
PYRROLIDINE INHIBITORS OF IAP This application claims
priority under 35 U.S.C.  119(e)(l) to United States
provisional application 60/638,202 filed on December
20, 2004 which is incorporated herein by reference in
its entirety. FIELD OF THE INVENTION The present
invention relates to organic compounds useful for
therapy and/or prophylaxis in a mammal, and in
particular to inhibitors of IAP proteins useful for
treating cancers. BACKGROUND OF THE INVENTION
Apoptosis or programmed cell death is a genetically
and biochemically regulated mechanism that plays an
important role in development and homeostasis in
invertebrates as well as vertebrates. Aberrancies in
apoptosis that lead to premature cell death have been
linked to a variety of developmental disorders.
Deficiencies in apoptosis that result in the lack of
cell death have been linked to cancer and chronic
viral infections (Thompson et al., (1995) Science 267,
1456-1462). One of the key effector molecules in
apoptosis are the caspases (cysteine containing
aspartate specific prote ases) . Caspases are strong
proteases, cleaving after aspartic acid residues and
once activated, digest vital cell proteins from within
the cell. Since caspases are such strong proteases,
tight control of this family of proteins is necessary
to prevent premature cell death. In general, caspases
are synthesized as largely inactive zymogens that
require proteolytic processing in order to be active.
This proteolytic processing is only one of the ways in
which caspases are regulated. The second mechanism is
through a family of proteins that bind and inhibit
caspases.A family of molecules that inhibit caspases
are the Inhibitors of Apoptosis (IAP) (Deveraux et
al., J Clin Immunol (1999), 19:388-398). IAPs were
originally discovered in baculovirus by their
functional ability to substitute for P35 protein, an
anti-apoptotic gene (Crook et al. (1993) J Virology
67, 2168-2174). IAPs have been described in organisms
ranging from Drosophila to human. Regardless of their
origin, structurally, IAPs comprise one to three
Baculovirus LAP repeat (BIR) domains, and most of them
also possess a carboxyl-terminal RLNG finger motif.
The BIR domain itself is a zinc binding domain of
about 70 residues comprising 4 alpha-helices and 3
beta strands, with cysteine and histidine residues
that coordinate the zinc ion (Hinds et al., (1999)
Nat. Struct. Biol. 6, 648-651). It is the BLR domain
that is believed to cause the anti-apoptotic effect by
inhibiting the caspases and thus inhibiting apoptosis.
As an example, human X-chromosome linked LAP (XIAP)
inhibits caspase 3, caspase 7 and the Apaf-1
-cytochrome C mediated activation of caspase 9
(Deveraux et al., (1998) EMBO J . 17, 2215-2223).
Caspases 3 and 7 are inhibited by the BLR2 domain of
XLAP, while the BLR3 domain of XIAP is responsible for
the inhibition of caspase 9 activity. XLAP is
expressed ubiquitously in most adult and fetal tissues
(Liston et al, Nature, 1996, 379(6563):349), and is
overexpressed in a number of tumor cell lines of the
NCI 60 cell line panel (Fong et al, Genomics, 2000,
70:113; Tamm et al, Clin. Cancer Res. 2000, 6(5):
1796). Overexpression of XIAP in tumor cells has been
demonstrated to confer protection against a variety of
pro-apoptotic stimuli and promotes resistance to
chemotherapy (LaCasse et al, Oncogene, 1998,
17(25):3247). Consistent with this, a strong
correlation between XIAP protein levels and survival
has been demonstrated for patients with acute
myelogenous leukemia (Tamm et al, supra).
Down-regulation of XLAP expression by antisense
oligonucleotides has been shown to sensitize tumor
cells to death induced by a wide range of
pro-apoptotic agents, both in vitro and in vivo
(Sasaki et al, Cancer Res., 2000, 60(20):5659; Lin et
al, Biochem J., 2001, 353:299; Hu et al, Clin. Cancer
Res., 2003, 



9(7):2826). Smac/DIABLO-derived peptides have also
been demonstrated to sensitize a number of different
tumor cell lines to apoptosis induced by a variety of
pro-apoptotic drugs (Arnt et al, J . Biol. Chem.,
2002, 277(46) :44236; Fulda et al, Nature Med., 2002,
8(8):808; Guo et al, Blood,2002, 99(9):3419; Vucic et
al, J. Biol. Chem.,2002, 277(14): 12275; Yang et al,
Cancer Res., 2003, 63(4):831). Melanoma IAP (ML-IAP)
is an LAP not detectable in most normal adult tissues
but is strongly upregulated in melanoma (Vucic et al.,
(2000) Current Bio 10:1359-1366). Determination of
protein structure demonstrated significant homology of
the ML-IAP BLR and RLNG finger domains to
corresponding domains present in human XIAP, C-IAPl
and CIAP2. The BIR domain of ML-IAP appears to have
the most similarities to the BIR2 and BIR3 of XIAP,
C-IAPl and C-IAP2, and appears to be responsible for
the inhibition of apoptosis, as determined by
deletional analysis. Furthermore, Vucic et al.,
demonstrated that ML-IAP could inhibit
chemotherapeutic agent induced apoptosis. Agents such
as adriamycin and 4-tertiary butylphenol (4-TBP) were
tested in a cell culture system of melanomas
overexpressing ML-IAP and the chemotherapeutic agents
were significantly less effective in killing the cells
when compared to a normal melanocyte control. The
mechanism by which ML-IAP produces an anti-apoptotic
activity is in part through inhibition of caspase 3
and 9. ML-IAP did not effectively inhibit caspases 1,
2, 6, or 8. Since apoptosis is a strictly controlled
pathway with multiple interacting factors, the
discovery that IAPs themselves are regulated was not
unusual. In the fruit fly Drosophila, the Reaper
(rpr), Head Involution Defective (hid) and GRIM
proteins physically interact with and inhibit the
anti-apoptotic activity of the Drosophila family of
IAPs. In the mammal, the proteins SMAC/DIABLO act to
block the IAPs and allow apoptosis to proceed. It was
shown that during normal apoptosis, SMAC is processed
into an active form and is released from the
mitochondria into the cytoplasm where it physically
binds to IAPs and prevents the IAP from binding to a
caspase. This inhibition of the LAP allows the caspase
to remain active and thus proceed with apoptosis.
Interestingly, sequence homology between the LAP
inhibitors shows that there is a four amino acid motif
in the N-terminus of the processed, active proteins.
This tetrapeptide appeals to bind into a hydrophobic
pocket in the BLR domain and disrupts the BLR domain
binding to caspases (Chai et al., (2000) Nature
406:855- 862, Liu et al., (2000) Nature 408:
1004-1008, Wu et al., (2000) Nature 408 1008-1012).
SUMMARY OF THE INVENTION In one aspect of the present
invention there is provided novel inhibitors of LAP
proteins having the general formula I:I wherein A is a
5-member aromatic heterocycle incorporating 1 to 4
heteroartoms N, O or S and is optionally substituted
with one or more R7 and R8 groups; Q is H, alkyl, a
carbocycle, a heterocycle; wherein one or more CH2 or
CH groups of an alkyl is optionally replaced with -O-,
-S-, -S(O)-, S(O)2, -N(R8)-, -C(O)-, -C(O)-NR8-, -NR8-
C(O)-, -SO2-NR8-, -NR8-SO2-, -NR8-C(O)-NR8-,
-NR8-C(NH)-NR8-, -NR8-C(NH)-, - C(O)-O- or -O-C(O)-;
and an alkyl, carbocycle and heterocycle is optionally
substituted with one or more hydroxyl, alkoxy, acyl,
halogen, mercapto, oxo, carboxyl, halosubstituted
alkyl, amino, cyano, nitro, amidino, guanidino an
optionally substituted carbocycle or an optionally
substituted heterocycle; Xi and X2 are each
independently O or S; Y is a bond, (CR7R7)n, O or S;
wherein n is 1 or 2 and R7 is H, halogen, alkyl, aryl,
aralkyl, amino, arylamino, alkylamino, aralkylamino,
alkoxy, aryloxy or aralkyloxy; 



R is H or Ri and R2 together form a 5-8 member
heterocycle; R2 is alkyl, a carbocycle,
carbocyclylalkyl, a heterocycle or heterocyclylalkyl
each optionally substituted with halogen, hydroxyl,
oxo, thione, mercapto, carboxyl, alkyl, haloalkyl,
alkoxy, alkylthio, sulfonyl, amino and nitro; R3 is H
or alkyl optionally substituted with halogen or
hydroxyl; or R3 and R4 together form a 3-6
heterocycle; R3' is H, or R3 and R3' together form a
3-6 carbocycle; R4 and R4' are independently H,
hydroxyl, amino, alkyl, carbocycle, carbocycloalkyl,
carbocycloalkyloxy, carbocycloalkyloxycarbonyl,
heterocycle, heterocycloalkyl, heterocycloalkyloxy or
heterocycloalkyloxycarbonyl; wherein each alkyl,
carbocycloalkyl, carbocycloalkyloxy,
carbocycloalkyloxycarbonyl, heterocycle,
heterocycloalkyl, heterocycloalkyloxy and
heterocycloalkyloxycarbonyl is optionally substituted
with halogen, hydroxyl, mercapto, carboxyl, alkyl,
alkoxy, amino, imino and nitro; or R4 and R4' together
form a heterocycle; R5 is H or alkyl; R , and R are
each independently H, alkyl, aryl or aralkyl; R7 is H,
cyano, hydroxyl, mercapto, halogen, nitro, carboxyl,
amidino, guanidino, alkyl, a carbocycle, a heterocycle
or -U-V; wherein U is -O-, -S-, -S(O)-, S(O)2,
-N(R8)-, -C(O)-, -C(O)-NR8-, -NR8-C(O)-, -SO2-NR8-,
-NR8-SO2-, -NR8-C(O)-NR8-, -NR8-C(NH)-NR8-, -
NR8-C(NH)-, -C(O)-O- or -O-C(O)- and V is alkyl, a
carbocycle or a heterocycle; and wherein one or more
CH2 or CH groups of an alkyl is optionally replaced
with -0-, -S-, - S(O)-, S(O)2, -N(R8)-, -C(O)-,
-C(O)-NR8-, -NR8-C(O)-, -SO2-NR8-, -NR8-SO2-,
-NR8-C(O)-NR8-, -C(O)-O- or -O-C(O)-; and an alkyl,
carbocycle and heterocycle is optionally substituted
with hydroxyl, alkoxy, acyl, halogen, mercapto, oxo,
carboxyl, acyl, halo-substituted alkyl, amino, cyano
nitro, amidino, guanidino an optionally substituted
carbocycle or an optionally substituted heterocycle;
R8 is H, alkyl, a carbocycle or a heterocycle wherein
one or more CH2 or CH groups of said alkyl is
optionally replaced with -O-, -S-, -S(O)-, S(O)2,
-N(R8), or -C(O)-; and said alkyl, carbocycle and
heterocycle is optionally substituted with hydroxyl,
alkoxy, acyl, halogen, mercapto, oxo (=O), carboxyl,
acyl, halo-substituted alkyl, amino, cyano nitro,
amidino, guanidino an optionally substituted
carbocycle or an optionally substituted heterocycle;
and salts and solvates thereof. In another aspect of
the invention, there are provided compositions
comprising compounds of formula I and a carrier,
diluent or excipient. In another aspect of the
invention, there is provided a method of inducing
apoptosis in a cell comprising introducing into said
cell a compound of formula I. In another aspect of the
invention, there is provided a method of sensitizing a
cell to an apoptotic signal comprising introducing
into said cell a compound of formula I. In another
aspect of the invention, there is provided a method
for inhibiting the binding of an IAP protein to a
caspase protein comprising contacting said IAP protein
with a compound of formula I. In another aspect of the
invention, there is provided a method for treating a
disease or condition associated with the
overexpression of an IAP protein in a mammal,
comprising administering to said mammal an effective
amount of a compound of formula I. DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS "Acyl" means
a carbonyl containing substituent represented by the
formula -C(O)-R in which 



R is H, alkyl, a carbocycle, a heterocycle,
carbocycle-substituted alkyl or heterocyclesubstituted
alkyl wherein the alkyl, alkoxy, carbocycle and
heterocycle are as defined herein. Acyl groups include
alkanoyl (e.g. acetyl), aroyl (e.g. benzoyl), and
heteroaroyl."Alkyl" means a branched or unbranched,
saturated or unsaturated (i.e. alkenyl, alkynyl)
aliphatic hydrocarbon group, having up to 12 carbon
atoms unless otherwise specified. When used as part of
another term, for example "alkylamino", the alkyl
portion may be a saturated hydrocarbon chain, however
also includes unsaturated hydrocarbon carbon chains
such as "alkenylamino" and "alkynylamino. Examples of
particular alkyl groups are methyl, ethyl, n-propyl,
isopropyl, n-butyl, iso-butyl, sec-butyl, teit-butyl,
n-pentyl, 2-methylbutyl, 2,2-dimethylpropyl, n-hexyl,
2-methylpentyl, 2,2-dimethylbutyl, n-heptyl, 3-heptyl,
2- methylhexyl, and the like. The terms "lower alkyl"
"Cr C4 alkyl" and "alkyl of 1 to 4 carbon atoms" are
synonymous and used interchangeably to mean methyl,
ethyl, 1-propyl, isopropyl, cyclopropyl, 1-butyl,
sec-butyl or t-butyl. Unless specified, substituted,
alkyl groups may contain one, for example two, three
or four substituents which may be the same or
different. Examples of substituents are, unless
otherwise defined, halogen, amino, hydroxyl, protected
hydroxyl, mercapto, carboxy, alkoxy, nitro, cyano,
amidino, guanidino, urea, sulfonyl, sulfinyl,
aminosulfonyl, alkylsulfonylamino, arylsulfonylamino,
aminocarbonyl, acylamino, alkoxy, acyl, acyloxy, a
carbocycle, a heterocycle. Examples of the above
substituted alkyl groups include, but are not limited
to; cyanomethyl, nitromethyl, hydroxymethyl,
trityloxymethyl, propionyloxymethyl, aminomethyl,
carboxymethyl, carboxyethyl, carboxypropyl,
alkyloxycarbonylmethyl, allyloxycarbonylaminomethyl,
carbamoyloxymethyl, methoxymethyl, ethoxymethyl,
t-butoxymethyl, acetoxymethyl, chloromethyl,
bromomethyl, iodomethyl, trifluoromethyl,
6-hydroxyhexyl; 2,4-dichloro(nbutyl),
2-amino(iso-propyl), 2-carbamoyloxyethyl and the like.
The alkyl group may also be substituted with a
carbocycle group. Examples include cyclopropylmethyl,
cyclobutylmethyl, cyclopentylmethyl, and
cyclohexylmethyl groups, as well as the corresponding
-ethyl, -propyl, -butyl, -pentyl, -hexyl groups, etc.
Substituted alkyIs include substituted methyls e.g. a
methyl group substituted by the same substituents as
the "substituted Cn-C1n alkyl" group. Examples of the
substituted methyl group include groups such as
hydroxymethyl, protected hydroxymethyl (e.g.
tetrahydropyranyloxymethyl), acetoxymethyl,
carbamoyloxymethyl, trifluoromethyl, chloromethyl,
carboxymethyl, bromomethyl and iodomethyl. "Amidine"
means the group -C(NH)-NHR wherein R is H or alkyl or
aralkyl. A particular amidine is the group
-NH-C(NH)-NH2. "Amino" means primary (i.e. -NH 2) ,
secondary (i.e. -NRH) and tertiary (i.e. -NRR) amines.
Particular secondary and tertiary amines are
alkylamine, dialkylamine, arylamine,diarylamine,
aralkylamine and diaralkylamine wherein the alkyl is
as herein defined and optionally substituted.
Particular secondary and tertiary amines are
methylamine, ethylamine, propylamine, isopropylamine,
phenylamine, benzylamine dimethylamine, diethylamine,
dipropylamine and disopropylamine. "Amino-protecting
group" as used herein refers to a derivative of the
groups commonly employed to block or protect an amino
group while reactions are carried out on other
functional groups on the compound. Examples of such
protecting groups include carbamates, amides, alkyl
and aryl groups, imines, as well as many N-heteroatom
derivatives which can be removed to regenerate the
desired amine group. Particular amino protecting
groups are Boc, Fmoc and Cbz. Further examples of
these groups are found in T. W. Greene and P. G. M.
Wuts, "Protective Groups in Organic Synthesis", 2nd
ed., John Wiley & Sons, Inc., New York, NY, 1991,
chapter 7; E. Haslam, "Protective Groups in 



Organic Chemistry", J . G. W. McOmie, Ed., Plenum
Press, New York, NY, 1973, Chapter 5, and T.W. Greene,
"Protective Groups in Organic Synthesis", John Wiley
and Sons, New York, NY, 1981. The term "protected
amino" refers to an amino group substituted with one
of the above amino-protecting groups. "Aryl" when used
alone or as part of another term means a carbocyclic
aromatic group whether or not fused having the number
of carbon atoms designated or if no number is
designated, up to 14 carbon atoms. Particular aryl
groups are phenyl, naphthyl, biphenyl, phenanthrenyl,
naphthacenyl, and the like (see e.g. Lang 's Handbook
of Chemistry (Dean, J. A., ed) 13th ed. Table 7-2
[1985]). A particular aryl is phenyl. Substituted
phenyl or substituted aryl means a phenyl group or
aryl group substituted with one, two, three, four or
five, for example 1-2, 1-3 or 1-4 substituents chosen,
unless otherwise specified, from halogen (F, Cl, Br,
I), hydroxy, protected hydroxy, cyano, nitro, alkyl
(for example Ci-C alkyl), alkoxy (for example C 1-C
alkoxy), benzyloxy, carboxy, protected carboxy,
carboxymethyl, protected carboxymethyl, hydroxymethyl,
protected hydroxymethyl, aminomethyl, protected
aminomethyl, trifluoromethyl, alkylsulfonylamino,
alkylsulfonylaminoalkyl, arylsulfonylamino,
arylsulonylaminoalkyl, heterocyclylsulfonylamino,
heterocyclylsulfonylaminoalkyl, heterocyclyl, aryl, or
other groups specified. One or more methyne (CH)
and/or methylene (CH2) groups in these substituents
may in turn be substituted with a similar group as
those denoted above. Examples of the term "substituted
phenyl" includes but is not limited to a mono- or
di(halo)phenyl group such as 2-chlorophenyl,
2-bromophenyl, 4-chlorophenyl, 2,6- dichlorophenyl,
2,5-dichlorophenyl, 3,4-dichlorophenyl,
3-chlorophenyl, 3-bromophenyl, 4-bromophenyl,
3,4-dibromophenyl, 3-chloro-4-fluorophenyl,
2-fluorophenyl and the like; a mono- or
di(hydroxy)phenyl group such as 4-hydroxyphenyl,
3-hydroxyphenyl, 2,4- dihydroxyphenyl, the
protected-hydroxy derivatives thereof and the like; a
nitrophenyl group such as 3- or 4-nitrophenyl; a
cyanophenyl group, for example, 4-cyanophenyl; a mono-
or di(lower alkyl)phenyl group such as 4-methylphenyl,
2,4-dimethylphenyl, 2- methylphenyl,
4-(iso-propyl)phenyl, 4-ethylphenyl,
3-(n-propyl)phenyl and the like; a mono or
di(alkoxy)phenyl group, for example,
3,4-dimethoxyphenyl, 3-methoxy-4- benzyloxyphenyl,
3-methoxy-4-(l-chloromethyl)benzyloxy-phenyl,
3-ethoxyphenyl, 4- (isopropoxy)phenyl,
4-(t-butoxy)phenyl, 3-ethoxy-4-methoxyphenyl and the
like; 3- or Atrifluoromethylphenyl; a mono- or
dicarboxyphenyl or (protected carboxy)phenyl group
such 4-carboxyphenyl, ; a mono- or
di(hydroxymethyl)phenyl or (protected
hydroxymethyl)phenyl such as 3-(protected
hydroxymethyl)phenyl or 3,4- di(hydroxymethyl)phenyl;
a mono- or di(aminomethyl)phenyl or (protected
aminomethyl)phenyl such as 2-(aminomethyl)phenyl or
2,4-(protected aminomethyl)phenyl; or a mono- or
di(N-(methylsulfonylamino))phenyl such as
3-(Nmethylsulfonylamino)) phenyl. Also, the term
"substituted phenyl" represents disubstituted phenyl
groups where the substituents are different, for
example, 3-methyl-4-hydroxyphenyl,
3-chloro-4-hydroxyphenyl, 2-methoxy-4-bromophenyl,
4-ethyl-2-hydroxyphenyl, 3- hydroxy-4-nitrophenyl,
2-hydroxy-4-chlorophenyl, and the like, as well as
trisubstituted phenyl groups where the substituents
are different, for example 3-methoxy-4-benzyloxy-6-
methyl sulfonylamino, 3-methoxy-4-benzyloxy-6-phenyl
sulfonylamino, and tetrasubstituted phenyl groups
where the substituents are different such as
3-methoxy-4-benzyloxy-5- methyl-6-phenyl
sulfonylamino. Particular substituted phenyl groups
include the 2- chlorophenyl, 2-aminophenyl,
2-bromophenyl, 3-methoxyphenyl, 3-ethoxy-phenyl, 4-
benzyloxyphenyl, 4-methoxyphenyl,
3-ethoxy-4-benzyloxyphenyl, 3,4-diethoxyphenyl, 3- 



methoxy-4-benzyloxyphenyl, 3-methoxy-4-(
l-chloromethyl)benzyloxy-phenyl, 3-methoxy-
4-(l-chloromethyl)benzyloxy -6- methyl sulfonyl
aminophenyl groups. Fused aryl rings may also be
substituted with any, for example 1, 2 or 3, of the
substituents specified herein in the same manner as
substituted alkyl groups. "Carbocyclyl",
"carbocyclylic", "carbocycle" and "carbocyclo" alone
and when used as a moiety in a complex group such as a
carbocycloalkyl group, refers to a mono-, bi-, or
tricyclic aliphatic ring having 3 to 14 carbon atoms,
for example 3 to 7 carbon atoms, which may be
saturated or unsaturated, aromatic or non-aromatic.
Particular saturated carbocyclic groups are
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl
groups. A particular saturated carbocycle is
cyclopropyl. Another particular saturated carbocycle
is cyclohexyl.Particular unsaturated carbocycles are
aromatic e.g. aryl groups as previously defined, for
example phenyl. The terms "substituted carbocyclyl",
"carbocycle" and "carbocyclo" mean these groups
substituted by the same substituents as the
"substituted alkyl" group. "Carboxy-protecting group"
as used herein refers to one of the ester derivatives
of the carboxylic acid group commonly employed to
block or protect the carboxylic acid group while
reactions are carried out on other functional groups
on the compound. Examples of such carboxylic acid
protecting groups include 4-nitrobenzyl,
4-methoxybenzyl, 3,4- dimethoxybenzyl,
2,4-dimethoxybenzyl, 2,4,6-trimethoxybenzyl,
2,4,6-trimethylbenzyl, pentamethylbenzyl,
3,4-methylenedioxybenzyl, benzhydryl,
4,4'-dimethoxybenzhydryl,
2,2',4,4'-tetramethoxybenzhydryl, alkyl such as
t-butyl or t-amyl, trityl, 4-methoxytrityl,
4,4'-dimethoxytrityl, 4,4',4"-trimethoxytrityl,
2-phenylprop-2-yl, trimethylsilyl,
tbutyldimethylsilyl, phenacyl, 2,2,2-trichloroethyl,
beta-(trimethylsilyl)ethyl, beta-(di(nbutyl)
methylsilyl)ethyl, p-toluenesulfonylethyl,
4-nitrobenzylsulfonylethyl, allyl, cinnamyl,
l-(trimethylsilylmethyl)prop-l-en-3-yl, and like
moieties. The species of carboxyprotecting group
employed is not critical so long as the derivatized
carboxylic acid is stable to the condition of
subsequent reaction(s) on other positions of the
molecule and can be removed at the appropriate point
without disrupting the remainder of the molecule. In
particular, it is important not to subject a
carboxy-protected molecule to strong nucleophilic
bases, such as lithium hydroxide or NaOH, or reductive
conditions employing highly activated metal hydrides
such as LiAlH 4. (Such harsh removal conditions are
also to be avoided when removing amino-protecting
groups and hydroxy-protecting groups, discussed
below.) Particular carboxylic acid protecting groups
are the alkyl (e.g. methyl, ethyl, tbutyl), allyl,
benzyl and p-nitrobenzyl groups. Similar
carboxy-protecting groups used in the cephalosporin,
penicillin and peptide arts can also be used to
protect a carboxy group substituents. Further examples
of these groups are found in T. W. Greene and P. G. M.
Wuts, "Protective Groups in Organic Synthesis", 2nd
ed., John Wiley & Sons, Inc., New York, N.Y., 1991,
chapter 5; E. Haslam, "Protective Groups in Organic
Chemistry", J . G. W. McOmie, Ed., Plenum Press, New
York, N.Y., 1973, Chapter 5, and T.W. Greene,
"Protective Groups in Organic Synthesis", John Wiley
and Sons, New York, NY, 1981, Chapter 5. The term
"protected carboxy" refers to a carboxy group
substituted with one of the above carboxy-protecting
groups. "Guanidine" means the group -NH-C(NH)-NHR
wherein R is H or alkyl or aralkyl. A particular
guanidine is the group -NH-C(NH)-NH
2."Hydroxy-protecting group" as used herein refers to
a derivative of the hydroxy group commonly employed to
block or protect the hydroxy group while reactions are
carried out on other functional groups on the
compound. Examples of such protecting groups include
tetrahydropyranyloxy, benzoyl, acetoxy, carbamoyloxy,
benzyl, and silylethers (e.g. TBS, TBDPS) groups.
Further examples of these groups are found in T. W.
Greene and P. G. M. 



Wuts, "Protective Groups in Organic Synthesis", 2nd
ed., John Wiley & Sons, Inc., New York, NY, 1991,
chapters 2-3; E. Haslam, "Protective Groups in Organic
Chemistry", J . G. W. McOmie, Ed., Plenum Press, New
York, NY, 1973, Chapter 5, and T.W. Greene,
"Protective Groups in Organic Synthesis", John Wiley
and Sons, New York, NY, 1981. The term "protected
hydroxy" refers to a hydroxy group substituted with
one of the above hydroxy-protecting groups.
"Heterocyclic group", "heterocyclic", "heterocycle",
"heterocyclyl", or "heterocyclo" alone and when used
as a moiety in a complex group such as a
heterocycloalkyl group, are used interchangeably and
refer to any mono-, bi-, or tricyclic, saturated or
unsaturated, aromatic (heteroaryl) or non-aromatic
ring having the number of atoms designated, generally
from 5 to about 14 ring atoms, where the ring atoms
are carbon and at least one heteroatom (nitrogen,
sulfur or oxygen), for example 1 to 4 heteroatoms.
Typically, a 5-membered ring has 0 to 2 double bonds
and 6- or 7-membered ring has 0 to 3 double bonds and
the nitrogen or sulfur heteroatoms may optionally be
oxidized (e.g. SO, SO2), and any nitrogen heteroatom
may optionally be quaternized. Particular non-aromatic
heterocycles are morpholinyl (morpholino),
pyrrolidinyl, oxiranyl, oxetanyl, tetrahydrofuranyl,
2,3 dihydrofuranyl, 2Hpyranyl, tetrahydropyranyl,
thiiranyl, thietanyl, tetrahy drothietanyl,
aziridinyl, azetidinyl, 1- methyl-2-pyrrolyl,
piperazinyl and piperidinyl. A "heterocycloalkyl"
group is a heterocycle group as defined above
covalently bonded to an alkyl group as defined above.
Particular 5- membered heterocycles containing a
sulfur or oxygen atom and one to three nitrogen atoms
are thiazolyl, in particular thiazol-2-yl and
thiazol-2-yl N-oxide, thiadiazolyl, in particular
l,3,4-thiadiazol-5-yl and l,2,4-thiadiazol-5-yl,
oxazolyl, for example oxazol-2-yl, and oxadiazolyl,
such as l,3,4-oxadiazol-5-yl, and
l,2,4-oxadiazol-5-yl. Particular 5-membered ring
heterocycles containing 2 to 4 nitrogen atoms include
imidazolyl, such as imidazol-2-yl; triazolyl, such as
l,3,4-triazol-5-yl; l,2,3-triazol-5-yl,
l,2,4-triazol-5-yl, and tetrazolyl, such as
lH-tetrazol-5-yl. Particular benzo-fused 5-membered
heterocycles are benzoxazol-2-yl, benzthiazol-2-yl and
benzimidazol-2-yl. Particular 6-membered heterocycles
contain one to three nitrogen atoms and optionally a
sulfur or oxygen atom, for example pyridyl, such as
pyrid-2-yl, pyrid-3-yl, and pyrid-4-yl; pyrimidyl,
such as pyrimid-2-yl and pyrimid-4-yl; triazinyl, such
as l,3,4-triazin-2-yl and l,3,5-triazin-4-yl;
pyridazinyl, in particular pyridazin3-yl, and
pyrazinyl. The pyridine N-oxides and pyridazine
N-oxides and the pyridyl, pyrimid-2-yl, pyrimid-4-yl,
pyridazinyl and the l,3,4-triazin-2-yl groups, are a
particular group. Substituents for "optionally
substituted heterocycles", and farther examples of the
5- and 6-merabered ring systems discussed above can be
found in W. Druckheimer et al., U.S. Patent No.
4,278,793. In a particular embodiment, such optionally
substittuted heterocycle groups are substituted with
hydroxyl, alkyl, alkoxy, acyl, halogen, mercapto, oxo,
carboxyl, acyl, halo-substituted alkyl, amino, cyano,
nitro, amidino and guanidino. "Heteroaryl" alone and
when used as a moiety in a complex group such as a
heteroaralkyl group, refers to any mono-, bi-, or
tricyclic aromatic ring system having the number of
atoms designated where at least one ring is a 5-, 6-
or 7-membered ring containing from one to four
heteroatoms selected from the group nitrogen, oxygen,
and sulfur, and in a particular embodiment at least
one heteroatom is nitrogen {Lang's Handbook of
Chemistry, supra). Included in the definition are any
bicyclic groups where any of the above heteroaryl
rings are fused to a benzene ring. Particular
heteroaryls incorporate a nitrogen or oxygen
heteroatom. The following ring systems are examples of
the heteroaryl (whether substituted or unsubstituted)
groups denoted by the term "heteroaryl": thienyl,
furyl, imidazolyl, pyrazolyl, thiazolyl, isothiazolyl,
oxazolyl, isoxazolyl, triazolyl, thiadiazolyl,
oxadiazolyl, 



tetrazolyl, thiatriazolyl, oxatriazolyl, pyridyl,
pyrimidyl, pyrazinyl, pyridazinyl, thiazinyl,
oxazinyl, triazinyl, thiadiazinyl, oxadiazinyl,
dithiazinyl, dioxazinyl, oxathiazinyl, tetrazinyl,
thiatriazinyl, oxatriazinyl, dithiadiazinyl,
imidazolinyl, dihydropyrimidyl, tetrahydropyrimidyl,
tetrazolo[l,5-b]pyridazinyl and purinyl, as well as
benzo-fused derivatives, for example benzoxazolyl,
benzofuryl, benzothiazolyl, benzothiadiazolyl,
benzotriazolyl, benzoimidazolyl and indolyl. A
particular "heteroaryl" is: l,3-thiazol-2-yl, 4-
(carboxymethyl)-5-methyl-l,3-thiazol-2-yl,
4-(carboxymethyl)-5-methyl-l,3-thiazol-2-yl sodium
salt, l,2,4-thiadiazol-5-yl,
3-methyl-l,2,4-thiadiazol-5-yl, l,3,4-triazol-5-yl, 2-
methyl-l,3,4-triazol~5-yl,
2-hydroxy-l,3,4-triazol-5-yl,
2-carboxy-4-methyl-l,3,4-triazol-5-yl sodium salt,
2-carboxy-4-methyl-l,3,4-triazol-5-yl,
l,3-oxazol-2-yl, l,3,4-oxadiazol-5-yl, 2- methyl-
l,3,4-oxadiazol-5-yl,
2-(hydroxymethyl)-l,3,4-oxadiazol-5-yl,
l,2,4-oxadiazol-5-yl, l,3,4-thiadiazol-5-yl,
2-thiol-l,3,4-thiadiazol-5-yl,
2-(methylthio)-l,3,4-thiadiazol-5-yl, 2-
amino-l,3,4-thiadiazol-5-yl, lH-tetrazol-5-yl,
l-methyl-lH-tetrazol-5-yl, 1-(1-
(dimethylamino)eth-2-yl)-lH-tetrazol-5-yl,
l-(carboxymethyl)-lH-tetrazol-5-yl, 1-
(carboxymethyl)-lH-tetrazol-5-yl sodium salt,
l-(methylsulfonic acid)-lH-tetrazol-5-yl, 1-
(methylsulfonic acid)-lH-tetrazol-5-yl sodium salt,
2-methyl-lH-tetrazol-5-yl, 1,2,3-triazol- 5-yl,
l-methyl-l,2,3-triazol-5-yl,
2-methyl-l,2,3-triazol-5-yl,
4-methyl-l,2,3-triazol-5-yl,pyrid-2-yl N-oxide,
6-methoxy-2-(n-oxide)-pyridaz-3-yl,
6-hydroxypyridaz-3-yl, 1- methylpyrid-2-yl,
l-methylpyrid-4-yl, 2-hydroxypyrimid-4-yl,
l,4,5,6-tetrahydro-5,6-dioxo-
4-methyl-as-triazin-3-yl,
l,4,5,6-tetrahydro-4-(formylmethyl)-5,6-dioxo-as-triaz
in-3-yl, 2,5- dihydro-5-oxo-6-hydroxy-astriazin-3-yl,
2,5-dihydro-5-oxo-6-hydroxy-as-triazin-3-yl sodium
salt,
2,5-dihydro-5-oxo-6-hydroxy-2-methyl-astriazin-3-yl
sodium salt, 2,5-dihydro-
5-oxo-6-hydroxy-2-methyl-as-triazin-3-yl,
2,5-dihydro-5-oxo-6-methoxy-2-methyl-astriazin- 3-yl,
2,5-dihydro-5-oxo-as-triazin-3-yl,
2,5-dihydro-5-oxo-2-methyl-as-triazin-3-yl,
2,5-dihydro-5-oxo-2,6-dimethyl-as-triazin-3-yl,
tetrazolo[l,5-b]pyridazin-6-yl and 8-
aminotetrazolo[l,5-b]-pyridazin-6-yl. An alternative
group of "heteroaryl" includes; A-
(carboxymethyl)-5-methyl- 1,3-thiazol-2-yl,
4-(carboxymethyl)-5-methyl- 1,3-thiazol-2-yl sodium
salt, l,3,4-triazol-5-yl, 2-methyl-l,3,4-triazol-5-yl,
lH-tetrazol-5-yl, 1-methyl-lHtetrazol- 5-yl,
1-(1-(dimethy lamino)eth-2-yl)-1H-tetrazol-5-y 1,
1-(carboxy methyl)- 1Htetrazol- 5-yl,
l-(carboxymethyl)-lH-tetrazol-5-yl sodium salt,
l-(methylsulfonic acid)-lHtetrazol- 5-yl,
l-(methylsulfonic acid)-lH-tetrazol-5-yl sodium salt,
l,2,3-triazol-5-yl,
l,4,5,6-tetrahydro-5,6-dioxo-4-methyl-as-triazin-3-yl,
l,4,5,6-tetrahydro-4-(2-
formylmethyl)-5,6-dioxo-as-triazin-3-yl,
2,5-dihydro-5-oxo-6-hydroxy-2-methyl-as-triazin- 3-yl
sodium salt,
2,5-dihydro-5-oxo-6-hydroxy-2-methyl-as-triazin-3-yl,
tetrazolo[l,5- b]pyridazin-6-yl, and
8-aminotetrazolo[l,5-b]pyridazin-6-yl. Heteroaryl
groups are optionally substituted as described for
heterocycles. "Inhibitor" means a compound which
reduces or prevents the binding of IAP proteins to
caspase proteins or which reduces or prevents the
inhibition of apoptosis by an IAP protein.
Alternatively, "inhibitor" means a compound which
prevents the binding interaction of XIAP with caspases
or the binding interaction of ML-IAP with SMAC.
"Optionally substituted" unless otherwise specified
means that a group may be substituted by one or more
(e.g. 0, 1, 2, 3 or 4) of the substituents listed for
that group in which said substituents may be the same
or different. In an embodiment an optionally
substituted group has 1 substituent. In another
embodiment an optionally substituted group has 2
substituents. In another embodiment an optionally
substituted group has 3 substituents.
"Pharmaceutically acceptable salts" include both acid
and base addition salts. "Pharmaceutically acceptable
acid addition salt" refers to those salts which retain
the 



biological effectiveness and properties of the free
bases and which are not biologically or otherwise
undesirable, formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, sulfuric acid,
nitric acid, carbonic acid, phosphoric acid and the
like, and organic acidsmay be selected from aliphatic,
cycloaliphatic, aromatic, araliphatic, heterocyclic,
carboxylic, and sulfonic classes of organic acids such
as formic acid, acetic acid, propionic acid, glycolic
acid, gluconic acid, lactic acid, pyruvic acid, oxalic
acid, malic acid, maleic acid, maloneic acid, succinic
acid, fumaric acid, tartaric acid, citric acid,
aspartic acid, ascorbic acid, glutamic acid,
anthranilic acid, benzoic acid, cinnamic acid,
mandelic acid, embonic acid, phenylacetic acid,
methanesulfonic acid, ethanesulfonic acid,
ptoluenesulfonic acid, salicyclic acid and the like.
"Pharmaceutically acceptable base addition salts"
include those derived from inorganic bases such as
sodium, potassium, lithium, ammonium, calcium,
magnesium, iron, zinc, copper, manganese, aluminum
salts and the like. Particularly base addition salts
are the ammonium, potassium, sodium, calcium and
magnesium salts. Salts derived from pharmaceutically
acceptable organic nontoxic bases includes salts of
primary, secondary, and tertiary amines, substituted
amines including naturally occurring substituted
amines, cyclic amines and basic ion exchange resins,
such as isopropylamine, trimethylamine, diethylamine,
triethylamine, tripropylamine, ethanolamine,
2-diethylaminoethanol, trimethamme, dicyclohexylamine,
lysine, arginine, histidine, caffeine, procaine,
hydrabamine, choline, betaine, ethylenediamine,
glucosamine, methylglucamine, theobromine, purines,
piperizine, piperidine, N-ethylpiperidine, polyamine
resins and the like. Particularly organic non-toxic
bases are isopropylamine, diethylamine, ethanolamine,
trimethamine, dicyclohexylamine, choline, and
caffeine. "Sulfonyl" means a -SO 2-R group wherein R
is alkyl, carbocycle, heterocycle, carbocycloalkyl or
heterocycloalkyl. Particular sulfonyl groups are
alkylsulfonyl (i.e. -SO 2- alkyl), for example
methylsulfonyl; arylsulfonyl, for example
phenylsulfonyl; aralkylsulfonyl, for example
benzylsulfonyl. The phrase "and salts and solvates
thereof as used herein means that compounds of the
inventions may exist in one or a mixture of salts and
solvate forms. For example a compound of the invention
may be substantially pure in one particular salt or
solvate form or else may be mixtures of two or more
salt or solvate forms. The present invention provides
novel compounds having the general formula I :I
wherein A, Q, Xi, X2, Y, Ri, R2, R3, R4, R ' , R5, R
and R6' are as described herein. Ring A is a 5-member
aromatic heterocycle incorporating 1 to 4 heteroartoms
N, O or S which is substituted with group Q and is
optionally further substituted with one or more R7
(for substitutions at a ring carbon atom) and one or
more R8 (for substitutions at a ring nitrogen). R7 in
each occurrence is independently H, cyano, hydroxyl,
mercapto, halogen, nitro, carboxyl, amidino,
guanidino, alkyl, a carbocycle, a heterocycle or -U-V;
wherein U is -O-, - S-, -S(O)-, S(O)2, -N(R8)-,
-C(O)-, -C(O)-NR8-, -NR8-C(O)-, -SO2-NR8-, -NR8-SO2-,
-NR8- C(O)-NR8-, -NR8-C(NH)-NR 8-, -NR8-C(NH)-,
-C(O)-O- or -O-C(O)- and V is alkyl, a carbocycle or a
heterocycle; and wherein one or more CH2 or CH groups
of an alkyl is optionally replaced with -0-, -S-,
-S(O)-, S(O)2, -N(R8)-, -C(O)-, -C(O)-NR 8-,
-NR8-C(O)-, - SO2-NR8-, -NR8-SO2-, -NR8-C(O)-NR8-,
-NR8-C(NH)-NR8-, -NR8-C(NH)-, -C(O)-O- or -OC( O)-;
and an alkyl, carbocycle and heterocycle is optionally
substituted with hydroxyl, alkoxy, acyl, halogen,
mercapto, oxo, carboxyl, acyl, halo-substituted alkyl,
amino, cyano, nitro, amidino, guanidino an optionally
substituted carbocycle or an optionally substituted 



heterocycle. Substituents of the "optionally
substituted carbocycle" and "optionally substituted
heterocycle" are as defined herein. In a particular
embodiment such carbocycle and heterocycle groups are
substituted with hydroxyl, alkyl, alkoxy, acyl,
halogen, mercapto, oxo, carboxyl, acyl,
halo-substituted alkyl, amino, cyano, nitro, amidino
and guanidino. In an embodiment R7 is H, halogen,
cyano, alkyl, hydroxyalkyl or alkoxyalkyl. R8 is H,
alkyl, a carbocycle or a heterocycle wherein one or
more CH2 or CH groups of said alkyl is optionally
replaced with -0-, -S-, -S(O)-, S(O)2, -N(R8), or
-C(O)-; and said alkyl, carbocycle and heterocycle is
optionally substituted with hydroxyl, alkoxy, acyl,
halogen, mercapto, oxo (=0), carboxyl, acyl,
halo-substituted alkyl, amino, cyano nitro, amidino,
guanidino an optionally substituted carbocycle or an
optionally substituted heterocycle. Substituents of
the "optionally substituted carbocycle" and
"optionally substituted heterocycle" are as defined
herein. In a particular embodiment such carbocycle
andheterocycle groups are substituted with hydroxyl,
alkyl, alkoxy, acyl, halogen, mercapto, oxo, carboxyl,
acyl, halo-substituted alkyl, amino, cyano, nitro,
amidino and guanidino. In a particular embodiment R8
is H, alkyl, or acyl. In an embodiment R8 is methyl.
In another embodiment R8 is acetyl. In a particular
embodiment R8 is H. In an embodiment R7 is H, halogen,
amino, hydroxyl, carboxyl, alkyl, haloalkyl or
aralkyl. In a particular embodiment R7 is halogen, for
example Cl or F. hi a particular embodiment R7 is H.
It is understood that substitutions defined for R7 and
R8 as well as all other variable groups herein are
subject to permissible valency. In a particular
embodiment ring A has the general formula II: p rr
wherein Zi is NR8, O or S; and Z2, Z3 and Z4 are each
independently N or CR7. Group Q is attached to ring A
of formula II and II' at the ring member between Z2
and Z3. In a particular embodiment Zi is S. In a
particular embodiment Zi is O. In another particular
embodiment Z1 is NR8 wherein R8 is as defined herein.
In a particular embodiment Zi is NR8 wherein R8 is H.
In another particular embodiment Zi is NR8 wherein R8
is Me. In another embodiment Zi is O or S while Z2 is
N and Z3 is N or CR7. In a particular embodiment Zi is
S while Z2 is N and Z3 is CR7. In a particular
embodiment Zi is S while Z2 is N and Z3 is CH. In a
particular embodiment, ring A is an aromatic
heterocyle selected from the group consisting of a -
IIcc:pf Hg Eh Hi pj pk p/ IIm UpHz IIaa IIbb IIcc
wherein R7 and R8 are as defined herein. Q is not part
of ring A and is shown for positional purposes. In a
particular embodiment, ring A is any one of the groups
a - IIz wherein R is H and R7 is H, Cl, or
hydroxypropynyl. In another particular embodiment,
ring A is any one of the groups a - Hz wherein R7 and
Rs are both H. In another embodiment, ring A is the
Eg. In another embodiment, ring A is Hg and R7 is H. Q
is H, alkyl, a carbocycle, a heterocycle; wherein one
or more CH2 or CH groups of an alkyl is optionally
replaced with -O-, -S-, -S(O)-, S(O)2, -N(R8)-,
-C(O)-, -C(O)-NR8-, -NR8-C(O)-, -SO2-NR8-, -NR8-SO2-,
-NR8-C(O)-NR8-, -NR8-C(NH)-NR8-, -NR8-C(NH)-, -C(O)-O-
or -OC( O)-; and wherein any of the foregoing alkyl,
carbocycle and heterocycle is optionally substituted
with one or more hydroxyl, alkoxy, acyl, halogen,
mercapto, oxo, carboxyl, acyl, halo-substituted alkyl,
amino, cyano nitro, amidino, guanidino an optionally
substituted carbocycle or an optionally substituted
heterocycle. Substituents of the "optionally
substituted carbocycle" and "optionally substituted
heterocycle" are as defined herein. In a particular
embodiment such carbocycle and heterocycle groups are
substituted with hydroxyl, 



alkyl, alkoxy, acyl, halogen, mercapto, oxo, carboxyl,
acyl, halo-substituted alkyl, amino, cyano, nitro,
amidino and guanidino. In a particular embodiment Q is
a carbocycle or heterocycle optionally substituted
with halogen, amino, oxo, alkyl, a carbocycle or a
heterocycle; wherein one or more CH2 or CH groups of
an alkyl is optionally replaced with - 0-, -S-,
-S(O)-, S(O)2, -N(R8)-, -C(O)-, -C(O)-NR 8-,
-NR8-C(O)-, -SO2-NR8-, -NR8-SO2-, - NR8-C(O)-NR8-,
-NR8-C(NH)-NR8-, -NR8-C(NH)-, -C(O)-O- or -O-C(O)-;
and wherein said alkyl, carbocycle or heterocycle is
optionally substituted with halogen, amino, hydroxyl,
mercapto, carboxyl, alkoxy, alkoxyalkoxy,
hydroxyalkoxy, alkylthio, acyloxy, acyloxyalkoxy,
alkylsulfonyl, alkylsulfonylalkyl, alkylsulfinyl, and
alkylsulfinylalkyl. In a particular embodiment, Q is a
carbocycle or heterocycle selected from the group
consisting of pia - His:mn mo mpwherein n is 1-4, for
example 1-3, for example 1-2, for example 1; T is 0 ,
S, NR8 or CR7R7; W is O, NRg or CR7R7; and R7 and R8
are as defined herein. In a particular embodiment Q is
any one of DIa - mi wherein R8 is H and R7 is selected
from the group consisting of H, F, Cl, Me, methoxy,
hydroxyethoxy, methoxyethoxy, acetoxyethoxy,
methylsulfonyl methylsulfonylmethyl, phenyl and
morpholin-4-yl. In another particular embodiment Q is
Hid. In a particular embodiment Q is Hid which is
substituted at the 4-position with R7. In another
particular embodiment Q is Did which is substituted at
the 5-position with R7. X1 and X2 are each
independently O or S. hi a particular embodiment, Xi
and X2 are both O. In another particular embodiment X
and X2 are both S. In another particular embodiment,
Xi is S while X2 is O. In another particular
embodiment, Xi is O while X2 is S. Y is a bond,
(CR7R7)n, O or S; wherein n is 1 or 2 and R7 is H,
halogen, alkyl, aryl, aralkyl, amino, arylamino,
alkylamino, aralkylamino, alkoxy, aryloxy or
aralkyloxy. In a particular embodiment, Y is (CHR7)n,
O or S; wherein n is 1 or 2 and R7 is H, halogen,
alkyl, aryl, aralkyl, amino, arylamino, alkylamino,
aralkylamino, alkoxy, aryloxy or aralkyloxy. In a
particular embodiment, Y is CH2. In a particular
embodiment n is 1. In a particular embodiment Y is a
bond. In a particular embodiment n is 1 and Y is CHR7
wherein R7 is aralkyloxy, for example benzyloxy. In a
particular embodiment n is 1 and Y is CHR7 wherein R7
is F. In a particular embodiment n is 1 and Y is CHR7
wherein R7 is aralkylamino, for example benzylamino.
In another particular embodiment Y is O. In another
particular embodiment Y is S. Ri is H or Ri and R2
together form a 5-8 member ring. In a particular
embodiment, Ri is H. In a particular embodiment, Ri
and R2 together form a 6-member ring. In a particular
embodiment, Ri and R2 together form a 7-member ring.
In another particular embodiment, Ri and R2 together
form an 8-member ring. In another particular
embodiment, Ri and R2 together form a 7-member ring
while Y is S. In another particular embodiment, Ri is
H,while Y is CH2. In another particular embodiment, Ri
is H, while Y is S. In another particular embodiment,
Ri is H, while Y is O. R2 is alkyl, a carbocycle,
carbocyclylalkyl, a heterocycle or heterocyclylalkyl
each optionally substituted with halogen, hydroxyl,
oxo, thione, mercapto, carboxyl, alkyl, haloalkyl,
alkoxy, alkylthio, sulfonyl, amino and nitro. In a
particular embodiment R2 is alkyl, a carbocycle,
carbocyclylalkyl, a heterocycle or heterocyclylalkyl
each optionally substituted with halogen, hydroxyl,
oxo, mercapto, thione, carboxyl, alkyl, haloalkyl,
alkoxy, alkylthio, sulfonyl, amino and nitro. In an
embodiment R2 is alkyl, a carbocycle,
carbocyclylalkyl, a heterocycle or heterocyclylalkyl
each optionally substituted with halogen, hydroxyl,
mercapto, carboxyl, alkyl, alkoxy, amino and nitro. In
a particular embodiment R2 is alkyl, cycloalkyl,
cycloalkylalkyl, aryl, aralkyl, a heterocycle or
heterocyclylalkyl. In a particular embodiment R2 is
alkyl, cycloalkyl or a heterocycle. In a particular
embodiment R2 is selected from the 



group consisting of t-butyl, isopropyl, cyclohexyl,
tetrahydropyran-4-yl, Nmethylsulfonylpiperidin- 4-yl,
tetrahydrothiopyran-4-yl, tetrahydrothiopyran-4-yl (in
which the S is in oxidized form SO or SO2),
cyclohexan-4-one, 4-hydroxycyclohexane, 4-hydroxy-
4-methylcyclohexane, l-methyl-tetrahydropyran-4-yl,
2-hydroxyprop-2-yl, but-2-yl, phenyl and
1-hydoxyeth-l-yl. In an embodiment of the invention R2
is t-butyl, isopropyl, cyclohexyl, cyclopentyl, phenyl
or tetrahydropyran-4-yl. In a particular embodiment,
R2 is phenyl. In a particular embodiment, R2 is
cyclohexyl. In another embodiment R2 is
tetrahydropyran-4-yl. In another particular
embodiment, R2 is isopropyl (i.e. the valine amino
acid side chain). In another particular embodiment, R2
is t-butyl. In a particular embodiment R2 is oriented
such that the amino acid, or amino acid analogue,
which it comprises is in the L-configuration. R3 is H
or alkyl optionally substituted with halogen or
hydroxyl; or R3 and R4 together form a 3-6
heterocycle. In an embodiment R3 is H or alkyl; or R3
and R together form a 3-6 heterocycle. In an
embodiment R3 is H or methyl, ethyl, propyl or
isopropyl. In a particularly particular embodiment R3
is H or methyl. In a another particular embodiment R3
is methyl. In another particular embodiment, R3 is
ethyl. In a particular embodiment R3 is fluoromethyl.
In a particular embodiment R3 is hydroxyethyl. In
another embodiment R3 is oriented such that the amino
acid, or amino acid analogue, which it comprises is in
the Lconfiguration. In a particular embodiment R3 and
R4 together with the atoms from which they depend form
a 3-6 heterocycle. In a particular embodiment R3 and
R4 together form an azetidine ring. In a particular
embodiment R3 and R4 together form a pyrrolidine.R3'
is H, or R3 and R3' together form a 3-6 carbocycle. In
an embodiment, R ' is H. In another embodiment R3 and
R3' together form a 3-6 carbocycle, for example a
cyclopropyl ring. In a particular embodiment R3 and
R3' are both methyl. R4 and R4' are independently H,
hydroxyl, amino, alkyl, carbocycle, carbocycloalkyl,
carbocycloalkyloxy, carbocycloalkyloxycarbonyl,
heterocycle, heterocycloalkyl, heterocycloalkyloxy or
heterocycloalkyloxycarbonyl; wherein each alkyl,
carbocycloalkyl, carbocycloalkyloxy,
carbocycloalkyloxycarbonyl, heterocycle,
heterocycloalkyl, heterocycloalkyloxy and
heterocycloalkyloxycarbonyl is optionally substituted
with halogen, hydroxyl, mercapto, carboxyl, alkyl,
alkoxy, amino, imino and nitro; or R4 and R4' together
form a heterocycle. In an embodiment R4 and R4' are
independently H, hydroxyl, amino, alkyl, aryl,
aralkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, or
heteroarylalkyl wherein each alkyl, aryl, aralkyl,
cycloalkyl, cycloalkylalkyl, heteroaryl and
heteroarylalkyl is optionally substituted with
halogen, hydroxyl, mercapto, carboxyl, alkyl, alkoxy,
amino and nitro; or R4 and R4' together form a
heterocycle. In a particular embodiment R4 and R4'
together form a heterocycle, for example an azetidine
ring, or a pyrrolidine ring. In a particular
embodiment R4 and R4' are both H. In another
particular embodiment R4 is methyl and R4' is H. In a
particular embodiment one of R4 and R4' is hydroxyl
(OH) while the other is H. In another embodiment, one
of R4 and R4' is amino, such as NH2, NHMe and NHEt,
while the other is H. In a particular embodiment, R4'
is H and R4 is H, alkyl, aryl, aralkyl, cycloalkyl,
cycloalkylalkyl, heteroaryl or heteroarylalkyl. In a
particular embodiment R4 is a group selected from the
group consisting of:R5 is H or alkyl. In a particular
embodiment, R5 is H or methyl. In a particular
embodiment, R5 is H. In another particular embodiment,
R5 is methyl. R6, and R6' are each independently H,
alkyl, aryl or aralkyl. In a particular embodiment, R6
is alkyl, for example methyl . In another particular
embodiment R6 is aryl, for example phenyl. In another
particular embodiment R6 is aralkyl, for example
benzyl. In a particular embodiment R6 and R6' are the
same, for example both alkyl, e.g. both methyl. In
another 



particular embodiment R6 is methyl and R6' is H. In
another embodiment R6 and R6 are both H.Compounds of
the invention contain one or more asymmetric carbon
atoms. Accordingly, the compounds may exist as
diastereomers, enantiomers or mixtures thereof. The
syntheses of the compounds may employ racemates,
diastereomers or enantiomers as starting materials or
as intermediates. Diastereomeric compounds may be
separated by chromatographic or crystallization
methods. Similarly, enantiomeric mixtures may be
separated using the same techniques or others known in
the art. Each of the asymmetric carbon atoms may be in
the R or S configuration and both of these
configurations are within the scope of the invention.
In a particular embodiment, compounds of the invention
have the following stereochemical configuration of
formula I' wherein ring A, Q, X1, X2, Y, Ri, R2, R3,
R4, R ' , R5, R and Re are as described herein. In an
embodiment, compounds of the invention have the
general formula IV IV wherein Q, X1, X2, Y, Ri, R2,
R3, R4, R4' , R5, Rd, R and R7 are as described
herein. In a particular embodiment Q is a carbocycle
or a heterocycle optionally substituted with one or
more hydroxyl, alkyl, alkoxy, acyl, halogen, mercapto,
oxo, carboxyl, amino, cyano, nitro, amidino, guanidino
an optionally substituted carbocycle or an optionally
substituted heterocycle wherein one or more CH2 or CH
groups of said alkyl is optionally replaced with - O-,
-S-, -S(O)-, S(O)2, -N(R8)-, -C(O)-, -C(O)-NR8-,
-NR8-C(O)-, -SO2-NR8-, -NR8-SO2-, - NR8-C(O)-NR8-,
-NR8-C(NH)-NR 8-, -NR8-C(NH)-, -C(O)-O- or -O-C(O)-.
In a particular embodiment, Q is aryl or heteroaryl
optionally substituted with one or more hydroxyl,
alkyl, alkoxy, acyl, halogen, mercapto, oxo, carboxyl,
amino, cyano, nitro, amidino, guanidino an optionally
substituted carbocycle or an optionally substituted
heterocycle wherein one or more CH2 or CH groups of
said alkyl is optionally replaced with -0-, -S-,
-S(O)-, S(O)2, -N(R 8)-, -C(O)-, -C(O)-NR 8-, -NR
8-C(O)-, -SO 2-NR 8-, -NR 8-SO2-, -NR 8-C(O)-NR 8-,
-NR 8- C(NH)-NR 8-, -NR 8-C(NH)-, -C(O)-O- or
-O-C(O)-. In a particular embodiment Q is aryl or
heteroaryl optionally substituted with with one or
more hydroxyl, alkyl, alkoxy, alkoxyalkoxy, acyl,
halogen, mercapto, carboxyl, acyl, halo-substituted
alkyl, amino, cyano, nitro, amidino, guanidino. In a
particular embodiment Q is aryl or heteroaryl
optionally substituted with halogen, alkyl, alkoxy,
alkoxyalkoxy, cyano. In an embodiment Q is Ilia to Els
wherein R7, R8 and n are as defined herein. In a
particular embodiment Q is IHq. In a particular
embodiment Q is Hid. In a particular embodiment Q is
mb, Etc, Hie, DQf, DIj, mk, mi, pin, mo, mq, mr or ms.
In an embodiment when compounds of the invention have
the general formula IV, R1 is H. In an embodiment when
compounds of the invention have the general formula
IV, R2 is alkyl, a carbocycle, carbocyclylalkyl, a
heterocycle or heterocyclylalkyl each optionally
substituted with halogen, hydroxyl, mercapto,
carboxyl, alkyl, alkoxy, amino and nitro. In an
embodiment when compounds of the invention have the
general formula IV, R3 is H or methyl, ethyl, propyl
or isopropyl. In an embodiment when compounds of the
invention have the general formula IV, R4 is methyl
and R4' is H. In an embodiment when compounds of the
invention have the general formula IV, R5 is H. In an
embodiment when compounds of the invention have the
general formula IV, R and R6 are both H. In an
embodiment, when compounds of the invention have the
general formula IV R7 is is H, halogen, cyano, alkyl,
hydroxyalkyl or alkoxyalkyl. In an embodiment, when
compounds of the invention have the general formula
IV, X i and X2 are both O. In an embodiment, when
compounds of the invention have the general formula
IV, Y is CH2. The invention also encompasses prodrugs
of the compounds described above. Suitable 



prodrugs where applicable include known
amino-protecting and carboxy-protecting groups which
are released, for example hydrolyzed, to yield the
parent compound under physiologic conditions. A
particular class of prodrugs are compounds in which a
nitrogen atom in an amino, amidino,
aminoalkyleneamino, iminoalkyleneamino or guanidino
group is substituted with a hydroxy (OH) group, an
alkylcarbonyl (-CO-R) group, an alkoxycarbonyl
(-CO-OR), an acyloxyalkyl-alkoxycarbonyl
(-CO-O-R-O-CO-R) group where R is a monovalent or
divalent group and as defined above or a group having
the formula -C(O)-O-CP 1P2- haloalkyl, where P l and
P2 are the same or different and are H, lower alkyl,
lower alkoxy, cyano, halo lower alkyl or aryl. In a
particular embodiment, the nitrogen atom is one of the
nitrogen atoms of the amidino group of the compounds
of the invention. These prodrugcompounds are prepared
reacting the compounds of the invention described
above with an activated acyl compound to bond a
nitrogen atom in the compound of the invention to the
carbonyl of the activated acyl compound. Suitable
activated carbonyl compounds contain a good leaving
group bonded to the carbonyl carbon and include acyl
halides, acyl amines, acyl pyridinium salts, acyl
alkoxides, in particular acyl phenoxides such as
p-nitrophenoxy acyl, dinitrophenoxy acyl,
fluorophenoxy acyl, and difluorophenoxy acyl. The
reactions are generally exothermic and are carried out
in inert solvents at reduced temperatures such as - 78
to about 50C. The reactions are usually also carried
out in the presence of an inorganic base such as
potassium carbonate or sodium bicarbonate, or an
organic base such as an amine, including pyridine,
triethylamine, etc. One manner of preparing prodrugs
is described in USSN 08/843,369 filed April 15, 1997
(corresponding to PCT publication WO9846576) the
contents of which are incorporated herein by reference
in their entirety. Particular compounds of formula I
include the following:COATED COMPRESSIBLE SUBSTRATES
FIELD QF THE INVENTION [0001] The present invention
relates to coated compressible substrates. More
particularly, the invention relates to compressible
materials coated with an aqueous polyurethane coating
comprising an aqueous polyurethane resin having a
hydroxyl number of less than 10, and a colorant.
BACKGROUND INFORMATION [0002] Traditional methods of
adding color to polymeric olefinic foam materials,
such as ethylene vinyl acetate (EVA) foams, have
typically required the addition of an in-mold-colorant
prior to, or during, the casting stage. Such colored
foams have typically required the dispersion of a
colorant throughout the foamed material. [0003] In the
footwear industry, shoe midsoles can be formed of
compressible foam. Manufacturers often desire to use a
colored sole and/or midsole to enhance the overall
appearance of the footwear. Each sole or midsole is
often produced by adding a colorant prior to, or
during, the casting stage of the foam. In order to
utilize colored foam soles or midsoles, footwear
manufacturers typically needed to create and stock a
significant inventory of shoe soles and midsoles of
various color and size depending on the specifications
of each product. This can create a significant
warehousing difficulty and/or fabrication expense.
[0004] It is desirable to coat compressible substrates
with a colored coating thereby reducing the need to
maintain an inventory of these substrates.
Accordingly, there is a need for a compressible
material coated with a colored coating, which provides
sufficient mechanical and/or visual properties.
SUMMARY OF THE INVENTION 



[0005] An embodiment of the present invention provides
an article of manufacture comprising a compressible
substrate and a coating on at least a portion of the
compressible substrate comprising an aqueous
polyurethane resin having a hydroxyl number of less
than 10 and a colorant.[0006] Another embodiment of
the present invention provides a compressible
substrate comprising a coating on at least a portion
of the substrate, the coating comprising an aqueous
polyurethane resin having a hydroxyl number of less
than 10 and a colorant. [0007] Another embodiment of
the present invention provides a method of coating a
compressible substrate comprising applying to at least
a portion of the compressible substrate a coating
composition comprising an aqueous polyurethane resin
having a hydroxyl number of less than 10 and a
colorant. [0008] Yet another embodiment of the present
invention provides a footwear component comprising a
foam substrate having an exterior surface at least
partially coated with a coating comprising a colorant.
[0009] These and other embodiments of the present
invention will be more apparent from the following
description. DETAILED DESCRIPTION [0010] The present
invention provides a compressible substrate, coated
with a coating comprising an aqueous polyurethane
dispersion and a colorant. It has been observed that
the coatings of the present invention can be
substantially flexible, such that when the coated
substrate is compacted, folded, creased and/or bent,
flaking, peeling and/or cracking of the coating is
minimized. [001 1] As used herein, the term
"compressible substrate" means a substrate capable of
undergoing a compressive deformation and returning to
substantially the same shape once the compressive
deformation has ceased. As used herein, the term
"compressive deformation" means a mechanical stress
that reduces the volume, at least temporarily, of a
substrate in at least one direction. Compressible
substrates can be coated with coatings of the present
invention on any number of exterior surfaces. Coatings
can be applied to substantially all of an entire
exterior surface, or any portion of any number of
exterior surfaces. In certain embodiments,
substantially all, i.e. 90 percent or greater, such as
95 percent or greater, of an exterior surface is
coated according to the present invention; thus, these
embodiments are distinguished from foam decorated with
logos, designs and thelike, in which a relatively
small area of the exterior surface is decorated,
typically in a predetermined pattern. For example,
substantially all of an exterior surface that is
exposed in the finished article of manufacture can be
coated according to the present invention. [0012] As
used herein, the term "coating" means a material that
forms a substantially continuous layer or film on a
substrate. Coatings can be applied to compressible
substrates to any desired thickness, such as a
thickness suitable to achieve a desired mechanical
property and/or visual effect. In one non-limiting
embodiment, the coatings may seep into a portion of
the surface of the compressible substrate, for
example, into the pores of open cell foam at the
exterior surface of the compressible substrate while
maintaining a coating on the exterior surface of the
compressible substrate. [0013] For some applications,
it may be desired to apply at least one coating
directly to an exterior surface of the compressible
substrate. In other applications, it 



may be desired to apply a primer to the exterior of
the compressible surface before applying any coatings.
Example primers include epoxies, epoxy polyamide,
polyolefins, chlorinated polyolefins, vinyl polymers,
polyurethanes, alkyds, acrylics and/or polyesters, and
the like. In other applications, a protective layer
such as a sealer can be applied to the exterior
surface of the coatings. The sealer can provide a
protective and/or visually aesthetic layer, such as a
clear coat. [0014] Coatings can be applied as a
monocoat or applied as one layer in a multiple layer
coating system having two or more layers in which each
coat may or may not contain different components. It
will be appreciated that the coatings of the present
invention are sprayed onto the substrates themselves,
which may or may not have other coatings applied
thereto, and are not applied as a laminate nor are
they applied to release paper and transferred to a
substrate. Thus, the present invention can provide
reduction in labor time. [0015] In one embodiment of
the present invention, the coating composition is
substantially solvent-free. The term "substantially
solvent-free" as used herein means that the coating
composition contains less than about 15 or 20 weight
percent organic solvents, preferably less than 5 or 10
weight percent, with weight percentbeing based on the
total weight of the coating composition to be applied
to the substrate. For example, the coating composition
may contain from zero to 2 or 3 weight percent organic
solvents. [0016] The term "aqueous" as used herein
means coating compositions in which the carrier fluid
of the composition is predominantly water on a weight
percent basis, i.e., more than 50 weight percent of
the carrier comprises water. The remainder of the
carrier comprises less than 50 weight percent organic
solvent, typically less than 25 weight percent,
preferably less than 15 weight percent. Based on the
total weight of the coating composition (including the
carrier and solids), the water may comprise from about
20 to about 80 weight percent, typically from about 30
to about 70 weight percent, of the total composition.
[0017] The coatings used according to the present
invention can comprise a polyurethane dispersion. Any
polyurethane resin that forms a suitable film, and is
compatible with aqueous compositions, can be used in
accordance with the present invention, absent
compatibility problems. Suitable polyurethane resins
include those formed from a polyisocyanate, an active
hydrogen-containing material, such as a polyol, a
polyether, a polyester, a polycarbonate, a polyamide,
a polyurethane, a polyurea, a polyamine, a polyolefin,
a siloxane polyol, and/or mixtures thereof, an acid
functional material having a functional group reactive
with isocyanate and optionally a polyamine. Examples
of acid functional materials include dimethyl
propionic acid and butanoic acid. Some example resins
that may be suitable for use in the present coating
compositions are described in U.S. Patent No.
5,939,491 , which is incorporated by reference herein.
[0018] In one non-limiting embodiment, the
polyurethane has a molecular weight average of at
least 10,000, such as at least 25,000, such as 100,000
or higher. The polyurethane resin in certain
embodiments has a hydroxyl number of less than about
10, such as less than about 5, such as less than about
3. The filmforming polyurethane resin is generally
present in the coating in an amount greater than about
20 weight percent, such as greater than about 40
weight percent, and less than 90 weight percent, with
weight percent being based on the total solidweight of
the cured coating. For example, the weight percent of
resin can be 



between 20 and 80 weight percent. [0019] In one
non-limiting embodiment, di and/or thfunctional
acrylics, polyesters, polyethers, polycarbonates,
polyamides, epoxies and/or vinyls can be added as a
partial replacement for a portion of the polyurethane
dispersion. Suitable di and/or trifunctional acrylic
resins can include unsaturated acrylic monomers and/or
copolymers with vinyl monomers prepared through
emulsion polymerization. Suitable polyester resins can
include reaction products of polyfunctional acid
anhydrides, polyfunctional alcohols and monofunctional
acids and alcohols. Other suitable resins include
hybrids or mixtures of any of these resins, for
example, acrylic/polyurethane and/or acrylic/polyester
hybrids and/or blends. [0020] The coatings of the
present invention also include a colorant. As used
herein, the term "colorant" means any substance that
imparts color and/or other opacity and/or other visual
effect to the composition. The colorant can be added
to the coating in any suitable form, such as discrete
particles, dispersions, solutions and/or flakes. A
single colorant or a mixture of two or more colorants
can be used in the coating of the present invention.
[0021] Example colorants include pigments, dyes and
tints, such as those used in the paint industry and/or
listed in the Dry Color Manufacturers Association
(DCMA) as well as special effect compositions. A
colorant may include, for example, a finely divided
solid powder which is insoluble but wettable under the
conditions of use. A colorant can be organic or
inorganic and can be agglomerated or nonagglomerated.
[0022] Example pigments and/or pigment compositions
include, but are not limited to, carbazole dioxazine
crude pigment, azo, monoazo, disazo, naphthol AS, salt
type (lakes), benzimidazolone, condensation, metal
complex, isoindolinone, isoindoline and polycyclic
phthalocyanine, quinacridone, perylene, perinone,
diketopyrrolo pyrrole, thioindigo, anthraquinone,
indanthrone, anthrapyrimidine, flavanthrone,
pyranthrone, anthanthrone, dioxazine,
triarylcarbonium, quinophthalone pigments, diketo
pyrrolo pyrrole red ("DPPBO red"), titanium
dioxide,carbon black and mixtures thereof. The term
pigment and colored filler can be used
interchangeably. [0023] Example dyes include, but are
not limited to, those which are solvent and/or aqueous
based such as pthalo green or blue, iron oxide,
bismuth vanadate, anthraquinone, perylene, aluminum
and quinacridone. [0024] Example tints include, but
are not limited to, pigments dispersed in water-based
or water miscible carriers such as AQUA-CHEM 896
commercially available from Degussa, Inc., CHARISMA
COLORANTS and MAXITONER INDUSTRIAL COLORANTS
commercially available from Accurate Dispersions
division of Eastman Chemical, Inc. [0025] As noted
above the colorant can be in the form of a dispersion
including, but not limited to, a nanoparticle
dispersion. Nanoparticle dispersions can include one
or more highly dispersed nanoparticle colorants or
colorant particles that produce a desired visible
color and/or opacity and/or visual effect.
Nanoparticle dispersions can include colorants such as
pigments or dyes having a particle size of less than
about 150 nm, such as less than 70 nm, or less than
30nm. Nanoparticles can be produced by milling stock
organic or inorganic pigments with grinding media
having a particle size of less than 0.5 mm. Example
nanoparticle dispersions and methods for making them
are identified in U.S. Application Publication No. 



2003/0125417, which is incorporated herein by
reference. Nanoparticle dispersions can also be
produced by crystallization, precipitation, gas phase
condensation, and chemical attrition (i.e., partial
dissolution). In order to minimize re-agglomeration of
nanoparticles within the coating, a dispersion of
resin-coated nanoparticles can be used. As used
herein, a "dispersion of resin-coated nanoparticles"
refers to a continuous phase in which is dispersed
discreet "composite microparticles" that comprise a
nanoparticle and a resin coating on the nanoparticle.
Example dispersions of resin-coated nanoparticles and
methods for making them are identified in U.S. Serial
Application No. 10/876,315 filed June 24, 2004, which
is incorporated herein by reference, and U.S.
Provisional Application No. 60/482167 filed June 24,
2003, which is also incorporated herein by
reference.[0026] Example special effect compositions
that may be used in the coating of the present
invention include pigments and/or compositions that
produce one or more appearance effects such as
reflectance, pearlescence, metallic sheen,
phosphorescence, fluorescence, photochromism,
photosensitivity, thermochromism, goniochromism and/or
color-change. Additional special effect compositions
can provide other perceptible properties, such as
opacity or texture. In a non-limiting embodiment,
special effect compositions can produce a color shift,
such that the color of the coating changes when the
coating is viewed at different angles. Example color
effect compositions are identified in U.S. Patent
Application Publication No. 2003/0125416, incorporated
herein by reference. Additional color effect
compositions can include transparent coated mica
and/or synthetic mica, coated silica, coated alumina,
a transparent liquid crystal pigment, a liquid crystal
coating, and/or any composition wherein interference
results from a refractive index differential within
the material and not because of the refractive index
differential between the surface of the material and
the air. [0027] In certain non-limiting embodiments, a
photosensitive composition and/or photochromic
composition, which reversibly alters its color when
exposed to one or more light sources, can be used in
the coating of the present invention. Photochromic
and/or photosensitive compositions can be activated by
exposure to radiation of a specified wavelength. When
the composition becomes excited, the molecular
structure is changed and the altered structure
exhibits a new color that is different from the
original color of the composition. When the exposure
to radiation is removed, the photochromic and/or
photosensitive composition can return to a state of
rest, in which the original color of the composition
returns. In one nonlimiting embodiment, the
photochromic and/or photosensitive composition can be
colorless in a non-excited state and exhibit a color
in an excited state. Full colorchange can appear
within milliseconds to several minutes, such as from
20 seconds to 60 seconds. Example photochromic and/or
photosensitive compositions include photochromic dyes.
[0028] In a non-limiting embodiment, the
photosensitive composition and/or photochromic
composition can be associated with and/or at least
partially bound to,such as by covalent bonding, a
polymer and/or polymeric materials of a polymerizable
component. In contrast to some coatings in which the
photosensitive composition may migrate out of the
coating and crystallize into the substrate, the
photosensitive composition and/or photochromic
composition associated with and/or at least partially
bound to a polymer and/or polymerizable component in
accordance with a non-limiting embodiment of the
present invention, have minimal migration out 



of the coating. Example photosensitive compositions
and/or photochromic compositions and methods for
making them are identified in U.S. Application Serial
No. 10/892,919 filed July 16, 2004 and incorporated
herein by reference. [0029] In general, the colorant
can be present in the coating composition in any
amount sufficient to impart the desired visual and/or
color effect. The colorant may comprise from 1 to 65
weight percent of the present compositions, such as
from 3 to 40 weight percent or 5 to 35 weight percent,
with weight percent based on the total weight of the
compositions. [0030] The present coating compositions
may also optionally include other ingredients such as
cross-linkers, extenders, ultra-violet (UV) absorbers,
light stabilizers, plasticizers, surfactants, leveling
agents, adhesion promoters, rheology modifiers,
hindered amine light stabilizers (HALS), and wetting
agents in a total amount of up to 80 weight percent
based on the total solid weight percent of the coating
composition to be applied to the substrate. Suitable
cross-linkers include carbodiimides, azidines,
melamines, bisoxazolidine, acid-catalyzed
formaldehydes, and/or isocyanates. Water-based
carbodiimides may be preferred in some applications
because they do not contribute a significant amount of
organic solvents to the coating composition. When a
cross-linker is used, it is generally present in an
amount of up to about 50 weight percent, based on the
total solid weight of the cured coating. [0031]
Additional optional coating additives include odor
effect compositions, which impart a desired odor to
the coating and/or limit undesired odors from
developing over time. Example odor effect compositions
can include fragrance additives, such as perfumes
and/or colognes, and/or odor masking compositions,such
as deodorants. In a non-limiting embodiment, the odor
effect composition can comprise additives that produce
or emit the smell of new leather. [0032] Other
suitable coating components include one or more
textureenhancers that improve the surface feel and/or
that enhance stain resistance of the coating. In one
non-limiting embodiment, the texture-enhancer imparts
a soft feel to the coating. As used herein, the term
"soft feel" means the coated substrate exhibits an
altered tactile property such as a simulated velvet or
leather tactile feel when touched. The
texture-enhancer can be an additive that can be added
to the coating composition such as silica flattening
agents and/or wax additives. Example silica flattening
agents can include ACEMATT OK 412 and ACEMATT TS 100
commercially available from Degussa, Inc. Example wax
additives can include polytetraethylene oxide,
fluorinated waxes, polyethylene waxes, or natural
waxes such as paraffin and/or carnauba wax. In another
non-limiting embodiment, the texture-enhancer can be
incorporated within the polyurethane resin itself. For
example, components that will impart a larger
"soft-segment" to the polyurethane can be used.
Examples include polytetramethylene ether glycol
commercially available under the name TERATHANE 2000
from Invista, Inc. [0033] Example compressible
substrates include foam substrates, polymeric bladders
filled with liquid, polymeric bladders filled with air
and/or gas, and/or polymeric bladders filled with
plasma. As used herein the term "foam substrate" means
a polymeric or natural material that comprises a open
cell foam and/or closed cell foam. As used herein, the
term "open cell foam" means that the foam comprises a
plurality of interconnected air chambers. As used
herein, the term "closed cell 



foam" means that the foam comprises a series of
discrete closed pores. Example foam substrates include
polystyrene foams, polymethacrylimide foams,
polyvinylchloride foams, polyurethane foams,
polypropylene foams, polyethylene foams, and
polyolefinic foams. Example polyolefinic foams include
polypropylene foams, polyethylene foams and/or
ethylene vinyl acetate (EVA) foam. EVA foam can
include flat sheets or slabs or molded EVA forms, such
as shoe midsoles. Different types of EVA foam can have
different types of surface porosity. Molded EVA
cancomprise a dense surface or "skin", whereas flat
sheets or slabs can exhibit a porous surface. [0034]
The coatings of the present invention can be applied
to the compressible substrate by any conventional
coating application means. Example coating application
means include spraying, slot coating, roll coating,
curtain coating, dipping, screen printing, brushing or
rod coating. In some embodiments, the coating is
applied to substantially all of an entire exterior
surface of the compressible substrate. In other
embodiments, the coating is applied to a portion of an
exterior surface of the compressible substrate. [0035]
In one non-limiting embodiment, an article of
manufacture may comprise any manufactured or
fabricated product comprising a compressible
substrate. In a non-limiting embodiment, the article
of manufacture can comprise footwear and/or a footwear
component. As used herein, the term "footwear"
includes shoes, including athletic and sport shoes,
men's and women's dress shoes, men's and women's
casual shoes, children's shoes, sandals, including
flip-flops, boots, including work boots, outdoor
footwear, orthopedic shoes, slippers and the like. As
used herein, the term "footwear component" includes
any part or portion of footwear including a
compressible substrate. Example footwear components
include soles, midsoles, upper materials and liners.
Midsoles and soles can comprise an ethylene vinyl
acetate foam. [0036] As used herein, unless otherwise
expressly specified, all numbers such as those
expressing values, ranges, amounts or percentages may
be read as if prefaced by the word "about", even if
the term does not expressly appear. Any numerical
range recited herein is intended to include all
sub-ranges subsumed therein. As used herein, the
singular forms of "a", "an" and "the" include plural
referents. Accordingly, while the invention has been
described in terms of "an" aqueous polyurethane and
"a" colorant, one or more aqueous polyurethanes and/or
colorants can be used. Similarly, any number or
combination of other components described herein can
be used according to the present invention. Also, as
used herein, the term "polymer" is meant to refer to
prepolymers, oligomers and both homopolymers and
copolymers; the prefix "poly" refers to two or
more.EXAMPLES [0037] The following examples are
intended to illustrate various aspects of the present
invention and are not intended to limit the disclosure
or claims of the invention. EXAMPLE 1 [0038] Sample
Coatings 1-7 were prepared by mixing the components
shown in Table 1. TABLE 1 1 CARBODILITE V02-L2, from
Nisshinbo Chemicals 2 Air Products MD-20 Defoamer 



3 OneSource, 9292-T1467 white tint, from PPG
Industries, Inc. 4 OneSource, 9292-L8843 blue tint,
from PPG Industries, Inc. 5 OneSource, 9292-G9463
green tint, from PPG Industries, Inc. 6 OneSource,
9292-R3817 red tint, from PPG Industries, Inc. 7
OneSource, 9292-B3546 lamp black tint, from PPG
Industries, Inc. 8 DOWANOL PM, from Dow Chemical, from
PPG Industries, Inc.Polyurethane Dispersion 1 , [0039]
Polyurethane dispersion 1 was made by charging a
reaction vessel equipped with stirrer, thermocouple,
condenser and nitrogen inlet with 1010.3 g
polytetramethylene ether glycol sold under the
designation TERATHANE 2000, and 50.7 g
dimethylolpropionic acid and heated to 60C. 336.7 g
isophorone diisocyanate was added over 10 minutes
followed by 356.2 g methyl ethyl ketone and 1.51 g
dibutyltin dilaurate. The reaction exothermed to 63C.
The reaction temperature was raised to 80C and the
contents were stirred until the isocyanate equivalent
weight was 1380. Then 39.4 g dimethylolpropionic acid
was added to the reaction flask. The contents were
stirred until the isocyanate equivalent weight was
2094. [0040] The resultant product had a solids
content of 83.4 weight percent (measured for one hour
at 1100C), an acid value of 2 1.20 mg KOH/g and a
weight average molecular weight of 14971 in THF.
[0041] 1552.0 g of above prepolymer at 76 C was added
over 25 minutes to a solution of 2259.9 g de-ionized
water, 40.6 g adipid acid dihydrazide and 52.2 g
dimethyl ethanol amine stirring at 2 10C and at 500
rpm in a cylindrical gallon reaction flask equipped
with baffles, double pitched bladed stirrer,
thermocouple and condenser. The dispersion temperature
after this addition was 360C. The reaction contents
were stirred until no evidence of isocyanate was
observed by FTIR. [0042] This dispersion was
transferred to a flask equipped with a stirrer,
thermocouple, condenser and a receiver. The dispersion
was heated to 60C and methyl ethyl ketone and water
was removed by vacuum distillation. [0043] The final
dispersion has a solids content of 38.7 weight percent
(measured from one hour at 11O0C), a Brookfield
viscosity of 144 centipoise using a #2 spindle at 60
rpm, an acid content of 0.171 meq acid/g, a base
content of 0.177 meq base/g, a pH of 8.26, a residual
methyl ethyl ketone content of 0.1 5 weight percent
and a weight average molecular weight of 95536 in
DMF.Polyurethane Dispersion 2 [0044] Polyurethane
dispersion 2 was made by charging a reaction vessel
equipped with stirrer, thermocouple, condenser and
nitrogen inlet with 1447.3 g polytetramethylene ether
glycol having a molecular weight of about 1,000 sold
under the designation TERATHANE 1000, 145.4 g
dimethylolpropionic acid and heated to 6O0C. 965.3 g
isophorone diisocyanate was added over 13 minutes
followed by 637.5 g methyl ethyl ketone and 4.34 g
dibutyltin dilaurate. The reaction exothermed to 720C.
The reaction temperature was raised to 8O0C and the
contents were stirred until the isocyanate equivalent
weight was 923.5. Then 114.0 g dimethylolpropionic
acid was added to the reaction flask. The contents
were stirred until the isocyanate equivalent weight
was 1430.2. [0045] 15 12.2 g of the above prepolymer
at a temperature of 750C was then added over a 16
minutes span to a solution of 2201 .9 g deionized
water, 58 g adipic acid dihydrazide and 76.2 dimethyl
ethanol amine stirring at a temperature of 250C 



and 515 rpm in a cylindrical gallon reaction flask
equipped with baffles, double pitched bladed stirrer,
thermocouple and condenser. The dispersion temperature
after this addition was 4O0C. The reaction contents
were stirred until no evidence of isocyanate was
observed by FTIR. This dispersion was transferred to a
flask equipped with a stirrer, thermocouple, condenser
and a receiver. The dispersion was heated to 5O0C and
methyl ethyl ketone and water were removed by vacuum
distillation. [0046] The final polyurethane dispersion
had a solids content of 37.48 weight percent (measured
for one hour at 1100C), a Brookfield viscosity of 1450
centipoise using a #3 spindle at 60 rpm, an acid
content of 0.240 meq acid/g, a base content of 0.247
meq base/g, a residual methyl ethyl ketone content of
1.16 weight percent and a weight average molecular
weight of 77274 in DMF. Polyurethane Dispersion 3
[0047] Polyurethane dispersion 3 was produced by
serially adding the following ingredients and mixing:
35 parts by weight DISPERCOLL E585 polyurethane resin
having 40 weight percent ionic dispersed polyurethane
resin inwater, commercially available from Bayer
Corporation; 16 parts by weight RHOPLEX VA 2 1 13
polyvinylacetate latex having 55 weight percent
polyvinylacetate latex in water, commercially
available from Rohm and Haas; 7 parts by weight
PLASTHALL BSA butyl benzene sulfonamide plasticizer,
commercially available from The CP. Hall Company; 1
part by weight XAMA2 trimethyolpropanetris
-(B-(Naziridinyl) propionate), commercially available
from Virginia Chemicals; 2 parts by weight
carbodiimide; 1 part by weight propylene glycol; and
0.5 parts by weight RHOPLEX QR 708 thickener,
commercially available from Rohm and Haas. [0048]
Samples 1-7 were prepared in the following manner.
Polyurethane dispersion 1 or 2 was agitated using a
pneumatic rotary air stirrer and a low-lift impeller
blade. Additive amounts, as specified in Table 1, were
serially added under agitation. The mixture was
filtered through 18 TXX polyester multifilament mesh
into a clean receptacle. The resulting coatings was
allowed to equilibrate for approximately 24 hours
prior to application. [0049] Samples 1 and 2
identified in Table 1 were spray-applied to EVA foam
using a DEVILBISS SRI-625 HVLP gravity hand spray gun
at 29 psi inlet pressure/10 psi air cap. The coating
was applied to a dry film thickness of 10-50 microns.
Samples 3-7 were spray-applied to EVA foam using a
Binks Model 7 suction feed gun at 40 psi. The EVA foam
coated with Samples 1 and 2 were flashed for 10
minutes at ambient temperature then cured for 10
minutes at 1400F. EVA foam coated with Samples 5-slab,
6 and 7 were flashed for 10 minutes at ambient
temperature and cured for 5 minutes at 1800F. EVA foam
coated with Sample 5-molded shoe midsole was flashed
for 20 minutes at ambient temperature and cured for 5
minutes at 18O0F. [0050] The coated EVA foam was then
tested to determine the initial adhesion according to
ASTM Standard D3359. Adhesion was measured on a scale
of 1-5, with 1 being total loss of adhesion and 5
being no loss of adhesion. The coating was also
applied to EVA foam and placed in a humidity test
chamber calibrated at 100% relative humidity at 1000F
for 10 days according to ASTM Standard D2247-99. The
coated foam was removed from the humidity chamber and
tested for post-humidity adhesion according to ASTM
D3359. Post humidity adhesion was measured on athe
same 1-5 scale. The coated foam was also tested for
post humidity blistering 



according to ASTM Standard D714. Post humidity
blistering was measured on a scale of 0-10 with a
blistering frequency of Dense (D), Medium Dense (MD),
Medium (M), Few (F), Very Few (VF) and None (N). The
0-10 scale refers to the size of the blisters wherein
10 is no blistering, 9 is blistering visible with a
microscope, 8 is blistering visible to the naked eye
and progressively getting larger as the number reaches
0 . [0051] The coating was also applied to EVA foam
and manually flexed at a 180 angle in a backwards and
forwards direction for approximately one minute.
Change in appearance, including the crack severity,
was visually evaluated. The results of the
above-described tests are shown in Table 2 .TABLE 2
EXAMPLE 2 [0052] Commercially available flip-flops
made of EVA foam were partially coated with the
coatings of Samples 1, 2, 3 and 4 of Example 1; a
portion of the flip flop was coated with the sample
coating and the remainder left uncoated. The flipflops
coated with Sample 1 exhibited a "soft-feel" tactile
property when touched. [0053] The flip-flops coated
with Samples 1, 3 and 4 were experimentally tested by
wearing them for two consecutive weeks for a period of
6-7 hours a day. In each case, the portion of the
flip-flop that was coated with a Sample coating was
notably cleaner than the uncoated portion. Less dirt
adhered to the portion of the flip-flop coated with
the Sample coatings than the portions that were left
uncoated.The portions of the flip-flops coated with
Samples 3 and 4 did not show any loss of adhesion and
the coating maintained its integrity after wearing,
however, a series of micro-cracks having a size of
less than 2 mm developed in some areas. The portion of
the flip-flops coated with Sample 1 did not show any
loss of adhesion, maintained coating integrity and did
not develop visible micro-cracks. EXAMPLE 3 [0054]
Sections of commercially available off-the-shelf DADA
brand shoes were masked-off with tape. The EVA foam
midsoles were cleaned with isopropyl alcohol and the
coating of Sample 4 was spray applied according to the
procedure of Example 1 using the DEVILBISS gun, and
cured at 14O0F for 10 minutes to a dry film thickness
of 1-2 mils. The shoes were experimentally tested by
wearing them for a period of 3 months from summer to
early fall on a nearly daily basis. The sections of
the shoes that were coated with the coating of Sample
4 were visually cleaner than the un-coated sections.
The coating maintained adhesion and coating integrity.
[0055] After three months of wear, one shoe was placed
into a standard residential washing machine and washed
with laundry detergent. The washed shoe also
maintained coating integrity and adhesion in the
coated sections. The coated sections of the washed
shoe were visually cleaner than the coated sections of
the unwashed shoe. EXAMPLE 4 [0056] EVA foam coated
with the coating of Sample 7 was sent to a
shoemanufacturing facility where it was incorporated
into a prototype shoe. In this example, the coating of
Sample 7 was applied directly to the EVA foam
substrate, using the DEVILBISS gun and cured at 14O0F
for 10 minutes. The coated EVA foam withstood the
rigors of the shoe-fabrication process without showing
any visual loss of adhesion, loss of coating
integrity, cracking or peeling.EXAMPLE 5 [0057] The
previously uncoated EVA midsoles of two DADA shoes
were 



coated with two different formulations of tinted
polyurethane dispersions. The first formulation was
produced by adding 10 g of aluminum tint paste under
slow agitation to a premixture of 73 g of polyurethane
dispersion 2 and 17 g of carbodiimide. [0058] The
second formulation was produced by adding 50 g of blue
nanopigment dispersed polyurethane acrylic colorant to
a premixture of 37.0 g of polyurethane dispersion 2
and 9.0 g of carbodiimide. The blue nano-pigment
dispersed acrylic colorant was produced by making a
pre-emulsion by stirring charge A as identified in
Table 3, with a Cowles blade in a stainless steel
beaker. The preemulsion was then recycled through a
MICROFLUIDIZER M 110T at 8,000 psi for 15 minutes and
transferred to a four neck round bottom flask equipped
with an overhead stirrer, condenser, electronic
temperature probe, and a nitrogen atmosphere. Charge
B, as identified in Table 3, was used to rinse the
MICROFLUIDIZER and was added to the flask. The
temperature of the microemulsion was adjusted to 3
O0C. The polymerization was initiated by adding Charge
C, as identified in Table 3, followed by a 30 minute
addition of Charge D also identified in Table 3 . The
temperature of the reaction increased to 560C. The
final pH of the latex was 7.24, the nonvolatile
content was 35.9%, the Brookfield viscosity was 87
cps.TABLE 3 1 Pigment dispersion was prepared by
mixing 45 Og of Acrylic 2, 473 0 g deionized water, 45
0 g of phthalo blue at 2% solid weight, and 1800 0 g
glass beads having a mean diameter of 7 1 microns,
commercially available from Potters Glass, lnc The
mixture was milled at 5,000 rpm for 6 hours The
progress of the milling was monitored by measuring the
visible spectra of samples and observing the decrease
in absorbance at a wavelength of 400 nm During the
course of the milling, 200 g of additional water was
added as needed to offset the increasing viscosity of
the mixture The mixture was filtered through a 1
micron felt bag to remove the glass beads The product
has a non-volatile content of 7 58% 2 Acrylic was
produced by mixing 20 Og magnesol and 120 Og toluene
in a 2 liter flask with air-stirrer, thermocouple and
azeotropic distillation set-up The mixture was heated
to reflux and water was azeotroped off The mixture was
then cooled and put under a nitrogen blanket 7 5 g of
2,2'-d ipyridyl and 6 1 g of copper (0) powder were
added to the mixture while maintaining the nitrogen
blanket 30 4 g para-toluenesulfonyl chloride was also
added to the mixture while maintaining the nitrogen
blanket 169 2 g benzylmathacrylate and 20 Og glycidyl
isopropyl ether were added to an addition funnel and
sparged with nitrogen for 15 minutes prior to addition
The 169 2 g benzylmathacrylate and 20 0 g glycidyl
isopropyl ether was then added to the reaction flask
and the mixture was heated carefully to 70C When the
solids reached 60 7%, 888 3 g MPEG(550)MA and 250 0 g
toluene were charged to an addition funnel and sparged
with nitrogen for 15 minutes The 888 3 g MPEG(550)MA
and 250 0 g toluene were then added to the reaction
over 30 minutes while maintaining a 7O0C reaction
temperature The reaction was heated for 6 hours and
then cooled and stirred overnight under a nitrogen
blanket The reaction mixture was thinner with 500 g of
toluene and then filtered through a cake of magnesol
to remove the residual catalyst The solvent was
removed under vacuum yielding a resin at 98 4% solids
Polyurethane/urea pre-polymer was produced in a four
neck round bottom flask equipped with an electronic
temperature probe, mechanical stirrer, condenser, and
a heating mantle 269 8 g N-methylpyrrolidinone, 9 1 1
g hydroxyethyl methacrylate (HEMA), 234 7 g
dimethylolpropionic acid (DMPA), 2 2 g tpphenyl
phosphite, 2 2 g dibutyltin dilaurate and 2 2 g
butylated hydroxytoluene were stirred in the flask at
a temperature of 100C until all solids were dissolved.
700.0 g poly(butylene oxide) having a number average
molecular weight of 1000 was added and the mixture was
cooled to 70C 



1,100 4 g 4,4'-methylenebis(cyclohexyl isocyanate) was
added over a 15 minute period 481 8 g butyl
methacrylate was used to rinse the addition funnel
containing the isocyanate and the temperature of the
mixture was then held at 900C for an additional 3
hours. 642 5 g butyl acrylate was added over a ten
minute period The resulting composition was identified
as Charge A. In a separate flask, 4,263.3 g water,
124.7 g dimethylethanolamine, 73 6 g diethanolamine
and 42.1 g ethylenediamine were heater to 6O0C The
resulting composition was identified as Charge B.
Charge A was added to Charge B and the resulting
mixture was cooled to room temperature. The final
product was a white emulsion with an acid value of
15.2, a Brookfield viscosity of 800 centipoise, a pH
of 7.37, and a nonvolatile content of 28.4%. [0059]
Each of the formulations was spray applied to the EVA
foam midsoles, as described in Example 2 , using the
DEVILBISS gun and cured at 1400F for 10 minutes and
evaluated to determine adhesion and blistering. As
shown in Table 4 , the results were excellent,
although sag was an issue and, accordingly rheology
optimization was initiated. TABLE 4 EXAMPLE 6 [0060] A
coating composition was made by mixing 47.49 g of
polyurethane dispersion 2 with 12.40 g CARBODILITE
V02-L2, and 40.1 1 g of photochrome urethane acrylate
in a beaker. The photochromic urethane acrylate was
produced by adding the ingredients shown in Table 5 in
the order described to a four neck round bottom flask
equipped with an electronic temperature probe,
mechanical stirrer, condenser and a heating
mantle.TABLE 5 1 Blue photochromic dye
3,3-di(4-methoxyphenyl)-6,1
1,13-trimethyl-13-(2-(2-(2-
hydroxyethoxy)ethoxy)ethoxy)-3H,13H-
indeno[2,1-f]naphthp[1,2-b]pyran 2
2-heptyl-3,4-bis(9-isocyanatonyl)-1
-pentyl-cyclohexane 3 2-(d icaprolactone)ethyl
acrylate [0061] Charge A was stirred in the flask and
heated to a temperature of 9O0C for 30 minutes. Charge
B was added to the mixture and the mixture was held at
9O0C for 60 minutes. Charges C and D were added and
the mixture was held at 900C for 30 minutes. The
photochromic urethane acrylate was a dark blue liquid
with a nonvolatile content of 53.4%, measured at 11O0C
for one hour. [0062] The final composition was blended
with a low lift impeller blade attached to an air
driven rotary stirrer. The polyurethane dispersion and
carbodiimide were blended as a 40:60 ratio. Mixing was
performed for five minutes under low to medium speed.
The mixture was filtered through 18 TXX polyester
multifilament mesh into a clean receptacle. [0063] The
coating composition was spray applied to EVA foam
substrates as described in Example 2. The coated
substrates exhibited good adhesion and acceptable
fade-back when an applied light source was removed
from the coating.[0064] Whereas particular embodiments
of this invention have been described above for
purposes of illustration, it will be evident to those
skilled in the art that numerous variations of the
details of the present invention may be made without
departing from the invention as defined in the
appended claims.WHAT IS CLAIMED IS: 1. An article of
manufacture comprising: a compressible substrate; and
a coating on at least a portion of the compressible
substrate comprising an aqueous polyurethane resin
having a hydroxyl number of less than 



10, and a colorant. 2. The article of manufacture of
claim 1, wherein the hydroxyl number is less than 5 .
3. The article of manufacture of claim 1, wherein the
polyurethane has a molecular weight of at least
10,000. 4 . The article of manufacture of claim 1,
wherein the coating is substantially solvent-free. 5.
The article of manufacture of claim 1, wherein the
colorant comprises a special effect composition. 6.
The article of manufacture of claim 5, wherein the
special effect composition includes a photosensitive
composition and/or a photochromic composition. 7. The
article of manufacture of claim 6, wherein the
photosensitive composition and/or photochromic
composition is associated with a polymer and/or
polymeric material of a polymehzable component.8. The
article of manufacture of claim 6, wherein the
photosensitive composition and/or photochromic
composition is at least partially bound to a polymer
and/or polymeric material of a polymerizable
component. 9. The article of manufacture of claim 1,
wherein the colorant produces a metallic sheen. 10 .
The article of manufacture of claim 1, wherein the
coating further comprises a texture-enhancer. 11. The
article of manufacture of claim 1, wherein the coating
further comprises a carbodiimide cross-linker. 12. The
article of manufacture of claim 1, wherein the coating
further comprises an odor effect composition. 13. The
article of manufacture of claim 1, wherein the
compressible substrate comprises open cell and/or
closed cell foam. 14. The article of manufacture of
claim 1, wherein the compressible substrate comprises
olefinic foam. 15 . The article of manufacture of
claim 14, wherein the olefinic foam comprises ethylene
vinyl acetate foam. 16 . The article of manufacture of
claim 1, wherein the article of manufacture is
footwear and/or a footwear component. 17. A
compressible substrate comprising a coating on at
least a portion of the substrate, the coating
comprising an aqueous polyurethane resin having a
hydroxyl number of less than 10 and a colorant.18. The
compressible substrate of claim 17, wherein the
polyurethane has a molecular weight of at least
10,000. 19. The compressible substrate of claim 17,
wherein the coating is substantially solvent-free. 20.
The compressible substrate of claim 17, wherein the
colorant comprises a special effect composition. 2 1.
The compressible substrate of claim 20, wherein the
special effect composition includes a photosensitive
composition and/or a photochromic composition. 22. The
compressible substrate of claim 17, wherein the
colorant produces a metallic sheen. 



23. The compressible substrate of claim 17, wherein
the coating further comprises a texture-enhancer. 24.
The compressible substrate of claim 17, wherein the
coating further comprises a carbodiimide cross-linker.
25. The compressible substrate of claim 17, wherein
the coating further comprises an odor effect
composition. 26. The compressible substrate of claim
17, wherein the compressible substrate comprises open
cell and/or closed cell foam. 27. The compressible
substrate of claim 17, wherein the compressible
substrate comprises olefinic foam.28. The compressible
substrate of claim 27, wherein the olefinic foam
comprises ethylene vinyl acetate foam. 29. The
compressible substrate of claim 17, wherein the
compressible substrate is a footwear component. 30. A
method of coating a compressible substrate, comprising
applying a coating composition comprising an aqueous
polyurethane resin having a hydroxyl number of less
than 10 and a colorant to at least a portion of the
compressible substrate. 3 1. The method of claim 30,
further comprising applying a primer layer directly to
an exterior surface of the compressible substrate
prior to applying the coating composition. 32. The
method of claim 30, further comprising applying a
protective layer over at least a portion of the
coating composition. 33. The method of claim 30,
wherein the compressible substrate comprises open cell
and/or closed cell foam. 34. A footwear component,
comprising a foam substrate having an exterior surface
at least partially coated with a coating comprising a
colorant. 35. The footwear component of claim 34,
wherein the coating comprises a polyurethane
dispersion. 36. The footwear component of claim 34,
wherein the coating is substantially solvent-free.37.
The footwear component of claim 34, wherein the foam
substrate comprises olefinic foam. 38. The footwear
component of claim 37, wherein the olefinic foam
comprises ethylene vinyl acetate. 39. The article of
manufacture of Claim 1, wherein the colorant is in the
form of a nanoparticle dispersion. 40. The
compressible substrate of Claim 17, wherein the
colorant is in the form of a nanoparticle dispersion.
4 1. The footwear component of Claim 34, wherein the
colorant is in the form of a nanoparticle dispersion.
42. The article of manufacture of Claim 1, wherein the
coating is applied to substantially all of an entire
external surface of the compressible substrate. 43.
The compressible substrate of Claim 17, wherein the
coating is applied to substantially all of an entire
external surface of the compressible substrate. 44.
The footwear component of Claim 34, wherein the
coating is applied to substantially all of the
exterior surface that is exposed when the footwear
component is assembled into footwear. 


