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as originaly filed This invention relates to inhibitors of cysteine
proteases, in particular to dipeptide nitrite cathepsin inhibitors and to
their pharmaceutical use for the treatment or prophylaxis of diseases or
medical conditions in which cathepsins are implicated. The cysteine
cathepsins, e.g. cathepsins B, K, L and S, are a class of lysosomal enzymes
which are implicated in various disorders including inflammation,
rheumatoid arthritis, osteoarthritis, osteoporosis, tumors (especially
tumor invasion and tumor metastasis), coronary disease, atherosclerosis
(including atherosclerotic plaque rupture and destabilization), autoimmune
diseases, respiratory diseases, infectious diseases and immunologically
mediated diseases (including transplant rejection). In accordance with the
invention it has been found that dipeptide nitrites are particularly useful
as cysteine cathepsin inhibitors and can be used for the treatment of the
above-cited cysteine cathepsin dependent conditions. Accordingly the
present invention provides an N-terminal-substituted dipeptide nitrite,
i.e. a dipeptide in which the C-terminal carboxy group of the dipeptide is
replaced by a nitrite group (C--_N) and in which the N-terminal nitrogen
atom is substituted via a peptide or pseudopeptide linkage which optionally
additionally comprises a -methylene-hetero atom- linker or an additional
hetero atom, directly by aryl, lower alkyl, lower alkenyl, lower alkynyl or
heterocyclyl, or a physiologically-acceptable and -cleavable ester or a
salt thereof, for use as a pharmaceutical. The invention further provides a
pharmaceutical composition comprising an N-terminal substituted dipeptide
nitrite as defined above as an active ingredient. The invention also
provides a method of treating a patient suffering from or susceptible to a
disease or medical condition in which a cathepsin is implicated, comprising
administering an effective amount of an N-terminal-substituted dipeptide
nitrite as defined above to the patient. The invention further includes the
use of an N-terminal-substituted dipeptide nitrite as defined above for the
preparation of a medicament for therapeutic or prophylactic treatment of a
disease or medical condition in which a cathepsin is implicated.   0 2 MAY
2002 4-30195/A/4-30298/CGC 1970 -2 The dipeptide nitrite of the invention
conveniently comprises a-amino acid residues, including both natural and
unnatural a-amino acid residues. Herein the "natural a-amino acid residues"
denote the 20 amino acids obtainable by translation of RNA according to the
genetic code or the corresponding nitrites thereof, as appropriate.
"Unnatural a-amino acid residues" are a-amino acids which have
a-substituents other than those found in "natural a-amino acid residues".
Preferred aamino acid residues, as the C-terminal amino acid residue of the
dipeptide nitrite, are the nitrites of tryptophan,
2-benzyloxymethyl-2-amino-acetic acid, 2,2-dimethyl-2-amino-acetic acid,
2-butyl-2amino-acetic acid, methionine, leucine, lysine, alanine,
phenylalanine, and glycine and derivatives thereof, e.g. as hereinafter
described. Preferred amino acid residues as the N-terminal amino acid
residue of the dipeptide nitrite are 1-amino-cyclohexanecarboxylic acid,
1-aminocycloheptanecarboxylic acid, phenylalanine, histidine, tryptophan
and leucine and derivatives thereof, e.g. as hereinafter described. 



The aryl, lower alkyl, lower alkenyl, lower alkynyl or heterocyclyl
substituent (hereinafter referred to as R) is attached to the the
N-terminal nitrogen atom of the dipeptide via a peptide linkage, i.e. as
R-C(O)-NH-, or via a pseudopeptide linkage. Suitable pseudopeptide linkages
include sulphur in place of oxygen and sulphur and phosporous in place of
carbon) e.g. as R-C(S)-NH-, RS(O)-NH-, R-S(O)2-NH- or R-P(O)2-NH and
analogues thereof. Additionally the peptide or pseudopeptide linkage
between the R substituent and the N-terminal nitrogen atom may comprise an
additional hetero atom) e.g. as R-Het-C(O)-NH-, or a -methylene-hetero
atom- linker) e.g. as R-HetCHZ-C(O)-NH- or R-CH2-Het-C(O)-NH-, wherein Het
is a hetero atom selected from O, N or S, and pseudopeptide containing
alternatives thereof, e.g. as defined above. When the linkage between the
aryl substituent and the N-terminal nitrogen atom comprises a
-methylene-hetero atom- linker, the methylene group and the hetero atom may
be optionally further substituted, e.g. as hereinafter described. The R
substituent may be further substituted, e.g. by up to 3 substituents
selected from halogen, hydroxy, amino, vitro, optionally substituted
C,~alkyl (e.g. alkyl substituted by hydroxy, alkyloxy) amino, optionally
substituted alkylamino, optionally substituted dialkylamino, aryl or
heterocyclyl), C,~alkoxy, CZ~alkenyl) CN, trifluoromethyl,
trifluoromethoxy) aryl, (e.g.phenyl or phenyl substituted by CN, CF3,
halogen) OCH3), aryloxy, (e.g. phenoxy or phenoxy substituted by CN) CF3,
halogen, OCH3), benzyloxy or a heterocyclic residue.   ~ Z MAY 200Z
4-30195/A/4-30298/CGC 1970 -3 Accordingly in preferred embodiments the
invention provides a compound of formula I, or a physiologically-acceptable
and -cleavable ester or a salt thereof R3 R4 R L X~ NH ~~-NH C-N R5 I
wherein: R is optionally substituted (aryl, lower alkyl, lower alkenyl,
lower alkynyl, or heterocyclyl); RZ and R3 are independently hydrogen, or
optionally substitued [lower alkyl, cycloallcyl, bicycloallcyl, or (aryl)
biaryl, cycloalkyl or bicycloalkyl)-lower alkyl]; or R2 and R3 together
represent lower allcylene, optionally interrupted by O, S or NR6, so as to
form a ring with the carbon atom to which they are attached wherein R6 is
hydrogen, lower alkyl or aryl-lower alkyl; or either R2 or R3 are linked by
lower alkylene to the adjacent nitrogen to form a ring; R4 and R5 are
independently H, or optionally substituted (lower alkyl, aryl-lower alkyl),
C(O)ORS, or -C(O)NR~Rg, wherein R~ is optionally substituted (lower alkyl,
aryl, aryl-lower alkyl, cycloalkyl, bicycloalkyl or heterocyclyl), and R8
is H, or optionally substituted (lower alkyl, aryl, aryl-lower alkyl,
cycloalkyl, bicycloalkyl or heterocyclyl), or R4 and RS together represent
lower alkylene, optionally interrupted by O, S or NR6, so as to form a ring
with the carbon atom to which they are attached wherein R6 is hydrogen,
lower alkyl or aryl-lower alkyl, or R4 is H or optionally substituted lower
alkyl and RS is a substituent of formula -XZ-(Y~)~ (Ar)P Q-Z wherein Y, is
O, S, SO, S02, N(R6)SOZ, N-R6, S02NRb, CONRb or NR6C0; n is zero or one;
~ 2 h~AY 2002 4-30195/A/4-30298/CGC 1970 



-4 p as zero or one; X2 is lower alkylene; or when n is zero) XZ is also
CZ-C~-alkylene interrupted by O, S, SO, SO2, NR6, SOzNR6, CONR6 or NR.6C0;
wherein R6 is hydrogen, lower alkyl or aryl-lower alkyl; Ar is arylene; Z
is hydroxy, acyloxy, carboxyl, esterified carboxyl, amidated carboxyl,
aminosulfonyl, (lower alkyl or aryl-lower alkyl)aminosulfonyl) or (lower
alkyl or aryl-lower alkyl)sulfonylaminocarbonyl; or Z is tetrazolyl,
triazolyl or imidazolyl; Q is a direct bond, lower allcylene, Y,-lower
alkylene or CZ-C~-allcylene interrupted bY Y~; X, is -C(O)-, -C(S)-,
-S(O)-, -S(O)2-, -P(O)(OR6)wherein R6 is as defined above; Y is oxygen or
sulphur; L is optionally substituted -Het-, -Het-CHZ- or -CHz-Het-, wherein
Het is a hetero atom selected from O, N or S, and x is zero or one; and
aryl in the above definitions represents carbocyclic or heterocyclic aryl,
for use as a pharmaceutical; a pharmaceutical composition comprising a
compound of formula I as defined above as an active ingredient; a method of
treating a patient suffering from or susceptible to a disease or medical
condition in which a cathepsin is implicated, comprising administering an
effective amount of a compound of formula I as defined above to the
patient; and use of a compound of formula I as defined above for the
preparation of a medicament for therapeutic or prophylactic treatment of a
disease or medical condition in which a cathepsin is implicated. The
invention also provides novel dipeptide nitriles. Accordingly the invention
further provides a compound of formula I as defined above
4-30195/A/4-30298/CGC 1970 _5_ provided that when R is lower alkyl not
substituted by aryl, one of R4 or RS is a substituent of formula -Xz-(Y,)~
(Ar)P Q-Z, provided that when x is one, L is -O-, or -CHz-O- and X, is
-C(O)-, 0 2 MAY 2002 either one of R4 or RS is a substituent of formula
-Xz-(Y,)~ (Ar)P Q-Z, or R is not unsubstituted phenyl, provided that when
Rz = R4 = RS = H, x is zero and X, is -C(O)-, R3 is not H, -CH3, -CH(CH3)z,
-CHz-CH-(CH3)z, -CHz-COOH, or -CHz-COO-CHzCH3, when R is unsubstituted
phenyl, 



R3 is not H, -CH(CH3)z, or -CHz-CH-(CH3)z, when R is 4-aminophenyl or
4nitrophenyl, R3 is not H when R is 3-aminophenyl, 3-nitrophenyl
2-chloropyridin-4-yl, or vinyl or R3 is not -CHz-CHz-S-CH3 when R is
pyridin-3-yl or 2-chloropyridin-4-yl, ~, provided that when Rz = R3 = R4 =
H, x is zero and X1 is -C(O)- and R is phenyl, R5 is not -CH(CH3)z,
provided that when R3 = Rd = H, RS is -CHz-CHz-COOH, x is zero and X, is
-C(O)-, Rz does not form a heterocyclic ring with the adjacent nitrogen
atom, and provided that when Rz = R3 = R4 = RS = H, x is zero and X, is
-SOz-, R is not 4-methylphenyl. In formula I R, Rz, R3, R4, RS and L may be
further substituted by one or more, e.g. up to 3, substituents
independently selected from lower alkyl, aryl, aryl-lower alkyl,
cycloalkyl, heterocyclyl, -CN, -halogen, -OH, -NOz, -NR9R,o, -X3-R~, lower
alkyl-X3-R8, halosubstituted lower alkyl, wherein R~ and R8 are as defined
above) X3 is -O-, -S-, -NR8-, -C(O)-) -C(S)-, -S(O)-, -S(O)z-, -C(O)O-,
-C(S)O-,  C(O)NR8-) wherein R8 is as defined above, R9 and R,o are
independently as defined above for R8, or -X4-Rg, wherein X4 is -C(O)-)
-C(S)-) -S(O)-, -S(O)z-, -C(O)O-, -C(S)O-, -C(O)NR6 wherein R6 and RT are
as defined above, or   0 2 MAY 2002 4-30195/A/4-30298/CGC 1970 -6R9 and R,o
together with N form a heteroaryl group or a saturated or unsaturated
heterocycloallcyl group, optionally containing one or more additional
heteroatoms selected from O) N or S. Compounds of formula I exhibit
valuable pharmacological properties in mammals, in particular as cysteine
cathepsin inhibitors. In accordance with the present invention it has been
found that by appropriate choice of groups R, R2, R3, R4, R5, Xl, Y and L,
the relative selectivity of the compounds as inhibitors of the various
cysteine cathepsin types, e.g. cathepsins B, K, L and S may be altered,
e.g. to obtain inhibitors which selectively inhibit a particular cathepsin
type or combination of cathepsin types. In a first aspect the invention
provides a compound of formula II, or a physiologically acceptable and
-cleavable ester or a salt thereof R2s R2a ~o ~~ X' NH R I I N C-N R2s
wherein: 



R2o is optionally substituted (aryl, aryl-lower alkyl, lower alkenyl, lower
alkynyl, heterocyclyl, or heterocyclyl-lower alkyl); R22 is H, or
optionally substitued lower alkyl, and R23 is optionally substituted (lower
alkyl, aryl-lower alkyl, or cyloalkyl-lower alkyl) or R22 and R23 together
with the carbon atom to which they are attached form an optionally
substituted (cycloalkyl group or heterocycloalkyl group); R24 and R25 are
independently H, or optionally substituted (lower alkyl, or aryl-lower
alkyl)) -C(O)ORS, or -C(O)NR~Rg wherein R~ and R8 are as defined above, or
R24 and R25 together with the carbon atom to which they are attached form
an optionally substituted (cycloalkyl group or heterocycloalkyl group); X,
is as defined above;   0 2 MAY 2002 4-30195/A/4-30298/CGC 1970 _7_ Y is
oxygen or sulphur; L' is optionally substituted (-Het-CHz- or -CHz-Het-),
wherein Het is a a hetero atom selected from O, N or S, and x is 1 or 0,
provided that when x is one, L is -CHz-O- and X, is -C(O)-, Rzo is not
unsubstituted phenyl, provided that when Rzz = R24 = Rzs = H, x is zero and
X, is -C(O)-, R23 is not H, -CH3, -CH(CH3)z, -CHz-CH-(CH3)z, -CHz-COOH, or
-CH2-COO-CHZCH3, when Rzo is unsubstituted phenyl, Rz3 is not H, -CH(CH3)z,
or -CHz-CH-(CH3)z, when Rio is 4-aminophenyl or 4nitrophenyl, R23 is not H
when Rzo is 3-aminophenyl, 3-nitrophenyl 2-chloropyridin-4-yl, or vinyl, or
Rz3 is not -CHz-CHz-S-CH3 when Rzo is pyridin-3-yl or 2-chloropyridin-4-yl,
provided that when Rz2 = Rzs = R2a = H) x is zero and X, is -C(O)- and Rzo
is phenyl, Rz5 is not -CH(CH3)z, provided that when Rz3 = Rza = H, Rzs is
-CHz-CHz-COOH, x is zero and X, is -C(O)-, 



R22 does not form a heterocyclic ring with the adjacent nitrogen atom, and
provided that when Rz2 = R23 = Rza = Rzs = H~ x is zero and X, is -SOz-,
R2o is not 4-methylphenyl. Compounds of formula II are typically inhibitors
of cathepsins K, L or S, especially selective inhibitors of catepsin K or
cathepsin L or cathepsin S) or in some case inhibitors of, e.g. cathepsins
L and S. The substituents of the compounds of formula II have the following
preferred significances. Preferred compounds of formula II comprise
compounds having preferred substituents, singly or in any combination.
Preferably when Rzo comprises aryl, the aryl is optionally substituted
(phenyl, naphthylenyl, phenanthrenyl, thiophenyl, furanyl, pyrrolyl,
pyrazolyl, thiazolyl, pyridinyl, indolyl, quinolinyl) isoquinolinyl,
benzothienyl and benzofuranyl).   0 2 MAY 2002 4-30195/AJ4-30298/CGC 1970
_g_ Preferably R22 is hydrogen. Preferably R23 is optionally substituted
(lower alkyl, aryl-lower alkyl or cycloalkyl-lower alkyl), or R23 and R22
together with the carbon atom to which they are attached form a C5-C8,
especially a C6 or C~, cycloalkylgroup. More preferably R23 is
-CH2-CH(CH3)2, or optionally substituted benzyl) cyclohexylmethyl,
naphthalenylmethyl, indolylinethyl, benzothienylinethyl or
benzofuranylmethyl, or R23 and R22 together with the carbon atom to which
they are attached form a cyclohexane ring. Preferred significances for R24
and R25 are: R24 and R25 are both H or -CH3, or R24 is H and R25 is
aryl-lower alkyl, lower alkyl, both optionally substitued by up to 3
substituents selected from amino, halogen (e.g. fluorine or preferably
chlorine) or S-CH3, or R24 and R25 together with the carbon atom to which
they are attached form a C3-C~ cycloalkyl ring. More preferably R24 is H
and R25 is optionally substituted (-CH2-phenyl, -CH2-indolyl) -(CH2)2S-CH3,
-CH2-CH(CH3)2, -(CH2)4-NH2 or -(CH2)3-CH3), or yet more preferably R4 and
R5 are both CH3, or especially R4 and R5 are both H. Preferably -X,- is
-C(O)-. Preferably Y is =O. Preferably either x is 0, or when x is 1 L' is
-CH2-O-, -NH-CH2-, -O-CH2- or -S-CH2. In particular embodiments the
invention provides a compound of formula II' or a
physiologically-acceptable and -cleavable ester or a salt thereof R23' R2a
Rzo L' X; NH~C-N C-N x IR~~~ ~ R25 I I' wherein: R2o' is optionally
substituted (C6-C,8 aryl or C4-C,8 heteroaryl); R22' is H, or optionally
substitued C,-C$ alkyl, and R23' is optionally substituted (C2-C8 alkyl, or
C~-C,4 aralkyl), or 



0 2 MAY 2002 4-30195/A/4-30298/CGC 1970 -9 Rzz' and R23' together with the
carbon atom to which they are attached form an optionally substituted
(C3-C8 cycloallcyl group or C4-C~ heterocycloallcyl group); Rz4' and Rzs'
are independently H, or optionally substituted (C,-C8 alkyl, C~-C,4
aralkyl, or Cs-C,4 heteroarallcyl), -C(O)OR6', or -C(O)NR6'R~' wherein R6'
is optionally substituted (C,-C8 alkyl, C~-C,4 aralkyl, C3-C8 cycloallcyl,
C4-C~ heterocycloalkyl, Cs-C,a heteroarallcyl, C6-C,4 aryl, or C4-C,4
heteroaryl), and R~' is H, or optionally substituted (C,-C8 alkyl, C~-C,4
aralkyl, C3-C8 cycloallcyl) C4-C~ heterocycloalkyl, Cs-C,4 heteroarallcyl,
C6-C,4 aryl, or C4-C,4 heteroaryl)) or Rz4' and Rzs' together with the
carbon atom to which they are attached form an optionally substituted
(C3-C8 cycloalkyl group or C4-C~ heterocycloallcyl group); X, is -C(O)-,
-C(S)-, -S(O)-) -S(O)z-, -P(O)(OR6')wherein R6' is as defined above; Y is
oxygen or sulphur; L' is optionally substituted (-Het-CHz- or -CHz-Het-),
wherein Het is a a hetero atom selected from O, N or S, and x is 1 or 0,
provided that when x is one, L' is -CHz-O- and X, is -C(O)Rzo' is not
unsubstituted phenyl, provided that when Rzz' = Rza' = Rzs' = H) x is zero
and X, is -C(O)-, Rz3' is not H, -CH3, -CH(CH3)z, -CHz-CH-(CH3)z,
-CHz-COOH, or -CHz-COO-CHzCH3, when Rzo' is unsubstituted phenyl, Rz3' is
not H, -CH(CH3)z) or -CHz-CH-(CH3)z, when Rzo' is 4-aminophenyl or
4nitrophenyl, Rz3' is not H when Rzo' is 3-aminophenyl, 3-nitrophenyl,
2-chloropyridin-4-yl) or vinyl, or R23' is not -CHz-CHz-S-CH3 when Rzo' is
pyridin-3-yl or 2-chloropyridin-4-yl, provided that when Rzz' = Rz3' = Rza'
= H) x is zero and X, is -C(O)- and Rzo' is phenyl) Rzs' is not -CH(CH3)z,
provided that when Rz3' = Rza' = H, Rzs' is -CHz-CHz-COOH, x is zero and X,
is -C(O)-,   0 2 MAY 2002 4-30195/A/4-30298/CGC 1970 -10 R2o' does not form
a heterocyclic ring with the adjacent nitrogen atom, and provided that when
R22' = R23' = Rz4' = R2s' H, x is zero and X, is -S02-) R2a' is not
4-methylphenyl. Compounds of formula II' are typically selective inhibitors
of cathepsin K. In a further aspect the invention provides a compound of
formula III 



R~s III R~ NH-C-CONH-C-C=N R~ Xz (Y1)n-(Ar)p-Q-Z wherein R3o is an acyl
group derived from an organic carboxylic, carbonic, carbamic or sulfonic
acid; R32 and R33 are independently hydrogen, lower alkyl, cycloalkyl,
bicycloalkyl, or (aryl, biaryl, cycloalkyl or bicycloalkyl)-lower alkyl; or
R32 and R33 together represent lower alkylene so as to form a ring together
with the carbon to which they are attached; R34 is hydrogen or lower alkyl;
X2,Y,, Ar, Q, Z, n and p are as previously defined; and pharmaceutically
acceptable salts and esters thereof for use as a pharmaceutical. In
preferred embodiments the invention further provides a compound of formula
III as defined above, wherein R3o is an acyl group derived from an organic
carboxylic, carbamic or sulfonic acid Compounds of formula III are
typically selective inhibitors of cathepsin B and/or L. Particular
embodiments relate to the compounds of formula III wherein R3o, R32, R33,
R34, Q) Z and n are as defined above; and wherein (a) p is one; (b) Y, is
O, S, SO, S02, N(Rb)S02 or N-R6; and   0 2 MAY 2002 4-30195/A/4-30298/CGC
1970 -11(c) X2 is lower alkylene; or when n is zero, Xz is also
CZ-C~-allcylene interrupted by O, S, SO) S02 or NR6; wherein N6 is as
defined above and pharmaceutically acceptable salts thereof. Further
particular embodiments relate to the compounds of formula III wherein R3o,
R32, R33, 834r R3s~ ~'~ Z and Q have meaning as defined above; and wherein
(a) p is one, n is zero, and X2 is lower alkylene or CZ-C~-alkylene
interrupted by O, S, SO, S02 NR6, NR6S02, S02NR6) CONRb or NR6C0; or (b) p
is one, n is one, X2 is lower alkylene and Yl is O, S, SO, SOz, N(R6)SOZ or
NR6, S02NR6, CONR6, NR6C0; or (c) p is one, n is zero and XZ is lower
alkylene; or (d) p is one, n is zero and XZ is Cz-C~-alkylene interrupted
by O, S, SO, SOz or NR6, SOZNR6, CONR6 or NR6C0; or (e) p is zero, n is
one, X2 is lower alkylene and Y1 is O, S, SO, SOz, N(R6)SOZ or NR6, S02NR6,
CONR6 or NR6C0; or (f) p is zero, n is zero and X2 is CZ-C~-alkylene
interrupted by O, S, SO, SOZ or NR6, SOZNR6, CONR6 or NR6C0; 



and pharmaceutically acceptable salts thereof: or Preferred compounds of
formula III are those in which Z is carboxyl or carboxyl derivatized as a
pharmaceutically acceptable ester. A particular embodiment of the invention
relates to the compounds of formula III wherein n is zero, in particular
those of formula III' R~ NH-CH-CONH-CH-C=N III' R~ X2 (Ar)p-Q-Z' wherein
R3o, X2, Ar, Q, and p are as defined above; and wherein R33' is carbocyclic
or heterocyclic aryl-lower alkyl;   0 2 MAY 2002 4-30195/A/4-30298/CGC 1970
-12 Z' is hydroxy, acyloxy, carboxyl, carboxyl derivatized as a
pharmaceutically acceptable ester or amide, or 5-tetrazolyl; and
pharmaceutically acceptable salts thereof. In a specific embodiment of the
compounds of formula III', R3o is carboxylic acid derived acyl; R33' is
carbocyclic or heterocyclic aryl-lower alkyl; X2 is C,-CS-alkylene, or X2
is CZ-C4-alkylene interrupted by O or S; p is one; Ar is carbocyclic
arylene; Q is a direct bond or C1-C4-alkylene; and Z is carboxyl or
carboxyl derivatized as a pharmaceutically acceptable ester; and
pharmaceutically acceptable salts thereof. In a more specific embodiment of
the compounds of formula III', R3o is aroyl, R33' is carbocyclic
aryl-methyl; X2 is C3-alkylene; or Xz is C2-alkylene interrupted by O; p is
one; Ar is phenylene; Q is a direct bond; and Z is carboxyl; and
pharmaceutically acceptable salts thereof. A further particular embodiment
of the invention relates to the compounds of formula III wherein n is one,
in particular those of formula III" R~ NH-CH CONH-CH-C-N III" Rte' Xz'-Y~
A~-Q'-Z' wherein R3o, R33 ~ a Y~ ~ Ar, and Z' are as defined above; X2' is
lower alkylene; Q' is a direct bond or lower alkylene; and pharmaceutically
acceptable salts thereof. A specific embodiment of the invention is
directed to the compounds of formula III" wherein R3o is carboxylic acid
derived acyl; R33' is carbocyclic or heterocyclic aryl-lower alkyl; XZ' is
C1-C4alkylene; Y, is O or S; Ar is carbocyclic arylene; Q' is a direct bond
or C,-C4-allcylene; and Z' is carboxyl or carboxyl derivatized as a
pharmaceutically acceptable ester; and pharmaceutically acceptable salts
thereof.   0 2 MAY 2002 4-30195/A/4-30298/CGC 1970 -13 A more specific
embodiment of the invention is directed to said compounds of formula III" 



wherein R3o is aroyl, R33' is carbocyclic aryl-methyl; X2' is C2-alkylene;
Y, is O; Ar is phenylene; Q' is a direct bond; and Z' is carboxyl, and
pharmaceutically acceptable salts thereof. A yet further aspect of the
invention is directed to a compound of formula IV 42 44 R~ C NH C CO NH C C
= N (IV) R43 R45 wherein R4o is substituted phenyl or heterocyclic aryl,
(mono- or di- carbocyclic or heterocyclic aryl)lower alkyl or lower
alkenyl, or heterocyclyl; R42 is hydrogen or lower alkyl; R43 is
carbocyclic or heterocyclic aryl - lower alkyl; R44 and R45 are
independently hydrogen or lower alkyl; or R44 and R45 combined represent
lower allcylene; and pharmaceutically acceptable salts and esters thereof.
Preferred are compounds of formula IV wherein R4o is morpholino,
substituted phenyl or heterocyclic aryl; R42 is hydrogen; R43 is
carbocyclic or heterocyclic aryl-lower alkyl; R44 and R45 are hydrogen or
lower alkyl; or R44 and R45 combined represent ethylene to form a
cyclopropyl ring. Particularly preferred are compounds of formula IV
wherein R4o is pyrazolyl or pyrazolyl substituted by 1-3 lower alkyl; R42
is hydrogen; R43 is carbocyclic or heterocyclic aryl-C,-C4-alkyl; and R44
and R45 are hydrogen; or R44 and R45 combined are ethylene. Compounds of
formula IV are typically selective inhibitors of cathepsin L and/or S.   0
2 MAY 2002 4-30195/A/4-30298/CGC 1970 -14 The compounds of formulae I, II,
III and IV, depending on the nature of substituents, possess one or more
asymmetric carbon atoms. The resulting diastereomers and enantiomers are
encompassed by the instant invention. Preferably, however, e.g. for
pharmaceutical use in accordance with the invention, the compounds of
formulae I, II, III and IV are provided in pure or substantially pure
epimeric form, e.g. as compositions in which the compounds are present in a
form comprising at least 90%, e.g. preferably at least 95% of a single
epimer (i.e. comprising less than 10%, e.g. preferably less than 5% of
other epimeric forms). Preferred compounds of formula I are those wherein
the asymmetric carbon to which are attached R2 and/or R3 corresponds to
that of an L-amino acid precursor and the asymmetric carbon to which is
attached the cyano group also corresponds to that of an L-amino acid and is
generally assigned the (S)-configuration. Preferred compounds of formula I
wherein R3 and R4 represent hydrogen can be represented by formulae V, V'
and V", corresponding to preferred compounds of formulae II, III and IV
respectively Thus in particularly preferred embodiments the invention
provides a compound of formula V, V' or V" ~zs H O R2o L' X1 NHj--u-NH C-N
H RZs x V 



R33 H R~'~NH-C-CONH- i-C=N H Xz Y1 A~-Q-Z O Ra3 H R40 C NH C CO NH `  H Ras
C=N V"   4-30195/A/4-30298/CGC 1970 -15 wherein the symbols are as defined
above, and physiologically-acceptable and -cleavable esters or salts
thereof. ~ 2 MAY 2002 The compounds of formula I, II, II', III, III', III",
IV, V, V' and V" as defined above are hereinafter referred to as Compounds
of the Invention. The general definitions used herein have the following
meaning within the scope of the invention, unless otherwise specified. The
term "lower" referred to above and hereinafter in connection with organic
radicals or compounds respectively defines such as branched or unbranched
with up to and including 7, preferably up to and including 4 and
advantageously one or two carbon atoms. A lower alkyl group is branched or
unbranched and contains 1 to 7 carbon atoms, preferably 1 4 carbon atoms.
Lower alkyl represents for example methyl, ethyl, propyl, butyl, isopropyl
or isobutyl. Lower alkenyl represents either straight chain or branched
alkenyl of 2 to 7 carbon atoms, preferably 2-4 carbon atoms, e.g. as vinyl,
propenyl, isopropenyl, butenyl, isobutenyl or butadienyl. Lower alkynyl
represents either straight chain or branched alkynyl of 2 to 7 carbon
atoms, preferably 2-4 carbon atoms, e.g. as acetylenyl, propynyl,
isopropynyl, butynyl or isobutynyl. Lower alkyl, lower alkenyl and lower
alkynyl may be substituted by up to 3 substituents selected from lower
alkoxy, aryl, hydroxy, halogen) cyano, or trifluoromethyl. Lower alkylene
represents either straight chain or branched alkylene of 1 to 7 carbon
atoms and represents preferably straight chain allcylene of 1 to 4 carbon
atoms) e.g. a methylene, ethylene) propylene or butylene chain, or said
methylene, ethylene, propylene or butylene chain monosubstituted by
C,-C3-alkyl (advantageously methyl) or disubstituted on the same or
different carbon atoms by C,-C3-alkyl (advantageously methyl), the total
number of carbon atoms being up to and including 7. 



A lower alkoxy (or alkyloxy) group preferably contains 1-4 carbon atoms,
advantageously 1-3 carbon atoms, and represents for example ethoxy,
propoxy, isopropoxy) or most advantageously methoxy.   0 2 MAY 2002
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or fluoro but may also be bromo or iodo. An acyl group as represented by
R3o is preferably derived from an organic carbonic acid, an organic
carboxylic acid) a carbamic acid or an organic sulfonic acid. Acyl which is
derived from a carboxylic acid represents, for example, carbocyclic or
heterocyclic aroyl, cycloallcylcarbonyl, (oxa or thia)- cycloalkylcarbonyl,
lower alkanoyl, (lower alkoxy, hydroxy or acyloxy)- lower alkanoyl, (mono-
or di- carbocyclic or heterocyclic) - (lower alkanoyl or lower alkoxy-,
hydroxy- or acyloxy- substituted lower allcanoyl), or biaroyl. Carbocyclic
aroyl represents) for instance, benzoyl, benzoyl substituted, by one to
three substituents selected independently from e.g. halo, trifluoromethyl,
lower alkyl, lower alkoxy, hydroxy, methylenedioxy, nitro, di-lower
alkylamino, cyano, or carbocyclic aroyl represents e.g. 1 or 2-naphthoyl.
Heterocyclic aroyl represents, for instance, 2-, 3- or 4-pyridylcarbonyl
(such as nicotinoyl), furoyl, thienoyl, oxazoloyl, isoxazoloyl,
quinoxaloyl, each optionally substituted by e.g. halo, lower alkyl, lower
alkoxy or nitro. (Oxa - or thia)-cyclolalkylcarbonyl is, for example,
tetrahydrofuranoyl or tetrahydrothienoyl. Di-(carbocyclic or
heterocyclic)aryl- lower alkanoyl is, for example, diphenylacetyl or
dipyridylacetyl. Aryl- (lower alkoxy, hydroxy or acyloxy substituted) lower
alkanoyl is) for example, phenyl-(2 alkoxy, hydroxy or acyloxy)-acetyl.
Biaroyl is, for example, 2, 3 or 4-biphenylcarbonyl. Acyl which is derived
from an organic carbonic acid is, for example, allcoxycarbonyl, especially
lower alkoxycarbonyl, which is unsubstituted or substituted by carbocyclic
or heterocyclic aryl or is cycloalkoxycarbonyl, especially
C3-C~-cycloalkyloxycarbonyl, which is unsubstituted or substituted by lower
alkyl. 



Acyl which is derived from a carbamic acid is, for example, aminocarbonyl
which is optionally substituted on nitrogen by one or two of lower alkyl,
carbocyclic or heterocyclic aryl-lower alkyl, carbocyclic or heterocyclic
aryl, or by lower alkylene or lower alkylene interrupted by O or S. Acyl
which is derived from an organic sulfonic acid represents, for example,
lower alkylsulfonyl, carbocyclic or heterocyclic arylsulfonyl, carbocyclic
or heterocyclic aryl-lower alkysulfonyl, in which aryl is e.g. phenyl,
naphthyl or thienyl, such being optionally substituted by) for example)
lower alkyl, lower alkoxy, halo, nitro, trifluoromethyl, carboxyl or lower
alkoxycarbonyl.   0 2 MAY 2002 4-30195/A/4-30298/CGC 1970 -17 Aryl
represents carbocyclic or heterocyclic aryl. Carbocyclic aryl represents
monocyclic, bicyclic or tricyclic aryl, for example phenyl or phenyl mono-,
di- or tri-substituted by one, two or three radicals selected from lower
alkyl, lower allcoxy, aryl, hydroxy, halogen, cyano, trifluoromethyl) lower
allcylenedioxy and oxy-CZ-C3-alkylene; or I - or 2-naphthyl; or I- or
2-phenanthrenyl. Lower alkylenedioxy is a divalent substituent attached to
two adjacent carbon atoms of phenyl, e.g. methylenedioxy or ethylenedioxy.
Oxy-C2-C3-alkylene is also a divalent substituent attached to two adjacent
carbon atoms of phenyl, e.g. oxyethylene or oxypropylene. An example for
oxy-CZ-C3-alkylene-phenyl is 2,3-dihydrobenzofuran-5-yl. Preferred as
carbocyclic aryl is naphthyl) phenyl or phenyl mono- or disubstituted by
lower alkoxy, phenyl, halogen, lower alkyl or trifluoromethyl, especially
phenyl or phenyl mono- or disubstituted by lower alkoxy, halogen or
trifluoromethyl, and in particular phenyl. Examples of substituted phenyl
groups as R are, e. g. 4-chlorophen- I -yl, 3,4-dichlorophen-1-yl,
4-methoxyphen-1-yl, 4-methylphen- I -yl, 4-aminomethylphen-1-yl,
4-methoxyethylaminomethylphen1-yl, 4-hydroxyethylaminomethylphen- I -yl,
4-hydroxyethyl-(methyl)-aminomethylphen- I -yl, 3aminomethylphen- I -yl,
4-N-acetylaminomethylphen-1-yl, 4-aminophen-1-yl, 3-aminophen-1-yl,
2aminophen-1-yl, 4-phenyl-phen-1-yl, 4-(imidazol-1-yl)-phen-1-yl,
4-(imidazol- I-ylinethyl)-phen- I -yl, 4-(morpholin-1-yl)-phen-1-yl,
4-(morpholin- I -ylmethyl)-phen-1-yl,
4-(2-methoxyethylaminomethyl)phen-1-yl and 4-(pyrrolidin-1-ylmethyl)-phen-
I -yl, 4-(2-thiophenyl)-phen-1-yl, 4-( 3-thiophenyl)phen-1-yl,
4-(4-methylpiperazen- I -yl)-phen-1-yl, and 4-(piperidinyl)-phenyl and
4-(pyridinyl)-phenyl optionally substituted in the heterocyclic ring.
Heterocyclic aryl represents monocyclic or bicyclic heteroaryl, for example
pyridyl, indolyl, quinoxalinyl, quinolinyl, isoquinolinyl, benzothienyl,
benzofuranyl, benzopyranyl, benzothiopyranyl, furanyl, pyrrolyl, thiazolyl,
oxazolyl, isoxazolyl, triazolyl, tetrazolyl, pyrazolyl) imidazolyl,
thienyl, or any said radical substituted, especially mono- or
di-substituted, by e.g. lower alkyl, nitro or halogen. Pyridyl represents
2-, 3- or 4-pyridyl, advantageously 2- or 3-pyridyl. Thienyl represents 2-
or 3thienyl. Quinolinyl represents preferably 2-, 3- or 4-quinolinyl.
Isoquinolinyl represents preferably 1-, 3- or 4-isoquinolinyl.
Benzopyranyl, benzothiopyranyl represent preferably 3-benzopyranyl or
3benzothiopyranyl, respectively. Thiazolyl represents preferably 2- or
4-thiazolyl, advantageously 4thiazolyl. Triazolyl is preferably 1-, 2- or
5-(1,2,4-triazolyl). Tetrazolyl is preferably 5-tetrazolyl.   0 2 MIRY 2002
4-30195/A/4-30298/CGC 1970 -18 Preferably, heterocyclic aryl is pyridyl,
indolyl) quinolinyl, pyrrolyl, thiazolyl, isoxazolyl, triazolyl,
tetrazolyl, pyrazolyl, imidazolyl, thienyl, or any said radical
substituted, especially mono- or di-substituted, by lower alkyl or halogen;
and in particular pyridyl. Arylene (Ar in formula III) is an aryl linking
group in which aryl is heterocyclic or carbocyclic aryl, preferably
monocyclic as defined above. A heterocyclic aryl linking group is for
instance (but not limited thereto) l, 3-pyrazolyl, 2,4- or 



2,5-pyridyl or 1,4-imidazolyl in which the groups as depicted in formula
III are attached to the ring at the indicated positions. A carbocyclic aryl
linking group is for instance (but not limited thereto) optionally
substituted phenyl in which the two groups as depicted in formula I are
attached ortho, meta or para to each other. Biaryl is may be carbocyclic
biaryl, preferably e.g. biphenyl, namely 2, 3 or 4-biphenyl, advantageously
4-biphenyl, each optionally substituted by e.g. lower alkyl, lower alkoxy,
halogen, trifluoromethyl or cyano, or heterocyclic-carbocyclic biaryl,
preferably e.g. thienylphenyl, pyrrolylphenyl and pyrazolylphenyl.
Cycloalkyl represents a saturated cyclic hydrocarbon optionally substituted
by lower alkyl which contains 3 to 10 ring carbons and is advantageously
cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl optionally substituted
by lower alkyl. Bicycloalkyl is for example norbornanyl. Heterocyclyl
represents a saturated cyclic hydrocarbon containing one or more,
preferably 1 or 2, hetero atoms selected from O, N or S, and from 3 to 10,
preferably 5 to 8, ring atoms; for example, tetrahydrofuranyl,
tetrahydrothienyl, tetrahydropyrrolyl, piperidinyl, piperazinyl or
morpholino. Aryl-lower alkyl represents preferably (carbocyclic aryl or
heterocylic aryl)-lower alkyl. Carbocyclic aryl-lower alkyl represents
preferably straight chain or branched aryl-C, ~-alkyl in which carbocyclic
aryl has meaning as defined above, e.g. benzyl or phenyl-(ethyl) propyl or
butyl)) each unsubstituted or substituted on phenyl ring as defined under
carbocyclic aryl above, advantageously optionally substituted benzyl, e.g.
benzyl substituted or phenyl lay lower alkyl. Heterocyclic aryl-lower alkyl
represents preferably straight chain or branched heterocyclic aryl
C,.~-alkyl in which heterocyclic aryl has meaning as defined above, e.g.
2-, 3- or 4-pyridylmethyl or (2, 3- or 4-pyridyl)-(ethyl, propyl or butyl);
or 2- or 3-thienylmethyl or (2- or 3-thienyl)-(ethyl,   0 2 MAY 2002
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propyl or butyl); 2-, 3- or 4-quinolinylmethyl or (2-, 3- or
4-quinolinyl)-(ethyl, propyl or butyl); or 2 or 4-thiazolylinethyl or (2-
or 4-thiazolyl)-(ethyl, propyl or butyl). Cycloallcyl-lower alkyl
represents e.g. (cyclopentyl- or cyclohexyl)-(methyl or ethyl).
Biaryl-lower alkyl represents e.g. 4-biphenylyl-(methyl or ethyl). Acyl as
in acyloxy is derived from an organic carboxylic acid, carbonic acid or
carbamic acid. Acyl represents e.g. lower allcanoyl, carbocyclic aryl-lower
alkanoyl, lower alkoxycarbonyl, aroyl, di lower allcylaminocarbonyl or
di-lower alkylamino-lower allcanoyl. Preferably, acyl is lower alkanoyl.
Lower alkanoyl represents e.g. C,_~-alkanoyl including formyl, and is
preferably C2.~-alkanoyl such as acetyl or propionyl. Aroyl represents e.g.
benzoyl or benzoyl mono- or di-substituted by one or two radicals selected
from lower alkyl, lower allcoxy, halogen, cyano and trifluoromethyl; or 1-
or 2-naphthoyl; and also e.g. pyridylcarbonyl. Lower alkoxycarbonyl
represents preferably C,~-allcoxycarbonyl, e.g. ethoxycarbonyl. Esterified
carboxyl is carboxyl derivatized as a pharmaceutically acceptable ester,
for example lower alkoxycarbonyl, benzyloxycarbonyl or allyloxycarbonyl.
Amidated carboxyl is carboxyl derivatized as a pharmaceutically acceptable
amide, for example aminocarbonyl, mono- or di-lower alkylaminocarbonyl.
Pharmaceutically acceptable salts of the acidic compounds of the invention
are salts formed with bases, namely cationic salts such as alkali and
alkaline earth metal salts, such as sodium, lithium, potassium, calcium,
magnesium, as well as ammonium salts, such as ammonium, trimethyl ammonium,
diethylammonium, and tris-(hydroxymethyl)-methyl-ammonium salts. Similarly
acid addition salts, such as of mineral acids, organic carboxylic and
organic sulfonic acids e.g. hydrochloric acid, methanesulfonic acid,
malefic acid) are also possible provided a basic group, such as pyridyl,
constitutes part of the structure. The compounds of the invention exhibit
valuable pharmacological properties in mammals and are particularly useful
as cysteine cathepsin inhibitors. The cathepsin inhibitory effects of the
compound of the invention can be determined in vitro by measuring the
inhibition of e.g. recombinant human cathepsins B, K, L and S. The buffer
used in the cathepsin B, L and S assays is a 0.1 M pH 5.8 phosphate buffer
containing EDTA ( 1.33 mM), DTT (2.7 mM) and Brij (0.03%). 



0 2 MAY 2002 4-30195/A/4-30298/CGC 1970 -20 The in vitro assays are carried
out as follows: (a) For cathepsin B: To a microtiter well is added l00 uL
of a 20 uM solution of inhibitor in assay buffer followed by 50 uL of a 6.4
mM solution of Z-Arg-Arg-AMC substrate (Peptides International) in assay
buffer. After mixing, 50 uL of a 0.544 nM solution of recombinant human
cathepsin B in assay buffer is added to the well, yielding a final
inhibitor concentration of 10 uM. Enzyme activity is determined by
measuring fluorescence of the liberated aminomethylcoumarin at 440 nM using
380 nM excitation, at 20 minutes. % Enzyme inhibition is determined by
comparison of this activity to that of a solution containing no inhibitor.
Compounds are subsequently subjected to a dose response curve analysis to
determine ICso values. (b) For cathepsin K: The assay is performed in 96
well microtiter plates at ambient temperature using recombinant human
cathepsin K. Inhibition of cathepsin K is assayed at a constant enzyme
(0.16 nM) and substrate concentration (54 mM Z-Phe-Arg-MCA - Peptide
Institute Inc. Osaka, Japan) in 100 mM sodium phosphate buffer, pH 7.0,
containing 2 mM dithiothreitol, 20 mM Tween 80 and 1 mM EDTA. Cathepsin K
is preincubated with the inhibitors for 30 min, and the reaction is
initiated by the addition of substrate. After 30 min incubation the
reaction is stopped by the addition of E-64 (2 mM)) and fluorescence
intensity is read on a mufti-well plate reader at excitation and emission
wavelengths of 360 and 460 nm, respectively. (c) For cathepsin L:
Recombinant human cathepsin L is activated prior to use in this assay: To
500 uL of a 510 nM solution of cathepsin L in a 50 mIvl pH 5.0 acetate
buffer containing 1 mM EDTA, 3 mM DTT and 150 mM NaCI is added 10 uL of a
625 uM solution of dextran sulfate (ave. mw = 8000), and the resulting
solution is incubated on ice for 30 min. 4 uL of this solution is then
diluted into 46 uL assay buffer, yielding a 40 nM enzyme solution. To
perform the assay, 100 uL of a 20 uM solution of inhibitor in assay buffer
is added to a microtiter well. 50 uL of a 20 uM solution of Z-Phe-Arg-AMC
(Peptides International) is then added. After mixing, 50 uL of the
activated 40 nM solution of recombinant human cathepsin L in assay buffer
is then added to the well, yielding a final inhibitor concentration of 10
uM. Enzyme activity is determined by measuring fluorescence of the
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aminomethylcoumarin at 440 nM using 380 nM excitation of 20 minutes. %
Enzyme inhibition is determined by comparison of this activity to that of a
solution containing no inhibitor. Compounds are subsequently subjected to a
dose response curve analysis to determine ICso values. (d) For cathepsin S:
To a microtiter well is added 100 uL of a 20 uM solution of inhibitor is
assay buffer. 50 uL of a 700 uM solution of Z-Val-Val-Arg-AMC substrate
(Peptides International) is then added. After mixing, 50 uL of a 5.2 nM
solution of recombinant human cathepsin S in assay buffer is then added to
the well, yielding a final inhibitor concentration of 10 uM. Enzyme
activity is determined by measuring fluorescence of the liberated
aminomethylcoumarin at 440 nM using 380 nM excitation at 200 minutes. %
Enzyme inhibition is determined by comparison of this activity to that of a
solution containing no inhibitor. Compounds are subsequently subjected to a
dose response curve analysis to determine ICSa values. In view of their
activity as inhibitors of cysteine cathepsin enzymes, Compounds of the
Invention are particularly useful in mammals as agents for treatment and
prophylaxis of diseases and medical conditions involving elevated levels of
cathepsins. Such diseases include diseases involving infection by organisms
such as pneumocystis carinii, trypsanoma cruzi, trypsanoma brucei,
crithidia fusiculata, as well as parasitic diseases such as schistosomiasis
and malaria, tumours (tumour invasion and tumour metastasis), and other
diseases such as metachromatic leukodystrophy, muscular dystrophy,
amytrophy and similar diseases. Cathepsins, in particular K, have been
implicated in diseases of excessive bone loss, and thus the Compounds of
the Invention may be used for treatment and prophylaxis of such diseases,
including osteoporosis, gingival diseases such as gingivitis and
periodontitis) Paget's disease, hypercalcemia of malignancy) e.g.
tumour-induced hypercalcemia and metabolic bone disease. Also the Compounds
of the Invention may be use for treatment or prophylaxis of diseases of
excessive cartilage or matrix degradation, including osteoarthritis and
rheumatoid arthritis as well as certain neoplastic diseases involving
expression of high levels of proteolytic enzymes and matrix degradation.
0 2 MAY 2002 4-30195/AJ4-30298/CGC 1970 -22Compounds of the Invention, are
also indicated for preventing or treating coronary disease, atherosclerosis
(including atherosclerotic plaque rupture and destabilization), autoimmune
diseases, respiratory diseases and immunologically mediated diseases
(including transplant rejection). 



Compounds of the Invention, in particular cathepsin K selective inhibitor
compounds, are particularly indicated for preventing or treating
osteoporosis of various genesis (e.g. juvenile, menopausal,
post-menopausal, post-traumatic, caused by old age or by cortico-steroid
therapy or inactivity). Beneficial effects are evaluated in in vitro and in
vivo pharmacological tests generally known in the art, and as illustrated
herein. The above cited properties are demonstrable in in vitro and in vivo
tests, using advantageously mammals, e.g. rats, mice, dogs, or isolated
organs and tissues, as well as mammalian enzyme preparations, either
natural or prepared by e.g. recombinant technology. Compounds of the
Invention can be applied in vitro in the form of solutions, e.g. preferably
aqueous solutions or suspensions, and in vivo either enterally or
parenterally, advantageously orally, e.g. as a suspension or in aqueous
solution, or as a solid capsule formulation. The dosage in vitro may range
between about 10-5 molar and 10-9 molar concentrations. The dosage in vivo
may range, depending on the route of administration, between about 0.1 and
100 mg/kg. The antiarthritic efficacy of the compounds of the invention for
the treatment of rheumatoid arthritis can be determined using models such
as or similar to the rat model of adjuvant arthritis, as described
previously (R.E. Esser, et. al. J. Rheumatology, 1993, 20, 1176.) The
efficacy of the compounds of the invention for the treatment of
osteoarthritis can be determined using models such as or similar to the
rabbit partial lateral meniscectomy model, as described previously (Colombo
et al. Arth. Rheum. 1993 26) 875-886). The efficacy of the compounds in the
model can be quantified using histological scoring methods, as described
previously (O'Byrne et al. Inflamm Res 1995, 44, S 117-S 118). The efficacy
of the compounds of the invention for the treament of osteoporosis can be
determined using an animal model such as the ovarectomised rat or other
similar species in which test compounds are administered to the animal and
the presence of markers of bone resorption are measured in urine or serum.
The compounds of the invention are prepared by:   0 2 MAY 2002
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R3 Rd R L X~ NH-C-CONH-C-CONH2 x Rz Rs VI wherein R, R2, R3, R4 and RS have
meaning as previously defined for the compounds of formula I to a nitrite
of formula I; or (b) condensing a compound of the formula VII Ra NH2C-C-N
VII R5 wherein R4 and RS have meaning as defined hereinabove, with an acid
of formula VIII R3 R L X~ NH-C-COOH x VIII wherein R, R2 and R3 have
meaning as defined above; or with a reactive derivative thereof; or (c)
condensing a compound of the formula Ia 13 14 H2N-C-CONH-C-C-N (la) R2 RS  
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meaning as defined hereinabove with an acid corresponding to the group
R-[L]x X,- or with a reactive derivative thereof; and in the above
processes, if required, temporarily protecting any interfering reactive
groups and then isolating the resulting compound of the invention; and, if
desired, converting any resulting compound into another compound of the
invention; and/or if desired, converting a resulting compound into a salt
or a resulting salt into the free acid or base or into another salt.
Appropriate protecting groups are used for starting compounds and
intermediates, for instance as hereinafter described in the Examples. The
conversion of primary amides of formula V to the nitrites of formula I)
according to process (a), can be carried out according to methods well
known in the art for the dehydration of a primary amide to a nitrite, e.g.
with thionyl chloride in the presence of a base. A preferred procedure
involves the treatment with oxalyl chloride and pyridine in DMF at or below
room temperature as illustrated in the examples. The starting materials of
formula VI can be prepared by condensing an amino acid amide of formula IX
Ra IX NHZ-C-CONH2 R5 wherein R4, and RS have meaning as defined above with
an acid of the formula VIII, in protected form as appropriate. The
condensation can be carried out according to methods well-known in the art,
e.g. by reacting a mixed anhydride or an acyl halide of the acid of formula
VIII e.g. the acid chloride, with an amino acid amide of formula IX, in an
inert solvent such as methylene chloride) in the presence of a base, such
as an amine like triethylamine or pyridine. The acylation of an acid of
formula VIII with an amino acid amide of formula IX can also be carried out
in the presence of a condensing agent such as
N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide, optionally in the presence
of e.g. hydroxybenzotriazole or 1-hydroxy-7-azabenzotriazole, and a base
such as N-methylmorpholine.   0 2 MAY 200z 4-30195/A/4-30298/CGC 1970 - 25
The amino acid amides of formula IX are either known or can be prepared
according to methodology known in the art and illustrated herein.
Alternative procedures and conditions may be used; for instance as
described in the Examples. Compounds of the invention are either obtained
in the free form, or as a salt thereof if salt forming groups are present.
Acidic Compounds of the Invention may be converted into metal salts with
pharmaceutically acceptable bases, e.g. an aqueous alkali metal hydroxide,
advantageously in the presence of an ethereal or alcoholic solvent, such as
a lower allcanol. Resulting salts may be converted into the free compounds
by treatment with acids. These or other salts can also be used for
purification of the compounds obtained. Ammonium salts are obtained by
reaction with the appropriate amine, e.g. diethylamine, and the like.
Compounds of the Invention having basic groups can be converted into acid
addition salts, especially pharmaceutically acceptable salts. These are
formed, for example, with inorganic acids, such as mineral acids, for
example sulfuric acid, a phosphoric or hydrohalic acid, or with organic
carboxylic acids, such as (C1-Ca)alkanecarboxylic acids which, for example,
are unsubstituted or substituted by halogen, for example acetic acid, such
as saturated or unsaturated dicarboxylic acids, for example oxalic,
succinic, malefic or fumaric acid, such as hydroxycarboxylic acids, for
example glycolic, lactic, malic, tartaric or citric acid, such as amino
acids, for example aspartic or glutamic acid, or with organic sulfonic
acids, such as (C1-C4)-alkylsulfonic acids (for example methanesulfonic
acid) or arylsulfonic acids which are unsubstituted or substituted (for
example by halogen). Preferred are salts formed with hydrochloric acid,
methanesulfonic acid and malefic acid. In view of the close relationship
between the free compounds and the compounds in the form of their salts,
whenever a compound is referred to in this context, a corresponding salt is
also intended, provided such is possible or appropriate under the
circumstances. The compounds, including their salts, can also be obtained
in the form of their hydrates, or include other solvents used for their
crystallization. The pharmaceutical compositions according to the invention
are those suitable for enteral) such as oral or rectal) transdermal,
topical, and parenteral administration to mammals) including man, to
inhibit cathepsin activity, and for the treatment of cathepsin dependent
disorders, in particular inflammation) osteoporosis, rheumatoid arthritis
and osteoarthritis, and comprise an effective amount 
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compound of the invention, alone or in combination, with one or more
pharmaceutically acceptable carriers. More particularly, the pharmaceutical
compositions comprise an effective cathepsin inhibiting amount of a
Compound of the Invention. The pharmacologically active Compounds of the
Invention are useful in the manufacture of pharmaceutical compositions
comprising an effective amount thereof in conjunction or admixture with
excipients or carriers suitable for either enteral or parenteral
application. Preferred are tablets and gelatin capsules comprising the
active ingredient together with a) diluents, e.g. lactose, dextrose,
sucrose, mannitol, sorbitol) cellulose and/or glycine; b) lubricants, e.g.
silica, talcum, stearic acid, its magnesium or calcium salt andlor
polyethyleneglycol; for tablets also c) binders e.g. magnesium aluminum
silicate, starch paste, gelatin, tragacanth, methylcellulose, sodium
carboxymethylcellulose and or polyvinylpyrrolidone; if desired d)
disintegrants, e.g. starches, agar, alginic acid or its sodium salt, or
effervescent mixtures; andlor e) absorbents, colorants, flavors and
sweeteners. Injectable compositions are preferably aqueous isotonic
solutions or suspensions, and suppositories are advantageously prepared
from fatty emulsions or suspensions. Said compositions may be sterilized
and/or contain adjuvants, such as preserving, stabilizing, wetting or
emulsifying agents, solution promoters, salts for regulating the osmotic
pressure and/or buffers. In addition, they may also contain other
therapeutically valuable substances. Said compositions are prepared
according to conventional mixing, granulating or coating methods,
respectively, and contain about 0.1 to 75%, preferably about 1 to 50%, of
the active ingredient. Tablets may be either film coated or enteric coated
according to methods known in the art. Suitable formulations for
transdermal application include an effective amount of a compound of the
invention with carrier. Advantageous carriers include absorbable
pharmacologically acceptable solvents to assist passage through the skin of
the host. For example) transdermal devices are in the form of a bandage
comprising a backing member, a reservoir containing the compound optionally
with carriers, optionally a rate controlling barrier to deliver the
compound of the skin of the host at a controlled and predetermined rate
over a prolonged period of time, and means to secure the device to the
skin. Matrix transdermal formulations may also be used. Suitable
formulations for topical application, e.g. to the skin and eyes, are
preferably aqueous solutions, ointments) creams or gels well-known in the
art. Such may contain solubilizers, stabilizers, tonicity enhancing agents,
buffers and preservatives.   0 2 MAY 2002 4-30195/A/4-30298/CGC 1970 -27
The pharmaceutical formulations contain an effective cathepsin inhibiting
amount of a Compound of the Invention as defined above, either alone or in
combination with another therapeutic agent. In conjunction with another
active ingredient, a Compound of the Invention may be administered either
simultaneously, before or after the other active ingredient) either
separately by the same or different route of administration or together in
the same pharmaceutical formulation. The dosage of active compound
administered is dependent on the species of warm-blooded animal (mammal),
the body weight, age and individual condition, and on the form of
administration. A unit dosage for oral administration to a mammal of about
50 to 70 kg may contain between about 5 and 500 mg of the active
ingredient. The present invention also relates to methods of using
Compounds of the Invention and their pharmaceutically acceptable salts, or
pharmaceutical compositions thereof, in mammals for inhibiting cathepsins,
such as cathepsin B, K, L and/or S, and for the treatment of cathepsin
dependent conditions, such as cathepsin B, K, L and/or S dependent
conditions, described herein, e.g. inflammation, osteoporosis, rheumatoid
arthritis and osteoarthritis. Particularly the present invention relates to
a method of selectively inhibiting cathepsin activity in a mammal which
comprises administering to a mammal in need thereof an effective cathepsin
inhibiting amount of a Compound of the Invention. More specifically such
relates to a method of treating rheumatoid arthritis, osteoarthritis, and
inflammation (and other diseases as identified above) in mammals comprises
administering to a mammal in need thereof a correspondingly effective
amount of a Compound of the Invention. The following examples are intended
to illustrate the invention and are not to be construed as being
limitations thereon. Temperatures are given in degrees Centrigrade. If not
mentioned otherwise, all evaporations are performed under reduced pressure,
preferably between about 15 and 100 mm Hg (= 20-133 mbar). The structure of
final products) intermediates and starting materials is confirmed by
standard analytical methods, e.g. microanalysis and spectroscopic
characteristics (e.g. MS, IR) NMR). Abbreviations used are those
conventional in the art.   0 2 MAY 200Z 4-30195/A/30298/CGC 1970 



28 EXAMPLES Example 1: Preparation of Indol-4-y~0)-Leu-GIy~CN) of formula X
H N ~ O H ,N C~ /C C `CH H C-N O _ CH CH ~2 / 3 CH i CH3 A.
Fmoc-Leu-GIvLCN_ fl-fCvanomethvl-carbamovl)-3-methyl-butvll-carbamic acid
9.H.-fluoren-9-~1methvl ester Fmoc-Leucine (0.27mmo1) and aminoacetonitrile
hydrochloride (32.4mmo1) are dissolved in dimethylformamide (300m1) and
cooled with ice-salt. HOBt (32.4mmo1) and WSCD (32.4mmol) are added, and
the reaction mixture is stirred at 4 - 25C over night. After evaporation of
the solvent, the residue is extracted with ethyl acetate. The extract is
washed with saturated sodium bicarbonate, IN hydrochloric acid and brine,
dried over magnesium sulfate and the solvent is evaporated. Chromatography
on silica gel using n-hexane/ethyl acetate=1/1 (v/v) gives the product in
90% yield. mp.173-175C, Rf--0.68 (chloroform:methanol:acetic acid=90: 10:
1). B. H-Leu-GIy~CN) 2-Amino-4-methxl-nentanoic acid cxanomethyl-amide
Fmoc-Leu-Gly(CN) ( 18mmo1) is dissolved in 20% piperidine in
dimethylformamide (36m1). The reaction mixture is stirred at room
temperature for 60min. After evaporation of the solvent and chromatography
on silica gel using n-hexane, n-hexane/ethyl acetate=1/1 and 10% methanol
in chloroform, the product is obtained in 93% yield. oil, Rf--0.73
(n-propanol:water:ethyl acetate:ammonia=5:1:2:1). C.
Indol-5-~1-CEO)-Leu-G13~CN) Indol-5-ylcarboxylic acid (l.0eq.) and
H-Leu-Gly(CN) ( 1.2eq.) are dissolved in dimethylformamide and cooled with
ice-salt. HOBt ( 1.2eq.) and WSCD ( 1.2eq.) are added and the reaction
mixture is stirred at 4 - 25C over night. After ethyl acetate is added to
the reaction mixture) the organic layer is washed with saturated sodium
bicarbonate,1N hydrochloric acid and brine, dried over magnesium sulfate
and evaporated. Chromatography on silica gel gives the title product in 70%
0 2 MAY 2002 4-30195/A/4-30298/CGC 1970 29 yield. mp. 201-204C, Rf=0.39
(n-hexane:AcOEt=1:2) Example 2 5-Amino-quinoline-2-carboxylic acid f
1-fcyanometh~l-carbamo~rll -3-methyl-but,~rll-amide
5-Nitro-quinoline-2-carboxylic acid [ 1
-(cyanomethyl-carbamoyl)-3-methyl-butyl] -amide (0.35mmol) is dissolved in
tetrahydrofuran (10m1) and methanol (10m1) at room temperature. Na2S204 aq
* (7mmo1) is added to the solution, and the reaction mixture is heated at
reflux for 90min. The crude product is isolated by filtration and purified
by chromatography on silica gel using 2% methanol in chloroform The product
is obtained in 33% yield. mp.190-194C, Rf=0.60 (n-hexane:ethyl
acetate=1:5). *A.S.Kende et al., Tetrahedron Lett., 25, 923-926, (1984).
Example 3 p -Acetamidomethylbenzoyl-Leu-GIy~CN1
p-Aminomethylbenzoyl-Leu-Gly(CN) (see Example 14 below)(0.33mmo1) and
acetic acid (3.3mmo1) are dissolved in dimethylformamide (10m1) and cooled
in an ice bath. HOBt (0.4mmo1) and WSCD (0.4mmo1) are added and the
reaction mixture is stirred at 4 - 25C over night. After evaporation of the
solvent, the residue is extracted with ethyl acetate. The extract is washed
with saturated sodium bicarbonate,1N hydrochloric acid and brine, dried
over magnesium sulfate and evaporated. Diethylether is added to the residue
to give a precipitate, which is collected by filtration and precipitated
again from ethyl acetate with diethylether to give the product in 32%
yield. mp.176-184.5C, Rf--0.24 (chloroform:methanol =9:1). 



By repeating the procedures described in the above Examples using
appropriate starting materials and conditions the following compounds of
formula XI are obtained as identified below in Table 1.   0 2 MAY 2002
4-30195/A/4-30298/CGC 1970 30 Table 1 H O Rx N C~ iCH~ NCH H C=N O CH2 / C~
CH I CH3 Example No.Rxmp. (C)Rf (solvent)HN4~ I52-700.24
(n-hexane:AcOEt=1:1)H5~ ~ j i150-1600.30 (n-hexane:AcOEt=1:2)HI N6I ~ i
/170-1940.77 (n-hexane:AcOEt=1:2)i7~ I ,169-184.50.43
(n-hexane:AcOEt=1:1)I8~ ~ ~210-235.50.39 (n-hexane:AcOEt=1:1)9~ I
~174.5-0.48 (n-hexane:AcOEt=1:2)N 176.5N0210i ~ w I N163-1670.42
(n-hexane:AcOEt=1:1)   0 2 MAY 2002 4-30195/A/4-30298/CGC 1970 31 Example
No. Rx mp. (C) Rf (solvent) 0 11 ~ ~ ~ ~ 234-242 0.43 (n-hexane:AcOEt=1:1)
0 N\ 12 ~ ~ ~ 1S6- 0.31 (n-hexane:AcOEt=1:1) N 158.5 / \ / \ 13 191.S- 0.4S
(n-hexane:AcOEt=1:1) 199 14 H2NCH2 \ / 



57-64 0.80 (n-hexane:AcOEt=1:2) 1 S H2~H2 0.31 \ / (chloroform:MeOH=7:3) 16
H2N \ / 89-95 0.61 n-hexane:AcOEt= '2 ( 1. ) NH2  17 \ / 223-224 0.23
(n-hexane:AcOEt=1:2) NH2 18 \ / 143-144 0.70 (n-hexane:AcOEt=1:2) 19 I S -
0.33 (n-hexane:AcOEt=l:l) / \ /   0 2 MAY 2002 4-30195/A/4-30298lCGC 1970
32 Example No.Rxmp. (C)Rf (solvent)20S ~ -0.47 (n-hexane:AcOEt=1:1)\
/CO~IHx21~"~ NCHz ~ ~122-1260.18 (CH2C12:MeOH=9:1)22Ho ~~2
CH2oil0.17((CH2Cl2/MeOH/NH3=9:1 )^ ~CH2 i N23N ~ ~ I248-2500.35
(CH2C12/MeOH=9:1 )~CHZ N i24~J ~ I136-1380.21 (CH2C12JMeOH=95:5)~CH2 GN25~
I225-2270.10 (CH2Cl2/MeOH=9:1 )26/C~z CH297-990.41
(CH2Cl2/MeOH=9:1)CH30-CH2CH3CH2-27N~ ~ I164-1680.27 (CH2C12/MeOH=9:1)28,~H2
~ ~114-1160.16 p ~ J ' (CH2C12/MeOH=95:5)'CH2 N ~-29~ I<700.16
(CH2C12/MeOH=9:1 )   0 2 MAY 2002 4-30195/A/4-30298/CGC 1970 33 Example
No.Rxmp. (C)Rf (solvent)30/~~N CH2 ~89-910.19 (CH2C12/MeOH=9:1)CH30-CH2 ~
ICH3 Example 31 Indole-2-carboxylic acid { 1-~'lcyano-dimeth 1-y meth
-carbamoyl] -cyclohexyl ~ amide 



A. Fmoc-1-aminocyclohexane carboxylic acid The title compound is prepared
from 1-cyclohexane carboxylic acid (7mmo1), Fmoc-CI (7.7mmo1) and NaOH (
l4mmol) in the usual manner in 18 % yield. Rf=0.17 (n-hexane:ethyl
acetate=1:2). B. Boc-2-Aminoisobutyric acid amide 28% aqueous ammonia
(66mmo1) is added to the mixed anhydride (prepared from 22mmol of
Boc-2-aminobutyric acid and 22mmol of iso-butylcholoroformate by customary
procedures) at -20C. The reaction mixture is stirred at 4 - 25C overnight.
After evaporation of the solvent, the residue is extracted with ethyl
acetate. The extract is washed with saturated sodium bicarbonate,1N
hydrochloric acid and brine, dried over magnesium sulfate and evaporated.
The crude product is purified by chromatography on silica gel using
n-hexane/ethyl acetate=1/1 and n-hexane/ethyl acetate=1/2, to give the
product in 31 % yield. mp. 168- 177.5C, Rf=0.41 (chloroform:methanol=9: 1).
C. 2-Aminobutyric acid amide hydrochloride Boc-2-Aminoisobutyric acid amide
is dissolved in 4N hydrochloride in dioxane. The reaction mixture is
stirred at room temperature for 60min. Diethylether is added to the
solution to give a white precipitate, which is collected in 91 % yield by
filtration. The crude product is used for the next coupling without further
purification. Rf--0.28 (n-PrOH:HZO:ethyl acetate:NH3=5: 1 :2: 1). D.
Fmoc-1-Amino-cyclohexanecarbox lic acid 1-carbamoyl-1-methyl-rl-ethvll
-amide Fmoc-1-aminocyclohexane carboxylic acid (2.2mmo1) and 2-aminobutyric
acid amide hydrochloride (2.2mmo1) are dissolved in dimethylformamide
(30m1) and cooled with ice-salt. HOBt (2.6mmo1) and   0 2 MAY 2002
4-30195/A/4-30298/CGC 1970 34 WSCD (2.6mmo1) are added and the reaction
mixture is stirred at 4 - 25C over night. After evaporation of the solvent,
the residue is extracted with ethyl acetate. The extract is washed with
saturated sodium bicarbonate, IN hydrochloric acid and brine, dried over
magnesium sulfate and evaporated. The crude product is purified by
chromatography on silica gel using n-hexane/ethyl acetate=1/4 and
n-hexane/ethyl acetate=1/6, to give the product in quantitative yield.
mp.177.5-178.5C, Rf=0.24 (n-hexane:ethyl acetate=1:5) E.
Fmoc-1-Amino-cyclohexanecarboxylic acid (cyano-dimeth,1-Y methyl) -amide
Thionyl chloride (2.6mmo1) is added to the solution of
Fmoc-1-amino-cyclohexanecarboxylic acid (1-carbamoyl-1-methyl-ethyl)-amide
(0.86mmo1) in dimethylformamide (10m1) at 4C. The reaction mixture is
stirred at 4C for 2h., ethyl acetate and saturated sodium bicarbonate
solution are added and the organic layer is washed with brine, dried over
magnesium sulfate and evaporated. The crude product is purified by
chromatography on silica gel using n-hexane/ethyl acetate=3/1, to give the
product in quantitative yield. Rf--0.57 (n-hexane:ethyl acetate=1:1). 



F. 1-Amino-cyclohexanecarbox lic acid cyano-dimethyl-meth~rl)-amide
Fmoc-1-Amino-cyclohexanecarboxylic acid (cyano-dimethyl-methyl)-amide (2.1
mmol) is dissolved in 20% piperidin in dimethylformamide (6.3m1). The
reaction mixture is stirred at room temperature for 60min. After
evaporation of the solvent) the crude product is purified by chormatography
on silica gel using n-hexane, n-hexane/ethyl acetate=1/1 and 10% methanol
in chloroform, to give the product in 31 % yield. oil, Rf--0.84
(n-propanol:water:ethyl acetate:ammonia=5:1:2:1) G. Indole-2-carboxylic
acid {1-ffcyano-dimeth 1-methyl)-carbamo~] -cvclohexyl } -amide 2-Indole
carboxylic acid (O.Slmmol) and 1-amino-cyclohexanecarboxylic acid
(cyano-dimethyl-methyl)-amide (0.61 mmol) are dissolved in
dimethylformamide (15m1) and cooled in an ice bath. HOBt (0.61 mmol) and
WSCD.HCI (0.61 mmol) are added and the reaction mixture is stirred at 4 -
25C over night. After evaporation of the solvent, the residue is extracted
with ethyl acetate. The extract is washed with saturated sodium
bicarbonate, 1 N hydrochloric acid and brine, dried over magnesium sulfate
and evaporated. The crude product is purified by chromatography on silica
using n-hexane/ethyl acetate=4/1 and n-hexane/ethyl acetate=2/1, to give
the product in 71% yield.   0 2 MAY 200Z 4-30195/A/4-30298/CGC 1970 35
mp.200-202C, Rf--0.55 (n-hexane:ethyl acetate= 1: 1 ) Example 32 Synthesis
of Naphthalene-2-carboxylic acid f 1-(cyanomethyl-carbamo~rl)
-2-meth~rl-butyll-amide A. 2-tert-But3rloxycarbonylamino-3-methyl-pentanoic
acid cYanomethyl -amide N-Tertbutyloxycarbonyl-isoleucine semihydrate (3g,
12.5mmo1), HOBt (3.71 g, 27.5 mmol, 2.2 eq.) and aminoacetonitrile
hydrochloride ( 1.27g, 13.7mmol, l.leq.) are dissolved in dimethylformamide
(36m1) and WSCD (2.5m1, 13.7mmol, l.leq.) is added. After stiring for 1
hour at rt) 4% sodium bicarbonate solution is added and the mixture is
extracted with ethyl acetate. The organic layer is washed with sodium
bicarbonate and dilute hydrochloric acid, dried over magnesium sulfate and
evaporated, to give the product in quantitative yield. mp. 125- 133.5C,
Rf--- 0.44 (hexanes:ethyl acetate = 1: 1) B. 2-Amino-3-methyl-pentanoic
acid cyanomethyl-amide hydrochloride
2-tert-Butyloxycarbonylamino-3-methyl-pentanoic acid cyanomethyl-amide (2g,
7.4 mmol) is dissolved in 4N hydrochloride in dioxane (10m1). After l5min.
at rt the solvent is evaporated to give the product in quantitative yield.
The crude product is used for the next step without further purification.
Rf (free amine) = 0.33 (ethyl acetate:methanol = 10: 1 ) C.
Naphthalene-2-carboxylic acid f 1-(cyanomethyl-carbamoyl)-2-meth~~
-butyl-amide 2-Naphthoylchloride (255mg, 1.34mmo1, 1.1 eq.) is added to the
solution of 2-amino-3-methyl-pentanoic acid cyanomethyl-amide hydrochloride
(250mg, 1.22mmmo) and triethylamine (0.42m1, 3.04mmo1, 2.5 eq.) in 5 ml
dichloromethane. After 1 hour at rt 1 N hydrochloric acid is added and the
reaction nwcture is extracted with ethyl acetate. The organic layer is
washed with saturated sodium bicarbonate solution, dried over magnesium
sulfate and evaporated. Chromatography on silica gel (hexane/ethyl acetate
10/1 to 5/1) followed by ethyl acetate) gives the product in 97% yield
(381mg). mp. 203.5-207C, Rf--- 0.44 (hexanes:ethyl acetate = 1: 1). Example
33 Synthesis of Naphthalene-2-carboxylic acid [ 1-l l-c~rano-3-meth ~Ll
but`rlcarbamo~)-2-methyl]-amide   4-30195/A/4-30298/CGC 1970 36 0 2 MAY
2002 A. Naphthalene-2-carbonXl)-isoleucine methylester 



L-isoleucine methylester hydrochloride (2.0g, ll.Ommo1) and triethylamine
(3.1m1, 22.Ommol) 2eq.) are dissolved in dichloromethane (40m1). The
solution is cooled in an icebath and 2-naphthoylchloride (2.1g, 1 l.Ommol,
leq.) is added. The reaction mixture is allowed to warm up to rt and after
1 hour 1N hydrochloric acid is added. The mixture is extracted with ethyl
acetate, the organic layer is washed with saturated sodium bicarbonate
solution, dried over magnesium sulfate and evaporated to give the product
in 98% yield. Rf--- 0.50 (hexanes:ethyl acetate = 2: 1) B.
N-Naphthalene-2-carbonyl)-isoleucine N-(Naphthalene-2-carbonyl)-isoleucine
methylester (3.14g,10.5mmo1) is stirred in a mixture of methanol (35m1) and
1 N aqueous sodium hydroxide ( 16.8m1, 1.6 eq.). After 3 hours at rt the
mixture is heated for 1 hour at 40C. 1 N hydrochloric acid and brine is
added and the mixture is extracted with ethyl acetate. The organic layer is
dried over magnesium sulfate and evaporated to give the product in
quantitative yield (partly epimerized). Rf--- 0.32 (hexane:ethyl acetate =
1 :2) C. (S~-1-Cyano-3-meths 1-r butylamine hydrochloride
(S)-N-tert-Butyloxycarbonyl-1-cyano-3-methyl-butylamine (CAS 115654-59-6)
(3.7g, 17.4mmo1) is dissolved in 4N hydrogenchloride in dioxane (20m1).
After 15 minutes at rt the solvent is evaporated, the residue is taken up
in diethylether, the solid is filtered and dried in vacuum to give the
product in 81 % yield. Rf (free amine) = 0.34 (hexane:ethyl acetate = 1:1)
D. Naphthalene-2-carboxylic acid j 1-( 1-cyano-3-methyl-butylcarbamoyl~
-2-methyl-butt 1]-amide N-(Naphthalene-2-carbonyl)-isoleucine (250mg,
0.87mmo1)) (S )-1-cyano-3-methyl-butylamine ( 143mg, 0.96mmo1, l.leq.) and
HOBt {260mg, 1.93mmol, 2.2eq.) are dissoved in dimethylformamide (Sml) and
WSCD (0.17m1, 0.96mmo1, 1. leq.) is added. After stirring for 1 hour at rt,
4% sodium bicarbonate solution is added and the mixture is extracted with
ethyl acetate. The organic layer is washed with sodium bicarbonate and
dilute hydrochloric acid, dried over magnesium sulfate and evaporated.
Chromatography on silica gel (hexane/ethyl acetate 2/1 ) gives the product
in 68% yield (mixture of epimers). Rf--- 0.43 (hexanes:ethyl acetate = 2:
1)   0 2 MAY 2002 4-30195/A/4-30298/CGC 1970 37 Example 34 Synthesis of
Naphthalene-2-carboxylic acid f 1 -( 1 -cyano-3-methyl
-butylcarbamoyl_)-3-methyl-but~!1_]-amide A. N-(Naphthalene-2-carbonyl
-leucine The title compound is prepared analogously is prepared similar to
N-(Naphthalene-2 -carbonyl)-isoleucine (see above) in 98% yield, starting
from leucine methylester. Rf--- 0.34 (hexanes:ethyl acetate = 1:1) B.
Naphthalene-2-carboxylic acid ~ 1 -l 1 -cyano-3-methyl-butylcarbamo~)-3
-meth,~yll-amide N-(Naphthalene-2-carbonyl)-leucine (250mg, 0.88mmo1),
(S)-1-cyano-3-methyl-butylamine ( 143mg) 0.96mmo1, 1.1 eq.) and HOBt
(260mg, 1.93mmo1, 2.2eq.) are dissovled in dimethylformamide (5m1) and WSCD
(0.18m1, 0.97mmo1, l.leq.) is added. After stiring for 1 hour at rt, 4%
sodium bicarbonate solution is added and the mixture is extracted with
ethyl acetate. The organic layer is washed with sodium bicarbonate and
dilute hydrochloric acid, dried over magnesium sulfate and evaporated.
Chromatography on silica gel (hexane/ethyl acetate 2/1) gives the product
in 79% yield (mixture of epimers). Rf--- 0.44 (hexane:ethyl acetate = 2: 1
) Example 35 Naphthalene-2-carboxylic acid ~( 1-[ 1-cyano-2-(IH-indol-3-vl)
-ethylcarbamoyl~]-3-methyl-butyl-amide The title compound is prepared
analogously to the compound of Example 22.
N-(Naphthalene-2-carbonyl)-leucine and 1-cyano-2-(1H-indol-3-yl)-ethylamine
(CAS 16954S-97-S) are reacted by the same procedure as for
Naphthalene-2-carboxylic acid
[1-(1-cyano-3-methyl-butylcarbamoyl)-3-methyl-butyl]-amide, to give the
product in 36% yield after chromatography on silica gel (hexane/ethyl
acetate 1/1) (mixture of epimers). Rf--- 0.59 (hexane:ethyl acetate = 1: 1
) Example 36 Naphthalene-2-carboxylic acidf
1-(1-cyano-1-methyl-ethylcarbamoyl)-3-methyl but ~~Il-amide 



A. N-tert-B utylo xycarbon,~-1-cyano-1-methyl-ethylamine   0 2 MAY 2002
4-30195/A/4-30298/CGC 1970 38 ~O~ I 'CN Boc-2-aminoisobutyric acid
amide(4.58g, 22.6 mmol) and triethylamine(7 ml, 50mmo1, 2.2eq.) are
dissolved in THF( 100m1) and trifluoroacetic acid anhydride(3.5 ml, 25mmol,
1.1 eq.) is added at 0. The reaction mixture is stirred at 0 for 1 hour.The
mixture is concentrated and water is added. The organic layer is extracted
with ethyl acetate, washed with brine, dried over sodium sulfate and
evaporated. The crude product is purified by chromatography on silica gel
using n-hexane/ethyl acetate=20/1, 10/1, 5I1 and 1l1 to give the product in
74 % yield. Rf--0.45(n-hexane/ethyl acetate=3I1) B.
1-Cyano-1-methyl-ethylamine hydrochloride HCI. H2N- 'CN
N-tert-Butyloxycarbonyl-1-cyano-1-methyl-ethylamine(3.09 g, 16.8 mmol) is
dissolved in dioxane( 15 ml) and 4N hydrochloric acid-dioxane(25 ml) is
added at 0. The reaction mixture is stirred at 0 for 1.5 hours, then at rt
for 1 hour. The mixture is concentrated and diethyl ether is added. The
resulting white precipitate is washed with diethyl ether and dried to give
the product in 83 % yield. The crude product is used for the next coupling
without further purification . Rf--0.66(n-PrOHlH20/ethyl
acetate/NH3=5/1/2l1) C. Naphthalene-2-carboxylic acidf
1-(1-cyano-1-methyl-ethYl_carbamo~)-3-meth~lbutyl]-amide \ \ H O N~N~CN O H
N-(Naphthalene-2-carbonyl)-leucine (279 mg, 0.98 mmol),
1-cyano-1-methyl-ethylamine hydrochloride ( 137 mg, 1.14 mmol, 1.2 eq.) and
HOBt (297 mg, 2.20 mmol, 2.2 eq.) are dissolved in dimethylformamide(5 ml)
and WSCD (0.2 ml, 1.09 mmol, 1.1 eq.) is added at -10 . After stirring for
1.5 hours at -10 , 5 % sodium bicarbonate solution is added and the mixture
is extracted with ethyl acetate. The organic layer is washed with brine,
dried over sodium sulfate and evaporated. Chromatography on silica gel
(n-hexane/ethyl acetate=20/ 1, 10/ 1, 5/ 1, 3/ 1 and 1 / 1 ) gives the
product in 8.7 % yield (mixture of enantiomers).   4-30195/A/4-30298/CGC
1970 39 Rf--0.54(n-hexane/ethyl acetate=1l1) 0 2 MAY 2002 Example 37
Naphthalene-2-carboxylic acidl 1-( 1-c~phenyl-propylcarbamoyll-3-methvl
butyl-amide A. Boc-2-Amino-4-phenyl-but3rric acid amide Boc-Hph-CONH2 28 %
aqueous ammonia(34 mmol) is added to the mixed anhydride (prepared from
16,8 mmol of Boc-homophenylalanine and 17.0 mmol of isobutylchloroformate
as usual) at -10 . The reaction mixture is stirred at rt for 4.5 hours. The
mixture is concentrated, washed with saturated sodium bicarbonate, 1N
hydrochloric acid and brine, dried over sodium sulfate and evaporated to
give the product in quantitative yield. The crude product is used for the
next reaction without further purification.
Rf--0.60(chloroform/mathanol=10/ 1 ) Thereafter the title compound NY _N CN
H O is prepared analogously as in steps A, B and C of Example 36 Rf--0.81
(n-hexane/ethyl acetate=1 / 1 ) 



Example 38 Naphthalene-2-carboxylic acidf 1-( 1-c
a~no-4-phen~propylcarbamoXl) cyclohexXll-amide A. Naphthalene-2-carboxylic
acidf 1-methoxycarbon~-cyclohex~rllamide    0 2 MAY 2002
4-30195/A/4-30298/CGC 1970 40 O / N Oi O 1-Amino-cyclohexanecarboxylic acid
methyl ester hydrochloride ( 1 g, 5.2 mmol) and triethylamine ( 1.44 ml,
10.3 mmol, 2 eq.) are dissolved in dichloromethane ( 15 ml) and 2-naphthoyl
chloride ( 1 g, 5.2 mmol, 1 eq.) is added at 0. The reaction mixture is
stirred at 0 - 25 for 2 hours and 1N hydrochloric acid is added. The
mixture is extracted with ethyl acetate, the organic layer is washed with
saturated sodium bicarbonate solution, dried over sodium sulfate and
evaporated. Chromatography on silica gel (n-hexane/ethyl acetate=10/1, 5/1,
3/1 and 1/1) gives the product in 93 % yield. Rf--0.30(n-hexane/ethyl
acetate=3/1) B. N-(2-Naphth~l)-1-amino-c~clohexanecarbo~lic acid O / N OH O
Starting from Naphthalene-2-carboxylic acid[(
1-methoxycarbonyl)-cyclohexyl]-amide, the product is prepared analogously
to N-(naphthalene-2-carbonyl)-isoleucine in quantitative yield. It is used
for the next coupling without further purification.
Rf--0.60(chloroform/methanol=10/1 ) C. Naphthalene-2-carboxylic acid[~ 1-c
ay no-4-phenyl-propxlcarbamo~~ cXclohex,~~l]-amide I ~ ~ o / N N CN O H
N-(2-Naphthoyl)-1-amino-cyclohexanecarboxylic acid (67 mg, 0.22 mmol),
1-cyano-3-phenylpropylamine hydrochloride (47 mg) 0.24 mmol, 1.1 eq.) and
HOAt (65 mg, 0.48 mmol) 2.2eq.) are dissolved in dimethylformamide (2 ml)
and WSCD (0.044 ml, 0.24 mmol, 1.1 eq.) is added at -10 .After stirring at
0 - 25 overnight, 5 % sodium bicarbonate solution is added and the mixture
is   U Z MAY ZOOZ 4-30195/AJ4-30298/CGC 1970 41 extracted with ethyl
acetate. The organic layer is washed with brine, dried over sodium sulfate
and evaporated. Chromatography on silica gel(chloroform/acetone=200l1 and
100/ 1 ) gives the product in 63 % yield. Rf--0.73(chloroform/acetone=9I1 )
Example 39 1.H.-Indole-5-carboxylic acid ~' 1-(cyanomethyl-carbamo 1~! )~c
clohexyl]-amide 1-Amino-cyclohexancarboxylic acid cyanomethyl-amide (136mg,
0.50mmo1), indol-5 



carboxylic acid (80mg, 0.50mmo1, 1.0 eq.) and HOBt (74mg, 0.55mmol, l.leq.)
are dissoved in dimethylformamide (5m1) and WSCD (0.10m1, 0.55mmo1, l.leq.)
is added. After stirring for 20 hour at rt, 4% sodium bicarbonate solution
is added and the mixture is extraced with ethyl acetate. The organic layer
is washed with sodium bicarbonate, dried over magnesium sulfate and
evaporated. Chromatography on silica gel (hexanes/ethyl acetate 2/1, then
ethyl acetate) gives the product in 20% yield. Rf = 0.31 (hexanes/ethyl
acetate = 3/1) Example 40 S ynthesis of N-[
1-(cyanomethyl-carbamoylLyclohexyll-4-imidazol-1-ylmethyl benzamide A.
Boc-1-aminocyclohexane carboxylic acid The title compound is prepared from
1-cyclohexane carboxylic acid ( 140mmo1), Boc20 ( 154mmol) and Na2C03 (
140mmol) in 200 m1 dioxane and 100 m1 water by conventional methods. Mp.
157161C; Rf--0.23 (CH2C12/MeOH=95:5) B. Boc-1-amino-cyclohexanecarboxylic
acid ~cyanomethyl-carbamo~) -amide Boc-1-aminocyclohexane carboxylic acid
(40mmol), HOBt (40mmol) and WSCD (42mmo1) are dissolved in
dimethylformamide (75m1) and stirred for 15 min. at RT. 2-aminoacetonitrile
hydrochloride (40mmo1) and triethylamine (40mmo1) are suspended in DMF
(25m1) and added to the reaction mixture which is stirred at 25C over
night. After evaporation of the solvent, the residue is extracted with
ethyl acetate. The extract is washed with water, 10% citric acid, brine,
sodium bicarbonate, brine and dried over magnesium sulfate and evaporated.
The residue is suspended in diethylether and the solid filtered of and
dried (vacuum). 7.35g of a white powder with mp.160162C, Rf--0.28
(n-hexane:ethyl acetate=1:1) is obtained. C. 1-Amino-cyclohexanecarboxylic
acid ( 1-(cyanomethyl-carbamo~rl) -amide ~drochloride   0 2 MAC 2002
4-30195/A/4-30298/CGC 1970 42 HC1 in Diethylether (3-4N, 50m1) is added to
the solution Boc-1-amino-cyclohexane-carboxylic acid (
1-(cyanomethyl-carbamoyl)-amide (33mmo1) in THF (50m1) at RT and stirred
overnight. The reaction mixture is cooled with an ice bath to 0-4C and the
solid filtered off and washed with diethylether. The white crystals are
dried (vacuum). Mp. 205-209C; Rf=0.45 (CH2C12/MeOH=9:1 ). D. N-[1-~c
amyl-carbamo~rl)-c cl~hexyll-4-bromomethyl-benzamide 4-Bromomethyl-benzoic
acid (2.3mmo1) is suspended in CH2C12 (7m1) and cooled to 0-5C.
Chlorenamine (2.3mmo1) is added and the mixture is stirred for 45 min. at
0-5C. 1-Amino-cyclohexanecarboxylic acid ( 1-(cyanomethyl-carbamoyl) -amide
hydrochloride (2.3mmo1) and N-ethyldiisopropyl-amine (4.6mmo1) in CH2C12
(7m1) is added at low temperature. The mixture is stirred for 2 hours at
0-5C and at RT over night. The reaction mixture is diluted with CH2C12
(40m1), washed with water and dried over magnesium sulfate and evaporated.
The residue was suspended in diethylether and the solid filtered of. The
crude product is purified by chromatography on silica using
CH2C12/MeOH=97:3. The fractions containing the pure product were collected
and evaporated. The residue was suspended in diethylether and the solid
filtered of. A white powder with mp.194-196C, Rf~.38 (CH2CI2/MeOH=95:5) is
obtained. E. N-[ 1-(cyanomethyl-carbamo lY
)-cyclohexyll-4-imidazol-1-~yl-benzamide N-[
1-(cyanomethyl-carbamoyl)-cyclohexyl]-4-bromomethyl-benzamide (0.34mmol) is
dissolved in THF (2m1) and sodium-imidazol (0.41 mmol) is added and the
reaction mixture stirred at RT over night. After evaporation of the
solvent, the residue is extracted with ethyl acetate. The extract is washed
with water, dried over magnesium sulfate and evaporated. The residue was
suspended in diethylether and the solid filtered of. The crude product is
purified by chromatography on silica using CH2C12/MeOH=9:1. The fractions
containing the pure product were collected and evaporated. The residue was
suspended in diethylether and the solid filtered of. A white powder with
mp.194-196C, Rf=0.28 (CH2C12/MeOH=9:1 ) is obtained. By repeating the
procedure described above in Examples 40, using appropriate starting
materials and reaction conditions the following compounds of formula XII
are obtained as identified below in Table 2. Table 2   0 2 MAY 2002
4-30195/A/4-30298/CGC 1970 43 O :z Rx_C~N C~N~CH~C=N II H O XII Example Rx
Rz mp. (C) Rf (solvent) No. MS(M+1 ) 41 / \ \ ( / CH3C\CH3 0.26
(hexanes/EtOAc = 3/1) 42 / ` \ ~ ~ I ',~ \ / " 0.50 (hexanes/EtOAc = 1/1)
/c\2 ~cH2 



N 43 CH30-CH2 CH ~ I H 126-128 0.19 (CH2C12/MeOH=9:1) 3 ~CH2 ^N 44 N~ ~ I H
162-165 0.27 (CH2Cl2/MeOH=9:1 ) C~2 CH2 45 CH30-C/H2 CH \ I H 147-149 0.24
(CH2C12/MeOH=9:1) 3 46 / \ \ I / CH CH~CH 0.26 (hexanes/EtOAc = 3/ 1 ) 3 3
47 ~"s " " 0.50 (hexanes/EtOAc = 1/1) 48 0.31 (hexanes/EtOAc = 3l1 ) N 49 \
~~H2 ~cH / / ~ CHs ~CH3   0 2 MAY 2002 4-30195/A/4-30298/CGC 1970 44 50 ~N
0.42 (n-hexane/EtOAc =2I1 ) i I 51 CH C / I 0.42 (n-hexane/EtOAc =2ll) 3 52
\ / ~ " 0.42 (n-hexane/EtOAc =2/1) N CH3 53 ~N H 0.69 (EtOAc) i I 54  \ / I
" 0.69 {EtOAc) O 55 - ~cH2 \ ~ I CH CH~CH 0.58 (n-hexane/EtOAc = 3 3 N 1/1)
56 i H 0.47 (EtOAc) CH3 \ I 57  \ ~ 4 H 0.72 (EtOAc) N 



58  0.73 (EtOAc) N I CH3   0 2 MAY 2002 4-30195/A/4-30298/CGC 1970 45 59 I
i ~ " 0.66(EtOAc) I 60 CH3 I / / W 0.66 (EtOAc) 61 CH3,C~p " 0.67 (EtOAc) i
I CH3 CH3 w 62 ~ O \ ( ` 0.24 (toluene/acetone 7/3) I CH ~ 436 z 63 I ~ '
c-c"` 1199-201 446 O c~4 ~ I 1 64 w I N~ " 184-185 459 CH3 65
0.14(CHaCIz/MeOH 10/0.2) i I ~ " 445 N 66 0.54 (petroleum " ~ I , ~
ether/EtOAC 1/1) 67 - N ~N - " 154-155 522 Example 68 Synthesis of N-~(
1-[jCyano-dimethyl-meth -carbamo~]-3-meth~rl-but~rll-4
imidazol-1-ylmeth3rl-benzamide   0 2 MAY 2002 4-30195/A/4-30298/CGC 1970 46
' A. ( 1-I[(Cyano-dimeth~rl-meths 11-carbamo~,ill-3-methyl-butyl}-carbamic
acid .tert  butvl ester Boc-Leu-OH (62mmo1), HOBt (62mmo1) and WSCD
(62mmo1) are dissolved in dimethylformamide ( 150m1) and stirred for 15
min. at RT. 2-Amino-2-methyl-propionamide hydrochloride (62mmol) and
triethylamine (62mmo1) are suspended in DMF (25m1) and added to the
reaction mixture which is stirred at 25C over night. After evaporation of
the solvent) the residue is extracted with ethyl acetate. The extract is
washed with water, 10% citric acid, brine, sodium bicarbonate, brine and
dried over magnesium sulfate and evaporated. The residue is suspended in
diethylether and the solid filtered of and dried (vacuum). 14.78g of a
white powder with mp.182-184C, Rf=0.39 (CH2C12/MeOH=9:1) is obtained. B. (
1-[(Cyano-dimeth 1-~ methyll-carbamoyll-3-meth~utyl;E-carbamic acid .tert. 



but~rl ester {
1-[(Cyano-dimethyl-methyl)-carbamoyl]-3-methyl-butyl}-carbamic acid
.tert.-butyl ester (47mmo1) is dissolved in THF ( 150m1) and cooled to
-10C. Trifluoroacetic acid anhydride (56mmo1) and triethylamine (94mmo1)
are added at -10C and the stirred mixture is slowly warmed up to 0C over 2
hours. After evaporation of the solvent, the residue is extracted with
ethyl acetate. The extract is washed with water and dried over magnesium
sulfate and evaporated. The residue is suspended in diethylether/ pentane
and the solid filtered of and dried (vacuum). 9.93g of a white powder with
mp.166-168C, Rf--0.55 (n-hexane:ethyl acetate=1:1) is obtained. C.
2-Amino-4-meth r~l-pentanoic acid (cyano-dimeth 1-~r meths)-amide {
1-[(Cyano-dimethyl-methyl)-carbamoyl]-3-methyl-butyl}-carbamic acid
.tert.-butyl ester (l9mmol) is dissolved in ethyl acetate containing HCl
(3-4N, water free) and the mixture is stirred at RT overnight. After
evaporation of the solvent, the crude product is purified by chromatography
on silica using CH2C12/MeOH=9:1. The fractions containing the pure product
were collected and evaporated. 2.3g of a yellowish oil, Rf=0.36
(CH2C12/MeOH=9:1) is obtained. D. N- ~( 1-[(Cyano-dimethyl-meth~~
-carbamoyll-3-methyl-butyl } -4-bromomethxl benzamide 4-Bromomethylbenzoic
acid (4.1 mmol), HOBt (4.1 mmol) and WSCD.HCI (4.1 mmol) are dissolved in
dimethylformamide (7m1) and stirred for 10 min. 2-Amino-4-methyl-pentanoic
acid (cyanodimethyl-methyl)-amide (4.1 mmol) is added in DMF (3m1) and the
reaction mixture is stirred at RT overnight. After evaporation of the
solvent) the residue is extracted with ethyl acetate. The extract is   0 2
MAY 2002 4-30195/A/4-30298/CGC 1970 47 ' washed with water, 10% citric
acid, brine) sodium bicarbonate, brine and dried over magnesium sulfate and
evaporated. The crude product is suspended in diethylether and the sofid
filtered of and dried (vacuum). A white powder with mp.185-187C, Rf--0.43
(n-hexane:ethyl acetate=l:l) is obtained. E. N-{ 1-L(Cyano-dimeth
1-methyl)-carbamoyll-3-methyl-butt}-4-imidazol-1 Xlineth~rl-benzamide N-{
1-[(Cyano-dimethyl-methyl)-carbamoyl)-3-methyl-butyl}-4-bromomethyl-benzami
de (0.18mmo1) is dissolved in THF ( 1 ml) and sodium-imidazol (0.41 mmol)
is added and the reaction mixture stirred at RT over night. After
evaporation of the solvent, the residue is extracted with ethyl acetate.
The extract is washed with water, dried over magnesium sulfate and
evaporated. An oil with Rf--0.44 (CH2C12/MeOH =9:1 ) is obtained. By
repeating the procedure described above in Examples 68, using appropriate
starting materials and conditions the following compounds of formula XIII
are obtained as identified below in Table 3. T able 3 Rx N O C-N O XIII
ExampleRxyieldmp. (C)Rf (solvent)No.(%)(step B)~C\z iCHz 



i69N CHsO-CHz CH \ I 358l35-1370.29 (CH2C12/MeOH=9:1)CHZ N ~- -70~
~51160-1620.16 (CH2C12/MeOH=9:1 )CH371~H2 GN .I44186-1880.23
(CH2C12/MeOH=9:1)   0 2 M;4Y 2002 4-30195/A/4-30298/CGC 1970 48 Example 72
N-[1-yC~anomethyl-carbamo~ -3-methyl_-but~rl]-4~2-pyrrolidin-1-yl
ethylsulfanylZ benzamide A. ~2-Chloroethylsulfanyl)-benzoic acid
4-Mercaptobenzoic acid (65mmo1) and 1-Bromo-2-chloro-ethane (? lmmol) are
dissolved in acetone (120m1) and powdered potassium carbonate (7lmmol) is
added. The mixture is warmed up to 40C and stirred for 7 hours. After
evaporation of the solvent) the residue is extracted with ethyl acetate.
The extract is washed with water and dried over sodium sulfate and
evaporated. The crude product is suspended in diethylether and the solid
filtered of and dried (vacuum). 7.8g of a white powder with mp.142-144C,
Rf=0.37 (methylenchlorid/methanol=9/ 1 ) is obtained. B.
~2-Chloroethylsulfan~)-benzoyl -L.eu-Gly(CN)
4-(2-Chloroethylsulfanyl)-benzoic acid ( 18.Smmo1), HOBt ( l8.Smmol) and
WSCD.HCI ( 19.4mmol) are dissolved in dimethylformamide (50m1) and stirred
for 15 min. H-Leu-Gly((CN) ( l8.Smmol) is added and the reaction mixture is
stirred at RT overnight. After evaporation of the solvent, the residue is
extracted with ethyl acetate. The extract is washed with water, 10% citric
acid, brine, sodium bicarbonate, brine and dried over magnesium sulfate.
After evaporation of the solvent, the crude product is purified by
chromatography on silica using CH2C12/MeOH=95:5. The fractions containing
the pure product were collected and evaporated. The product is suspended in
diethylether and the solid filtered of and dried (vacuum). 3.15g of a
yellowish powder with mp.108-110C, Rf=0.33 (n-hexane:ethyl acetate=1:1) is
obtained. C. N-[
1-(Cyanomethyl-carbamoyl)-3-meth,~-butyl]-4-(2-pyrrolidin-1-yl
ethylsulfan,~~l)-benzamide 4-(2-Chloroethylsulfanyl)-benzoyl -Leu-Gly(CN) (
1.36mmo1) is dissolved DMF (2m1) and pyrrolidine (3mmo1) is added. The
reaction mixture is stirred for 8 hours at RT, then a catalytic amount of
potassium iodide is added and again stirred at 50C overnight. After
evaporation of the solvent, the residue is extracted with ethyl acetate.
The extract is washed with water and dried over magnesium sulfate and
evaporated. The crude material is applied to a column of silica gel.
Elution with CH2C12/MeOH=93:7 gives the product in 24% yield (Rf--0.12
(CH2C12IMeOH=95:5). Example 73 Synthesis of N-f
1-(Cyanomethyl-carbamoyl_)-3-meth~butyl]-4-(2-pXrrolidin-1-yl
ethylsulfonyl)-benzamide A. 4-y2-Chloroet~lsulfonyl)-benzoic acid   0 2 MAY
2002 4-30195/A/4-30298/CGC 1970 49 4-(2-Chloroethylsulfanyl)-benzoic acid (
18.4mmo1) is suspended in methylene chloride (60m1) and cooled to -10C.
m-Chloroperbenzoic acid (38.6mmol) are added dropwise in methylene chloride
(60m1) and the mixture is stirred for a hours at -10C. The mixture is
diluted methylene chloride (100m1) and a 5% solution of sodium thiosulfate
in water is added and the mixture vigorously stirred. The mixture is
extracted, washed with water and and dried over sodium sulfate and
evaporated. The crude product is recrystallized from ethylacetate and the
solid filtered of and dried (vacuum). 2.19g of a pale powder with
mp.142-144C, Rf--0.37 (CH2C12/MeOH=9:1) is obtained. B.
4S2-Chloroethylsulfonyl)-benzoyl -Leu-Gly(CNl
4-(2-Chloroethylsulfonyl)-benzoic acid (8.8mmo1)) HOBt (8.8mmol) and
WSCD.HCI (8.8mmo1) are dissolved in dimethylformamide (25m1) and stirred
for 15 min. H-Leu-Gly((CN) ( l8.Smmo1) is added and the reaction mixture is
stirred at RT overnight. After evaporation of the solvent, the residue is
extracted with ethyl acetate. The extract is washed with water, 10% citric
acid, brine, sodium bicarbonate, brine and dried over magnesium sulfate,
After evaporation of the solvent, the crude product is purified by
chromatography on silica using CH2Cl2/MeOH=95:5. The fractions containing
the pure product were collected and evaporated. The product is suspended in
diethylether and the solid filtered of and dried (vacuum). 0.3g of a white
powder, Rf--0.25 (CH2C12IMeOH=95:5) is obtained. 



C. N-f 1-(Cyanomethyl-carbamoyl)-3-methyl~but ly 1-4-(2-pyrrolidin-1-yl
ethylsulfonyD-benzamide 4-(2-Chloroethylsulfonyl)-benzoyl-Ixu-Gly(CN)
(0.4mmol) is in pyrrolidine ( 1 ml. The reaction mixture is stirred for 1.5
hours at RT. After evaporation of the solvent, the residue is extracted
with ethyl acetate. The extract is washed with water and dried over
magnesium sulfate and evaporated. The crude material is applied to a column
of silica gel. Elution with CH2C12/MeOH=95:5 gives the product in 43% yield
(Rf=0.30 (CH2C12/MeOH=95:5). Example 74 Synthesis of N-f
1-(1-Cyano-3-methyl-butylcarbamoyl)-3-methyl-butt]-4-imidazol
1-ylmethyl-benzamide A. Boc-Leu-1xu-NH2 Boc-1xu-Leu-OH (Bachem) 43.6mmo1)
is dissolved in THF (250m1) and N-methylmorpholine (43.6mmol) is added. The
mixture is cooled to -20C and isobutyl chloroformate (43.6mmo1) is added
dropwise. The mixture is stirred for 10 min. and then a 25% aqueous
solution of ammonia   0 2 MAY 2002 4-30195/A/4-302981CGC 1970 50 (52.3mmo1)
is added at -20C. The mixture is stirred for 3 hours at -20C to -10C. After
evaporation of the solvent, the residue is extracted with ethyl acetate.
The extract is washed with water and dried over magnesium sulfate and
evaporated. The crude product is suspended in diethylether and the solid
filtered of and dried (vacuum). 14.2g of a white powder with mp.155156C,
Rf=0.5 (CH2C12/MeOH=9:1 ) is obtained. B. Boc-Leu-LeuyCN~ Boc-Leu-Leu-NH2
(41mmo1) is suspended in THF (200m1) and triethylamine (83mmo1) and
trifluoroacetic acid anhydride (41mmo1) is added at -5C. The mixture is
stirred for 2 hours at -5C. After evaporation of the solvent, the residue
is extracted with ethyl acetate. The extract is washed with water and dried
over magnesium sulfate and evaporated. A yellowish oil with Rf=0.59
(n-hexane:ethyl acetate=2:1) is obtained and deprotected without further
purification (step C.). C. H-Leu-Leu(CNl Boc-Leu-Leu(CN) (41 mmol) is
dissolved in THF (50m1) and HCl in diethylether (50m1, 3-4N, water-free) is
added at RT and the mixture stirred overnight. After evaporation of the
solvent the residue is dissolved in methanol and ammonia in methanol (40m1,
3-4N, water-free) is added and the solid material filtered of. The filtrate
is evaporated and the crude product is purified by chromatography on silica
using CH2C12/MeOH=95:5. The fractions containing the pure product were
collected and evaporated. 5.07g of a yellowish oil with Rf--0.43
(CH2C12/MeOH=9:1 ) is obtained. D. 4-Bromomethylbenzoyl-Leu-LeuICN~
4-Bromomethylbenzoic acid (6.67mmol), HOBt (6.67mmo1) and WSCD.HCI
(7.Ommo1) are dissolved in dimethylformamide ( 15m1) and stirred for 15
min. H-Leu-Leu(CN} (6.67mmo1) is added and the reaction mixture is stirred
for 2.5 hours at RT, After evaporation of the solvent, the residue is
extracted with ethyl acetate. The extract is washed with water, 10% citric
acid, brine, sodium bicarbonate, brine and dried over magnesium sulfate.
After evaporation of the solvent, the crude product is purified by
chromatography on silica using CH2Cl2/MeOH=97:3. The fractions containing
the pure product were collected and evaporated. 1.74g of a yellowish oil
with Rf--0.59 (CH2C12/MeOH=95:5) is obtained. E. N-f 1-f
1-Cyano-3-meth5rl-butylcarbamoyl
-3-methyl-butyl]-4-imidazol-1-ylmethvlbenzamide
4-Bromomethylbenzoyl-Leu-Leu(CN) ( 1.23mmol) is dissolved in THF (5ml) and
sodium-imidazol   0 2 MAY 2002 4-30195/A/4-30298/CGC 1970 51 ( 1.48mmol) is
added and the reaction mixture stirred at RT over night. After evaporation
of the solvent, the residue is extracted with ethyl acetate. The extract is
washed with water, dried over magnesium sulfate and evaporated. The crude
product is purified by chromatography on silica using CH2C12/MeOH=95:5. The
fractions containing the pure product were collected and evaporated. The 



product is suspended in diethylether and the solid filtered of and dried
(vacuum). A white powder with mp.100-l03C, Rf=0.36 (CH2C12/MeOH=9:1) is
obtained. By repeating the procedure described above in Example 74, using
appropriate starting materials and conditions the following compounds of
formula XIV are obtained as identified below in Table 4. Table 4 CH3 CH H ~
CH2 ~CH3 ii 1 Rx ~N~ C~ ,CH 'C CH H C=N CHCH ~ CH3 XIV CH3
ExampleRxyieldmp. (C)Rf (solvent)No.(%)(step B)i75N CH30-CHz cH ~ ~
345-0.17 (CH2C12/MeOH=95:5)' CH2 N i76J ~ ~ i51-0.23 (CH2C12/MeOH=9:1 )cH3
x HClN ~77~64-0.31 (CH2C12/MeOH=9:1 ) Example 78 f 1-(2-Benzylox
-~1-cyano-ethylcarbamoyl -3-methXl-but3r11-carbamic acid benzvl ester A.
3-Benzyloxy-2 ~2-benz~ycarbonylamino-4-methyl-nentanoylamino)-pro~ionic
acid   0 2 MAY 2002 4-30195/AJ4-30298/CGC 1970 52 To a suspension of 0.975
g H-Ser(OBzI)-OH in 5 m1 of methylene chloride is added 1.52 ml of
trimethylchlorosilane. After ten minutes at room temperature 0.98 m1 of
N,N-diisopropylethyl amine and 1.81 g of benzyloxy leucine
N-hydroxysuccinimidester is added. The reaction mixture is stirred for 2
hours at room temperature and diluted with ethyl acetate. Ethyl acetate is
washed once with saturated NH4C1-solution and once with H20, then dried
over sodium sulfate, the solvent is removed and the residue is crystallized
from diethylether. 'H-NMR (CDC13, ppm): 7.30 (m, 10H), 6.83 (d,1H), 5.32
(d,1H), 5.10 (s, 2H), 4.71 (m,1H), 4.50 (s,2H), 4.28 (m, 1 H), 3.92 (m, l
H), 3.67 (m, l H), 1.46 -1.79 (m, 3H), 0.92 (d, 6H). B. f
1-(2-Benzyloxy-1-carbamo~rl-eth~rlcarbamoXl)-3-methyl-butyl]-carbamic acid
benzyl ester To a solution of 0.980 g of
3-benzyloxy-2-(2-benzyloxycarbonylamino-4-methyl-pentanoylamino)propionic
acid and 0,25 m1 of N-methylmorpholine in 12 m1 of tetrahydrofuran 0.3 m1
of isobutylchloroformate is added dropwise at -15C. The reaction mixture is
stirred at -15C for 10 minutes, then 4 m1 of aqueous NH3 (25%) is added
dropwise over a time period of 5 minutes. The reaction mixture is stirred
for additional 15 minutes and diluted with ethyl acetate. Ethyl acetate is
washed once with saturated NH4C1-solution and once with H20, then dried
sodium sulfate, the solvent is removed and the residue is triturated with
diethylether. 



'H-NMR (CDC13, ppm): 7.38 (m, 10H), 6.87 (d, 1H), 6.60 (m (br.), 1H), 5.41
(m (br.), 1H), 5.12 (d, 1 H), 5.08 (s, 2H), 4.50 (d, 2H)) 4.20 - 3.92 (m,
2H), 3.50 (m, 1 H), 1.70 - 1.41 (m, 3H), 0.90 (d, 6H). C. f 1-(2-Benz
-~yano-ethylcarbamo~rll-3-methyl-butyl]-carbamic acid benz~ ester 0.3 ml of
trifluoroacetic acid anhydride is added dropwise to a solution of 0.9 g of
[1-(2-benzyloxy1-carbamoyl-ethylcarbamoyl)-3-methyl-butyl]-carbamic acid
benzyl ester and 0.6 m1 of triethylamine in 15 m1 of tetrahydrofuran at
-5C. The reaction mixture is stirred at -5C for 3 hours and then for 12
hours at room temperature. The reaction mixture is then poured into H20 and
the aqueous layer is extracted three times with ethyl acetate. The combined
organic layers are washed once with H20 and once with brine, then dried
over sodium sulfate, the solvent is removed and the residue is crystallized
from diethyletherl hexane. Mp.: 126 -127C. The following compounds formula
XV, as identified in Table 5 below) are prepared analogously to the
compound of Example 78.   0 2 MAY 2002 4-30195/A/4-30298/CGC 1970 53 Table
5 O ~z H 'O~C~N~CH~N'CHC-N CHZ II H O CH2 iCH3 CH XV t CH3 ExampleRzmp.
(C)No.MS (M+1)i I79/CH2 O\ ~ CH2100-101Oi80~ ~ I i CH2157-158i I81O ~ \
CH2157-158O82~ I i159-161CH283iCH~ ~ ~106-107CH2O ~CH3 I84~ ~
CH126-127242485O /CHs \144-146I CHZ438\ CH2   0 2 MAY 2002
4-30195/A/4-30298/CGC 1970 



54 Example 86 2-[2-(4-Chloro-phenylaminol-acetylaminol-4-methyl-pentanoic
acid cXanomethylamide (4-Chloro-phenylamino)-acetic acid (0.5 g) and
H-Leu-Gly((CN).HCI (0.55 g) are dissolved in dimethylformamide (4 ml). HOBt
(0.44 g), WSCD.HCI (0.54 g), triethylamine (0.37 ml) is added and the
reaction mixture is stirred for 18 hours. After evaporation of the solvent,
the residue is extracted with ethyl acetate. The extract is washed with 10%
citric acid, brine, sodium bicarbonate, brine and dried over magnesium
sulfate and evaporated. The crude product is slurried in diethylether and
the solid filtered of and dried (vacuum) yielding a white powder with
mp.131-134C. By repeating the procedure described above in Example 86,
using appropriate starting materilas and conditions the following compounds
of formula XVI are obtained as identified below in Table 6. Table 6 H CH2 N
~ CH2 N C-N II CH H XVI CH? ~C CH i CH3 Example No.R*mp. (C)Rf
(solvent)87cl Ifoam0.32cl ~ H'(CH2C12/MeOH=95:5)88 CI I ~ N'110-115H89.
foam0.30~H IN ~(CH2C12/MeOH=95:5)90~H3 '130-133N   0 2 MAY 200Z
4-30195/A/4-30298/CGC 1970 55 Example No. R* mp. (C) Rf (solvent) 91 I ~
amorph 0.42 / H' (CH2C12/MeOH= i 95:5) 92 ~ ~ 131-133 



H 93 c~~ 108-110 ci/1I~~ o' 94 c~~ Resin 0.43 i ~ o, (CH2C12/MeOH= 95:5) 95
77-79 ci I ~ o' 96 cH  I . Oil 3 ~i 97 cH3~ Resin 0.53 o' (CH2C12/MeOH=
95:5) 98 ~ ~ foam 0.47 I ~ ~ Oi (CH2C12/MeOH= 95:5) 99 I ~ 143-146 o'
4-30195!A/4-30298JCGC 1970 56 0 2 MAY 2002 Example No.R*mp. (C)Rf
(solvent)100i I119-121o,101~ ~Resin0.26N i ~ (CH2C12/MeOH=95:5)102~
~146-149   By repeating the procedures described in the above Examples
using appropriate starting materials and reaction conditions the following
compounds of formula XVII are obtained as identified below in Table 7.
Table 7 o Rz Rx ~N II I XV11 C CH C ~ . . II ~H N C=N o - H Ry Example
No.RxRyRzmp. (C)Rf (solvent)1MS (M+1)103 ,CH 



H ( 203 5-207 44 hexanes/EtOAc = 1/1) 0CH3 CH2 I..CH3104\ CH2\
CH2NCH,CH0.44 (hexanes/EtOAc = 2/1)CH3 CH3CH3 CH3 a~ ro w o ~' N ~~,. N ~,'
O ~p N N Q~ v   105 ~ CH2 " ~ 0.52(n-hexane/EtOAc =1/1) N 106 ~ N~ " "
0.45(n-hexane/EtOAc =1/1) N 107 ~ ~ CH 2 N / \ ~ , CH 0.30(n-hexane/EtOAc
=3/ 1 ) CH CHs CH3 3 108 N ~ " " 0.40(n-hexane/EtOAc =2/ 1 ) 109 CH2 " "
0.24(n-hexane/EtOAc =4/3) i N ~ \ 110 " ~CH2 0.36(n-hexane/EtOAc =2/1) ~cH
CH3 CH3 J 0 0 



N N O O N   1l1 CH3 ~~ " " 0-17 (n-hexane/EtOAc = 1 / 1 ) O 112 ~ `\ 'N " "
0.27 (n-hexane/EtOAc = 1/1) 113 CH2 " H 0.45 (EtOAc) N 114 " " 0.58 (EtOAc)
CH3 115 N ~-~ " " 0.28 (n-hexane/EtOAc = 1/1) CH3 116 CH3 NCH S ,CH 0.46
(n-hexane/EtOAc = 1/1) CH3 CH3 CH2 cn 0 0 N N O O N   117 N ~-~ " " 0.41
(n-hexane/EtOAc = 2/1) CH3 118 _ N " \ / N. ~ H 0.79 (EtOAc) N CHs 119 p /
\ " " 0.74 (EtOAc) 120 CH3 p ~ NCH 0.52 (n-hexane/EtOAc = 1/1) " ~ z ,CH
CH3 CH3 121 - N a a 



\ / N. ~ 0.60 (n-hexane/EtOAc = 1/1) N CHs 122 CH3 " H 0.60 (EtOAc) CH2 123
~H3 ,O , ~CH2 CH3 CH ~ I , CH 0.54 (n-hexane/EtOAc = 1I1 ) s CH CHa 3 0 'P
0 is w N ono n G~ n ~a 0 0 N s N O O N   124 " " 0.26 (n-hexane/EtOAc =
1/1) 125 ~ i ~~CH3 CN " CH ~ I 0.41 (n-hexane/EtOAc = 1/1) 2 126 N ~-\ " "
0.43 (n-hexane/EtOAc = 1I1 ) 127 " i 15l-152 433 CHZ ,O Hi 128 ~ N /-~ " "
l 37-138 447 CH3 129 i 0.65 (toluene/acetone 7/3) C%CHs o,C`CH " " 466 3
130 ~ \ 163-165 470 \ / v " " 



o~ j 0 0 N N O O N   131 i I C~CH3 CH N~ ~ CH ~ 214-215 447 3 132 CHs 0.66
(CHZC1~JCH30H 10/0.5) " " 487 I CHs CI 133 i I C jCH3 " " 176-178 466
O.C.CHs l34 F~N N-CH `~ 106-l10 522 \ / ~ \2 135 ~ ` 0.46 (CHZChJCH30H
l0/0.5) NHC~ " 477 i 136 F~ N-CH 0.51 (CH2C1~JCH30H 10l0.5) " " 510 137
0.26 (CH2C12/CH30H 10/0.5) \ / N- ~z " " 491 N 0 0 N N O O fV   138 o~N N_
~ ,F " i ~~F 121-126 560 H2 139 F \ / N~-~2 " " 141-143 S48 140 _ N ~2 " "
233-234 529 141 



" l99-202 471 142 /~1 _ \ / UN ~ " I ~~CH3 122-126 522 ai3 ~ ~ HZ 143 /-\
0.40 (CH2C1~/CH30H 10/0.5) \ / U " 506 ads 144 / i / F I NHC \ " ~ CAF
131-133 515 I H2 w w s~ O ca N OO n ~o 0 0 N N O O N   145 /-1 v " 114-115
560 146 CHZ 180-182 485 N 147 " " i 129-133 447 CHz ,O Hi 148 ~ 0.S0
(toluene/EtOH 9/1) /CHz " " 477 NH 149 / i O~CH 3 " ~ I ~ CH3 145-146 454
CHz ~ CH2 O 150 / CH3 " " 152-153 408 H2 rr 0 0 



N 3 N O O N   4-30195/A/4-30298/CGC 1970 65 o~ ~c  i' M N ~--~ N O oo v0 M
N ~ N LL tL - U U N U~ ~i I z i Cz~ r , ~r v z, i ~ z U O N M N 0 2 MAY
2002   0 2 MAY 2002 4-30195/A/30298/CGC 1970 66 Compounds of Examples 1 to
153 are typically selective inhibitors of cathepsin K and generally have
ICSOS for inhibition of human cathepsin K of from about 100 to about 1 nM
or less, e.g. about O.SnM. Representative compounds e.g. as described in
the the above Examples typically have ICsos for inhibition of Cathepsin K
in the range from less than 1 up to about 100 nrn, and ICsos for inhibition
of Cathepsin K which are at least 10 to about 1000 times less than their
ICSOS for inhibition of Cathepsin L and Cathepsin S, e.g. when tested in
the assays described above. 



The cathepsin K selective compounds of the invention are particularly
indicated for preventing or treating osteoporosis of various genesis (e.g.
juvenile, menopausal, post-menopausal, post-traumatic, caused by old age or
by cortico-steroid therapy or inactivity). By repeating the procedures
described in the above Examples using appropriate starting materials and
reaction conditions the following compounds of formula XVII are obtained as
identified below in Tables 8, 9 and 10 Table 8 H o Rz Rx ~N (I I XVII C`
~CH to CH H C=N Ry ExampleRxRyR=mp.(C)MS (M+1 } Rf (solvent}154~ 1 ~~ fHI
~H~ H2~169-170574 (M-1 )155i .=H0.80(n-'cH2 ,cH ' 'hexane/EtcHcHOAC=1 /1
)\CH3   4-30195/A/4-30298/CGC 1970 67 0 2 MAY 2002 Example RX Ry RZ mp.(C)
MS (M+1 ) Rf (solvent) 156 0 = H 0.63(n`'N~ cHz ,cH hexane/Et `cH 3 OAC=1
/2) i CH3 157 . H 0.53(n- hexane/Et CH2 CH cH ' OAC=1 /1 ) CH2 CH3 158 . y
= H 0.38(nhexane/Et CH;CHCH3 OAC=1 /1 ) i CH3 159 c~2 ~ ~ ~ H 



~ CH CHz~ 422.2 N i i60 F i_~ 365.1 ~H2 H 161 ~ ~ cH2 ' NH 353 s 162 N ~ =
H 315.1 i CH2 163 ~ = H cH2 314.9 164 ~ _ H cHz 304.1 165 ~ cH3 - H ~cj
259.1 CH3 CH5   4-30195/A!4-30298/CGC 1970 68 0 2 MAY 2002
ExampleRxRYR=mp.(C)MS (M+1 )Rf(solvent)166 icH3~~cl288.1CH3 \CH3167cl CH3HI
~~cj322CH3 CH3168- CH3 =~Cl318.1CH3 CH9169-. cHCHsH378.5NH170( ~~H313.9171I
H~H 327.93 cCH2172I~H 349.9clCHZ173~~HI cl ~383.7C~ 2CI174(
~~H'349.8CICH2175I ~~H'343.9-CH3C\ 2   0 2 MAY 2002 4-30195/A/4-30298/CGC
1970 69 Example Rx Ry RZ mp.(C) MS (M+1) Rf 



(solvent) 176 . ~ H cH2 327.9 C~ 2 177 ~ ~ c~ ~ ~ H - cH2 341.9 178 ~ ~ ~ .
H N ' N ' 315.2 179 \S ~ H 319.9 CH2 180 F ~ ~ H 332 CH2 181 c~~ - H cH2
348.1 182 c~ ~ ( = H ci ~ cHz 381.3 183 ~~~ = H CH3 ` ~ cHZ 344.0 184 c~ H
cHz 347.9 185 cH3 H  cHz 344.0 'I   0 2 MAY 2002 4-30195/A/4-30298/CGC 1970
70 Example Rx Ry R= mp.(C) MS (M+1 ) Rf (solvent) 186 ~ ` = H cHz 320 187 i
. ( = H ' s cHz 370 188 cH3 H cHz 328 189 . ~ = H cHZ 313.8 190 cH3 H \ cH2
332 CH3 ~ 191 0'1 = H N ~ CH2 322.9 192 cH3 H cHZ 381.8 193 F H 



cH2 332 194 Nz H cH2 358.8   4-30195/A/4-30298/CGC 1970 71 0 2 MAY 2Q02
EScampte Rx R~ RZ mp.(C) MS (M+1 ) Rf (solvent) 195 .Q ~ = H H2C.~ ~ . cHz
357.9 196 III - H C CHz 338.8 197 C~ = H / cHz 275.9 CH3 198 S~ H cH2 397.9
199 , ~ . = H cH2 352.9 200 ~ ~ = H N CHZ 316.9 CH3 201 cH~ H cH2 392 CH3
202 G H cH2 360.8 CH3 203 ~ ~ o cH2 330   4-30195/A/4-30298/CGC 1970 72 0 2
MAY 2002 Example Rx Ry R= mp.(C) MS (M+1 ) Rf (solvent) 204 ~ N _ C cH2 365
~i 



205 F _ cH2 358 206  cHz 396 207 o'H3 cH2 370 208 c~ _ cHz 374 209 ~H3 .
cHZ 370 210 ~H3 cH2 354 211 0~ "~ cH2 345.1 212 C cH2 cH3 325 Cli CH3
4-30195/A/4-30298/CGC 1970 73 0 2 MAY 2002 ExampleRxRyR=mp.(C)MS (M+1
)Rf(solvent)213FCH; CH3318Cli 1CH3214G CH; CH3 36$CH ICH3215G~ ~_=iCH;
CH3307.9CH 1CH3 * ~ is cyclopropyl, i.e. Rz is ethylene and makes a
cyclopropyl ring with the carbon atom to which it is attached. The
compounds of Table 8 are typically selective inhibitors for cathepsin S,
and normally have ICSOS for cathepsin S inhibition in the range from abot
100 to about 10 nM.  



0 2 MAY 2002 4-30195/A/302981CGC 1970 74 Table 9 Example Rx Ry R= mp.(C) MS
(M+1 ) 216 ~ cl H ~ ' I CH \ I 184-185 432 ~ HZ 217 ~ cH3 H 181-182 412 I
~ Hz 218 I~ ~ . ~ . H I CH CHZ ~ ~ 188-189 448 219 ~ H~ ~ cH3 H cH3 cH (
168-169 364 ~ Hz 220 . CH3 0 I ' CH ~ I 208-209 438 b I . ; HZ 221 ,N' CH3
H 146-148 413 CH2 222 ~ cH3 H ~ ' cH \ I 194-195 483 i Hz 223 S ~ cH3 H cH
~ ' I 186-187 418 b CH2 I 74   4-30195/A/30298/CGC 1970 75 0 2 MAY 2002
Exempts Rx Ry RZ mp.(C) MS (M+1 ) 224 ~ cH3 H cH' ~ i 176-177 418 i Hz 



225 cl ~ cH3 H `i 174-175 391 i Hz 226 F \ F cH3 H i 390 w I i Hz 227 F` F
cH3 H 180-181 440 w , i Hz 228 /o~ cH3 H cH3 \ I i 352 i Hz 229 ~ cH3 H ~ '
cH ` i 139-140 562 ~ Hz 230 ~ cH3 ~ Ha ~ ' cH \ i ~H 180-181 440 i . I Hz 2
231 cH3 c~`Q '~ 151-153 485 i CH 2 ~H O 75   4-30195/A/30298/CGC 1970 76 0
2 MAY 2002 Example Rx R~ R= mp,(C) MS (M+1 ) 232 ~ H3 ~ ~ H I ~ NH 112-114
407 CHI CH3 C~CH3 CH3 233 ~ H3 ~ H NN I I i S 424.3 C'\ 2 CH3 C~CH3 CH3 234
a H I ~ 399.4 s 235 ~ H3 H3 H 



I ~ i 382 ~ Hz CH3 C~CH3 CH3 236 ~H~ i . H N ~ S 468.0 1 N ~ CH3 C~CH3 CH3
237 ~ H3 H N N I 394.2 ~i CH3 C~CH3 CH3 76   0 2 MAY 2002
4-301951A/30298/CGC 1970 77 Example Rx Ry R= mp.(C) MS (M+1 ) 238 ~H3 I H N
CHZ 444.3 N~ ~I .I CH3 C~CH3 CH3 239 o CH3 I H CHz cH3~ ~ ~ , 444.2 /~ CH3
CH3 240 G~ = H cHz CI 411.9 \I ~CI 241 ~ = H cH3 \ ~ cHZ cl 390.1 ~.I ~CI
242 - H CI \ ~ cH2 CI 445.9 CI CI 243 CHs ~ H cH2 CI 406.0 \ / 'I ~CI 244 H
I ~ cHZ cl 461.9 F~ C F ~ I 



F F CI 245 , H cH2 ~ CI 443.7 iC . I F F CI 246 F H cH2 CI 411.7 'I F CI 77
4-30195/A/30298/CGC 1970 78 0 2 MAY 2002 Example Rx RY RZ mp.(C) M5 (M+1 j
247 ~ H3 H CHz CI 435.8 Nv s CI CH3 C`CH3 CH3 248 ~ H cH2 ~ CI 511.9 H2 . I
N CI N~ ,C CH3 ~ ~CH3 CH3 249 cl H cH2 ~ cl 445.5 ~I CI 250 ~ H3 H 429.4 N
~ 1 S CH3 C`CH3 C~z CH3 251 cl ~ _ H CH2 ` ^ 'cl 376 '~I 252 ~ = H CH2 cl
356 'I 253 \ H CHZ CI 372 ~I 



78   0 2 MAY 2002 4-301951A/302981CGC 1970 79 Example Rx Ry R= mp.(C) MS
(M+1 ) 254 H cH2 cl 427.9 FCC / F ~ I F 255 , _ H cH2 ct 410 'I F'~~F F 256
F F . H cH2 cl 477.9 `I F'C~F F 257 iH3 , H N CHz cl 402 `I CH3 C~CH3 CH3
258 ~ H cH2 cl 478 ~ CHz N N~ ,C CHI ~ ~CHy CH3 259 cl H cH2 cl 409.9 'I CI
260 cH ~ I ~ cH3 H ' ~ i i 34-135 350 (M-1 ) i Hz 79   0 2 MAY 2002
4-30195/A/30298/CGC 1970 80 Example Rx Ry RZ mp.(C) MS (M+1 ) 261 , H 



cH3 122-124 388 (M-1 ) F~i`F IH2. F 262 C~ , H - 360.0 CH2 ~ F 263 ~ H3 H
NN ~ CH2 F 385.9 ~C CH3 ~ ~CH3 CH3 264 ~ _ H 461.9 i I HZ CH2 i F N N ,C
CH3 I ~CH3 CH3 265 H 393.8 CH2 / F a 266 ci ~ ~ H a CHZ F 411.7 i 80   0 2
MAY 2002 4-30195/A/30298/CGC 1970 81 Example Rx Ry R= mp.(C) MS (M+1 ) 267
~H3 H NN CH2 / F 408.0 \1 \ CH3 I ~CH3 F CH3 268 ~ H CH2 F 480.0 cH2 i N \
/ \ F N~ ,C GH3 I ~CH3 CH3 269 H CHz F 411.8 i ci \ F 270 GHz ~ _ H cH2 Ci
385.9 .i 



271 cH3 H cH, ~ , cH2 ~ Ci 369.9 ~i 272 O CH H 3 = 402 CH3_C CH3 CH3 273 ~
H3 - 0 N GH2 408 N ~ 1 ~ i CH3 CH3 I CH3 CH3 81   0 2 MAY 2002
4-30195/A/30298/CGC 1970 82 Example Rx Rr R= mp.(C) MS (M+1 ) 274 ~ "a H NN
1 394 CH3 C~CH3 ~ / CH3 275 cH2 o cH2 ~ Ci H 421 o ~ ~ ~i ci 276 c"3 H cH3
\ / c"2 ~ c~ 409 ~~i " `ci 277 CH CHs H s _ C O CH ~"2 C~ 437 CH3 \ / ~ i
ci 278 c~ ~ = H i CH2\ C ~ CH3 307.9 i CH3 279 ci \ ~ _ H C"2\ C ~ C"3
341.7 i CH3 280 ~"3 H C"2~ C ~ CHI 333.9 i 



CH3 CH3 C~CH3 CH3 281 c"3 H CH3 \ / C"z~ ~C"~ 3~2.~ C I CH5 82   ~ 2 MAY
2002 4-301951Al302981CGC 1970 83 Example Rx R~ R~ mp.(C) MS (M+1 ) 282 ~
cH3 = H N- N CHs 150-151 382 CHs-C CHs CHs cH3 283 C~a N~~ H CH3 C ~ ~ cHz
~ _ 393 CHs NH \ / 284 C\s N_ ~CH3 CH3 C ~ ~ ~ NH 433 CHs \ / 285 CH CHs H
CH C\1~ CH2 458.3 s N_N `CH2 CHs 286 ~H3 H NN CH2 / 450.2 \1 CH3 C~CHs CI
CHs 287 ci~ cHz ci -CH3 424.1 1'i~~ ~ i ci 288 \ / cH2 ci -CH3 457.3 ci ~ i
c~ 289 cH~ cH3 ~ , cHz ~ ci -CHs 417.9 ~i ci 83 



o z MAY 2002 4-30195/A/30298/CGC 1970 84 Example Rx Ry R= mp.(C) MS (M+1 )
290 CH GHs 449.8 s-C ~ CHs cH2 cl -CHs CH3 ~ / ' i ~CI 291 cHz c~ -CHs
457.8 'I cl F~~~F F 292 j H3 . -CHs 449.9 I cl CH3 C~CH3 CHs 293 CH CHs W
CH2 CI -CHs 525.9 / .I CHs N-N` CH2 / \ 294 cl cH2 CI -CHs 457.7 `I CI 295
CH CHa C `, ~ -CHs 452.1 / CHs N-N , CH2 cl / \ 84   0 2 MAY 2002
4-30195/A/30298/CGC 1970 85 ExampleRxRyRZmp.(C)MS (M+1 )296~H3.0 N
~Ci428.2CH3 C~CH3CH3 The compounds of Table 9 are typically selective
inhibitors for cathepsin L, having ICSOS for cathepsin S inhibition which
are preferably in the range from about 100 to about 1 nM. 



Table 10 Example Rx Ry~ ` RZ mp.(C) M5 (M+1 ) 297 ~ ~ H ~ ' CH ~ ~ 181-183
398 CH2 298 i . , CH3 H ' CH 169-170 912 CH2 299 333.9 CH2 ~CH3 C CH3 300
CH CHs H 3~C 4i 0.1 CH CH3 N_N 2-C'CHa ~CH2 CH3 / \ 85   0 2 MAY 2002
4-30195/A/30298/CGC 1970 86 ExampleRxRyRZmp.(C)MS (M+1 )301c~H ~ I CH2~
~CH3434.7ciCCH3 The compounds of Table 10 are inhibitors of cathepsin L and
cathepsin S, having ICSOS for inhibition of cathepsin L in the range from
about 100 to about 50 nM and ICsos for inhibition of cathepsin S in the
range from about 50 to about 10 nM. Example 302 Synthesis of N-f 2-f
(3-(methoxv-carbonyl)-phenyl)-methoxvl-1 (S)-cvanoethvll-3
methyl-Na-(2.2-diphenylacetyl )-L-nhenyl-alaninamide A. O-[[3-(methox
c~Xl)-phen~]meth~~l-~t-butoxycarbonyl)-L-serine To a solution of
N-(t-butoxycarbonyl)-L-serine ( 16.1 g, 78.46 mmol) in DMF (90 mL) at  15C
is added sodium hydride (6.9 g, 60% in mineral oil, 172.6 mmol) portionwise
with vigorous stirring, over 0.5 hour. After all sodium hydride is added,
the mixture is stirred for an additional 10 minutes at 0C, and then at room
temperature for 30 minutes. The solution is cooled back to 0C) and a
solution of methyl 3-bromomethylbenzoate (19.77 g, 86.30 mmol) in DMF (90
mL) is added 



dropwise over 15 minutes. The mixture is then warmed to room temperature
for 16 hours. DMF is then evaporated (high vacuum, <40C), and the residue
is diluted with cold water (200 mL) and acidified to pH 4-5 with 1 N HCI.
The resulting mixture is extracted with EtOAc (4 x 150 mL). The combined
extracts are washed with 0.1 N HCl (2 x 300 mL) and brine (2 x 300 mL),
dried over MgS04, and evaporated to give a yellowish syrup. Chromatography
(silica, 5% MeOH/CH2Cl2) yields
O-[[3-(methoxycarbonyl)-phenyl]methyl)-N-(t-butoxycarbonyl)-L-serine as a
yellowish oil. B. O-[[3-(methox
c~yl)phen~]meth]-N-lt-butoxycarbon~)-L-serinamide A solution of
O-[[3-(methoxycarbonyl)phenyl]methyl]-N-(t-butoxycarbonyl)-L-serine (3.0 g,
8.50 mmol) and N-methylmorpholine (2.8 mL, 2.58 g, 25.5 mmol) in CH2CI2 (50
mL) is cooled to  10C, and isobutyl chloroformate ( 1.1 mL, 1.16 g) 8.5
mmol) is added dropwise over 10 minutes. 86   0 2 MAY 2002
4-30195/A/30298/CGC 1970 87 After stirring for 15 minutes, ammonia gas is
bubbled into the solution at a moderately vigorous rate for 15 minutes. The
solution is then warmed to room temperature over 30 minutes. CH2C12 is
evaporated, and the residue is dissolved in EtOAc (50 mL) . This solution
is then extracted with 1 N HCl (2 x 50 mL), saturated NaHC03 (50 mL), water
(50 mL) and brine (50 mL), dried over MgS04, and evaporated. Chromatography
(silica) 75% EtOAclhexane) yields
O-[[3(methoxycarbonyl)phenyl]methyl]-N-(t-butoxycarbonyl)-L-serinamide as a
thick oil. C. O-f [3-(methoxycarbonyl)phen~)methyll-L-serinamide~HCl To a
solution of
O-[[3-(methoxycarbonyl)phenyl]methyl]-N-(t-butoxycarbonyl)-L-serinamide
(2.4 g, 6.82 mmol) in EtOAc (50 mL) at 0C is bubbled HCl gas at a
moderately vigorous rate for 5 minutes, during which time a lot of white
precipitate is observed. The mixture is warmed to room temperature over 30
minutes, after which time EtOAc is removed, yielding
O-[[3(methoxycarbonyl)phenyl]methyl]-L-serinamide~HCl as a white solid. D.
3-meth,~2.2-d~hen,~e~l)-L-phenylalanine To a solution of
3-methyl-L-phenylalanine ( 1.8 g, 10.06 mmol) and Na2C03(3.2 g, 30.18 mmol)
in water ( 150 mL) is added a solution of diphenylacetyl chloride (2.32 g,
10.06 mmol) in THF ( 150 mL), and the resulting solution is stirred
vigorously at room temperature overnight. The THF is then evaporated and
the aqueous layer is diluted with 6% aqueous Na2C03 ( 100 mL), and washed
with Et20 (3 x 150 mL). The aqueous layer is then acidified to pH 1 with
conc. HCI, and the resulting slurry is extracted with EtOAc (3 x 100 mL).
The organic phase is then washed with water (2 x 100 mL) and brine ( 1 x
100 mL), dried over MgS04 and evaporated to yield
3-methyl-N-(2,2diphenylacetyl)-L-phenylalanine, as a white solid. E. N-f
3-methyl-N-(2.2-diphen l~etyl)-L-phen lY alan~rll-O-f f
3-(methoxycarbonyl)phenyl] methyl]-L-serinamide To a solution of
3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanine ( 1.0 g, 2.68 mmol) and O
[[3-(methoxycarbonyl)phenyl]methyl]-L-serinamide HCl (0.774 g, 2.68 mmol),
1hydroxybenzotriazole hydrate (0.452 g, 2.95 mmol, and N-methylmorpholine (
1.18 mL, 1.085 g, 10.72 mmol) in CHZC12 (50 mL) is added
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide HCl (0.771 g, 4.02 mmol) in
one portion and the mixture is stirred at room temperature for 16 hours.
The solution is then washed with 1 N HCl ( 100 mL), saturated aqueous
NaHC03 ( 1 x 50 mL), water ( 1 x 50 mL) and brine ( 1 x 50 mL), dried over
MgSOa, and evaporated. The residual solid is 87   0 2 MAY 2002 



4-30195/A/30298/CGC 1970 88 triturated with hot methanol to yield
N-[3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanyl]-O-[[3
(methoxycarbonyl)phenyl]methyl]-L-serinamide as a white solid. F.
N-.[2-[(~methoxy-carbonyl)-phenyll-methoxyl-_1SS)-cyanoeth~]-3-meth I-,~,
Na-(2 2 diyhenylacet 1~)-L-phenyl-alaninamide Oxalyl chloride (0.057 mL,
0.084 g, 0.66 mmol) is added dropwise to DMF ( 10 mL), and the resulting
solution is cooled to 0C. After the solution becomes clear, pyridine (0.11
mL, 0.10 g, 1.31 mmol) is added, followed by
N-[3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanyl]-O-[[3(methoxy-carbonyl)-
phenyl]methyl]-L-serinamide (0.20 g, 0.329 mmol), in one portion. The
yellow reaction solution is stirred at 0C for 1.5 hours, after which time
the it is diluted with EtOAc (50 mL), and washed with saturated NaHC03 ( 1
x 50 mL), saturated LiCI ( 1 x 50 mL), dried over MgS04, and evaporated.
The residue is chromatographed (silica, 80% EtOAc/hexane) to yield N
[2-[(3-(methoxy-carbonyl)-phenyl)-methoxy]-1(S)-cyanoethyl]-3-methyl-Na-(2,
2-diphenylacetyl ) L-phenyl-alaninamide as a white solid having the
following structure O H Ph N~ CN N Ph H O O C02Me Example 303 Synthesis of
N-f 2-f (3-carboxvuhenyl)methoxvl-1 fS)-cyanoethvll-3-methyl-Na
(diuhenyacetvl)-L-nhenvlalaninamide A solution of
N-[2-[(3-(methoxycarbonyl)phenyl)methoxy]-1 (S)-cyanoethyl]-3-methyl-Na
(2,2-diphenylacetyl)-L-phenylalaninamide (0.34 g, 0.58 mmol) in pinacolone
(20 mL) is degassed with bubbling nitrogen for 10 minutes. Lithium iodide
(0.78 g, 5.80 mmol) is then added, and the solution is refluxed in the dark
for 24 hours, after which time it is cooled to room temperature, diluted
with ethyl acetate (50 mL), and washed with 5% aq. sodium thiosulfate (2 x
50 mL), water ( 1 88   0 2 MAY 2002 4-30195/A/30298/CGC 1970 89 x 50 mL)
and brine ( 1 x 50 mL). The organic layer is then dried over MgS04,
evaporated, and the residue is chromatographed (silica, 3% MeOH/CH2C12/
0.05% acetic acid) to yield a clear glass, which is crystallized with an
EtOAc/hexane ( 1:50) mixture to yield
N-[2-[(3carboxyphenyl)methoxy]-1(S)-cyanoethyl]-3-methyl-Na-(diphenyacetyl)
-L-phenylalaninamide as a white solid, m.p. 160-162C. Example 304 N-f 2-f
(3-(allyloxycarbonvl)-phenyl)methoxyl-1(Sl-cyanoethvll-3-methyl-Na-(N
mornholinocarbonyl)-L-phenylalaninamide A.
3-meth.Yl-N-(t-butox~carbon,~~l~i-L-phenylalanine To a suspension of
3-methyl-L-phenylalanine (2.7 g, 15 mmol) in 85 mL 10% triehyl
amine/methanol is added di-t-butyldicarbonate (6.5 g, 30 mmol), and the
solution is refluxed for 2.5 hours. After cooling, the methanol and
triethylamine are evaporated and the residue is diluted with Et20 (250 mL)
and extracted with saturated Na2C03 (2 x 75 mL). The combined aqueous
layers are again washed with Et20 (250 mL)) and then acidified with conc.
HCl to pH = 2-3. The resulting mixture is then extracted with EtOAc (3 x 75
mL) and washed with water and brine, dried over MgS04, and evaporated to
yield 3-methyl-N-(t-butoxycarbonyl)-L-phenylalanine as a clear oil. B.
allyl~chloromethylZbenzoate 



A solution of 3-(chloromethyl)-benzoic acid (50.0 g, 0.293 mol), potassium
carbonate (48.61 g, 0.352 mol) and allyl bromide (50.7 mL, 0.586 mol) in
acetone (500 mL) is refluxed for 2 hours, after which time the solution was
cooled to room temp. and filtered through celite. The filtrate is
evaporated and the residue chromatographed (silica, 5 % EtOAc/hexane) to
yield allyl 3(chloromethyl)-benzoate as a clear oil. C. allvl 3-
iodomethyl)-benzoate A solution of allyl 3-(chloromethyl)-benzoate (54.5 g,
0.259 mmol) and sodium iodide (46.56 g, 0.311 mol) in acetone (500 mL) is
stirred at room temp. for 6.5 hours, after which time the mixture is
filtered . The filitrate is evaporated and the residue is dissolved in
diethyl ether (500 mL), then washed with water ( 1 x 200 mL), 5% sodium
sulfite solution ( 1 x 200 mL) and brine ( 1 x 200 mL), dried over
magnesium sulfate, and evaporated to yield allyl 3-(iodomethyl)-benzoate as
a white solid, which was is directly. D. O-[[3-(allylox
c~yl)-phenyl]methyl]-N-(t-butox c~yl)-L-serine 89   0 2 MAY 2002
4-30195/A/30298/CGC 1970 90 Sodium hydride ( 19.4 g, 60% in mineral oil,
484.4 mmol) is washed with dry hexanes (2 x 30 mL) to remove the mineral
oil and then suspended in anhydrous DMF (330 mL). To this suspension a
solution of N-butoxycarbonyl-L-serine (45.2 g, 220.2 mmol) in DMF ( 110 mL)
at 0C is added dropwise with vigorous stirring. The mixture is stirred for
an additional 5 minutes at 0C, and then at room temperature for 30 minutes.
The solution is cooled back to 0C) and a solution of allyl
3iodomethylbenzoate (66.6 g, 220.2 mmol) in DMF ( 110 mL) is added dropwise
over 15 minutes. The mixture is then warmed to room temperature for 30
minutes. The reaction mixture is poured into ice water (2.2 L) and
acidified to pH 2 with 1 N HCl (270 mL). The mixture is extracted with
ether ( 1 x 600 mL, then 3 x 300 mL) and the combined ether extracts are
then washed with water (5 x 200 ml) and then dried (MgS04) and evaporated
in vacuo to yield
O-[[3-(allyloxycarbonyl)phenyl]methyl]-N-(t-butoxycarbonyl)-L-serine as a
yellowish oil, which is used as is in the subsequent step. E.
O-[[~all~ycarbonyllphenyl]methyl]-N-(t-butoxycarbonyl)-L-serinamide A
solution of
O-[[3-(allyloxycarbonyl)phenyl]methyl]-N-(t-butoxycarbonyl)-L-serine (79.2
g, 209 mmol) and N-methylmorpholine (68.9 mL, 63.4 g, 627 mmol) in CHZCIz
(800 mL) is cooled to 10C, and isobutyl chloroformate (32.5 mL, 34.2 g, 251
mmol) is added dropwise over 10 minutes. After stirring for 15 minutes,
ammonia gas is bubbled into the solution at a moderately vigorous rate for
15 minutes, at -10C . The solution is then warmed to room temperature and
stirred for 30 minutes. The reaction mixure is cooled to 0C and 1 N HCl
(800 mL) is added. The organic phase is washed with 1 N HCl (2 x 700 mL),
then washed with saturated NaHC03 (700 mL), then dried (MgS04) and
evaporated in vacuo to yield
O-[[3-(allyloxycarbonyl)phenyl]methyl]-N-(tbutoxycarbonyl)-L-serinamide as
a thick oil, which is used as is in the subsequent step. F. O-f
[3-(allyloxycarbon~)phenyl_]-meths]-L-serinamide~HCl To a solution of
O-[[3-(allyloxycarbonyl)phenyl]methyl]-N-(t-butoxycarbonyl)-L-serinamide
(69 g, 182.5 mmol) in EtOAc ( 1000 mL) at 0C is slowly bubbled HCl gas for
1 hour, during which time a white precipitate is observed. The mixture is
warmed to room temperature over 30 minutes, after which time EtOAc is
removed by evaporation. The resulting residue is triturated with ether (500
mL) with vigorous stirring for 30 minutes. The precipitate is collected by
vacuum filtration, washed with ether (2 x 100 mL) and then air dried to
yield O-[[3-(allyloxycarbonyl)phenyl]-methyl]L-serinamide~HCl as a
free-flowing white solid. 90   0 2 MAY 2002 4-30195/A/30298/CGC 1970 91 G.
N-[3-methyl-N-(t-butoxycarbon 1~% )-L-phen 1~~-O-ff3-(allyloxycarbon~~~
pheny~methyllL-serinamide To a solution of
O-[[3-(allyloxycarbonyl)phenyl]methyl]-L-serinamideHCl (2.92 g, 10.46
mmol), 3-methyl-N-(t-butoxycarbonyl)-L-phenylalanine (3.29 g, 10.46 mmol),
1hydroxybenzotriazole ( 1.92 g, 12.55 mmol), and N-methylmorpholine (4.6
mL) 4.23 g, 41.84 mmol) in CH2Cl2 (120 mL) is added
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide~HCl (3.01 g, 15.69 mmol) in
one portion. The solution is stirred for 16 hours, then washed with 1 N HCl
( 100 mL)) saturated aqueous NaHC03 ( 1 x 50 mL), water ( 1 x 50 mI,) and
brine ( 1 x 50 mL), dried over MgS04, and evaporated. The residual solid is
triturated with hot methanol to yield
N-[3-methyl-N(t-butoxycarbonyl)-L-phenylalanyl]-O-[[3-(allyloxycarbonyl)-ph
enyl]methyl]-L-serinamide as a white solid. H. N-'[2-'[j.3~-
alh~loxycarbonyl)-phen~)methoxyl-1(S)-cyanoeth~]-3-methyl-Na-(tbutox,~arbon
,~~l)-L-phenylalaninamide Oxalyl chloride ( 1.79 mL, 2.6 g, 20.48 mmol) is
added dropwise to DMF (30 mL), and the resulting solution is cooled to 0C.
After the solution becomes clear, pyridine (3.31 mL, 3.24 g, 40.96 mmol) is
added, followed by
N-[3-methyl-N-(t-butoxycarbonyl)-L-phenylalanyl]-O-[[3(allyloxy-carbonyl)ph
enyl]methyl)-L-serinamide (5.52 g, 10.24 mmol), in one portion. The yellow
reaction solution is stirred at 0C for 1.5 hours, after which time it is
diluted with EtOAc (50 mL), and washed with saturated NaHC03 ( 1 x 50 mL),
saturated LiCI ( 1 x 50 mL), dried over MgS04, and evaporated. The residue
is chromatographed (silica, 40% EtOAc/hexane) to yield
N-[2-[(3(allyloxycarbonyl)-phenyl)methoxy]-1
(S)-cyanoethyl]-3-methyl-Na-(t-butoxycarbonyl)-Lphenylalaninamide as a
white solid. I.
N-'[2-[~3-(all~rloxycarbonxlZphen~lmethoxyl-1(S)-cyanoeth~]-3-meth
phenylalaninamide 



A solution of
N-[2-[(3-(allyloxycarbonyl)-phenyl)methoxy]-1(S)-cyanoethyl]-3-methyl-Na
(t-butoxycarbonyl)-L-phenylalaninamide (3.18 g, 6.10 mmol) in 96% formic
acid (40 mL) is stirred at room temperature for 5.5 hours. Formic acid is
evaporated (high vacuum, 25C), and the residue is taken up in water (50 mL)
and basified with saturated NaHC03 ( 100 mL). The resulting mixture is
extracted with EtOAc (3 x SO mL), and then washed with water (2 x 100 mL)
and brine ( 1 x 100 91   0 2 ~aY 2002 4-30195/AJ30298/CGC 1970 92 mL),
dried over MgS04, and evaporated to yield
N-[2-[(3-(allyloxycarbonyl)-phenyl)methoxy]-1(S)
cyanoethyl]-3-methyl-L-phenylalaninamide as a clear thick oil. N j2-f
(~allyloxycarbonYl_)-phenyl)methoxyl-1 (S)-c aY noeth~]-3-meth 1-,~(N
morpholinocarbonX)-L-phenXlalaninamide To a solution of
N-[2-[(3-(allyloxycarbonyl)phenyl)methoxy]-1(S)-cyanoethyl]-3-methyl-L
phenylalaninamideHCl (0.29 g, 0.69 mmol) and N-methylmorpholine (0.23 mL)
0.21 g, 2.07 mmol) in CH2C12 ( 10 mL) is added mopholinecarbonyl chloride
(0.21 g, 0.23 mL, 2.065 mmol) in one portion, and the solution is stirred
at room temperature for 16 hours. The solution is then diluted with
additional CH2C12 (40 mL), and washed with 1 N HCl (50 mL), saturated
aqueous NaHC03 ( 1 x 50 mL), water ( 1 x 50 mL) and brine ( 1 x 50 mL),
dried over MgS04, and evaporated. The residue is chromatographed (silica,
80% EtOAc/hexane) to yield
N-[2-[(3-(allyloxycarbonyl)phenyl)methoxy]-1(S)-cyanoethyl]-3-methyl-Na-(N-
morpholinocarbonyl)-L-phenylalaninamide as a clear oil. The corresponding
3-carboxyphenylmethoxy compound is prepared as follows: To a solution of
N-[2-[(3-(allyloxycarbonyl)-phenyl)methoxy]-1 (S)-cyanoethyl]-3-methyl
Na-(N-morpholinocarbonyl)-L-phenylalaninamide (see example 3, 0.2 g, 0.375
mmol) in anhydrous THF (20 mL) is added morpholine (0.327 mL) 0.326 g, 3.75
mmol), followed by Pd(PPh3)4 (0.043 g, 0.0375 mmol). The solution is
stirred at room temperature for 3 hours, after which time the THF is
evaporated. The residue is taken up in EtOAc ( 100 mL) and washed with 1 N
HCl ( 100 mL), saturated aqueous NaHC03 ( 1 x 50 mL), water ( 1 x 50 mL)
and brine ( 1 x 50 mL)) dried over MgS04, and evaporated. The residue is
chromatographed (silica, 3% MeOH/CH2C12/ 0.05% acetic acid) to yield a
clear glass, which is crystallized with an EtOAc/hexane ( 1:50) mixture to
yield N-[2[(3-carboxyphenyl)-methoxy]-1
(S)-cyanoethyl]-3-methyl-Na-(N-morpholinocarbonyl)-Lphenylalaninamide as a
white solid, m.p. 100 C (dec.). Example 305 Synthesis of N-f3-(3-(methox
carbonyl)-phenoxy)-1-cyanopropyl~ 3-methyl-Na
~2.2-diphen~rlace~ll-L-phenylalaninamide A.
methyl3-(,2-bromoethoxy~-benzoate A solution of methyl 3-hydroxybenzoate
(5.0g, 32.86 mmol), 1,2-dibromoethane (11.3 mL, 92   0 2 MAY 2002
4-30195/A130298/CGC 1970 93 131.44 mmol), and potassium carbonate (5.45 g,
39.43 mmol) in DMF ( 100 mL) is refluxed 16 hours, after which time the
solution is cooled, concentrated in vacuo, and chromatographed to yield
methyl 3-(2-bromoethoxy)-benzoate, as a yellow oil. B.
methyl3-(2-iodoethoxy)-benzoate A solution of methyl
3-(2-bromoethoxy)-benzoate (2.4 g, 9.26 mmol) and sodium iodide (2.78 g,
18.52 mmol) in acetone (50 mL) is refluxed for 2 hours. The resulting
mixture is then filtered and concentrated. The residue is diluted with
EtOAc (100 mL), washed with 5% Na2S03(50 mL), water (2 x 50 mL) and brine
(50 mL), dried over MgS04 and evaporated to yield methyl
3-(2-iodoethoxy)-benzoate, as a yellow oil, which is used directly. 



C. 2-(dinhen~)methyleneamino~-4-f (3-methox cad rbon~phenoxyl-butyronitrile
To a solution of sodium hexamethyldisilazide (8.82 mL of a 1.0 M solution,
8.82 mmol) in 90 mL, THF at -78C is added a solution of
N-(diphenylmethylene)aminoacetonitrile ( 1.90 g, 8.65 mmol) in THF (30 mL),
via syringe. After stirring 30 minutes at -78C, a solution of methyl
3-(2iodoethoxy)-benzoate (2.7 g, 8.82 mmol) in THF (20 mL) is added in to
the reaction solution via syringe. The solution is then warmed to room
temperature, and allowed to stir for 3 hours. The mixture is then quenched
with saturated NH4Cl (50 mL), and the aqueous layer is extracted with EtOAc
(3 x 50 mL). The combined organic layers are washed with water ( 1 x 50 mL)
and brine ( 1 x 50 mL), and chromatographed (silica, 12.5% EtOAc/hexane) to
yield
2-(diphenylmethyleneamino)4-[(3-methoxycarbonyl)-phenoxy]-butyronitrile, as
a clear oil. D. 2-amino-4-[3-(methox_ycarbonxl)-phenoxy]-butyronitrile
2-(Diphenylmethyleneamino)-4-[(3-methoxycarbonyl)-phenoxy)-butyronitrile
(3.7 g, 6.78 mmol) is stirred vigorously for 16 hours in a biphasic mixture
of 1 N HCI (7.5 mL) and Et20 (90 mL). The ether layer is removed, and the
aqueous layer is washed with Et20 (3 x 50 mL), basified to pH 8 with 1 N
NaOH, and extracted with EtOAc (3 x 50 mL). The combined organic layers are
then washed with brine ( 1 x 50 mL), dried over MgS04 and evaporated to
yield 2-amino-4-[3(methoxycarbonyl)-phenoxy]-butyronitrile, as a clear oil.
E.
N-f3-(3-(methoxycarbonyl)-phenoxy)-1-cyanopropyll-3-methyl-Na-(2,2-diphenyl
acet~)-Lphenylalaninamide To a solution of
2-amino-4-[3-(methoxycarbonyl)-phenoxy]-butyronitrile (0.5 g, 2.13 mmol),
3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanine (see example 1, 0.80 g,
2.13 mmol) and 93   0 2 MAY 2002 4-30195/A/30298/CGC 1970 94
diisopropylethylamine (1.1 mL, 6.39 mmol) in CH2C12 (15 mL) is added
benzotriazol-1-yloxy-tris(pyrrolidino)-phosphonium hexafluorophosphate
(PyBop, l.22 g, 2.34 mmol) in one portion. After stirring 1.5 hour, an
additional portion of PyBop (0.61 g, 1.2 mmol) is added, and the solution
is stirred overnight. The reaction mixture is washed with 1 N HCl (50 mL),
saturated aqueous NaHC03 ( 1 x 50 mL), water ( 1 x 50 mL) and brine ( 1 x
50 mL), dried over MgS04, and evaporated. The residue is chromatographed
(silica, 50% EtOAc/hexane) to yield
N-[3-(3(methoxycarbonyl)-phenoxy)-1-cyanopropyl]-3-methyl-Na-(2,2-diphenyla
cetyl)-Lphenylalaninamide as a white solid, m.p. 152-153C. The
corresponding carboxyphenoxy compound is prepared as follows: To a solution
of
N-[3-(3-(methoxycarbonyl)-phenoxy)-1-cyanopropyl]-3-methyl-Na-(2,2diphenyla
cetyl)-L-phenylalaninamide (0.l6 g, 0.272 mmol) in THF (3 mL) is added a
solution of LiOH~H20 (22 mg, 0.544 mmol) in water ( 1.5 mL). The reaction
is stirred for 1 hour, after which time the THF is evaporated. The residue
is acidified with 1 N HCl and extracted with EtOAc (3 x 30 mL). The aqueous
layer is washed with brine (30 mL), dried over MgS04, evaporated and
chromatographed (5% MeOH, 0.05% AcOH, CH2C12) to yield
N-[3-(3-carboxyphenoxy)-1cyanopropyl]-3-methyl-Na-(2,2-diphenylacetyl)-L-ph
enylalaninamide, as a white solid, m.p. 169170C. Example 306 S3mthesis of
N-[2-I[~5 ~methoxycarbonyl -Lr-2-yll-methox~r]-1(Sl-cXanoeth~]-3meth, l-Na-
2,2-d~he~lacetyl)-L-phenylalaninamide A. 5-lbromomethY_ll-2-furoate To a
solution of 5-methylfurfural (5.0 g, 45.5 mmol) in CH2C12 ( 100 mL) is
added pulverized N-bromosuccinimide ( 17.8 g, I 00 mmol), and the solution
is subjected to sun lamp irradiation. After 15 minutes, the solution begins
to reflux vigorously, and then settles down after another 2-3 minutes.
After an additional 10 minutes, the dark mixture is cooled to room
temperature, and MeOH (30 mL) is added. After 10 minutes, the solution is
evaporated, and the residue is diluted with Et20, and washed with saturated
NaHC03 (50 mL), water (50 mL) and brine (50 mL), dried over MgS04 and
evaporated. The residue is chromatographed (silica) I S% EtOAc/hexane) to
yield methyl 5-(bromomethyl)-2-furoate, as a yellowish oil. 94
4-30195/A/30298/CGC 1970 95 B. O-'~[f l5-methox
c~n~l]-~r-2-yl]-meths]-~t-butoxycarbon~l-L-serine 0 2 MAY 2002 To a
solution of N-(t-butoxycarbonyl)-L-serine (2.5 g, 12.3 mmol) in DMF (50 mL)
at  15C is added sodium hydride ( 1.22 g, 60% in mineral oil, 30.7 mmol)
portionwise with vigorous stirring, over 0.5 hours. After all sodium
hydride is added, the mixture is stirred for an additional 10 minutes at
0C, and then at room temperature for 30 minutes. The solution is cooled
back to 0C) and a solution of methyl 5-(bromomethyl)-2-furoate (2.5 g, 12.3
mmol) in DMF ( 10 mL) is added dropwise over 2 minutes. The mixture is then
warmed to room temperature for 16 hours, and the residue is quenched with
10% NaH2P04 ( 100 mL) and acidified to pH 3 with 1 N HCI. 10% LiCI (30 mL)
is added to the solution, and the resulting mixture is extracted with EtOAc
(3 x 50 mL). The combined extracts are washed with brine (50 mL), dried
over MgS04, and evaporated to give a yellowish syrup. This residue is taken
up in Et20 (50 mL), and extracted with saturated NaHC03(2 x 50 mL). The
aqueous layer is acidified with conc. HCI, and extracted with Et20 (2 x 50
mL), dried (MgS04), and evaporated. Chromatography (silica, 5% MeOH/CH2C12)
yields
O-[[(5methoxycarbonyl)-fur-2-yl]-methyl]-N-(t-butoxycarbonyl)-L-serine as a
yellowish oil. C.
O-[[(5-methoxycarbon~l)-fur-2-yl]-meth~rl~-Na-(t-butoxycarbonyll-L-serinami
de A solution of
O-[[(5-methoxycarbonyl)-fur-2-yl]-methyl]-N-(t-butoxycarbonyl)-L-serine 



(0.70 g, 2.1 mmol) and N-methylinorpholine (0.46 mL, 4.2 mmol)) in CH2C12
(50 mL) is cooled to 10C, and isobutyl chloroformate (0.27 mL, 2.1 mmol) )
is added dropwise over 10 minutes. After stirring for 15 minutes, ammonia
gas is bubbled into the solution at a moderately vigorous rate for 15
minutes. The solution is then warmed to room temp. over 30 minutes. CH2C12
is evaporated, and the residue is dissolved in EtOAc (50 mL) . This
solution is then extracted with 1 N HCl (2 x 50 mL), saturated NaHC03 (50
mL), water (50 mL) and brine (50 mL), dried over MgS04, and evaporated to
yield
O-[[(5-methoxycarbonyl)-fur-2-yl]-methyl]-Na-(t-butoxycarbonyl)-L-serinamid
e as a brownish solid. D. O-[[(5-methoxycarbon r~l -) fur-2-~1-meth3rl]-
L-serinamide~HCl To a solution of
O-[[(5-methoxycarbonyl)-fur-2-yl]-methyl]-Na-(t-butoxycarbonyl)-L
serinamide (0.52 g, 1.58 mmol)) in EtOAc (50 mL) at 0C is bubbled HCl gas
at a moderately vigorous rate for 1 minute, during which time a lot of
white precipitate is observed. The mixture is stirred at 0C for 10 minutes)
after which time ethyl acetate is removed, yielding
O-[[(5methoxycarbonyl)-fur-2-yl]-methyl]- L-serinamide~HCl as a yellowish
solid. 95   0 2 MAY 2002 4-30195/A/30298/CGC 1970 96 E.
N-j3-methyl-N-(2.2-diphen~rlacetyl)-L-phenylalanyll-O-f f 5-(methox
carbonyl)-fur-2-X1L meths]-L-serinamide To a solution of
3-methyl-Na-(2,2-diphenylacetyl)-L-phenylalanine (0.40 g) 1.5 nunol), O
[[(5-methoxycarbonyl)-fur-2-yl]methyl]- L-serinamide~HCl (0.54 g, 1.5
mmol), 1-hydroxybenzo triazole hydrate (0.2 g, 1.5 mmol) and
N-methylmorpholine (0.66 mL, 6.0 mmol) in CH2Cl2 (30 mL) is added
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide~HCl (0.43 g, 2.3 mmol) in one
portion, and the mixture is stirred at room temp. for 16 hours. The
solution is then washed with 1 N HCl ( 100 mL), saturated aqueous NaHC03 (
1 x 50 mL), water ( 1 x 50 mL) and brine ( 1 x 50 mL), dried over MgS04,
and evaporated. The residual solid is triturated from ether to yield
N-(3-methyl-N(2,2-diphenylacetyl)-L-phenylalanyl]-O-[[5-(methoxycarbonyl)-f
ur-2-yl)-methyl]-L-serinamide as a light yellow solid. F.
N-[2-((5-(methoxycarbon~)-fur-2-yl -methoxy~-~S)-c
anoethjr_1]'-3-meth~rl-Na-(2.2diphen, l~yl)-L-phenvlalaninamide Oxalyl
chloride (0.046 mL, 0.36 mmol) is added dropwise to DMF (5 mL), and the
resulting solution is cooled to 0C. After the solution is clear, pyridine
(0.032 mL, 0.40 mmol) is added, followed by
N-[3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanyl]-O-[[5-(methoxycarbonyl)-
fur-2-yl]methyl]-L-serinamide (0.20g) 0.33 mmol), in one portion. The
yellow reaction solution is stirred at 0C for 1.5 hours, after which time
it is diluted with EtOAc (50 mL), and washed with saturated NaHC03 ( 1 x 50
mL), saturated LiCI ( 1 x 50 mL), dried over MgS04, and evaporated. The
residue is chromatographed (silica, 40% EtOAc/hexane) to yield
N-[2-[(5-(methoxycarbonyl)-fur-2-yl)methoxy]-1
(S)-cyanoethyl]-3-methyl-Na-(2,2-diphenylacetyl)-L-phenylalaninamide as a
white solid. Example 307 Synthesis of N-[2-f (3-(methox~ cr
arbon~lphenvl)thiomethoxY]~S)-cyanoeth~l]-3
methyl-Na~2.2-diphe~rlacetXl)-L-phenylalaninamide A. N-'[3-methyl-N-
2,2-diphenylacetyl)-L-phen l~~]-S-trityl-L-cysteinamide To a solution of
3-methyl-N-(2,2-diphenylacetyl-L-phenylalanine (see example 302, 1.0 g)
2.68 mmol)) 1-hydroxybenzotriazole hydrate (0.41 g, 2.68 mmol) and
N-methylmorpholine (0.74 mL, 6.69 mmol) in CH2CI2 (80 mL) is added
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide~HCl (0.77 g, 4.02 mmol) in
one portion. After stirring 30 minutes at room temperature,
S-trityl-Lcysteinamide (0.97 g, 2.68 mmol) is added to the solution in one
portion, and the solution is stirred 96   0 2 MAY 2002 4-30195/A/30298/CGC
1970 97 for 16 hours. The solution is evaporated, and the residue
partitioned between water (80 mL) and ethyl acetate (80 mL). The aqueous
layer is washed with EtOAc (2 x 80 mL), and the combined organic layers are
then washed with 1 N HCl ( 100 mL), saturated aqueous NaHC03 ( 1 x 50 mL),
water ( 1 x 50 mL) and brine ( 1 x 50 mL), dried over MgS04, and
evaporated. The residue is triturated with Et20/hexane (1:1) to yield
N-[3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanyl]-Strityl-L-cysteinamide
as a white solid. B. N-[3-methyl-N-(2.2-di~hen~ lr acet,~~iLphen)
lYalany_Il L-cysteinamide To a solution of
N-[3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanyl]-S-trityl-L-cysteinamide 



(0.68 g, 0.95 mmol) in CH2C12 (20 mL) is added triethylsilane (0.30 mL, 1.9
mmol), in one portion, followed by dropwise addition of trifluoroacetic
acid ( 10 mL). The yellow solution is stirred at room temperature for 1
hour, after which time solvent is evaporated, and the residue is suspended
in water (30 mL), filtered, and the collected solid is washed with water
and ether ( 100 mL each), and dried in vacuo, to yield of
N-[3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanyl]-L-cysteinamide, as a
white solid. C. N-[3-methyl-N-(2.2-diphen I~acet~Lphenylalanyll-S-[f
3~methox carbonyllphen3rl] methyl-L-cysteinamide A solution of
N-[3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanyl]-L-cysteinamide (0.72 g)
1.51 mmol), methyl 3-(bromomethyl)-benzoate (0.35 g, 1.51 mmol), and
diisopropylethylamine (0.27 mL, 1.53 mmol) is stirred at room temperature
overnight. Solvent is evaporated, and the residue is treated with 1 N HCl
(50 mL), and filtered to collect a white solid, which is washed with water
and Et20 ( 100 mL each). Drying in vacuo yields
N-[3-methyl-N-(2,2-diphenylacetyl)-Lphenylalanyl]-S-[[3-(methoxycarbonyl)ph
enyl]methyl]-L-cysteinamide, as a white solid. D.
N-[2-j(3-(methoxycarbonyl)phenyl)thiomethoxvl-1(S)-cyanoeth~]-3-meth
1-~2.2diphen, l~acetyl)-L-phen3rlalaninamide Oxalyl chloride (0.29 mL, 2.90
mmol) is added dropwise to DMF (20 mL), and the resulting solution is
cooled to 0C. After the solution becomes clear, pyridine (0.54 mL, 5.8
mmol) is added) followed by
N-[3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanyl]-S-[[3-(methoxycarbonyl)-
phenyl]methyl]-L-cysteinamide (0.90 g, 1.51 mmol), in one portion. The
yellow reaction solution is stirred at 0C for 1.5 hours) after which time
it is diluted with EtOAc (50 mL), and washed with saturated NaHC03 ( 1 x 50
mL), saturated LiCI ( 1 x 50 mL), dried over MgS04, and evaporated. The
residue 97   4-30195/A/30298/CGC 1970 98 is chromatographed (silica, 33%
EtOAc/hexane) to yield N-[2-[(3 0 2 MAY 2002
(methoxycarbonyl)phenyl)thiomethoxy]-1
(S)-cyanoethyl]-3-methyl-Na-(2,2-diphenylacetyl)-L phenylalaninamide as a
white solid. Example 308
N12-f(3-carboxy~henyl)methanesulfinlrl]~Sl-cyanoethyl]-3-methyl-Na-(2.2
diphenylacetvl-Lrphenylalaninamide To a solution of
N-[2-[(3-carboxyphenyl)thiomethoxy]-1(S)-cyanoethyl)-3-methyl-Na
(2,2-diphenylacetyl)-L-phenylalaninamide (89 mg, 0.15 mmol) in acetone (5
mL) is added a solution of potassium peroxymonosulfate (Oxone, 0.11 g, 0.18
mmol) in water (5 mL) at 0C, and the solution is stirred at 0C for 40
minutes. 5% NaHS04( 10 mL) is added, and the cloudy suspension is filtered.
The solid is washed with water (50 mL), dried in vacuo, and then
recrystalized (CH2C12) Et20) to yield
N-[2-[(3-carboxyphenyl)methanesulfinyl]-1(S)-cyanoethyl]-3-methyl-Na-(2,2di
phenylacetyl-L-phenylalaninamide product, as a white solid, m.p. 170-171C.
Example 309 N-[4-(3-methox cy arbon3rl-1H-pyrazol-1-girl)-1(S)-c
anobut~rl]-3-meth)rl-Na-(2.2 diphenylacetyl)-L-phenylalaninamide A. t-butyl
(S)-5-h droxy-2-(t-butoxycarbon~)-pentanoate To a solution of
N-(t-butoxycarbonyl)-L-glutamic acid t-butyl ester (6.0g, 19.78 mmol) and
triethylamine (2.83 mL, 20.27 mmol) in THF at -10C is added ethyl
chloroformate ( 1.94 mL, 20.27 mmol) dropwise, via syringe, and the
solution is stirred at -10C for 30 minutes. The solution is filtered to
remove precipitate, and the filtrate is added into a solution of NaBH4 (2.3
g, 60.86 mmol) in THF (40 mL) and water (50 mL). This solution is then
stirred for 4 hours, after which time the solution is acidified with 1 N
HCl to pH = 5, and THF is evaporated. The aqueous residue is extracted with
EtOAc (3 x 200 mL), and the organic layers is then washed with 1 N NaOH (2
x 300 mL), water (300 mL) and brine (300 mL)) dried over MgS04, and
evaporated. Chromatography (silica, 20% EtOAc/hexane) yields t-butyl
(S)-5-hydroxy-2-(t-butoxycarbonylamino)-pentanoate as a thick oil. B,
t-buty~S)-5-iodo-2-(t-butoxycarbonylamino)-pentanoate To a solution of
t-butyl (S)-5-hydroxy-2-(t-butoxycarbonylamino)-pentanoate (5.79 g) 20.0
mmol), triphenylphosphine (8.13 g, 31.0 mmol) and imidazole (2.04 g, 30.0
mmol) in CH2Cl2 (200 98   



0 2 MAY 2002 4-30195/AJ30298/CGC 1970 99 mL) at room temperature is added
iodine (6.35 g, 25.0 mmol) , portionwise, over 30 minutes. The mixture is
then stirred 16 hours at room temperature. Methanol (20 mL) is added to the
solution, which is then stirred an additional 1 hour. Solvent is
evaporated, and the residue is purified by chromatography (silica, 33%
EtOAc/hexane) to yield t-butyl
(S)-5-iodo-2-(t-butoxycarbonylamino)pentanoate as a clear oil. C. 3-meths
1-r Na-(2.2-diphenylacetyl)-L-phenylalanine N-hydroxysuccinimide ester A
solution of 3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanine (see example 1,
10.93 g, 2.5 mmol) in dioxane (50 mL) at 0C is added N-hydroxysuccinimide
(0.29 g, 2.5 mmol) in one portion, followed by a solution of DCC (0.52 g,
2.5 mmol) in dioxane ( 10 mL), which is added dropwise over 10 minutes. The
cloudy mixture is warmed to room temperature overnight, after which time it
is cooled back to 0C, and filtered. The filtrate is evaporated to yield
3-methyl-Na(2,2-diphenylacetyl)-L-phenylalanine N-hydroxysuccinimide ester
as a white solid. D. t-but 1~(S)-5-(3-methoxycarbon 1-Y
1H-pyrazol-1-yl)-2-(t-butox cy arbon Ice)-pentanoate To a solution of
methyl 1 H-pyrazole 3-carboxylate (Synth. Comm., 25, 1995) 761 ) (0.98 g,
7.74 mmol) in DMF (20 mL) at 0C is added NaH (60% suspension, 0.31 g, 7.74
mmol) portionwise) over 10 minutes. After stirring an additional 10
minutes, a solution of t-butyl
(S)-5iodo-2-(t-butoxy-carbonylamino)-pentanoate (2.78 g, 9.29 mmol) in DMF
(20 mL) is added over 2 minutes, and the solution is warmed to room
temperature over 16 hours. The solvent is evaporated (high-vac), the
residue is treated with water (50 mL) and the aqueous layer is extracted
with EtOAc (3 x 80 mL). The combined organic layers are washed with water
(2 x 200 mL) and brine ( 100 mL), dried over MgS04, and evaporated.
Chromatography (silica, 25% EtOAc/hexane) yields the two regioisomeric
products in a ~2:1 ratio. The minor product, which is determined to be the
desired product, t-butyl (S)-5-(3-methoxycarbonyl-1
H-pyrazol-1-yl)-2-(t-butoxycarbonylamino)-pentanoate, is isolated as a
thick, clear oil. E. (S)-5~-3-methoxycarbonyl-1H-n ~azol-1-yl~
2-aminopentanoic acid~HCl To a solution of t-butyl
(S)-5-(-3-methoxycarbonyl-1H-pyrazol-1-yl)-2-(t
butoxycarbonylamino)-pentanoate(0.84 g, 0.21 mmol) in CH2C12 (20 mL) at 0C
is bubbled HCI gas for 30 minutes. Afterward, the solution is warmed to
room temperature over 30 minutes. Evaporation of solvent yields
(S)-5-(-3-methoxycarbonyl-1H-pyrazol-1-yl)-2-aminopentanoic acid~HCl as a
gray-white solid. 99   0 2 MAY 2002 4-30195/A/302981CGC 1970 100 F.
N-[~3-methox c~arbom 1-r 1H-pyrazol-1-yl)-1(S)-carboxybutyll-3-meth 1-y
Na-(2.2diphenylacetyl)-L-phenylalaninamide To a solution of
(S)-5-(-3-methoxycarbonyl-1H-pyrazol-1-yl)-2-aminopentanoic acid~HCl (0.67
g, 2.13 mmol) in 10 mL water is added a solution of NaHC03(0.72 g, 8.53
mmol) in water ( 10 mL). After bubbling subsides, a solution of
3-methyl-Na-(2,2-diphenylacetyl)-L-phenylalanine Nhydroxysuccinimide ester
(0.67 g, 2.13 mmol) in 20 mL dioxane is added dropwise over 10 minutes, and
the solution is stirred at room temperature for 16 hours. Solvent is then
evaporated, and the residue is diluted with water (50 mL) and adjusted to
pH = 4 with 1 N HCI. The aqueous layer is extracted with EtOAc (3 x 80 mL),
and the combined extracts are washed with brine (2 x 100 mL), dried over
MgS 04, evaporated, and triturated from Et20 to yield
N-[4-(3-methoxycarbonyl-1 Hpyrazol-1-yl)-1
(S)-carboxybutyl]-3-methyl-Na-(2,2-diphenylacetyl)-L-phenylalaninamide,whic
h is carried on directly. G. N-[4-(3-methox c~
1-~pyrazol-1-yl)-1(S)-(aminocarbonyl)-butyll-3-meth
1-~Na-(2.2dinhenylacetyl~-L-nhenylalaninamide A solution of
N-[4-(3-methoxycarbonyl-1H-pyrazol-1-yl)-1(S)-carboxybutyl]-3-methyl-Na
(2,2-diphenylacetyl)-L-phenylalaninamide (0.3 g, 0.5 mmol)) and
N-methylmorpholine (0.17 mL, 1.5 mmol) in CH2Cl2 (50 mL) is cooled to -10C,
and isobutyl chloroformate (0.065 mL, 0.5 mmol) is added dropwise over 10
minutes. After stirring for 15 minutes, ammonia gas is bubbled into the
solution at a moderately vigorous rate for 15 minutes. The solution is then
warmed to room temperature over 30 min. CH2C12 is evaporated) the residue
is treated with water (30 mL). The suspension is adjusted to pH = 7 with 1
N HCI, and filtered. The solid is washed with water (50 mL) and dried in
vacuo to yield
N-[4-(3-methoxycarbonyl-1H-pyrazol-1-yl)-1(S)-(aminocarbonyl)-butyl]3-methy
l-Na-(2,2-diphenylacetyl)-L-phenylalaninamide. H.
N-[4~3-methoxXcarbonyl-1H-pyrazol-1-~l~S)-c and
obut~]-3-methyl-Na-(2.2dinhenylacety_"1)-L-phenylalaninamide Oxalyl
chloride (0.082 mL, 0.94 mmol) is added dropwise to DMF (20 mL), and the
resulting solution is cooled to 0C. After the solution becomes clear,
pyridine (0.15 mL, 1.88 mmol) is added, followed by
N-[4-(3-methoxycarbonyl-1 H-pyrazol-1-yl)-1
(S)-(aminocarbonyl)butyl]-3methyl-Na-(2,2-diphenyl-acetyl)-L-phenylalaninam
ide(0.28 g, 0.47 mmol), in one portion. The yellow reaction solution is
stirred at 0C for 1.5 hours, after which time it is diluted with EtOAc (50
100   0 2 MAY 2002 4-30195/AJ30298/CGC 1970 101 mL), and washed with
saturated NaHC03 ( 1 x 50 mL), saturated LiCI ( 1 x 50 mL), dried over
MgS04, and evaporated. The residue is chromatographed (silica, 66%
EtOAc/hexane) to yield N[4-(3-methoxycarbonyl-1 H-pyrazol-1-yl)-1 (S
)-cyanobutyl]-3-methyl-Na-(2, 2-diphenylacetyl)-Lphenylalaninamide as a
white solid. 



Example 310 N-[4-(3-methoxycarbom~l phen~)-1lS)-cyanobutyl_]-3-meth 1-y
Na-(2,2 dinhen l~cetyl)-L-phenylalaninamide A. N-~t-butox cy
arbonyll-(S)-propargylglycineamide To a solution of
N-(t-butoxycarbonyl)-(S)-propargylglycine (2.44 g) I 1.45 mmol) in CH2Cl2
(50 mL) is added N-methylmorpholine (3.78 mL, 34.4 mmol) in one portion.
The solution is then cooled to -10C, and isobutyl chloroformate is added
dropwise over 5 minutes. After stirring for 15 minutes, ammonia gas is
bubbled into the reaction mixture at a moderately vigorous rate for 15
minutes. The resulting milky suspension is then warmed to room temperature
over 2 hours, and the mixture is washed with 1 N HCl (2 x 25 mL), aqueous
NaHC03 (25 mL) and brine (25 mL), and then dried over MgS04. Evaporation of
solvent, followed by chromatography (silica, 65% EtOAc/hexane) yields
N-(t-butoxycarbonyl)-(S)-propargylglycineamide, as a clear oil. B.
(S)-2-(t-butoxycarbonylamino)-5-(3-carbomethoxyphen~)-4-pentynoic acid
amide A solution of N-(t-butoxycarbonyl)-(S)-propargylglycineamide ( 1.15
g, 5.33 mmol), methyl 3-bromobenzoate ( 1.15 g, 5.33 mmol), and Cu(I)I
(0.041 g, 0.214 mmol) in triethylamine (25 mL) is deoxygenated with
bubbling NZ for 2-3 minutes. Bis(triphenylphosphine)palladium dichloride
(0.075 g, 0.11 mmol) is then added in one portion, and the mixture is
refluxed for 3 hours, after which time solvent is evaporated. The residue
is then taken up in EtOAc ( 10 ml), and then washed with 1 N HCl (40 mL)
and brine (30 mL), and then dried over MgS04. The residue is
chromatographed (silica, 80% EtOAc/hexane) to yield
(S)-2-(t-butoxycarbonylamino)-5-(3-carbomethoxyphenyl)-4pentynoic acid
amide, as a light yellow solid. C.
(S)-2-butoxycarbonylamino-4-(3-carbomethoxyphenyl)-pentanamide To a
solution of
(S)-2-(t-butoxycarbonylamino)-5-(3-carbomethoxyphenyl)-4-pentynoic acid
amide ( 1.11 g, 3.22 nunol) in 1:1 ethanol/1'HF (50 mL) is added 10% PdIC
(0.5 g), and the mixture is hydrogenated at 1 atm. for 1.5 hours. The
mixture is filtered through celite, and evaporated to yield
(S)-2-butoxycarbonylamino-4-(3-carbomethoxyphenyl)-pentanamide, as a clear
oil. 101   0 2 MAY 2002 4-30195/A/30298/CGC 1970 102 E.
~S)-2-amino-4-(3-carbomethoxyphenyl)-pentanamide HCl To a solution of
(S)-2-(t-butoxycarbonylamino)-5-(3-carbomethoxyphenyl)-pentanamide ( 1.22
g, 3.5 mmol) in EtOAc (75 mmol) at 0C is bubbled HCl gas at a moderately
vigorous rate, for 5 minutes. The solution is then warmed to room
temperature for 30 minutes Evaportion of solvent yields
(S)-2-amino-4-(3-carbomethoxyphenyl)-pentanamide HCl salt as a light yellow
solid. F. N-[4-(3-methoxycarbonyl-phenylL(S~aminocarbonYl)-butyl)-3-meth
1-y_ Na-f2.2di~hen facet l~l-L-phenylalaninamide To a solution of
(S)-2-amino-5-(3-carbomethoxyphenyl)-pentanamide HCl (0.30 g, 0.80 mmol),
of 3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanine (0.23 g, 0.80 mmol),
1hydroxybenzotriazole hydrate (0.135 g, 0.89 mmol) and N-methylmorpholine
(0.35 ml, 3.2 mmol) in CH2Cl2 (25 mL) is added
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide~HCl (0.23 g, 1.2 mmol) in one
portion, and the mixture is stirred at room temperature for 16 hours. The
solution is then washed with 1 N HCl ( 100 mL), saturated aqueous NaHC03 (
1 x 50 mL), water ( 1 x 50 mL) and brine ( 1 x 50 mL), dried over MgS04,
and evaporated. The residual solid is triturated with ether to yield
N-[4-(3-methoxycarbonyl-phenyl)-1
(S)-(aminocarbonyl)-butyl]-3-methyl-Na-(2,2diphenylacetyl)-L-phenylalaninam
ide as a light yellow solid. G.
N-[4-l3-methoxycarbonyl-phenyl)-1lS)-cvanobutyll-3-meth
1-Q2,2-diphenylacet~L phenylalaninamide Oxalyl chloride (0.12 mL, 1.39
mmol) is added dropwise to DMF ( 10 mL), and the resulting solution is
cooled to 0C. After the solution is clear, pyridine (0.22 mL, 2.78 mmol) is
added, followed by
N-[4-(3-methoxycarbonylphenyl)-1(S)-(aminocarbonyl)butyl]-3-methyl-Na-(2,2d
iphenylacetyl)-L-phenylalaninamide (0.42 g, 0.70 mmol), in one portion. The
yellow reaction solution is stirred at 0C for 1.5 hours, after which time
it is diluted with EtOAc (50 mL), and washed with saturated aqueous NaHC03
solution ( 1 x 50 mL), saturated aqueous LiCI solution ( 1 x 50 mL)) dried
over MgS04, and evaporated. The residue is chromatographed to yield
N-[4-(3methoxycarbonyl-phenyl)-1
(S)-cyanobutyl]-3-methyl-Na-(2,2-diphenylacetyl)-L-phenylalaninamide, as a
yellow solid. By repeating the procedure described above in Examples 302 to
310, using appropriate starting materials and conditions the following
compounds of formula XVIII are obtained as identified below in Table 11.
102 



Table i 1 R~ R~ NH-C-CONH-C-C=N X2 Ar-Z Example R3o R~ X2 -Ar Z mp.(C) NHS
(IN*'~ ~ 311 N-CO cH3 ~C~2 /CH2 COOH O ~ i ~ 100 dec. CH2 312 oCH3 CH30 ~ "
" " " i 42-145 I 0 313 CH3C0 " " " " 171-172 314 " " " " 173-175 C~ II O 0
w f' w 0 N ~D o\o n G~ f7 ~o 0 rd n a w ,.. m G o. w ~p o 0 a~   Example R~
R~ 7~2 -Ar Z mp.(C) MS (M+i ~ 315 , O " " " " 120 dec. N Isomer 1 316 / O "
" " " 90 dec. NJ Isomer 2 317 N 



O " " " " 578 N / ~o 0 0 N N O O N   Example R~ R3Z X2 -Ar Z mp.(C) MS (M+1
318 " " " 139-141 a 0 319 cH3o ~ ~ c~ " " " " 153-155 a 0 320 CH3 / CH-C~ "
a " " 129-131 O / \ 321 N ~ ,O 170-172 C " " a a 322 V i ~ S~ " a ~ " 522 0
323 0 cH~ ~ ~ II " a a ~ 536 3 ~J  j p w O w 0 N d0 n n 0 O N N O O   



ExampleFroR~Xz-ArZmp.(C)MS (M~1~)324cH3""a" 529CH3325 " " " "601TFA salt326
S- `I 0" " " " 5723270 IIBr ~ ~""""600, 6020328I c H 4 9 " " " "
5020329cH,S-""""5360 ~O J O 0 N N O O N   0 2 MAY 2002
4-30195/A/4-30298/CGC 1970 107 .. r 



N t~ 0 .. a E .. ~ .. .. ,. _ ,. _ _ ,. _ ~ .. ,. .. s ,. s s O= u~ O o-
~n=o o=~-o o_-_v~=o o-~=o o=v~=o I / \ / \ / \ \ / _ _~ / V ~ ~ a U U . o
,- N M ~ ~n M cM (M c~~ (M (~   Example R~ R~ X2 -Ar Z mp.(G) MS (M+i ) 336
i II s - " " " " 590 i ~ of F-C F F 337 I I cH3 s- " " " " 536 of 338 N. O
" " " " 540 C ii O OCH3 " " 468 339 CHs(CHZ)ZC(O) / CH2 W 0 ~o w 0 N 00 n n
0 0 N N O O N   Example I~o ~i~ X2 -Ar 2 mp.(G) MS (M.f7 ) 340 O C " " " "
496 ~~O 341 " " " 439 CH3(CHZ)ZC(0) 



~ CFiz 342 O C " " " " 467 ~~O 343 OCH3 s~N " 523 CH-C ~ Hz 344 C~ 0 C I ~
" ~ " 520 i CHz 345 " " " 520 0 ca 0 0 N N O O N   Example
~~32Xs-ArZmp.('~)MS ~(.M+~ly346 " " " " 501347cH3 OC I""""500 348
CH3CH20-C(O)-""Wa454349S CHz/ C ~""""506aO350o C""~"4761351~~ ci ! ` C a "
" a520352cF3 O" " 



a ~ 622CCF3 0 1a w 0 rr ~o w_ w 0 N 04 w v 0 0 fV 3 N O O N   Example Rio
R~z X2 -Ar Z mp.(~) MS (M+~ ~ 353 " " " " 502 354 I I cH3 s- " " " " 460 0
355 CHa(CH2)2C(O)- " " " " 452 356 No C " " " " 531 \I 357 No2  C " " " "
521 \ / 358 Br ~ ~ C " " " " 564, 566 ~i .J j w 0 ~o w 0 N GO n G~ 0 0 N 3
N O O N  



N O O N Q N O 0 n a, U U 00 o~ N a a 0 M et N r n ~~ " " -~O)~zH~OEH~ ~9 0
a w n n n n / O 9 ~CJCJ n n Z9 0 989   ~~ ~~ ~1 ~ S 1 o-ova a ~O l9 9 l9 n
n  ~~ I `p ~ 09 0 n n n ei ~o \ / 69 Oea a~dwB'~E~ ~.t+W) SW (~o)~dw Z ~H-
zx   Example R3o R32 X2 -Ar Z mp.(C) MS (M+1 ) 365 o= s=o   ,<  572 366 No2
0   ~ 567 s I I 0 367 ~ 477 CH3(CHz)zC~ ~H ~  N 368 C ~~ `~ 505 369 " 555
CHC\ OCH3 370 CHa ~N~` N 442 4 W 



CH3(CHz)zC(~)~ CHz w ~o 0 0 IV 3 N 0 0 N   N O O N Q N 0 0 a G7 o~ N O M a
o, 0 M ~r O HO ~ 0 ~ N 9LE LLtr ~ r ~trtr ~~ ~~ -(O)~z(zH~)EH~ ALE O i HO
EZ~ ~ " " " HO ~ trLE DIES `dal zHO ~ \ ELtr " ~ " ~ O o s O ELE O i OZ~ "
"  ~~ HO eH00 ZLE OLtr   ' " O LLE O O l I.*W) SW (Oo)'dua Z .~pr- zX ~ ~~~
~~dwex3   0 2 MAY 200r 4-30195/A/4-30298/CGC 1970 



115 .. T N U 0 n. E ,. .. ,. .. _ .. ~\ O=v O=U / O` / O=U O= U U _ \ / Z~
\ / Z O Z~ ~ O O O O \ / Z x U U f~ CO O O rM c~ c~ M C~ W   EX~Imple Raa
Rsz Xs -A~' Z rnp.(G) MS (M+'!). 382 N C " " " " 530 ~ I \ N 383 ~ ~ , CHa
" 169-170 -(CHZ)2-O- " O CH-C ~ CH2 384 " " -CH2-O-CH2- O " 115
dec-CH2-S-CH2- ~ " 145-146 385 " " 386 " " -(CH2)s- N ` " 145-146 -N 387 "
"  ~ " 132 w 0 w 0 N ~D 00 n n 0 0 N N O O N   N O O N Q N O 0 o~ CU7 U 00
o~ N O M a 0 M d 



n r T I I /O \ lL9 o n  10 l6E I I LL9 n m m / I~ ~6E O I I aH~ / J \ 9l9
" " oEH~ / eH0 68E O N S L99 ~ ~, 'zH~'~'zH~' \ ~ / \ ~ / \ 88E
~'~-'t'w~-5'W ~'~o~ dW Z ~" zX z~ ~~ 8[C~ItIBX3   0 2 MAY 2002
4-30195/A/4-30298/CGC 1970 118 .. C3 M s ~ ~ _ _ _ ~ _ _ _ _ ~ _ _ N U N 7
\ Z _ ;t U=O U=O U=O U=O U=O _ -  \ / \ / \ / \ / \ / U U U U U U m M C~ M
M M W   0 2 MAY 2002 4-30195/A/4-30298/CGC 1970 119 v 0 



a E _ _ _ _ Z Z \U U U Z U U-U O ~ \ ~ U U U v \ \ \ O U=O U=O U=O - \  \ /
\ / \ / U U U U a  ~ ~ ~ o e0 l~ M cr! et W   Example R3o R3z Xz -At' Z
mp.(~) MS (M+1) 401 CI ~c  492 CH3 CH3 CI \ C/ \ i H O 402 S CH2  ~ / \
547.5 403 CI ~ cH2 \ / ~ ~ ~   543 (M-1 ) \ C/ N II O 404 N CI  " " 582.8
c~ ~ I i i \ CI ~ CHZ O 405 CH3 /   " 567.2 CH3 \ C~ 0 w 0 is 0 N ~D n n 0
0 N N O O   0 2 MAY 2002 



4-30195/A/4-30298/CGC 1970 121 r+ .- o~ cc ch 0 W i co v 0 .. a E J 3 i 1
.. .. 7 .. J U a a - n \ / U \U-O \U-O \U-O U-p U =O - _ _ \ / \ / \ / \ /
\ / v_ U U U U U U _m co r ao o~ o v   0 2 MaY zooz 4-30195/A/4-30298/CGC
1970 122 V 0 v a .. .. .. H - ~ N M - - ~  U=O O U=O U=O -~ - \ / ( ~ \ / \
/ z U / U U U U m r N M r r r r d' ~ ~?' st W  



Example R~ R~ X2 -Ar Z mp.(C) MS. ~M+i ) 415 F ~ ~ CHZ\ " " " 161-162 C O
CHs 416 F i " " " " 145-146 590 (M+ -1 ) ~C I I F O 417 CI CHZ ~ ~
-CH2-C(O)-NH- " " 553.4 I I O CI 418 F i i " " ~ ~ " 126-128 F II F O N W 0
0 3 --nG 0 0 N   ~ 2 MAY 2002 4-30195/A/4-30298/CGC 1970 124 .w .. t~ T E
"' T N U=O m T   0 2 MAY 2002 4-30195/A/4-30298/CGC 1970 125 



The compounds of Examples 302 to 419 are selective inhibitors of cathepsin
B, having ICsos for inhibition of cathepsin B, in the in vitro cathepsin B
assay described above, which are typically in the range from about 5 nM to
about 1000 nM. Illustrative of the invention, the ICso in the in vitro
cathepsin B assay is about 5 nM for the compound of example 303. In view of
their properties as selective or broad based inhibitors of cathepsin L, S
and/or B the Compounds of the Invention described above in Examples 154 to
419 may be used for treatment or prophylaxis of diseases or medical
conditions mediated by cathepsin L) S or B; for instance as hereinbefore
described. Example 420 Preparation of 1,000 capsules each containing 25 mg
of a Compound of the Invention, using the following ingredients: Compound
of the Invention 25.00 g Lactose 192.00 g Modified starch 80.00 g Magnesium
stearate 3.00 g Procedure: All the powders are passed through a screen with
openings of 0.6 mm. Then the drug substance is placed in a suitable mixer
and mixed first with the magnesium stearate, then with the lactose and
starch until homogeneous. No. 2 hard gelatin capsules are filled with 300
mg of said mixture each, using a capsule filling machine.   0 2 MAY 2002 -
126  What is claimed is: 1. A compound of formula III R~ R~ III R~
NH-C-CONH-C-~N ~a ~ (Y~)~ (~')pW-Z wherein R3o is an acyl group derived
from an organic carboxylic, carbamic or sulfonic acid; R32 and R33 are
independently hydrogen, lower alkyl, cycloalkyl, bicycloalkyl, or (aryl,
biaryl, cycloalkyl or bicycloalkyl)-lower alkyl; or R32 and R33 together
represent lower alkylene so as to form a ring together with the carbon to
which they are attached; R34 is hydrogen or lower alkyl; Y, is O, S, SO,
S02, N(R6)SO2, N-R6, S02NR6, CONR6 or NR6C0; n is zero or one; p is zero or
one; XZ is lower alkylene; or when n is zero, XZ is also Cz-C~-alkylene
interrupted by O, S, SO, SOz, NR6, SOZNR6, CONR6 or NR6C0; wherein R6 is
hydrogen, lower alkyl or aryl-lower alkyl; Ar is arylene; Z is hydroxy,
acyloxy, carboxyl, esterified carboxyl, amidated carboxyl, aminosulfonyl,
(lower alkyl or aryl-lower alkyl)aminosulfonyl, or (lower alkyl or
aryl-lower alkyl)sulfonylaminocarbonyl; or Z is tetrazolyl, triazolyl or
imidazolyl; Q is a direct bond, lower alkylene, Y,-lower alkylene or
C2-C~-alkylene interrupted by Y>; or a pharmaceutically acceptable salt or
ester thereof. 2. A compound according to claim 1, wherein   



0 2 MAY 2002 -127 (a) p is one; (b) Y, is O, S, SO, SOz, N(R6)SOz or N-R.6
; and (c) Xz is lower alkylene; or when n is zero, Xz is also
Cz-C~-alkylene interrupted by O, S, SO, SOz or NR6, or a pharmaceutically
acceptable salt or ester thereof. 3. A compound of formula IV - -". . I42
I44 Rao C NH C CO NH C C = N (I R4s R4s wherein R4o is substituted phenyl
or heterocyclic aryl, (mono- or di-carbocyclic or heterocyclic aryl)-lower
alkyl or lower alkenyl, or heterocyclyl; R4z is hydrogen or lower alkyl;
R43 is carbocyclic or heterocyclic aryl-lower alkyl; R44 and R45 are
independently hydrogen or lower alkyl; or R44 and R45 combined represent
lower alkylene; or a pharmaceutically acceptable salt or ester thereof. 4.
A compound according to claim 1 the formula V' Ra~~ H R~'-NH-C-CONH-; C=N H
X2 Y~ Ar-Q-Z   0 2 MAY 2002 -128  wherein the symbols are as defined in
said claim, or a physiologically-acceptable and -cleavable ester or salt
thereof. 5. A compound according to claim 3 of the formula V" O R~ H R4p C
NH C CO NH j C = N H Ras wherein the symbols are as defined in said claim,
or a physiologically-acceptable and -cleavable ester or salt thereof. 6.
The use of an effective amount of a cathepsin inhibiting pharmaceutical
composition comprising a compound of formula I, or a
physiologically-acceptable and -cleavable ester, or a salt thereof for the
preparation of a medicament for inhibiting cathepsin activity in a mammal,
Rs Ra R L Xi NH ~~-NH C-N 



x Rz Y R5 I wherein: R is optionally substituted (aryl, lower alkenyl,
lower alkynyl or heterocyclyl), or substituted lower alkyl; RZ and R3 are
independently hydrogen; or RZ and R3 together represent lower alkylene,
optionally interrupted by O, S or NRb so as to form a ring with the carbon
atom to which they are attached; and Rb is hydrogen, lower alkyl or
aryl-lower alkyl; or either RZ or R3 are linked by lower alkylene to the
adjacent nitrogen to form a ring;   0 2 MAY 2002 -129  R4 and RS are
independently H, or optionally substituted (lower alkyl or aryl-lower
alkyl), -C(O)ORS, or -C(O)NR~RB, wherein R~ is optionally substituted
(lower alkyl, aryl, aryl-lower alkyl, cycloalkyl, bicycloalkyl or
heterocyclyl), and R8 is H, or optionally substituted (lower alkyl, aryl,
aryl-lower alkyl, cycloalkyl, bicycloalkyl or heterocyclyl); or R4 and RS
together represent lower alkylene, optionally interrupted by O, S or NRb,
so as to form a ring with the carbon atom to which they are attached; and
R6 is hydrogen, lower alkyl or aryl-lower alkyl; or R4 is H or optionally
substituted lower alkyl and RS is a substituent of formula -XZ-(Y~)~
(Ar)P-Q-Z wherein Y, is O, S, SO, SO2, N(R.6)SOz, N-R6, SOZNRb, CONR6 or
NR6C0; n is zero or one; p is zero or one; XZ is lower alkylene; or when n
is zero, XZ is also Cz-C~-alkylene interrupted by O, S, SO, SO2, NR6,
SOzNRb, CONR6 or NR6C0; and R6 is hydrogen, lower alkyl or aryl-lower
alkyl; Ar is arylene; Z is hydroxy, acyloxy, carboxyl, esterified carboxyl,
amidated carboxyl, aminosulfonyl, (lower alkyl or aryl-lower
alkyl)aminosulfonyl, or (lower alkyl or aryllower
alkyl)sulfonylaminocarbonyl; or Z is tetrazolyl, triazolyl or imidazolyl; Q
is a direct bond, lower alkylene, Y,-lower alkylene or CZ-C~-alkylene
interrupted by Y, ; 



X, is -C(O)-, -C(S)-, -S(O)-, -S(O)Z-, or -P(O)(OR)6)- wherein R6 is as
defined above; Y is oxygen or sulphur; L is optionally substituted -Het-,
-Het-CHz or -CHZHet, and Het is a hetero atom selected from O, N or S; and
-130 x is zero or one; and aryl in the above definitions represents
carbocyclic or heterocyclic aryl; in combination with a pharmaceutically
acceptable carrier. 7. A compound of formula I, or a
physiologically-acceptable and -cleavable ester or a salt thereof Rs R L X~
NH ~~-NH C-N x ~ Y Rs I wherein: R is optionally substituted (aryl,
aryl-lower alkyl, lower alkenyl, lower alkynyl, heterocyclyl or
heterocyclyl-lower alkyl); Rz and R3 together represent lower alkylene,
optionally interrupted by O, S or NRb, so as to form a ring with the carbon
atom to which they are attached, and R6 is hydrogen, lower alkyl or
aryl-lower alkyl; R4 and RS are independently H, or optionally substituted
(lower alkyl or aryl-lower alkyl), -C(O)ORS, or -C(O)NR~ Rg, wherein R~ is
optionally substituted (lower alkyl, aryl, aryl-lower alkyl, cycloalkyl,
bicycloalkyl or heterocyclyl), and R8 is H, or optionally substituted
(lower alkyl, aryl, aryl-lower alkyl, cycloalkyl, bicycloalkyl or
heterocyclyl); or R4 and RS together represent lower alkylene, optionally
interrupted by O, S or NRb, so as to form a ring with the carbon atom to
which they are attached, and Rb is hydrogen, lower alkyl or aryl-lower
alkyl; or R4 is H or optionally substituted lower alkyl and RS is a
substituent of formula -Xz-(Y, )" (AI')P-Q-Z 



wherein   0 2 MAY 2002 - l31  Y, is O, S, SO, SOz, N(Rb)SO2, N--Itb,
SOzNRb, CONRb or NR6C0; n is zero or one; p is zero or one; X2 is lower
alkylene; or when n is zero, X2 is also C2-C~ -alkylene interrupted by O,
S, SO, SOZ, NR6, SOZNRb, CONR6 or NR6 CO, and Rb is hydrogen, lower alkyl
or aryl-lower alkyl; Ar is arylene; Z is hydroxy, acyloxy, carboxyl,
esterified carboxyl, amidated carboxyl, aminosulfonyl, (lower alkyl or
aryl-lower alkyl)aminosulfonyl, or (lower alkyl or aryllower
alkyl)sulfonylaminocarbonyl; or Z is tetrazolyl, triazolyl or imidazolyl; Q
is a direct bond, lower alkylene, Y, -lower alkylene or Cz-C~ -alkylene
interrupted by Y~ ; X, is -C(O)-, -C(S)-, -S(O)-, -S(O)2-, or -P(O)(ORb)-,
and Rb is as defined above; Y is oxygen or sulphur; L is optionally
substituted -Het-, -Het-CHz- or -CHz-Het-, and Het is a hetero atom
selected from O, N or S; and x is zero or one; and aryl in the above
definitions represents carbocyclic or heterocyclic aryl. 8. A compound
according to claim 7 of formula II, or a physiologically-acceptable and
cleavable ester, or a salt thereof Rxi R2a R~ L' X~ NH II-N C-N x R~ I I
wherein: RZO is optionally substituted (aryl, aryl-lower alkyl, lower
alkenyl, lower alkynyl, heterocyclyl, or heterocyclyl-lower alkyl);   0 2
MAY 2002 -132 Rzz and Rz3 together with the carbon atom to which they are
attached form an optionally substituted (cycloalkyl group or
heterocycloalkyl group); R24 and R25 are independently H, optionally
substituted (lower alkyl or aryl-lower alkyl), -C(O)ORS, or -C(O)NR~Rg, and
R~ and R8 are as defined in claim 7; or 



R24 and Rzs together with the carbon atom to which they are attached form
an optionally substituted (cycloalkyl group or heterocycloalkyl group); X,
is as defined in claim 7; Y is oxygen or sulphur; L' is optionally
substituted (-Het-CHZ- or -CHZ-Het-), wherein Het is a hetero atom selected
from O, N or S; and x is zero or one. 9. A compound of formula If or a
physiologically-acceptable and -cleavable ester or a salt thereof "24 R~ L'
X~ NH-t--C-N C-N ~x wherein: Rzo' is optionally substituted (C6-C,g aryl or
C4-Cig heteroaryl); R22' and R23' together with the carbon atom to which
they are attached form an optionally substituted (C3 -Cs cycloalkyl group
or C4 -C~ heterocycloalkyl group); Rz4' and R25' are independently H, or
optionally substituted (C 1-C8 alkyl, C~-C 14 aralkyl, or CS-C,4
heteroaralkyl), -C(O)OR6', or -C(O)NR6'R~'; wherein R6' is optionally
substituted (C~C8 alkyl, CrC,4 aralkyl, C3-C8 cycloalkyl, C4-C~
heterocycloalkyl, CS-C14 heteroaralkyl, C6-Ci4 aryl, or C4-C i4
heteroaryl), and R~' is H, or optionally substituted (C,-C8 alkyl, C~-C,4
aralkyl, C3-Cg cycloalkyl, C4-C~ heterocycloalkyl, CS-C,4 heteroaralkyl,
C6-C14 aryl, or C4-Ci4 heteroaryl); or   0 2 MAY 2002 -133 Rz4' and Rzs'
together with the carbon atom to which they are attached form an optionally
substituted (C3-C8 cycloalkyl group or C4-C~ heterocycloalkyl group); X, is
-C(O)-, -C(S)-, -S(O)-, -S(O)z-, -P(O)(OR.6')- wherein R6' is as defined
above; Y is oxygen or sulphur; L' is optionally substituted (-Het-CHz- or
-CHZ-Het-), wherein Het is a hetero atom selected from O, N or S; and x is
zero or one. 10. The use of an effective amount of a cathepsin inhibiting
pharmaceutical composition comprising a compound of formula III for the
preparation of a medicament for inhibiting cathepsin activity in a mammal, 



R~ R~ III R~ NH-C-CONH-C-~N (Y~)n' ( ~ ) p"A-Z wherein R3o is an acyl group
derived from an organic carboxylic, carbonic, carbamic or sulfonic acid;
R32 and R33 are independently hydrogen, lower alkyl, cycloalkyl,
bicycloalkyl, or (aryl, biaryl, cycloalkyl or bicycloalkyl)-lower alkyl; or
R32 and R33 together represent lower alkylene so as to form a ring together
with the carbon to which they are attached; R34 is hydrogen or lower alkyl;
Y, is O, S, SO, SOz, N(R6)SO2, N--R6, SOZNRb, CONRb or NR6C0; n is zero or
one; p is zero or one; XZ is lower alkylene; or when n is zero, Xz is also
Cz-C~-alkylene interrupted by O, S, SO, SO2, NRb, SOZNR6, CONR6 or NR6C0;
R6 is hydrogen, lower alkyl or aryl-lower alkyl; Ar is arylene;   0 2 MAY
2002 -134 Z is hydroxy, acyloxy, carboxyl, esterified carboxyl, amidated
carboxyl, aminosulfonyl, (lower alkyl or aryl-lower alkyl)aminosulfonyl, or
(lower alkyl or aryl-lower alkyl)sulfonylaminocarbonyl; or Z is tetrazolyl,
triazolyl or imidazolyl; Q is a direct bond, lower alkylene, Y,-lower
alkylene or Cz-C~ -alkylene interrupted by Yi; or a pharmaceutically
acceptable salt or ester thereof; in combination with a pharmaceutically
acceptable Garner. 11. A compound according to claim 8 wherein R22 and R23
together with the carbon to which they are attached form a CS-C8-cycloalkyl
group. 12. A compound according to claim 11 wherein RZZ and R23 together
with the carbon to which they are attached form a C6-cycloalkyl group. 13.
A compound according to claim 12 wherein Y is oxygen; X, is -C(O)-; x is
zero; and RZa and Rzs are both H or CH3. 14. A compound according to claim
7 wherein R is phenyl or substituted phenyl comprising 4-chlorophen-1-yl,
3,4-dichlorophen-1-yl, 4-methoxyphen-1-yl, 4-methylphen-1-yl,
4aminomethylphen-1-yl, 4-methoxyethylaminomethylphen-1-yl,
4hydroxyethylaminomethylphen-1-yl,
4-hydroxyethyl-(methyl)-aminomethylphen-1-yl, 3aminomethylphen-1-yl,
4-N-acetylaminomethylphen-1-yl, 4-aminophen-1-yl, 3-aminophen-1-yl,
2-aminophen-1-yl, 4-phenyl-phen-1-yl, 4-(imidazol-1-yl)-phen-1-yl,
4-(imidazol-1-ylmethyl)phen-1-yl, 4-(morpholin-1-yl)-phen-1-yl,
4-(morpholin-1-ylmethyl)-phen-1-yl, 4(methoxyethylaminomethyl)-phen-1-yl
and 4-(pyrrolidin-1-ylmethyl)-phen-1-yl, 4-(2thiophenyl)-phen-1-yl,
4-(3-thiophenyl)-phen-1-yl, 4-(4-methylpiperazin-1-yl)-phen-1-yl,
4(piperidinyl)phenyl or 4-(pyridinyl)-phenyl.   0 2 MAY 2002 



-135 15. The use of an effective amount of a compound of claim 9 for the
preparation of a medicament for selectively inhibiting cathepsin K activity
in a mammal. 16. The use of an effective amount of a compound of claim 3
for the preparation of a medicament for selectively inhibiting cathepsin L
and/or S activity in a mammal. 17. A process for the preparation of a
compound of formula I as defined in claim 7, comprising (a) converting an
amide of the formula VI Rs R L X~ NH-C-CON~ttC-CONH2 VI wherein R, R2, R3,
R4 and RS have meaning as previously defined in claim 7 for the compounds
of formula I to a nitrite of formula I; or (b) condensing a compound of the
formula VII R4 NH2C-C-N VII Rs wherein R4 and RS have meaning as defined in
claim 7, with an acid of formula VIII R L X~ NH-C-COOH VI11 wherein R, Rz,
and R3 have meaning as defined in claim 7; or with a reactive derivative
thereof; or   0 2 MAY 2002 -136  (c) condensing a compound of the formula
Ia 14 H2N-C-CONH-C-C-N (la) R2 Rs wherein R2, R3, R4 and RS have meaning as
defined in claim 7 with an acid corresponding to the group R-[L]X-X,- or
with a reactive derivative thereof; and in the above processes, if
required, temporarily protecting any interfering reactive groups and then
isolating the resulting compound of the invention; and, if desired,
converting any resulting compound into another compound of the invention;
and/or if desired, converting a resulting compound into a salt or a
resulting salt into the free acid or base or into another salt. 18. The use
of an effective amount of a compound of formula I as defined in claim 7 for
the preparation of a medicament for inhibiting cathepsin activity in a
mammal. 19. The use of an effective amount of a pharmaceutical composition
as defined in claim 6 for 



the preparation of a medicament for treating cathepsin dependent conditions
in a mammal. 20. The use according to claim 19 for treating inflammation,
osteoporosis, rheumatoid arthritis and osteoarthritis. 21. The use of an
effective amount of a compound as defined in claim 7 for the preparation of
a medicament for treating cathepsin dependent conditions in a mammal. 22. A
cathepsin inhibiting pharmaceutical composition comprising a compound of
formula I as defined in claim 7, in combination with a pharmaceutically
acceptable carrier. .A.A.A.Ay.,.Ay{R.AYY.Ay.A.AA?.AyU.AY.AH.Ay
.Ayy.AHE.A_.A.A_.A.Ar.A.A3.A.A5l.Afn.A[.A2
.Ay.A.Ay.AI.A#.}.A..An_.An_.A5.A.Af..A.A..A.AfH.A!e.AT
.AD.A[Y.A\l.AHY.A.A.A@.AS..A.AU.Af.Ay3'A.A.0{A.9A.A.lhA.d&!A.QA.49.AF.Ah!.A
f3.AyF.Ay!.A .Ay 7 .Afl.Af9!.ASA9.A%.A[39.A%.A
.A,r.Af%.Afh%.Ay%.Ay!9.A[L.A.AS.AS9.AA%.A%.Ay
%.A59.A!%.Af[%.Af_.Ay_.Ay9.AL.A_.A{L.AL.Ay+.AA.(A.LHA._uA.!.AA.A.lA.2A..A.,
A.%A..AA.YA.Y.A5.AA..A.AnA.y2H.A.Ah3.AF%.AY{.AY[%.Al
9.A{Y_.A%.AY%.Al3%.Al_.AYL.AFTB:`  ! |T45  C
|T|T(T|#.#.??~?~?~?~?~??<<<<<>>>>><<>>>>>>>>>><?<>>>>>?>?>?<<<<<<<>?????|??
?<?`???????p????????????>??????????????????????????????>>>>>x>x>x>|>|>|>|>|
>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|>|?|?|>|>|>|>|>|>|?|?|?|>|>|>|>|>||||>||>|>
|>|>~>~p>~>~>>~???????%3@SN?!b ^  }'(BF|wrmhc]X]caU]ca]c
a]ca]ca]ca]ca]caU]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c(a]c
a]c:a]cTa]ca!Xa#5B""Q#l#p###2$?$$$$&{vqlgb]X]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]caU]caU]ca]ca]ca!&'O'''((C)M)m)))'*4*O***+k+-h------*.H.|..//
i///|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c4a]ca]ca]ca]ca]ca]ca]ca]caU]ca
]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!/0c000000031o1|1112?333K444444Y555%66
66Y777{vqlgb]X]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]caU]ca]c a]ca]ca]ca]ca!777<%=M=Q=V==>+>F>J>@wAABcBBCIEVEqEvEE
FFFI]IdJnJsJJ|wrmhb]X]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]caU]ca]ca]ca]ca]ca]ca!JJJJKhKtKKLL$L`LLHMYMMMM_NrNNNOrOOOPJPRPPPPPP
{vqlfa\VU]ca]c
a]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca
]ca]ca]caU]ca]c a]ca]ca!PPiQQQQ?SSSYTTU$U(UiUUU@VEVcWpWWWWXXRXXXXY
YY|wrmgb\Wlfa\VU]caU]ca]caU]ca]ca]ca]caU]ca]ca]ca]caU]ca]c
a]caU]ca]ca]ca]ca]caU]ca]ca]ca]ca]caU]ca]ca]caU]ca]ca]ca]ca]ca
YZZ[r[[+\\\,]9]T]Y]]_#`a!b*bJbLbTbob~bbbbbb<cIccc3dytoje`[V]ca]ca]ca]c"a]ca
]ca]caU]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca!3dZdde[eef!f|ff=gggChh1jjjjkwkklnll2mmmFnnnooo
}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!ooUpfpppqqqIrYrrs{s
s.ttu u(u-u_uvyV||z,}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!
el)g!Ee(#-p}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca!p7qIDy?B<v:JX}xsnid_Z]ca]c a]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca!Xsy.e7wOw}xrmhc^Ynid_Z]c]ca]ca]ca]ca]caU]ca]ca]caU]ca]ca]caU]ca]c
a]ca]ca]ca]c^a]ca]c^a]ca]ca]c a]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca
&_lQ~ytoje`[V]ca]ca]ca]c a]ca]ca]ca]ca]ca]c a]ca]ca]ca]caU]ca]c
a]ca]ca]ca]ca]ca]ca]ca]c a]caU]caU]caU]c a]ca]c
a]ca]ca]ca!,9ACL\begilrc/K/<ytojd_ZUje`[V]c
a]ca]ca]c^a]ca]ca]ca]c^a]ca]ca]c^a]ca]ca]ca]caU]ca]caU]ca]ca]caU]ca]ca]ca]c
^a]ca]c^aU]caU]ca]c a]ca]ca]ca <WZ#Im
$&*>}xrmgb\Wjd_ZUje`[V]]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]ca]c^a
U]caU]ca]c
a]ca]ca]ca]ca]c^a]ca]ca]c^a]c^a]ca]ca]caU]ca9hk%*TY]cgns}xsmhb]Xjd_ZUje`[V]
]]ca]caU]ca]caU]ca]ca]caU]ca]ca]ca]ca]c
a]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]caU]ca]c a?D
$&),Ta|8LOw03~ysmhb]XSje]ca]ca]ca]c^a]ca]c^a]c^a]ca]ca]caU]ca]c
a]ca]ca]caU]ca]ca]ca]c0a]ca]c0a]caU]ca]caU]ca]ca]caV]ca UV]caU]ca]caU]ca
3Th+|@gJ)07^aA~~xsnic^Yje]ca]]ca]ca]c^a]ca]ca]ca]c^a]c^a]ca]ca]ca]ca]c
a]ca]ca]c^a]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]c^a
~r'?B#O#_j0}wrlgb]Wnic^Yje]ca]c^a]ca]c
a]caU]ca]ca]c^a]c^a]ca]ca]ca]c^a]c^a]ca]ca]c^a]ca]ca]ca]c^a]ca]c^a]c^a]ca]c
a]caU]ca]c a]ca]c^a]c^a0> h k  Ktw
^v!$/s?itzytoje_ZUje]]ca]ca]c^a]ca]ca]ca]ca]c^a]c^a]ca]ca]c^a]ca]c^a]c^a]ca
]ca]ca]c a]ca]c^a]c^a]ca]ca]c^a]ca]ca]ca]c^a]ca]ca]ca DGTorvx|mq  6 C N
|wrmga\Vje_ZUje]]]c^a]ca]c^a]c^a]ca]c
a]ca]ca]ca]ca]caU]ca]ca]c^a]caU]ca]c^a]ca]caU]ca]caU]caU]caU]ca]c
a]ca]c^a]ca]c^a]c^a]ca
##R#{#####"$#$#$'$4$O$R$T$V$]$&&''''(-(0(s((((~xsnic]XSje_ZUje]ca]c
a]c^a]c^a]ca]ca]caU]ca]caU]ca]c^a]ca]caU]ca]caU]caU]caU]ca]c
a]ca]c^aD]ca]c^a]ca]c^a]c^a]ca]ca]caU]ca]ca((*$*?*B*8+C+++-.N.X.[..a//u2222
222v444878~8M;<{vpkf`[Vje_ZUje]c]ca]ca]c^a]ca]ca]c^a]caU]caU]ca]c
a]ca]c^a]c^a]ca]c^a]ca]c^a]ca]c^a]c^a]ca]ca]ca]c^a]ca]caU]caU]ca]ca]caU]ca<
!<$<1<L<O<f<i<m<q<<=== =H=J=R=~============9>;
>zupje_ZTje_ZUje]U]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]c
aU]ca]caU]ca]ca]caU]caU]ca]caU]caU]caU]ca]c a]ca]c^a;
>K>P>[>^>k>>>>>>>>?&?K?V?m?q?{???????????@I@K@}xrmhb]Xje]U]c]c
a]caV]ca]ca]caU]ca]c
a]caU]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]caU]ca]c
a]caU]ca]ca]ca K@@@@@@-A@AKAAAAAAAA:BFBDDHEUEGGGG$HI>JHJKKKztoic^YSjeU]ca]c
a]ca]c^a]c^a]ca]c^a]ca]c^a]ca]ca]c^a]c^a]ca]ca]c^a]c^a]ca]ca]ca]c
a]ca]c^a]c^a]ca]ca]ca]caU]ca]ca]ca]ca
KKWLLM!M$MkMMMCNNO)OOOOOOOPPPKPUPVP[P^P`PiPpPqPrPzupic^XSje]caU]ca]caU]ca
UV]ca]ca]ca
UV]caU]ca]caU]ca]caU]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]c^a]c^a]ca]ca]ca]
ca]ca]ca rPPPPPPP
QQ6Q9QDQQQQQS(T[W^WWWYYNZgZjZZZZZZ~xsmhc]Wic^XSje]caU]caU]ca]c
a]ca]c^a]ca]c^a]c^a]ca]ca]c^a]c^a]ca]ca]c^a]ca]c^a]ca]c^a]c^a]ca]caU]ca]c
a]ca]c:a]ca]c:a]caU]ca]caZX][]]``````bb
c"c%c5cHdUdpdsdff*fhhhGjTjujQl,mmm~xsnhc^XSje]ca]c^a]ca]ca]c^a]ca]ca]c^a]ca
]ca]c^a]ca]ca]caU]ca]c
a]ca]c^a]ca]c^a]c^a]ca]ca]c^a]c^a]ca]c^a]ca]ca]c^a]ca]ca
mmnnpnn5ooo0pppppqq!q-q2q4q8q@qqqqqqqqqqq~yrlga\Whc^XSje]ca]ca]caU]ca]caU]c
a UV]ca]ca]ca
UV]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca
]c
aqqqqrr2r=rrrrrrrss+uu0v=vxyy||}}}}}}>}{upje_ZUhc^XSje]]ca]caU]ca]ca]c^a]ca
U]ca]c a]ca]c^a]ca]ca]c^a]c^a]ca]ca]caU]ca]c
a]ca]c^a]ca]c^a]c^a]ca]caU]ca]caV]ca 



UV]caU]ca>}D}J}s~~~~~~X}:4~ysnic^Yje]]ca]ca]caU]ca]ca]caU]ca]ca]caU]ca]ca]c
a]caU]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]c a]ca]ca]ca
25mCLou0(zupje`ZUje]]c aU]c a]c a]c a]c^a]ca]ca]caV]ca]ca]caU]ca]ca]c
a]ca]ca]ca]caU]ca]ca UV]caU]ca]ca]ca]ca]ca]ca]caU]ca]c a]caU]ca
(4:="468=@&(0QU]acemptzuojd^YSjeU]ca]caU]caU]ca]caU]ca]ca]ca]ca]caU]ca]caU]
caU]ca]ca]ca]caU]ca]ca]caU]caU]ca]caU]caU]ca]ca]ca]c a]ca]c a]c a]c&a
t*.dhkmoqy|37\^}wrlga\Vjd^YSjeU]U]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]
ca]caU]caU]caU]ca]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]ca]ca*-/RT{vpkf`
[Vjd^YSjeU]]ca]caU]ca]ca]caU]ca]ca]ca]ca]caU]ca]ca]caU]ca]ca]ca]caU]caU]caU
]ca]ca]caU]ca]caU]caU]caU]caU]caU]caU]ca]ca'*<>QSTWZbdfhjsvz~}wqlfa[Vjd^YSj
eU]]caU]ca]caU]ca]caU]caU]ca]caU]caU]ca]ca]caU]ca]caU]ca]ca]caU]c a]c
a]caU]ca]ca]ca]caU]ca]ca]c^a]ca]caU]caU]caGMQ_c{~{uoid_ZTjd^YSjeUU]ca]ca]ca
]caU]caU]caU]ca]caU]caU]caU]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]ca
]ca]caU]ca]caU]ca]caU]ca!.0bnqtvxz|zuoid^YSjd^YSjeU]c
a]caU]ca]caU]caU]ca]caU]caU]ca]caU]ca]ca]caU]ca]caU]caU]caU]caU]caU]caU]caU
]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca(AD g/78_gwy~xsmhb]WjeU]c U]ca]caU]ca]c
aU]c a]c a]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c a]c
aU]ca]caV]c8a]c8a]caU]ca]caU]ca COjmz?HUYisy{}
(+8?ac~ytojd_YTjeU]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca]ca]ca]caU]ca]
caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]c a]caU]ca]ca]ca
!#0lot+FIn~ytnic^XSje]caU]ca]caU]ca]caU]ca]ca]ca]c
a]caU]ca]ca]caU]ca]ca]caU]ca]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca
U]ca 379;tKcDM{}}xsnhc^XSje]caU]ca]ca]caU]ca]ca]ca]caU]ca]caU]ca]caU]ca]c
aU]caU]ca]ca]ca]caU]ca]caU]ca]ca]ca]c a]caU]ca]caU]ca]caU]ca]ca
>FGQTXdw{upke`ZUje]]caU]ca]caU]ca]ca]caU]ca]ca]ca]ca]caU]ca]ca]caU]ca]c
a]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]c aU]caU]ca]ca]caU]ca <L
#+Lrtw#')59\a{upkfa[Uje]U]caU]ca]cRa]ca]ca]caU]ca]ca]caU]ca]ca]c
a]cRa]ca]caU]ca]ca]caU]ca]ca]caU]ca U]c^a]caU]ca]c a]ca]ca]ca]ca]ca]ca
!&<>@E`i.1>_tw{vpke`ZUje]]caU]ca]caU]ca]caU]ca]caU]ca]c a]caU]ca]caU]c
aU]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]caU]ca]c a]caU]ca]ca
#%'+1]cp{vpke`ZUke`ZUje]]caU]ca]caU]ca]caU]ca]ca]caU]caU]caU]caU]ca]caU]ca]
caU]ca]caU]ca]c
a]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca$'5NXZ"%2S|wqlfa\Vke`ZUje]]U]ca]c
a]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]caU]caU]ca]caU]caU]ca]caU]ca]caU]ca
]caU]ca]ca]ca]ca]ca]caU]caS%:EISYfztoje`[Vje]]]ca]ca]ca]ca]ca]caU]ca]caU]ca
]caU]ca]caU]ca]c
a]ca]caU]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]ca #&MU[dIK
1dl~ytoid^YTje]]ca]caU]ca]caU]ca]c
a]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]c"a]caU]ca]ca]ca]caU]caU]ca]
ca]ca]ca]ca]ca
l~.268@NTaz}UZ\^bytnic^XSje]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]caU]ca]caU
]ca]c a]ca]caU]ca]caU]caU]ca]ca]ca]caU]ca]caU]ca]ca]caU]ca]ca
+.AQZlQX|wrmhb]Wic^XSje]caU]ca]c aU]c
a]c,a]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]c
a]caU]ca]caU]ca]caU]ca'/DM,/6=?dghKTcex(~xsmhb]XSje]c
a]ca]caU]ca]caU]ca]caU]ca]c^a]ca]ca]ca]caU]ca]caU]ca]caU]caU]caU]ca]c
a]ca]ca]caU]ca]ca]ca]ca]ca]caU]caU]ca (ADLN_(+i!Gez}v~xsnid_ZU]ca]ca]c
a]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]c^a]c^a]ca]ca]
ca]ca]caU]ca]ca]ca]ca!"%\
5t!<s/tg}xsnhb]Xid_ZU]c]ca]ca]c^a]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]c^a]ca
]ca]ca]ca]c a]ca]ca]ca]c^a]ca]ca]c^a]ca]ca]c^a]ca]ca '*\j,!.GJqt;
~ytoid_YTid_Z]ca]c^a]ca]ca]c^a]ca]ca]caU]ca]c"a]ca]c^a]ca]ca]ca]c^a]ca]ca]c
a]c^a]ca]ca]c^a]ca U]c^a]c^a]ca]ca]caU]ca]c a]ca C.1
bw+h?zupkfa\Vid_Z]]c^a]ca]ca]ca]ca]ca]ca]c^a]c^a]ca]ca]caU]ca]c.a]caU]ca]ca
]ca]c^a]ca]ca]ca]c^a]ca]ca]c^a]ca]caU]ca]c a]ca]ca ?hk)~'a
Xd{upkfa\Vid_Z]]c^a]ca]ca]ca]ca]caU]ca]c
a]ca]ca]c^a]ca]ca]c^a]ca]ca]c^a]ca]ca]ca]c^a]caV]ca]ca]ca]ca]c
a]ca]ca]c^a]ca]c^a T9FZe^dqV
~{zuoje`ZTid_Z]c^a]c^a]ca]ca]ca]c^a]ca]ca]c^a]c^a]caU]ca]c
a]ca]ca]ca]c^a]ca]ca]c^a]ca]ca]c a]c^a]ca]caU]ca]ca]ca]ca]c^a]ca T)/<UXYd
[ E"K"d"g"""#4#@###ytoje`ZTid_Z]c^a]c^a]ca]ca]ca]c
a]caU]caU]ca]ca]ca]ca]c^a]caV]ca]ca]ca]c^a]caV]ca]ca]ca]c^a]ca]caU]ca]c
a]ca]ca]ca]c^a]ca
##X%b%)&5&&&&&?'N*Q***@+F+S+l+o+-_--///"0(07033B4r5{vpkf`[Vid_Z]]ca]ca]c^a]
ca]caV]ca]ca]c^a]ca]ca]ca]c^a]ca]ca]ca]c
a]ca]ca]ca]c^a]ca]ca]ca]c^a]ca]c^a]c^a]ca]caV]ca]ca]ca
r5x55555699T:<<*===p?w????@@$A-AQATAAAhDkDDE|wqlgb\Wkf`[Vid_Z]]]ca]c^a]ca]c
a]ca]c^a]ca]c^a V]c^a]c^a]ca]caU]caU]ca]c
a]ca]ca]ca]c^a]caV]ca]ca]ca]c^a]ca]c^a]ca]caU]ca]c
a]caEGGGHHH9I=I@IMIfIjImIIKKKKNNO\ORRRRRSSS~SS{vpje_ZUid_Z]]ca]caU]ca]caU]c
aU]ca]ca]c^a]ca]ca]ca]c^a]ca]ca]ca]c^a]ca]ca]c^a]ca]caU]ca]c
a]caU]ca]ca]ca]ca]ca]c^a]ca]ca
SSSSSSSSSSSSSSSSSSSTTT"T`TcTrTTTTTTT|wrlgb\Wje_ZUid_Z]]]caU]ca]ca]caU]ca]ca
]ca]cRa]caU]ca]caU]ca]ca]ca]ca]caU]ca]caU]caU]ca]ca]c
aU]caU]ca]caU]caU]caU]caU]ca]ca]caTTTTTU
U3U=UAUCUXU^U`UbUuU|U~UUUUUUUUUUUUUUU{upje_ZTje_ZUid_ZU]ca]caU]ca]caU]ca]ca
U]caU]ca]caU]ca]caU]ca]caU]ca
U]c^aU]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca]ca]caU]ca]c aU]c aU]c
aUUUUV!V%V1VVVVVVVWWWWWW#W>WBWEWGWLWUWwW~WWWW|vqlga\Vje_ZUid_ZU]U]ca]caU]ca
]ca]ca]caU]caU]ca]caU]caU]ca]c a]caU]caU]caU]caU]ca]ca]caU]ca]ca]c aU]c
a]ca]caU]ca]ca]caU]ca]ca]caWWWWWWWWWWWWWX
X&XHXNXPXnXXXXXXXXXXXXX}wrlf`[Uje_ZUid_ZUU]ca]caU]caU]caU]ca]caU]ca]caU]ca]
caV]ca]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]caX
XYYY7Y>YBYVYcYiYnYpYsYYYYYYYYYYYYYYEZFZWZZZZ~ysnhc^XSid]caU]ca]ca]caU]ca]ca
U]ca]ca]caU]caU]ca]caU]caU]ca]caU]ca]ca]ca]ca]caU]caU]ca]ca]ca]ca]caU]ca]ca
]ca]caU]ca]ca Z#[&[/[1[4[6[8[;[E[L[P[R[W[_[b[[[[[[[[[[[[[[\\
\|wqlfa[Vhc^XSid]c]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]ca]caU]ca]c
aU]caU]ca]ca]caU]ca]caU]caU]ca]caU]ca]ca]caU]ca]ca
\\"\'\+\3\>\C\J\P\X\[\_\c\i\m\p\w\z\|\~\\\\\\\\\\\\~xsnhc]XShc^XSid]ca]caU]
ca]caU]ca]ca]caU]caU]caU]ca]ca]c.aU]ca]caU]ca]caU]caU]caU]ca]ca]caU]caU]ca]
caU]ca]ca U]c^a]caU]ca]caU]ca\\ ]]!]/]6]9]A]C]M]U]Y]v]]]]]]]]]]]]]^^ 



^^^
^|wqlfa[Vhc^XSid]c]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]caU]ca]ca]c
a]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca
^%^,^4^7^=^?^C^E^O^U^W^^^a^s^x^|^^^^^^^^^____-_>_F_|wqlga\Vhc^XSid]cU]ca]ca
U]ca]ca]caV]ca]ca]ca]ca UV]ca]caV]ca]ca]ca]caV]ca
UV]ca]ca]ca]ca]c.a]ca]ca]caU]ca]caU]ca]caU]caU]caU]caF_I_V_q_u_x_{_________
____________.`2`H`J```ytnid^YSidU]ca]caU]ca]ca]caU]ca]caU]ca]caU]caU]ca]caU
]ca]caU]ca]caU]ca]caU]ca]c*a]ca]ca]caU]ca]caU]ca]c a]ca]ca]ca]c a]ca
````aaa aaa a&a+a7a=aAaEaIaKaOaTaUaVaZa\a^aeaiakamasa}xrmg`YSytnid^YSidU]ca
UV]ca
UV]caU]ca]caU]ca]caU]caU]caU]ca]caU]caU]ca]caU]ca]c,aU]ca]caU]caU]caU]ca]ca
U]caU]caU]ca]caU]ca]caU]ca]casaua|aaaaaaaaaabbb-b1b4b9bCbUbWbYb[b]bcbfbzbbb
bb|wqkfa[Vid^YSidU]]caU]ca]ca]caU]caU]c a]c aU]c aU]c aU]caU]c
a]ca]caU]ca]ca]caU]ca]c"a]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]caU]ca]cabbbbbb
bbbbbbbbcc'c1c=cEcGcRcccfcccccccdd{vpke`ZUid^YSidU]]caU]ca]caU]ca]caU]ca]ca
U]ca]caU]ca]caU]ca]ca]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]c
a]caU]caU]cadd!d*d7d=dOdSdUdXdZd^dadcdhdldndpdrdxd{dddddddddddd~ytoje`ZUid^
YSidU]]c aU]c a]c a]ca]c a]c a]ca]ca]ca]ca]c
a]caU]caU]caU]caU]ca]caU]caU]ca
UV]caU]ca]caU]ca]caU]ca]caU]ca]caV]ca]caU]caddddddddddee0e5eIeVeqeueweye{e}
eeeeeeeeeee{upje`ZUid^YSidU]]caU]ca]ca]caU]ca]c aU]c a]c aU]c
a]caU]caU]ca]caU]ca]ca]ca]c.a]caU]ca]ca]caU]ca]caU]caU]c a]c aU]c aU]caU]c
a]c aU]c aeeeeeeefifqfffffffffffffg g
ggggggggzuoic^XRid^YSU]caU]ca]caU]caU]caU]ca]caU]ca]ca]ca]c
a]caU]caU]caU]caU]caU]caU]ca]ca]caV]ca]ca]ca]caU]ca]caU]ca]caU]caU]caU]cag"
g$g&g)g6g7gQgUghiwjjj0l=lElYlvlyl|llllln'ndnvn?oNopp{vqlgb]XU]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]c
a]ca]c^a]ca]ca]ca]ca]ca]caU]ca]c a]caU]caU]caU]ca pq
qq!qRqqrrrrr"rFrNrrsstt$t't.t1t>tEttttuyuuFvvzupkfa\Wca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]c
a]caU]ca]caU]caU]ca]ca]ca]ca]ca]ca]ca]ca]c*a]ca]c*a]ca]ca]ca]ca]ca]ca]c
a]ca!vvvv*wCwlww%x=xxxx'yzzz>{H{P{{{e|t|}}/~~~~B|wrmhc^Yca]]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca!#Ny b>V/?S/A
{vqlgb]Xca]]c4a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca!
',09(bZsY8{vqlgb]Xca]]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]caU]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca!8J $6CIQj$ 



VSRmz{vqlgb]Xca]]ca]ca]ca]c a]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca!r"LOil!$
4DXcuyF}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]c
a]ca]ca]caU]ca]caU]ca]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca!"LOil!$4D
XcuyF}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]c
a]ca]ca]caU]ca]caU]ca]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca%3@SiK-&$1
0%:&'()- !10%:&'()-&-10%:&'()-S&10%:&'()-
910%:&'()-M10%:&'()-9@10%:&'()-N?!iK-!G"10%:&'()-10%:&'()-9"10%:&'()-S#10%:
&'()-,%10%:&'()-f#10%:&'()--10%:&'()-b ^
eF-!G"10%:&'@2%10%:&'()-0Z"10%:&'()- .Z10%:&'()-L-
10%:&'()-,#`$10%:b&'()-`,#`$10%:&'()-` }Bxmb@!G"10%!~ &10%::&'()- 10: 10:
10:810%:&'()-F7 %10%:&'()-5#10%:&'()- 310%:&'()- BF}[<1@
10:2$10%:&'()-!I%10%xx&'()-3%10%:&'()-3!Xa-&10%&'()-!@a-&10%::&'()-I10%:&'(
)-jH@ 10:!10%::&'()-!@y$10%::&'()-y10%:&'()-&10%:&'()-9'10%:&'()-F 10:
10:jzX9H@ 10:y"10%:F&'()-S!@y"10%z;z;&'()-S!;y"10%uu&'()-S!;
y"10%u[u[&'()-Sy"10%:&'()-S!<  10%vv&'()-Xxa6{Y7H@
10!Iy#"10%&'()-!Iy#"10%&'()-!@y#"10%zz&'()-!Dy#"10%~~&'()-
Dy#"10%~~&'()-y"10%:&'()-S6`A 10!Iy10%&'()-&10%&'()-  10: 10: 10:Y
410%:&'()- Y 410%&'()-y#"10%:&'()-#5dE`A 10!I@#10%&'()-9Y 10%&'()-'10%&'()-
!10%&'()-'10%&'()-S10%&'()-BI: bC`A 10!Ifz#10%]&'()-fz#10%x&'()-fz#10%;
&'()- `fz#10%&'()-L 



10%&'()-@#10%&'()-:  !"""N#O#P#dE:/ 10
10810%&'()-S5Y10%&'()-fz#10%&'()-fz#10%&'()-fz#10%&'()-fz#10%#&'()-P#Q#l#p#
##2$?$xY:/ 10f&10%&'()-@10%&'()-  10%&'()-@fY10%&'()-S10%&'()-y10%&'()-
10?$$$$X%%&dE:/ 10f& `10%&'()- `10%&'()- `10%&'()-S10%&'()- 10%&'()- Y
10%&'()-&&&'O'''~_@:/ 10 $:10%&'()-y#-10%&'()- `!10%&'()-f:!10%#&'()-
Df:!10%&'()-)!Df:!10%&'()-'(((C)M)m)dE:/ 10310%&'()- 2310%&'()-L0G10%&'()-
)S 10%&'()- )S 10%&'()-y'"10%&'()-m)))$*%*&*'*O**_= 10!x@Y&10%
&'()--!9!Y&10%MM&'()-- 10 10 108
10%&'()-,6@10%&'()-,@5'10%&'()-**+k+-h--dE_= 10!x10%M&'()-f
10%M&'()-$10%M&'()-9z#10%M&'()-10%M&'()-3 `10%M&'()-----*.H.|.}^?_=
10!*10%M&'()- 



( 10%M&'()-L'"10%M&'()-%&10%M&'()-!m 10%VV&'()-!+m
10%MMMM&'()-|..//i///0dE_= 10! 4 10%M&'()- 23 10%M&'()-F1"10%M&'()-
/M10%M&'()--&!10%M&'()-S,- 10%M&'()-0c00000000bC 10!y10%&'()-S&10%&'()-
10M 10M 10M910%M&'()- 7M10%M&'()-96!10%M&'()- 00031o1|11dEbC 10!S&10%&'()-S
10%&'()-910%&'()-S  S10%&'()-Sy10%&'()-f10%&'()-11222?33dBbC
10!!DfM!10%00&'()- , 10%&'()- , 10%&'()- , 10%&'()-SsY10%&'()-
10%&'()-33K4444Y5dEbC 10!!)"10%&'()- y&10%&'()-y$`10%&'()- ,#10%&'()-fs!
10%&'()- @10%&'()-Y555%6666dEbC 10!!f5!10%&'()-3M10%&'()-2 



%10%&'()-`03"10%&'()-&-S10%&'()-l+%10%&'()-6Y77777777bC
10!!y10%`&'()-10%`&'()-0L'10%`&'()- 10 10 108f10%&'()-7"10%&'()-779::);
<zX6bC 10!S%10%``&'()-:!S%10%`K`K&'()-:!N%10%`T`T&'()-:
%10%&'()-:!D%10%``&'()-: ;%10%a&'()-:<><%=C=V===yZ;bC
10!610%`&'()-110%`!&'()-!`F+m 10%&'()-!+F+m 10%`C`C&'()-!6!3"10%``&'()-
6!3"10%6&'()-=>>>>+>F>J>>b@ 10!!Nyf"10%&'()- S10%`&'()-&10%`&'()-&10%`&'()-
10` 10` 10`610%`&'()->}?+@@wAAAwV7b@ 10!yf"10%`f&'()-  ayf"10%&'()-
!\yf"10%&'()- !Syf"10%&'()- !Nyf"10%&'()- !Nyf"10%FF&'()- ABcBBCzCC}[9b@
10!!I)"10%&'()-!@)"10%&'()-yf"10%`&'()- !fyf"10%&'()- !ayf"10%`q`q&'()-
yf"10%`&'()- C0DDFEGEHEIEVEqE{\= 10!!y10%&'()-0y&10%&'()- 10` 10`
10`)"10%`&'()-!I)"10%`X`X&'()-!I)"10%&'()-qEvEE F)FFFb@{\=
10!!!\010%&'()-@10%&'()- 10%MM&'()-S 10%&'()-
fF10%&'()-yf10%&'()-FFHvHHI]IaB{\=
10!!!*E#10%&'()-@S#10%:&'()-,@S#10%@&'()-,@S#10%&'()-,@S#10%h&'()-,!`10%//&
'()-]IJsJJJJJJJ}^SH= 10!! 10 10
10810%&'()-s6S10%&'()-410%&'()-!Ipy,%10%&'()-!@y,%10%;
;&'()-JKhKtKKL`L}^?SH= 



10!! &10%`&'()-10%`&'()-10%`&'()- 10%`&'()-!+@Y&'10%` `
&'()-!!Y&'10%``&'()-`LLHMYMMMMaBSH= 10!! y10%`&'()-s#10%`&'()-
10%`&'()-&10%`&'()-l:$10%`&'()-!BFS&10%,,&'()-M_NrNNNOrOdESH= 10!!
'z#10%`&'()-l%:10%`&'()-#m10%`&'()- "$10%`&'()-y
y10%`&'()-$10%`&'()-rOOOPJPRPPaBSH= 10!!
,710%`&'()-510%`&'()-!kY010%&'()-f,10%`&'()-`*@#10%`&'()-(m
10%`&'()-PPPPPPPPiQb@ 10!! !S%10%  &'()-YS10%:&'()-10%:&'()-'10%:&'()-  10`
10` 10`,&9 10%`&'()-iQQ?SYTTUiUzX6b@
10!1y&l10%kk&'()-!u#10%&'()-!@#10%::&'()-!6#10%::&'()-G!@%10%::&'()-S%10%:&
'()-YiUUU`WaWbWcWpWWrS4 10y'10%&'()-&10%&'()-F 10:: 10::
10::!@0F%10%::&'()--10%:&'()-!;y&l10%uu&'()-WWWRXXXXdBrS4 10y'!K
`910%&'()-10%&'()-10%&'()-m%10%&'()- S "10%&'()- @10%&'()-X YYYZxZZdErS4 



10y'!"10%p&'()-"10%&'()-"10%K
&'()-"10%&'()-"10%&'()-910%&'()-Z[r[[+\\\dErS4 10y'!s310%&'()-1$10%&'()-
0M!10%&'()- ,$10%&'()- +%10%&'()-f)`!10%&'()- \)]*]+],]9]T]Y]]bC
10y'!@@#10%&'()-f@10%&'()-y10%&'()-&'10%&'()- 10 10
106310%&'()-]_#`a!b*b2bdBbC 10y'!"10%@@&'()- M10%&'()-,#10%&'()-
%10%&'()-M!10%&'()-%10%&'()-`2bTbob~bbbbbzX9.C 10 610%&'()-!P@310%
&'()-9!s@310%&'()-9!s*10%SS&'()-ms*10%&'()-m!]0"10%33&'()-bbbbbb<cIccmN/
M!10%M&'()-'10%M&'()-G10%M&'()-  S10%M&'()-S10%M&'()-10%M&'()- 10
10cc3dZdde[edEmN/ M!10%MS10%M&'()-G"10%M&'()-Ls!10%M&'()- 10%M&'()-S
10%M&'()-f10%M&'()-[eef!f|ff=gdEmN/
M!10%M%!10%M&'()-$$10%M&'()-Y"!10%M&'()-
'10%M&'()-#10%M&'()-Sz#10%M&'()-=gggChh1jjdEmN/ M!10%M,96#10%M&'()--
%10%M&'()-@, "10%M&'()-*10%M&'()-( 10%M&'()-L'"10%M&'()-jjjjjjkwkk~\= M!
3"10%:&'()-!N@'10%XX&'()-z!A"'10%::&'()-z 10M 10M
10M9s10%M&'()-7$10%M&'()-klnll2mmmdE~\= M!, 10%:&'()-
10%:&'()-'$10%:&'()-&#10%:&'()- 



10%:&'()-Z10%:&'()-mFnnnooodE~\= M!9m 10%:&'()- %10%:&'()- "10%:&'()-
310%:&'()-$10%:&'()-"10%:&'()- ooUpfpppqdE~\= M!, ( 10%:&'()-y&3
10%:&'()-,$#10%:&'()-,#10%:&'()-! 10%:&'()-,"10%:&'()-qqqIrYrrsdE~\=
M!2`$10%:&'()-
,s0-#10%:&'()-.y10%:&'()-&-$10%:&'()-+3%10%:&'()-,)#10%:&'()-
s{ss.tttttudYNC M! 10: 10: 10:l:$10%:&'()-8%10%:&'()- 7"10%:&'()-
@y510%:&'()-3#10%:&'()-u u(u-u_uxy_=YNC M!!Sf%10%`N`N&'()-Z!Df%10%``&'()-Z
@f%10%`&'()-ZS10%`&'()-&10%`&'()-&'10%`&'()- yvyV||}rg\= M!`'10%M&'()- 10`
10` 10`Y+%10%`&'()-!\%10%##&'()-@%10%`&'()-@!Xf%10%&'()-Zz,dEg\= M!
@#10%M&'()-10%M&'()-  %10%M&'()-y!10%M&'()- f10%M&'()-10%M&'()- edEg\=
M!yM$10%M&'()--#10%M&'()-,10%M&'()-s3%10%M&'()-#10%M&'()-&10%M&'()-el)dEg\=



M!!!10%M&'()-Z 10%M&'()-&!10%M&'()-$10%M&'()-z 10%M&'()-F10%M&'()-g!dEg\=
M!l+"10%M&'()-)"10%M&'()-
(#10%M&'()-y&'10%M&'()-$10%M&'()-,#$10%M&'()-EedEg\=
M!f5T#10%M&'()-3M!10%M&'()-2 %10%M&'()-s0#10%M&'()-. 10%M&'()-
-10%M&'()-(bC M!'10%t&'()-0&10%t&'()- 10M 10M 10MY:#10%M&'()-
84%10%M&'()-,7#10%M&'()-#-pdEbC M!"10%t&'()-l 10%t&'()-10%t&'()-
10%t&'()-f%10%t&'()-S10%t&'()-7qdEbC M!$10%t&'()- f 10%t&'()-3
10%t&'()-"10%t&'()-`%10%t&'()-%10%t&'()-IDydEbC
M!#10%t&'()-`!#10%t&'()--10%t&'()-,#10%t&'()- lS 10%t&'()- 10%t&'()-y?BdEbC
M!.:$10%t&'()--"10%t&'()-Y+10%t&'()-)!10%t&'()-(%10%t&'()-f&3"10%t&'()-<v:d
EbC
M!8F%10%t&'()-6%10%t&'()-S5#10%t&'()-310%t&'()-2"10%t&'()-L010%t&'()-)bC M!
-&10%`&'()-f10%`&'()-&10%`&'()-'10%`&'()-  10t 10t 10tF:Z 10%t&'()-)GH}^?4C
10`l+$10%`&'()-l+$10%`&'()-l%10%`C&'()-@!(l%10%&'()-@  



-&10%`d&'()-!S  -&10%&'()-HIJXsy.mNC  10`l+$1
10%:&'()-@#10%:&'()-@10%:&'()-10%:&'()-0(10%:&'()- 10` 10`.e7aBNC
10`@F+"10%:&'()-L!%10%:&'()-M,z
10%:&'()-#10%:&'()-$10%:&'()-F!D$10%~~&'()-F7{{Y7
1!N3%10%MM&'()--!I3%10%MM&'()--!@3%10%MUMU&'()--! 3%10%MM&'()-- 10: 10:
10:, %10%:&'()- {ScDz[9{Y7  1!!DY+$10%MM&'()-SY+$10%M&'()-S!D$10%@@&'()-!;
$10%MM&'()-$10%M&'()-!S3%10%&'()--Dtuvwz[<  1!!
10%M&'()-f10%M&'()-10%M&'()-'10%M&'()- 10 10 10  IY+$10% &'()-SOwz[<z[<
1!!s10%M&'()- 10%M&'()- 10%M&'()- !Y F 10%&'()-!Y F 



10%&'()-!fY F 10%MM&'()-!&zX9z[<  1!9-"10%M&'()-!
y&10%&'()-3!y&10%MM&'()-3,# 10%M&'()-!J0F10%&'()-Z!F10%MM&'()-ZuV7
1f10%:&'()-&10%:&'()-'10%:&'()- 10MM 10MM
10MM!`310%MM&'()-010%M&'()-?}[9uV7
1!#t10%cc&'()-!Dy%10%::&'()-y%10%:&'()-!Nf%10%&'()-S!Sf%10%::&'()-Sf%10%:*&
'()-S.zl^P1 s'10%&'()-  10:h:h 10:h:h 10:h:h!;
s*%10%:h:h&'()-!1s*%10%::&'()-s*%10%:&'()-!L0#t10%&'()-g}[9^P1
!ySm%10%xx&'()- !ySm%10%&'()- !ySm%10%UU&'()- !6ySm%10%VV&'()-
y@10%&'()-f&10%&'()-b3;}[9^P1
!%10%&'()-,!%10%&'()-,!%10%""&'()-,%10%&'()-,!y%10%&'()-`y%10%&'()-`\]^_luV
7 S%10%`&'()-S10%`&'()-10%`&'()-s'10%`&'()-Y 10 10 10!%10%&'()-,Qz[9+7
10``!-'10%``&'()-,-'10%`&'()-,!%10%``&'()-%10%`&'()-!S%10%CC&'()-!S%10%``&'
()-tdB7 10``!!f#10%99&'()-!f#10%``&'()-f10%`&'()-&10%`&'()-&10%`&'()- 10`` 



10``,}[<B7
10``!(%10%`!&'()-!%10%VV&'()-!%10%`+`+&'()-%10%`&'()-!%10%CC&'()-%10%`&'()-
uV70``  10%&'()-f10%&'()-y@10%&'()-L'10%&'()-  10`` 10``
10``!I(%10%``&'()-9AL\bl{Y7uV70``!yY g10%jHjH&'()-!yY g10%77&'()-!NyY
g10%&'()-!yY g10%22&'()- yY g10%&'()-10%&'()- lr`qz[:uV70``!
%10%[[&'()-%10%&'()-!%10%&'()-!&10%e;e;&'()-@10%&'()-!yY g10%` `
&'()-K,-./}^SH=0``!  10 10
10S5%10%&'()-!Y+F%10%``&'()-:Y+F%10%7&'()-:Y+F%10%&'()-:!%10%[[&'()-/<WZdES
H=0``!  10 10%:&'()-10%:&'()- M10%:
&'()-,10%:&'()-10%:&'()-L'10%:&'()-ImdE:/ 10: 10:@/10%:&'()--3%10%:&'()-+
10%:&'()-L%10%:&'()-@L%10%:&'()-@%10%:&'()-M ,xY7/ 10:! f 10%&'()- f
10%&'()-10%&'()- 10%&'()-y10%&'()-'10%&'()-3 10:,:>JMVcwU37/ 



1!A"10%&'()-0'!A"10%&'()-0'!A"10%&'()-0'!A"10%&'()-0'! f 10%&'()-! f
10%}}&'()-cdeghijc?7/
1!A#3xS"1A"10%&'()-0'A"10%&'()-0'!A"10%&'()-0'A"10%&'()-0'#3xS"jkmnoprb@7/
1!A#!A"10%&'()-0'#3xS"A"10%&'()-0'A"10%&'()-0'!A"10%&'()-0'A"10%&'()-0'rv|v
Y77/
1!!A"10%&'()-0'A"10%&'()-0'#3xS"!A"10%&'()-0'!A"10%&'()-0'!A"10%&'()-0'gJ-/
A"10%&'()-0'A"10%&'()-0'A"10%&'()-0'A"10%&'()-0'#3xS"A"10%&'()-0'A"10%&'()-
0'vT2-/!A"10%&'()-0'!A"10%&'()-0'!A"10%&'()-0'!A"10%&'()-0'!A"10%&'()-0''#3
xS"c?-/!A#3xS"A"10%&'()-0'A"10%&'()-0'!A"10%&'()-0'A"10%&'()-0'#3xS"d@-/!A#
#3xS"A"10%&'()-0'A"10%&'()-0'!A"10%&'()-0'!A"10%&'()-0'A"10%&'()-0'
xV2-/#3xS"!A"10%&'()-0'!A"10%&'()-0'!A"10%&'()-0'!A"10%&'()-0'!A"10%&'()-0'
b@-/#3xS"!A"10%&'()-0'#3xS"1A"10%&'()-0'A"10%&'()-0'!A"10%&'()-0'A"10%&'()-
0'"<=>@vY7-/#!A"10%&'()-0'A"10%&'()-0'#3xS"!A"10%&'()-0'!A"10%&'()-0'!A"10%
&'()-0'@ABCEKU];
-/#!!A"10%&'()-0'!A"10%&'()-0'!A"10%&'()-0'#3xS"A"10%&'()-0'A"10%&'()-0'Uop
qrstcF-/#!!AA"10%&'()-0'A"10%&'()-0'A"10%&'()-0'A"10%&'()-0'#3xS"!A"10%&'()
-0'tuw}vT0-/#3xS"!A"10%&'()-0'!A"10%&'()-0'!A"10%&'()-0'!A"10%&'()-0'#3xS"d
@-/#3xS"#3xS"A"10%&'()-0'!A"10%&'()-0'A"10%&'()-0'!A"10%&'()-0'A"10%&'()-0'
b@-/#3xS"!A"10%&'()-0'#3xS"A"10%&'()-0'A"10%&'()-0'!A"10%&'()-0'A"10%&'()-0
'xT8*
10A"10%&'()-0'#3xS"!A"10%&'()-0'!A"10%&'()-0'!A"10%&'()-0'!A"10%&'()-0'9h_>
10A 9IX"10%u&&'()--x  IX"10%u#&'()-- y10%05'0&'()- y@10%05'0&'()-
y&10%05'0&'()-  10 10h%{Z9> 10 :IX"10%%&'()--( :IX"10%&&'()--(!IX"10%&'()--
50IX"10%&&'()--  IX"10%C<C&'()-- ,IX"10%z&&'()--%[vU40 y10%V['V&'()-(
y,10%V['V&'()-( y&10%V['V&'()-'10&10&10& D IX"10%&&'()--
/IX"10%&&'()--!./2[?vU40
y#S"10%V['V&'()-0y#3Z"#S"10%V['V&'()-0#S"10%V['V&'()-0#S"10%V['V&'()-0#S"10
%V['V&'()-0289STUYcCvU40
y#S"10%V['V&'()-0#S"10%V['V&'()-0#3Z"#S"10%V['V&'()-0#S"10%V['V&'()-0#S"10%
V['V&'()-0YZ[\]defhL040#S"10%V['V&'()-0#S"10%V['V&'()-0#S"10%V['V&'()-0#S"1
0%V['V&'()-0#3Z"#S"10%V['V&'()-0#S"10%V['V&'()-0fgjw|\8040#S#3Z"#S"10%V['V&
'()-0#S"10%V['V&'()-0#S"10%V['V&'()-0#S"10%V['V&'()-0#3Z"`D040#S#3Z#S"10%V[
'V&'()-0#3Z"#S"10%V['V&'()-0#S"10%V['V&'()-0#S"10%V['V&'()-0#S"10%V['V&'()-
0cC040#S#3Z#S"10%V['V&'()-0#S"10%V['V&'()-0#3Z"#S"10%V['V&'()-0#S"10%V['V&'
()-0#S"10%V['V&'()-0cC040#S#3Z#S"10%V['V&'()-0#S"10%V['V&'()-0#3Z"#S"10%V['
V&'()-0#S"10%V['V&'()-0#S"10%V['V&'()-0{_?040#S##S"10%V['V&'()-0#S"10%V['V&
'()-0#3Z"#S"10%V['V&'()-0#S"10%V['V&'()-0#S"10%V['V&'()-0cC040#S##S"10%V['V
&'()-0#S"10%V['V&'()-0#3Z"#S"10%V['V&'()-0#S"10%V['V&'()-0#S"10%V['V&'()-0%
=>?DG_?040#S##S"10%V['V&'()-0#S"10%V['V&'()-0#S"10%V['V&'()-0#3Z"#S"10%V['V
&'()-0#S"10%V['V&'()-0GHIJMQYdD040#S##S"10%V['V&'()-0#S"10%V['V&'()-0#S"10%
V['V&'()-0#3Z"#S"10%V['V&'()-0#S"10%V['V&'()-0Yqru~_?040#S##S"10%V['V&'()-0
#S"10%V['V&'()-0#S"10%V['V&'()-0#S"10%V['V&'()-0#3Z"(#S"10%V['V&'()-0hD040#
S##3Z"#S"10%V['V&'()-0#S"10%V['V&'()-0#S"10%V['V&'()-0#S"10%V['V&'()-0#3Z"h
L,4#S"10%V['V&'()-0#S"10%V['V&'()-0#3Z"#S"10%V['V&'()-0#S"10%V['V&'()-0#S"1
0%V['V&'()-0#S"10%V['V&'()-0dD,4#S"10%V['V#S"10%V['V&'()-0#S"10%V['V&'()-0#
S"10%V['V&'()-0&#3Z"#S"10%V['V&'()-0#S"10%V['V&'()-0_?,4#S"10%#S"10%V['V&'(
)-0#S"10%V['V&'()-0#S"10%V['V&'()-0#S"10%V['V&'()-0#3Z"#S"10%V['V&'()-0cC,4
#S"10%#S"10%V['V&'()-0#S"10%V['V&'()-0#S"10%V['V&'()-0#3Z"#S"10%V['V&'()-0#
S"10%V['V&'()-0
gC,4#S"10%#3Z"#S"10%V['V&'()-0#S"10%V['V&'()-0#S"10%V['V&'()-0#S"10%V['V&'(
)-0#S"10%V['V&'()-0$&()+hH,4#S"10%##S"10%V['V&'()-0#S"10%V['V&'()-0)#S"10%V
['V&'()-0#S"10%V['V&'()-0#S"10%V['V&'()-0#S"10%V['V&'()-0+,/37OP`<,4#S"10#3
Z"#S"10%V['V&'()-0#S"10%V['V&'()-0#S"10%V['V&'()-0#S"10%V['V&'()-0#3Z"PQRST
a||[;#S"1D"10%&&'()- #10%&&'()- #y,'10%&&'()-)
#&10%&&'()-310V['V010V['V10V['V#S"10%V['V&'()-0{_?|[;
#S"1D"10%&&'()-D"10%&&'()-#3_"D"10%&&'()-D"10%&&'()-D"10%&&'()-_C|[;
#S"1D"10%&&'()-D"10%&&'()-D"10%&&'()-#3_"D"10%&&'()-D"10%&&'()-hL|[;
#S"1D"D"10%&&'()-D"10%&&'()-D"10%&&'()-D"10%&&'()-#3_"D"10%&&'()-8Lw^=|[;
#S"1 $10%&&'()- F10%&&'()-( LLZ10%&&'()- 10%&&'()-D"10%&&'()-#3_"0Th|[:|[;
#S"1 "3%10%&&'()-  M$10%&&'()- Fy#10%&&'()- #10%&&'()- l10%&&'()-
Sf#10%&&'()-+||[:|[;#S"1 3."10%&&'()- ,%10%&&'()- @)10%Y&&'()- 'y10%&&'()-
%"10%&&'()- L$#10%&&'()-@gJ|[:-;10&1 9%10%&&'()- ,8 %10%&&'()- W4
"10%C&C&'()-y 9310%&&'()- 110%&&'()- /#10%&&'()-)bA;10&1  $10%!&'()-
$10%&&'()- 10%&&'()- 10%&&'()- `'10%&&'()-l10&10&)07^A{|[:A;10&1
@%10%&'()-L @%10%K&'()-L @%10%&&'()-L @%10%&'()-L @%10%&&'()-L
10%&&'()-opqrvU410 10%tk&t&'()- 10%tk&t&'()- ``'10%tk&t&'()-10&10&10&
.%10%&&'()-s L-Y10%&&'()-'?|[:vU410   %10%tt&'()-  %10%tk&t&'()- W %10%
&'()- 10%tk&t&'()- 3 `!10%tk&t&'()-  10%tk&t&'()-O#_|[:vU410  )%10%tt&'()-
)%10%tk&t&'()- F 3(-10%tk&t&'()-  %10%t0!t&'()-  %10%tt&'()-
%10%tk&t&'()-_vU410 '10%aX&a&'()-  ,10%aX&a&'()-
&10%aX&a&'()-10tk&t10tk&t10tk&t l:10%tk&t&'()- 810%tk&t&'()- 0> h 



Kt |[:vU410  %10%aX&a&'()-$ %10%aa&'()-$ %10%a$a&'()-$ %10%a a&'()-$
%10%a%a&'()-$ %10%aa&'()-$ ^v|[:-410a0a L-%10%a0a&'()-t L-%10%aX&a&'()-t
L-%10%a$a&'()-t +10%aX&a&'()- %10%a a&'()-$ %10%aa&'()-$!$sbA410a0a  3
10%tk&t&'()-  310%tk&t&'()-  10%tk&t&'()- 10%tk&t&'()-
0&10%tk&t&'()-10a0a10a0a?|[:A410a0a %10%tk&t&'()- %10%tk&t&'()-
@10%tk&t&'()- !10%tk&t&'()- !10%t $t&'()- !10%t?t&'()-?iz|[:A410a0a
y510%tk&t&'()- 3M$10%tk&t&'()- $ %10%t}t&'()- $ %10%tk&t&'()- M$ %10%x&'()-
%10%tt&'()-DEFGTor|vU410 P10%&&'()- 10%&&'()- f10%&&'()-
0&10%&&'()-10tk&t10tk&t10tk&t 3710%tk&t&'()-|m|[:vU410  X%10%i%i&'()-M
%10%|%&'()-M 10%&&'()-S y G%10%&'()- y G%10%'&'()- y G%10%&&'()-m  tS210
10%tk&t&'()-& 10%tk&t&'()-&101010- %10%&'()-M- p%10%&&'()-M-!%10%%%&'()-M 6
C    "|[:tS210  $10%tk&t&'()-  10%tk&t&'()- L10%tk&t&'()- Y $10%tk&t&'()-
&10%tk&t&'()-   10%tk&t&'()-"##R#{###|[:tS210  sf510%tk&t&'()-
3`!10%tk&t&'()- s0 10%tk&t&'()- .10%tk&t&'()-  %10%k&&'()-y
$10%tt&'()-#"$$$%$&$'$4$O$R$zY810  10%&&'()-- :10%&&'()--
&10%&&'()--10tk&t10tk&t10tk&tls`10%tk&t&'()-  7S
10%tk&t&'()-R$]$&&''(|[:zY810   !%10%&&'()-  10%&&'()- %10%&'()-@
%10%&'()-@k %10%&&'()-@ 10%&&'()-(-(s((((**|[:-810& @5$10%&&'()-
F,10%P&P&'()- ,10%"&'()- sL*10%&&'()-k !%10%>"&'()-
!%10%&'()-***$*?*B*+8+bA810&  3%10%a a&'()- 3%10%aX&a&'()- 10%aX&a&'()-
,10%aX&a&'()- F(10%aX&a&'()-10&10&8+++--N.X.|[:A810& ! 10%aX&a&'()-
$10%aX&a&'()- &10%aa&'()-  &10%aX&a&'()-  #10%aX&a&'()- L#10%aX&a&'()-
X..^/r222222|[NA41010aX&a10aX&a10aX&a :@10%aX&a&'()- S#%10%ar"a&'()-
S#%10%aX&a&'()- S#%10%a%a&'()- S#%10%a%a&'()-2222s448M;|[:NA41010
f&10%&&'()-* f&10%&&'()-* f&10%&&'()-*  10%&&'()- f10%&&'()- '10%&&'()-FM;
<!<"<#<$<1<L<O<vU410  10%+"'+&'()- S10%+"'+&'()- 0'10%+"'+&'()-10&10&10&
,910%&&'()- 4Y%10%&&'()- O<f<m<q<<<=|[:vU410   ;&10%l&&'()-,
g&10%~l&~&'()-, $&10%;O#;&'()-, %10%<#<&'()- L`10%c|"c&'()- 10%+
$+&'()-=J=R====={Z9vU410  $&10%;^&;&'()-,, &10%&'()-,, g&10%~F&~&'()-,,
e&10%|A&|&'()-,!&10%&'()-, p`&10%A&&'()-,==>;>[>\>]>^>k>|obU410
'10%&&'()-3(101010  &10%&'()-, O&10%f&f&'()-, &10%&&'()-,
&10%&'()-,k>>>>>>>{Z8bU410 !;&10%t{ t{ &'()-0 ] `;&10%M&M&'()-0!p ;&10%`8 



`8 &'()-0 A0;&10%&&'()-0 10%&&'()- f10%&&'()->???&?=?G?zY8bU410
;&10%&'()-0 0;&10% # &'()-00!;&10%m m &'()-0 N0;&10% p# &'()-00!0;
&10%ee&'()-0 0;&10% (& &'()-0G?q?{?????{Z8bU410 !;&10%  &'()-0 `;&10% #
&'()-0!;&10%  &'()-0 `;&10%#&'()-0 ;&10%!&'()-0 T4;
&10%D%D&'()-0?????????uT310  10%&&'()-' 10%&&'()- &10%&&'()- 10  10  10
!U;&10%  &'()-0 `;&10% # &'()-0?@0@I@U@@@{Z8uT310 !D%10%; ; &'()-/
PD%10%n%n&'()-/!}jD%10%9 9 



&'()-/ E8`D%10%c#&'()-/ pD%10%,Y#,&'()-/ |D%10%7#&'()-/@@@@@-A@A{Z9uT310 !
D%10% ! &'()-/ D%10%N?$N&'()-/ ( `D%10%&&'()-/ D%10%I!I&'()-//!
D%10%@@&'()-/ D%10% ! &'()-/@AAAAAAAA:BuS210
@s'10%a#a&'()-!zs'10%&'()-!!s'10%aX&aX&&'()-10&10&10& :10%&&'()-
f8#10%&&'()-:BFBDHEUEG$H|[:uS210  G%10%a "a&'()- G%10%aX&a&'()-
l10%aX&a&'()-   %10%a$a&'()-   %10%aX&a&'()-
s10%aX&a&'()-$HI>JHJKKKKK|obU310 !!lL'10%&&&'()-`10aX&a10aX&a10aX&a
4%10%aX&a&'()- 2 10%aX&a&'()- G%10%a$a&'()-
G%10%aX&a&'()-KKWLLM!MkMzY8bU310 !  "10%&&'()- `10%&&'()- 3 #10%&&'()--
y$10%&&'()- - @lL'10%#&'()-`-!lL'10%,,&'()-`kMMMCNNO)O|[:bU310 !
10%&&'()- M$10%&&'()- ,$10%&&'()-  %10%&&'()- %10%&&'()-
`910%&&'()-)OOOOOOP|[:bU310 !  =sF 10%&&'()-- F 10%>&'()-- Ss10%&&'()-
10%&&'()- &%10%&&'()-  10%&&'()-PPPPP"P/P_?bU310 !
\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'()-B _0F
10%$&'()--/P0P4P5P9P:P;P~bFbU310 !
\%%10%$&'()-B\%%10%$&'()-BB\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'()-B)?y%;
P<P=P>PGPHPIP~bFbU310 !
\%%10%$&'()-B\%%10%$&'()-BB\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'()-B)?y%IPJPK
PUPWPXPYPz^BbU310 !
\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'()-B)?y%YPZP[P
^P`PpPrPzZ:bU310 !
\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'()-B)?y%\%%10%$&'()-BrPuP}P
PPPPuY9bU310 !
\%%10%$&'()-B\%%10%$&'()-B)?y%\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'()-BPPPPPP
Pg=bU310 !
)?y%\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'()-BPPPPPP
Pd:bU310 !
)?y%\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'()-BPPPPPP
PpFbU310 !
)?y)?y%%\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'()-BPP
PPPPP_?bU310 !
)\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'()-B\%%10%$&'
()-BPQQ QQQ QQ6QsR11 \&10%'&'()-
\0'10%'&'()-10$10$110$\%%10%$&'()-B)?y%\%%10%$&'()-B6Q9QQQQS[W|[:sR11 \ \3
%10%'&'()-0 \3 %10%'&'()- \3 %10%F&'()- \``10%'&'()- \ 10%'&'()-
\10%'&'()-[WWWYNZgZZZ|[:-110' \9:10%'&'()-0 \7s10%'&'()- \96Z%10%'&'()-
\&*3%10%'&'()- \s(`10%'&'()- \3 %10%!&'()-ZZZZZZX]`bA110' \ \&10%'&'()-
\&10%'&'()- \10%'&'()- \10%'&'()- \'10%'&'()- 10'10'```b c"c5c|[:A110'
\5:$10%&'()- \ss3S10%'&'()- \1%10%'&'()- \`'%10%'&'()- \`%s10%'&'()-
\&10%!&'()-5cEdFdGdHdUdpdsdfvU410 \%10%%&'()- \10%'&'()- \10%'&'()-
\'10%'&'()-10'10'10' \5:$10%'&'()-f*fhhGjQl)m|[:vU410 \ \ 1Z%10%2&&'()-\
\%%10%'&'()- \ \%10%'&'()-\ \%10%T&'()- \%10%'&'()-
\%10%"&'()-)mmmmmmmnnvU410 \10%d'&'()- \10%d'&'()- \'10%d'&'()-10&10&10& \
1Z%10%&&'()-  S 1Z%10%'&'()-npnn5ooo0p|[:vU410 \ \ss10%d'&'()- \ \
$10%d'&'()- 



\ \%10%d'&'()-  \3 %10%d'&'()-  \$10%d'&'()- \$10%d'&'()- 0pppppqq|[:vU410
\  310%d'&'()-'\ J 310% % &'()-'\ \@l10%d'&'()- \10%d'&'()- \3%10%d'&'()-
\yfS 10%d'&'()-q-q8q@qHqKqQq}]=vU410 \
@!%10%d'&'()-@!%10%d'&'()-@!%10%d'&'()- 6310%d'&'()-' 310%#&'()-'
P310%`$&'()-'QqZqgqhqlqmqqqy]=vU410 \
@!%10%d'&'()-@!%10%d'&'()-@!%10%d'&'()-)?~+%@!%10%d'&'()-@!%10%d'&'()-qqrqs
qtquqvqqqfF*@!%10%d'&'()-@!%10%d'&'()-@!%10%d'&'()-%@!%10%d'&'()-)?~+%@!%10
%d'&'()-@!%10%d'&'()-qqqqqqqq~bF*@!%10%d'&'()-@!%10%d'&'()-@!%10%d'&'()-@!%
10%d'&'()-@!%10%d'&'()-)?~+%@!%10%d'&'()-qqqqqqqvV6*@!%10@!%10%d'&'()-@!%10
%d'&'()-@!%10%d'&'()-@!%10%d'&'()-@!%10%d'&'()-)?~+%qqqqqqqyY9*@!%10@!%10%d
'&'()-@!%10%d'&'()-@!%10%d'&'()-)?~+%@!%10%d'&'()-@!%10%d'&'()-qqqqqqqbB*@!
%10@!%10%d'&'()-@!%10%d'&'()-)?~+%@!%10%d'&'()-@!%10%d'&'()-@!%10%d'&'()-qq
qqqqqU9*@!%10@!%10%d'&'()-)?~+%)@!%10%d'&'()-@!%10%d'&'()-@!%10%d'&'()-@!%1
0%d'&'()-qrrrrrraE*@!%10@!%10@!%10%d'&'()-)?~+%!@!%10%d'&'()-@!%10%d'&'()-@
!%10%d'&'()-@!%10%d'&'()-rr rrr
rrkA*@!%10@!)?~+%~@!%10%d'&'()-@!%10%d'&'()-@!%10%d'&'()-@!%10%d'&'()-@!%10
%d'&'()-rrrrr0r1r_5*@!%10)?~+%@!%10%d'&'()-@!%10%d'&'()-@!%10%d'&'()-@!%10%
d'&'()-@!%10%d'&'()-1r2rrrrrrrruh[:@!%10) @&10%*&'()- 10+'10+'10+'
O8$10%+'&'()-z @s610%+'&'()- @,5$10%+'&'()-
@!%10%d'&'()-rss+uu0v=v|[:h[:@!%10) @`10%*&'()- @&10%'&'()-S @&10%)&'()-S
@&10%*&'()-S @10%*&'()- @10%*&'()-=vxyy_||||||[NA4@!%110&10&10&
@+%10%&&'()-@ @+%10%*&'()-@ dXS(10% b) &'()-G S(10%n*n&'()-G
S(10%[)[&'()-G||}}}}3}|[:NA4@!%110 S10%&&'()- E0S10%}~$}&'()- @10%&&'()-
@10%&&'()- @10%&&'()- @'10%&&'()- 3}>}D}J}R}U}^}}]=NA4@!%110
10%f!&'()-K(10%f!&'()-K(10%f!&'()-K( ,S10%f!&'()-  S10%7%7&'()-
`S10%E#E&'()-^}_}c}d}m}n}o}q}lP04@10%f!&'()-K(10%f!&'()-K('"10%f!&'()-K(10%
f!&'()-K(10%f!&'()-K('"q}s}t}u}x}}}eE04@10%f10%f!&'()-K(10%f!&'()-K(10%f!&'
()-K('"10%f!&'()-K(10%f!&'()-K(}}}}}}}}iK/410%f!&'()-K('"10%f!&'()-K(10%f!&
'()-K(10%f!&'()-K('"10%f!&'()-K(}}}}}}}eE/410%f!&'10%f!&'()-K(10%f!&'()-K(1
0%f!&'()-K('"10%f!&'()-K(10%f!&'()-K(}}}}}}}}eI+4'"10%f!&'()-K(10%f!&'()-K(
10%f!&'()-K(10%f!&'()-K('"10%f!&'()-K(}}}}}}}aE+4'"10%f!&'()-K('"'10%f!&'()
-K(10%f!&'()-K(10%f!&'()-K(10%f!&'()-K(}}}}}}}}mQ34''"10%f!&'()-K(10%f!&'()
-K(10%f!&'()-K('"10%f!&'()-K(10%f!&'()-K(}}}}}}}}eE)10%f!&'()-K(10%f!&'()-K
(10%f!&'()-K(&'"10%f!&'()-K(10%f!&'()-K(10%f!&'()-K(}}}}}}}~pP010%f!&'()-K(
10%f!&'()-K('"10%f!&'()-K(10%f!&'()-K(10%f!&'()-K('"~
~~~~~~~iK/10%f!&'()-K('"10%f!&'()-K(10%f!&'()-K(10%f!&'()-K(('"10%f!&'()-K(
~~~~~~!~#~iI)10%f!&'()-K(10%f!&'()-K(10%f!&'()-K('"10%f!&'()-K(-10%f!&'()-K
(10%f!&'()-K(#~$~%~(~,~/~8~fF)10%f!&'()10%f!&'()-K(10%f!&'()-K(10%f!&'()-K(
10%f!&'()-K('"10%f!&'()-K(8~9~:~<~@~A~D~K~hL,10%f!&'()-K(10%f!&'()-K('"10%f
!&'()-K(10%f!&'()-K(10%f!&'()-K('"K~M~U~V~W~Y~]~eE,10%f!&10%f!&'()-K(10%f!&
'()-K(10%f!&'()-K('"10%f!&'()-K(10%f!&'()-K(]~a~b~c~h~i~j~k~iK/10%f!&'()-K(
'"10%f!&'()-K(10%f!&'()-K(10%f!&'()-K('"10%f!&'()-K(k~m~n~o~p~q~r~s~~}pcB10
%f!
y&10%'&'()-10f!10f!&10f!10%f!&'()-K('"10%f!&'()-K(10%f!&'()-K(~~~~X|[:pcB10
S#10%'&'()-& `$10%'&'()- Y f#10%'&'()-&  %10%h'h&'()-  10%'&'()-
,10%'&'()-}:|[:pcB10 10%'&'()-& $10%'&'()- S- 10%'&'()-& :!10%'&'()-
%10%'&'()- `F%10%'&'()- 4@C|\<pcB10 "_%10%l%&'()-"_%10%l%&'()- yS10%l%&'()-
& ]0yS10%'&'()-  ryS10%"&'()-  @Y10%'&'()-CLYZ]`b_?pcB10
"_%10%l%&'()-"_%10%l%&'()-"_%10%l%&'()--#3]%"_%10%l%&'()-"_%10%l%&'()-bglmn
qv_?pcB10
"_%10%l%&'()-"_%10%l%&'()-"_%10%l%&'()--#3]%"_%10%l%&'()-"_%10%l%&'()-vwhL0
B"_%10%l%&'()-_"_%10%l%&'()-"_%10%l%&'()-"_%10%l%&'()-#3]%"_%10%l%&'()-"_%1
0%l%&'()-hD0B"_%10%l%&#3]%"_%10%l%&'()-"_%10%l%&'()-"_%10%l%&'()-"_%10%l%&'
()-#3]%lH,B"_%10%l%&'()-#3]%"_%10%l%&'()-"_%10%l%&'()-"_%10%l%&'()-"_%10%l%
&'()-"_%10%l%&'()-cC,B"_%10%l%&'("_%10%l%&'()-"_%10%l%&'()-#3]%"_%10%l%&'()
-"_%10%l%&'()-("_%10%l%&'()-{_?,B"_%10%l%"_%10%l%&'()-"_%10%l%&'()-#3]%"_%1
0%l%&'()-"_%10%l%&'()-"_%10%l%&'()-gG+B"_%10%l%&'()-"_%10%l%&'()-"_%10%l%&'
()-#3]%"_%10%l%&'()-"_%10%l%&'()-"_%10%l%&'()-gG+B"_%10%l%&'()-"_%10%l%&'()
-"_%10%l%&'()-"_%10%l%&'()-"_%10%l%&'()-&#3]%"_%10%l%&'()-`D+B"_%10%l%&'()"
_%10%l%&'()-"_%10%l%&'()-"_%10%l%&'()-"_%10%l%&'()-"_%10%l%&'()-#3]%hD)"_%1
0%l%&'()-#3]%"_%10%l%&'()-"_%10%l%&'()-"_%10%l%&'()-"_%10%l%&'()-#3]%
25mvU4"_%10 Y~;%10% c% &'()-0 ~;%10%%:$%&'()-0 10%:~&:&'()- f:10%:~&:&'()-
'10%:~&:&'()-10l%10l%10l%{Z8vU4"_%10 !H`~;%10%&'()-0 ~;%10%>r%>&'()-0 ~;
%10%6"6&'()-0 >X~;%10%^&'()-0!~;%10%{{&'()-0 -~;%10%+#+&'()-02Lors{Z8*
1033!`~;%10%33&'()-0 ~;%10%[%[&'()-0 x;~;%10% " &'()-0 ~;%10%^%^&'()-0!~;
%10%ee&'()-0 ~;%10%h jh &'()-0stu`@ 1033!yI%10%'k&'&'()-yI%10%'k&'&'()-
,&310%'k&'&'()- 



10%'k&'&'()- y10%'k&'&'()- 1033 1033_?@
1033!yI%10%'k&'&'()-yI%10%'k&'&'()-yI%10%'k&'&'()-#3%yI%10%'k&'&'()-yI%10%'
k&'&'()-hL@
1033!yIyI%10%'k&'&'()-yI%10%'k&'&'()-yI%10%'k&'&'()-yI%10%'k&'&'()-#3%yI%10
%'k&'&'()-|\8@
1033#3%yI%10%'k&'&'()-yI%10%'k&'&'()-yI%10%'k&'&'()-yI%10%'k&'&'()-#3% lH,
yI%10%'k&'&'()-#3%yI%10%'k&'&'()-yI%10%'k&'&'()-yI%10%'k&'&'()-yI%10%'k&'&'
()-yI%10%'k&'&'()- hH,
yI%10%'k&'&'()-yI%10%'k&'&'()-yI%10%'k&'&'()-#3%yI%10%'k&'&'()-yI%10%'k&'&'
()-yI%10%'k&'&'()-%&'()*+gK/
yI%10%'k&'&'()-yI%10%'k&'&'()-yI%10%'k&'&'()-yI%10%'k&'&'()-#3%yI%10%'k&'&'
()-(yI%10%'k&'&'()-+,-./0yX7yI y S10%%&'()- y10%%&'()-
ym.10%%&'()-(10'k&'10'k&'10'k&'yI%10%'k&'&'()-#3% (:=I|[;yX7yI
Q^410%TMT&'()-  - 10%TMT&'()- 10%h"&'()-1 10%b&'()-' y10%%&'()-
j10%&'()-ILOR[qr_/yX7/K^G!B'4Q^410%TMT&'()- Q^410%TMT&'()- Q^410%TMT&'()-
Q^410%TMT&'()- Q^410%TMT&'()- rvwx|}pP07/Q^410%TMT&'()- Q^410%TMT&'()-
Q^410%TMT&'()- Q^410%TMT&'()- Q^410%TMT&'()- Q^410%TMT&'()- Q^410%TMT&'()-
hH07/Q^410%TMTQ^410%TMT&'()- Q^410%TMT&'()- Q^410%TMT&'()- Q^410%TMT&'()-
Q^410%TMT&'()- Q^410%TMT&'()- 



wW707/Q^410%TMT&'()- Q^410%TMT&'()- Q^410%TMT&'()- 0Q^410%TMT&'()-
/K^G!B'4Q^410%TMT&'()- tX<07/Q^410%TMT&'()- Q^410%TMT&'()-
)/K^G!B'4Q^410%TMT&'()- Q^410%TMT&'()- Q^410%TMT&'()- [;07/Q^410%TMT&'()-
/K^G!B'4Q^410%TMT&'()- Q^410%TMT&'()- Q^410%TMT&'()- Q^410%TMT&'()-
l<07//K^G!B'4Q^410%TMT&'()- Q^410%TMT&'()- Q^410%TMT&'()- Q^410%TMT&'()-
Q^410%TMT&'()- lL07//K^G!B'4Q^410%TMT&'()- Q^410%TMT&'()- Q^410%TMT&'()-
Q^410%TMT&'()- Q^410%TMT&'()- Q^410%TMT&'()- xX<07/Q^410%TMT&'()-
Q^410%TMT&'()- Q^410%TMT&'()- Q^410%TMT&'()- 



Q^410%TMT&'()- /K^G!B'4"xW607/ P,>f-10%:&'()-   A,>f-10%h:h&'()-  @;
l10%:&'()-TQ^410%TMT&'()- /K^G!B'4Q^410%TMT&'()- "8=>?@JjsvU4/ 0310%&'()-#-
0310%D8D&'()-#- 00310%#&'()-#-10A:A10A:A10A:A ,>f-10%A:A&'()-
0,>f-10%:&'()- s{Z9vU4/  G0310%8&'()-# 0310%&'()-# e0310% 8
&'()-#!#0310%##&'()-# 0310%#&'()-# 0310%(8(&'()-#&0U]ac{Z9vU4/  ?S&
10%X9X&'()-M `>10%X9X&'()-! 00310%a$a$&'()-# !0310%&8&&'()-# "0310%$&'()-#
*!0310%8&'()-#cemnop{vU4/ 410%&'()-!( z410%\8\&'()-!(
0410%&'()-!'10X9X10X9X10X9X ?`* 10%X9X&'()- 0?S& 10%X9X&'()-M.<|[:vU4/
410%z#&'()-! @410%\8\&'()-!  410%5&'()-! *-410%5&'()-! U%410%8&'()-!
410%K#K&'()-!<dhkmoq{Z9vU4/  0?L'10%XI9X&'()-M! ?L'10%X9X&'()-M!
>10%X9X&'()-! ;,10%X9X&'()-!!410%V2V2&'()-!  410%a8a&'()-!qyz{|vT3/
310%S5S&'()-%!M`310%&'()-% 310%`&'()-%( 0310%S8S&'()-%(10X?9X10X?9X10X?9X
?Y+10%X?9X&'()-37bj|[:vT3/  310%t&'()-% 310%N8N&'()-% M`310%#&'()-%
310%$&'()-% M310%8&'()-% 310%5&'()-%j{Z9vT3/  >10%S9S&'()-%
;,10%S9S&'()-%!!310%_="_="&'()-% 2310%8&'()-%  310%#&'()-%
{310%L5L&'()-%|[:vT3/   ?' 10%S9S&'()-L >10%S9S&'()-  `>10%S9S&'()-
>10%S9S&'()-  @>10%S9S&'()-  >10%S9S&'()- *vU4/  K%`310%8&'()-!
0310%&'()-!10S9S10S9S10S9S ?+ 10%S9S&'()- 0?' 10%S9S&'()-L 0?'
10%S9S&'()-L*/T|Z9vU4/   310%4&'()-!! `310%I"I"&'()-! !310%4&'()-!
@310%8&'()-! a 310%8&'()-!  `310%AA&'()-!|[:vU4/    >s10%S9S&'()-
;10%S9S&'()- ;10%S9S&'()-  310%4&'()-! 310%,4,&'()-! 310%E8&'()-!'()*8SvU4/
d&310%M44M&'()- `d&310%;&;&'()-10S9S10S9S10S9S L?s* 10%S9S&'()- 0L?f&
10%S9S&'()-M L?f& 10%S9S&'()-MS|[:vU4/   d&310%9&'()- ) { d&310%94&'()-
d&310%(>4(&'()- d&310%@@&'()- J d&310%&'()- <cd&310%9&'()-Zbdfjst|[:-410u9u
?+ 10%u9u&'()- ?' 10%u9u&'()-M >10%u9u&'()- ;S10%u9u&'()- Md&310%4&'()-
d&310%E9E&'()-tuvb@410u9u !0Q310%DD&'()-=" 0Q310%SL4S&'()-=" Q310%SS&'()-="
?Q310%Q4&'()-=" 0Q310%Sb&S&'()-="10u9u10u9uGQ|[:@410u9u  Q310%L4&'()-="
WMQ310%9&'()-="  Q310%L4&'()-=" Q310%&&'()-=" (Q310%S94S&'()-="
Q310%NL4N&'()-="Q]~|[:@410u9u P>10% :&'()-z >10% :&'()-z >10% :&'()-z ;@10%
:&'()-  PQ310%G4&'()-=" `Q310%Sb&S&'()-="uT310 T48410%MV4M&'()-"
;48410%i4&'()-"!Q48410%&'()-"10 



:10 :10 : ?*10% :&'()- ?& 10% :&'()-M!.0yX6uT310 !D&48410% & &&'()-"
48410%~J&~&'()-" Qk48410%.8&'()-"1! `48410%""&'()-"
!48410%L4&'()-"-!ad48410%-! -! &'()-"0Tbqtvx|[:uT310 ! ?&10%9&'()-:
`>10%*:&'()- >10%*:&'()-  48410%S&4S&'()-" ?jP48410%&&'()-"
48410%>4&'()-"xz|vU410  ,S10%:&'()- 10%:&'()-10*:10*:10*: ?*10%*:&'()-
0?&10%o9&'()-: 0?&10%~9&'()-:|[:vU410    )10%5&'()-4 )10%B4&'()-4
)10%Q1&'()-4 w^ )10%8&'()-4  )10%8&'()-4 N)10%:3&'()-4|[NA410 10:10:10:
&F10%:&'()-  `)10% 6 &'()-4 z )10%8&'()-4 |s)10%2&'()-4 Q)10%x-2x&'()-4(AD
|[:NA410 10 10%:&'()-   $10%:&'()- f 10%:&'()-  `S10%:&'()- @10%:&'()-
`y&10%:&'()- g/7|[:NA410 10 F %10%:&'()-  10%:&'()- 10%:&'()- %10%:&'()-
9"10%:&'()-  l m"10%:&'()- 78_gn|[:NA410 10 dy#10%3&'()-g @ 10%:&'()-
10%:&'()- 9Y"10%:&'()-  10%:&'()-  10%:&'()-n~^>NA410 10 ..#10%L7&'()-
..#10%L7&'()- ..#10%L7&'()- ..#10%L7&'()-   `y#10%L7&'()-g
y#10%:&'()-gO3NA410..#10%L7&'()- %/Kv#..#10%L7&'()- ..#10%L7&'()-
..#10%L7&'()- ..#10%L7&'()- _CNA410..#10%..#10%L7&'()- ..#10%L7&'()-
..#10%L7&'()- 



..#10%L7&'()- ..#10%L7&'()- ..#10%L7&'()- xX<NA410..#..#10%L7&'()-

..#10%L7&'()- ..#10%L7&'()- ..#10%L7&'()- L/Kv#..#10%L7&'()-
sS3NA410..#10%L7&'()- ..#10%L7&'()- ..#10%L7&'()- /Kv#..#10%L7&'()-
..#10%L7&'()- sW7NA410..#10%L7&'()- ..#10%L7&'()- /Kv#..#10%L7&'()-
..#10%L7&'()- ..#10%L7&'()-  *gGNA410..#10..#10%L7&'()- ..#10%L7&'()-
..#10%L7&'()- ..#10%L7&'()- ..#10%L7&'()- ..#10%L7&'()-
*+,/234tX<NA410..#10%L7&'()- %..#10%L7&'()- ..#10%L7&'()- ..#10%L7&'()-
..#10%L7&'()- %/Kv#4?@ACGHsS7NA410..#10%L7&'()- 



(..#10%L7&'()- ..#10%L7&'()- ..#10%L7&'()- /Kv#..#10%L7&'()-
HIJKLMNOj}pcV510 f,10%sk&s&'()-10L710L7)10L7...#10%L7&'()-
/Kv#..#10%L7&'()- ..#10%L7&'()- jmz {Z9cV510  9D$10%B%&'()-4 D$10%P%&'()-4
qD$10%%%&'()-4!&0D$10%C!8%C!8%&'()-4 %310%sk&s&'()- ( 10%sk&s&'()-
"UYi{{Z8cV510 !KD$10%I]I]&'()-4 #`D$10%4$4&'()-4 D$10%;
;&'()-4!D$10%yJyJ&'()-4 D$10%)h%)&'()-4( ?D$10%Z%&'()-4{Z9cV510 !
0D$10%$&'()-4 D$10%t7t&'()-4 DD$10%$&'()-4  D$10%R$&'()-4!D$10%WW&'()-4
0D$10%)$)&'()-4  (+8vU410 &F10%`X&`&'()-3(  10%`X&`&'()-(
y10%`X&`&'()-(10\$\10\$\10\$\ 0D$10%\$\&'()-4  0D$10%$&'()-48@CFIQ[_?vU410
& $10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1
$10%`X&`&'()-1 $10%`X&`&'()-1[\]^_`a|`DvU410 & $10%`X&`&'()-1
$10%`X&`&'()-1) $10%`X&`&'()-1 $10%`X&`&'()-1X
$10%`X&`&'()-1%/K7$adefghiw[?vU410 & $10%`X&`&'()-1( $10%`X&`&'()-1( 



$10%`X&`&'()-1( $10%`X&`&'()-1(/K7$ $10%`X&`&'()-1ijtuyz|x\<vU410
$10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1/K7$ $10%`X&`&'()-1
$10%`X&`&'()-1|[?vU410  $10%`X&`&'()-1/K7$ $10%`X&`&'()-1 $10%`X&`&'()-1
$10%`X&`&'()-1 $10%`X&`&'()-1g7vU410 /K7$ $10%`X&`&'()-1 $10%`X&`&'()-1
$10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1pTvU410 /K7$ $10%`X&`&'()-1
$10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1
$10%`X&`&'()-1tT4vU410 $10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1
$10%`X&`&'()-1 $10%`X&`&'()-1/K7$|\<vU410 $10%`X&`&'()-1 



$10%`X&`&'()-1 $10%`X&`&'()-1/K7$ $10%`X&`&'()-1 $10%`X&`&'()-1x\@vU410
$10%`X&`&'()-1 $10%`X&`&'()-1/K7$ $10%`X&`&'()-1 $10%`X&`&'()-1
$10%`X&`&'()-1[;vU410 $10%`X&`&'()-1/K7$ $10%`X&`&'()-1 $10%`X&`&'()-1
$10%`X&`&'()-1( $10%`X&`&'()-1kOvU410 $10%` $10%`X&`&'()-1 $10%`X&`&'()-1
$10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1( $10%`X&`&'()-1x\@vU410
$10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1%
$10%`X&`&'()-1/K7$wW;vU410 $10%`X&`&'()-1( $10%`X&`&'()-1 $10%`X&`&'()-1
$10%`X&`&'()-1(/K7$ 



$10%`X&`&'()-1xX8vU410 $10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1/K7$
$10%`X&`&'()-1 $10%`X&`&'()-1w[?vU410 $10%`X&`&'()-1 $10%`X&`&'()-1/K7$
$10%`X&`&'()-1 $10%`X&`&'()-1( $10%`X&`&'()-1 !\@vU410 $10%`X&`&'()-1/K7$
$10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1
$10%`X&`&'()-1!$%&'()o?vU410/K7$ $10%`X&`&'()-1 $10%`X&`&'()-1
$10%`X&`&'()-1( $10%`X&`&'()-1( $10%`X&`&'()-1)*+,-./tXvU410/K7$
$10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1
$10%`X&`&'()-1/048:<=pP4vU410 $10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1 



$10%`X&`&'()-1 $10%`X&`&'()-1/K7$=>?@ABC|`DvU410 $10%` $10%`X&`&'()-1
$10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1/K7$
$10%`X&`&'()-1CDJKLMNx\@vU410 $10 $10%`X&`&'()-1 $10%`X&`&'()-1
$10%`X&`&'()-1/K7$ $10%`X&`&'()-1 $10%`X&`&'()-1NOPQRVX|\<vU410
$10%`X&`&'()-1 $10%`X&`&'()-1/K7$ $10%`X&`&'()-1 $10%`X&`&'()-1
$10%`X&`&'()-1XZ\^_`fgGvU410 $10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1
$10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1fghjlpqtT8vU410 $10%`X&`&'()-1
$10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1 



$10%`X&`&'()-1%/K7$qrstxz|xX8vU410 $10%`X&`&'()-1 $10%`X&`&'()-1
$10%`X&`&'()-1/K7$& $10%`X&`&'()-1 $10%`X&`&'()-1|~W;vU410
$10%`X&`&'()-1/K7$ $10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1(
$10%`X&`&'()-1k;vU410/K7$ $10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1
$10%`X&`&'()-1 $10%`X&`&'()-1cGvU410/K $10%`X&`&'()-1 $10%`X&`&'()-1&
$10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1tX<vU410/
$10%`X&`&'()-1& $10%`X&`&'()-1& $10%`X&`&'()-1 $10%`X&`&'()-1
$10%`X&`&'()-1%/K7$x\<vU410/ $10%`X&`&'()-1 $10%`X&`&'()-1
$10%`X&`&'()-1/K7$ 



$10%`X&`&'()-1 $10%`X&`&'()-1|`@vU410/ $10%`X&`&'()-1 $10%`X&`&'()-1/K7$
$10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1`@vU410/ $10%`X&`&'()-1/K7$
$10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1g7vU410/K7$
$10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1
$10%`X&`&'()-1pPvU410/K7$ $10%`X&`&'()-1 $10%`X&`&'()-1$ $10%`X&`&'()-1
$10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1tX<vU410/ $10%`X&`&'()-1
$10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1 $10%`X&`&'()-1/K7$tT4vU410
$10%`X&`&'()-1 $10%`X&`&'()-1 



$10%`X&`&'()-1 $10%`X&`&'()-1/K7$ $10%`X&`&'()-1|\@vU410 $10%`X&`&'()-1
$10%`X&`&'()-1 $10%`X&`&'()-1/K7$ $10%`X&`&'()-1 $10%`X&`&'()-1 x\<vU410
$10%`X&`&'()-1 $10%`X&`&'()-1/K7$ $10%`X&`&'()-1 $10%`X&`&'()-1
$10%`X&`&'()-1[@341010`X&` $10%`X&`&'()-1/K7$ $10%`X&`&'()-1 $10%`X&`&'()-1
$10%`X&`&'()-1( $10%`X&`&'()-1+FIna@41010`X&` $10%%&'()-1!5&0$10% % %&'()-1
y10%&&'()- yy@10%&&'()- yL'10%&&'()-10`X&``10`X&`|[:@41010 AP$10%&'()-1
`$10%8%8&'()-1 7`$10%%&'()-1 -l$10%$&'()-1 $$10%g&'()-1 `$10%$&'()-13;
N|Z9@41010 u $10%8%&'()-11!$10%>>&'()-1 l`$10%/%&'()-1 Y 0$10%$&'()-1
JP$10%&'()-1 U`$10%F$F&'()-1NbqrstvU410 y 10%&&'()-( y10%&&'()-'
y&10%&&'()-Y10~P%~10~P%~10~P%~  `$10%~P%~&'()-1  0$10%G%&'()-1/zY8vU410  E
0$10%$&'()-s0 A `$10%s$&'()-s0 2`$10%i$&'()-s0 $ 0$10%q[$q&'()-s0
$10%bh%b&'()-s0-!'&0$10%t %t %&'()-s0/?Kcu|[:-410% d`$10%%&'()-s0 z
0$10%$&'()-s0 q `$10%%&'()-s0 b0$10%$&'()-s0 T$10%]&'()-s0
*S0$10%w$w&'()-s0a@410% d #10%%&'()-0z!D&0#10% % %&'()-0 y&' 10%&&'()-
y10%&&'()- yy'10%&&'()-10%10%4DMe{|[:@410% -#10%B%&'()-0 7 #10%8%&'()-0
-#10%&'()-0 #`#10%V8%V&'()-0 -:#10%3%&'()-0
$x`#10%/%&'()-0{|[9@410%!<#10%&'()-0 m`#10%P%&'()-0 7#10%&'()-0
Z`#10%$&'()-0 2#10%&'()-0 q 



`#10%=%&'()-0vU310!}&0M$10%!%!%&'()-1 y'l10%&&'()-  y10%&&'()-
yf,10%&&'()-10$10$10$ u `#10%$&'()-01>FTfw|[:vU310!}& E0M$10%$&'()-1y
70M$10%$&'()-1y )0M$10%$&'()-1y M$10%&'()-1 $ 0M$10%$&'()-1
M$10%%&'()-1w|[9+3 10yy!0M$10%yy&'()-1 0M$10%~$~&'()-1y uB0M$10%8%&'()-1y
g`M$10%$&'()-1 ]`M$10%$&'()-1 O0M$10%$&'()-1`@3 10yy!#10%&&'()-#10%&&'()-
y&10%&&'()- y 10%&&'()- yf@&10%&&'()- 10yy 10yy !"O3@3
10y#10%&&'()-/K)##10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-"#$%&)*p@@3
10y#10%/K)##10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-*+,-./9tT@3
10y#10%/K)##10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-9:>@
ABCx\@@3
10y#10%#10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-/K)#CDEFGKO|\<@3
10y##10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-/K)##10%&&'()-OPQUVWXx\@@3
10y##10%&&'()-#10%&&'()-/K)##10%&&'()-#10%&&'()-#10%&&'()-X\^_`abk;@3
10y/K)##10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-bcdhijkpT@3
10y/K)##10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-klpqrstx
\@@3 10y/#10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-/K)#tuvwyz~x\<@3
10y/#10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-/K)##10%&&'()-~k;@3
10y/K)##10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-lP43
10y#10%&&'()-#10%&&'()-#10%&&'()-)#10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-x
\@43 10y#10#10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-/K)#tT443
10y#10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-/K)##10%&&'()-|`@43
10y#10%&&'()-#10%&&'()-/K)##10%&&'()-#10%&&'()-#10%&&'()-g743
10y/K)##10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-lP43
10y#10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-x\
@43 10y#10#10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-#10%&&'()-/K)#<LxW643 10y
ffM!10%&&'()-( fY10%&&'()- f%10%&&'()-#10%&&'()-/K)##10%&&'()- #+vU40y
f'10%&&'()-- fy 10%&&'()-- fS@@10%&&'()-- f&10%&&'()- 10&10&10&
f10%&&'()-+Yw|[:vU40y f TB`x$10%R$&'()-,f JPx$10%&'()-,f `x$10%>R$>&'()-,f
A x$10%&'()-, `x$10%^M$^&'()-, <0x$10%r%&'()-,)9|[:vU40y f xx$10%e$&'()-,f
bPx$10%&'()-,f x$10%QzQ&'()-,f x$10%W[$W&'()-, ^@x$10%&'()-,
`x$10%[$&'()-,9Eao|Z9,410& f*=10%&&'()-,!Gx$10%&'()-, 0x$10%os$o&'()-,f v
x$10%##&'()-, `x$10%j$&'()-, l@x$10%&'()-,bA410& f uk#10%%$%&'()-(,
70k#10%9%&'()-(, f%10%&&'()-  fy10%&&'()- f@@10%&&'()-10&10&&6ETi|[:A410&
mk#10%H$H&'()-(, O k#10%^&'()-(,  



k#10%0$0&'()-(, F k#10%Y&'()-(, xk#10%.#.&'()-(,
2k#10%~T~&'()-(,iw|[:A410&  k#10%,$&'()-(, ^ k#10%&'()-(, `k#10%F'$F&'()-(,
Y k#10%g&'()-(, 10k#10%B"$B&'()-(, T k#10%g&'()-(,zYL?21010&10&10&-
f*=10%&&'()--!k#10%JJ&'()-(,!k#10%UU&'()-(, k#10%J1$J&'()-(, bPk#10%
&'()-(,.1>p|[:L?21010 JEX#10%-&'()-- X#10%.#.&'()-- <0X#10%*%&'()--
fs'310%~&&'()-  f&y 10%~&&'()- f,S10%~&&'()-|[:L?21010 X#10%< $<&'()--
TX#10%S&'()-- X#10%Qe$Q&'()-- JTX#10%;&'()-- .X#10%e$&'()--
`X#10%&'()--#'@O]{Z8L?21010!X#10%XX&'()-- >X#10%}$&'()--- gJX#10%J&'()---!
X#10%1:1:&'()-- X#10%s$&'()-- ^fPX#10%f&'()--]`abcpvU410 A0t#10%/%&'()-?3
f10%&&'()-( f@@10%&&'()-( f&'10%&&'()-'10~&10~&10~& f*=10%~&&'()-zY7vU410
!t#10%  &'()-?3  _t#10%j$&'()-?3 Ot#10%J&'()-?3 t#10% B &'()-?3
@t#10%-a$-&'()-?3!10t#10%&'()-?3'5Naq|[:vU410 ! l t#10%y$&'()-?3
gt#10%b&'()-?3 O0t#10%R$&'()-?3 bt#10%d&'()-?3 B`t#10%@o$@&'()-?3 Y
t#10%T&'()-?3qzY8vU410 ! zt#10%v&'()-?3- `t#10%m|m&'()-?3-  t#10%&'()-?3-
q0t#10%l&'()-?3- >`t#10%$&'()-?3-!l;t#10%nn&'()-?3|Z9,410& f*=
10%&&'()-!:t#10%. . &'()-?3 =`t#10%f$f&'()-?3  t#10%z&'()-?3 t#10%::&'()-?3
G`t#10%$&'()-?3"%2`rbA410& f  TX#10%$&'()-0 <0X#10%P%&'()-0 f& 10%~&&'()-
f9f10%~&&'()- ff10%~&&'()-10&10&r|Z9A410& AX#10%u&'()-0&!  X#10%R&R&&'()-0
X#10%**&'()-0 XX#10% $ &'()-0 <%X#10% &'()-0  X#10%&'()-0%{Z9A410&
;X#10%6$6&'()-0& AX#10%p&'()-0 yX#10%&'()-00
JX#10%"$"&'()-00!A]X#10%{{&'()-0 AX#10%1$1&'()-0%:ISVWXYfzm`S210
f'10%:&:&'()-10~&A10~&10~&0 f*=10%~&&'()-0 X#10%1$1&'()-00
FX#10%p&'()-0!4PX#10%ruru&'()-0f|Z9`S210 f Td1M$10%(q(&'()-3!
0d1M$10%~<~<&'()-3 k0d1M$10%m~$m&'()-3 A0d1M$10%>%&'()-3 ff 10%:&:&'()-
f,,T10%:&:&'()-&<|[:`S210 f  ;d1M$10%pp&'()-3  j0d1M$10%R$&'()-3
pd1M$10%X<X&'()-3 <`d1M$10%$&'()-3 lp d1M$10%@@&'()-3
30d1M$10%'$&'()-3<MUdm}zY7`S210 !kd1M$10%  &'()-3 D=`d1M$10%$&'()-3-
d1M$10%&'()-3-!Rd1M$10%&t&t&'()-3!&d1M$10%  



&'()-3 v `d1M$10%Jj$J&'()-3vU410  f10%&&'()- ff@S10%&&'()-
f&'10%&&'()-10:&:10:&:10:&: f*=10%:&:&'()- bd1M$10%6%6&'()-3.;KVj{Z9vU410
p#10%t$t&'()-/ O`p#10%&'()-/ Dp#10%$&'()-/!F p#10%&'()-/  `p#10%c_%c&'()-/
<0p#10%d%&'()-/j{Y8vU410   fp#10%$&'()-//!0p#10%$ $ &'()-/!`p#10%r r &'()-/
_p#10%g&'()-/ A p#10%$&'()-/ YNp#10%l&'()-/ tS210 ff@@10%&&'()-
ff&10%&&'()- 10&10&10& f*=10%&&'()-- p#10%f$f&'()-/-!q p#10%  &'()-/
=Qdl~|[:tS210 f &(`k#10%$&'()-2 <k#10%&'()-2 k#10%&'()-2 WS`k#10%$&'()-2
20k#10%m%&'()-2 f10%&&'()-~yX7tS210  8`k#10%p$p&'()-2 Ok#10%&'()-2
Wk#10%$&'()-2!  k#10%~,~,&'()-2 k#10%QQ&'()-2-!4k#10%zz&'()-2(|Z9tS210
bk#10%&'()-2!&k#10%}}&'()-2 R7k#10%W$&'()-2 BPk#10%&'()-2 k#10%k$k&'()-2
Tk#10%&'()-2(<JNQRSTa{naT310  f9'10%&&'()- 10&10&10& f*=10%&&'()-2!tk#10%=
= &'()-2 k#10%F8F&'()-2  k#10%tW$t&'()-2az}|[:aT310  f `X#10%m $m&'()-2
FX#10% &'()-2 %X#10%"$&'()-2 70X#10%L%&'()-2 fy10%&&'()-
fy,@10%&&'()-!CUyX7aT310   ^I0X#10%&'()-2 X#10%}5$}&'()-2
TX#10%&'()-2!X#10%II&'()-2 O(X#10%,$&'()-2-!OOX#10%&'()-2Uj}|[:aT310    _
X#10%AA&'()-2 6X#10%$&'()-2 gX#10%&'()-2 6X#10%$&'()-2 bX#10%}&'()-2
,X#10%$&'()-2zYL?21010&10&10&- f*=10%&&'()--!X#10%&'()-2!DX#10%&'()-2
X#10%$&'()-2 vX#10%9 &'()-2 Qlx|[:L?21010 N$10%&'()-x3 jN$10%$&'()-x3
<0N$10%/%&'()-x3 ff10%&&'()- fy,@10%&&'()- f'10%&&'()-Gx|[:L?21010
N$10%h}$h&'()-x3 YPN$10%Y&'()-x3 VN$10%$&'()-x3 T`N$10%R&'()-x3 `N$10%)
$)&'()-x3 FN$10%J&'()-x3 -QXu|Z9L?21010  `N$10%E$E&'()-x33!JN$10%&'()-x3
jN$10%t$&'()-x3 tB@N$10%&'()-x3 I`N$10%$&'()-x3 lV`N$10%Z&'()-x3uyl_R110
f'10%M'M&'()- &10&10&10&) f*=10%&&'()-!N$10%^^&'()-x3
N$10%$&'()-x3-!EN$10%&'()-x3'/D|[:_R110 f =0VS&$10%$&'()--
O0VS&$10%66&'()-- VS&$10%,&'()-- 420VS&$10%G%&'()-- f10%M'M&'()-
fSS10%M'M&'()-DMZj|[9_R110 f!wVS&$10%^ ^ &'()-- [0VS&$10%$&'()--
OVS&$10%ff&'()-- U0VS&$10%$&'()-- gVS&$10%NN&'()-- VS&$10%&'()--|[:-110M'M
f*=10%M'M&'()- VS&$10%  &'()-- 0VS&$10%$&'()-- E0VS&$10%&'()--
'B0VS&$10%$&'()-- @VS&$10%&'()--,/7:cC110M'M f#10%~&&'()- 



#10%~&&'()-  f&10%~&&'()- fS@10%~&&'()-
f&10%~&&'()-310M'M10M'M:=@HRSWO3C110#10%~&&'()- /K -##10%~&&'()-
#10%~&&'()- #10%~&&'()- #10%~&&'()- W[]_`abg7C110/K -##10%~&&'()-
#10%~&&'()- #10%~&&'()- #10%~&&'()- #10%~&&'()- bcdhklmslP011#10%~&&'()-
#10%~&&'()- #10%~&&'()- #10%~&&'()- #10%~&&'()- #10%~&&'()- #10%~&&'()-
stuvwxy|`D011#10%#10%~&&'()- #10%~&&'()- #10%~&&'()- #10%~&&'()-
#10%~&&'()- /K -#yz{|x\@011#10#10%~&&'()- #10%~&&'()- #10%~&&'()-
#10%~&&'()- 



/K -##10%~&&'()- |\@011#10#10%~&&'()- #10%~&&'()- #10%~&&'()- /K
-##10%~&&'()- #10%~&&'()- |a@011#10 y&"10%&&'()- #10%~&&'()- /K
-##10%~&&'()- #10%~&&'()- #10%~&&'()- KT|[:011 H|#10%$&'()-w  |#10%l&'()-w
`|#10%$&'()-w q0|#10%%%&'()-w 10%&&'()-( y 10%&&'()-|[NA4110&10&10&
*>10%&&'()- Q|#10%&'()-w |#10%nH$n&'()-w d|#10%p&'()-w(
m|#10%i`$i&'()-w(ADLOR}]=NA4110|~#10%M'M&'()-+|~#10%M'M&'()-+|~#10%M'M&'()-
+ 10%M'M&'()- SSS10%M'M&'()-(
'10%M'M&'()-3RU]ghlooS3NA41|~#10%M'M&'()-+|~#10%M'M&'()-+/K
#|~#10%M'M&'()-+|~#10%M'M&'()-+|~#10%M'M&'()-+oprstuv\@NA41|~|~#10%M'M&'()-
+#/K
#|~#10%M'M&'()-+|~#10%M'M&'()-+|~#10%M'M&'()-+|~#10%M'M&'()-+vw{|hL041|~#10
%M'M&'()-+|~#10%M'M&'()-+|~#10%M'M&'()-+|~#10%M'M&'()-+|~#10%M'M&'()-+|~#10
%M'M&'()-+|~#10%M'M&'()-+sS7041|~|~#10%M'M&'()-+~|~#10%M'M&'()-+|~#10%M'M&'
()-+|~#10%M'M&'()-+~/K
#|~#10%M'M&'()-+|`@041|~|~#|~#10%M'M&'()-+|~#10%M'M&'()-+|~#10%M'M&'()-+/K
#|~#10%M'M&'()-+|~#10%M'M&'()-+|a@041|~|~# S@Y!10%'&'()-|~#10%M'M&'()-+/K
#|~#10%M'M&'()-+|~#10%M'M&'()-+|~#10%M'M&'()-+_(i|[:041|~ SSl"F"10%'&'()- S
10%'&'()- S,yG10%'&'()- Sy%10%'&'()- Sy10%'&'()-( Sy#10%'&'()-!G|[:041|~
Sf,#10%'&'()- S*m%10%'&'()- S)$10%'&'()- Ss'$10%'&'()- S%4%10%'&'()-(
S$`$10%'&'()-ez|[:041|~ Sys6"10%'&'()-  S410%'&'()- S93`$10%'&'()-
Sl1$10%'&'()- S/$10%'&'()-( S.%10%'&'()-vvU41 SS@10%'&'()-
S0(10%'&'()-10'10'10' S*>10%'&'()- S9M$10%'&'()-( S,8%10%'&'()-"\ 5|[:vU41
S SyFm%10%&'()-`S SyFm%10%'&'()-` ;fy%10%'&'()-   Sfy%10%<&'()-
Sfy%10%'&'()-  ( Sf 10%'&'()-5t|[:-410'S S*=10%'&'()-S S0%10%'&'()-M ?S
%10%'&'()- SS %10%?$&'()- SS %10%'&'()-( 6yFm%10%%&'()-`!bA410'S S S3
"10%&'()- S`$10%&&'()- S&y10%&&'()- S,T10%&&'()-
S&10%&&'()-310'10'<s/|[:A410'S SF%10%&&'()- S %10%&&'()-  S%10%&&'()- Sfs
"10%&&'()- Sf 



z10%&&'()- S3 "10%&&'()-/t|[:A410'S SS1`10%&&'()- S/ %10%&&'()-
Dl"y10%"&'()-  l"y10%&'()-  Syl"y10%"&'()-  SS10%&&'()-gvT310
S10%&&'()-!S!H'10%&&&'()-10&10&10& S*=10%&&'()- S5%10%%&'()-
S`3m"10%&&'()-'\|[:vT310 S S%10%&&'()-g S& 10%&&'()- S10%&&'()-
SSy10%&&'()- S3%10%&&'()- S`'10%$&'()-j,|[:vT310 S S1%10%&&'()-9
S/#10%&&'()- S'$10%&'()- S'$10%&&'()- S%"10%&&'()- S%10%&'()-g !GJquT310
Sy`'10%d%&'()- Sp10%&&'()-!S!y W'10%&&&'()-10&10&10& S*=10%&&'()-
S1%10%&'()-9q;|[:uT310 S S0%10%&&'()-: 6%10%&&'()-  S%10%&'()-  S%10%&&'()-
Ny`'10%d%&'()- Sy`'10%&'()-CvU410  Sy%10%&&'()-z Sf10%&&'()- S,10%&&'()-
S0'10%&&'()-10&10&10& S*=10%&&'()-C. b|[:vU410  S 6  %10%&&'()-S S  %10%
&'()-S S  %10%&&'()-S Dy%10%%&'()-z Sy%10%!&'()-z Sy%10%&&'()-zbvU410
S&f10%&&'()- S,@10%&&'()- S'10%&&'()-10&10&10& S*=10%&&'()-
Ss3Z%10%&&'()-w+|[:vU410  S S@%10%&&'()-F S SyG"10%&&'()- S S 10%&&'()-
Sf10%&&'()- SY S10%&&'()- S%10%&&'()-h?|[:vU410  S SL9 "10%&&'()-S
S610%%&'()-S S34$10%&&'()- S"%10%&&'()- S!!10%&&'()- Sl10%&&'()-vU410
Sym%10%'&'()- Sy10%'&'()- Sf,S10%'&'()- Ss'10%'&'()-F10&10&10&
S*=10%&&'()-)~'^|[:vU410  S S%10%'&'()- S 1%10%'&'()-sS S%10% &'()-sS
S%10%g&&'()-s ;ym%10%%&'()- Sym%10%O&'()-^ |[NA410 10'10'10'S S*=10%'&'()-S
S+F%10%$&'()-S S+F%10%'&'()- S+F%10%'&'()- ;&%10%*&'()- X|[:NA410 10
Sf)M$10%'&'()-S S&10%'&'()-S #&10%1&'()-S Sff:'10%G%&'()-3  SN10%'&'()-
S!p0'10%'&'()-T|obU410  Sy@10%&&'()-10'10'10'S S*=10%'&'()-S SL0%10%'&'()-@
,f)M$10%$&'()- Sf)M$10%&'()-9FZ|[:bU410  S S&10%L"&'()- S&10%&&'()-S
SSs!10%&&'()-S S`(10%&&'()- SS10%&&'()- S@10%&&'()-Zb^ab|[:-410&S
S*=10%&&'()- SS5 %10%&&'()-S S3 10%&&'()-S S$%10%R&'()- S$%10%&&'()-
SyF":!10%&&'()-bcdV`?410&S  S %10%&&'()- Sf "10%&&'()- S3
10%&&'()-!S@y''10%VV&'()-!S|!y''10%&&&'()-10&10&~{|[:?410&S S010%&&'()-(
SF.$10%&&'()-( S %10%&&'()-( S"10%&&'()-' S %10%#&'()- S
%10%&&'()-T),-./<|obU410 S0L'10%&&'()-10&10&10&( S*=10%&&'()-( S5
%10%&&'()-' Ss3!10%&&'()- S1m10%&&'()-<UXV|[:bU410 S SF%10%&&'()-z
1y%10%~&~&'()-  ( Sy%10%l&'()-  ( Sy%10%%&'()-  ' S9S10%&&'()- S@10%&&'()-d
[ E"|[:bU410 S S3%10%&&'()- 1l%%10%~&~&'()-( Sl%%10%:$&'()-( Sl%%10%%&'()-'
6F%10%%&'()-z SF%10%#&'()-zE"H"I"J"K"d"g"""vU410 S&10%&&'()-3 SS10%&&'()-
S&@10%&&'()- S@10%&&'()-10&10&10& S*=10%&&'()-"#4####)&|[:vU410 S
S%10%&&'()-  S S 10%&&'()-S Sm 



10%&&'()-S SL#10%&&'()- S  10%&&'()- S #10%&&'()- )&&&?'N***|[:vU410 S
S8m"10%&&'()-S S'%10%K&'()-3S S'%10%&&'()-3S S@&Y"10%&&'()- S"10%&'()-
S&!$10%&&'()-*@+C+D+E+F+S+l+o+vU410 S9f10%&&'()- S-10%&&'()-
S`S&10%&&'()-10&10&10& S*=10%&&'()- Sl: %10%&&'()-o+ -_--/703|[:vU410 S S@
%10%&&'()-YS ;4S %10%u&u&'()-@S SS %10%&&'()-@ 1y%10%k$k&'()--
Sy%10%!&'()-- Sy%10%&&'()--3B4r5u5v5w5x555vU410 ST10%&&'()-
S09'10%&&'()-10&10&10& S*=10%&&'()- SF4%10%&&'()- ;4@
%10%u*u&'()-Y55699T:=|]<vU410 S S!%10%&&'()-:\f%10%&'()- Sf%10%&&'()-
Sf%10%&&'()- Sf%10%"&'()-
S&Sm10%&&'()-==p?t?u?v?w???vT210!@~'10%nn&'()-!S<"`~'10%&&&'()-10&10&10&
S`*=Y10%&&'()- S4m%10%&&'()- S!%10%#&'()-:?@-AQAAAhD|[:vT210! S%10%&&'()-
Sf"10%&&'()- Sf&10%&&'()- S 10%&&'()- S 10%&&'()-
Sy'10%$&'()-hDDEGGHH|[:vT210! S5F%10%&&'()- Sy3"10%&&'()-  S&%10%&'()-
S&%10%&&'()- Sy%G"10%&&'()- S%10%.#&'()-HH9I=I>I?I@IMIfIvU410! ST10%&&'()-
S0'10%&&'()-10&10&10& S9*l=310%&&'()- S9!10%&&'()-
SY79$10%&&'()-fIjIIIKKK|[:vU410! S 6%10%9%&'()-S S%10%"&'()- S%10%&&'()-
'%10%%&'()- S%10%&'()- Sm10%&&'()-KNO\ORRRR|[:-410&S S9*=Z10%&&'()-S
S(%10%$&'()- S(%10%&&'()- D%10%&&'()-M S%10%|%&'()-M
S%10%&&'()-MRRRRRRFS[SbA410&S S `310%+G+&'()- 0310%m%&'()- S`f10%&&'()-
SS`f10% &'()- SL!`t10%&&'()-10&10&[SdS~SSSSSzX7A410& Sf;
,10%&&'()-Z!6310%~#~#&'()- D`310%3&'()- ;310%$8$&'()-
60310%I8I&'()-!P310%EE&'()-SSSSSSS|[:A410&  S?$10%&&'()-e S>10%&&'()-
S>10%&&'()- S>10%&&'()-  S>10%&&'()-  S>10%&&'()-SSSSSSSS,T|obU410
0310%U%&'()-f 10%10%10% S>0-10%%&'()-) ?'10%d&d&'()- S0?'10%%&'()-
S?$10%&&'()-e,T?TPTcTrTTTzY8bU410  S>10%&&'()- N310%'$&'()-f !310%uu&'()-f
310%&'()-f !310%OO&'()-f  `310%B&'()-f TTTTTTTTTvU410 9`310%L&'()-!
0310%P*%P&'()-!10&10&10& S?+10%&&'()- S`?'10%&&'()-M S?'10%&&'()-MTTTUU
U3UyW6vU410  310%^r^&'()-!!y310%&'()-! n 0310%P&'()-!!f310%^W^W&'()-!
[0310%h&'()-!-!J310%Y:Y:&'()-!3UCUXU^UuU|U~U{Y8vU410   Sf;
,10%&&'()-Z!s310%&'()-!  0310%j$&'()-!!310%^^&'()-! D}310%o$&'()-!
`310%^^&'()-!~UUUUUUU|[:vU410    S?l(10%&&'()-: Sf>10%&&'()-z Sf>10%&&'()-z
Sf>10%&&'()-z Sf>10%&&'()-z Sf>10%&&'()-zUUUUUUUUUxX810
410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h10&10&10&
S?f,10%&&'()-UUUUUUUC'x410%&&'()-h;
c"](-4410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-hUUUUUUUUoS7410%410%&&'()-
h410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-hUUUUUUUl
L,7410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h;
c"](-4UUUUUUUK/7410%&&'()-hh;
c"](-4410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-hUUUUUUUUtX<410%410%&&'()-
h410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-hUUUUUUUl
P4<410%&&'()-h&410%&&'()-h&410%&&'()-h&410%&&'()-h410%&&'()-h;
c"](-4UUUUVVVpP4<410%&&'()-h&410%&&'()-h;
c"](-4410%&&'()-h410%&&'()-h410%&&'()-hVVVVVVVVlL0410%&&'()-h410%&&'()-h410
%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-hVVVVVVVkO30410%&&'()-h4
10%&&'()-hh;
c"](-4h410%&&'()-h410%&&'()-h410%&&'()-hVVVVVVVtT0410%&&'()-h410%&&'()-h410
%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-hV
V!V*V+V,V-VlP40410%&&'()-h410%&&'()-h410%&&'()-h&410%&&'()-h410%&&'()-h;
c"](-4-V.V/V0V1V5V6VpP40410%&&'()-h410%&&'()-h;
c"](-4410%&&'()-h410%&&'()-h410%&&'()-h6V7V8V9V:V;
V<VtX0410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h410
%&&'()-h<V=V>V?VBVEVGVlL,0410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h410%&
&'()-h;
c"](-4GVIVJVLVMVOVPVRVgK+410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h(410%&
&'()-h410%&&'()-h410%&&'()-hRVSVTVXVYVZV[VlP4+410%&&'()-h410%&&'()-h;
c"](-4410%&&'()-h410%&&'()-h410%&&'()-h[V\V]V^V_V`VaVtX+410%&&'()-h410%&&'(
)-h410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-haVbVfVhVkVlVmVdH,
+410%&&'()-h&410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h;
c"](-4mVnVoVpVqVrVsVT8+410410%&&'()-h;
c"](-4410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-hsVzV|V~VVVV_C+410410410%&
&'()-h410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-hVVVVVVVgK/+410
%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h;
c"](-4410%&&'()-hVVVVVVVT4+410%&&'()-h;
c"](-44410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-hVVVVVVVVtX<410%&&'()-h41
0%&&'()-h410%&&'()-h4410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-hVVVVVVVhH,
<410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h;
c"](-4VVVVVVVVgK+410%&&'()-h410%&&'()-hh410%&&'()-h410%&&'()-h410%&&'()-h41
0%&&'()-h410%&&'()-hVVVVVVVlP0+410%&&'()-h410%&&'()-h;
c"](-4410%&&'()-h410%&&'()-h410%&&'()-hVVVVVVVtX+410%&&'()-h410%&&'()-h410%
&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-hVVVVVVVlP4+410%&&'()-h41
0%&&'()-h&410%&&'()-h&410%&&'()-h&410%&&'()-h;
c"](-4VVVVVVVpT4+410%&&'()-h410%&&'()-h;
c"](-4410%&&'()-h410%&&'()-h410%&&'()-hVVVVVVVtX+410%&&'()-h410%&&'()-h410%
&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-hVVVVVVVhH(+410%&&'()-h41
0%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h;
c"](-4VVVVVVVgK++410%&&'()-h410%&&'()-hh;
c"](-4410%&&'()-h410%&&'()-h410%&&'()-hVVVVVVVtX+410%&&'()-h410%410%&&'()-h
410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-h410%&&'()-hVVWWWWWWgF9,10;110;
@+10%;&'()- @'10%;&'()-9& 0>10%;&'()-410%&&'()-h;c"](-4WW#W>WBWGWNWUWoN-
rB"10%&'()-4 PB"10%&'()-4 B"10%&'()-4 SfY10%:&'()-4 @10%:&'()- L'10%:&'()-
10;UWhWWWWWWWW|[NA4r10d710d710d7 B"10%d7&'()-4 \0B"10%p :p&'()-4
4B"10%HB:H&'()-4  B"10%l8&'()-4 'B"10%;-;&'()-4W1XHXPXXXnXX{Z9NA4r10
y310%u8&'()-H! 90310%eu8e&'()-H!4 E310%qq&'()-H!4!M0310%y y &'()-H! T
]0310%8&'()-H! J0310%v9v&'()-H!XXXXXXXyX7NA4r1 `>10%:&'()-- >10%:&'()--
0>10%:&'()--!310% 7 7&'()-H! OK 310%{u8{&'()-H!-! 310%&'()-H!XXXXXXXY
YvU3r!Z310%&'()-! E0310%l9l&'()-!10:10:10: ?F+ 10%:&'()- 0?9' 10%:&'()-M
?9' 10%:&'()-M YY7YBYFYVYcY{Z9vU3r!Z J 310%qq&'()-!
rp310%p8&'()-!!Z310%&'()-! J0310%q@q&'()-!  kP310%p8&'()-!
rp310%u8&'()-!cYnY|YYYYY{Z9vU3r!Z >10%:&'()- ;@10%:&'()-Y!E  310%ll&'()-!
l0310% 



k8 &'()-! O20310%v v&'()-!  -`310%#p8#&'()-!YYYYYYYYYvV:r!Z
)410%:&'()-")410%:&'()-"10:10:10: 9?3+10%:&'()- 09?&' 10%:&'()-M 9?&'
10%:&'()-MYYYYYYY_?vV:r!Z
)410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-"YYY
YYYYpP4vV:r!)410%:&'()-"%)410%:&'()-")410%:&'()-"))410%:&'()-")410%:&'()-";
c"p(-(4YYYYYYYYgK/:)410%:&'()-"()410%:&'()-")410%:&'()-")410%:&'()-"()410%:
&'()-")410%:&'()-")410%:&'()-"YYYYYYYkO3/:)410%:&'()-")410%:&'()-")410%:&'(
)-")410%:&'()-"(;c"p(-(4)410%:&'()-"YZZZZZZT8/:)410%:&'()-";
c"p(-(44)410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-"ZZZZZ
ZZZtX<:)410%:&'()-")410%:&'()-")410%:&'()-"4)410%:&'()-")410%:&'()-")410%:&
'()-")410%:&'()-"Z
ZZZZZZhL0<:)410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-";
c"p(-(4ZZZZZZ!ZpT4<:)410%:&'()-")410%:&'()-";
c"p(-(4)410%:&'()-")410%:&'()-")410%:&'()-"!Z#Z%Z'Z)Z+Z,Z_C<:)41)410%:&'()-
"0)410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-",Z0Z1Z2Z6Z7ZE
ZgK+<:)410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-";
c"p(-(4)410%:&'()-"EZGZIZKZMZNZOZcG<:)410%:&'()410%:&'()-")410%:&'()-")410%
:&'()-")410%:&'()-")410%:&'()-")410%:&'()-"OZPZQZRZSZTZUZpT8<:))410%:&'()-"
)410%:&'()-")410%:&'()-"))410%:&'()-")410%:&'()-";
c"p(-(4UZVZWZ[Z\Z`ZfZlP0<:)410%:&'()-")410%:&'()-";
c"p(-(4)410%:&'()-")410%:&'()-")410%:&'()-"fZgZhZiZjZkZlZtX<:)410%:&'()-")4
10%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-"lZmZn
ZtZvZxZzZhH(<)410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-";
c"p(-(4zZ|Z}ZZZZZgK+<)410%:&'()-")410%:&'()-";
c"p(-(4)410%:&'()-")410%:&'()-")410%:&'()-"ZZZZZZZtX<)410%:&'()-")410%)410%
:&'()-")410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-"ZZZZZZZl
P4<)410%:&'()-")410%:&'()-"&)410%:&'()-"&)410%:&'()-")410%:&'()-";
c"p(-(4ZZZZZZZpP4<)410%:&'()-")410%:&'()-";
c"p(-(4)410%:&'()-")410%:&'()-")410%:&'()-"ZZZZZZZtX<)410%:&'()-")410%:&'()
-")410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-"ZZZZZZZhH(<)4
10%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-";
c"p(-(4ZZZZZZZgK+<)410%:&'()-")410%:&'()-";
c"p(-(4)410%:&'()-")410%:&'()-")410%:&'()-"ZZZZZZZtX<)410%:&'()-")410%)410%
:&'()-")410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-"ZZZZZZZd
H(<)410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-";
c"p(-(4ZZZZZZZZlL0)410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-")410%:&'(
)-")410%:&'()-")410%:&'()-"ZZZZZZZkO30)410%:&'()-")410%:&'()-")410%:&'()-""
)410%:&'()-";c"p(-(4)410%:&'()-"ZZZZZZZT40)410%:&'()-";
c"p(-(44)410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-"ZZZZZZZZoS7)410%:&'
()-")410%:&'()-")410%:&'()-")410%:&'()-"()410%:&'()-"()410%:&'()-"()410%:&'
()-"ZZZZZ[[lP07)410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-"
;c"p(-(4[[[[[[
[[lP0)410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()
-")410%:&'()-"[[[[[[[lP40)410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-")4
10%:&'()-";c"p(-(4[[[[[[[pT80)410%:&'()-")410%:&'()-";
c"p(-(4)410%:&'()-")410%:&'()-")410%:&'()-"[[[[[
[![tX0)410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-")410%:&'()-")410%:&'(
)-")410%:&'()-"!["[#['[([)[*[lP40)410%:&'()-")410%:&'()-"&)410%:&'()-"&)410
%:&'()-")410%:&'()-";c"p(-(4*[+[,[-[.[/[1[pU40 `;10%:&'()-m)410%:&'()-";
c"p(-(4)410%:&'()-")410%:&'()-")410%:&'()-"1[4[8[;[E[L[P[|[:0  y>10%:&'()-
y>10%:&'()- y>10%:&'()- y>10%:&'()- y>10%:&'()-(
y>10%:&'()-P[R[W[_[`[a[b[[[vU4 A 0310%8&'()-P <0310%{69{&'()-P10:10:10:
?*10%:&'()- 0s?& 10%:&'()-:( s?& 10%:&'()-:[[[[[ \+\|[9vU4 !7@310%SS&'()-P
p310%7&'()-P 310%373&'()-P A.`310%8&'()-P A310%F,&'()-P(
=0310%8&'()-P+\3\>\C\J\P\X\Y\|[:-410: ?*10%:&'()- ?& 10%:&'()-9 >10%:&'()-z
>10%:&'()-z 0>10%:&'()-z( y;@10%:&'()-3Y\Z\[\c\i\z\|\~\bA410:  @10%?&'()-z
@10%?&'()-z @10%?&'()-z ` 10%?&'()-M ,10%?&'()-10:10:~\\\\\\\|[:A410:
;v.0%410%=&'()- %410%c:c&'()- '/%410%.=.&'()- f10%?&'()-Y @10%?&'()-z
0@10%?&'()-z\\\] ]]]|[:A410: 0%410%:09:0&'()- %410%0&'()- 0]%410%>0>>0&'()-
N'%410%>&'()- D`%410%:&'()- k/P%410%.=.&'()-]J]K]L]M]|]]]]vU410
<310%qq&'()-! a 0310%8&'()-! 7310%l8l&'()-! 70310%l09l&'()-!10?10?10?
./%410%?&'()-]]]]] ^^|[9vU410 !A310%&'()-! .`310%c7c&'()-!7 F 310%{{&'()-!7
a`310%7&'()-! F310%{8{&'()-! 310%U%&'()-!^ ^%^,^4^5^6^7^?^|obU410
10%?&'()-'1091091097 @Y+10%9&'()-7 @L'10%:&'()-M >10%:&'()- `f;
,10%:&'()-Z?^C^E^O^U^W^^^|[:bU410  0S10%?&'()-  S10%?&'()- 7 S10%?&'()- 7
S10%?&'()-  s 10%?&'()-M `s 10%?&'()-M^^a^|^^^^^|[:bU410  ) 410%@)5@)&'()-!
/]0 410%S/>S/&'()-!7 1' 410%!7&'()-!7 .50 410%c.=c.&'()-! ,! 410%=&'()-!
y10%?&'()-G^^^___F_G_|[:-410? @ 410%?&'()-! / 410%E/$>E/&'()-!7 ?@
410%6&'()-!7 ;9'  410%6&'()-! .G0 410%..>..&'()-! 6
410%8&'()-!G_H_I_V_q_u_x_{_bA410?  &10%&'()-3 `&10%&'()-3 @F10%:&'()-
S10%:&'()- Y(10%:&'()-10?10?{_______|[:A410? ;`&10%u8u&'()-3  &10%8&'()-3
$&10%^\0^&'()-3 P&10%S6S&'()-3 _&10%&'()-3 P&10%&'()-3_____2`H`q`|`vU310!
0$410%7 



7 &'()-! T'$410%3&'()-! D]$410%8&'()-! F$410%09&'()-!108108108
n#&10%8&'()-3|````aa a|[:vU310! 9?@&310%:&'()-T f>10%:&'()-D f>10%:&'()-F
0f>10%:&'()- p$410%53&'()-! v$410%53&'()-! aaaaa a&a=aAavU410! S10%-?-&'()-
S10%-?-&'()- ` 10%-?-&'()-L Y 10%-?-&'()-10:10:10:
9?@&310%:&'()-AaEaKaOa^aiasa|[:vU410!  18410%$)&'()- /h08410%/>/&'()-
I6&8410%8&'()- t/8410%.5.&'()- y10%-?-&'()-Z
S10%-?-&'()-sa~aaaaabb|[:-4107> /08410%7>&'()- Ir"8410%8&'()-
~/a8410%.$>.&'()- DK`8410%8&'()- /8410%/5/&'()-
y/~08410%.>.&'()-bbbb-b1bCbKbbA4107>  !10%N0N&'()-3 !10%&'()-3 ,SG10%:&'()-
,10%:&'()- '10%:&'()-l107>107>KbWb[bfbbbbb|[:-410\6 C !10%\6&'()-3
!10%9&'()-3  m!10%:&'()-3 ,`!10%fd7f&'()-3 q]0!10% ]) &'()-3
3P!10%mZ7m&'()-3bbbbbbbbbA410\6  iU10%&'()-3 CU10%}}&'()-3 ,fG10%:&'()-
@z10%:&'()- 9'10%:&'()-10\610\6bbc1cGcccdcecfc|[NA410105105105 wU10%5&'()-3
U10% 7&'()-3 hU10%8&'()-3  ,0U10%I9&'()-3 V U10%1&'()-3fccccccc|[:NA41010
Oj410%l8&'()- " K410%&'()- " i`410%Q&'()- " n]#410%8&'()- " A`410%Z%&'()- "
<`410%69&'()- "cdd*d.d9dXd{Z9NA41010 X410%f8f&'()- "" 410%c c &'()-
""!0410% I I&'()- "  q410%v8&'()- " Y;410%&'()- " 410%19&'()-
"XdZdcdhdndpdrd|[:NA41010  0?&'10% : &'()-: ?&'10% : 



&'()-: `f>10% : &'()-y f>10% : &'()-y 0f>10% : &'()-y `f;10% :
&'()-Zrdxdydzd{dddddvU410 d!10%&'()-3 ,f410%:&'()- @10%:&'()-
0`'10%:&'()-10 : 10 : 10 :  ? + 10% : &'()-ddddddd|[:vU410 d #
!10%]|7]&'()-3  !10%w7&'()-3 _!10%&'()-3 d!10%$&'()-3 !10%&'()-3
!10%@2@&'()-3dddde5eFeGe|[:-410 }6 d ^X!10% }6 &'()-3 n!10%b8&'()-3
!10%Q:Q&'()-3 `!10%2&'()-3  !10%7&'()-3 !10%(3(&'()-3GeHeIeVeqeueye{ebA410
}6 d ^ K10%s&'()-3 CPK10%WGW&'()-3 SyY10%_:&'()- S10%_:&'()- `'10%_:&'()-10
}6 10 }6 {eeeeeee|[:A410 }6 



d 0K10%L.&'()-3 +0K10%7&'()-3 K10%8&'()-3 w:K10%|&'()-3 K10%O/&'()-3
K10%K/&'()-3eeeee+f;fGfifvU410 Gjy410%9&'()- O<0y410%&'()- y410% \3 &'()-
Y0y410%~9&'()-10}4}10}4}10}4} iK10%}4}&'()-3ifqf|fffffzY7vU410 !3
y410%&'()- y410% :3 &'()- <;y410%&'()- 0y410% 8 &'()- Fy410%&'()-!K
Sy410%&'()-fffffffff|obU410 0&'10%K:&'()-10:::10:::310::: s?+10%:::&'()-
s?' 10%:::&'()-M f>10%:::&'()- @;y10%:::&'()-Gfg ggggg|[:bU410  I10%7&'()-3
[10%[7[&'()-3  10%7&'()-3 10%2&'()-3 fyZ10%K:&'()-
@10%K:&'()-g$g&g'g(g)gQgUghvU410 y&10%9&'()- @3g&10%V'V&'()-
3g&10%:&'()-106106106 10%6&'()-3 n`10%n9n&'()-3hiwjj-l.l/l0l=l|obU410
`'10%m<m&'()-G10:10:10: &%10%:&'()- @l10%:&'()- !10%:&'()-
l%10%:&'()-=lElYlvl|lll|[:bU410  V10%<&'()- 10%m<m&'()- V10%3&'()- l
10%m<m&'()- Y  10%m<m&'()- 9l10%m<m&'()-llmn'ndnvn|[:bU410  #10%m<m&'()-
F10%m<m&'()-  F10%m4.m&'()- F s$10%m<m&'()- F s$10%K\9K&'()-
F10%m<m&'()-vnno?oNo>pp|[:bU410  F*s$10%A<A&'()-m F*s$10%m<m&'()-m
F*s$10%F_F&'()-m ?Y$`$10%2&'()- Y$`$10%m<m&'()- tY$`$10%.O .&'()-pppppq
qq!qvU410 ~l `$10%%%&'()-m sY@10%Z;Z&'()- S&10%Z;Z&'()-310m<m10m<m10m<m
F710%m<m&'()- F210%mg)m&'()-z!qRqqqr"rFr|[:vU410 ~ l@"10%:&'()- l@"10%;
&'()- l@"10%ZY&Z&'()- l `$10%ZV+Z&'()-m l `$10%;&'()-m ~l
`$10%%,%&'()-mFrNrrr1sss|[:vU410 ~ l*10%Z;Z&'()- ~l"10%%;%&'()-Z
~l"10%%9%&'()-Z ~5l"10%%I6%&'()-Z 3&!!10%Z;Z&'()- l10%Z;
Z&'()-st.t/t0t1t>tEttvU410 l t$10%Z;Z&'()- `Y10%Z;Z&'()- s'10%Z;
Z&'()-10S8S10S8S10S8S Y-10%S8S&'()- Y-10%NO5N&'()-tttuyuuFv|[:vU410
l`$10%Z;Z&'()- lFZ10%Z;Z&'()- l`$10%Z;Z&'()- y}ls 10% 9 &'()- ls
10%ZQ1Z&'()- l9Z10%Z;Z&'()-Fvvvvv*wCw|[:vU410  Y/10%Z;Z&'()-  -!10%Z;Z&'()-
YS,:10%Z;Z&'()- )  @Y%10%b;&'()- @Y%10%-9-&'()- l"#10%Z;Z&'()-
Cwlww%x=xxxxx|[NA41010Z;Z10Z;Z10Z;Z  710%Z;Z&'()-  Y6@10%Z;Z&'()-
YY4`$10%Z;Z&'()-   2!10%Z;Z&'()-  3110%Z;Z&'()-xxxy'yyz|[:NA41010 3s!10%G;
G&'()- 3s!10%G;G&'()- ~F !10% &'()- F !10%G;G&'()- `Y10%G;G&'()- ' 10%G;
G&'()-3zzz>{H{P{{|[:NA41010  Z10%G;G&'()-  10%G;G&'()- ll10%G;G&'()-
F!10%G;G&'()- l3T10%G;G&'()- lt$10%G;G&'()-{{{e|t|d}}|[:NA41010 ~F#!10%;
&'()-  F#!10%G;G&'()- 



yF#!10% " &'()-  F#!10%G;G&'()-  tF#!10%"&'()-   `!10%G;
G&'()-}}/~~~~~~~vU410 F 10%3;3&'()- sY10%3;3&'()-10G;G10G;G10G;G lF1t$10%G;
G&'()-F lF1t$10% >: &'()-F lF1t$10% #! &'()-F~B|[:vU410  7 @10%;;&'()-
(@10%;&'()- 10%3;3&'()- $10%3;3&'()-  10%3;3&'()- &Y10%3;3&'()-#N|[:vU410
"310%3;3&'()- &!s$10%3;3&'()- F!10%3;3&'()- 10%3;3&'()- FF!10%3;3&'()-
910%3;3&'()-y b|[:vU410   f,10%3;3&'()- F*10%3;3&'()-  ,)10%3;3&'()-
'10%3;3&'()- % 10%3;3&'()- F`$!10%3;3&'()-b>V|[:vU410  610%3;3&'()-
Fl4!10%3;3&'()- 2@10%3;3&'()- 31`$10%3;3&'()- F/!10%3;3&'()- F-10%3;
3&'()-/AvU410 F!10%"&'()-     10%3;3&'()-z sY10%3;3&'()- '10%3;3&'()-103;
3103;3103;3  710%3;3&'()-A?S|[:vU410  Ys$10%p8&'()-Z Ys$10% !&'()-Z F!10%;
&'()-  F!10%3;3&'()-  F!10%!&'()-  F!10%3;3&'()- /A ',|[:vU410  s`-m
10%5&'()- 9s`-m 10%393&'()- @)`$10%3;3&'()-y &F10%3;3&'()- F$10%3;3&'()-
Ys$10%3;3&'()-Z,09vU410 `ly10%Z;Z&'()- 0L'10%Z;Z&'()-103;3103;3103;3
6`$10%3;3&'()- 4&10%3;3&'()- is`-m 10% ; &'()-(bZ|[:vU410  lM10%Z;Z&'()-
3!10%Z;Z&'()- lz10%Z;Z&'()- 3 



!10%Z;Z&'()- lLM10%Z;Z&'()- 3 !10%Z;Z&'()-L|[:vU410  _0Y"Z 10%R9&'()- @l
`$10%Z;Z&'()-3 4l `$10%*9"*&'()-3 3!10%Z;Z&'()- 310%Z;Z&'()- 3S 10%Z;
Z&'()-s|[:vU410  l-10%Z;Z&'()- 3f,!10%Z;Z&'()- 3*10%Z;Z&'()- l@)'10%Z;
Z&'()- 0Y"Z 10%F2&'()- 0Y"Z 10%Z;Z&'()-vU410 F !10%G;G&'()-  sly10%G;G&'()-
,&310%G;G&'()- 10Z;Z10Z;Z10Z;Z YF1s$10%Z;Z&'()-Z 3/!10%Z;Z&'()-Y8J|[:vU410
F10%G;G&'()-  10%G;G&'()- F!10%G;G&'()- F10%G;G&'()- F  10%G;G&'()- 910%G;
G&'()-J 6I|[:vU410  |@10%;&'()- @10%G;G&'()- L@10%3&'()- 10%G;G&'()-
3s$10%G;G&'()- `$10%G;G&'()-IQj|[:vU410  *10%G;G&'()- l@)t$10%G;G&'()-
F'!10%G;G&'()- &10%G;G&'()- F`$!10%G;G&'()- "10%G;G&'()-$6|[:vU410  F610%G;
G&'()- 410%G;G&'()- F.!10%G;G&'()- F.!10%G. G&'()- F.!10%G3G&'()- Fy,10%G;
G&'()- VvU410  s$10%G;G&'()-Y  s$10%G;G&'()-Y sly10%G;G&'()- 0f&10%G;
G&'()-10G;G10G;G10G;G F710%G;G&'()-VSRjklm|[NA41010G7G10G7G10G7G
l%Z(10%G7G&'()-s &!`$10%G;G&'()-z Y`$10%G;G&'()- ys$10%G;G&'()- 10%G;
G&'()-mzr|[:NA41010 910%Z;Z&'()- sM$10%Z;Z&'()- 910%Z;Z&'()-  `$10%Z;Z&'()-
sly10%Z;Z&'()- 9'10%Z;Z&'()-"Lil|[:NA41010 F!10%Z;Z&'()- VZ 10% ; &'()-  iZ
10%Z8Z&'()-  Fy10%Z;Z&'()- l410%Z;Z&'()- @M$10%Z;Z&'()-!-4|[:NA41010
Kq/10%;&'()-  3f,m10%Z;Z&'()- lJ0y&10%;&'()-Z y&10%Z6Z&'()-Z 3`$10%Z;Z&'()-
l! 10%Z;Z&'()-DvU410   10%m<m&'()- LY10%m<m&'()- '10%m<m&'()-Y10Z;Z10Z;
Z10Z;Z Y710%Z;Z&'()- 36!10%Z;Z&'()-Dcuy|[:vU410  l"`$10%m<m&'()-
Y10%m<m&'()- l`$10%m<m&'()- Y,$10%m<m&'()-m  !10%m<m&'()-
N``10%m<m&'()-,yF||[:vU410  l"`$10%m<m&'()- Y10%m<m&'()- F31s$10%m<m&'()-
FS,s$10%m<m&'()- Y's$10%m<m&'()-S YL$!10%m<m&'()- Normal" "Heading 13]c"
"Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph FontP
&'-4;HBGMbT+Z_gq|Iv^.Sq F&!'/#9];<>HNWGajoyr{t/?o{)uNsbXS
c.JE(w2v<?FOPQRTTUVaXZYLZ6[H\\^__e`zaHbbc(d/im0qu{l
"$&(*,.02468:<>@BDFHJLNPRTVXZ\^`bdfhjlnprtvxz|~&/7JPY3dopX<3~0 (<;
>K@KrPZmq>}(tSl(?#r5ESTUWXZ \\ ^F_`sabddegpv 8
!"#$%&'()*+,-./0123456789:;<=>?@ABCDEFGHIJKLMNOPQR B6:
P#?$&'m)*-|.0013Y567<=>ACqEF]IJ`LMrOPiQiUWXZ\]2bbc[e=gjkmoqsuyey)H.7{Dl/,cj
r @Uth%2YfGY+P)_ 



?|m "#R$(*8+X.2M;O<==k>>G???@@A:B$HKkM)OP/P;
PIPYPrPPPPPP6Q[WZ`5cf)mn0pqQqqqqqqqqqrr1rr=v|3}^}q}}}}}}}}~~#~8~K~]~k~~Cbvs
+Ir"sc<qj*StQ0x 7n*4Hj 8[ai|!)/=CNXfq|N/{w"*9COXbkt~+9i]qr%f<j
~(aUxuD:WbsyRov5/qCb^Zb<E"")&*o+35=?hDHfIKR[SSS,TTT3U~UUUUUUUUUVVVV-V6V<VGV
RV[VaVmVsVVVVVVVVVVVVVVVWUWWXX
YcYYYYYYYZZZ!Z,ZEZOZUZfZlZzZZZZZZZZZZZZZZ[[[[![*[1[P[[+\Y\~\\]]^?^^^^G_{__|
`
aAasabKbbbfccXdrdddGe{eeifffgh=llvnp!qFrstFvCwxz{}~bA,JIVmDySTUVWXYZ[\]^_`a
bcdefghijklmnopqrstuvwxyz{|}~   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~6Times
New RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 






