(R63), S, S(O), S(O)2, and O, where each

of R61, R62 and R63 is independently H or C1-C4 alkyl;
• A14 is NR64, where R64 is H, alkyl, aryl, or acyl, and R64 is preferably a suitable protecting group for amide nitrogen;
• provided that no more than two heteroatoms occur consecutively in the above-depicted ring in formula II formed

by A11, A12, (A13)p, A14, and C=O;
• R141 and R142 are each independently H, F or C1-C4 alkyl, or R142 is absent;
• the dotted line depicts an optional valence bond, and when such bond is present, R142 is absent and A11 is C;
• R51 is H, alkyl, aryl, or acyl, preferably a protecting group for amide nitrogen;
• R52, R53, and R54 are each independently selected from H, hydroxyl, alkyl, acyl, aryl, heteroaryl, suitable protecting

groups for carbonyl or hydroxy, OR57, and NR57R58

where R57 is selected from alkyl, aryl and Si(R59)3, and R58 is selected from alkyl, aryl, alkoxy, aryloxy, and Si(R59)3,
where each R59 is independently alkyl or aryl; or any two of R52, R53, and R54 together form =O; and

• R55 and R56 are each independently H or a suitable protecting group for nitrogen.

[0020] Formula II compounds where at least one of R52, R53, and R54 is NR57R58 are preferred. In preferred formula
II-a embodiments, R52 and R53 together form =O and R54 is selected from alkyl, acyl, aryl, heteroaryl, OR57, and
NR57R58, where R57 and R58 are as defined above. In other preferred embodiments, R52 is H, R53 is OH, and R54 is
selected from alkyl, acyl, aryl, heteroaryl, OR57, and NR57R58 where R57 and R58 are as defined above.
[0021] The invention is also directed to pharmaceutically acceptable salts of the compounds of formulae II and II-a.
[0022] The invention also relates to pharmaceutical compositions containing a therapeutically effective amount of at
least one compound of the formula I, or a pharmaceutically acceptable salt or solvate thereof (collectively, "agents'").
Additionally, the invention relates to methods of inhibiting picomaviral 3C protease by administering a therapeutically
effective amount of at least one such agent. The present invention also provides the use of compounds as defined in
claim 1 for the preparation of a medicament for the treatment of a mammalian disease condition mediated by picornaviral
protease inhibitor.
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DETAILED DESCRIPTION OF THE INVENTION

[0023] In accordance with a convention used in the art, is used in structural formulas herein to depict the bond
that is the point of attachment of the moiety or substituent to the core or backbone structure.
[0024] As used herein, the term "alkyl group" is intended to mean a straight- or branched-chain monovalent radical
of saturated and/or unsaturated carbon atoms and hydrogen atoms, such as methyl (Me), ethyl (Et), propyl, isopropyl,
butyl, isobutyl, t-butyl, ethenyl, pentenyl, butenyl, propenyl, ethynyl, butynyl, propynyl, pentynyl, hexynyl, and the like.
Unless otherwise indicated, such groups may be unsubstituted (i.e., containing only carbon and hydrogen) or substi-
tuted by one or more suitable substituents (e.g., one or more halogens, such as F, Cl, Br, or I, with F and Cl being
preferred).
[0025] A "cycloalkyl group" is intended to mean a non-aromatic monovalent monocyclic, bicyclic, or tricyclic radical
containing from 3 to 14 carbon ring atoms, each of which may be saturated or unsaturated. Unless otherwise indicated,
such groups may be unsubstituted or substituted by one or more suitable substituents. Illustrative examples of cycloalkyl
groups include the following moieties:

[0026] A "heterocycloalkyl group" is intended to mean a non-aromatic monovalent monocyclic, bicyclic, or tricyclic
radical, which is saturated or unsaturated, containing from 3 to 18 ring atoms, which includes from I to 5 heteroatoms
selected from nitrogen, oxygen, and sulfur. Unless otherwise indicates, such radicals may be unsubstituted or substi-
tuted by one or more suitable substituents. Illustrative examples of heterocycloalkyl groups include the following moi-
eties:



EP 1 206 484 B1

5

10

15

20

25

30

35

40

45

50

55

7

[0027] An "aryl group" is intended to mean an aromatic monovalent monocyclic, bicyclic, or tricyclic radical containing
from 6 to 18 carbon ring atoms. Unless otherwise indicates, such radicals may be unsubstituted or substituted by one
or more suitable substituents. Illustrative examples of aryl groups include the following moieties:

[0028] A "heteroaryl group" is intended to mean an aromatic monovalent monocyclic, bicyclic, or tricyclic radical
containing from 4 to 18 ring atoms, including from 1 to 5 heteroatoms selected from nitrogen, oxygen, and sulfur. Unless
otherwise indicated, such radicals may be unsubstituted or substituted by one or more suitable substituents. Illustrative
examples of heteroaryl groups include the following moieties:
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[0029] A "heterocycle" is intended to mean a heteroaryl or heterocycloalkyl group.
[0030] An "acyl group" is intended to mean a -C(O)-R radical, where R is a suitable substituent.
[0031] A "thioacyl group" is intended to mean a -C(S)-R radical, where R is a suitable substituent.
[0032] A £'sulfonyl group" is intended to mean a -SO2R radical, where R is a suitable substituent.
[0033] A "hydroxy group" is intended to mean the radical -OH.
[0034] An "amine" or "amino group" is intended to mean the radical -NH2. An "optionally substituted" amines refers
to -NH2 groups wherein none, one or two of the hydrogens is replaced by a suitable substituent. Disubstituted amines
may have substituents that are bridging, i.e., form a heterocyclic ring structure that includes the amine nitrogen.
[0035] An "alkylamino group" is intended to mean the radical -NHRa, where Ra is an alkyl group.
[0036] A "dialkylamino group" is intended to mean the radical -NRaRb, where Ra and Rb are each independently an
alkyl group.
[0037] An "alkoxy group" is intended to mean the radical -ORa, where Ra is an alkyl group. Exemplary alkoxy groups
include methoxy, ethoxy, propoxy, and the like.
[0038] An "alkoxycarbonyl group" is intended to mean the radical -C(O)ORa, where Ra is an alkyl group.
[0039] An "alkylsulfonyl group" is intended to mean the radical -SO2Ra, where Ra is an alkyl group.
[0040] An "alkylaminocarbonyl group" is intended to mean the radical -C(O)NHRa, where Ra is an alkyl group.
[0041] A "dialkylaminocarbonyl group" is intended to mean the radical -C(O)NRaRb, where Ra and Rb are each
independently an alkyl group.
[0042] A "mercapto group" is intended to mean the radical -SH.
[0043] An "alkylthio group" is intended to mean the radical -SRa, where Ra is an alkyl group.
[0044] A "carboxy group" is intended to mean the radical -C(O)OH.
[0045] A "carbamoyl group" is intended to mean the radical -C(O)NH2.
[0046] An "aryloxy group" is intended to mean the radical -ORc, where Rc is an aryl group.
[0047] A "heteroaryloxy group" is intended to mean the radical -ORd, where Rd is a heteroaryl group.
[0048] An "arylthio group" is intended to mean the radical -SRc, where Rc is an aryl group.
[0049] A "heteroarylthio group" is intended to mean the radical -SRd, where Rd is a heteroaryl group.
[0050] The term "suitable organic moiety" is intended to mean any organic moiety recognizable, such as by routine
testing, to those skilled in the art as not adversely affecting the inhibitory activity of the compounds. Illustrative examples
of suitable organic moieties include, but are not limited to, hydroxy groups, alkyl groups, oxo groups, cycloalkyl groups,
heterocycloalkyl groups, aryl groups, heteroaryl groups, acyl groups, sulfonyl groups, mercapto groups, alkylthio
groups, alkoxy groups, carboxy groups, amino groups, alkylamino groups, dialkylamino groups, carbamoyl groups,
arylthio groups, heteroarylthio groups, and the like.
[0051] The term "substituent" or "suitable substituent" is intended to mean any suitable substituent that may be
recognized or selected, such as through routine testing, by those skilled in the art. Illustrative examples of suitable
substituents include hydroxy groups, halogens, oxo groups, alkyl groups, acyl groups, sulfonyl groups, mercapto
groups, alkylthio groups, alkoxy groups, cycloalkyl groups, heterocycloalkyl groups, aryl groups, heteroaryl groups,
carboxy groups, amino groups, alkylamino groups, dialkylamino groups, carbamoyl groups, aryloxy groups, heteroary-
loxy groups, arylthio groups, heteroarylthio groups, and the like.
[0052] The term "optionally substituted" is intended to expressly indicate that the specified group is unsubstituted or
substituted by one or more suitable substituents, unless the optional substituents are expressly specified, in which
case the term indicates that the group is unsubstituted or substituted with the specified substituents. Various groups
may be unsubstituted or substituted (i.e., they are optionally substituted) as indicated.
[0053] A "solvate" is intended to mean a pharmaceutically acceptable solvate form of a specified compound that
retains the biological effectiveness of such compound. Examples of solvates include compounds of the invention in
combination with water, isopropanol, ethanol, methanol, DMSO, ethyl acetate, acetic acid, or ethanolamine.
[0054] A "pharmaceutically acceptable salt" is intended to mean a salt that retains the biological effectiveness of the
free acids and bases of a specified compound and that is not biologically or otherwise undesirable. Examples of phar-
maceutically acceptable salts include sulfates, pyrosulfates, bisulfates, sulfites, bisulfites, phosphates, monohydro-
genphosphates, dihydrdgenphosphates, metaphosphates, pyrophosphates, chlorides, bromides, iodides, acetates,
propionates, decanoates, caprylates, acrylates, formates, isobutyrates, caproates, heptanoates, propiolates, oxalates,
malonates, succinates, suberates, sebacates, fumarates, maleates, butyne-1,4-dioates, hexyne-1,6-dioates, ben-
zoates, chlorobenzoates, methylbenzoates, dinitrobenzoates, hydroxybenzoates, methoxybenzoates, phthalates, sul-
fonates, xylenesulfonates, phenylacetates, phenylpropionates, phenylbutyrates, citrates, lactates, γ-hydroxybutyrates,
glycollates, tartrates, methane-sulfonates, propanesulfonates, naphthalene-1-sulfonates, naphthalene-2-sulfonates,
and mandelates.
[0055] If the compound is a base, a desired salt may be prepared by any suitable method known in the art, including
treatment of the free base with an inorganic acid, such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, and the like, or with an organic acid, such as acetic acid, maleic acid, succinic acid, mandelic acid,



EP 1 206 484 B1

5

10

15

20

25

30

35

40

45

50

55

9

fumaric acid, malonic acid, pyruvic acid, oxalic acid, glycolic acid, salicylic acid, pyranosidyl acid, such as glucuronic
acid or galacturonic acid, alpha-hydroxy acid, such as citric acid or tartaric acid, amino acid, such as aspartic acid or
glutamic acid, aromatic acid, such as benzoic acid or cinnamic acid, sulfonic acid, such as p-toluenesulfonic acid or
ethanesulfonic acid, or the like.
[0056] If the compound is an acid, a desired salt may be prepared by any suitable method known to the art, including
treatment of the free acid with an inorganic or organic base, such as an amine (primary, secondary, or tertiary); an
alkali metal or alkaline earth metal hydroxide; or the like. Illustrative examples of suitable salts include organic salts
derived from amino acids such as glycine and arginine; ammonia; primary, secondary, and tertiary amines; and cyclic
amines, such as piperidine, morpholine, and piperazine; as well as inorganic salts derived from sodium, calcium, po-
tassium, magnesium, manganese, iron, copper, zinc, aluminum, and lithium.
[0057] In the case of compounds, salts, or solvates that are solids, it is understood by those skilled in the art that
the inventive compounds, salts, and solvates may exist in different crystal forms, all of which are intended to be within
the scope of the present invention and specified formulas.
[0058] The compounds may exist as single stereoisomers, racemates, and/or mixtures of enantiomers and/or dias-
tereomers. All such single stereoisomers, racemates, and mixtures thereof are intended to be within the broad scope
of the present invention. Preferably, however, the inventive compounds are used in optically pure form.
[0059] As used herein, the term "optically pure" is intended to mean a compound comprising at least a sufficient
amount of a single enantiomer to yield a compound having the desired pharmacological activity. Preferably, an optically
pure compound of the invention comprises at least 90% of a single isomer (80% enantiomeric excess), more preferably
at least 95% (90% e.e.), even more preferably at least 97.5% (95% e.e.), and most preferably at least 99% (98% e.e.).
[0060] Preferably, the compounds of formula I and their pharmaceutically acceptable salts, prodrugs, active metab-
olites, and solvates have antipicomaviral activity, more preferably antirhinoviral activity, corresponding to an EC50 less
than or equal to 100 µM in the H1-HeLa cell culture assay.
[0061] In preferred embodiments, the formula I compounds are of sub-formula I-a as defined above. Especially pre-
ferred embodiments of the invention have formula I-b:

where R1 through R4 are as defined above. In especially preferred embodiments of formula I-b, R1 is mono- or
bi-cyclic heteroaryl. Preferably, R2 is selected from unsubstituted, or substituted, preferably mono-substituted, and
disubstituted benzyl groups, where the substituents are independently selected from C1-C4 alkyl, C1-C4 alkoxy, and
halogen. R3 is preferably alkyl (e.g., 2-propyl, 2-methyl-2-propyl, or 2-methyl-1-propyl) or arylmethyl (e.g., unsubstituted
or substituted phenylmethyl or naphthylmethyl). The variable R4 is preferably benzyloxycarbonyl, arylcarbonyl, or het-
eroarylcarbonyl, more preferably heteroarylcarbonyl, where the heteroaryl moiety is a five-membered heterocycle hav-
ing from one to three heteroatoms selected from O, N, and S. More preferably R4 is a five-membered heterocycle
having at least one nitrogen heteroatom and at least one oxygen heteroatom (e.g., unsubstituted or substituted 1,2-ox-
azolyl (i.e., isoxazolyl), 1,3-oxazolyl (i.e., oxazolyl), or oxadiazolyl (1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, or 1,2,5-oxa-
diazolyl); preferred oxadiazolyls are unsubstituted and monomethyl-substituted 1,2,4-oxadiazolyl. In especially pre-
ferred embodiments, the heteroaryl moiety is 3-isoxazolyl or 5-isoxazolyl, either unsubstituted or substituted with one
or two substituents selected from methyl and halogens, with chlorine and fluorine being preferred halogen substituents.
[0062] Varying the group Y in formula I gives rise to formulae I-c (peptides), I-d (depsipeptides), and I-e (ketometh-
ylenes), where all variables are as defined previously:
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[0063] Preferred embodiments of formula I-a are shown in formulae I-f, I-g and I-h below:
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[0064] In the compounds of formulae I-c, I-e, I-f, and I-h, Ry is preferably H or methyl.
[0065] Preferred specific compounds include those of the Examples below, especially:

[0066] In another aspect, the invention is directed to intermediates of formula II, preferably of the sub-formula II-a,
which are useful in the synthesis of various compounds of formula I:

wherein all variables are as defined above. Preferred R55 and R56 groups are H and suitable protecting groups for
nitrogen, for example, Boc (t-butyloxycarbonyl), Cbz (benzyloxycarbonyl), FMOC (fluorene-9-methyloxycarbonyl), oth-
er alkyloxycarbonyls (e.g., methyloxycarbonyl), and trityl (triphenylmethyl). Other suitable nitrogen-protecting groups
may be readily selected by artisans (see, e.g., Greene and Wuts, Protecting Groups in Chemical Synthesis (3rd ed.),
John Wiley & Sons, NY (1999)). Preferred groups for R52, R53, and R54 are H, alkoxy, hydroxy, carbonyl, OR59, and
suitable protecting groups for carbonyl or hydroxy. A preferred protecting group for hydroxy is t-butytdimethyIsilyl (TBS).
[0067] Preferred examples of the formula II useful as intermediates include the following:
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and

and pharmaceutically acceptable salts thereof.
[0068] The present invention is also directed to a method of inhibiting picomaviral 3C protease activity, comprising
contacting the protease with an effective amount of a compound of formula I, or a pharmaceutically acceptable salt,
or solvate thereof. For example, picomaviral 3C protease activity may be inhibited in mammalian tissue by administering
a compound of formula I or a pharmaceutically acceptable salt, or solvate thereof. More preferably, the present method
is directed at inhibiting rhinoviral protease activity.
[0069] "Treating" or "treatment" is intended to mean at least the mitigation of a disease condition in a mammal, such
as a human, that is alleviated by the inhibition of the activity of one or more picomaviral 3C proteases, such as human
rhinoviruses, human poliovirus, human coxsackieviruses, encephalomyocarditis viruses, meningitis virus, and hepatitis
A virus, and includes: (a) prophylactic treatment in a mammal, particularly when the mammal is found to be predisposed
to having the disease condition but not yet diagnosed as having it; (b) inhibiting the disease condition; and/or (c)
alleviating, in whole or in part, the disease condition.
[0070] The activity of the inventive compounds as inhibitors of picomaviral 3C protease activity may be measured
by any of the suitable methods known to those skilled in the art, including in vivo and in vitro assays. An example of a
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suitable assay for activity measurements is the antiviral H1-HeLa cell culture assay described herein.
[0071] Administration of the compounds of the formula I and their phaitnaceuiically acceptable salts, and solvates
may be performed according to any of the generally accepted modes of administration available to those skilled in the
art. Illustrative examples of suitable modes of administration include oral, nasal, parenteral, topical, transderrnal, and
rectal. Intranasal delivery is preferred.
[0072] A compound of formula I or a pharmaceutically acceptable salt, or solvate thereof may be administered as a
pharmaceutical composition in any pharmaceutical form recognizable to the skilled artisan as being suitable. Suitable
pharmaceutical forms include solid, semisolid, liquid, or lyophilized formulations, such as tablets, powders, capsules,
suppositories, suspensions, liposomes, and aerosols. Pharmaceutical compositions of the invention may also include
suitable excipients, diluents, vehicles, and carriers, as well as other pharmaceutically active agents, depending upon
the intended use or mode of administration. In preferred embodiments, the inventive pharmaceutical compositions are
delivered intranasally in the form of suspensions.
[0073] Acceptable methods of preparing suitable pharmaceutical forms of the pharmaceutical compositions may be
routinely determined by those skilled in the art. For example, pharmaceutical preparations may be prepared following
conventional techniques of the pharmaceutical chemist involving steps such as mixing, granulating, and compressing
when necessary for tablet forms, or mixing, filling, and dissolving the ingredients as appropriate, to give the desired
products for oral, parenteral, topical, intravaginal, intranasal, intrabronchial, intraocular, intraaural, and/or rectal ad-
ministration.
[0074] Solid or liquid pharmaceutically acceptable carriers, diluents, vehicles, or excipients may be employed in the
pharmaceutical compositions. Illustrative solid carriers include starch, lactose, calcium sulfate dihydrate, terra alba,
sucrose, talc, gelatin, pectin, acacia, magnesium stearate, and stearic acid. Illustrative liquid carriers include syrup,
peanut oil, olive oil, saline solution, and water. The carrier or diluent may include a suitable prolonged-release material,
such as glyceryl monostearate or glyceryl distearate, alone or with a wax. When a liquid carrier is used, the preparation
may be in the form of a syrup, elixir, emulsion, soft gelatin capsule, sterile injectable liquid (e.g., solution), or a non-
aqueous or aqueous liquid suspension.
[0075] A dose of the pharmaceutical composition contains at least a therapeutically effective amount of the active
compound (i.e., a compound of formula I or a pharmaceutically acceptable salt, or solvate thereof), and preferably is
made up of one or more pharmaceutical dosage units. The selected dose may be administered to a mammal, for
example, a human patient, in need of treatment mediated by inhibition of picornaviral 3C protease activity, by any
known or suitable method of administering the dose, including: topically, for example, as an ointment or cream; orally;
rectally, for example, as a suppository; parenterally by injection; or continuously by intravaginal, intranasal, intrabron-
chial, intraaural, or intraocular infusion.
[0076] A "therapeutically effective amount" is intended to mean the amount of an inventive agent that, when admin-
istered to a mammal in need thereof, is sufficient to effect treatment for disease conditions alleviated by the inhibition
of the activity of one or more picomaviral 3C proteases, such as human rhinoviruses, human poliovirus, human cox-
sackieviruses, encephalomyocarditis viruses, menigovirus, and hepatitis A virus. The amount of a given compound of
the invention that will be therapeutically effective will vary depending upon factors such as the particular compound,
the disease condition and the severity thereof, the identity of the mammal in need thereof, which amount may be
routinely determined by artisans.
[0077] By way of illustration, a formulation for nasal delivery of the compounds for treatment of rhinoviral infections
may include a compound of formula I that is micronized to a reduced particle size in a suspension containing a final
concentration of from about 0.01% to about 2% of the active compound, preferably about from 0.2% to 2%.
[0078] An exemplary nasal formulation is as follows: 2.0 weight percent of micronized compound of formula I-a; 1.2
weight percent of a mixture of microcrystalline cellulose and carboxymethyl cellulose sodium (e.g., Avicel RC/CL); 0.1
weight percent of polysorbate 80; 0.01 weight percent of disodium ethylenediamine tetraacetate (EDTA); 0.02 weight
percent of benzalkonium chloride solution (50 wt.% BzCl); 5.0 weight percent of dextrose (anhydrous); and balance
of purified water.

GENERAL SYNTHESES

[0079] The compounds of formula I may be advantageously prepared by the methods of the present invention, in-
cluding the general methods described below. In each of these general methods, the variables are as defined above.
[0080] When stereochemistry is not specified in chemical structures, either stereocenter may be utilized. The follow-
ing abbreviations also apply: Boc (tert-butoxycarbonyl), Ac (acetyl), Cbz (benzyloxycarbonyl), and Tr (triphenylmethyl).



EP 1 206 484 B1

5

10

15

20

25

30

35

40

45

50

55

14

[0081] In this general synthesis scheme, an amino acid A (prepared by standard peptide coupling conditions and/
or methods known in the art), where P1 is an appropriate protecting group for nitrogen (e.g., Boc or Ac) and R is a
suitable organic moiety (e.g., Cbz-L-Leu-L-Phe-), is transformed into Weinreb amide B. Compound B is treated with
an excess of an organometallic reagent (e.g., an alkyllithium or Grignard reagent) to provide product C. At this point,
the P1 nitrogen protecting group present in C may be exchanged for an alternate if necessary (e.g., Boc exchanged
for Ac).

[0082] An alternate method of preparing product C is depicted above. In this general method, amino acid D (prepared
by known methods), where P1 is an appropriate protecting group for nitrogen (e.g., Boc or Ac) and P2 is an appropriate
orthogonal protecting group for nitrogen (e.g., Cbz), is transformed into Weinreb amide E. Compound E is treated with
an excess of an organometallic reagent (e.g., an alkyllithium or Grignard reagent) to provide intermediate F. The P2
protecting group present in F is then removed, and the resulting amine G (or salt thereof) is derivatized (coupled) with
a suitable organic moiety (e.g., Cbz-L-Leu-L-Phe-) to afford product C. As described above, the P1 nitrogen protecting
group present in C may be exchanged at this point for an alternate if necessary (e.g., Boc exchanged for Ac).
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[0083] In this general process, an amino acid H (either commercially available or prepared by standard peptide
coupling conditions and/or methods known in the art), where P3 is an appropriate protecting group for the amide nitrogen
(e.g., Tr) and R is any suitable organic moiety (e.g., Cbz-L-Leu-L-Phe-), is transformed into Weinreb amide I. Compound
I is treated with an excess of an organometallic reagent (e.g., an alkyllithium or Grignard reagent) to provide product
J. If necessary, the P3 protecting group present in J is then removed to afford product K.
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[0084] An alternate method of preparing products J and K is shown above. In this general method, amino acid L
(either commercially available or prepared by a known method), where P3 is an appropriate protecting group for the
amide nitrogen (e.g., Tr) and P2 is an appropriate orthogonal protecting group for nitrogen (e.g., Boc or Cbz), is trans-
formed into Weinreb amide M. Compound M is treated with an excess of an organometallic reagent (e.g., an alkyllithium
or Grignard reagent) to provide intermediate N. The P2 protecting group present in N is then removed and the resulting
amine O (or salt thereof) is derivatized (coupled) with a suitable organic moiety (e.g., Cbz-L-Leu-L-Phe-) to afford
product J. As described above, the P3 protecting group present in J is then removed to afford product K if necessary.
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[0085] In this general method, amino alcohol P (prepared by known methods) where P3 is an appropriate protecting
group for the amide nitrogen (e.g., 2,4-dimethoxybenzyl) and P2 is an appropriate orthogonal protecting group for
nitrogen (e.g., Boc or Cbz) is oxidized to aldehyde Q. This intermediate is then further oxidized to carboxylic acid R,
which is subsequently transformed into Weinreb amide S. Compound S is treated with an excess of an organometallic
reagent (e.g., an. alkyllithium or Grignard reagent) to provide intermediate T. The P3 protecting group present in T is
then removed and the resulting amide U is further deprotected (by removal of the P2 protecting group) to afford amine
(or salt thereof) V. Intermediate V is then derivatized (coupled) with a suitable organic moiety (e.g., Cbz-L-Leu-L-Phe-)
to afford product W.
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[0086] An alternate method of preparing product W is depicted above. In this general process, intermediate T (de-
scribed above), where P3 is an appropriate protecting group for the amide nitrogen (e.g., 2,4-dimethoxybenzyl) and
P2 is an appropriate orthogonal protecting group for nitrogen (e.g., Boc or Cbz), is deprotected by removal of the P2
protecting group to give amine (or salt thereof) X. Compound X is then derivatized (coupled) with a suitable organic
moiety (e.g., Cbz-L-Leu-L-Phe-) to afford intermediate Y. The P3 protecting group present in Y is then removed to
provide product W.

[0087] An additional alternate scheme for preparing product W is depicted above. Intermediate T (prepared above)
where P3 is an appropriate protecting group for the amide nitrogen (e.g., 2,4-dimethoxybenzyl) and P2 is an appropriate
orthogonal protecting group for nitrogen (e.g., Boc or Cbz) is reduced to alcohol Z. The P2 protecting group present in
Z is then removed and the resulting amine (or salt thereof) AA is derivatized (coupled) with a suitable organic moiety
(e.g., Cbz-L-Leu-L-Phe-) to afford intermediate BB. At this point, BB may be further derivatized if necessary by remov-
ing any protecting groups present (other than P3) and coupling any and/or all unprotected reactive functional groups
(e.g., amines or alcohols) with suitable organic moieties to afford additional BB intermediates. When all appropriate
derivatizations of BB have been completed, an oxidation is performed to give ketone Y. The P3 protecting group present
in Y is then removed to provide product W.
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[0088] In this method, an amino acid A (prepared by standard peptide coupling conditions and/or methods), where
P1 is an appropriate protecting group for nitrogen (e.g., Boc or Ac) and R is any suitable organic moiety (e.g., Cbz-
L-Leu-L-Phe-), is transformed into diazo compound CC. Compound CC, in turn, is converted to the bromide DD. This
intermediate is subjected to a displacement reaction employing a carboxylic acid moiety to afford product EE. At this
point, the P1 nitrogen protecting group present in EE may be exchanged for an alternate if necessary (e.g., Boc ex-
changed for Ac).
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[0089] In the above-illustrated. method, an amino acid L (either commercially available or prepared by known meth-
ods), where P3 is an appropriate protecting group for the amide nitrogen (e.g., Tr) and P2 is an appropriate orthogonal
protecting group for nitrogen (e.g., Boc or Cbz), is transformed into diazo compound FF. Compound FF, in turn, is
converted to the chloride GG. This intermediate is subjected to a displacement reaction employing a carboxylic acid
moiety to afford intermediate HH. The P2 protecting group present in HH is then removed and the resulting amine (or
salt thereof) II is derivatized (coupled) with a suitable organic moiety (e.g., Cbz-L-Leu-L-Phe-) to afford intermediate
JJ. The P3 protecting group present in JJ is then removed to provide product KK.
[0090] To illustrate, the specific syntheses of the compounds of Examples 21 and 28 are summarized below.
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[0091] To prepare W1 (compound 21), alcohol P1 (prepared as described in Dragovich et al., J. Med Chem. (1999),
vol. 42, 1213) is oxidized to give aldehyde Q1 which, in turn, is transformed into carboxylic acid R1. This intermediate
may be converted without purification to Weinreb amide S1. Exposure of S1 to an excess of 2-lithiobenzothiazole
(generated from nBuLi and benzothiazole) provides ketone T1. The 2,4-dimethoxybenzyl nitrogen protecting group is
subsequently removed from T1 to give U1. The Boc protecting group present in U1 is removed under acidic conditions
and the resulting amine salt (not shown) is coupled with commercially available Cbz-L-Leu-L-Phe-OH to afford W1
(compound 21).
[0092] The synthesis of specific compound W8 is as follows:
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[0093] Ketone T1 (prepared as described above) is reduced to alcohol Z1 (isolated as a 1:1 mixture of diastereomers).
The Boc protecting group present in Z1 is removed under acidic conditions and the resulting amine salt (not shown)
is coupled with Boc-L-Val-L-Phe(4-F)-OH (prepared using standard peptide coupling techniques) to afford intermediate
BB1 (isolated as a 1:1 mixture of diastereomers). The Boc protecting group present in BB1 is also removed under
acidic conditions and the resulting amine salt (not shown) is derivatized with commercially available 5-methylisoxazole-
3-carboxyl chloride to give intermediate BB2 (isolated as a 1:1 mixture of diastereomers). Oxidation of BB2 provides
ketone Y1, and subsequent removal of the 2,4-dimethoxybenzyl nitrogen protecting group from Y1 affords W2 (com-
pound 28).
[0094] Detailed procedures used to make compounds 21 and 28 and other exemplary compounds of formula I are
set forth in the following illustrative examples.

EXAMPLES

[0095] The structures of the compounds of the following examples were confirmed by standard analytical techniques
including one or more of the following: proton magnetic resonance spectroscopy, infrared spectroscopy, elemental
microanalysis, and melting point.
[0096] Proton magnetic resonance (1H NMR) spectra were determined using either a Varian UNITYplus 300 or a
General Electric QE-300 spectrometer operating at a field strength of 300 megahertz (MHz). Chemical shifts are re-
ported in parts per million (ppm, δ) downfield from an internal tetramethylsilane standard. Alternatively, 1H NMR spectra



EP 1 206 484 B1

5

10

15

20

25

30

35

40

45

50

55

23

were referenced to residual protic solvent signals as follows: CHCl3 = 7.26 ppm; DMSO = 2.49 ppm; C6HD5 = 7.15
ppm. Peak multiplicities are designated as follows: s, singlet; d, doublet; dd, doublet of doublets; t, triplet; q, quartet;
br, broad resonance; m, multiplet. Coupling constants are given in Hertz. Infrared absorption (IR) spectra were obtained
using a Perkin-Elmer 1600 series FTIR spectrometer. Elemental microanalyses were performed by Atlantic Microlab
Inc., Norcross, GA and gave results for the elements stated within ±0.4% of the theoretical values.
[0097] Flash column chromatography was performed using Silica gel 60 (Merck Art 9385). Analytical thin layer chro-
matography (TLC) was performed using precoated sheets of Silica 60 F254 (Merck Art 5719). Melting points (mp) were
determined on a Met-Temp apparatus and are uncorrected.
[0098] All reactions were performed in septum-sealed flasks under a slight positive pressure of argon unless other-
wise noted. All commercial reagents were used as received from their respective suppliers with the following exceptions:
tetrahydrofuran (THF) was distilled from sodium-benzophenone ketyl prior to use; dichloromethane (CH2Cl2) was dis-
tilled from calcium hydride prior to use. Et2O refers to diethyl ether. DMF refers to N,N-dimethylformamide. DMSO
refers to dimethylsulfoxide. MTBE refers to tert-butyl methyl ether. Other abbreviations include: CH3OH (methanol),
EtOH (ethanol), EtOAc (ethyl acetate), DME (ethylene glycol dimethyl ether), Ac (acetyl), Me (methyl), Ph (phenyl), Tr
(triphenylmethyl), Cbz (benzyloxycarbonyl), Boc (tert-butoxycarbonyl), TFA (trifluoroacetic acid), DIEA (N,N-diisopro-
pylethylamine), TMEDA (N,N,N',N'-tetramethylethylenediamine), AcOH (acetic acid), Ac2O (acetic anhydride), NMM
(4-methylmorpholine), HOBt (1-hydroxybenzotriazole hydrate), HATU [O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetrame-
thyluronium hexafluorophosphate], EDC [1-(3-dimethylaminopropyl)-3-ethylcarbarbodiimide hydrochloride], DCC (di-
cyclohexyl-carbodiimide), DDQ (2,3-dichloro-5,6-dicyano-1,4-benzoquinone), DMAP (4-dimethylaminopyridine), Gln
(glutamine), Leu (leucine), Phe (phenylalanine), Phe(4-F) (4-fluorophenylalanine), Val (valine), amino-Ala (2,3-diami-
nopropionic acid), and (S)-Pyrrol-Ala [(2S,3'S)-2-amino-3-(2'-oxopyrrolidin-3'- yl)-propionic acid]. Additionally, "L" rep-
resents naturally occurring amino acids.

Example 1: Cbz-L-Leu-L-Phe-L-(Tr-Gln)-CH2SCH3

[0099]

[0100] At 0 °C and under an argon atmosphere, TMEDA (0.81 mL, 5.37 mmol) and dimethyl sulfide (0.49 mL, 6.67
mmol) were added to nBuLi (1.58 M in hexane; 3.4 mL, 5.37 mmol). The mixture was stirred for 5 hours (h) while being
brought to 23 °C. The reaction mixture was cooled to -40 °C and a solution of Cbz-L-Leu-L-Phe-L-(Tr-Gln)-N(CH3)O
CH3 (prepared as described in WIPO International Publication No. WO 97/43305) (0.85 g, 1.03 mmol) in 9 mL THF
was added. Upon consumption of the starting material (as indicated by TLC) the mixture was quenched with 15 mL of
2 N AcOH at -40 °C and extracted with an excess of EtOAc. The pH of the aqueous phase was made basic with solid
Na2CO3, and extracted with EtOAc. The organic layers were combined, washed sequentially with saturated NaHCO3
and brine, dried over MgSO4, filtered and concentrated under vacuum. The residue was subjected to column chroma-
tography (45% EtOAclhexane) to afford the product as a white solid in 60% yield. 1H NMR (CDCl3) δ 0.86 (m, 6H),
1.31 (m, 1H), 1.53 (m, 2H), 1.75 (m, 1H), 2.00 (s, 3H), 2.27 (m, 3H), 3.06 (m, 2H), 3.15 (m, 2H), 3.93 (m, 1H), 4.54 (m,
1H), 4.70 (m, 1H), 4.90 (m, 2H), 6.50 (m, I H), 6.95 (d, 1H, J= 7.0), 7.14-7.41 (m, 27H). HRMS calc for C49H54N4O6S
(M+Cs), 959.2818; found, 959.2850. Anal. (C49H54N4O6S·0.50H2O) C, H, N.
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Example 2: Cbz-L-Leu-L-Phe-L-(Gln)-CH2SCH3

[0101]

[0102] Cbz-L-Leu-L-Phe-L-(Tr-Gln)-CH2SCH3 (0.30 g, 0.363 mmol) was added to 10 mL of 1:1 CH2Cl2 and TFA at
0 °C and stirred for 45 minutes (min). The reaction mixture was concentrated under vacuum and taken up in excess
EtOAc. This solution was washed twice with saturated NaHCO3 and brine, dried over MgSO4, filtered and concentrated
under vacuum. The residue was triturated with Et2O, giving 0.15 g (71% yield) of the product as a white solid. 1H NMR
(DMSO-d6) δ 0.80 (d, 3H, J = 6.6), 0.83 (d, 3H, J = 7.0), 1.33 (m, 3H), 1.47 (m, 1H), 1.72 (m, 1H), 1.98 (s, 3H), 2.05
(m, 2H), 2.83 (dd, 1H, J = 14.0, 8.0), 3.05 (dd, 1H, J = 14.0, 4.4), 3.27 (m, 2H), 3.98 (m, 1H), 4.38 (m, 1H), 4.52 (m,
1H), 5.02 (m, 2H), 6.78 (s, 1H), 7.14-7.3 5 (m, 11H), 7.42 (d, 1H, J = 7.7), 8.03 (d, 1 H, J = 7.7), 8.42 (d, 1H, J = 7.4).
HRMS calc for C30H40N4O6S (M+H), 585.2747; found, 585.2720. Anal, (C30H40N4O6S) C, H, N.

Example 3: Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-CH2OC(O)-(2,4,6-trimethylphenyl)

[0103]

[0104] Preparation of Intermediate Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-CHN2:
[0105] To a solution of Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-OH (prepared as described in Example 9 below) (0.381
g, 0.71 mmol) in 8 mL of THF was added NEt3 (0.072 g, 99 µL, 0.71 mmol). The mixture was cooled to -15 °C and
isobutylchloroformate (0.097 g, 92 µL, 0.71 mmol) was added. After stirring for 10 min, the mixture was cooled to -35
°C, and excess diazomethane in Et2O (generated from Diazald®) was carefully added. The stirred reaction mixture
was gradually warmed to 23 °C over a period of 2 h, and AcOH was then added to quench any excess diazomethane.
The quenched mixture was diluted with H2O and extracted with an excess of EtOAc. The organic layer was washed
with brine, dried over Na2SO4, filtered, and concentrated to give a mixture of diazoketone (26%) along with Cbz-L-Leu-
L-Phe-L-(N-Ac-amino-Ala)-OCH3 (13%) as determined by 1H NMR integration and MS [(M+H) 565 and 555].

Preparation of Intermediate Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-CH2Br:

[0106] To a 0 °C suspension of crude Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-CHN2 (,0.095 g, ,0.17 mmol) in 10
mL of 1:1 benzene:CH2Cl2 was added 0.2 mL of 48% aqueous (aq) HBr. After 1 h of stirring, another 0.2 mL of 48%
aq HBr was added. After an additional 2 h at 0 °C, the reaction mixture was poured into H2O and extracted with a large
excess of CH2Cl2. The organic phase was washed with H2O, dried over Na2SO4, filtered and concentrated. The residue
was subjected to column chromatography. using a gradient of 80 to 100% EtOAc/hexane and afforded 0.034 g (33%)
of the α-bromomethylketone as a yellow solid. 1H NMR (CDCl3) δ 0.86 (d, 3H, J = 6.3), 0.90 (d, 3H, J= 6.3), 1.36 (m,
1H), 1.55 (m, 2H), 1.91 (s, 3H), 3.01 (dd, 1H, J =14.3, 8.5), 3.17 (dd, 1H, J=10.7, 5.9), 3.48 (dt, 1H, J = 14.0, 4.6), 3.84
(m, 1H), 4.04 (m, 2H), 4.27 (dd, 1H, J = 13.1, 9.0), 4.61 (m, 1H), 4.85 (m, 1H), 5.04 (m, 2H), 5.11 (m, 1H), 6.48 (m,
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1H), 6.57 (d, 1H, J= 7.0), 7.18 (d, 1H, J = 7.7), 7.22-7.42 (m, 10H). HRMS calc for C29H37N4O6Br (M+H), 617.1975;
found, 617.2001. Anal. (C29H37N4O6Br) C, H, N.

Preparation of Product Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-CH2OC(O)-(2,4,6-trimethylphenyl):

[0107] To a stirred solution of Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-CH2Br (0.21 g, 0.34 mmol) dissolved in 2 mL
DMF was added KH (35 wt % dispersion in mineral oil; 0.173 g, 1.02 mmol). After 5 min at 23 °C, 2,4,6-trimethylbenzoic
acid (0.057 g, 0.347 mmol) was added, and the mixture was stirred for 1 h. The mixture was concentrated, taken up
in an excess of EtOAc, and H2O was added. The organic layer was washed sequentially with H2O, saturated aq
NaHCO3, and brine, and then was dried over Na2SO4, filtered and concentrated. The residue was purified by column
chromatography (70% EtOAc/hexane) affording 0.054 g (22%) of the product as a white solid. 1H NMR (CDCl3) δ 0.89
(t, 6H, J = 6.3), 1.42 (m, 1H), 1.56 (m, 2H), 2.05 (s, 3H), 2.32 (s, 3H), 2.35 (s, 6H), 3.03 (dd, 1H, J =14.0, 8.1), 1.16
(m, 1H), 3.67 (m, 2H), 4.14 (m, 1H), 4.59 (m, 1H), 4.65 (m, 1H), 4.86 (m, 2H), 5.06 (m, 2H), 5.23 (d, 1H, J = 7.0), 6.49
(t, 1H, J = 6.1), 6.71 (d, 1H, J = 6.6), 6.86 (s, 2H), 7.18-7.34 (m, 11H), 7.65 (d, 1H, J = 6.3). HRMS calc for C39H48N4O8
(M+Na), 723.3370; found, 723.3358. Anal. (C39H48N4O8•0.5 H2O) C, H, N.

Example 4: Cbz-L-Leu-L-Phe-L-(N-Boc-amino-Ala)-CH3

[0108]

[0109] Following the procedure described below to prepare Cbz-L-Leu-L-Phe-L-(N-Boc-amino-Ala)-2-Benzthiazole
(compound 6), the title compound was synthesized from Cbz-L-Leu-L-Phe-L-(N-Boc-amino-Ala)-N(CH3)OCH3 (pre-
pared as described in Webber et al., J. Med Chem. (1998), vol. 41, 2786) and 10 equiv. CH3Li in 44% yield (75% based
on recovered Weinreb amide) as a white solid. 1H NMR (CDCl3) (rotameric mixture), δ 0.88 (m, 6H), 1.38 (s, 9H),
1.43-1.63 (m, 3H), 2.20 (s, 3H), 3.05 (m, 2H), 3.26 (m, 1H), 3.46 (m, 1H), 3.58 (m, 1H), 4.16 (m, 1H), 4.47-4.59 (m,
1H), 4.62-4.75 (m, 1H), 5.06 (m, 2H), 5.10-5.20 (m, 1H), 5.37-5.50 (m, 1H), 6.86-6.96 (m, 1H), 7.22 (m, 5H), 7.34 (m,
5H). HRMS calc for C32H44N4O7 (M+Cs), 729.2264; found, 729.2231.

Example 5: Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-CH3

[0110]

[0111] Following the procedure described below to prepare Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-2-Pyridine (com-
pound 8), the title compound was synthesized from Cbz-L-Leu-L-Phe-L-(N-Boc-amino-Ala)-CH3 (compound 4) in 85%
yield as a white solid. 1H NMR (CDCl3) δ 0.88 (d, 3H, J = 6.6), 0.90 (d, 3H, J = 6.6), 1.38 (m, 1H), 1.53 (m, 2H), 1.90
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(s, 3H), 2.24 (s, 3H), 3.04 (m, 1H), 3.17 (dd, 1H, J= 13.6, 6.6), 3.50 (m, 1H), 3.76 (m, I H), 4.11 (m, I H), 4.47 (m, 1H),
4.63 (m, I H), 5.07 (m, 2H), 5.23 and 5.30 (2d, 1H, J= 5.9), 5.85 (m, I H), 6.47 (m, 1H), 6.72 (t, 1H, J = 6.1), 7.13-7.41
(m, 10H). HRMS calc for C29H38N4O6 (M+H), 539.2870; found, 539.2852. Anal. (C29H38N4O6•1.0H2O) C, H, N.

Example 6: Cbz-L-Leu-L-Phe-L-(N-Boc-amino-Ala)-2-Benzthiazole

[0112]

[0113] To a -78 °C solution of benzothiazole (0.226 g, 1.67 mmol) in 1.5 mL of THF was added nBuLi (0.67 mL, 2.5
M in hexane). The reaction mixture was stirred for 30 min at -78 °C, then a solution of Cbz-L-Leu-L-Phe-L-(N-Boc-
amino-Ala)-NCH3OCH3 (prepared as described in Webber et al., J. Med. Chem. (1998), vol. 41, 2786) (0.107 g, 0.17
mmol) in 1.5 mL of THF was added dropwise. The reaction mixture was stirred for I h at -78 °C and then gradually
warmed to 23 °C. When TLC indicated that most of the starting Weinreb amide was consumed, the reaction mixture
was quenched with H2O and extracted with EtOAc. The organic layers were combined, dried over Na2SO4, filtered
and concentrated under vacuum. The residue was purified by column chromatography using a gradient solvent system
(30,. 50, 80% EtOAc/hexanes) providing a white solid in 16% yield (26% based on recovered starting material). 1H
NMR (CDCl3) (rotameric mixture) δ 0.90 (t, 6H, J = 5.9), 1.31 (s, 9H), 1.44 (m, 2H), 1.61 (m, 3H), 3.12 (m, 2H), 3.62-3.67
(m, 1H), 4.16 (m, 1H), 4.62-4.77 (m, 1H), 5.07-5.24 (m, 2H), 5.75-5.85 (m, 1H), 6.65- 6.79 (m, 1H), 7.18 (m, 6H), 7.36
(m, 6H), 7.56 (m, 2H), 7.97 (t, 1H, J = 8.1), 8.17 (d, 1H, J = 7.0). HRMS calc for C38H45N5O7S (M+H), 716.3118; found,
716.3100. Anal. (C38H45N5O7S•1.5 H2O) C, H, N.

Example 7: Cbz-L-Leu-L-Phe-L-(N-Boc-amino-Ala)-2-Pyridine

[0114]

[0115] Using the procedure described above to prepare Cbz-L-Leu-L-Phe-L-(N-Boc-amino-Ala)-2-Benzthiazole
(compound 6), the title compound was synthesized from Cbz-L-Leu-L-Phe-L-(N-Boc-amino-Ala)-NCH3OCH3 and
2-lithiopyridine (generated from 2-bromopyridine and nBuLi) in 83% yield. 1H NMR (DMSO-d6) δ 0.79 (d, 3H, J = 6.6),
0.82 (d, 3H, J = 6.6), 1.26 (s, 9H), 1.35 (m, 2H), 1.47 (m, 1H), 2.81 (m, 1H), 3.01 (m, 1H), 3.39 (m, 2H), 3.58 (m, 1H),
3.98 (m, 1H), 4.58 (m, 1H), 5.00 (s, 2H), 5.77 (m, 1H), 6.78 (m, 1H), 7.19 (m, 5H), 7.33 (m, 5H), 7.41 (d, 1H, J = 8.8),
7.68 (dd, 1H, J = 6.4, 5.7), 7.91 (m, 1H), 8.01 (m, 1H), 8.24 (d, 1H, J = 7.7), 8.74 (d, 1H, J = 4.0). HRMS calc for
C36H45N5O7 (M+H), 660.3397; found, 660.3384. Anal. (C36H45N5O7•0.5 H2O) C, H, N.
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Example 8: Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-2-Pyridine

[0116]

[0117] Cbz-L-Leu-L-Phe-L-(N-Boc-amino-Ala)-2-Pyridine (compound 7) (0.04 g, 60.6 µmol) was dissolved in 0.5 mL
TFA. The solution was stirred at 0 °C for 30 min, and then was concentrated under vacuum. To the resulting TFA salt
was added I mL of pyridine followed by 0.5 mL of Ac2O (excess). The mixture was stirred overnight at 23 °C, concen-
trated under vacuum and subjected to column chromatography (1% CH3OH/CHCl3) to provide 0.023 g (63%) of a white
solid. 1H NMR (CDCl3) δ 0.89 (d, 3H, J= 6.6), 0.91 (d, 3H, J = 6.6), 1.41 (m, 1H), 1.58 (m, 2H), 1.87 (s, 3H), 3.08 (m,
2H), 3.59 (m, 1H), 3.95 (m, 1H), 4.12 (m, 1H), 4.64 (m, 1H), 5.08 (m, 3H), 5.89 (m, I H), 6.51 (m, 1H), 6.63 (d, 1H, J
= 7.0), 7.19 (m, 5H), 7.35 (m, 5H), 7.49 (m, 1H), 7.85 (m, 1H), 8.01 (d, 1H, J = 7.7), 8.67 (d, 1H, J = 5.3). HRMS calc
for C33H39N5O6 (M+H), 602.2979; found, 602.3002.

Example 9: Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-2-Benzthiazole

[0118]

Preparation of Intermediate Cbz-L-(N-Ac-amino-Ala)-N(CH3)OCH3:

[0119] To Cbz-L-(N-Ac-amino-Ala)-OH (prepared as described in Webber et al., J. Med. Chem. (1998), vol. 41, 2786)
(1.5 g, 5.36 mmol) dissolved in 30 mL CH2Cl2 was added EDC (1.08 g, 5.63 mmol), N,O-dimethylhydroxylamine hy-
drochloride (0.55 g, 5.64 mmol) and 4-methylmorpholine (1.35 g, 13.35 mmol). The reaction mixture was stirred over-
night at 23 °C, diluted with 250 mL of CH2Cl2, and washed with 50 mL of IN HCl and 50 mL H2O. The organic layer
was dried over Na2SO4, filtered, and evaporated under vacuum. The residue was purified by column chromatography
(5% CH3OH/CHCl3) to give 1.35 g (78%) of the amide product as a viscous oil. 1H NMR (DMSO-d6) δ 1.76 (s, 3H),
3.08 (bs, 3H), 3.12 (m, 2H), 3.70 (s, 3H), 4.60 (bd, 1H, J= 5.9), 5.01 (s, 2H), 7.34 (m, 5H), 7.43 (d, 1H, J = 7.7), 7.90
(m, 1H). Anal. (C15H21N3O5•0.50H2O) C, H, N.

Preparation of Intermediate Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-N(CH3)OCH3:

[0120] To Cbz-L-(N-Ac-ainino-Ala)-N(CH3)OCH3 (0.87 g, 2.69 mmol) dissolved in 20 mL of CH3OH was added 0.4
g of 10% Pd/C. The .black suspension was stirred under an atmosphere of H2 (balloon) at 23 °C for 2 h, then was
filtered and concentrated to give 0.51 g of L-(N-Ac-amino-Ala)-N(CH3)OCH3 in quantitative yield as an oil. This material
was used immediately without further purification.
[0121] The commercially available dipeptide Cbz-L-Leu-L-Phe-OH (1.0 g, 2.43 mmol) was dissolved in 25 mL of
CH2Cl2 and 6-7 drops of DMF. N-hydroxysuccinimide (0.29 g, 2.52 mmol) was added followed by (upon homogeneity),
DCC (0.526 g, 2.55 mmol). After approximately 2 h of stirring at 23 °C, the mixture was filtered directly into a solution
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of L-(N-Ac-amino-Ala)-N(CH3)OCH3 (0.51 g, 2.70 mmol) in 10 mL CH2Cl2-The reaction mixture was stirred for 12 h at
23 °C and the solvents were removed under high vacuum. The residue was purified by column chromatography (5%
of a saturated methanolic NH3 solution in CHCl3) to give 1.26 g (89%) of the tripeptide as a white solid. IR (KBr) 3300,
3067, 2955, 1657, 1537, 1262 cm-1. 1H NMR (DMSO-d6) δ 0.79 (d, 3H, J = 6.6), 0.82 (d, 3H, J = 6.6), 1.31 (m, 2H),
1.47 (m, I H), 1.77 (s, 3H), 2.79 (dd, 1H, J = 13.6, 8.8), 3.00 (dd, 1H, J = 14.0, 4.4), 3.10 (s, 3H), 3.27 (m, 2H), 3.67
(s, 3H), 3.96 (m, 1H), 4.51 (m, 1H), 4.91 (m, 1H), 5.01 (s, 2H), 7.17 (m, 5H), 7.33 (m, 5H), 7.43 (d, 1H, J = 8.1), 7.82
(t, 1H, J = 5.9), 7.87 (d, 1H, J = 7.7), 8.19 (bd, 1H, J = 7.7). Anal. (C30H41N5O7•0.50H2O) C, H, N.

Alternate Preparation of Intermediate Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-N(CH3)OCH3:

[0122] To a solution of Cbz-L-(N-Ac-amino-Ala)-OH (prepared as described in Webber et al., J. Med Chem. (1998),
vol. 41, 2786) (1.10 g, 4.62 mrnol) in 20 mL of 3:6:1 CH3OH:AcOH:H2O was added 1 g of 10% Pd/C. The mixture was
stirred under an atmosphere of H2 at 23 °C using a balloon for 3 h. Removal of the catalyst by filtration and concentration
of the filtrate under vacuum gave the amino acid•AcOH salt in 99% yield. This material was used without further
purification. 1H NMR (CD3OD) δ 1.97 (s, 3H), 3.54 (dd, 1H, J = 13.8, 6.1), 3.63-3.75 (m, 2H).
[0123] Commercially obtained Cbz-L-Leu-L-Phe-OH (1.9 g, 4.61 mmol) was dissolved in a mixture of 20 mL CH2Cl2
and 4 mL of DMF. To this stirred solution was added N-hydroxysuccinimide (0.53 g, 4.61 mmol). Once dissolved, DCC
(0.951 g, 4.61 mmol) was added and the reaction was stirred at 23 °C for 3 h. At this time, the mixture was filtered
directly into a solution of L-(N-Ac-amino-Ala)-ONa (prepared by dissolving L-(N-Ac-amino-Ala)-OH•AcOH (0.95 g, 4.61
mmol) in 1 mL of 1:1 DMF and adding 9.21 mL of I N aq NaOH at 0 °C). The reaction mixture was stirred for 2 h at 23
°C and the solvents were then removed under high vacuum. The residue was partitioned between 150 mL of 1 N HCl
and 500 mL of EtOAc. Any solids formed were filtered and collected. The organic phase was then washed with H2O,
dried over Na2SO4, filtered, and concentrated. The solids were combined and purified by column chromatography
(0.01% AcOH/5% CH3OH/CHCl3) yielding 68% of the tripeptide Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-OH as a white
solid. 1H NMR (CD3OD) δ 0.84 (d, 3H, J = 6.6), 0.88 (d, 3H, J = 6.6), 1.40 (m, 2H), 1.56 (m, 1H), 1.91 (s, 3H), 2.95
(dd, 1H, J = 13.8, 9.7), 3.22 (dd, 1H, J = 14.0, 4.8), 3.47 (dd, 1H, J = 13.6, 7.7), 3.64 (dd, 1H, J= 13.6, 4.0), 4.07 (dd,
I H, J= 7.9, 5.0), 4.41 (m, 1H), 4.58 (m, 1H), 5.07 (m, 2H), 7.14-7.34 (m, 10H). HRMS calc for C28H36N4O7 (M+H),
541.2662; found, 541.2678.
[0124] To a solution of Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-OH (0.64 g, 1.19 mmol) in 2 mL THF and 2 mL CH2Cl2
at -20 °C was added I-methyl piperidine (0.12 g, 1.21 mmol) and isobutylchloroformate (0.163 g, 1.19 mmol). The
mixture was stirred for 10 min, and a solution of N,O-dimethylhydroxylamine hydrochloride (0.116 g, 1.19 mmol) and
1-methyl piperidine (0.12 g, 1.21 mmol) in 3 mL CH2Cl2 were added dropwise. The reaction mixture was brought to
23 °C and stirred for an additional 3 h. The mixture was concentrated under vacuum, taken up in an excess of EtOAc,
and washed with H2O. The organic layer was dried over Na2SO4, filtered, and concentrated under vacuum. The residue
was purified by column chromatography (5% CH3OH/CHCl3) yielding a white solid in 59% yield.

Preparation of Product Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-2-Benzthiazole:

[0125] This compound was prepared in 21% yield from benzothiazole and Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-N
(CH3)OCH3 as described above for the preparation of Cbz-L-Leu-L-Phe-L-(N-Boc-amino-Ala)-2-benzthiazole (com-
pound 6). 1H NMR (CDCl3) δ 0.90 (m, 6H), 1.38 (s, 1H), 1.57 (m, 2H), 1.88 (s, 3H), 3.05-3.23 (m, 3H), 3.55-3.72 (m,
1H), 4.16 (m, 2H), 4.70 (m, 1H), 5.10 (m, 2H), 5.78-5.90 (m, 1H), 6.81 (m, 1H), 7.15 (m, 5H), 7.35 (m, 6H), 7.55 (m,
3H), 7.95 (t, 1H, J = 8.0), 8.15 (d, 1H, J = 7.0). HRMS calc for C35H39N5O6S (M+Na), 680.2519; found, 680.2549.

Example 10: Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-C(O)NHCH3

[0126]
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Preparation of Intermediate [1-(Acetylaminomethyl)-3-cyano-2-oxo-3-(triphenyl-λ5-phosphanylidene)propyl]carbamic
Acid Benzyl Ester:

[0127] This intermediate was prepared generally according to the method of Wasserman et al., J. Org. Chem. (1994),
vol. 59, 4364. In particular, to a solution of (3-acetylamino-2-benzyloxycarbonylaminopropsonic acid (1.40 g, 5.0 mmol,
I equiv) in CH2Cl2 (50 mL) at 0 °C were added EDC (1.00 g, 5.25 mmol, 1.05 equiv) and DMAP (61 mg, 0.5 mmol, 0.1
equiv). A solution of (cyanomethylene)triphenylphosphorane (prepared as described in Freudenreich et al., J. Am.
Chem. Soc. (1984), vol. 106, 3344) (2.50 g, 8.30 mmol, 1.66 equiv) in CH2Cl2 (16 mL) was added to the acid solution
dropwise over 20 min. After stirring 2 h at 0 °C, the reaction mixture was partitioned between deionized water (30 mL)
and CH2Cl2 (3 x 50 mL). The combined organic layers were washed with brine (30 mL), dried over MgSO4, filtered,
and concentrated. The residue was purified by flash column chromatography (5% CH3OH in CH2Cl2) to give
[1-(acetylaminomethyl)-3-cyano-2-oxo-3-(triphenyl-λ5-phosphanylidene)propyl]-carbamic acid benzyl ester (1.98 g,
70% yield) as a colorless foam. Rf= 0.40 (10% CH3OH in CH2Cl2). IR (cm-1) 3312, 2175, 1716, 1437. 1H NMR (CDCl3)
δ 1.91 (s, 3H), 3.66-3.79 (m, 2H), 5.04-5.06 (m, 1H), 5.10 (s, 2H), 5.94 (br s, 1H), 6.21 (br s, I H), 7.26-7.70 (m, 21H).

Preparation of Intermediate [1-(Acetylaminomethyl)-2-methylcarbarnoyl-2-oxoethyl]carbamic Acid Benzyl Ester:

[0128] A solution of [1-(acetylaminomethyl)-3-cyano-2-oxo-3-(triphenyl-λ5-phosphanylidene)propyl]carbamic acid
benzyl ester (569.9 mg, 1.01 mmol, I equiv) in CH2Cl2 (11 mL) at -78 °C was treated with ozone gas for 3 h. The chilled
solution was then purged with Ar for 30 min until the color had changed from green to yellow. DIEA (0.211 mL, 1.21
mmol, 1.2 equiv) and methylamine hydrochloride (75.1 mg, 1.11 mmol, 1.1 equiv) were added. After 1.5 h at -78 °C,
a second portion of DIEA (0.25 mL, 1.43 mmol, 1.4 equiv) and methylamine hydrochloride (80.0 mg, 1.18 mmol, 1.17
equiv) were added, and stirring continued at -78 °C for 2.5 h longer. The volatiles were removed under reduced pressure,
and the residue was purified by flash column chromatography (5% CH3OH in CH2Cl2) to give [1-(acetylaminomethyl)-
2-methylcarbamoyl-2-oxoethyl]carbamic acid benzyl ester (55.8 mg, 17% yield) as a pale yellow solid. Rf = 0.23 (10%
CH3OH in CH2Cl2). IR (cm-1) 3302, 1709, 1658, 1539. 1H NMR (CDCl3) (rotameric mixture) δ 1.89, 1.95 (2 s, 3H), 2.77
and 2.89 (2 d, 3H, J = 5.2), 3.47-3.54 (m, 1H), 3.61-3.69 (m, 1H), 4.29 (m, 1H), 5. 10 (s, 2H), 6.64 (br s, 1H), 6.85 (br
s, 1H), 7.06 (br s, I H), 7.34 (s, 5H).

Preparation of Product Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-C(O)NHCH3:

[0129] 1 N HCl (solution in water) (0.17 mL, 1.0 equiv) was added to a solution of [1-(acetylaminomethyl)-2-methyl-
carbamoyl-2-oxoethyl]carbamic acid benzyl ester (55.8 mg, 0.17 mmol, 1 equiv) in absolute ethanol (5 mL). After
purging with Ar, 5% palladium on carbon (42 mg) was added, and the mixture stirred under a hydrogen atmosphere
for 5 h. After filtration to remove the catalyst and concentration of the filtrate, the residue was dissolved in DMF (2.0
mL) and added to a solution of commercially obtained Cbz-L-Leu-L-Phe-OH (70.1 mg, 0.17 mmol, 1.0 equiv), EDC
(36 mg, 0.19 mmol, 1.1 equiv), HOBT (26 mg, 0.19 mmol, 1.1 equiv), and DIEA (66 mg, 0.51 mmol, 3.0 equiv) in DMF
(1.5 mL). After stirring at 23 °C for 4 h, the volatiles were removed under reduced pressure. The residue was taken up
into CH2Cl2 (20 mL), and washed sequentially with 1 N HCl (5 mL), saturated NaHCO3 (5 mL), and brine (5 mL). The
organic layer was dried over MgSO4, filtered, and concentrated. The residue was purified by flash column chromatog-
raphy (5% CH3OH in CH2Cl2) to give Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-C(O)NHCH3 (34.6 mg, 35% yield) as a
colorless, crystalline solid. Rf= 0.19 (5% CH3OH in CH2Cl2). IR (cm-1) 3292, 1633, 1454, 1429. 1H NMR (CD3OD) δ
0.75-0.91 (m, 6H), 1.05-1.60 (4 m, 3H), 1.88, 1.91 (2 s, 3H, rotamers), 2.70 (d, 3H, J = 13.2), 2.85-3.13 (m, 3H),
3.55-3.61 (m, 1H), 3.97-4.09 (m, 2H), 4.38-4.62 (m, 3H), 5.48 (s, 2H), 7.15-7.35 (m, 1 0H).

Example 11: Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-C(O)-Piperidine

[0130]
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Preparation of Intermediate [1-(Acetylaminomethyl)-2,3-dioxo-3-piperidin-1-ylpropyl]carbamic Acid Benzyl Ester:

[0131] A solution of [1-(acetylaminomethyl)-3-cyano-2-oxo-3-(triphenyl-λ5-phosphanylidene)propyl]carbamic acid
benzyl ester (prepared as described in Example 10) (572 mg, 1.01 mmol, I equiv) in CH2Cl2 (11 mL) at-78°C was
treated with ozone gas for 2 h. The chilled solution was then purged with Ar for 10 min until the color had changed
from green to yellow. Piperidine (0.110 mL, 1.12 mmol, 1.1 equiv) was added dropwise over I min, and stirring continued
at -78 °C for 15 min. The volatiles were removed under reduced pressure, and the residue purified by flash column
chromatography (5% CH3OH in CH2Cl2) to give [1-(acetylaminomethyl)-2,3-dioxo-3-piperidin-1-yl-propyl]carbamic ac-
id benzyl ester (120.7 mg, 32% yield) as a colorless foam. Rf= 0.30 (EtOAc). IR (cm-1) 3304, 1720, 1639, 1537. 1H
NMR (CDCl3) δ 1.59 (br s, 7H), 1.97 (s, 3H), 3.22-3.91 (m, 7H), 4.54-4.58 (m, 1H), 5.09 (s, 2H), 6.28 (br s, 1H), 6.67
(br s, 1H), 7.34 (s, 5H).

Preparation of Product Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-C(O)-Piperidine:

[0132] By a method analogous to that used to prepare compound 10, [1-(acetylaminomethyl)-2,3-dioxo-3-piperidin-
1-ylpropyl]carbamic acid benzyl ester (54.4 mg, 0.14 mmol, 1 equiv) was deprotected and coupled with Cbz-L-Leu-
L-Phe-OH (59.4 mg, 0.14 mmol, 1.0 equiv). After chromatography (5% CH3OH in CH2Cl2), Cbz-L-Leu-L-Phe-L-(N-Ac-
amino-Ala)-C(O)-piperidine (10.5 mg, 12% yield) was obtained as a colorless film. Rf = 0.40 (5% CH3OH in CH2Cl2).
IR (cm-1) 3302, 1657, 1537. 1H NMR (CDCl3) δ 0.80-0.97 (m, 6H), 1.34-1.98 (m, 9H), 3.09-3.19 (m, 2H), 3.37-4.20 (m,
5H), 4.54-4.79 (m, 3H), 5.05-5.22 (m, 2H), 5.95-6.58 (m, 3H), 7.12-7.46 (m, 10H). MS (FAB) 636 (MH+), 658 (MNa+).

Example 12: Cbz-L-Leu-L-Phe-D-(N-Ac-amino-Ala)-C(O)-Piperidine

[0133]

[0134] As a byproduct of the synthesis of compound 11, Cbz-L-Leu-L-Phe-D-(N-Ac-amino-Ala)-C(O)-piperidine (16.7
mg, 18% yield) was obtained as a colorless, crystalline solid. Rf = 0.36 (5% CH3OH in CH2Cl2). IR (cm-1) 3310, 1651,
1537. 1H NMR (CDCl3) δ 0.88 (br s, 6H), 1.39-1.82 (m, 8H), 1.93 (s, 3H), 2.99-3.02 (m, 1H), 3.15-3.22 (m, 1H), 3.40-3.75
(m, 6H), 4.07-4.12 (m, 2H), 5.07-5.18 (m, 4H), 6.27-6.57 (2 m, 2H), 7.18-7.36 (m, 10H), 7.53-7.60 (m, 2H). MS (FAB)
636 (MH+).

Example 13: Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-2-Thiazole

[0135]
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Preparation of Intermediate Cbz-L-(N-Ac-amino-Ala)-2-Thiazole:

[0136] Using a slightly modified version of the method described above to prepare Cbz-L-Leu-L-Phe-L-(N-Boc-ami-
no-Ala)-2-benzthiazole (compound 6), the reaction between Cbz-L-(N-Ac-amino-Ala)-N(CH3)OCH3 (prepared as de-
scribed in Example 9 above) and 5 equiv of the 2-thiazole anion (generated from thiazole and nBuLi) was performed.
Once quenched with H2O, the mixture was then acidified with 10% citric acid followed by extraction with EtOAc. Drying
(Na2SO4), concentration, and purification of the residue by column chromatography using a gradient of 2-5% CH3OH/
CHCl3 gave an 87% yield of the product as a white solid. 1H NMR (CDCl3) δ 1.88 (s, 3H), 3.88 (m, 2H), 5.12 (m, 2H),
5.55 (m, 1H), 6.11 (m, 1H), 6.23 (d, 1H, J = 6.6), 7.36 (m, 5H), 7.75 (d, 1H, J = 2.9), 8.05 (d, 1H, J = 2.9). HRMS calc
for C16H17N3O4S (M+H), 348.1018; found, 348.1028.

Preparation of Product Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-2-Thiazole:

[0137] To a solution of Cbz-L-(N-Ac-amino-Ala)-2-thiazole (0.225 g, 0.65 mmol) in 5 mL CH2Cl2 was added 5 mL
30% HBr/AcOH. The mixture was stirred for 1.5 h and was concentrated. The residue was washed thoroughly with
Et2O and dried to give L-(N-Ac-amino-Ala)- 2-thiazole·hydrobromide in quantitative yield. 1H NMR (CD3OD) δ 1.85 (s,
3H), 4.00 (m, 2H), 5.20 (m, 1H), 8.17 (m, 2H).
[0138] To a -20 °C solution of Cbz-L-Leu-L-Phe-OH (0.267 g, 0.65 mmol) in 5 mL THF was added Et3N (0.197 g,
1.95 mmol) and isobutylchloroformate (89 mg, 0.65 mmol). After stirring for 10 min the reaction mixture was cooled to
-40 °C and a DMF (2 mL) solution of L-(N-Ac-amino-Ala)-2-thiazole·hydrobromide was added. The reaction mixture
was warmed to 23 °C and, after 1 h of stirring, was quenched with H2O and extracted with CHCl3. The organic layer
was washed with brine, dried over Na2SO4, filtered, and concentrated. The residue was purified by column chroma-
tography using a gradient of 2-5% CH3OH/CHCl3 to provide the product in 64% yield (2 steps) as a white solid. 1H
NMR (CD3OD) δ 0.86 (d, 3H, J = 6.3), 0.90 (d, 3H, J = 6.3), 1.37 (m, 2H), 1.58 (m, 1H), 1.83 (s, 3H), 2.93 (m, 1H),
3.20 (m, 1H), 3.64 (m, 1H), 3.81 (m, 1H), 4.07 (m, 1H), 4.66 (m, 1H), 5.09 (m, 2H), 5.63 (m, 1H), 7.14 (m, 5H), 7.33
(m, 5H), 8.09 (d, 1H, J= 2.9), 8.17 (d, 1H, J= 2.6). HRMS calc for C31H37N5O6S (M+H), 608.2543; found, 608.2565.
Anal. (C31H37N5O6S•0.50H2O) C, H, N.

Example 14: Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-C;CH

[0139]

[0140] Under anhydrous conditions, 10 equiv of ethynyl magnesium bromide (0.5 M in THF, 12 mL) was added' to
a solution of Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-N(CH3)OCH3 (prepared as described in Example 9) (0.35 g, 0.60
mmol) in 3 mL of THF. The reaction mixture was stirred for 1.5 h at 45 °C. The mixture was then poured into 25 mL of
1 N HCl and extracted twice with 50 mL of EtOAc. The organic layers were washed with 25 mL of H2O, dried over
Na2SO4, filtered, and concentrated to leave a residue. Purification by column chromatography (EtOAc) gave a white
solid in 67% yield. 1H NMR (DMSO-d6) δ 0.80 (t, 6H, J = 7.7), 1.29 (m, 2H), 1.48 (m, 1H), 1.79 (s, 3H), 2.80 (m, 1H),
3.05 (dt, 1H, J = 13.9, 4.1), 3.25 (m, 1H), 3.48 (m, 1H), 3.98 (m, 1H), 4.35 (m, 1H), 4.57 (m, 1H), 4.87 (d, 1H, J = 7.7),
5.00 (s, 2H), 7.21 (m, 6H), 7.34 (m, 5H), 7.92 (m, 2H), 8.59 (t, 1H, J = 7.9). HRMS calc for C30H36N4O6 (M+Cs),
681.1689; found, 681.1664.
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Example 15: Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-CH=CH2

[0141]

[0142] This compound was prepared in 22% yield from Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-N(CH3)OCH3 (pre-
pared as described in Example 9) and vinyl magnesium bromide using a procedure analogous to that described for
generating Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-C;CH (compound 14). 1H NMR (DMSO-d6) δ 0.80 (t, 6H, J = 7.5),
1-27 (m, 2H), 1.43 (m, 1H), 1.76 (s, 3H), 2.80 (m, 1H), 3.07 (m, 1H), 3.23 (m, 1H), 3.45 (m, 1H), 4.00 (m, 1H), 4.48
(m, 1H), 4.62 (m, 1H), 5.00 (s, 2H), 5.81 (d, 1H, J = 11.4), 6.19-6.66 (m, 1H), 7.20 (m, 5H), 7.34 (m, 5H), 7.41 (d, 1H,
J = 8.5), 7.77 (m, 1H), 8.03 (d, 1H, J = 7.0), 8.39 (d, 1H, J = 7.4). Anal. (C30H38N4O6) C, H, N.

Example 16: Cbz-L-(N-Ac-amino-Ala)-L-Phe-L-(N-Ac-amino-Ala)-CH=CH2

[0143]

Preparation of Intermediate Cbz-L-(N-Ac-amino-Ala)-L-Phe-OH:

[0144] Using the general procedure described for Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-OH from Cbz-L-Leu-
L-Phe-OH and L-(N-Ac-amino-Ala)-ONa in Example 9, Cbz-L-(N-Ac-amino-Ala)-L-Phe-OH was synthesized in 50%
yield from Cbz-L-(N-Ac-amino-Ala)-OH (prepared as described in Webber et al., J. Med. Chem. (1998), vol. 41, 2786)
and the sodium salt of L-phenylalanine as a white solid. 1H NMR (DMSO-d6) δ 1.77 (s, 3H), 2.90 (dd, 1H, J = 13.8,
8.6), 3.05 (dd, 1H, J = 13.6, 4.8), 3.20 (m, 2H), 4.09 (m, 1H), 4.38 (m, 1H), 5.00 (m, 2H), 7.19-7.34 (m, 11H), 7.88 (m,
1H), 8.07 (d, 1H, J = 8.1).

Preparation of Intermediate Cbz-L-(N-Ac-amino-Ala)-L-Phe-L-(N-Ac-amino-Ala)-N(CH3)OCH3:

[0145] Using the general procedure described in Example 9 for preparing Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-N
(CH3)OCH3 from Cbz-L-Leu-L-Phe-OH and L-(N-Ac-amino-Ala)-N(CH3)OCH3, Cbz-L-(N-Ac-amino-Ala)-L-Phe-L-(N-
Ac-amino-Ala)-N(CH3)OCH3 was synthesized as a while solid in 81% yield from Cbz-L-(N-Ac-amino-Ala)-L-Phe-OH
and L-(N-Ac-amino-Ala)-N(CH3)OCH3. 1H NMR (DMSO-d6) δ 1.77 (s, 6H), 2.79 (dd, 1H, J= 13.8, 9.4), 2.99 (dd, 1H,
J= 14.0, 6.6), 3.10 (s, 3H), 3.19 (m, 2H), 3.29 (m, 2H), 3.68 (s, 3H), 4.05 (m, 1H), 4.44 (m, 1H), 4.89 (m, 1H), 5.01 (m,
2H), 7.20 (m, 5H), 7.34 (m, 6H), 7.84 (m, 2H), 8.02 (d, 1H, J = 7.7), 8.28 (m, 1H). Anal. (C29H38N6O8•1.0H2O) C, H, N.

Preparation of Product:

[0146] Using the procedure described for preparing compound 14, Cbz-L-(N-Ac-amino-Ala)-L-Phe-L-(N-Ac-amino-
Ala)-CH=CH2 was synthesized as a white solid in 25% yield from Cbz-L-(N-Ac-amino-Ala)-L-Phe-L-(N-Ac-amino-Ala)



EP 1 206 484 B1

5

10

15

20

25

30

35

40

45

50

55

33

-N(CH3)OCH3 and ethynyl magnesium bromide. 1H NMR (DMSO-d6) δ 1.76 (s, 3H), 1.79 (s, 3H), 2.79 (m, 1H), 3.05
(m, 1H), 3.18 (m, 2H), 3.43 (m, 1H), 3.50 (m, 1H), 4.04 (m, 1H), 4.36 (m, 1H), 4.56 (m, 1H), 4.88 (d, 1H, J = 4.0), 5.01
(m, 2H), 7.22 (m, 6H), 7.34 (m, 5H), 7.80 (m, 1H), 7.93 (m, 1H), 8.12 (t, 1H, J = 8.6), 8.61 (t, 1H, J = 8.1). HRMS calc
for C29H33N5O7 (M+Cs), 696.1434; found, 696.1408.

Example 17: Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-C;CCH2OCH3

[0147]

[0148] Using the procedure described for preparing compound 6, the title compound was synthesized in 19% yield
from Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-N(CH3)OCH3 (prepared as described in Example 9) and the lithium anion
of methyl propargyl ether (generated from nBuLi and methyl propargyl ether at 23 °C). 1H NMR (DMSO-d6) δ 0.80 (t,
6H, J = 7.4), 1.28 (m, 2H), 1.47 (m, 1H), 1.79 (s, 3H), 2.80 (m, 1H), 3.05 (m, 1 H), 3.27 (s, 3H), 3.33 (m, 1H), 3.50 (m,
1H), 4.00 (m, 1H), 4.32 (s, 2H), 4.36 (m, 1H), 4.57 (m, 1H), 5.01 (s, 2H), 7.22 (m, 6H), 7.34 (m, 5H), 7.96 (m, 2H), 8.58
(m, 1H). HRMS calc for C32H40N4O7 (M+Cs), 725.1951; found, 725.1978.

Example 18: Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-CH2OCH2CH2Ph

[0149]

Preparation of Intermediate Bu3SnCH2OCH2CH2Ph:

[0150] Potassium hydride (35 wt % in mineral oil, 2.29 g, 20.0 mmol, 2.0 equiv) was stirred in hexanes (10 mL) for
5 min, and then stirring was stopped and the solid allowed to settle. Most of the hexanes layer was removed by pipette,
and the residual solvent removed under vacuum. The resulting dry KH powder was suspended in THF (20 mL) and
phenethyl alcohol (1.22 g, 10.0 mmol, 1 equiv) was added (causing gas evolution). After stirring at 23 °C for 2.5 h, a
thick precipitate formed. The mixture was cooled to 0 °C and a solution of iodomethyltributyltin (prepared according to
Seitz, et al., Synth. Commun. (1983), vol. 13, 129) (6.46 g, 15.0 mmol, 1.5 equiv) in THF (15 mL) was added via cannula
over 10 min. The mixture was warmed to 23 °C for 3.5 h, and then cooled to -78 °C. The reaction was quenched with
saturated aqueous NH4Cl solution (25 mL), warmed to 23 °C, and extracted with Et2O (200 mL). The organic extracts
were dried over MgSO4, filtered, and concentrated. Purification of the residue by flash column chromatography (hex-
anes) afforded tributyl-phenethyloxymethyl-stannane (3.73 g, 88% yield) as a colorless liquid. Rf= 0.63 (4% EtOAc in
hexanes). IR (cm-1) 2955, 2924, 2852, 1464, 1082. 1H NMR (CDCl3) δ 0.90 (t, J = 7.2, 15H), 1.31 (sextet, J = 7.4, 6H),
1.50 (quintet, J = 7.4, 6H), 2.86 (t, J = 7.0, 2H), 3.54 (t, J = 7.0, 2H), 3.75 (s, 2H), 7.15-7.33 (m, 5H). 13C NMR (CDCl3)
δ 9:01, 13.66, 27.28, 29.12, 36.36, 61.94, 76.38, 125.94, 128.17, 128.91, 139.50.
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Preparation of Product Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-CH2OCH2CH2Ph:

[0151] A solution of tributyl-phenethyloxymethyl-stannane (0.443 g, 1.02 mmol) in THF (10 mL) was cooled to -78
°C and nBuLi (2.5 M in hexane, 0.41 mL) was added. The mixture was stirred for 15 min and Cbz-L-Leu-L-Phe-L-(N-
Ac-amino-Ala)-N(CH3)OCH3 (prepared as described in Example 9) (0.10 g, 0.17 mmol) was added. The reaction mix-
ture was allowed to warm to 0 °C over a period of 1.5 h and then was poured into 100 mL EtOAc. This solution was
washed with 30 mL of 10% aq citric acid, 30 mL H2O, 3 mL brine, dried over MgSO4, filtered and concentrated. The
residue was purified by column chromatography (gradient elution, 3-5% CH3OH/CHCl3) yielding 0.014 g (13%) of a
white solid. 1H NMR (DMSO-d6) δ 0.79 (t, 6H, J = 6.8), 1.30 (m, 2H), 1.48 (m, 1H), 1.76 (s, 3H), 2.80 (t, 2H, J = 6.8),
2.86 (m, I H), 2.99 (dd, 1H, J= 13.2, 4.0), 3.24-3.42 (m, 2H), 3.56 (t, 2H, J= 6.8), 4.01 (m, 1H), 4.10 (m, 2H), 4.34 (m,
1H), 4.47 (m, 1H), 5.00 (m, 2H), 7.13-7.33 (m, 10H), 7.40 (d, 1H, J = 8.5), 7.72 (t, 1H, J = 5.5), 8.03 (d, 1H, J = 7.4),
8.32 (d, 1H, J = 7.4). HRMS calc for C37H46N4O7 (M+Cs), 791.2421; found, 791.2439. Anal. (C37H46N4O7) C, H, N.

Example 19: Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-CH2OCH3

[0152]

[0153] Using a procedure like that described for preparing compound 18, the title compound was synthesized as a
white solid in 26% yield from Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-N(CH3)OCH3 (prepared as described in Example
9) and tributyl-methoxymethyl-stannane (prepared as described in C. R .Hebd. Seances Acad. Sci. Ser. C (1970), vol.
270, 2080). 1H NMR (CDCl3) δ 0.90 (t, 6H, J = 6.6), 1.45 (m, 1H), 1.62 (m, 1 H), 2.01 (s, 3H), 3.17 (m, 1H), 3.25 (m, I
H), 3.48 (s, 3H), 3.88-4.05 (m, I H), 4.12 (m, 1H), 4.20 (m, 1H), 4.34 (m, 1H), 4.82 (m, 1H), 4.85-4.95 (m, 1H), 5.05
(m, 1H), 5.10 (m, 2H), 5.83 (m, 1H), 6.45 (m, I H), 6.55 (t, 1H, J = 7.4), 7.05 (m, 1H), 7.40 (d, 1H, J = 8.5), 7.18-7.43
(m, 1 OH). HRMS calc for C30H40N4O7 (M+H), 569.2975; found, 569.2991. Anal. (C30H40N4O7) C, H, N.

Example 20: Cbz-L-Leu-L-Phe-L-Gln-2-Benzthiazole

[0154]

Preparation of Intermediate Boc-L-(Tr-Gln)-2-Benzthiazole:

[0155] To a solution of benzothiazole (1.63 mL, 14.9 mmol, 3.5 equiv) in THF (100 mL) at -78 °C was added nBuLi
(9.31 mL, 14.9 mmol, 3.5 equiv). The mixture was stirred at -78 °C for 30 min. A solution of Boc-L-(Tr-Gln)-N(CH3)
OCH3 (prepared as described in Dragovich et al., J. Med. Chem. (1998), vol. 41, 2806) (2.26 g, 4.25 mmol, 1 equiv)
in THF (50 mL) was added to the above mixture at -78 °C. After stirring 2 h at -78 °C, the reaction mixture was partitioned
between saturated NH4Cl (100 mL) and EtOAc (2 x 100 mL). The combined organic layers were dried over Na2SO4
and were concentrated. Flash column chromatographic purification of the residue (25% EtOAc in hexane) gave Boc-
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L-(Tr-Gln)-2-benzthiazole (0.987 g, 35% yield) as a pale-yellow foam. Rf= 0.24 (25% EtOAc in hexane). IR (cm-1) 3394,
1696, 1489, 1165. 1H NMR (CDCl3) δ 1.46 (s, 9H), 1.59-1.64 (m, 1H), 2.07-2.09 (m, 1H), 2.44-2.53 (m, 2H), 5.61 (m,
1H), 7.08 (s, br. 1H), 7.25-7.33 (m, 16H), 7.55-7.63 (m, 2H), 8.00-8.03 (m, 1H), 8.16.-8.19 (m, 1H). Anal. (C36H35N3O4S)
C, H, N.

Preparation of Intermediate Cbz-L-Leu-L-Phe-L-(Tr-Gln)-2-Benzthiazole:

[0156] Boc-L-(Tr-Gln)-2-Benzthiazole (0.156 g, 0.26 mmol, 1.0 equiv) was dissolved in 1,4-dioxane (3 mL), and a
solution of HCl in 1,4-dioxane (4.0 M, 3 mL) was added. The reaction was stirred at room temperature for 3 h, then
the solvent was removed under reduced pressure. The residue was dissolved in DMF (5 mL), cooled to 0 °C, and Cbz-
L-Leu-L-Phe-OH (0.160 g, 0.39 mmol, 1.5 equiv), DIEA (0.136 mL, 0.78 mmol, 3 equiv) and HATU (0.148 g, 0.39 mmol,
1.5 equiv) were added sequentially. The reaction mixture was stirred at 0 °C for 40 min, and then the solvent was
removed under reduced pressure. The residue was taken up into CH2Cl2 (50 mL), and washed sequentially with 0.5
N HCl (50 mL), saturated NaHCO3 (50 mL), H2O (50 mL), and brine (50 mL). The organic layer was dried over MgSO4,
filtered, and concentrated. The residue was purified by flash column chromatography (2% CH3OH in CH2Cl2) to give
Cbz-L-Leu-L-Phe-L-(Tr-Gln)-2-benzthiazole (0.170 g, 74% yield). Rf= 0.24 (5% CH3OH in CH2Cl2). IR (cm-1) 3295,
1654, 1226. 1H NMR (CDCl3) δ 0.77-0.91 (m, 6H), 1.31-1.37 (m, 1H), 1.42-1.46 (m, 1H), 1.48-1.58 (m, 3H), 2.02-2.18
(m, 1H), 2.38-2.42 (m, 2H), 2.83-3.18 (m, 2H), 4.09-4.13 (m, 1H), 4.56-4.59 (m, 1H), 4.88-4.97 (m, 2H), 5.68-5.72 (m,
1H), 6.42-6.47 (m, 1H), 6.56 (d, 1H, J = 7.5), 7.07-7.35 (m, 25H), 7.54-7.59 (m, 2H), 7.96-8.01 (m, 2H), 8.10-8.14 (m,
1H). Anal. (C53H53N5O6S) C, H, N.

Preparation of Product:

[0157] Triisopropylsilane (0.077 mL, 0.376 mmol) and trifluoroacetic acid (3 mL) were added sequentially to a solution
of Cbz-L-Leu-L-Phe-L-(Tr-Gln)-2-benzthiazole (0.150 g, 0.17 mmol) in CH2Cl2 (3 mL) at 23 °C, producing a bright-
yellow solution. The reaction mixture was stirred at 23 °C for 30 min, during which time it became colorless. The volatiles
were removed under reduced pressure, and the resulting solid was triturated with Et2O (10 mL), filtered, and air-dried
to give Cbz-L-Leu-L-Phe-L-Gln-2-benzthiazole (0.058 g, 49% yield) as a pale-yellow solid. Rf= 0.50 (10% CH3OH in
CH2Cl2). mp = 192 -195 °C. IR (cm-1) 3298, 1659, 1526, 1238. 1H NMR (CDCl3) δ 0.68-0.81 (m, 6H), 1.22-1.30 (m,
2H), 1.42-1.48 (m, I H), 1.98-2.07 (m, 1H), 2.15-2.24 (m, 3H), 2.68-2.79 (m, 1H), 3.00-3.05 (m, 1H), 3.93-3.95 (m, 1H),
4.60-4.64 (m, 1H), 4.99 (s, 2H), 5.42-6.46 (m, 1H), 6.81 (s, 1H), 7.15-7.37 (m, 13H), 7.63-7.71 (m, 2H), 7.87-7.90 (m,
1H), 8.26-8.29 (m, 1H), 8.70-8.72 (m, 1H). Anal. (C35H39N6O5S) C, H, N.

Example 21: Cbz-L-Leu-L-Phe-L-[(S)-Pyrrol-Ala]-2-Benzthiazole

[0158]

Preparation of Intermediate Boc-L-[(N-2,4-Dimethoxybenzyl)-(S)-Pyrrol-Ala]-H (Q1):

[0159] A solution of sulfur trioxide-pyridine complex (2.55 g, 16.0 mmol, 4 equiv) in DMSO (60 mL) was slowly added
to a mixture of Boc-L-(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Alaninol (P1) (prepared as described in Dragovich et al., J.
Med Chem. (1999), vol. 42, 1213) (1.64 g, 4.00 mmol, 1 equiv) and Et3N (2.01 mL, 14.4 mmol, 3.6 equiv) cooled at
10-17 °C. The reaction mixture was stirred at 23 °C for 1.5 h. The mixture was slowly quenched with H2O (80 mL) at
0 °C, then extracted with EtOAc (2 x 150 mL). The combined organic layers were washed with 5% citric acid (200 mL)
and brine (200 mL), and then were dried over MgSO4 and concentrated. The resulting white foam was used without
further purification.
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Preparation of Intermediate Boc-L-[(N-2,4-Dimethoxybenzyl)-(S)-Pyrrol-Ala]-OH (R1):

[0160] To a solution of Boc-L-[(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala]-H (1.63 g, 4.00 mmol, 1 equiv) in t-butyl al-
cohol (50 mL) and 2-methyl-2-butene (12 mL) was added a solution of NaClO2 (3.32 g, 36,68 mmol, 9.17 equiv) and
NaH2PO4 (3.32 g, 27.68 mmol, 6.92 equiv) in H2O (20 mL) using an additional funnel. The mixture was stirred at 23
°C overnight. The mixture was washed with Et2O (80 mL), and the aqueous layer was acidified with 1 N HCl to pH 3,
and then extracted with 10% CH3OH in CH2Cl2 (2 x 100 mL). The combined organic layers were washed with H2O
(100 mL), dried over Na2SO4 and concentrated to give Boc-L-[(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala]-OH (1.11 g,
66%) as a white foam. This material was used without further purification. 1H NMR (CDCl3) δ 1.44 (s, 9H), 1.66-1.75
(m, 1H), 1.78-1.88 (m, 1H), 2.18-2.31 (m, 2H), 2.75-2.85 (m, 1H), 3.22-3.40 (m, 2H), 3.81 (s, 6H), 4.45 (s, 2H), 4.52-4.56
(tn, 1H), 6.46-6.49 (m, 2H), 7.13 (d, 1H, J= 7.5).

Preparation of Intermediate Boc-L-[(N-2,4-Dimethoxybenzyl)-(S)-Pyrrol-Ala]-N(CH3)OCH3 (S1):

[0161] Isobutyl chlorofownate (0.340 mL, 2.62 mmol, I equiv) was added to a solution of Boc-L-[(N-2,4-dimethoxy-
benzyl)-(S)-Pyrrol-Ala]-OH (1.11g, 2.62 mmol, I equiv) and NMM (0.570 mL, 5.24 mmol, 2 equiv) in CH2Cl2 (40 mL)
at -20 °C. The reaction mixture was stirred at -20 °C for 20 min, and then N,O-dimethylhydroxylamine hydrochloride
(0257 g, 2.62 mmol, 1 equiv) was added. The resulting mixture was stirred at -20 °C for 1 h and at 23 °C for 2 h, and
then was partitioned between water (100 mL) and CH2Cl2 (2 x 100 mL). The combined organic layers were dried over
Na2SO4 and concentrated. Flash column chromatographic purification of the residue (2% CH3OH in CH2Cl2) gave
Boc-L-[(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala]-N(CH3)OCH3 (0.869 g, 71% yield) as a white foam. Rf= 0.16 (5%
CH3OH in CH2Cl2). IR (cm-1) 3413, 1671, 1508, 1258. 1H NMR (CDCl3) δ 1.42 (s, 9H), 1.59-1.69 (m, 2H), 2.13-2.20
(m, 1H), 2.30-2.38 (m, 1H), 2.51-2.95 (m, 1H), 3.18-3.22 (m, 5H), 3.77 (s, 3H), 3.80 (s, 6H), 4.41 (s, 2H), 4.64-4.69
(m, 1H), 5.39 (d, 1H, J = 9.3), 6.42-6.44 (m, 2H), 7.11 (d, 1H, J = 8.7). Anal. (C23H35N3O7•0.25H2O) C, H, N.

Preparation of Intermediate Boc-L-[(N-2,4-Dimethoxybenzyl)-(S)-Pyrrol-Ala]-2-Benzthiazole (T1):

[0162] To a solution of benzothiazole (0.815 mL, 7.47 mmol, 3.5 equiv) in THF (80 mL) at -78 °C was added nBuLi
(1.6 M in hexane, 4.7 mL, 7.47 mmol, 3.5 equiv). The mixture was stirred at -78 °C for 30 min. A solution of Boc-L-[(N-
2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala]-N(CH3)OCH3 (0.869 g, 1.87 mmol, I equiv) in THF (30 mL) was added to the
above mixture at -78 °C. After stirring 2 h at -78 °C, the reaction mixture was partitioned between saturated NH4Cl
(100 mL) and EtOAc (2 x 50 mL). The combined organic layers were dried over Na2SO4 and were concentrated. Flash
column chromatographic purification of the residue (2% CH3OH in CH2Cl2) gave Boc-L-[(N-2,4-dimethoxybenzyl)-(S)
-Pyrrol-Ala]-2-benzthiazole (0.872 g, 86% yield) as a pale-yellow foam. Rf= 0.43 (5% CH3OH in CH2Cl2). IR (cm-1)
3402, 1698, 1503, 1258. 1H NMR (CDCl3) δ 1.42 (s, 9H), 1.89-1.96 (m, 1H), 2.17-2.23 (m, 1H), 2.43-2.48 (m, 1H),
2.71-2.74 (m, 1H), 3.20-3.28 (m, 3H), 3.78 (s, 6H), 4.40 (s, 2H), 5.55-5.60 (m, 1H), 5.93 (d, 1H, J = 7.8), 6.39-6.44 (m,
2H), 7.09 (d, 1H, J = 8.1), 7.52-7.60 (m, 2H), 7.97-8.00 (m, 1H), 8.15-8.17 (m, 1H). Anal. (C28H33N3O6S•0.20H2O) C,
H, N.

Preparation of Intermediate Boc-L-[(S)-Pyrrol-Ala]-2-Benzthiazole (U1):

[0163] To a suspension of Boc-L-[(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala]-2-benzthiazole (0.406 g, 0.75 mmol, I
equiv.) in CH3CN (10 mL) and H2O (1 mL) was added DDQ (0.340 g, 1.5 mmol, 2 equiv). The reaction mixture was
stirred at 60 °C for 5 h, and then was diluted with CH2Cl2 (50 mL) and washed sequentially with saturated NaHCO3
(40 mL) and brine (40 mL). The organic layer was dried over Na2SO4 and was concentrated. The residue was purified
by flash column chromatography (2% CH3OH in CH2Cl2) to give Boc-L-[(S)-Pyrrol-Ala]-2-benzthiazole (0.214 g, 80%)
as a white foam. Rf= 0.28 (10% CH3OH in CH2Cl2). IR (cm-1) 3295, 1693, 1167. 1H NMR (CDCl3) δ 1.44 (s, 9H), 1.75
(s, 2H), 2.12-2.17 (m, 2H), 2.66-2.70 (m, 1H), 3.04-3.43 (m, 2H), 5.60 (m, 1H), 5.81 (m, 2H), 7.52-7.61 (m, 2H), 7.99
(d, 1H, J = 8.4), 8.17 (d, 1H, J = 7.8). Anal. (C19H23N3O4S) C, H, N.

Preparation of Product (W1):

[0164] Boc-L-[(S)-Pyrrol-Ala]-2-Benzthiazole (0.200 g, 0.56 mmol, 1.0 equiv) was dissolved in 1,4-dioxane (3 mL),
and a solution of HCl in 1,4-dioxane (4.0 M, 3 mL) was added. The reaction was stirred at room temperature for 3 h,
and then the solvent was removed under reduced pressure. The residue was dissolved in CH3CN (6 mL), cooled to 0
°C, and Cbz-L-Leu-L-Phe-OH (0.347 g, 0.84 nunol, 1.5 equiv), NMM (0.246 mL, 2.24 mmol, 4 equiv) and HATU (0.319
g, 0.84mmol, 1.5 equiv) were added sequentially. The reaction mixture was stirred at 0 °C for 40 min, and then the
solvent was removed under reduced pressure. The residue was taken up into CH2Cl2 (50 mL) and was washed se-



EP 1 206 484 B1

5

10

15

20

25

30

35

40

45

50

55

37

quentially with 0.5 N HCl (50 mL), saturated NaHCO3 (50 mL), H2O (50 mL), and brine (50 mL). The organic layer was
dried over MgSO4, filtered, and concentrated. The residue was purified by flash column chromatography (2% CH3OH
in CH2Cl2) to give Cbz-L-Leu-L-Phe-L-[(S)-Pyrrol-Ala)-2-benzthiazole (0.142 g, 37% yield). Rf = 0.20 (5% CH3OH in
CH2Cl2). mp = 108 -111 °C. IR (cm-1) 3284,1662,1531, 1244. 1H NMR (CDCl3) δ 0.81-0.88 (m, 6H), 1.40-1.44 (m, 1H),
1.55-1.59 (m, 2H), 1.89-2.00 (m, 2H), 2.10-2.17 (m, 2H), 2.48-2.52 (m, 2H), 3.09-3.18 (m, 2H), 3.35-3.37 (m, 2H),
4.11-4.19 (m, 1H), 4.80-4.85 (m, 1H), 5.05-5.10 (m, 2H), 5.25 (d, 1H, J = 8.1), 5.68-5.70 (m, 1H), 6.18 (s, br 1H),
7.07-7.37 (m, 10H), 7.52-7.61 (m, 2H), 7.97-8.00 (m, 1H), 8.07-8.09 (m, 1H), 8.15-8.18 (m, 1H). Anal. (C37H41N5O6S)
C, H, N.

Example 22: Cbz-L-Leu-L-Phe-L-[(S)-Pyrrol-Ala]-2-Thiazole

[0165]

[0166] Boc-L-[(S)-Pyrrol-Ala]-2-Thiazole (prepared from Boc-L-[(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala]-N(CH3)
OCH3, nBuLi, and thiazole in a manner analogous to the synthesis of Boc-L-[(S)-Pyrrol-Ala]-2-benzthiazole described
in Example 21) (0.065 g, 0.19 mmol, 1.0 equiv) was dissolved in 1,4-dioxane (3 mL), and a solution of HCl in 1,4-dioxane
(4.0 M, 3 mL) was added. The reaction mixture was stirred at 23 °C for 3 h, and then the solvent was removed under
reduced pressure. The residue was dissolved in CH3CN (6 mL) cooled at 0 °C, and then Cbz-L-Leu-L-Phe-OH (0.118
g, 0.29 mmol, 1.5 equiv), NMM (0.084 mL, 0.76 mmol, 4 equiv) and HATU (0.110 g, 0.29 mmol, 1.5 equiv) were added
sequentially. The reaction mixture was stirred at 0 °C for 40 min, and then the solvent was removed under reduced
pressure. The residue was taken up into CH2Cl2 (50 mL), and washed sequentially with 0.5 N HCl (50 mL), saturated
NaHCO3 (50mL), H2O (50 mL), and brine (50 mL). The organic layer was dried over MgSO4, filtered, and concentrated.
The residue was purified by flash column chromatography (2% CH3OH in CH2Cl2) to give Cbz-L-Leu-L-Phe-L-[(S)
-Pyrrol-Ala]-2-thiazole (0.057 g, 48% yield). Rf= 0.48 (10% CH3OH in CH2Cl2). mp = 83-85 °C. IR (cm-1) 3284, 1661,
1536, 1247. 1H NMR (CDCl3) δ 0.85-0.86 (m, 6H), 1.39-1.44 (m, 1H), 1.52-1.58 (m, 2H), 2.00-2.07 (m, 4H), 2.43 (m,
2H), 3.01-3.21 (m, 3H), 3.32-3.34 (m, 2H), 4.14 (m, 1H), 4.85-4.87 (m, 1H), 5.08 (s, 2H), 5.29-5.32 (m, 1H), 5.59 (m,
1H), 6.55 (s, br 1H), 7.16-7.22 (m, 5H), 7.33 (s, 5H), 7.69 (d, 1H, J = 1.5), 8.00 (d, 1H, J = 1.5). Anal.
(C33H39N5O6S•0.50H2O) C, H, N.

Example 23: Cbz-L-Leu-L-Phe-L-[(S)-Pyrrol-Ala]-2-Pyridine

[0167]

[0168] A solution of HCl in 1,4-dioxane (4.0 M, I mL) was added to Boc-L-[(S)-Pyrrol-Ala]-2-pyridine (prepared from
Boc-L-((N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala]-N(CH3)OCH3, nBuLi, and pyridine in a manner analogous to the syn-
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thesis of Boc-L-[(S)-Pyrrol-Ala]-2-benzthiazole described in Example 21) (0.063 g, 0.19 mmol, 1 equiv) in 1 mL of
1,4-dioxane at 23 °C. After 2 h, the volatiles were removed under reduced pressure. The residue and Cbz-L-Leu-
L-Phe-OH (0.056 g, 0.23 mmol, 1.2 equiv) were dissolved in CH3CN (1 mL) and cooled at 0 °C. NMM (0.083 mL, 0.91
mmol, 4.8 equiv) and HATU (0.060 g, 0.23 mmol, 1.2 equiv) were then added sequentially. The reaction mixture was
stirred at 0 °C for 2 h, and then the volatiles were removed under reduced pressure. The residue was dissolved in
CH2Cl2 (70 mL), and then washed with 1 N HCl (70 mL), NaHCO3 (70 mL), and brine (70 mL). The combined organic
layers were dried over Na2SO4, concentrated, and.the residue was purified by flash column chromatography (gradient
elution, 2→4% CH3OH in CH2Cl2) to afford Cbz-L-Leu-L-Phe-L-[(S)-Pyrrol-Ala]-2-pyridine (0.060 g, 50%) as white
foam. Rf= 0.28 (5% CH3OH in CH2Cl2). IR (cm-1) 3279,2954, 1690, 1660,1531. 1H NMR (CDCl3) δ 0.85-0.86 (m, 6H),
1.38-1.43 (m, 2H), 1.51-1.63 (m, 2H) 1.94-2.06 (m, 4H), 2.39-2.52 (m, 2H), 3.04-3.20 (m, 3H), 3.33-3.34 (m, 1H),
4.17-4.19 (m, 1H), 4.85-4.87 (m, 1H), 5.09-5.10 (m, 2H), 5.33-5.36 (m, 1H), 5.89 (m, 1H), 7.10-7.17 (m, 4H), 7.34 (m,
4H), 7.45-7.52 (m, 3H), 7.75-7.86 (m, 2H), 7.99 (d, 1H, J = 7.8), 8.65 (d, 1H, J = 4.2). Anal. (C35H41N5O6•0.35H2O)
C, H, N.

Example 24: Cbz-L-Leu-L-Phe-L-[(S)-Pyrrol-Ala]-CH3

[0169]

Preparation of Intermediate Boc-L-[(N-2,4-Dimethoxybenzyl)-(S)-Pyrrol-Ala]-CH3:

[0170] CH3Li (1.0 M in THF, 5.79 mL, 5.79 mmol, 3.5 equiv) was added to a solution of Boc-L-[(N-2,4-dimethoxy-
benzyl)-(S)-Pyrrol-Ala]-N(CH3)OCH3 (prepared as described in Example 21) in THF (15 mL) at -40 °C. The mixture
was stirred at -40 °C for 1 h, and then was partitioned between saturated NH4Cl (50 mL) and EtOAc (2 x 50 mL). The
combined organic layers were dried over Na2SO4 and were concentrated. Flash column chromatographic purification
of the residue (2% CH3OH in CH2Cl2) gave Boc-L-[(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala]-CH3 (0.366 g, 48% yield)
as a pale-yellow foam. Rf = 0.53 (50% EtOAc in hexane). IR (cm-1) 3307, 1674, 1509, 1159. 1H NMR (CDCl3) δ 1.43
(s, 9H), 1.78-1.86 (m, 1H), 2.00-2.14 (m, 2H), 2.20-2.32 (m, 4H), 2.40-2.50 (m, 1H), 3.14-3.22 (m, 2H), 3.78 (s, 6H),
4.19-4.25 (m, 1H), 4.38 (s, 2H), 6.09 (d, 1H, J = 6.6), 6.43-6.45 (m, 2H), 7.10 (d, 1H, J = 7.8). Anal. (C22H32N2O6) C, H, N.

Preparation of Intermediate Cbz-L-Leu-L-Phe-L-[(N-2,4-Dimethoxybenzyl)-(S)-Pyrrol-Ala]-CH3:

[0171] Boc-L-[(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala]-CH3 (0.230g, 0.55 mmol, 1.0 equiv) was dissolved in 1,4-di-
oxane (3 mL), and a solution of HCl in 1,4-dioxane (4.0 M, 3 mL) was added. The reaction was stirred at room tem-
perature for 3 h, and then the solvent was removed under reduced pressure. The residue was dissolved in CH3CN (6
mL), cooled to 0 °C, and then Cbz-L-Leu-L-Phe-OH (0.340 g, 0..83 mmol, 1.5 equiv), NMM (0.242 mL, 2.20-mmol, 4
equiv) and HATU (0.314 g, 0.83 mmol, 1.5 equiv) were added sequentially. The reaction mixture was stirred at 0 °C
for 40 min, and the solvent was removed under reduced pressure. The residue was taken up into CH2Cl2 (50 mL), and
washed sequentially with 0.5 N HCl (50 mL), saturated NaHCO3 (50 mL), H2O (50 mL), and brine (50 mL). The organic
layer was dried over MgSO4, filtered, and concentrated. The residue was purified by flash column chromatography
(gradient elution, 0→2% CH3OH in CH2Cl2) to give Cbz-L-Leu-L-Phe-L-[(N-2,4 dimeihoxybenzyl)-(S)-Pyrrol-Ala]-CH3
(0.304 g, 77% yield) contaminated with some inseparable impurities. Rf= 0.30 (50% EtOAc in hexane). IR (cm-1) 3295,
1663, 1510, 1261. 1H NMR (CDCl3) δ 0.88 (s, 3H), 0.90 (s, 3H), 1.42-1.67 (m, 6H), 1.72-1.80 (m, 1H), 1.83-1.94 (m,
1H), 2.04-2.20 (m, 5H), 3.08-3.19 (m, 2H), 3.79 (s, 6H), 4.22-4.26 (m, 2H), 4.30-4.40 (m, 2H), 4.81-4.88 (m, 1H),
5.08-5.10 (m, 2H), 5.23 (m, 1H), 6.42-6.45 (m, 2H), 6.80 (d, 1H, J = 8.1), 7.06-7.10 (m, I H), 7.18-7.19 (m, 5H), 7.33-7.34
(m, 5H), 8.45 (m, 1H).
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Preparation of Product:

[0172] To a suspension of Cbz-L-Leu-L-Phe-L-[(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala]-CH3 (0.300 g, 0.42 mmol, I
equiv) in CH3CN (10 mL) and H2O (1 mL) was added DDQ (0.190 g, 0.84 mmol, 2 equiv). The reaction mixture was
stirred at 60 °C for 5 h, and then was diluted with CH2Cl2 (50 mL) and washed sequentially with saturated NaHCO3
(40 mL) and brine (40 mL). The organic layer was dried over Na2SO4. and was concentrated. The residue was purified
by flash column chromatography (2% CH3OH in CH2Cl2) to give Cbz-L-Leu-L-Phe-L-[(S)-Pyrrol-Ala]-CH3 (0.073 g,
27%) as a white foam. Rf = 0.13 (5% CH3OH in CH2Cl2). IR (cm-1) 3285, 1661, 1544, 1261. 1H NMR (CDCl3) δ 0.82-0.90
(m, 6H), 1.24-1.37 (m, 3H), 1.55-1.64 (m, 2H), 1.74-1.96 (m, 4H), 2.09 (s, 3H), 2.35 (m, 1H), 3.10-3.12 (m, 1H), 3.28-3.32
(m, 1H), 4.09-4.16 (m, 1H), 4.35 (m, 1H), 4.79-4.84 (m, 1H), 5.02-5.14 (m, 2H), 5.22 (d, 1H, J= 6.9), 5.99 (s, 1H),
6.94-6.96 (m, 1H), 7.20-7.24 (m, 5H), 7.35 (s, 5H), 7.94-7.96 (m, 1 H). Anal. (C31H40N4O6•0.50H2O C,H,N.

Example 25: Cbz-L-Leu-L-Phe-L-[(S)-Pyrrol-Ala]-2-Benzothiophene

[0173]

[0174] To a suspension of Cbz-L-Leu-L-Phe-L-[(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala]-2-benzothiophene (pre-
pared from Boc-L-[(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala]-N(CH3)OCH3, nBuLi, and benzothiophene in a manner
analogous to the synthesis of Cbz-L-Leu-L-Phe-L-[(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala]-CH3 described in Example
24) (0.09 g, 0.12 mmol, 1 equiv) in CH3CN (10 mL) and H2O (1 mL) was added DDQ (0.066 g, 0.30 mmol, 2.4 equiv).
The reaction mixture was stirred at 60 °C for 5 h, and then was diluted with CH2Cl2 (50 mL) and washed sequentially
with saturated NaHCO3 (40 mL) and brine (40 mL). The organic layer was dried over Na2SO4 and was concentrated.
The residue was purified by flash column chromatography (2% CH3OH in CH2Cl2) to give Cbz-L-Leu-L-Phe-L-[(S)
-Pyrrol-Ala]-2-benzothiophene (0.055 g, 69%) as a white foam. Rf= 0.52 (10% CH3OH in CH2Cl2). IR (cm-1) 3287,
1663, 1514, 1255. 1H NMR (CDCl3) δ 0.77-0.82 (m, 6H), 1.26-1.32 (m, 2H), 1.47-1.53 (m, 2H), 1.61-1.81 (m, 2H),
2.10-2.20 (m, 2H), 2.32-2.36 (m, 1H), 2.73-2.81 (m, 1H), 2.87-2.94 (m, 1H), 3.06-3.15 (m, 2H), 3.97-4.03 (m, 1H),
4.50-4.55 (m, 1H), 5.00 (m, 2H), 5.32-5.37 (m, I H), 6.97-7.10 (m, 5H), 7.28-7.40 (m, 6H), 7.46-7.58 (m, 2H), 7.65 (s,
1H), 8.02-8.08 (m, 2H), 8.40 (s, 1H), 8.69 (d, 1H, J= 8.1). Anal. (C38H42N4O6) C, H, N.

Example 26: Cbz-L-Leu-L-Phe-L-[(S)-Pyrrol-Ala]-Ph

[0175]

[0176] The title compound was prepared from Boc-L-[(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala]-N(CH3)OCH3 and
PhLi in a manner analogous to the synthesis of Cbz-L-Leu-L-Phe-L-[(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala]-CH3 de-
scribed in Example 24. Rf = 0.25 (5% MeOH in CH2Cl2). 1R (cm-1) 3280, 1696, 1643. 1H NMR (CDCl3) δ 0.79-0.92
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(m, 7H), 1.34-1.44 (m, 1H), 1.48-1.89 (m, 5H), 2.06-2.18 (m, 1H), 2.27-2.38 (m, 1H), 2.44-2.56 (m, 1H), 2.98-3.35 (m,
3H), 4.11-4.21 (m, 1H), 4.76-4.85 (m, 1 H), 5.06 (d, 1H, J = 12.3), 5.12 (d, 1H, J = 12.3), 5.28 (d, 1H, J = 9.0), 5.47-5.56
(m, 1H), 6.38 (s, 1H), 7.08-7.20 (m, 5H), 7.29-7.42 (m, 5H), 7.44-7.52 (m, 2H), 7.56-7.63 (m, 2H), 7.93-7.98 (m, 2H).
Anal. (C36H42N4O6•0.50H2O) C, H, N.

Example 27: Cbz-L-Leu-L-Phe-L-Gln-CH2OC(O)-(2.6-dichloropheayl)

[0177]

Preparation of Intermediate Cbz-L-(Tr-Gln)-CHN2:

[0178] To a solution of 5.22 g of commercially obtained Cbz-L-(Tr-Gln)-OH (10.0 mmol) in 100 mL of THF at about
-15 °C was added 3.0 mL of Et3N (21.6 mmol), followed by the slow addition of 1.64 g of isobutyl chloroformate (12.0
mmol). The reaction mixture was stirred for 40 min before it was filtered to remove the solid formed. Diazomethane in
ether, generated from 5.0 g of Diazald (23 mmol) and 5.0 g of KOH, was then added to the filtrate and stirred for 24 h
at 23 °C. After evaporation of the solvent under reduced pressure, the residue was purified by flash column chroma-
tography, eluting with CH2Cl2/CH3OH (100:1, 600 mL; 100:2, 600 mL; 100:3, 600 mL) to provide 5.37 g of product
(98% yield). 1H NMR (CDCl3) δ 7.15-7.40 (m, 20H), 7.02 (s, 1H), 5.90 (d, 1H), 5.35 (m, 1H), 5.10 (s, 2H), 4.15 (m, 1H),
2.25-2.55 (m, 2H), 2.10 (m, 1H), 1.80 (m, 1H).

Preparation of Intermediate Cbz-L-(Tr-Gln)-CH2Cl:

[0179] At 0 °C, to a solution of 4.8 g of Cbz-L-(Tr-Gln)-CHN2 (8.8 mmol) in 200 mL of anhydrous Et2O and 30 mL of
THF, was added 50 mL of 1.0 M HCl in Et2O slowly. The reaction was completed cleanly after 15 min. After evaporation
of the solvent under reduced pressure, the product was obtained and used directly in the next step without further
purification. 1H NMR (CDCl3) δ 7.15-7.40 (m, 20H), 6.95 (s, 1H), 5.95 (d, 1H), 5.10 (s, 2H), 4.40 (m, 1H), 4.20 (s, 2H),
2.25-2.50 (m, 2H), 2.00-2.25 (m, 1H), 1.75-1.95 (m, 1H).

Preparation of Intermediate Cbz-L-(Tr-Gln)-CH2OC(O)-(2,6-dichlorophenyl):

[0180] 2.40 g of Cbz-L-(Tr-Gln)-CH2Cl (4.3 mmol), 1.07 g of 2,6-dichlorobenzoic acid (5.6 mmol) and 1.5 g of cesium
fluoride (10 mmol) were stirred in 20 mL of DMF at 65 °C for 3.5 h. Then, 150 mL of EtOAc was added and the mixture
was washed 4 times with brine and dried over Na2SO4. The solvent was removed under reduced pressure and the
residue was purified by flash column chromatography (eluting with hexane/EtOAc; 3:1, 800 mL; 2:1, 1800 mL) to
provide 1.80 g of product (59% yield). 1H NMR (CDCl3) δ 7.15-7.40 (m, 23H), 6.90 (s, 1H), 5.90 (d, 1H), 5.15 (s, 2H),
4.85-5.10 (dd, 2H), 4.45 (m, 1H), 2.35-2.65 (m, 2H), 2.15-2.35 (m, 1H), 1.90-2.10 (m, 1H).

Preparation of Intermediate Cbz-L-Leu-L-Phe-L-(Tr-Gln)-CH2OC(O)-(2,6-dichlorophenyl):

[0181] Cbz-L-(Tr-Gln)-CH2OC(O)-(2,6-dichlorophenyl) (0.90 g, 1.0 mmol) was dissolved in 50 mL of EtOH and 20
mL of THF, and ,200 mg of 10% Pd/C and 5.0 mL of 1.0 M HCl in Et2O were added. The mixture was exposed to H2
from a balloon at 23 °C for 4 h. The solids were removed by filtration and the filtrate was concentrated under reduced
pressure. The residue was used directly in the next step without further purification.
[0182] At 0 °C, to a solution of 0.70 g of Cbz-L-Leu-L-Phe-OH (1.70 mmol) and 0.40 g of Et3N (4.0 mmol) in 50 mL
of CH2Cl2, was added 0.75 g of BOP reagent (1.70 mmol). The mixture was stirred for 50 min before being mixed with
the crude amine product prepared above. After stirring 42 h at 23 °C, the solvent was removed under reduced pressure
and the residue was purified by flash column chromatography (eluting with a 1: 1 mixture of hexane/EtOAc) to give
0.88 g of product (72% yield over two steps). 1H NMR (DMSO-d6) δ 7.90-8.70 (m, 3H), 7.10-7.50 (m, 29H), 4.75-5.20
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(m, 4H), 4.55 (m, 1H), 4.30 (m, 1H), 4.00 (m, 1H), 2.70-3.20 (m, 2H), 0.70-2.50 (m, 13H).

Preparation of Product Cbz-L-Leu-L-Phe-L-Gln-CH2OC(O)-(2,6-dichlorophenyl)

[0183] At 0 °C, to a solution of 0.80 g of Cbz-L-Leu-L-Phe-L-(Tr-Gln)-CH2OC(O)-(2,6-dichlorophenyl) in 24 mL of
CH2Cl2, was added 8 mL of TFA slowly. The yellow mixture was stirred for 2 h, and then NaHCO3 (solid) was added
to quench the TFA until the yellow color disappeared. The organic layer was separated and the solid was washed
thoroughly with CH2Cl2. The combined organic layers were concentrated and the residue was purified by preparative
TLC (eluting with 10:1 CH2Cl2/CH3OH) to give 100 mg of product (17% yield). 1H NMR (CH3OH-d4) δ 7.10-7.50 (m,
13H), 4.00-5.20 (m, 7H), 2.70-3.25 (m, 2H), 1.75-2.50 (m, 4H), 1.20-1.70 (m, 3H), 0.90 (m, 6H). LC/MS (APCI): 727
(M+1)/729=3/2; 537(M-dichlorobenzoic acid).

Example 28: (5-Methylisoxazole-3-carboxyl)-L-Val-L-Phe(4-F)-L-[(S)-Pyrrol-Ala]-2-Benzthiazole

[0184]

Preparation of Intermediate Boc-L-(N-2,4-Dimethoxybenzyl)-(S)-Pyrrol-Alaninol-2-Benzthiazole (Z1):

[0185] To a solution of Boc-L-[(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala]-2-benzthiazole (T1) (prepared as described
in Example 21) (0.252 g, 0.54 mmol, I equiv) cooled at -20 °C was added NaBH4 (0.010 g, 0.27 mmol, 0.5 equiv). The
reaction mixture was stirred at - 20 °C for 20 min, and then was partitioned between saturated H2O (50 mL) and CH2Cl2
(2 x 50 mL). The organic layer was dried over MgSO4, filtered, and concentrated. The residue was purified by flash
column chromatography (gradient elution, 0→2% CH3OH in CH2Cl2) to give Boc-L-(N-2,4-dimethoxybenzyl)-(S)-Pyr-
rol-Alaninol-2-benzthiazole (0.199 g, 68% yield) as a white foam. IR (cm-1) 3334, 1654, 1508, 1160. 1H NMR (CDCl3)
(mixture of isomers) δ 1.35 (s), 1.46 (s), 1.88-1.97 (m), 2.04-2.10 (m), 2.23-2.28 (m), 2.52-2.60 (m), 2.66-2.74 (m),
3.16-3.28 (m), 3.78 (s), 3.80-3.84 (m), 4.22-4.26 (m), 4.38-4.51 (m), 5.17-5.18 (m), 5.66-5.68 (m), 5.73-5.76 (m),
5.87-5.89 (m), 6.27-6.29 (m), 6.41-6.47 (m), 7.07-7.15 (m), 7.37-7.43 (m), 7.47-7.52 (m), 7.92 (d, J= 7.8), 8.01 (d, J=
6.9). Anal. (C28H35N3O6S) C, H, N.

Preparation of Intermediate Boc-L-Val-L-Phe(4-F)-L-(N-2,4-Dimethoxybenzyl)-(S)-Pyrrol-Alaninol-2-Benzthiazole
(BB1):

[0186] Boc-L-(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Alaninol-2-Benzthiazole (0.199 g, 0.37 mmol, 1.0 equiv) was dis-
solved in 1,4-dioxane (3 mL), and a solution of HCl in 1,4-dioxane (4.0 M, 3 mL) was added. The reaction was stirred
at 23 °C for 3 h, and then the solvent was removed under reduced pressure. The residue was dissolved in CH3CN (15
mL), cooled to 0 °C, and Boc-L-Val-L-Phe(4-F)-OH (prepared from Boc-L-Val-OH and the sodium salt of 4-iluorophe-
nylaianine in a manner analogous to the preparation of Cbz-L-Leu-L-Phe-L-(N-Ac-amino-Ala)-OH described in Exam-
ple 9) (0.202 g, 0.56 mmol, 1.5 equiv), NMM (0.163 mL, 0.1.48 mmol, 4 equiv) and HATU (0.213 g, 0.56 mmol, 1.5
equiv) were added sequentially. The reaction mixture was stirred at to 0 °C for 40 min, and then the solvent was
removed under reduced pressure. The residue was taken up into CH2Cl2 (50 mL), and was washed sequentially with
0.5 N HCl (50 mL), saturated NaHCO3 (50 mL), H2O (50 mL), and brine (50 mL). The organic layer was dried over
MgSO4, filtered, and concentrated. The residue was purified by flash column chromatography (2% CH3OH in CH2Cl2)
to give Boc-L-Val-L-Phe(4-F)-L-(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Alaninol-2-benzthiazole (0.280 g, 94% yield). Rf =
0.59 (10% CH3OH in CH2Cl2). IR (cm-1) 3279, 1644, 1158. 1H NMR (CDCl3) (mixture of isomers) δ 0.51 (d, J = 6.6),
0.67 (d, J = 6.6), 0.9 (d, J = 6.9), 0.95 (d, J = 6.6), 1.46 (s), 1.47 (s), 1.59-1.65 (m), 2.08-2.13 (m), 2.87-3.18 (m),
2.94-2.96 (m), 3.02-3.05 (m), 3.18-3.28 (m), 3.90-4.01 (m), 4.23-4.46 (m), 4.88 (m), 5.07-5.12 (m), 5.98 (m), 6.24-6.25
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(m), 6.47-6.53 (m), 6.63-6.74 (m), 6.77-6.89 (m), 6.97-7.00 (m), 7.11-7.20 (m), 7.36-7.53 (m), 7.87-8.00 (m), 8.12 (m),
8.76 (m). Anal. (C42H52FN5O8S•0.50H2O) C, H, N.

Preparation of Intermediate (5-Methylisoxazole-3-carboxyl)-L-Val-L-Phe(4-F)-L-(N-2,4-Dimethoxybenzyl)-(S)-Pyrrol-
Alaninol-2-Benzthiazole (BB2):

[0187] Boc-L-Val-L-Phe(4-F)-L-(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Alaninol-2-benzthiazole (0.280 g, 0.35 mmol,
1.0 equiv.) was dissolved in 1,4-dioxane (3 mL), and a solution of HCl in 1,4-dioxane (4.0 M, 3 mL) was added. The
reaction was stirred at 23 °C for 3 h, and then the solvent was removed under reduced pressure. The residue was
dissolved in CH2Cl2 (15 mL), cooled to 0 °C, and 2,4,6-collidine (0.093 mL, 0.70 mmol, 2 equiv) and 5-methylisoxazole-
3-carboxyl chloride (0.076 g, 0.525 mmol, 1.5 equiv) were added. The reaction mixture was stirred at 0 °C for 30 min,
and then was partitioned between saturated H2O (50 mL) and CH2Cl2 (2 x 50 mL). The combined organic layers were
dried over Na2SO4 and were concentrated. Flash column chromatographic purification of the residue (2% CH3OH in
CH2Cl2) gave (5-methylisoxazole-3-carboxyl)-L-Val-L-Phe(4-F)-L-(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Alaninol)-
2-benzthiazole (0.182 g, 65% yield) as a white foam. Rf = 0.55 (10% CH3OH in CH2Cl2). IR (cm-1) 3281, 1643, 1539,
1209. 1H NMR (CDCl3) (mixture ofisomers) δ 0.57 (d, J = 6.9), 0.74 (d, J = 6.9), 0.83-0.87 (m), 0.95-0.99 (m), 1.58-1.64
(m), 1.72-1.78 (m), 1.94-2.02 (m), 2.12-2.26 (m), 2.44-2.53 (m), 2.89-3.09 (m), 2.21-3.28 (m), 3.73 (s), 3.80 (s),
4.17-4.49 (m), 4.91-4.94 (m), 5.05-5.16 (m), 5.92 (d, J= 4.6), 6.20 (d, J = 6.3), 6.42-6.48 (m), 6.63-6.69 (m), 6.74-6.80
(m), 6.93-6.99 (m), 7.02-7.18 (m), 7.35-7.52 (m), 7.88-8.00 (m), 8.16 (d, J = 7.5), 8.74 (d, J = 5.7). Anal.
(C42H47FN6O8S•0.50H2O) C, H, N.

Preparation of Intermediate (5-Methylisoxazole-3-carboxyl)-L-Val-L-Phe(4-F)-L-[(N-2,4-Dimethoxybenzyl)-(S)-Pyrrol-
Ala]-2-Benzthiazole (Y1):

[0188] To a solution of Dess-Martin periodinane (0.114 g, 0.27 mmol, 1.2 equiv) in CH2Cl2 (7 mL) was added (5-meth-
ylisoxazole-3-carboxyl)-L-Val-L-Phe(4-F)-L-(N-2,4-dimethoxybenryl)-(S)-Pyrrol-Alaninol-2-benzthiazole (0.182 g, 0.22
mmol, I equiv) in CH2Cl2 (3 mL). The reaction mixture was stirred at room temperature for 2 h, and then was partitioned
between saturated H2O (50 mL) and CH2Cl2 (2 x 50 mL). The combined organic layers were dried over Na2SO4 and
were concentrated. Flash column chromatographic purification of the residue (2% CH3OH in CH2Cl2) gave (5-methyl-
isoxazole-3-carboxyl)-L-Val-L-Phe(4-F)-L-[(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-Ala]-2-benzthiazole (0.168 g, 94%
yield) as white foam. Rf= 0.51 (10% CH3OH in CH2Cl2). IR (cm-1) 3288, 1645, 1509, 1209. 1H NMR (CDCl3) δ 0.97 (d,
3H, J= 6.9), 1.02 (d, 3H, J= 6.6), 2.06-2.39 (m, 6H), 2.51 (s, 3H), 3.16-3.17 (m, 3H), 3.25-3.30 (m, 2H), 3.83 (s, 6H),
4.39-4.45 (m, 2H), 4.47-4.49 (m, 1H), 4.89-4.96 (m, 1H), 5.58-5.64 (m, 1H), 6.42-6.51 (m, 3H), 6.78-6.88 (m, 3H),
7.02-7.22 (m, 3H), 7.54-7.64 (m, 2H), 8.00-8.03 (m, 1H), 8.19-8.21 (m, 1H), 8.96 (d, 1H, J = 5.7). Anal.
(C42H45FN6O8S•2.6H2O) C, H, N.

Preparation of Product (W2):

[0189] To a suspension (5-methylisoxazole-3-carboxyl)-L-Val-L-Phe(4-F)-L-[(N-2,4-dimethoxybenzyl)-(S)-Pyrrol-
Ala]-2-benzthiazole (0.132 g, 0.16 mmol, I equiv) in CH3CN (10 mL) and H2O (1 mL) was added DDQ (0.132 g, 0.58
mmol, 3.6 equiv). The reaction mixture was stirred at 60 °C for 5 h, and then was diluted with CH2Cl2 (50 mL) and
washed sequentially with saturated NaHCO3 (40 mL) and brine (40 mL). The organic layer was dried over Na2SO4
and was concentrated. The residue was purified by flash column chromatography (gradient elution, 2→4% CH3OH in
CH2Cl2) to give (5-methylisoxazole-3-carboxyl)-L-Val-L-Phe(4-F)-L-[(S)-Pyrrol-Ala]-2-benzthiazole (0.011 g, 11%) as
a white foam. Rf= 0.43 (10% CH3OH in CH2Cl2). IR (cm-1) 3284, 1682, 1265. 1H NMR (CDCl3) δ 0.91 (d, 3H, J = 6.6),
0.95 (d, 3H, J = 6.6), 2.08-2.28 (m, 5H), 2.51-2.56 (m, 5H), 3.03-3.21 (m, 2H), 3.43-3.46 (m, 2H), 4.33-4.38 (m, 1H),
4.89-4.96 (m, 1H), 5.71-5.81 (m, 1H), 6.45 (s, 1H), 6.52 (s, br 1H), 6.79-6.85 (m, 2H), 6.87-6.94 (m, 1H), 7.13-7.17
(m, 2H), 7.55-7.64 (m, 2H), 8.01-8.06 (m, I H), 8.18-8.21 (m, 1H), 8.31 (d, 1H, J = 6.6). HRMS MCs+ 795.1259.

Results of tests conducted using exemplary compounds of the invention are described below.

BIOCHEMICAL AND BIOLOGICAL EVALUATION

Inhibition of Rhinovirus 3C Protease:

[0190] Stock solutions (50 mM, in DMSO) of various compounds were prepared; dilutions were in the same solvent.
Recombinant rhinovirus 3C proteases (see Birch et al., "Purification of recombinant human rhinovirus 14 3C protease
expressed in Escherichia coli," Protein Expr. Pur. (1995), vol. 6(5), 609-618) from serotypes 14, 16, and 2 were prepared
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by the following standard chromatographic procedures: (1) ion exchange using Q Sepharose Fast Flow from Pharma-
cia; (2) affinity chromatography using Affi-Gel Blue from Biorad; and (3) sizing using Sephadex G-100 from Pharmacia.
Each assay sample contained 2% DMSO, 50 mM tris pH 7.6, 1 mM EDTA, a test compound at the indicated concen-
tration, approximately I µM substrate, and 50-100 nM protease. The kobs/I values were obtained from reactions initiated
by addition of enzyme rather than substrate. RVP activity was measured in the fluorescence resonance energy transfer
assay. The substrate was (N-terminal) DABCYL-(Gly-Arg-Ala-Val-Phe-Gln-Gly-Pro-Val-Gly)-EDANS. In the uncleaved
peptide, the EDANS fluorescence was quenched by the proximal DABCYL moiety. When the peptide was cleaved, the
quenching was relieved, and activity was measured as an increase in fluorescence signal. Data were analyzed using
standard non-linear fitting programs (Enzfit), and are shown in the table below. The tabulated data in the column des-
ignated kobs/[I] were measured from progress curves in enzyme start experiments.

Antirhinoviral H1-HeLa Cell Culture Assay:

[0191] In this cell protection assay, the ability of compounds to protect cells against HRV infection was measured by
the XTT dye reduction method, which is described in Weislow et al., J. Natl. Cancer Inst. (1989), vol. 81, 577-586.
[0192] H1-HeLa cells were infected with HRV-14 at a multiplicity of infection (m.o.i.) of 0.13 (virus particles/cell) or
mock-infected with medium only. Infected or mock-infected cells were resuspended at 8 x 105 cells per mL, and incu-
bated with appropriate concentrations of the compounds to be tested. Two days later, XTT/PMS was added to test
plates and the amount of fonnazan produced was quantified spectrophotometrically at 450/650 nm. The EC50 value
was calculated as the concentration of compound that increased the percentage of formazan production in compound-
treated, virus-infected cells to 50% of that produced by compound-free, mock-infected cells. The 50% cytotoxic dose
(CC50) was calculated as the concentration of compound that decreased the percentage of fonnazan produced in
compound-treated, mock-infected cells to 50% of that produced by compound-free, mock-infected cells. The thera-
peutic index (TI) was calculated by dividing the CC50 value by the EC50 value.
[0193] All strains of human rhinovirus (HRV) for use in this assay were purchased from American Type Culture
Collection (ATCC), except for HRV serotype-14 (produced from the infectious cDNA clone constructed by Dr. Robert
Rueckert, Institute for Molecular Virology, University of Wisconsin, Madison, Wisconsin). HRV stocks were propagated
and viral assays were performed in H1-HeLa cells (ATCC). Cells were grown in minimal essential medium with 10%
fetal bovine serum, available from Life Technologies (Gaithersburg, MD).

Test results for the HRV assay are shown in the table below.

Anticoxsackieviral Cell Culture Assay:

[0194] Coxsackievirus types A-21 (CAV-21) and B3 (CVB3) were purchased from American Type Culture Collection
(ATCC, Rockville, MD). Virus stocks were propagated and antiviral assays were performed in H1-HeLa cells (ATCC).
Cells were grown in minimal essential medium with 10% fetal bovine serum (Life Technologies, Gaithersburg, MD).
[0195] The ability of compound 28 to protect cells against either CAV-21 or CVB3 infection was measured by the
XTT dye reduction method. This method is described in Weislow et al., J. Natl. Cancer Inst. (1989), vol. 81, 577-586.
H1-HeLa cells were infected with CAV-21 or CVB3 at a multiplicity of infection (m.o.i.) of 0.025 or 0.075, respectively,
or mock-infected with medium only. H1-HeLa cells were plated at 4 x 104 cells per well in a 96-well plate and incubated
with appropriate concentrations of the test compound. One day (CVB3) or two days (CAV-21) later, XTT /PMS was
added to test plates and the amount of formazan produced was quantified spectrophotometrically at 450/650 nm. The
EC50 was calculated as the concentration of compound that increased the formazan production in compound-treated,
virus-infected cells to 50% of that produced by compound-free, uninfected cells. The 50% cytotoxic dose (CC50) was
calculated as the concentration of compound that decreased formazan production in compound-treated, uninfected
cells to 50% of that produced in compound-free, uninfected cells. The therapeutic index (TI) was calculated by dividing
the CC50 by the EC50.

Anti-Echoviral and Anti-Enteroviral Cell Culture Assays

[0196] Echovirus type 11 (ECHO 11) was purchased from ATCC (Rockville, MD). Virus stocks were propagated and
antiviral assays were performed in MRC-5 cells (ATCC). Cells were grown in minimal essential medium with 10% fetal
bovine serum (Life Technologies, Gaithersburg, MD).
[0197] The ability of compound 28 to protect cells against ECHO 11 infection was measured by the XTT dye reduction
method (Weislow et al., J. Natl. Cancer Inst. (1989), vol. 81, 577-586). MRC-5 cells were infected with ECHO 11 at an
m.o.i. of 0.003 or 0.004, respectively, or mock-infected with medium only. Infected or uninfected cells were added at
1 x 104 cells per well and incubated with appropriate concentrations of compound. Four days later, XTT/PMS was
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added to test plates, and the amount of formazan produced was quantified spectrophotometrically at 450/650 nm. The
EC50 was calculated as the concentration of compound that increased the formazan production in compound-treated,
virus-infected cells to 50% of that produced by compound-free, uninfected cells. The 50% cytotoxic dose (CC50) was
calculated as the concentration of compound that decreased formazan production in compound-treated, uninfected
cells to 50% of that produced in compound-free, uninfected cells. The therapeutic index (TI) was calculated by dividing
the CC50 by the EC50.
[0198] Activity of the compounds against enterovirus type 70 (EV 70) may be measured by the same assay as
described above in this section. Enterovirus type 70 (EV 70) may be obtained from the American Type Culture Collection
ATCC (Rockville, MD).
[0199] Results obtained for the compounds of the invention may be compared to results obtained in the same manner
for control compounds WIN 51711, WIN 52084, and WIN 54954 (obtained from Sterling-Winthrop Pharmaceuticals),
Pirodavir (obtained from Janssen Pharmaceuticals), and Pleconaril (prepared according to the method described in
Diana et al., J. Med Chem. (1995), vol. 38, 1355). Antiviral data obtained for the test compounds are shown in the table
below. The designation "ND" indicates that a value was not determined for that compound, and the designation "NA"
means not applicable.

TABLE

Compd. # Virus
serotype

kobs/[I] (M-1s-1)b Ki (µM)b EC50 (µM) CC50 (µM) TI

1 HRV-14a NA 9 ND ND ND
2 HRV-14 NA 50 ND ND ND
3 HRV-14 slow NA >25 25 NA
4 HRV-14 NA 16.3 ND ND ND
5 HRV-14 NA 138 ND ND ND
6 HRV-14 NA 4.8 ND ND ND
7 HRV-14 NA 71 ND ND ND
8 HRV-14 NA 80 ND ND ND
9 HRV-14 NA 1.7 >25 25 NA

HRV-16 NA 0.31 >25 ND NA
HRV-2 NA 0.90 ND ND ND

HRV-89 NA 0.48 ND ND ND
10 HRV-14 NA 20 251 >320 >1
11 HRV-14 NA >110 ND ND ND
12 HRV-14 NA 10.7 39 80 2
13 HRV-14 NA 24 >56 56 NA

HRV-16 NA 4 ND ND ND
HRV-2 NA 13.3 ND ND ND

14 HRV-14 NA 0.065 >100 >100 NA
HRV-16 NA 0.322 ND ND ND
HRV-2 NA 0.124 ND ND ND

HRV-89 NA 0.76 >100 >100 NA
15 HRV-14 NA 0.098 >100 >100 NA
16 HRV-14 NA 0.035 >100 >100 NA
17 HRV-14 NA 0.075 >100 >100 NA
18 HRV-14 NA 9.1 >20 20 NA

HRV-16 NA 6.7 ND ND ND
HRV-2 NA 11 ND ND ND

HRV-89 NA 14 ND ND ND
19 HRV-14 NA 27 ND ND ND

HRV-16 NA 27 ND ND ND
HRV-2 NA 12.9 ND ND ND

Notes: aHRV = human rhinovirus of designated serotype.
b3C Protease inhibition activity.
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Claims

1. A compound of the formula:

wherein:

Y is -N(Ry)-, -C(Ry)(Ry)-, or -O-, where each Ry is independently H or C1 - C4 alkyl;

R1 is selected from optionally substituted alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl and -C(O)R16,
where R16 is selected from optionally substituted alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, alkoxy,
cycloalkoxy, heterocycloalkoxy, aryloxy, heteroaryloxy and amine;

R2 and R8 are each independently selected from H, F and optionally substituted alkyl, cycloalkyl, heterocy-

TABLE (continued)

Compd. # Virus
serotype

kobs/[I] (M-1s-1)b Ki (µM)b EC50 (µM) CC50 (µM) TI

HRV-89 NA 20.6 ND ND ND
20 HRV-14 NA 3.5 17.4 >100 >6
21 HRV-14 NA 0.065 3.2 >320 >100
22 HRV-14 NA 0.70 7.9 240 30
23 HRV-14 NA 0.17 4.0 200 50
24 HRV-14 NA 0.65 >10 >10 NA
25 HRV-14 NA 4.7 >10 >10 NA
26 HRV-14 NA 3.22 >10 >10 NA
27 HRV-14 2500 NA ND ND ND
28 HRV-14 NA 0.0045 0.335 251 749

HRV-1A NA ND 0.337 251 744
HRV-10 NA ND 0.253 251 992
CVB3c NA ND 5.79 251 43

CAV-21d NA ND 4.67 251 53
ECHO-11e NA ND 0.821 251 305

WIN 51711 HRV-14 NA ND 0.78 >60 >77
WIN 52084 HRV-14 NA ND 0.07 >10 >143
WIN 54954 HRV-14 NA ND 2.13 >63 >30
Pirodavir HRV-14 NA ND 0.03 >10 >300
Pleconaril HRV-14 NA ND 0.01 >10 >1000

b3C Protease inhibition activity.
cCVB3 = coxsackievirus B3.
dCAV-21 = coxsackievirus A21.
eECHO-11 = echovirus 11.
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cloalkyl, aryl and heteroaryl;

R3 and R9 are each independently selected from H and optionally substituted alkyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, -OR17, -SR17, -NR17R18, -NR19NR17R18 and -NR17OR18, where R17, R18 and R19 are each
independently selected from H, alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl and acyl;

R4 is selected among hydroxyl groups, alkyl groups, oxo groups, cycloalkyl groups, heterocycloalkyl groups,
aryl groups, heteroaryl groups, acyl groups, sulfonyl groups, mercapto groups, alkylthio groups, alkoxy groups,
carboxy groups, amino groups, alkylamino groups, dialkylamino groups, carbamoyl groups, arylthio groups,
heteroarylthio groups,

each of R5, R6 and R7 is independently H, F or C1 - C4 alkyl;

m is 0 or 1;

p is 0, 1, 2, 3, 4 or 5;

A, is CH or N

when m is 1, A2 is selected from C(R10)(R11), N(R12), S, S(O), S(O)2 and O;

when p is not 0, each A3 is independently selected from C(R10)(R11), N(R12), S, S(O),S(O)2 and O; where
R10, R11 and R12 are each independently H or C1 - C4 alkyl;

when p is not 0, A4 is selected from N(R13), C(R10)(R11) and O, and when p is 0, A4 is selected from N(R13)
(R14), C(R10)(R11)(R12) and O(R14), provided that when A4 is O(R14), A1 is not CH; where R10, R11 and R12

are each independently H or C1 - C4 alkyl, R13 is H, alkyl, aryl or acyl, and R14 is H, alkyl or aryl;

provided that A1, (A2)m, (A3)p and A4 together do not include more than two consecutive heteroatoms in the formed
ring, where each line dotted line in the ring depicts a single bond when A2 is present and a hydrogen atom when
A2 is absent; or a pharmaceutically acceptable salt or pharmaceutically acceptable solvate thereof.

2. The compound according to claim 1, wherein R7, R8 and R9 are each H.

3. A compound of the formula:

wherein R1, R2, R3, R4, R5, R6, A1, A2, A3, A4, m, p and Y are as defined in claim 1;
or a pharmaceutically acceptable salt or pharmaceutically acceptable solvate thereof.

4. The compound according to claim 3, wherein R1 is selected from alkyl and monocyclic and bicyclic heteroaryl and
aryl groups.

5. The compound according to claim 3, wherein R1 is selected from -CH2NR20R21, - CH2OR20, -CH2OC(O)R20,
-CH2ONR20R21 and -CH2SR20, where R20 and R21 are each independently selected from H and optionally sub-
stituted alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl and -C(O)R22, where R22 is selected from optionally
substituted alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, alkoxy, cycloalkoxy, heterocycloalkoxy, aryloxy, het-
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eroaryloxy and amine, or any two of R20, R21 and R22 together with the atoms to which they are bound form a 4-
to 7-membered ring.

6. The compound according to claim 3, wherein R1 is selected from -CR23=CR24R25 and -C;CR26, where R23, R24,
R25 and R26 are each independently selected from H and optionally substituted alkyl, cycloalkyl, heterocycloalkyl,
aryl and heteroaryl.

7. The compound according to claim 3, wherein R1 is -C(O)R16, where R16 is -NR27R28, wherein R27 and R28 are
each independently selected from optionally substituted alkyl, cycloalkyl, heterocycloalkyl, aryl and heteroaryl, or
R27 and R28 together with the nitrogen to which they are bound form a 4- to 7-membered heterocyclic ring.

8. The compound according to claim 3, wherein R2 is selected from unsubstituted and substituted benzyl groups.

9. The compound according to claim 8, wherein R2 is a benzyl group substituted with one or two substituents inde-
pendently selected from C1 - C4 alkyl, C1 - C4 alkoxy and halogen.

10. The compound according to claim 3, wherein R3 is optionally substituted alkyl or arylmethyl.

11. The compound according to claim 10, wherein R3 is selected from 2-propyl, 2-methyl-2-propyl, 2-methyl-1-propyl
and unsubstituted and substituted phenylmethyl and naphthylmethyl.

12. The compound according to claim 3, wherein R4 is selected from benzyloxycarbonyl, arylcarbonyl and heteroaryl-
carbonyl.

13. The compound according to claim 12, wherein R4 is heteroarylcarbonyl, where the heteroaryl moiety is a five-
membered heterocycle having from one to three heteroatoms selected from O, N and S.

14. The compound according to claim 13, wherein R4 is heteroarylcarbonyl, where the heteroaryl moiety is a five-
membered heterocycle having at least one nitrogen heteroatom and at least one oxygen heteroatom.

15. The compound according to claim 13, wherein R4 is heteroarylcarbonyl, where the heteroaryl moiety is unsubsti-
tuted or substituted 1,2-oxazolyl, 1,3-oxazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl or 1,2,5-oxadiazolyl.

16. The compound according to claim 13, wherein R4 is heteroarylcarbonyl, where the heteroaryl moiety is selected
from unsubstituted and monomethyl-substituted 1,2,4-oxadiazolyl.

17. The compound according to claim 13, wherein R4 is heteroarylcarbonyl, where the heteroaryl moiety is selected
from 3-isoxazolyl and 5-isoxazolyl, each unsubstituted or substituted with one or two substituents selected from
methyl groups and halogens.

18. The compound according to claim 3, wherein the moiety:

is selected from -CH2CH2C(O)NH2; -CH2CH2C(O)NH-alkyl; -CH2NHC(O)CH3; and
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where n is 1 or 2.

19. The compound according to claim 18, wherein said moiety

20. The compound according to claim 19 of the formula:

21. The compound, according to claim 20, wherein R1 is mono- or bi-cyclic heteroaryl; R2 is unsubstituted or substituted
benzyl; R3 is 2-propyl, 2-methyl-2-propyl, 2-methyl-1-propyl or arylmethyl; and R4 is benzyloxycarbonyl, arylcarb-
onyl or heteroarylcarbonyl.

22. The compound of claim 1 selected from

23. The compound according to claim 1, wherein Y is N(Ry).

24. The compound according to claim 23, wherein Ry is H or methyl.

25. The compound according to claim 23 of the formula:
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26. The compound according to claim 1 or 3, wherein Y is O.

27. The compound according to claim 1 or 3, wherein Y is -C(Ry)(Ry)-.

28. A pharmaceutical composition comprising:

(a) a therapeutically effective amount of at least one antipicomaviral agent selected from compounds as defined
in claim 1; and
(b) a pharmaceutically acceptable carrier, diluent, vehicle or excipient.

29. Use of a compound as defined in claim 1, for the preparation of a medicament for the treatment of a mammalian
disease condition mediated by picomaviral protease inhibitor.

30. Use of the compound as defined in claim 1, for the preparation of a medicament for inhibiting the activity of pi-
comaviral 3C protease.

31. Use as defined in claim 30, wherein the picomaviral 3C protease is a rhinoviral protease.

32. A compound of the formula:

wherein:
q is an integer of from 0 to 5;
A11 is C, CH or N;
A12 and each A13 are independently selected from C(R61)(R62), N(R63), S, S(O), S(O)2 and O, where each R61,
R62 and R63 is independently H or C1 - C4 alkyl;
A14 is NR64, where R64 is H, alkyl, aryl or acyl;
provided that A11, A12, (A13)p and A14 together include no more than two consecutive heteroatoms in the formed
rings;
R141 and R142 are each independently H, F or C1 - C4 alkyl, or R142 is absent; and
the dotted line depicts an optional valence bond; and when such bond is present, R142 is absent and A11 is C;
R52, R53 and R54 are each independently selected from H, hydroxyl, alkyl, acyl, aryl, heteroaryl, suitable protecting
groups for carbonyl or hydroxy, OR57 and NR57R58, where R57 is selected from alkyl, aryl and Si(R59)3 and R58 is
selected from alkyl, aryl, alkoxy, aryloxy and Si(R59)3, where each R59 is independently alkyl or aryl; or any two of
R52, R53 and R54 together form =O, and at least one of R52, R53 and R54 is NR57R58; and
R55 and R56 are each independently H or a suitable protecting group for nitrogen;
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or a pharmaceutically acceptable salt thereof.

33. A compound of the formula:

wherein R51 is H, alkyl, aryl or acyl, and R52, R53, R54, R55, R56 and q are as defined in claim 32,
or a pharmaceutically acceptable salt thereof.

34. The compound according to claim 33, wherein R51 is a protecting group for amide nitrogen.

35. The compound selected from:

and
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Patentansprüche

1. Verbindung der Formel:

wobei:

Y -N(Ry)-, C(Ry)- oder -O- ist, wobei jedes Ry unabhängig H oder C1-C4-Alkyl ist;

R1 ausgewählt ist unter optional substituiertem Alkyl, Cycloalkyl, Heterocycloalkyl, Aryl, Heteroaryl und -C(O)
R16, wobei R16 ausgewählt ist unter optional substituiertem Alkyl, Cycloalkyl, Heterocycloalkyl, Aryl, Hete-
roaryl, Alkoxy, Cycloalkoxy, Heterocycloalkoxy, Aryloxy, Heteroaryloxy und Amin;

R2 und R8 jeweils unabhängig ausgewählt sind unter H, F und optional substituiertem Alkyl, Cycloalkyl, He-
terocycloalkyl, Aryl und Heteroaryl;

R3 und R9 jeweils unabhängig ausgewählt sind unter H und optional substituiertem Alkyl, Cycloalkyl, Hetero-
cycloalkyl, Aryl, Heteroaryl, -OR17, -SR17, -NR17R18, -NR19NR17R18 und -NR17OR18, wobei R17, R18 und R19

jeweils unabhängig ausgewählt sind unter H, Alkyl, Cycloalkyl, Heterocycloalkyl, Aryl, Heteroaryl und Acyl;

R4 ausgewählt ist unter Hydroxylgruppen, Alkylgruppen, Oxogruppen, Cycloalkyfgruppen, Hetercycloal-
kylgruppen, Arylgruppen, Heteroarylgruppen, Acylgruppen, Sulfonylgruppen, Mercaptogruppen, Alkylthio-
gruppen, Alkoxygruppen, Carboxygruppen, Aminogruppen, Alkylaminogruppen, Dialkylaminogruppen, Carb-
amoylgruppen, Arylthiogruppen, Heteroarylthiogruppen;

jeder unter R5, R6 und R7 unabhängig H, F oder C1-C4-Alkyl ist;

m 0 oder 1 ist;

p 0, 1, 2, 3, 4 oder 5 ist;
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A1 CH oder N ist;

wenn m 1 ist, A2 ausgewählt ist unter C(R10)(R11), N(R12), S, S(O), S(O)2 und O;

wenn p nicht 0 ist, jedes A3 unabhängig ausgewählt ist unter C(R10)(R11), N(R12), S, S(O), S(O)2 und O; wobei
R10, R11 und R12 jeweils unabhängig H oder C1-C4-Alkyl sind;

wenn p nicht 0 ist, A4 ausgewählt ist unter N(R13), C(R10)(R11) und O, und wenn p 0 ist, A4 ausgewählt ist
unter N(R13)(R14), C(R10)(R11)(R12) und O(R14), mit der Maßgabe, dass wenn A4 O(R14) ist, A1 nicht CH ist;
wobei R10, R11 und R12 unabhängig jeweils H oder C1-C4-Alkyl sind, R13 H, Alkyl, Aryl oder Acyl ist und R14

H, Alkyl oder Aryl ist;

mit der Maßgabe, dass A1, (A2)m, (A3)p und A4 zusammen nicht mehr als zwei unmittelbar aufeinander fol-
gende Heteroatome im geformten Ring umfassen, wobei jede gepunktete Linie in den Ringen eine Einfach-
bindung anzeigt, wenn A2 vorliegt, und ein Wasserstoffatom, wenn A2 nicht vorliegt; oder

ein pharmazeutisch akzeptables Salz oder ein pharmazeutisch akzeptables Solvat davon.

2. Verbindung nach Anspruch 1, wobei R7, R8 und R9 jeweils H sind.

3. Verbindung der Formel:

wobei R1, R2, R3, R4, R5, R6, A1, A2, A3, A4, m, p und Y wie in Anspruch 1 definiert sind;
oder ein pharmazeutisch akzeptables Salz oder pharmazeutisch akzeptables Solvat davon.

4. Verbindung nach Anspruch 3, wobei R1 ausgewählt ist unter Alkylgruppen und monocyclischen und bicyclischen
Heteroaryl- und Arylgruppen.

5. Verbindung nach Anspruch 3, wobei R1 ausgewählt ist unter -CH2NR20R21, -CH2OR20, -CH2OC(O)R20,
-CH2ONR20R21 und -CH2SR20, wobei R20 und R21 jeweils unabhängig ausgewählt sind unter H und optional sub-
stituiertem Alkyl, Cycloalkyl, Heterocycloalkyl, Aryl, Heteroaryl und -C(O)R22, wobei R22 ausgewählt ist unter op-
tional substituiertem Alkyl, Cycloalkyl, Heterocycloalkyl, Aryl, Heteroaryl, Alkoxy, Cycloalkoxy, Heterocycloalkoxy,
Aryloxy, Heteroaryloxy und Amin; oder wobei beliebige zwei unter R20, R21 und R22, zusammen mit den Atomen,
an weiche sie gebunden sind, einen viergliedrigen bis siebengliedrigen Ring formen.

6. Verbindung nach Anspruch 3, wobei R1 ausgewählt ist unter -CR23=CR24R25 und -C;CR26, wobei R23, R24, R25

und R26 jeweils unabhängig ausgewählt sind unter H und optional substituiertem Alkyl, Cycloalkyl, Heterocyclo-
alkyl, Aryl und Heteroaryl.

7. Verbindung nach Anspruch 3, wobei R1 -C(O)R16 ist, wobei R16 -NR27R28 ist, wobei R27 und R28 jeweils unab-
hängig ausgewählt sind unter optional substituiertem Alkyl, Cycloalkyl, Heterocycloalkyl, Aryl und Heteroaryl, oder
wobei R27 und R28, zusammen mit dem Stickstoffatom, an welches sie gebunden sind, einen viergliedrigen bis
siebengliedrigen heterocyclischen Ring formen.

8. Verbindung nach Anspruch 3, wobei R2 ausgewählt ist, unter nicht substituierten und substituierten Benzylgruppen.
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9. Verbindung nach Anspruch 8, wobei R2 eine Benzylgruppe ist, substituiert mit einem oder zwei Substituenten,
unabhängig ausgewählt unter C1-C4-Alkyl, C1-C4-Alkoxy und Halogen.

10. Verbindung nach Anspruch 3, wobei R3 optional substituiertes Alkyl oder Arylmethyl ist.

11. Verbindung nach Anspruch 10, wobei R3 ausgewählt ist unter 2-Propyl, 2-Methyl-2-propyl, 2-Methyl-1-propyl und
nicht substituiertem und substituiertem Phenylmethyl und Naphthylmethyl.

12. Verbindung nach Anspruch 3, wobei R4 ausgewählt ist unter Benzyloxycarbonyl, Arylcarbonyl und Heteroarylcar-
bonyl.

13. Verbindung nach Anspruch 12, wobei R4 Heteroarylcarbonyl ist, wobei die Heteroaryleinheit ein fünfgliedriger
Heterocyclus ist, mit einem bis drei Heteroatomen, ausgewählt unter O, N und S.

14. Verbindung nach Anspruch 13, wobei R4 Heteroarylcarbonyl ist, wobei die Heteroaryleinheit ein fünfgliedriger
Heterocyclus ist, mit mindestens einem Stickstoffheteroatom und mindestens einem Sauerstoffheteroatom.

15. Verbindung nach Anspruch 13, wobei R4 Heteroarylcarbonyl ist, wobei die Heteroaryleinheit substituiertes oder
nicht substituiertes 1,2-Oxazolyl, 1,3-Oxazolyl, 1,2,3-Oxadiazolyl, 1,2,4-Oxadiazolyl oder 1,2,5-Oxadiazolyl ist.

16. Verbindung nach Anspruch 13, wobei R4 Heteroarylcarbonyl ist, wobei die Heteroaryleinheit ausgewählt ist unter
nicht substituiertem und Monomethyl substituiertem 1,2,4-Oxadiazolyl.

17. Verbindung nach Anspruch 13, wobei R4 Heteroarylcarbonyl ist, wobei die Heteroaryleinheit ausgewählt ist unter
3-Isoxazolyl und 5-Isoxazolyl, jeweils nicht substituiert oder substituiert mit einem oder zwei Substituenten, aus-
gewählt unter Methylgruppen und Halogenen.

18. Verbindung nach Anspruch 3, wobei die Einheit:

ausgewählt ist unter-CH2CH2C(O)NH2; -CH2CH2C(O)NH-Alkyl; -CH2NHC(O)CH3; und

worin n 1 oder 2 ist.

19. Verbindung nach Anspruch 18, wobei besagter Einheit
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ist.

20. Verbindung nach Anspruch 19 mit der Formel:

21. Verbindung nach Anspruch 20, wobei R1 monocyclisches oder bicyclisches Heteroaryl ist, R2 nicht substituiertes
oder substituiertes Benzyl ist; R3 2-Propyl, 2-Methyl-2-propyl, 2-Methyl-1-propyl oder Arylmethyl ist; und R4 Ben-
zyloxycarbonyl, Arylcarbonyl oder Heteroarylcarbonyl ist.

22. Verbindung nach Anspruch 1, ausgewählt unter

23. Verbindung nach Anspruch 1, wobei Y N(Ry) ist.

24. Verbindung nach Anspruch 23, wobei Ry H oder Methyl ist.

25. Verbindung nach Anspruch 23 mit der Formel:
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26. Verbindung nach Anspruch 1 oder 3, worin Y O ist.

27. Verbindung nach Anspruch 1 oder 3, wobei Y -C(Ry)(Ry)- ist.

28. Pharmazeutische Zusammensetzung, umfassend :

(a) eine therapeutisch effektive Menge mindestens eines antipicornaviralen Mittels, ausgewählt unter Verbin-
dungen, wie in Anspruch 1 definiert; und

(b) einen pharmazeutisch akzeptablen Träger, ein pharmazeutisch akzeptables Verdünnungsmittel, Vehikel
oder Excipient.

29. Verwendung einer Verbindung, wie in Anspruch 1 definiert, für die Herstellung eines Medikaments für die Behand-
lung einer Störungsbedingung bei einem Säugetier, vermittelt durch einen picornaviralen Proteaseinhibitor.

30. Verwendung einer Verbindung, wie in Anspruch 1 definiert, für die Herstellung eines Medikaments für die Inhibie-
rung der Aktivität von picornaviraler 3C-Protease.

31. Verwendung nach Anspruch 13, wobei die picomavirale 3C-Protease eine rhinovirale Protease ist.

32. Verbindung der Formel:

wobei:

q eine ganze Zahl von 0 bis 5 ist;

A11 C, CH oder N ist;

A12 und jedes A13 unabhängig ausgewählt sind unter C(R61)(R62), N(R63), S, S(O), S(O)2 und O, wobei jedes
R61, R62 und R63 unabhängig H oder C1-C4-Alkyl ist;

A14 NR64 ist, wobei R64 H, Alkyl, Aryl oder Acyl ist;

mit der Maßgabe, dass A11, A12 (A13)p und A14 zusammen nicht mehr als zwei unmittelbar aufeinander fol-
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gende Heteroatome in dem geformten Ring aufweisen;

R141 und R142 jeweils unabhängig H, F oder C1-C4-Alkyl darstellen oder R142 nicht vorhanden ist; und

die gepunktete Linie eine optionale Valenzbindung darstellt; und wenn solch eine Bindung vorliegt, R142 ab-
wesend ist und A11 C ist;

R52, R53 und R54 jeweils unabhängig ausgewählt sind unter H, Hydroxyl, Alkyl, Acyl, Aryl, Heteroaryl, geeig-
neten Schutzgruppen für Carbonyl oder Hydroxy, OR57 und NR57R58, wobei R57 ausgewählt ist unter Alkyl,
Aryl und Si(R59)3 und R58 ausgewählt ist unter Alkyl, Aryl, Alkoxy, Aryloxy und Si(R59)3, wobei jedes R59

unabhängig Alkyl oder Aryl ist; oder beliebige zwei unter R52, R53 und R54 zusammen =O formen und minde-
stens einer von R52, R53 und R54 NR57R58 ist; und

R55 und R56 jeweils unabhängig H oder eine geeignete Schutzgruppe für Stickstoff darstellen;

oder ein pharmazeutisch akzeptables Salz davon.

33. Verbindung der Formel:

wobei R51 H, Alkyl, Aryl oder Acyl ist und R52, R53, R54, R55, R56 und q wie in Anspruch 32 definiert sind;
oder ein pharmazeutisch akzeptables Salz davon.

34. Verbindung nach Anspruch 33, wobei R51 eine Schutzgruppe für Amidstickstoff ist.

35. Verbindung, ausgewählt unter:
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und

Revendications

1. Composé de formule

dans laquelle :

Y est -N(Ry)-, -C(Ry)(Ry)- ou -O-, où chaque Ry est indépendamment H ou un groupe alkyle en C1 à C4 ;
R1 est choisi parmi les groupes éventuellement substitués alkyle, cycloalkyle, hétérocycloalkyle, aryle, hété-
roaryle et -C(O)R16, où R16 est choisi parmi les groupes éventuellement substitués alkyle, cycloalkyle, hété-
rocycloalkyle, aryle, hétéroaryle, alcoxy, cycloalcoxy, hétérocycloalcoxy, aryloxy, hétéroaryloxy et amine ;
R2 et R8 sont chacun choisis indépendamment parmi H, F et les groupes éventuellement substitués alkyle,
cycloalkyle, hétérocycloalkyle, aryle et hétéroaryle ;
R3 et R9 sont chacun choisis indépendamment parmi H et des groupes éventuellement substitués alkyle,
cycloalkyle, hétérocycloalkyle, aryle, hétéroaryle, -OR17, -SR17, -NR17R18, -NR19NR17R18 et -NR17OR18, où
R17, R18 et R19 sont chacun choisis indépendamment parmi H, les groupes alkyle, cycloalkyle, hétérocycloalk-
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yle, aryle, hétéroaryle et acyle ;
R4 est choisi parmi les groupes hydroxyle, les groupes alkyle, les groupes oxo, les groupes cycloalkyle, les
groupes hétérocycloalkyle, les groupes aryle, les groupes hétéroaryle, les groupes acyle, les groupes sulfo-
nyle, les groupes mercapto, les groupes alkylthio, les groupes alcoxy, les groupes carboxy, les groupes amino,
les groupes alkylamino, les groupes dialkylamino, les groupes carbamoyle, les groupes arylthio, les groupes
hétéroarylthio ;
chacun de R5, R6 et R7 est indépendamment H, F ou un groupe alkyle en C1 à C4 ;
m vaut 0 ou 1 ;
p vaut 0, 1, 2, 3, 4 ou 5 ;
A1 est CH ou N
lorsque m vaut 1, A2 est choisi parmi C(R10) (R11), N(R12), S, S(O), S(O)2 et O ;
lorsque p ne vaut pas 0, chaque A3 est choisi indépendamment parmi C(R10)(R11), N(R12), S, S(O), S(O)2 et
O ; où R10, R11 et R12 sont chacun indépendamment H ou un groupe alkyle en C1 à C4 ;
lorsque p ne vaut pas 0, A4 est choisi parmi N(R13), C(R10)(R11) et O, et lorsque p vaut 0, A4 est choisi parmi
N(R13)R14), C(R10)(R11)(R12) et O(R14), à condition que lorsque A4 est O(R14), A1 ne soit pas CH ; où R10,
R11 et R12 sont chacun indépendamment H ou un groupe alkyle en C1 à C4, R13 est H, un groupe alkyle, aryle
ou acyle et R14 est H, un groupe alkyle ou aryle ;
à condition que A1, (A2)m, (A3)p et A4 ensemble ne comprennent pas plus de deux hétéroatomes consécutifs
dans le cycle formé, où chaque ligne en pointillés dans le cycle représente une simple liaison lorsque A2 est
présent et un atome d'hydrogène lorsque A2 est absent ;

ou
un sel pharmaceutiquement acceptable ou un produit de solvatation pharmaceutiquement acceptable de

celui-ci.

2. Composé selon la revendication 1, dans lequel R7, R8 et R9 sont chacun H.

3. Composé de formule :

dans laquelle R1, R2, R3, R4, R5, R6, A1, A2, A3, A4, m, p et Y sont tels que définis dans la revendication 1 ;
ou un sel pharmaceutiquement acceptable ou un produit de solvatation pharmaceutiquement acceptable de

celui-ci.

4. Composé selon la revendication 3, dans lequel R1 est choisi parmi les groupes alkyle et aryle et hétéroaryle
monocyclique et bicyclique.

5. Composé selon la revendication 3, dans lequel R1 est choisi parmi -CH2NR20R21, -CH2OR20, -CH2OC (O) R20,
-CH2ONR20R21 et -CH2SR20, où R20 et R21 sont chacun choisis indépendamment parmi H et les groupes éven-
tuellement substitués alkyle, cycloalkyle, hétérocycloalkyle, aryle, hétéroaryle et -C(O)R22, où R22 est choisi parmi
les groupes éventuellement substitués alkyle, cycloalkyle, hétérocycloalkyle, aryle, hétéroaryle, alcoxy, cycloal-
coxy, hétérocycloalcoxy, aryloxy, hétéroaryloxy et amine, ou deux quelconques de R20, R21 et R22 conjointement
avec les atomes auxquels ils sont liés forment un cycle à 4 à 7 chaînons.

6. Composé selon la revendication 3, dans lequel R1 est choisi parmi -CR23=CR24R25 et -C;CR26, où R23, R24, R25

et R26 sont chacun choisis indépendamment parmi H et les groupes éventuellement substitués alkyle, cycloalkyle,
hétérocycloalkyle, aryle et hétéroaryle.
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7. Composé selon la revendication 3, dans lequel R1 est -C(O)R16, où R16 est -NR27R28, où R27 et R28 sont chacun
choisis indépendamment parmi les groupes éventuellement substitués alkyle, cycloalkyle, hétérocycloalkyle, aryle
et hétéroaryle, ou R27 et R28 conjointement avec l'azote auquel ils sont liés, forment un cycle hétérocyclique à 4
à 7 chaînons.

8. Composé selon la revendication 3, dans lequel R2 est choisi parmi des groupes benzyle non substitués et subs-
titués.

9. Composé selon la revendication 8, dans lequel R2 est un groupe benzyle substitué par un ou deux substituants
choisis indépendamment parmi un groupe alkyle en C1 à C4, un groupe alcoxy en C1 à C4 et un atome d'halogène.

10. Composé selon la revendication 3, dans lequel R3 est un groupe alkyle ou arylméthyle éventuellement substitué.

11. Composé selon la revendication 10, dans lequel R3 est choisi parmi les groupes 2-propyle, 2-méthyl-2-propyle,
2-méthyl-1-propyle et les groupes non substitués et substitués phénylméthyle et naphtylméthyle.

12. Composé selon la revendication 3, dans lequel R4 est choisi parmi les groupes benzyloxycarbonyle, arylcarbonyle
et hétéroarylcarbonyle.

13. Composé selon la revendication 12, dans lequel R4 est un groupe hétéroarylcarbonyle, où le radical hétéroaryle
est un hétérocycle à cinq chaînons ayant d'un à trois hétéroatomes choisis parmi O, N et S.

14. Composé selon la revendication 13, dans lequel R4 est un groupe hétéroarylcarbonyle, où le radical hétéroaryle
est un hétérocycle à cinq chaînons ayant au moins un hétéroatome d'azote et au moins un hétéroatome d'oxygène.

15. Composé selon la revendication 13, dans lequel R4 est un groupe hétéroarylcarbonyle, où le radical hétéroaryle
est un groupe non substitué ou substitué 1,2-oxazolyle, 1,3-oxazolyle, 1,2,3-oxadiazolyle, 1,2,4-oxadiazolyle ou
1,2,5-oxadiazolyle.

16. Composé selon la revendication 13, dans lequel R4 est un groupe hétéroarylcarbonyle, où le radical hétéroaryle
est choisi parmi un groupe 1,2,4-oxadiazolyle non substitué et monosubstitué par un méthyle.

17. Composé selon la revendication 13, dans lequel R4 est un groupe hétéroarylcarbonyle, où le radical hétéroaryle
est choisi parmi les groupes 3-isoxazolyle et 5-isoxazolyle, chacun non substitué ou substitué par un ou deux
substituants choisis parmi les groupes méthyle et les atomes d'halogène.

18. Composé selon la revendication 3, dans lequel le radical :

est choisi parmi -CH2CH2C (O) NH2 ; -CH2CH2C (O) NH-alkyle ; -CH2NHC(O)CH3 ; et

où n vaut 1 ou 2.

19. Composé selon la revendication 18, dans lequel ledit radical
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20. Composé selon la revendication 19 de formule :

21. Composé selon la revendication 20, dans lequel R1 est un groupe hétéroaryle mono- ou bicyclique ; R2 est un
groupe benzyle non substitué ou substitué ; R3 est un groupe 2-propyle, 2-méthyl-2-propyle, 2-méthyl-1-propyle
ou arylméthyle ; et R4 est un groupe benzyloxycarbonyle, arylcarbonyle ou hétéroarylcarbonyle.

22. Composé selon la revendication 1 choisi parmi

23. Composé selon la revendication 1, dans lequel Y est N(Ry).

24. Composé selon la revendication 23, dans lequel Ry est H ou un groupe méthyle.

25. Composé selon la revendication 23 de formule :

26. Composé selon la revendication 1 ou 3, dans lequel Y est O.

27. Composé selon la revendication 1 ou 3, dans lequel Y est -C(Ry) (Ry)-.

28. Composition pharmaceutique comprenant :
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(a) une quantité thérapeutiquement efficace d'au moins un agent anti-picornavirus choisi parmi des composés
tels que définis dans la revendication 1 ; et
(b) un vecteur, un diluant, un véhicule ou un excipient pharmaceutiquement acceptable.

29. Utilisation d'un composé tel que défini dans la revendication 1, pour la préparation d'un médicament destiné au
traitement d'un état pathologique de mammifère médié par un inhibiteur des protéases des picornavirus.

30. Utilisation du composé tel que défini dans la revendication 1, pour la préparation d'un médicament destiné à inhiber
l'activité de la protéase 3C des picornavirus.

31. Utilisation telle que définie dans la revendication 30, dans laquelle la protéase 3C des picornavirus est une protéase
des rhinovirus.

32. Composé de formule :

dans laquelle :

q est un nombre entier de 0 à 5 ;
A11 est C, CH ou N ;
A12 et chaque A13 sont choisis indépendamment parmi C(R61)(R62), N(R63), S, S(O), S(O)2 et O, où chaque
R61, R62 et R63 est indépendamment H ou un groupe alkyle en C1 à C4 ;
A14 est NR64, où R64 est H, un groupe alkyle, aryle ou acyle ;
à condition que A11, A12, (A13)p et A14 ensemble ne comprennent pas plus de deux hétéroatomes consécutifs
dans les cycles formés ;
R141 et R142 sont chacun indépendamment H, F ou un groupe alkyle en C1 à C4, ou R142 est absent ; et
la ligne en pointillés représente une liaison de valence éventuelle ; et lorsqu'une telle liaison est présente,
R142 est absent et A11 est C ;
R52, R53 et R54 sont chacun choisis indépendamment parmi, H, un groupe hydroxyle, alkyle, acyle, aryle,
hétéroaryle, des groupes protecteurs appropriés pour les groupes carbonyle ou hydroxy, OR57 et NR57R58,
où R57 est choisi parmi un groupe alkyle, aryle et Si(R59)3 et R58 est choisi parmi un groupe alkyle, aryle,
alcoxy, aryloxy et Si(R59)3, où chaque R59 est indépendamment un groupe alkyle ou aryle ; ou deux quelcon-
ques de R52, R53 et R54 ensemble forment =O, et au moins l'un de R52, R53 et R54 est NR57R58 ; et
R55 et R56 sont chacun indépendamment H ou un groupe protecteur approprié pour l'azote ;

ou un sel pharmaceutiquement acceptable de celui-ci.

33. Composé de formule :



EP 1 206 484 B1

5

10

15

20

25

30

35

40

45

50

55

62

dans laquelle R51 est H, un groupe alkyle, aryle ou acyle, et R52, R53, R54, R55, R56 et q sont tels que définis
dans la revendication 32,

ou un sel pharmaceutiquement acceptable de celui-ci.

34. Composé selon la revendication 33, dans lequel R51 est un groupe protecteur pour l'azote de l'amide.

35. Composé choisi parmi :

et
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