
Process for the Preparation of Amino Acids Useful in
the Preparation of Peptide Receptor Modulators FIELD
OF THE INVENTION The present invention provides
process useful for the preparation of intermediates
which are useful in the preparation of amino acids
useful in preparing peptide receptor modulators, for
example agonists or partial agonists of such peptide
receptors. Such peptide receptor modulators include,
for example glucagon like peptide-1 receptor
modulators which are useful for the amelioration of
the diabetic condition. BACKGROUND OF THE INVENTION It
is desirable to develop peptide receptor modulators
which may be useful for affecting the native activity
of such a receptor and thus for affecting the
biological pathways in which such a receptor is
involved. For example, GLP-I is an important gut
hormone with regulatory function in glucose metabolism
and gastrointestinal secretion and metabolism, and has
been identified as a very potent and efficacious
stimulator for insulin release. Therefore, it is
desirable to develop modulators of peptide receptors,
for example the GLP-I receptor, which will affect the
native activity of the receptor to effect a desired
biological response. The present invention therefore
provides a novel process for the preparation of
intermediates useful in the preparation of amino acid
which may be used inpreparing peptide receptor
modulators, for example GLP-I receptor modulators,
including agonists or partial agonists . SUMMARY OF
THE INVENTION In one aspect, the present invention is
directed to a process for the preparation of a
compound of Formula I : I the process comprising the
steps of: methylation of 3-ethylphenol to produce 3 -
ethylanisole; bromination of the 3-ethylanisole at a
position para to a methoxy group to produce
4-bromo-3-ethyl anisole; conversion of the
4-bromo-3-ethyl anisole, the conversion comprising (a)
reacting the 4-bromo-3-ethyl anisole with n-butyl
lithium to produce the lithium salt of the
corresponding anion of the 4-bromo-3-ethyl anisole;
(b) reacting the lithium salt of the anion of the
4-bromo-3-ethyl anisole with triethyl borate; and (c)
quenching with aqueous acid. In another aspect, the
present invention is directed to a process for the
preparation of a compound of Formula I :I according to
Scheme 1 , as follows: Scheme 1 In another aspect, the
present invention is directed to a process for the
preparation of a compound of Formula II: II the
process comprising the steps of: methylation of
3-ethylphenol to produce 3 - ethylanisole;bromination
of the 3-ethylanisole at a position para to a methoxy
group to produce 4-bromo-3-ethyl anisole; conversion
of the 4-bromo-3-ethyl anisole, the conversion
comprising (a) reacting the 4-bromo-3-ethyl anisole
with n-butyl lithium to produce the lithium salt of
the corresponding anion of the 4-bromo-3-ethyl
anisole; (b) reacting the lithium salt of the anion of
the 4-bromo-3-ethyl anisole with tri-n-butyl borate;
(c) quenching with aqueous acid; reacting the
resultant 2-ethyl-4-methoxyphenylboronic acid with the
triflic anhydride of a suitably protected tyrosine
amino acid in the presence of a Palladium catalyst
(Suzuki coupling) ; and removing the carboxyl
protecting group from the resulting biphenyl amino
acid to yield the aminoprotected amino acid useful for
incorporation into a peptide receptor modulator. In
another aspect, the present invention is directed to a
process for the preparation of a compound of Formula
II: II according to Scheme 2 , as follows:DETAILED
DESCRIPTION OF THE INVENTION The present invention is
directed to processes for the preparation of
intermediates useful in the preparation of amino acids
useful in preparing peptide receptor modulators, for
example GLP-I receptor modulators, including agonists
or partial agonists. Such peptide receptor modulators
may be useful for affecting the native activity of
such a receptor and thus for affecting biological
pathways in which such a receptor is involved. For
example, GLP-I is an important gut hormone with
regulatory function in glucose metabolism and
gastrointestinal secretion and metabolism, and has
been identified as a very potent and efficacious
stimulator for insulin release. 



Processes of the present invention are useful for
preparing compounds of Formula I :which are useful in
the preparation of amino acids of Formula II: II
Compounds of Formula II are useful in the preparation
of peptide receptor modulators. Example 1 Synthesis of
(2-Ethyl-4-methoxy) phenyl boronic acid
(2-Ethyl-4-methoxy) phenyl boronic acid (Formula I )
was prepared as follows, and as shown in Scheme 1 :
(1) methylation of 3-ethylphenol to produce
3-ethylanisole; (2) bromination of the 3-ethylanisole
at a position parato a methoxy group to produce
4-bromo-3-ethyl anisole; (3) conversion of the
4-bromo-3-ethyl anisole, the conversion comprising (a)
reacting the 4-bromo-3-ethyl anisole with n-butyl
lithium to produce the lithium salt of the
corresponding anion of the 4-bromo-3-ethyl anisole;
(b) reacting the lithium salt of the anion of the
4-bro tno-3-ethyl anisole with tri -n-butyl borate;
and (c) quenching with aqueous acid. Specifically, To
a mixture of 3-Ethylphenol (50 g , 0.4 mol, 98 % pure,
Fluka) and K2CO3 (283 g , 2.05 mol) in dry acetone
(500 ml) was added methyliodide (290 g , 2.05 mol) .
The reaction mixture was transferred to an autoclave
and refluxed at 70 oC overnight. The reaction mixture
was filtered through a Celite pad. The pad was washed
with acetone and the combined filtrate and washes were
concentrated. The product was dissolved in DCM,
filtered and evaporated to dryness. Yield: 50 g , 90 %
, as a brown liquid. 3-Ethylanisole (50 g , 0.3676
mol) and N - bromosuccinimide (72 g , 0.4 mol) in
acetonitrile (1 L ) were stirred for 8 hr under dark
at RT. The reaction mixture was concentrated below 40
oC and the residue obtained was redissolved in CCl and
filtered. The filtrate was concentrated and the
product was purified by fractional distillation.
Yield: 35 g , 43 % , as pale yellow liquid. A solution
of 4-bromo-3-ethyl anisole (94 g , 0.437 mol) in THF
(900 ml) was cooled to -78 oC . n-Butyl lithium (249
ml, 0.55 mol) was added dropwise at the same
temperature. Stirring was continued for 1 hr at -78 oC
. Tri-n-butyl borate (177 ml, 0.655 mol) was added
slowlyat -78 oC. The cooling bath was removed, the
reaction mixture was allowed to warm to 0 oC and was
quenched with 1.5 N hydrochloric acid at 0 oC. The
organic layer was separated. The aqueous layer was
extracted with ethylacetate and the combined organic
layers were washed with brine and concentrated. The
residue obtained was stirred in pet-ether for 30 min.
The solid obtained was filtered and dried under
vacuum. Yield: 65 g , 82 % , as a white solid. Scheme
1 Example 2 Amino Acid Synthesis The resultant
(2-Ethyl-4-methoxy) phenyl boronic acid was used to
prepare the amino acid of Formula II, according to
Scheme 2 :I I Scheme 2 2CF3 Pd(O), K2CO(CF3SO 3 2)2O
BocHN' o + Toluene/THF/EtOH/H2O B CO2CHj BocHN CO2CH3
HO OH Example III Peptide Receptor Modulator Synthesis
Peptide receptor modulators which may be thus produced
by a compound of Formula II (Example III) includes a
GLP-I receptor modulator of Formula III; aal l III
wherein, Xaal H;Xaa2 i s Aib ; aa3 i s E ; Xaa4 i s G;
Xaa5 i s a T ; Xaa6 i s L- a -Me-Phe (2-Fluoro) ; aa7
i T ; Xaa8 i S S ; Xaal0 is a compound of Formula II;
and Xaall is 4 - (2 -methylphenyl)
-3-pyridylalanine-NH2 . Where the above amino acid
abbreviations refer to those commonly understood in
the art . Peptide receptor modulators produced from
intermediate prepared by processes of the present
invention may be prepared by any suitable manner
recognized by one of skill in the art of peptide
chemistry. For example, the peptides can be
synthesized in a stepwise manner on an insoluble
polymer support (also referred to as "resin 1 1 )
starting from the C - terminus of the peptide. A
synthesis is begun by appending the C-terminal amino
acid of the peptide to the resin through formation of
an amide or ester linkage. 



This allows the eventual release of the resulting
peptide as a C-terminal amide or carboxylic acid,
respectively. Alternatively, in cases where a
C-terminal amino alcohol is present, the C-terminal
residue may be attached to 2 - Methoxy-4-alkoxybenzyl
alcohol resin (SASRIN(tm), Bachem Bioscience, Inc.,
King of Prussia, PA) as described herein and, after
completion of the peptide sequence assembly, the
resulting peptide alcohol is released withLiBH 4 in
THF (see. J . M . Stewart and J . D . Young, supra, p
. 92) . Also, a peptide synthesizer may be used, for
example an Advanced Chemtech Multiple Peptide
Synthesizer (MPS3 96) or an Applied Biosystems Inc.
peptide synthesizer (ABI 433A) . The following
abbreviations may be used herein: Ph = phenyl DCM =
dichloromethane Bn = benzyl 30 n-BuLi = n-butyl
lithium i-Bu = iso -butyl Pd/C = palladium on carbon
i-Pr = iso-propyl TEA = triethylamine M e = methyl min
= minute (s) Et = ethyl h or hr = hour(s) Pr =
n-propyl 35 L = liter Bu = n-butyl mL or m l =
milliliter TMS = trimethylsilyl mL = microliter Et2O =
diethyl ether g = gram(s) HOAc or AcOH = acetic mg =
milligram (s) acid 40 mol = mole (s) MeCN =
acetonitrile mmol = millimole(s) DMF = N ,N - meq =
milliequivalent dime thyl formamide rt = room
temperature EtOAc = ethyl acetate sat or sat'd =
saturated THF = tetrahydrofuran 45 aq. = aqueous TFA =
trifluoroacetic mp = melting point acid Bip =
biphenylalanine NMP = N - m ethylpyrrol idone LiBH =
lithium borohydride DIEA = Diisopropylethylamine FMOC
= fluorenylmethoxycarbonylBoc or BOC =
tert-butoxycarbonyl NBS = N-Bromosuccinimide TLC =
thin layer chromatography HPLC = high performance
liquid chromatography LC/MS = high performance liquid
chromatography/mass spectrometry MS or Mass Spec =
mass spectrometry NMR = nuclear magnetic resonance One
of skill in the art of peptide chemistry is aware that
amino acid residues occur as both D and L isomers, and
that the present invention includes the use of either
or a mixture of isomers for amino acid residues
incorporated in the synthesis of the peptides
described herein. The present invention is not to be
limited in scope by the specific embodiments described
that are intended as single illustrations of
individual aspects of the invention. Functionally
equivalent methods and components in addition to those
shown and described herein will become apparent to
those skilled in the art from the foregoing
description and accompanying drawings. Such
modifications are intended to fall within the scope of
the appended claims.WHAT IS CLAIMED IS : 1 . A process
for the preparation of a compound of Formula I : I
said process comprising the steps of : methylation of
3-ethylphenol to produce 3 - ethylanisole; bromination
of said 3-ethylanisole at a position para to a methoxy
group to produce 4-bromo-3-ethyl anisole; conversion
of said 4-bromo-3-ethyl anisole, said conversion
comprising (a) reacting said 4-bromo-3-ethyl anisole
with n-butyl lithium to produce the lithium salt of
the corresponding anion of said 4-bromo-3-ethyl
anisole; (b) reacting said lithium salt of the anion
of said 4-bromo-3-ethyl anisole with tri-n-butyl
borate; and (c) quenching with aqueous acid. 2 . A
process for the preparation of a compound of Formula I
:I according to Scheme 1 , as follows: Scheme 1 3 . A
process for the preparation of a compound of Formula
II: II said process comprising the steps of:
methylation of 3-ethylphenol to produce 3-
ethylanisole; bromination of said 3-ethylanisole at a
position para to a methoxy group to produce
4-bromo-3-ethyl anisole;conversion of said
4-bromo-3-ethyl anisole, said conversion comprising
(a) reacting said 4-bromo-3-ethyl anisole with n-butyl
lithium to produce the lithium salt of the
corresponding anion of said 4-bromo-3-ethyl anisole;
(b) reacting said lithium salt of the anion of 



said 4-bromo-3-ethyl anisole with tri-n-butyl borate;
(c) quenching with aqueous acid; reacting the
resultant 2-ethyl-4-methoxyphenylboronic acid with the
triflic anhydride of a suitably protected tyrosine
amino acid in the presence of a Palladium catalyst
(Suzuki coupling) ; and removing the carboxyl
protecting group from the resulting biphenyl amino
acid to yield the aminoprotected amino acid useful for
incorporation into a peptide receptor modulator. 4 . A
process for the preparation of a compound of Formula
II: II according to Scheme 2 , as follows: Scheme
2INHIBITORS OF LAP 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 proteases) . 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 IAP repeat (BIR) domains, and most of them
also possess a carboxyl-terminal RING 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 BIR 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 IAP (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 BIR2 domain of
XIAP, while the BIR3 domain of XIAP is responsible for
the inhibition of caspase 9 activity. XIAP 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 XIAP 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):8O8; 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 IAP 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 BIR and RING finger
domains to corresponding domains present in human
XIAP, C-IAPl and C-IAP2. The BIR domain of MLIAP
appears to have the most similarities to the BIR2 and
BUG 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
antiapoptotic 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 IAP allows the caspase
to remain active and thus proceed with apoptosis.
Interestingly, sequence homology between the IAP
inhibitors shows that there is a four amino acid motif
in the N-terminus of the processed, active proteins.
This tetrapeptide appears to bind into a hydrophobic
pocket in the BIR domain and disrupts the BIR 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 IAP proteins
having the general formula (T) I wherein Xi, X2 and X3
are independently O or S;Y is (CHR7 )n, O or S;
wherein n is 1 or 2 and R is H, halogen, alkyl, aryl,
aralkyl, amino, arylamino, alkylamino, aralkylapiino,
alkoxy, aryloxy or aralkyloxy; A is a 5-member
heterocycle comprising 1 to 4 heteroatoms optionally
substituted with amino, hydroxyl, mercapto, halogen,
carboxyl, amidino, guanidino, alkyl, alkoxy, aryl,
aryloxy, 



acyl, acyloxy, acylamino, alkoxycarbonylamino,
cycloalkyl, alkylthio, alkylsulfinyl, alkylsulfonyl,
aminosulfonyl, alkylaminosulfonyl, alkylsulfonylamino
or a heterocycle; wherein each alkyl, alkoxy, aryl,
aryloxy, acyl, acyloxy, acylamino, cycloalkyl and
heterocycle substitution is optionally substituted
with hydroxyl, halogen, mercapto, carboxyl, alkyl,
alkoxy, haloalkyl, amino, nitro, cyano, cycloalkyl,
aryl or a heterocycle; Ri is H or R1 and R2 together
form a 5-8 member ring; R2 is alkyl, cycloalkyl,
cycloalkylalkyl, aryl, aralkyl, a heterocycle or
heterocyclylalkyl; each optionally substituted with
hydroxyl, mercapto, halogen, amino, carboxyl, alkyl,
haloalkyl, alkoxy or alkylthio; R3 is H or alkyl; R
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; R5, and R5' are each independently H
or alkyl; Re, and R ' are each independently H, alkyl,
aryl or aralkyl; 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 "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 is preferably
a saturated hydrocarbon chain, however also includes
unsaturated hydrocarbon carbon chains such as
"alkenylamino" and "alkynylamino. Examples of
preferred alkyl groups include methyl, ethyl,
n-propyl, isopropyl, nbutyl, iso-butyl, sec-butyl,
tert-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 (preferably), two, three or four
substituents which may be the same or different.
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(n-butyl), 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. Preferred substituted
alkyIs are substituted methyls e.g. a methyl group
substituted by the same substituents as the
"substituted Cn-Cn, 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"
denotes the group -C(NH)-NHR wherein R is H or alkyl
or aralkyl. A preferred amidine is the group
-NH-C(NH)-NH2."Amino" denotes primary (i.e. -NH 2) ,
secondary (i.e. -NRH) and tertiary (i.e. -NRR) amines.
Preferred secondary and tertiary amines are
alkylamine, dialkylamine, arylamine, diarylamine,
aralkylamine and diaralkylamine. Particular preferred
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.
Preferred 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. Preferred aryl
groups include 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]) and most preferred phenyl.
Substituted phenyl or substituted aryl denotes a
phenyl group or aryl group substituted with one, two,
three, four or five, preferably 1-2, 1-3 or 1-4
substituents chosen, unless otherwise specified, from
halogen (F, Cl, Br, I), hydroxy, protected hydroxy,
cyano, nitro, alkyl (preferably C1-C alkyl), alkoxy
(preferably C1-C6 alkoxy), benzyloxy, carboxy,
protected carboxy, carboxymethyl, protected
carboxymethyl, hydroxymethyl, protected hydroxymethyl,
aminomethyl, protected aminomethyl, trifluoromethyl,
alkylsulfonylamino, arylsulfonylamino,
heterocyclylsulfonylamino, 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-bromorhenyl, 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 Ahydroxyphenyl,
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-methylrhenyl,
2,4- dimethylphenyl, 2-methyIphenyl,
4-(iso-proryl)phenyl, 4-ethylphenyl,
3-(n-rropyl)rhenyl 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 4-
trifluoromethylphenyl; 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.
Preferred 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-(lchloromethyl) benzyloxy-phenyl,
3-methoxy-4-(l-chloromethyl)benzyloxy -6- methyl
sulfonyl aminophenyl groups. Fused aryl rings may also
be substituted with any, preferably 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
and preferably 3 to 7 carbon atoms which may be
saturated or unsaturated, aromatic or non-aromatic.
Preferred saturated carbocyclic groups include
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl
groups and more preferred are cyclopropyl and
cyclohexyl and most preferred is cyclohexyl. Preferred
unsaturated carbocycles are aromatic e.g. aryl groups
as previously defined, the most preferred being
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,
t-butyldimethylsilyl, phenacyl, 2,2,2-trichloroethyl,
beta-(trimethylsilyl)ethyl,
beta-(di(n-butyl)methylsilyl)ethyl,
ptoluenesulfonylethyl, 4-nitrobenzylsulfonylethyl,
allyl, cinnamyl, l-(trimethylsilylmethyl)prop-len-
3-yl, and like moieties. The species of
carboxy-protecting 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 LiAlH4. (Such harsh removal
conditions are also to be avoided when removing
amino-protecting groups and hydroxy-protecting groups,
discussed below.) Preferred carboxylic acid protecting
groups are the alkyl (e.g. methyl, ethyl, t-butyl),
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" denotes the group -NH-C(NH)-NHR
wherein R is H or alkyl or aralkyl. Preferred
guanidine is the group -NH-C(NH)-NH2.
"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) and preferably 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. Preferred non-aromatic
heterocycles include morpholinyl (morpholino),
pyrrolidinyl, oxiranyl, oxetanyl, tetrahydrofuranyl,
2,3-dihydrofuranyl, 2H-pyranyl, tetrahydropyranyl,
thiiranyl, thietanyl, tetrahydrothietanyl, aziridinyl,
azetidinyl, l-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. Preferred
5-membered heterocycles containing a sulfur or oxygen
atom and one to three nitrogen atoms include
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, preferably oxazol-2-yl, and oxadiazolyl,
such as 1,3,4- oxadiazol-5-yl, and
l,2,4-oxadiazol-5-yl. Preferred 5-membered ring
heterocycles containing 2 to 4 nitrogen atoms include
imidazolyl, preferably imidazol-2-yl; triazolyl,
preferably 1,3,4-triazol- 5-yl; l,2,3-triazol-5-yl,
l,2,4-triazol-5-yl, and tetrazolyl, preferably
lH-tetrazol-5-yl. Preferred benzo-fused 5-membered
heterocycles are benzoxazol-2-yl, benzthiazol-2-yl and
benzimidazol-2- yl. Preferred 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,
preferably pyrimid-2-yl and pyrimid-4-yl; triazinyl,
preferably l,3,4-triazin-2-yl and l,3,5-triazin-4-yl;
pyridazinyl, in particular pyridazin-3-yl, and
pyrazinyl. The pyridine N-oxides and pyridazine
N-oxides and the pyridyl, pyrimid-2-yl, pyrimid-4-yl,
pyridazinyl and the 1,3,4- triazin-2-yl groups, are a
preferred group. Substituents for optionally
substituted heterocycles, and further examples of the
5- and 6-membered ring systems discussed above can be
found in W. 
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"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 designatedwhere 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 preferably 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. Heteroaryls in
which nitrogen or oxygen is the heteroatom are
preferred. 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
particularly preferred group of "heteroaryl" include;
1,3-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-methyll, 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-
1,3,4-thiadiazol-5-yl, 2-(methylthio)-
1,3,4-thiadiazol-5-yl, 2-amino-l ,3,4-thiadiazol-5-
yl, lH-tetrazol-5-yl, l-methyl-lH-tetrazol-5-yl,
l-(l-(dimethylamino)eth-2-yl)-lH-tetrazol-5-yl, 1-
(carboxymethyl)-lH-tetrazol-5-yl,
l-(carboxymethyl)-lH-tetrazol-5-yl sodium salt, 1-
(methylsulfonic acid)-lH-tetrazol-5-yl,
l-(methylsulfonic acid)-lH-tetrazol-5-yl sodium salt,
2- methyl-lH-tetrazol-5-yl, l,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, l-methylpyrid-2-yl,
l-methylpyrid-4-yl, 2-hydroxypyrimid-4-yl, 1,4,5,6-
tetrahydro-5,6-dioxo-4-methyl-as-triazin-3-yl,
l,4,5,6-tetrahydro-4~(formylmethyl)-5,6-dioxo-astriazi
n- 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-as-triazin-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 [1,5-b]pyridazin-6-yl and 8-aminotetrazolo
[1,5-b]-pyridazin- 6-yl. An alternative group of
"heteroaryl" includes;
4-(carboxymethyl)-5-methyl-l,3-thiazol-2- yl,
4-(carboxymethyl)-5-methyl-l,3-thiazol-2-yl sodium
salt, l,3,4-triazol-5-yl, 2-methy1-1,3,4-
triazol-5-yl, lH-tetrazol-5-yl,
l-methyl-lH-tetrazol-5-yl,
l-(l-(dimethylamino)eth-2-yl)-lHtetrazol- 5-yl,
l-(carboxymethyl)-lH-tetrazoI-5-yl,
l-(carboxymethyl)-lH-tetrazol-5-yl sodium salt,
l-(methylsulfonic acid)-lH-tetrazol-5-yl,
l-(methylsulfonic acid)-lH-tetrazol-5-yl sodiumsalt,
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
[1,5-b]pyridazin-6-yl. "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 X-IAP with
caspases or the binding interaction of ML-IAP with
SMAC. "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 acids may 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, p-toluenesulfonic 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 preferred 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,
trimethamine, dicyclohexylamine, lysine, arginine,
histidine, caffeine, procaine, hydrabamine, choline,
betaine, ethylenediamine, glucosamine,
methylglucamine, theobromine, purines, piperizine,
piperidine, N-ethylpiperidine, polyamine resins and
the like. Particularly preferred organic non-toxic
bases are isopropylamine, diethylamine, ethanolamine,
trimethamine, dicyclohexylamine, choline, and
caffeine.The present invention provides novel
compounds having the general formula I: I wherein X,
Y, A, R1, R2, R3, R4, R4' , R5, R5' , R and R6' are as
described herein. Xi and X2 are each independently O
or S. In a preferred embodiment, Xi and X2 are both O.
In another preferred embodiment X and X2 are both S.
In another preferred embodiment, Xi is S while X2 is
O. In another preferred embodiment, Xi is O while X2
is S. Y is (CHR )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 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. Ring 'A' is a 5-member heterocycle
comprising 1 to 4 heteroatoms optionally substituted
with amino, hydroxyl, mercapto, halogen, carboxyl,
amidino, guanidino, alkyl, alkoxy, aryl, aryloxy,
acyl, acyloxy, acylamino, alkoxycarbonylamino,
cycloalkyl, alkylthio, alkylsulfinyl, alkylsulfonyl,
aminosulfonyl, alkylaminosulfonyl, alkylsulfonylamino
or a heterocycle; wherein each alkyl, alkoxy, aryl,
aryloxy, acyl, acyloxy, acylamino, cycloalkyl and
heterocycle substitution is optionally substituted
with hydroxyl, halogen, mercapto, carboxyl, alkyl,
alkoxy, haloalkyl, amino, nitro, cyano, cycloalkyl,
aryl or a heterocycle. In an embodiment, the 5-member
heterocycle ring A groups are optionally substituted
with amino, hydroxyl, mercapto, halogen, carboxyl,
amidino, guanidino, alkyl, alkoxy, aryl, aryloxy,
acyl, acyloxy, acylamino, cycloalkyl or a heterocycle;
wherein each alkyl, alkoxy, aryl, aryloxy, acyl,
acyloxy, acylamino, cycloalkyl and heterocycle
substitution is optionally substituted with hydroxyl,
halogen, mercapto, carboxyl, alkyl, haloalkyl,amino,
nitro, cycloalkyl, aryl or a heterocycle. In a
particular embodiment ring A is aromatic. In a 



particular embodiment ring A has the formula Ha or Hb:
wherein Q1 is NR8, O or S; Q2, Q3, Q4, Q5, Q6, Q7, and
Q8, are independently CR9 or N; wherein R9 is H,
amino, hydroxyl, mercapto, halogen, carboxyl, amidino,
guanidino, alkyl, alkoxy, aryl, aryloxy, acyl,
acyloxy, acylamino, cycloalkyl or a heterocycle;
wherein each alkyl, alkoxy, aryl, aryloxy, acyl,
acyloxy, acylamino, cycloalkyl and heterocycle
substitution is optionally substituted with hydroxyl,
halogen, mercapto, carboxyl, alkyl, haloalkyl, amino,
nitro, cycloalkyl, aryl or a heterocycle; R8 is H,
alkyl, acyl, aryl, cycloalkyl or a heterocycle;
wherein each alkyl, aryl, cycloalkyl and heterocycle
is optionally substituted with hydroxyl, halogen,
mercapto, carboxyl, alkyl, haloalkyl, amino, nitro,
cycloalkyl, aryl or a heterocycle; and Q9 is CH or N.
In a particular embodiment, ring A is a group of
formula H In a particular embodiment ring A is a group
of formula II wherein Q4 is CR9 wherein R9 is aryl or
heteroaryl optionally substituted as described above.
In a particular embodiment ring A is a group of
formula II wherein Q4 is CR9 and R9 is phenyl. In a
particular embodiment, ring A is a group of formula II
wherein Q4 is CR9 and R9 is phenyl and Q3 is CH or CF.
In another embodiment, ring A is a group of formula II
wherein Q4 is CR9 and R9 is pyridin-2-yl. In another
embodiment, ring A is a group of formula II wherein Q4
is CR9, R is pyridin-2-yl and Q3 is C-Me. In another
embodiment, ring A according to Ha or lib is a pyrrole
ring optionally substituted with alkyl, aryl, aralkyl,
cycloalkyl, cycloalkylalkyl, a heterocycle or a
heterocycle-alkyl optionally substituted with halogen
hydroxyl, mercapto, carboxyl, alkyl, haloalkyl, amino,
nitro, aryl or heteroaryl. In an embodiment ring A is
substituted with an aryl or heteroaryl group. In a
particular embodiment, ring A is selected from the
group consisting of:wherein R8 is H, alkyl (for
example methyl, ethyl or propyl) or acyl (for example
acetyl). In a particular embodiment Rs is H. In
another embodiment ring A is furan optionally
substituted with alkyl, aryl, aralkyl, cycloalkyl,
cycloalkylalkyl, a heterocycle or a heterocycle-alkyl
optionally substituted with halogen hydroxyl,
mercapto, carboxyl, alkyl, haloalkyl, amino, nitro,
aryl or heteroaryl. In an embodiment ring A is
substituted with an aryl or heteroaryl group. In a
particular embodiment, ring A is selected from the
group consisting of: In another embodiment ring A is
thiophene optionally substituted with alkyl, aryl,
aralkyl, cycloalkyl, cycloalkylalkyl, a heterocycle or
a heterocycle-alkyl optionally substituted with
halogen hydroxyl, mercapto, carboxyl, alkyl,
haloalkyl, amino, nitro, aryl or heteroaryl. In an
embodiment ring A is substituted with an aryl or
heteroaryl group. In a particular embodiment, ring A
is selected from the group consisting of: In another
embodiment ring A is pyrazole optionally substituted
with alkyl, aryl, aralkyl, cycloalkyl,
cycloalkylalkyl, a heterocycle or a heterocycle-alkyl
optionally substituted with halogen hydroxyl,
mercapto, carboxyl, alkyl, haloalkyl, amino, nitro,
aryl or heteroaryl. In an embodiment ring A is
substituted with an aryl or heteroaryl group. In a
particular embodiment, ring A is selected from the
group consisting of: wherein R8 is H, alkyl (for
example methyl, ethyl or propyl) or acyl (for example
acetyl). In a particular embodiment R8 is H.In another
embodiment ring A is imidazole optionally substituted
with alkyl, aryl, aralkyl, cycloalkyl,
cycloalkylalkyl, a heterocycle or a heterocycle-alkyl
optionally substituted with halogen hydroxyl,
mercapto, carboxyl, alkyl, haloalkyl, amino, nitro,
aryl or heteroaryl. In an embodiment ring A is
substituted with an aryl or heteroaryl group. In a
particular embodiment, ring A is selected from the
group consisting of: wherein R8 is H, alkyl (for
example methyl, ethyl or propyl) or acyl (for example
acetyl). In a particular embodiment R8 is H. In
another embodiment ring A is oxazole optionally
substituted with alkyl, aryl, aralkyl, cycloalkyl,
cycloalkylalkyl, a heterocycle or a heterocycle-alkyl
optionally substituted with halogen hydroxyl,
mercapto, carboxyl, alkyl, haloalkyl, amino, nitro,
aryl or heteroaryl. In an embodiment ring A is
substituted with an aryl or heteroaryl group. In a
particular embodiment, ring A is selected from the
group consisting of: In another embodiment ring A is
isoxazole optionally substituted with alkyl, aryl,
aralkyl, cycloalkyl, cycloalkylalkyl, a heterocycle or
a heterocycle-alkyl optionally substituted with
halogen hydroxyl, mercapto, carboxyl, alkyl,
haloalkyl, amino, nitro, aryl or heteroaryl. In an
embodiment ring A is substituted with an aryl or
heteroaryl group. In a particular embodiment, ring A
is selected from the group consisting of:In another
embodiment ring A is thiazole optionally substituted
with alkyl, aryl, aralkyl, cycloalkyl,
cycloalkylalkyl, a heterocycle or a heterocycle-alkyl
optionally substituted with halogen hydroxyl,
mercapto, carboxyl, alkyl, haloalkyl, amino, nitro,
aryl or heteroaryl. In an embodiment ring A is
substituted with an aryl or heteroaryl group. In a
particular embodiment, ring A is selected from the
group consisting of: In another embodiment ring A is
isothiazole optionally substituted with alkyl, aryl,
aralkyl, cycloalkyl, cycloalkylalkyl, a heterocycle or
a heterocycle-alkyl optionally substituted with
halogen hydroxyl, mercapto, carboxyl, alkyl,
haloalkyl, amino, nitro, aryl or heteroaryl. In an
embodiment ring A is substituted with an aryl or
heteroaryl group. In a particular embodiment, ring A
is selected from the group consisting of: In another
embodiment ring A is 1,2,3-triazole optionally
substituted with alkyl, aryl, aralkyl, cycloalkyl,
cycloalkylalkyl, a heterocycle or a heterocycle-alkyl
optionally substituted with halogen hydroxyl,
mercapto, carboxyl, alkyl, haloalkyl, amino, nitro,
aryl or heteroaryl. In an embodiment ring A is
substituted with an aryl or heteroaryl group. In a
particular embodiment, ring A is selected from the
group consisting of: wherein R8 is H, alkyl (for
example methyl, ethyl or propyl) or acyl (for example
acetyl). In a particular embodiment R8 is H.In another
embodiment ring A is 1,2,4-triazole optionally
substituted with alkyl, aryl, aralkyl, cycloalkyl,
cycloalkylalkyl, a heterocycle or a heterocycle-alkyl
optionally substituted with halogen hydroxyl,
mercapto, carboxyl, alkyl, haloalkyl, amino, nitro,
aryl or heteroaryl. In an embodiment ring A is
substituted with an aryl or heteroaryl group. In a
particular embodiment, ring A is selected from the
group consisting of: In another embodiment ring A is
oxadiazole optionally substituted with alkyl, aryl,
aralkyl, cycloalkyl, cycloalkylalkyl, a heterocycle or
a heterocycle-alkyl optionally substituted with
halogen hydroxyl, mercapto, carboxyl, alkyl,
haloalkyl, amino, nitro, aryl or heteroaryl. In an
embodiment ring A is substituted with an aryl or
heteroaryl group. In a particular embodiment, ring A
is selected from the group consisting of: In another
embodiment ring A is thiadiazole optionally
substituted with alkyl, aryl, aralkyl, cycloalkyl,
cycloalkylalkyl, a heterocycle or a heterocycle-alkyl
optionally substituted with halogen hydroxyl,
mercapto, carboxyl, alkyl, haloalkyl, amino, nitro,
aryl or heteroaryl. In an embodiment ring A is
substituted with an aryl or heteroaryl group. In a
particular embodiment, ring A is selected from the
group consisting of: In another embodiment ring A is
tetrazole optionally substituted with alkyl, aryl,
aralkyl, cycloalkyl, cycloalkylalkyl, a heterocycle or
a heterocycle-alkyl optionally substituted with
halogen hydroxyl, mercapto, carboxyl, alkyl,
haloalkyl, amino, nitro, aryl or heteroaryl. In
anembodiment ring A is substituted with an aryl or
heteroaryl group. In a particular embodiment, ring A
is selected from the group consisting of: In a
particular embodiment ring A is: In a particular
embodiment ring A is: 



R1 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 R 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, R1 and R together form a
7-member ring while Y is S. In another particular
embodiment, R 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, cycloalkyl, cycloalkylalkyl, aryl,
aralkyl, a heterocycle or heterocyclylalkyl. In a
preferred embodiment R2 is alkyl or cycloalkyl. In an
embodiment, each R group is each optionally
substituted with hydroxyl, mercapto, halogen, amino,
carboxyl, alkyl, haloalkyl, alkoxy or alkylthio; In an
embodiment of the invention R2 is t-butyl, isopropyl,
cyclohexyl, cyclopentyl or 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 Lconfiguration.R3 is H or
alkyl. In a preferred embodiment R3 is H or methyl,
ethyl, propyl or isopropyl. In a particularly
preferred embodiment R3 is H or methyl. In a most
preferred embodiment R3 is methyl. In another
particular embodiment, R3 is t-butyl. In a preferred
embodiment R3 is oriented such that the amino acid, or
amino acid analogue, which it comprises is in the
L-configuration. R4 and R ' 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. 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 R 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 and R5'
are each independently H or alkyl. In a preferred
embodiment, R5 and R5' are H or methyl. In a
particular embodiment, R5 is H and R5' is methyl. In
another particular embodiment, R5 is methyl and R5' is
H. In another particular embodiment R5 and R5' are
both methyl. In another particular embodiment, R5 and
R5' are both H. R , and R6' are each independently H,
alkyl, aryl or aralkyl. In a particular embodiment, R
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. 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. Preferably, compounds of the invention have
the following stereochemical configuration of formula
Fr wherein X, Y, A, Ri, R2, R3, R4, R ' Rs'. R and R6'
are as described herein. 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
preferred 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 acyloxyalkylalkoxycarbonyl
(-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 lP2-haloalkyl, where P l and P2
are the same or different and are H, lower alkyl,
lower alkoxy, cyano, halo lower alkyl or aryl.
Preferably the nitrogen atom is one of the nitrogen
atoms of the amidino group of the compounds of the
invention. These prodrug compounds 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 earned out
in inert solvents at reduced temperatures such as -78
to about 5OC. 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:ADVANCEDMIMO INTERLEAVING
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application claims priority from U.S. Provisional
Patent Application Nos. 60/585,246 filed July 1, 2004
entitled MIMO INTERLEAVING, 60/589,390 filed July 19,
2004 entitled ADVANCED MJMO INTERLEAVING, and
60/600,962 filed August 11, 2004 entitled ADVANCED
MIMO INTERLEAVING, which are hereby incorporated by
reference, as if set forth in full in this document,
for all purposes. BACKGROUND OF THE INVENTION [0002]
Wireless networks have become increasingly popular, as
computers and other devices can be coupled for data
communications without requiring wired connections
between the network nodes. Because wireless networks
are expected to operate in unfavorable conditions,
such as in the presence of reflections, interference,
movement of receivers/transmitters, etc., much effort
is needed to correctly transmit and receive data over
a wireless channel. [0003] A typical node in a
wireless network (referred to in the standards as a
"station") includes a receive chain and a transmit
chain. A transmit chain typically includes some
digital processing and analog circuitry (RF, baseband,
etc.) that causes a signal to be transmitted into the
wireless channel. A receive chain typically includes
one or more antenna, RF circuitry and other analog
circuitry, and digital processing that seeks to output
a data stream that represents what the sending
transmit chain received as its input and transmitted
into the wireless network. Of course, where there are
unrecoverable errors, there is a mismatch between what
the sending transmit chain received and what the
receiving receive chain outputs hi some cases, a
receiver uses multiple antennas to improve reception
of the signal from a sending transmit chain. [0004]
Because of the expected conditions, the receive chain
includes various components designed to ensure that
signals can be largely recovered correctly. Several
techniques have 



been in use to recover signals. One technique is the
use of error correction. With error correction, when a
bit or bits are lost, they might be recovered using
other bits that were not lost according to whatever
error correction coding was done. Error correction
cannot correct all errors, so even some error
conditions might cause unrecoverable errors. For
example, if four information bits are encoded into
seven transmitted bits using a Reed-Solomon
errorcorrecting encoding, it any tour oi the seven
transmitted bits are recovered, then the four
information bits can be determined. However, if more
than three of the transmitted bits are lost, the full
information cannot be recovered. Note that if there
are several such encodings, information is lost when
four bits are lost if they all are lost out of one
encoding, but if four bits are lost with two bits lost
per encoding, the information is recoverable. [0005]
One approach to spreading potential losses is
interleaving. A standard 802. 11a transmitter
interleaves bits over subcarriers. [0006] Interleaving
is useful to distribute bits so that errors can be
recovered in the face of fading and other channel
conditions. In an 802.1 I a interleaver, the bits are
as reordered as shown below, wherein N BPSC refers to
the number of coded bits per subcarrier, NCBPS refers
to the number of coded bits per OFDM symbol and NDBPS
refers to the number of data bits per OFDM symbol. i =
(NCBPS/16)( mod 16) + floor(/16) for k=0, ..., NCBPS-
1 (Equ. 1) s floor(z/s) + (i +NCBPS - floor(16 * //N
CBPS)) mod s, where s=max(NBPsc/2, 1) (Equ. 2) [0007]
Thus, an interleaver would take in coded bits in an
input sequence from an encoder wherein the coded bits
have indices represent by k (i.e., the bits arrive as
k=0, k=l, &=2, etc.). The interleaver reorders them so
that the bits are output in order by their / index.
For a given value of k, the value of/ is determined by
the formula of Equations 1-2. Using this arrangement,
adjacent bits are separated such that they differ by
three subcarriers and next adjacent bits differ by six
subcarriers. There are 16 bits of difference within a
given subcarrier (for QPSK or higher order
constellations). [0008] However, interleavers can be
improved over the standard 802. 11a interleaver.
[0009] A MIMO (multiple-input, multiple-output) system
comprises at least a transmitter that transmits a
number of bits, or a stream of bits, over a
transmission medium to a receiver. Typically, the
transmission medium is a wireless radio channel but
the other media such as multi-mode fiber might be used
instead. A MIMO system comprises M transmit streams
and N receive antennas (spatially separated, separated
by polarization, or otherwise separated), where M and
N are each integers greater than one (except for
degenerate cases and/or N=I, wherein MIMO techniques
would work, but not provide as much benefit). Thus,
anMIMO transmitter transmits its data as M streams and
a receiver processes its inputs as N inputs. [0010] A
MIMO transmitter might comprise an encoder that first
applies a forward error correcting (FEC) code on the
bit stream that is to be received at an output of the
receiver. The FEC code could be a block code, a
convolution code or other code or codes. The coded bit
stream is distributed by a de-multiplexer over M
transmit streams. Many of the examples herein use M-2
as an example, but it should be understood that the
examples can be expanded to other values of M. The
same is true for N, and M and N need not be the same
value m any case, the distributed, coded transmit
streams are modulated and transmitted. As an example,
bits for a transmit stream might be divided in groups
of two bits and modulated onto a carrier using QPSK
(Quaternary Phase Shift Keying) modulation. More or
less advanced modulation techniques are possible, such
as BPSK (mapping one bit at a time), 16-QAM (mapping
groups of four bits), 64-QAM (mapping groups of six
bits), etc. [0011] In general, for a transmit
constellation size of c, a MIMO transmitter transmits
M (log2 c) coded bits per symbol period (NCBPS ) - The
transmit symbols for a symbol period can be
represented as an M-dimensional vector x. These
symbols are up-converted to radio frequency,
transmitted and then received by N antennas at the
receiver. The receiver converts the signal down to
baseband frequency and, at the output of the N
down-converters. Those received symbols can be
represented by an iV-dimensional vector y. An example
of a transmitter-receiver system is shown in Fig. 1.
[0012] For MIMO systems, interleavers might be needed
with better performance than standard 802. 11a
interleavers. BRIEF SUMMARY OF THE INVENTION [0013] An
improved interleaver is provided as set forth herein.
In one aspect, enhanced interleaving gain is provided
with the improved interleaver. The improved gain can
result from increasing distances between adjacent bits
or next adjacent bits, or both. Since adjacent tones
see similar fading, interleaving data bits on tones
that are more separated results in better performance.
With more separation, the error correction is more
capable of correcting bits that are surrounded by good
bits. [0014] In some embodiments, the bits that are
encoded into a MEVIO symbol are such that at least a
majority of adjacent pairs of bit are mapped to
different subcarriers and differentspatial streams. In
some implementations, an output of an encoder is
provided to a parser that parses the encoder output
stream to a plurality of spatial streams and
per-stream interleavers interleave the parsed streams,
wherein the interleavers for each spatial stream
follow different interleaver processes. [0015] In some
cases, where there is n-bit cycling, every group of n
bits is mapped onto different subcarriers and
different spatial streams. [0016] The following
detailed description together with the accompanying
drawings will provide a better understanding of the
nature and advantages of the present, invention. BRIEF
DESCRIPTION OF THE DRAWINGS [0017] Fig. 1 is a block
diagram of a MIMO system in which aspects of the
present invention might be used. [0018] Fig. 2
illustrates an example implementation of a MIMO
interleaving system. [0019] Fig. 3 illustrates an
example of a stream interleaver as might be used in
the apparatus shown in Fig. 2. [0020] Fig. 4
illustrates an example stream interleaver in greater
detail. [0021] Fig. 5 is a plot of SNR v. PER for
various interleaving schemes. [0022] Fig. 6 is a plot
of SNR v. PER for various interleaving schemes. [0023]
Fig. 7 is a plot of SNR v. PER for various
interleaving schemes. [0024] Fig. 8 is a plot of SNR
v. PER for various interleaving schemes. [0025] Fig. 9
is a plot of SNR v. PER for various interleaving
schemes. [0026] Fig. 10 is a plot of SNR v. PER for
various interleaving schemes. [0027] Fig. 11 is a plot
of SNR v. PER for various interleaving schemes. [0028]
Fig. 12 is a p(lot of SNR v. PER for various
interleaving schemes. [0029] Fig. 13 is a plot of SNR
v. PER for various interleaving schemes. [0030] Fig.
14 is a plot of SNR v. PER for various interleaving
schemes. [0031] Fig. 15 is a plot of SNR v. PER for
various interleaving schemes.[0032] Fig. 16 is a plot
of SNR v. PER for various interleaving schemes. [0033]
Fig. 17 is a plot of SNR v. PER for various
interleaving schemes. [0034] Fig. 18 is a plot of SNR
v. PER for various interleaving schemes. 



DETAILED DESCRIPTION OF THE INVENTION [0035] In
embodiments of a transmitter according to aspects of
the present invention, MJMO interleaving is used
wherein adjacent bits are well separated in subcarrier
and spatial stream. Generalized 802.1 Ia MIMO Symbol
Interleaving [0036] The following abbreviations are
used herein: NDBPS Total number of data bits per
OFDM/MIMO symbol over all TX NcBPs -" Total number of
coded bits per OFDM/MJMO symbol over all TX N BPSC
Number of coded bits for one subcarrier of one
transmitter N TX : Number of transmitters / spatial
streams IDEPTH Interleaving depth (IDEPTH = 16 for
802. 1Ia) D : Shift in subcarriers for transmitter/
spatial stream (TX) n Jn : interleaver index for TX n
within its block of N CBPS /N TX bits kn : Input bit
index for TX n [0037] In general, an encoder consumes
N DBPS bits per cycle, wherein a cycle is a time
period for sending a signal. Using the terminology
above, NCBPS refers to the number of coded bits per
symbol overall, so N DBPS/NCBPS is the code rate.
Using the terminology above, NBPSC refers to the
number of coded bits per subcarrier, so N CBPS - N
BPSC * S * N TX where S is the number of subcarriers
used for each transmitter/spatial stream (assuming the
same number of subcarriers per stream and the same
number of coded bits per subcarrier, which need not be
the case). [0038] Thus, for a standard 802. 1I a
interleaver: IDEPTH = 16, NTc l (Equ. 3) =
((NCBPS/16)(* mod 16)+floor(M6) A=O, ..., NCBps-l
(Equ. 4)j = s floor(z/s) + (i + NcBPS - floor(16 *
/VNCBPS )) mod s, where S=TOaX(NBPSC^, 1) (Equ. 5)
[0039] Thus, an interleaver would take in coded bits
in an input sequence from an encoder wherein the coded
bits have indices represent by k (i.e., the bits
arrive as A=O, Ic=I, Ic=I, etc.). The interleaver
reorders them so that the bits are output in order by
theiry index. For a given value of A, the value of/ is
determined by the formula of Equations 3-5. Using this
arrangement, adjacent bits are separated such that
they differ by three subcarriers and next adjacent
bits differ by six subcarriers. There are 16 bits of
difference within a given subcarrier (for QPSK or
higher order constellations). [0040] For examples
herein, there are separate / sequences for different
spatial streams, denoted withy . In a specific
example, s an input bit index for each spatial stream
interleaver and where 48 subcarriers with BPSK is
used, A=O, 1, . . ., 47 andj is the interleaving
index, for each spatial stream, input bit number k is
output as bit number J n. In other words if A=O, 1, 2,
... is input, an/ L=0, 6, 12, . . ., then bit 0 of the
input is bit 0 of the output, bit 1 of the input is
bit 6 of the output, and so on. Alternative
Implementation [0041] In the above-described scheme,
instead of J n = (j + N CBPS NTX - 2s*D ) mod
(NCBPS/NTX), it is possible to use NBPSC instead of
2s, so that/ n = (j + N CBPS /N TX - NBpsc*D") mod (N
CBPS /NTX) . For QPSK, 16-QAM, and 64-QAM, 2s is
identical to NBpsc, but for BPSK, this makes a
difference. For BPSK, N BPSC - 1 d 2s=2, so the
difference in this case between the two alternatives
is that the first one effectively doubles the
subcarrier shift Dn relative to the second
alternative. Hence, if for the first alternative, Dn
for non-BPSK rates is chosen to be twice as large as
Dn for BPSK rates, then the first alternative is
equivalent to the second alternative that uses the
same Dn for all rates, with Dn being equal to the
non-BPSK Dn of the first alternative. Hardware
Implementation [0042] Referring now to the figures,
Fig. 1 is a block diagram of a MDVIO system 100 in
which aspects of the present invention might be used.
As illustrated there, bits to be transmitted via a
channel are provided to a FEC encoder 102 that applies
a forward error correcting code and provides the
encoded data to an interleaving system 104 that
distributes its input into M transmit streams. Each
transmit stream is modulated by a modulator 106 and
passed to a transmission circuit 108 that transmits
the modulated transmit stream using anantenna 110 into
a channel 120, such as a wireless radio space using
some frequency band, such as those used for 802.1 1
transmissions. [0043] In some embodiments, antennas
110 are distinct and spatially separated antennas. In
other embodiments, distinct signals might be combined
into different polarizations off of fewer than M
antennas. An example of this is where spatial rotation
or spatial spreading is done, where multiple spatial
streams are mapped on a single antenna. In any case,
it should be understood that distinct spatial streams
can be organized in different manners. For example, a
transmit antenna might carry data from more than one
spatial stream or several transmit antennas might
carry data from a spatial stream. For example,
consider the case of a transmitter with four transmit
antennas and two spatial streams. Each spatial stream
can be mapped onto two transmit antennas in that case,
so two antennas are carrying data from just one
spatial stream. [0044] A receiver 125 receives signals
from channel 120 at N antennas 130 (counting separate
polarizations, as appropriate) coupled to N receive
circuits 132. The outputs of receive circuits 132 are
provided to a MIMO detector 134, which provides its
output to a FEC decoder 136, which in turn outputs the
received bits which, without unrecoverable errors, are
the same as the transmitted bits input to FEC encoder
102. MIMO detector 134 would presumably have the
appropriate deinterleaver (not shown). [0045] Vectors
and matrices used in various equations described
herein have been added below various elements shown in
Fig. 1 for ease of understanding correspondence of the
elements and the equations set forth here in text. For
example, the output of modulators 106 is represented
by the vector x and the channel effects are
represented by the matrix H. With a noise contribution
vector of n, the receiver receives y = Hx + n for
processing and from that the receiver determines, as
best it is able, what x might have been. Improved
Interleavers [0046] Improved interleavers will now be
described that provide improved interleaving, with
other variations to be understood upon review of this
disclosure. In one improvement, data for a plurality
of spatial streams is parsed and interleaved per
spatial stream using a different interleaving process
between at least two spatial streams. Transmitter
Symbol Interleaving # 1 [0047] In this interleaver, a
two transmitter example will be described. In this
interleaver, even bits are parsed for a first
transmitter TXO ( 0=O, 2, 4, . . .) and odd bits are
parsed for asecond transmitter TXl (k\=\, 3, 5, . .
.). D0=O, D1 S. A separate 802. 1I a interleaving is
done for each transmitter. Then, the indices for
transmitter TXl ' s interleaver are shifted by eight
subcarriers to maximize distance between adjacent
bits. As with a standard 802. 11a interleaver, IDEPTH=
16. This is shown mathematically by Equations 6-9. i
=((NcBPs/2)/16)(& mod 16)+floor(A/16) k=0, ...,
(NCBPS/2)-1 (Equ. 6) j =s floor(z/s) + (i +NCBPS /2 -
floor(16 * Z7(NCBPS/2))) mod s 



where s=max(NBPsc/2, 1) (Equ. 7) Jo=J (Equ. 8) Ji =(j
+NCBPS/NTX - 16s) mod (NCBPS/NTX) (Equ. 9) [0048] In
this arrangement, the bit index for transmitter TXO,
ko, is 2k, while the bit index for transmitter TXl, A
1, is 2 -1. Thus, one transmitter transmits the odd
bits, while the other transmits the even bits. [0049]
hi this arrangement, adjacent bits differ by eight
subcarriers and go to different transmitters, while
the next adjacent bits differ by three subcarriers.
Adjacent subcarriers differ by 32 bits. Transmitter
Symbol Interleaving #2 [0050] In this interleaver, a
two transmitter example will be described, hi this
interleaver, even bits are routed for a first
transmitter TXO and odd bits are routed for a second
transmitter TXl. A separate 802.11a interleaving is
done for each transmitter using eight rows instead of
sixteen. Then, the indices for transmitter TXl ' s
interleaver are shifted by eight subcarriers to
maximize distance between adjacent bits. This is shown
mathematically by Equations 10-13. i = ((N
CBPS/2)/8)(& mod 8) + floor(/8) k=0, ..., (NCBPS /2)-1
(Equ. 10) J =s floor(//s) + (i +NcBPs/2 - floor(8 *
Z7(NCBPS/2))) mod s where s=max(N Bpsc/2, 1) (Equ. 11)
jo= j (Equ. 12) Ji = (/ + N CBPS /NTX - 16s) mod
(NCBPS /NTX) (Equ. 13) [0051] hi this arrangement, the
bit index for transmitter TXO, , is 2k, while the bit
index for transmitter TXl, k\ , is 2&+1. Thus, one
transmitter transmits the odd bits, while the other
transmits the even bits.[0052] In this arrangement,
adjacent bits differ by eight subcarriers and go to
different transmitters, while the next adjacent bits
differ by six subcarriers. Adjacent subcarriers differ
by 16 bits. Example Implementation Details [0053] Fig.
2 illustrates an example implementation of a MIMO
interleaving system. As shown, the input bit stream
from an encoder is parsed by parser 200 to a plurality
of stream interleavers 202. The parser might be
provided with the number of spatial streams and parse
bits on a round-robin basis. Other parsings might be
used instead, such as parsing more generally using
another parsing function. The parsing function for the
examples above is kn = Ncc*A:+n (i.e., round-robin
with one bit per spatial stream, then on to the next
spatial stream), but a more general function f(k,ri)
might be used instead. For example, sending two bits
to a spatial stream, then moving to the next spatial
stream. [0054] Fig. 3 illustrates an example of a
stream interleaver 202 as might be used in the
apparatus shown in Fig. 2. In this example, each
stream interleaver 202 might be the same, but with
different shift values D/. Thus, a four-transmitter
MIMO system might use four of the same stream
interleavers, but with different cyclic shifts in the
subcarriers used. Each stream interleaver might be a
conventional 802.1 Ia interleaver. [0055] Fig. 4
illustrates an example stream interleaver 300 in
greater detail. Upon reading this disclosure, it
should be apparent to one of ordinary skill in the art
that multiple stream interleavers can be combined into
a combined structure. As shown, input bits are
received and storage logic 302 places the bits in a
bit buffer 304. The locations of bit buffer 304 used
are dictated by a counter 306 and are typically such
that bits are stored sequentially in bit buffer 304,
but that is not required. Output logic 308 reads out
bits from bit buffer 304 and outputs them. The order
in which the bits are read out is determined by the
implementation of the interleaver. [0056] The formulas
shown in the equations above can be calculated at each
bit, but it is often more efficient to calculate all
the indices at once and store them as a data
structure, such as a matrix mapping input indices to
output indices, or just as a list of an output
sequence. Such data might be generated using a matrix
calculator 312 from interleaver rules. Interleaving
Parameter Selection [0057] Various considerations can
be used to select interleaving parameters. Figs. 5-18
show various results of simulations using various
parameters, for 2x2, 3x3, and 4x4 cases.The PER curves
are compared to those for 48 subcarriers and for 54
subcarriers. For 54 subcarriers, SNR performance
should be about the same for the same coding rate and
constellation size. For 108 subcarriers, SNR
performance should be as good as or better than for 54
because of extra frequency diversity. The simulations
used ideal training, MMSE, IOOOB packets. In the
results, SNR is the average SNR per receiver in the
signal bandwidth, where signal bandwidth is equal to
(number of data tones + number of pilots)/3.2 ms.
[0058] Fig. 5 is a plot of SNR v . PER for various
interleaving schemes for 108 Mbps, 2x2, 10OB, Channel
C-NLOS. These examples are for two transmitters and
two receivers, although other numbers of transmitters
and receivers might be contemplated instead. The plot
lines of Fig. 5 are: a = odd/even TX interleaving, 8
rows b = odd/even TX interleaving, 16 rows c =
odd/even TX interleaving, 16 rows, shift=15 [0059]
Fig. 6 is a plot of SNR v. PER for various
interleaving schemes for 108 Mbps, 2x2, 10OB, Channel
D-NLOS, with the plot lines as in Fig. 5. [0060] Fig.
7 is a plot of SNR v. PER for various interleaving
schemes for 120 Mbps, 2x2, 10OB, Channel C-NLOS, with
the plot lines as in Fig. 5. [0061] Fig. 8 is a plot
of SNR v. PER for various interleaving schemes for 120
Mbps, 2x2, 10OB, Channel D-NLOS. The plot lines of
Fig. 5 are: a = odd/even TX interleaving, 8 rows b =
odd/even TX interleaving, 16 rows [0062] Fig. 9 is a
plot of SNR v. PER for various interleaving schemes
for 120 Mbps, 2x2, 10OB, Channel E-NLOS, with the plot
lines as in Fig. 5. [0063] Fig. 10 is a plot of SNR v
. PER for various interleaving schemes for 2x2, rate
3/4, 64-QAM, Channel D-NLOS, where the upper curve is
for 48 subcarriers at 108 Mbps and the lower curve is
for 54 subcarriers at 121.5 Mbps. [0064] Fig. 11 is a
plot of SNR v. PER for various interleaving schemes
for 2x2, rate 5/6, 64-QAM, Channel D-NLOS, where the
curve that ends at the right as the higher curve is
for 48 subcarriers at 120 Mbps and the curve that ends
at the right as the lower curve is for 54 subcarriers
at 135 Mbps.[0065] For 3 TX interleaving, the cycle is
over three bits, e.g., 0=O, 3, 6, . . ., 1=I, 4, 7, .
.., Ic2=2, 5, 8, ... For 4 TX interleaving, the cycle
is over four bits, e.g., 0=O, 4, 8, . .., h=\, 5, 9,
..., Jc2=2, 6, 10, ..., 3=3, 7, 11, ... Example
IDEPTHan Dn values for the cases of 3 and. 4
transmitters might be D0=O, D1=S, D2=16, D3=24 and
IDEPTH 8. [0066] Fig. 12 is a plot of SNR v. PER for
various interleaving schemes for 3x3, rate 1/2,
64-QAM, Channel D-NLOS, where the curve that ends at
the right as the higher curve is for 48 subcarriers at
108 Mbps and the curve that ends at the right as the
lower curve is for 54 subcarriers at 121.5 Mbps. 



[0067] Fig. 13 is a plot of SNR v. PER for various
interleaving schemes for 4x4, rate 3/4, 64-QAM,
Channel D-NLOS, where the curve that is the lower
curve at SNR=33 is for 48 subcarriers at 216 Mbps and
the curve that is the higher curve at SNR=33 is for 54
subcarriers at 243 Mbps. [0068] Fig. 14 is a plot of
SNR v. PER for various interleaving schemes for 40 MHz
Mode, 2x2, rate 3/4, 64-QAM, Channel D-NLOS, where the
upper curve is for 54 subcarriers at 121.5 Mbps and
the lower curve is for 108 subcarriers at 243 Mbps.
[0069] Fig. 15 is a plot of SNR v. PER for various
interleaving schemes for 40 MHz Mode, 2x2, rate 5/6,
64-QAM, Channel D-NLOS, where the upper curve is for
54 subcarriers at 135 Mbps and the lower curve is for
108 subcarriers at 270 Mbps. [0070] Fig. 16 is a plot
of SNR v. PER for various interleaving schemes for 40
MHz Mode, 3x3, rate 1/2, 64-QAM, Channel D-NLOS, where
the upper curve is for 54 subcarriers at 121.5 Mbps
and the lower curve is for 108 subcarriers at 243
Mbps. [0071] Fig. 17 is a plot of SNR v. PER for
various interleaving schemes for 40 MHz Mode, 4x4,
rate 3/4, 64-QAM, Channel D-NLOS, where the upper
curve is for 54 subcarriers at 243 Mbps and the lower
curve is for 108 subcarriers at 486 Mbps. [0072] Fig.
18 is a plot of SNR v. PER for various interleaving
schemes for 108 subcarriers in a 1x1 mode, rate 3/4,
64-QAM, Channel D-NLOS. The upper curve is for IDEPTH
6, the middle curve is for IDEPTH= 1 and the lower
curve is for IDEPTH = 12. [0073] When using 54 or 108
data subcarriers, different values should be used for
IDEPTH and Dn parameters because (NCBPS/NTX)/IDEPTH
should be an integer value. In one example, for 54 and
108 data subcarriers and n spatial streams:IDEPTH 6
for all modes with more than 1 spatial stream IDEPTH
12 for 108 subcarriers with 1 spatial stream Dn=5" for
spatial stream n [0074] Where the number of
subchannels is not the same over all transmitters, or
the number of bits consumed per cycle for each
subchannel over all transmitters is not the same,
corresponding adjustments to the interleaving
described above should be apparent, upon review of
this disclosure, to one of ordinary skill in the art.
Thus, NBPSC might vary from subcarrier to subcarrier.
[0075] New interleaver parameters for 54 subcarriers
give about the same SNR performance as the 48
subcarrier case, and 40 MHz modes show about 1 dB
improvement, most likely due to increased frequency
diversity. [0076] The general architecture can be
expanded to operate with various channel bandwidths
(20MHz, 40MHz, etc.) and with variable number of
spatial streams (ITX, 2TX, 3TX, 4TX, etc.). The ITX
version corresponds to the 802.1 Ia interleaver (i.e.,
it reduces to previous standard). [0077] In some
simulations, transmitter interleaving according to
transmitter interleaving # 1 described above gives the
better performance and has an easy implementation, as
it can be exactly the standard 802.1 Ia interleaver
per transmitter, with an additional 8-subcarrier shift
between TXO and TXl. This can be used as an
interleaver for a two-transmitter spatial division
multiplexing mode transmitter and corresponding
receiver. [0078] While the invention has been
described with respect to exemplary embodiments, one
skilled in the art will recognize that numerous
modifications are possible. For example, the processes
described herein may be implemented using hardware
components, software components, and/or any
combination thereof. The invention is also not limited
as to the signaling constellation, FEC encoding
scheme, or number of transmit antennas or receive
antennas. Where described herein, a plurality of
antennas might comprise individual antennas,
preferably spatially separated but not necessarily so,
but a single physical antenna might be used for more
than one transmit stream or receive signal through the
use of polarization or other techniques. [0079] Thus,
although the invention has been described with respect
to exemplary embodiments, it will be appreciated that
the invention is intended to cover all modifications
and equivalents within the scope of the following
claims.WHAT IS CLAIMED IS: 1. In a wireless
transmitter, wherein an input bit sequence is encoded
and transmitted over a wireless medium using a
plurality of spatial streams each using a plurality of
subcarriers, a method of interleaving comprising:
parsing the input bit sequence to the plurality of
spatial streams; interleaving bits parsed to a first
spatial stream using a first interleaving sequence;
and interleaving bits parsed to a second spatial
stream using a second interleaving sequence distinct
from the first interleaving sequence. 2 . The method
of claim 1, wherein each of the plurality of spatial
streams corresponds to a signal transmitted over a
distinct transmit antenna. 3. The method of claim 1,
wherein at least one transmit antenna carries data
from more than one spatial stream. 4 . The method of
claim 1, wherein the first and second interleaving
sequences differ b y a cyclic shift over subcarriers.
5. The method of claim 1, wherein more than one
transmit antenna carries data from one spatial stream.
6. An interleaver system for use with MEVIO
transmission of encoded data, comprising: a parser for
parsing encoded data comprising N CBPS bits that are
to be transmitted, wherein parsing comprises
allocating portions of the encoded data over a
plurality of N TX spatial streams; and a plurality of
NTX stream interleavers, wherein each of the stream
interleavers interleave such that the stream
interleaver for the n-th spatial stream outputs bits
in an order indicated by an interleaver index for TX n
within its block of N CBPS/N TXbits where the
interleaver index, Jn, is equal to (j +N CBPS/N TX -
2s*D 7 ) mod (NC BPS /NTX), wherein / mod s where
s=max(N Bpsc/2, 1), = mod IDEPTH) + floor(M DEPTH) for
k=0, ..., (N CBPS/NTX)- 1, kn=Ntx + n, NBPSC is the
number of coded bits for one subcarrier of one spatial
stream and IDEPTH is an interleaving depth. 


