
AND RELATEDANALOGS AS HSP90-INHIBITORS CROSS-REFERENCE
[001] This application claims the benefit of U.S.
Provisional Application No. 60/666,899 filed March 30,
2005, which is herein incorporated by reference in its
entirety. FIELD OF THE INVENTION [002] The invention
relates in general to alkynyl pyrrolopyrimidines and
their broad-spectrum utility, e.g. , in inhibiting
heat shock protein 90 (HSP90) to thereby treat or
prevent HSP90- mediated diseases. BACKGROUND [003]
HSP90s are ubiquitous chaperone proteins that are
involved in folding, activation and assembly of a wide
range of proteins, including key proteins involved in
signal transduction, cell cycle control and
transcriptional regulation. Researchers have reported
that HSP90 chaperone proteins are associated with
important signaling proteins, such as steroid hormone
receptors and protein kinases, including, e.g., Raf-1,
EGFR, v-Src family kinases, Cdk4, and ErbB-2 ( Buchner
J . TIBS 1999, 24, 136-141; Stepanova, L. et al. Genes
Dev. 1996, 10, 1491-502; Dai, K. et al J. Biol. Chem.
1996, 271, 22030-4). Studies further indicate that
certain co-chaperones, e.g., HSP70, p60/Hop/Stil, Hip,
Bagl, HSP40/Hdj2/Hsjl, immunophilins, r23, andp50, may
assist HSP90 in its function (see, e.g., Caplan, A.
Trends in Cell Biol. 1999, 9, 262-68). [004] HSP90
possesses a binding pocket at its N-terminus. This
pocket is highly conserved and has weak homology to
the ATP-binding site of DNA gyrase (Stebbins, C. et
al, supra; Grenert, J.P. et al. J. Biol. Chem. 1997,
272, 23843-50). Further, ATP and ADP have both been
shown to bind this pocket with low affinity and to
have weak ATPase activity (Proromou, C. et al. Cell
1997, 90, 65-75; Panaretou, B. et al EMBO J. 1998, 17,
4829-36). In vitro and in vivo studies have
demonstrated that occupancy of this N-terminal pocket
by ansamycins and other HSP90 inhibitors alters HSP90
function and inhibits protein folding. At high
concentrations, ansamycins and other HSP90 inhibitors
have been shown to prevent binding of protein
substrates to HSP90 (Scheibel, T.H. et al Proc. Natl.
Acad. Sd. USA 1999, 96, 1297-302; Schulte, T.W. et al
J. Biol. Chem. 1995, 270, 24585-8; Whitesell, L., et
al Proc. Natl. Acad. Sd. USA 1994, 91, 8324-8328).
HSP90 inhibitors, e.g. ansamycins, have also been
demonstrated to inhibit the ATP-dependent release of
chaperone-associated protein substrates (Schneider,
CL. et al Proc. Natl. Acad. ScL USA 1996, 93,
14536-41; Sepp-Lorenzino et al J. Biol. Chem. 1995,
270,165S0-l 5 7>: In either event','the substrates are
degraded by an ubiquitin-dependent process in the
proteasome (Schneider, C. L., supra; Sepp-Lorenzino,
L., et a J. Biol. Chem. 1995, 270, 16580-16587;
Whitesell, L. et a Proc. Natl. Acad. Sd. USA 1994, 91,
8324-8328). [005] HSP90 substrate destabilization
occurs in tumor and non-transformed cells alike and
has been shown to be especially effective on a subset
of signaling regulators, e.g. , Raf (Schulte, T. W. et
a Biochem. Biophys. Res. Commun. 1997, 239, 655-9;
Schulte, T. W., et a J. Biol. Chem. 1995, 270,
24585-8), nuclear steroid receptors (Segnitz, B.; U.
Gehring J Biol. Chem. 1997, 272, 18694-18701; Smith,
D. F. et a MoI. Cell. Biol. 1995, 15, 6804-12), v-Src
(Whitesell, L., et a Proc. Natl. Acad. ScL USA 1994,
91, 8324-8328) and certain transmembrane tyrosine
kinases (Sepp-Lorenzino, L. et a J. Biol.Chem. 1995,
270, 16580- 16587) such as EGF receptor (EGFR) and
Her2/Neu (Hartmann, F., et a Int. J. Cancer 1997, 70,
221-9; Miller, P. et a Cancer Res. 1994, 54,
2724-2730; Mimnaugh, E. G., et a J. Biol. Chem. 1996,
271, 22796-801; Schnur, R. et a J. Med. Chem. 1995,
38, 3806-3812), CDK4, and mutant p53. Erlichman et a
Proc. AACR 2001, 42, abstract 4474. The HSP90
inhibitorinduced loss of these proteins leads to the
selective disruption of certain regulatory pathways
and results in growth arrest at specific phases of the
cell cycle (Muise-Heimericks, R. C. et a J. Biol.
Chem. 1998, 273, 29864-72), and apoptosis, and/or
differentiation of cells so treated (Vasilevskaya, A.
et a Cancer Res., 1999, 59, 3935-40). HSP90 inhibitors
thus hold great promise for the treatment and/or
prevention of many types of cancers and proliferative
disorders, and also hold promise as traditional
antibiotics. [006] In addition to anti-cancer and
antitumorigenic activity, HSP90 inhibitors have also
been implicated in a wide variety of other utilities,
including use as anti-inflammation agents,
antiinfectious disease agents, agents for treating
autoimmunity, agents for treating stroke, ischemia,
multiple sclerosis, cardiac disorders, central nervous
system related disorders and agents useful in
promoting nerve regeneration (See, e.g. , Rosen et a
WO 02/09696 (PCT/USOl/23640); Degranco et a WO
99/51223 (PCT/US99/07242); Gold, U.S. Patent 6,210,974
Bl; DeFranco et ah, US Patent 6,174,875. Overlapping
somewhat with the above, there are reports in the
literature that fibrogenetic disorders including but
not limited to scleroderma, polymyositis, systemic
lupus, rheumatoid arthritis, liver cirrhosis, keloid
formation, interstitial nephritis, and pulmonary
fibrosis also may be treatable with HSP90 inhibitors.
Strehlow, WO 02/02123 (PCT/USOl/20578). Still further
HSP90 modulation, modulators and uses thereof are
reported in Application Nos. PCT/US03/04283,
PCT/US02/35938, PCT/US02/16287, PCT/US02/06518,
PCT/US98/09805, PCT/USOO/09512, PCT/USOl/09512,
PCT/USOl/23640, PCT/USOl/46303, PCT/USOl/46304,
PCT/US02/06518, PCT/US02/29715, PCT/US02/35069,
PCT/US02/35938,Pc s3 / 9[9 , 3; ; 0/ 7;i,668,
60/335,391, 60/128,593, 60/337,919, 60/340,762,
60/359,484 and 60/331,893. [007] Recently, purine
derivatives, including pyrrolopyrimidines showing
HSP90 inhibitory activity have been reported, e.g., in
PCT/US02/35069; PCT/US02/36075. U.S. Patent
Application No. 10/945,851 and PCTVUS04/31248.
However, a need remains for additional novel and
potent pyrrolopyrimidine HSP90 inhibitors that meet
the demanding biological and pharmaceutical criteria
required to proceed towards human clinical trials.
SUMMARY OF THE INVENTION [008] The present invention
is directed towards alkynyl pyrrolo[2,3-d]pyrimidines
and related compounds that show broad utility, e.g.,
by inhibiting HSP90 and treating diseases that are
HSP90-dependent. These compounds differ from a parent
pyrrolopyrimidine which was disclosed in prior patent
applications in that they are substituted with an
alkyne, e.g., acetylene, on the ring carbon at the
fifth position (C-5 position) and they exhibit
improved HSP90 inhibitory activity over the parent
compounds. [009] In one aspect, the invention
comprises alkynyl pyrrolo[2,3-d]pyrimidine compounds
of Formula I : 



wherein: R0 is selected from the group consisting of
hydrogen, halogen, lower alkyl, -CN, -SR8, -OR8, and
-NHR 8; R1 is selected from the group consisting of
halogen, -OR11, -SR11 and lower alkyl; R2 is -NHR8; R3
is selected from the group consisting of hydrogen,
-CN, -C(O)OH, -OR11, -SR11, -C(O)R 9, -NR8R10, lower
alkyl, lower alkenyl, lower alkynyl, lower
perhaloalkyl, lower alkylsilyl, aryl, heteroaryl,
alicyclyl and heterocyclyl, all optionally
substituted, wherein: the aryl, heteroaryl, alicyclyl
and heterocyclyl groups are mono-, bi- or tri- cyclic;
R8 and R10 taken together with the N atom to which
they are attached optionally form an optionally
substituted ring comprising 3-7 ring atoms, wherein,
in addition to said N atom, 0-3 of the ring atoms are
heteroatoms selected from the group consisting of O, S
and N;|::"C ' 1! """ on R3 are selected from the group
consisting of lower alkyl, lower alkenyl, lower
alkynyl, -CN, -C(O)OH, -NO2 -SR8, -OR8, -C(O)R9,
-NR8R8, lower aryl, heteroaryl, alicyclyl, lower
heterocyclyl, arylalkyl, heteroarylalkyl, amino,
alkylamino, dialkylamino, arylalkylamino, diarylamino,
heteroarylamino, diheteroarylamino,
arylheteroarylamino, oxo, perhaloalkyl, perhaloalkoxy,
perhaloacyl, guanidinyl, pyridinyl, thiophenyl,
furanyl, indolyl, indazolyl, phosphonyl, phosphatidyl,
phosphoramidyl, sulfanyl, sulfmyl, sulfonyl,
sulphonamidyl, carbamyl, uryl, thiouryl and
thioamidyl, wherein R8 and R8 taken together with the
N atom to which they are attached optionally form an
optionally substituted ring comprising 3-7 ring atoms,
wherein, in addition to said N atom, 0-3 of the ring
atoms are heteroatoms selected from the group
consisting of O, S and N; R4 is selected from the
group consisting of optionally substituted lower
alkylene, - -C(O)-, -C(S)-, -S(O)- and -SO2-; R5 is
selected from the group consisting of aryl,
heteroaryl, alicyclyl and heterocyclyl, wherein: the
aryl group is substituted with 2 to 5 substituents;
the heteroaryl group is substituted with 2 to 5
substituents; the alicyclyl group is substituted with
3 to 5 substituents; the heterocyclyl group is
substituted with 3 to 5 substituents; the substituents
on R5 are selected from the group consisting of
halogen, lower alkyl, lower alkenyl, lower alkynyl,
-CN, -C(O)OH, -NO2, -SR8, -OR8, -C(O)R9, -NR8R10,
lower aryl, lower heteroaryl, lower alicyclyl, lower
heterocyclyl, arylalkyl, heteroarylalkyl, thioalkyl,
amino, alkylamino, dialkylamino, arylalkylamino, oxo,
perhaloalkyl, perhaloalkoxy, perhaloacyl, guanidinyl,
pyridinyl, thiophenyl, furanyl, indolyl, indazolyl,
phosphonyl, phosphatidyl, phosphoramidyl, sulfanyl,
sulfmyl, sulfonyl, sulphonamidyl, carbamyl, uryl,
thiouryl and thioamidyl, wherein R and R taken
together with the N atom to which they are attached
optionally form an optionally substituted ring
comprising 3-7 ring atoms, wherein, in addition to
said N atom, 0-3 of the ring atoms are heteroatoms
selected from the group consisting of O, S and N; R is
selected from the group consisting of hydrogen, lower
alkyl, lower alkenyl, lower alkynyl, lower
heteroalkyl, lower heteroalkenyl, lower heteroalkynyl,
lower aryl, lower heteroaryl and -C(O)R9; R9 is
selected from the group consisting of H, lower alkyl,
lower alkenyl, lower alkynyl, lower aryl, lower
heteroaryl, -NR10R10 and -OR1\ whereinP C which they
are attached optionally form an optionally substituted
ring comprising 3-7 ring atoms, wherein, in addition
to said N atom, 0-3 of the ring atoms are heteroatoms
selected from the group consisting of O, S and N; R10
is selected from the group consisting of hydrogen,
lower alkyl, lower alkenyl, lower alkynyl, lower
heteroalkyl, lower heteroalkenyl, lower heteroalkynyl,
lower aryl, lower heteroaryl and -C(O)R 1 1; R11 is
selected from the group consisting of lower alkyl,
lower alkenyl, lower alkynyl, lower aryl and lower
heteroaryl; and R12 is selected from the group
consisting of hydrogen and lower alkyl. [010] Also
included in the scope of the present invention are
stereoisomic forms, including the individual
enantiomers and diastereomers, racemic mixtures, and
diasteromeric mixtures, and combinations thereof,
where appropriate, as well as polymorphs, specific
racemates and stereoisomers, solvates, esters,
tautomers, pharmaceutically acceptable salts and
prodrugs of these compounds. [Oil] In another aspect,
the invention features pharmaceutical compositions
comprising the compounds of the invention, in
particular, the compounds of Formula I, or a
polymorph, solvate, ester, tautomer, diastereoisomer,
enantiomer, pharmaceutically acceptable salt or
prodrug thereof, and one or more pharmaceutical
excipients, for use in treatment or prevention of
diseases and conditions that are HSP90-dependent.
[012] In yet another aspect, the invention is related
to methods of preventing or treating HSP90-mediated
disorders or conditions by administering a
pharmaceutical composition that comprises a
pharmaceutically effective amount of a compound of
Formula I, or a polymorph, solvate, ester, tautomer,
diastereomer, enantiomer, pharmaceutically acceptable
salt or prodrug thereof. [013] In one embodiment, the
invention provides a method for treating an individual
having a disorder selected from the group of
inflammatory diseases, infections, autoimmune
disorders, stroke, ischemia, cardiac disorders,
neurological disorders, fibrogenetic disorders,
proliferative disorders, tumors, leukemias, chronic
lymphocytic leukemia, acquired immuno-deficiency
syndrome, neoplasms, cancers, carcinomas, metabolic
diseases, and malignant diseases. [014] In another
embodiment, the invention provides a method for
treating an individual having a fibrogenetic disorder,
such as, for example, scleroderma, polymyositis,
systemic lupus, rheumatoid arthritis, liver cirrhosis,
keloid formation, interstitial nephritis or pulmonary
fibrosis. [015] In another embodiment, the invention
provides a combination therapy comprising the
administration of a pharmaceutically effective amount
of a compound of Formula I, or a solvate, tautomer,
diastereomer, enantiomer, pharmaceutically acceptable
salt, polymorph, or prodrugor the preceding aspects or
embodiments, and at least one therapeutic 



agent selected from the group of cytotoxic agents,
anti-angiogenesis agents and anti-neoplastic agents.
The anti-neoplastic agent may be selected from the
group of alkylating agents, anti metabolites,
epidophyllotoxins, antineoplastic enzymes,
topoisomerase inhibitors, procarbazines,
mitoxantrones, platinum coordination complexes,
biological response modifiers and growth inhibitors,
hormonal/anti-hormonal therapeutic agents, and
haematopoietic growth factors. [016] In a further
aspect, the invention is related to the use of the
compounds of Formula I in the manufacture of a
medicament. [017] In yet a further aspect, the
invention is related to the use of the compounds of
Formula I in the manufacture of a medicament.for the
therapeutical and/or prophylactic treatment of
HSP90-dependent diseases and conditions.' "; T " L 3
B "' :L MoSoRATION BY REFERENCE [018] AUpublications
and patent applications mentioned in this
specification are herein incorporated by reference to
the same extent as if each individual publication or
patent application was specifically and individually
indicated to be incorporated by reference. BRIEF
DESCRIPTION OF THE DRAWINGS [019] The novel features
of the invention are set forth with particularity in
the appended claims. A better understanding of the
features and advantages of the present invention will
be obtained by reference to the following detailed
description that sets forth illustrative embodiments,
in which the principles of the invention are utilized,
and the accompanying drawings of which: [020] FIGURE 1
represents a plot of tumor volume (mm3) against time
(days), for animals administered compounds of the
present invention (and controls) in a mouse N87
Gastric Carcinoma Xenograft model, as described in
example 70. [021] FIGURE 2 represents a plot of tumor
volume (mm3) against time (days), for animals
administered compounds of the present invention (and
controls) in a mouse NCI295 Adrenocortical Carcinoma
Xenograft model, as described in example 71. [022]
FIGURE 3 represents a plot of tumor volume (mm3)
against time (days), for animals administered
compounds of the present invention (and controls) in a
mouse SK-MEL-28 Melanoma Xenograft model, as described
in example 72. [023] FIGURE 4 represents a plot of
tumor volume (mm3) against time (days), for animals
administered compounds of the present invention (and
controls) in a mouse a plot of tumor volume (mm3)
against time (days), for animals administered
compounds of the present invention (and controls) in a
mouse HT29 Colon Carcinoma Xenograft model, as
described in example 73. [024] FIGURE 5 represents
Western Blot protein analysis of N87 gastric carcinoma
cells after treatment with compounds 2 and 23 at
varying concentrations and timepoints, as described in
example 74. DETAILED DESCRIPTION OF THE INVENTION
[025] While preferred embodiments of the present
invention have been shown and described herein, it
will be obvious to those skilled in the art that such
embodiments are provided by way of example only.
Numerous variations, changes, and substitutions will
now occur to those skilled in the art without
departing from the invention. It should be understood
that various alternatives to the embodiments of the
invention described herein may be employed in
practicing the invention. It is intended that the
following claims define the scope of the invention and
that methods and structures within the scope of these
claims and their equivalents be covered thereby.P C T
/ U 1 O B ./.::!!.. 1 .S 1MI-B [026] Definitions A
"pharmaceutically acceptable derivative or prodrug"
means any pharmaceutically acceptable salt, ester,
salt of an ester or other derivative of a compound of
this invention, which, upon administration to a
recipient, is capable of providing, either directly or
indirectly, a compound of this invention or a
pharmaceutically active metabolite or residue thereof.
Particularly favored derivatives or prodrugs are those
that increase the bioavailability of the compounds of
this invention when such compounds are administered to
a patient (e.g., by allowing orally administered
compound to b e more readily absorbed into blood) or
which enhance delivery of the parent compound to a
biological compartment (e.g., the brain or lymphatic
system). A "pharmaceutically acceptable salt" may be
prepared for any compound of the invention having
functionality capable of forming a salt, for example,
an acid or base functionality. Pharmaceutically
acceptable salts may b e derived from organic or
inorganic acids and bases. Compounds of the invention
that contain one or more basic functional groups,
(e.g., amino, alkylamino), are capable of forming
pharmaceutically acceptable salts with
pharmaceutically acceptable organic and inorganic
acids. These salts can be prepared in situ during the
final isolation and purification of the compounds of
the invention, or by separately reacting a purified
compound of the invention in its free base form with a
suitable organic or inorganic acid, and isolating the
salt thus formed. Examples of suitable acid salts
include acetate, adipate, alginate, aspartate,
benzoate, benzenesulfonate, bisulfate, butyrate,
citrate, camphorate, camphorsulfonate,
cyclopentanepropionate, digluconate, dodecylsulfate,
ethanesulfonate, formate, fumarate, glucoheptanoate,
glycerophosphate, glycolate, hemisulfate, heptanoate,
hexanoate, hydrochloride, hydrobromide, hydroiodide,
2-hydroxyethanesulfonate, lactate, maleate, malonate,
methanesulfonate, 2-napthalenesulfonate, nicotinate,
nitrate, oxalate, palmoate, pectinate, persulfate,
3-phenylpropionate, phosphate, picrate, pivalate,
propionate, salicylate, succinate, sulfate, tartrate,
thiocyanate, tosylate and undecanoate. Other acids,
such as oxalic, while not in themselves
pharmaceutically acceptable, may b e employed in the
preparation of salts useful as intermediates in
obtaining the compounds of the invention and their
pharmaceutically acceptable acid addition salts. See,
e.g., Berge et al. "Pharmaceutical Salts", J. Pharni.
Sd. 1977, 66:1-19. Compounds of the present invention
that contain one or more acidic functional groups are
capable of forming pharmaceutically acceptable salts
with pharmaceutically acceptable bases. The term
"pharmaceutically acceptable salts" in these instances
refers to the relatively non-toxic, inorganic and
organic base addition salts of compounds of the
present invention. These salts can likewise be
prepared in situ during the final isolation and
purification of the compounds, or byseparately
reacting the punned compound in its free acid form
with a suitable base, such as the hydroxide, carbonate
or bicarbonate of a pharmaceutically acceptable metal
cation, with ammonia, or with a pharmaceutically
acceptable organic primary, secondary or tertiary
amine. Representative pharmaceutically acceptable
cations include alkali or alkaline earth salts such as



lithium, sodium, potassium, calcium, magnesium, and
aluminum salts and the like. Illustrative examples of
some of the bases that can be used include sodium
hydroxide, potassium hydroxide, choline hydroxide,
sodium carbonate, N+(C1-4 alkyl)4, and the like.
Representative organic amines useful for the formation
of base addition salts include ethylamine,
diethylamine, ethylenediamine, ethanolamine,
diethanolamine, piperazine and the like. This
invention also envisions the quaternization of any
basic nitrogen-containing groups of the compounds
disclosed herein. Water or oil-soluble or dispersible
products may be obtained by such quaternization. See,
for example, Berge et al., supra. It should be
understood that a reference to a salt includes the
solvent addition forms or crystal forms thereof,
particularly solvates or polymorphs. Solvates contain
either stoichiometric or nonstoichiometric amounts of
a solvent, and are often formed during the process of
crystallization with pharmaceutically acceptable
solvents such as water, ethanol, and the like.
Hydrates are formed when the solvent is water, or
alcoholates are formed when the solvent is alcohol.
Polymorphs include the different crystal packing
arrangements of the same elemental composition of a
compound. Polymorphs usually have different X-ray
diffraction patterns, infrared spectra, melting
points, density, hardness, crystal shape, optical and
electrical properties, stability, and solubility.
Various factors such as the recrystallization solvent,
rate of crystallization, and storage temperature may
cause a single crystal form to dominate.
Pharmaceutically acceptable prodrugs of the compounds
of this invention include, but are not limited to,
esters, carbonates, thiocarbonates, N-acyl
derivatives, N-acyloxyalkyl derivatives, quaternary
derivatives of tertiary amines, N-Mannich bases,
Schiff bases, aminoacid conjugates, phosphate esters,
metal salts and sulfonate esters. Suitable positions
for derivatization of the compounds of the invention
to create "prodrugs" include but are not limited, to,
2-amino substitution. Those of ordinary skill in the
art have the knowledge and means to accomplish this
without undue experimentation. Various forms of
prodrugs are well known in the art. See for example
Design of Prodrugs, Bundgaard, A. Ed., Elseview, 1985
and Method in Enzymology, Widder, K. et al, Ed.;
Academic, 1985, vol. 42, p. 309-396; Bundgaard, H.
"Design and Application of Prodrugs" in A Textbook of
Drug Design and Development, Krosgaard-Larsen and H.
Bundgaard, Ed., 1991, Chapter 5, p. 113-191; and
Bundgaard, H., Advanced Drug Delivery Review, 1992, 8,
1-38, each of which is incorporated herein by
reference.as employed herein includes, but is not
limited to, the following groups and combinations of
these groups, for example bis carbomates, or a
carbomate and an acyloxyalkyl ester or a cabomate and
an amide, etc. [027] Amine prodrugs: [028] Hydroxy
prodrugs include, but are not limited to acyloxyalkyl
esters, alkoxycarbonyloxyalkyl esters, alkyl esters,
aryl esters and disulfide containing esters. [029] The
term "alkyl" as used herein, alone or in combination,
refers to an optionally substituted straight-chain, or
optionally substituted branched-chain saturated
hydrocarbon monoradical having from one to about
thirty carbons, more preferably one to twelve carbons.
Examples of alkyl radicals include methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, secbutyl,
tert-butyl, tert-amyl, pentyl, hexyl, heptyl, octyl
and the like. The term "cycloalkyl" as used herein,
alone or in combination, refers to cyclic alkyl
monoradicals which include monocyclic, bicyclic,
tricyclic, and higher multicyclic alkyl radicals
wherein each cyclic moiety has from three to about
eight carbon atoms. Examples of cycloalkyl radicals
include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl and the like. The term "lower alkyl" as
used herein, alone or in combination, refers to an
alkyl containing fewer carbon atoms, e.g., one
containing from one to about six carbon atoms. The
term "alkenyl" as used herein, alone or in
combination, refers to an optionally substituted
straight-chain, or optionally substituted
branched-chain hydrocarbon radical having one or more
carbon-carbon double-bonds and having from two to
about thirty carbon atoms, more preferably two to
about eighteen carbons. Examples of alkenyl radicals
include ethenyl, propenyl, butenyl, 1,3-butadienyl and
the like. The term "cycloalkenyl" as used herein,
alone or in combination, refers to to cyclic alkenyl
radicals which include monocyclic, bicyclic,
tricyclic, and higher multicyclic alkenyl radicals
wherein each cyclic moiety has from three to about
eight carbon atoms.The teffii ''lower""alKenyl" sis
used herein, alone or in combination, refers to to an
alkenyl having from two to about six carbons. The term
"alkynyl" as used herein, alone or in combination,
refers to an optionally substituted straight-chain or
optionally substituted branched-chain hydrocarbon
radical having one or more carbon-carbon triple-bonds
and having from two to about thirty carbon atoms, more
preferably from two to about twelve carbon atoms, or
from two to about six carbon atoms, as well as those
having from two to about four carbon atoms. Examples
of alkynyl radicals include ethynyl, 2- propynyl,
2-butynyl, 1,3-butadiynyl and the like. The term
"cycloalkynyl" as used herein, alone or in
combination, refers to cyclic alkynyl radicals that
include monocyclic, bicyclic, tricyclic, and higher
multicyclic alkynyl radicals wherein each cyclic
moiety has from three to about eight carbon atoms. The
term "lower alkynyl" as used herein, alone or in
combination, refers to an alkynyl having from two to
about six carbons. The terms "heteroalkyl",
"heteroalkenyl" and "heteroalkynyl" as used herein,
alone or in combination, refer to include optionally
substituted alkyl, alkenyl and alkynyl structures, as
described above, and which have one or more skeletal
chain atoms selected from an atom other than carbon,
e.g., oxygen, nitrogen, sulfur, phosphorous or
combinations thereof. The terms "lower heteroalkyl",
"lower heteroalkenyl" and "lower heteroalkynyl" as
used herein, alone or in combination, refer to,
respectively, a heteroalkyl, heteroalkenyl and
heteroalkynyl having from two to about six carbons.
The term "alkylene" as used herein, alone or in
combination, refers to a divalent hydrocarbyl group;
because it is divalent, it can link two other groups
together. Typically it refers to -(CH2)n- where n is
1-8 and preferably n is 1-4, though where specified,
an alkylene can also be substituted by other groups,
and can be of other lengths, and the open valences
need not be at opposite ends of a chain. Thus -CH(Me)-
and -C(Me)2- may also be referred to as alkylenes, as 



can a cyclic group such as cyclopropan-l,l-diyl. Where
an alkylene group is substituted, the substituents
include those typically present on alkyl groups as
described herein. The term "lower alkylene" as used
herein, alone or in combination, refers to an alkylene
group containing fewer carbon atoms, e.g., one
containing from one to about six carbon atoms. The
term "carbon chain" as used herein, alone or in
combination, refers to any alkyl, alkenyl, alkynyl, or
heteroalkyl, heteroalkenyl, or heteroalkynyl group,
which is linear, cyclic, or any combination thereof.
If the chain is part of a linker and that linker
comprises one or more rings as part of the core
backbone, for purposes of calculating chain length,
the "chain" only includes those carbon atoms that
compose the bottom or top of a given ring and not
both, and where the top and bottom of the ring(s) are
not equivalent in length, the shorter distance shall
be used incontains heteroatoms as part of the
backbone, those atoms are not calculated as part of
the carbon chain length. The term "membered ring" as
used herein, alone or in combination, refers to any
cyclic structure, including aromatic, heteroaromatic,
alicyclic, heterocyclic, monocyclic, polycyclic, and
fused rings. The term "membered" is meant to denote
the number of skeletal (or ring) atoms that constitute
the ring system. Thus, for example, pyrrole,
pyrrolidine, succinimide, maleimide, tetrahydrofuran
and thiophene are five-membered rings; pyridine,
pyran, morpholine, piperazine, piperidine and
pyrimidine are six-membered rings; and phthalimide,
indole and indane are nine membered fused rings. The
term "aryl" as used herein, alone or in combination,
refers to an optionally substituted aromatic
hydrocarbon monoradical of six to about twenty ring
atoms, and includes monoaromatic rings and fused
aromatic rings. A fused aromatic ring radical contains
from two to four fused rings where the ring of
attachment is an aromatic ring, and the other
individual rings within the fused ring may be
aromatic, heteroaromatic, alicyclic or heterocyclic.
Further, the term aryl includes mono-aromatic rings
and fused aromatic rings containing from six to about
twelve carbon atoms, as well as those containing from
six to about ten carbon atoms. Examples of aryl groups
include, without limitation, phenyl, naphthyl,
anthryl, chrysenyl, and benzopyrenyl ring systems. The
term "lower aryl" as used herein, alone or in
combination, refers to an aryl having six to about ten
skeletal ring carbons, e.g., phenyl and naphthyl ring
systems. The term "heteroaryl" as used herein, alone
or in combination, refers to optionally substituted
aromatic radicals containing from about five to about
twenty skeletal ring atoms and where one or more of
the ring atoms is a heteroatom such as, for example,
oxygen, nitrogen, sulfur, selenium or phosphorus. The
term heteroaryl includes optionally substituted
mono-heteroaryl radicals and fused heteroaryl radicals
having at least one heteroatom (e.g., quinoline,
benzothiazole). A fused heteroaryl radical may contain
from two to four fused rings where the ring of
attachment is a heteroaromatic ring, the other
individual rings within the fused ring system may be
aromatic, heteroaromatic, alicyclic or heterocyclic.
The term heteroaryl also includes mono-heteroaryls or
fused heteroaryls having from five to about twelve
skeletal ring atoms, as well as those having from five
to about ten skeletal ring atoms. Examples of
heteroaryls include, without limitation, furanyl,
benzofuranyl, chromenyl, pyridyl, pyrrolyl, indolyl,
quinolinyl, pyridyl-N-oxide, pyrimidyl, pyrazinyl,
imidazolyl, pyrazolyl, oxazolyl, isoxazolyl,
benzothiozolyl, benzimidazolyl, benzoxazolyl,
benzothiadiazolyl, benzoxadiazolyl, benzotriazolyl,
quinolinyl, isoquinolinyl, indolyl, purinyl,
indolizinyl, thienyl and the like and their oxides.The
t e CrmX/ low UerS n e pterBoa/ryi . a Is. B use NdtB
herei .n, . a ,lone or i .n com ,bi.nati.on, ref ers
+t o a h eteroary nl h .aving five to about ten
skeletal ring atoms, e.g., pyridyl, thienyl,
pyrimidyl, pyrazinyl, pyrrolyl, or furanyl. The terms
"alicyclic" and "alicyclyl" as used herein, alone or
in combination, refer to an optionally substituted
saturated or unsaturated nonaromatic hydrocarbon ring
system containing from three to about twenty ring
atoms. The term alicyclic includes mono-alicyclic and
fused alicyclic radicals. A fused alicyclic may
contain from two to four fused rings where the ring of
attachment is an alicyclic ring, and the other
individual rings within the fused-alicyclic radical
may b e aromatic, heteroaromatic, alicyclic and
heterocyclic. The term alicyclic also includes
mono-alicyclic and fused alicyclic radicals containing
from three to about twelve carbon atoms, as well a s
those containing from three to about ten carbon atoms.
Examples of alicyclics include, without limitation,
cyclopropyl, cyclopropenyl, cyclobutyl, cyclopentyl,
cyclodecyl, cyclododecyl, cyclopentadienyl, indanyl,
and cyclooctatetraenyl ring systems. The terms "lower
alicyclic" and "lower alicyclyl" as used herein, alone
or in combination, refer to an alicyclic having three
to about ten skeletal ring carbons, e.g., cyclopropyl,
cyclopropenyl, cyclobutyl, cyclopentyl, decalinyl, and
cyclohexyl. 



The terms "heterocyclic" and "heterocyclyl" as used
herein, alone or in combination, refer to optionally
substituted saturated or unsaturated nonaromatic ring
radicals containing from five to about twenty ring
atoms where one or more of the ring atoms are
heteroatoms such as, for example, oxygen, nitrogen,
sulfur, and phosphorus. The term heterocyclic includes
monoheterocyclic and fused heterocyclic ring radicals.
A fused heterocyclic radical may contain from two to
four fused rings where the attaching ring is a
heterocyclic, and the other individual rings within
the fused heterocyclic radical may b e aromatic,
heteroaromatic, alicyclic or heterocyclic. The term
heterocyclic also includes mono-heterocyclic and fused
alicyclic radicals having from five to about twelve
skeletal ring atoms, a s well as those having from
five to about ten skeletal ring atoms. Example of
heterocyclics include without limitation,
tetrahydrofuranyl, benzodiazepinyl,
tetrahydroindazolyl, dihyroquinolinyl, and the like.
The terms "lower heterocyclic" and "lower
heterocyclyl" a s used herein, alone or in
combination, refer to a heterocyclic ring system
having five to about ten skeletal ring atoms, e.g.,
dihydropyranyl, pyrrolidinyl, dioxolanyl, piperidinyl,
piperazinyl, and the like. The term "alkylaryl" a s
used herein, alone or in combination, refers to an
aryl radical as defined above in which at least one H
atom i s replaced b y an alkyl radical as defined
above, such as, for example, tolyl, xylyl and the
like.herein, alone or in combination, refer to an
alkyl radical as defined above in which at least one H
atom is replaced by an aryl radical as defined above,
such as, for example, benzyl, 2-phenylethyl and the
like. The term "heteroarylalkyl" as used herein, alone
or in combination, refers to an alkyl radical as
defined above in which at least one H atom is replaced
by a heteroaryl radical as defined above, each of
which may be optionally substituted. The term "alkoxy"
as used herein, alone or in combination, refers to an
alkyl ether radical, alkyl- O-, wherein the term alkyl
is defined as above. Examples of alkoxy radicals
include methoxy, ethoxy, n-propoxy, isopropoxy,
n-butoxy, iso-butoxy, sec-butoxy, tert-butoxy and the
like. The term "lower alkoxy" as used herein, alone or
in combination, refers to an alkoxy group having one
to about six carbon atoms. The term "aryloxy" as used
herein, alone or in combination, refers to an aryl
ether radical wherein the term aryl is defined as
above. Examples of aryloxy radicals include phenoxy,
thienyloxy and the like. The terms "alkylthio" and
"thioalkyl" as used herein, alone or in combination,
refer to an alkyl thio radical, alkyl-S-, wherein the
term alkyl is as defined above. The term "arylthio" as
used herein, alone or in combination, refers to an
aryl thio radical, aryl-S-, wherein the term aryl is
as defined above. The term "heteroarylthio" as used
herein, alone or in combination, refers to the group
heteroaryl- S-, wherein the term heteroaryl is as
defined above. The term "acyl" as used herein, alone
or in combination, refers to a radical -C(O)R where R
includes alkyl, alkenyl, alkynyl, aryl, heteroaryl,
alicyclic, heterocyclic, arylalkyl or heteroarylalkyl
wherein the alkyl, alkenyl, alkynyl, aryl, heteroaryl,
alicyclic, heterocyclic, arylalkyl or heteroaryl alkyl
groups may be optionally substituted. The term
"acyloxy" as used herein, alone or in combination,
refers to the ester group -OC(O)R, where R is H,
alkyl, alkenyl, alkynyl, aryl, heteroaryl, alicyclic,
heterocyclic, arylalkyl, or heteroarylalkyl wherein
the alkyl, alkenyl, alkynyl, aryl, heteroaryl,
alicyclic, heterocyclic, arylalkyl or heteroarylalkyl
may be optionally substituted. The term "carboxy
esters" as used herein, alone or in combination,
refers to -C(O)OR where R is alkyl, aryl or arylalkyl,
wherein the alkyl, aryl and arylalkyl groups may be
optionally substituted. The term "BOC" as used herein,
alone or in combination, refers to -C(O)Otbutyl. The
term "carboxamido" as used herein, alone or in
combination, refers to OI l R-C-NR "w ,he r e n e a
TchZ o f R S an qd R E are in ideBpe1MnKdBent1l y
selected from the group consi .sti.ng o f H , anlkyl,
aryl, heteroaryl, alicyclic, heterocyclic, arylalkyl
and heteroarylalkyl, wherein the alkyl, aryl,
heteroaryl, alicyclic, heterocyclic, or arylalkyl
groups may b e optionally substituted. The terms
"thioamide" and "thioamidyl" a s used herein, alone o
r in combination, refer t o where each o f R and R 1
are independently selected from the group consisting o
f H , alkyl, aryl, heteroaryl, alicyclic,
heterocyclic, arylalkyl and heteroarylalkyl, wherein
the alkyl, aryl, heteroaryl, alicyclic, heterocyclic,
o r arylalkyl groups may b e optionally substituted.
The term "oxo" a s used herein, alone o r in
combination, refers t o =0. The term "halogen" a s
used herein, alone o r in combination, refers t o F ,
Cl, B r and I . The terms "haloalkyl", "haloalkenyl",
"haloalkynyl" and "haloalkoxy" a s used herein, alone
o r in combination, refer t o alkyl, alkenyl, alkynyl
and alkoxy structures, a s described above, that are
substituted with one o r more fluorines, chlorines,
bromines or iodines, or with combinations 



thereof. The terms "perhaloalkyl", "perhaloalkyloxy"
and "perhaloacyl" a s used herein, alone or in
combination, refer t o alkyl, alkyloxy and acyl
radicals a s described above, in which all the H atoms
are replaced b y fluorines, chlorines, bromines or
iodines, or combinations thereof. The terms "lower
perhaloalkyl", "lower perhaloalkyloxy" and "lower
perhaloacyl" a s used herein, alone o r in
combination, refer t o perhaloalkyl, perhaloalkyloxy
and perhaloacyl radicals a s described above, having
from two t o about six carbons. The terms cycloalkyl,
arylalkyl, aryl, heteroaryl, alicyclic, heterocyclic,
alkyl, alkynyl, alkenyl, haloalkyl, and heteroalkyl
include optionally substituted cycloalkyl, arylalkyl,
aryl, heteroaryl, alicyclic, heterocyclic, alkyl,
alkynyl, alkenyl, haloalkyl and heteroalkyl groups.
The term "alkylsilyl" a s used herein, alone or in
combination, refers t o -NRR 1R " where R , R ' and R
" are alkyls. The term "lower alkylsilyl" a s used
herein, alone o r in combination, refers t o -NRR'R"
where R , R ' and R " are lower alkyls. The term
"amino" a s used herein, alone or in combination,
refers t o -NH 2 . The term "alkylamino" a s used
herein, alone or in combination, refers t o the group
-NHR where R i s alkyl. The term "aminoalkyl" a s used
herein, alone or in combination, refers t o the group
-alkylene- N H 2 , wherein alkylene i s a s defined
herein. The term "dialkylamino" a s used herein, alone
or in combination, refers t o the group -NRR' where R
and R ' are alkyls.alone or in combination, refers to
the group -NRR1 where R is alkyl, and R is aryl. The
term "diarylamino" as used herein, alone or in
combination, refers to the group -NRR1where R and R
are aryls. The term "heteroarylamino" as used herein,
alone or in combination, refers to the group -NHR
where R is heteroaryl. The term "diheteroarylamino" as
used herein, alone or in combination, refers to the
group -NRR' where R and R are heteroaryls. The term
"arylheteroarylamino" as used herein, alone or in
combination, refers to the group - NRR' where R is
aryl, and R is heteroaryl. The term "carbamyl" as used
herein, alone or in combination, refers to the
-NHC(O)OR and -OC(O)NHR groups, wherein R may be, but
is not limited to alkyl, alkenyl, alkynyl, aryl ,
alicyclic, heterocyclic, aryl, heteroaryl, arylalkyl
and heteroarylalkyl, wherein the alkyl, alkenyl,
alkynyl, aryl , alicyclic, heterocyclic, aryl,
heteroaryl, arylalkyl and heteroarylalkyl groups may
be optionally substituted. Non-limiting examples of
sulfanyl groups include methylsulfanyl (- SCH3) and
iso-propylsulfanyl (-SCH(CH3)2) and the like. The term
"uryl" as used herein, alone or in combination, refers
to the -NHC(O)NHR group, wherein R may be, but is not
limited to alkyl, alkenyl, alkynyl, aryl , alicyclic,
heterocyclic, aryl, heteroaryl, arylalkyl and
heteroarylalkyl, wherein the alkyl, alkenyl, alkynyl,
aryl , alicyclic, heterocyclic, aryl, heteroaryl,
arylalkyl and heteroarylalkyl groups may be optionally
substituted. Non-limiting examples of sulfanyl groups
include methylsulfanyl (-SCH3) and isopropylsulfanyl
(-SCH(CH3)2) and the like. The term "thiouryl" as used
herein, alone or in combination, refers to the
-NHC(S)NHR group, wherein R may be, but is not limited
to alkyl, alkenyl, alkynyl, aryl , alicyclic,
heterocyclic, aryl, heteroaryl, arylalkyl and
heteroarylalkyl, wherein the alkyl, alkenyl, alkynyl,
aryl , alicyclic, heterocyclic, aryl, heteroaryl,
arylalkyl and heteroarylalkyl groups may be optionally
substituted. Non-limiting examples of sulfanyl groups
include methylsulfanyl (-SCH3) and isopropylsulfanyl
(-SCH(CH3)2) and the like. The term "guanidinyl" as
used herein, alone or in combination, refers to the
-NHC(NH)NHR group, wherein R may be, but is not
limited to alkyl, alkenyl, alkynyl, aryl , alicyclic,
heterocyclic, aryl, heteroaryl, arylalkyl and
heteroarylalkyl, wherein the alkyl, alkenyl, alkynyl,
aryl , alicyclic, heterocyclic, aryl, heteroaryl,
arylalkyl and heteroarylalkyl groups may be optionally
substituted. Non-limiting examples of sulfanyl groups
include methylsulfanyl (-SCH3) and iso-propylsulfanyl
(-SCH(CH3)2) and the like.alone or in combination,
refer to a sulfur atom covalently linked to two atoms;
the formal oxidation state of said sulfur is (II).
These terms may be used interchangeably. The term
"sulfanyl" as used herein, alone or in combination,
refers to the -S-R group, wherein R may be, but is not
limited to alkyl, alkenyl, alkynyl, aryl , alicyclic,
heterocyclic, aryl, heteroaryl, arylalkyl and
heteroarylalkyl, wherein the alkyl, alkenyl, alkynyl,
aryl , alicyclic, heterocyclic, aryl, heteroaryl,
arylalkyl and heteroarylalkyl groups may be optionally
substituted. Non-limiting examples of sulfanyl groups
include methylsulfanyl (-SCH3) and iso-propylsulfanyl
(- SCH(CH3)2) and the like. The term "sulfoxide" as
used herein, alone or in combination, refers to a
sulfur atom covalently linked to three atoms, at least
one of which is an oxygen atom; the formal oxidation
state of said sulfur atom is (IV). The term "sulfmyl"
as used herein, alone or in combination, refers to the
groups -S(O)-R, wherein R may be, but is not limited
to alkyl, alkenyl, alkynyl, aryl , alicyclic,
heterocyclic, aryl, heteroaryl, arylalkyl and
heteroarylalkyl, wherein the alkyl, alkenyl, alkynyl,
aryl , alicyclic, heterocyclic, aryl, heteroaryl,
arylalkyl and heteroarylalkyl groups may be optionally
substituted. A non-limiting example of a sulfmyl group
includes methylsulfinyl (-S(O)CH3) and the like. The
term "sulfone" as used herein, alone or in
combination, refers to a sulfur atom covalently linked
to four atoms, at least two of which are oxygen atoms;
the formal oxidation state of said sulfur atom is
(VI). The term "sulfonyl" as used herein, alone or in
combination, refers to the groups -S(Oi)-R, wherein R
may be, but is not limited to alkyl, alkenyl, alkynyl,
aryl , alicyclic, heterocyclic, aryl, heteroaryl,
arylalkyl and heteroarylalkyl, wherein the alkyl,
alkenyl, alkynyl, aryl , alicyclic, heterocyclic,
aryl, heteroaryl, arylalkyl and heteroarylalkyl groups
may be optionally substituted. A non-limiting example
of a sulfonyl group includes methylsulfonyl
(-S(O2)CH3) and the like. The term "phosphite" as used
herein, alone or in combination, refers to a
phosphorus atom 



covalently linked to three carbon atoms, wherein the
formal oxidation state of said phosphorus is (III).
The term "phosphinyl" as used herein, alone or in
combination, refers to the monoradical derived from a
phosphite group, as defined above. The term
"phosphonate" as used herein, alone or in combination,
refers to a phosphorus atom covalently linked to four
atoms, three of which are oxygen and one of which is
carbon wherein the formal oxidation state of said
phosphorus is (V). The term "phosphonyl" as used
herein, alone or in combination, refers to the
monoradical derived from a phosphonate group, as
defined above.The'ienh ^plidsptiate^as used herein,
"alone or in combination, refers to a phosphorus atom
covalently linked to four oxygen atoms, wherein the
formal oxidation state of said phosphorus is (V). The
term "phosphatidyl" as used herein, alone or in
combination, refers to the monoradical derived from a
phosphate group, as defined above. The term
"phosphoramide" as used herein, alone or in
combination, refers to a phosphorus atom covalently
linked to four atoms, three of which are nitrogen and
one of which is oxygen wherein the formal oxidation
state of said phosphorus is (V). The term
"phosphoramidyl" as used herein, alone or in
combination, refers to the monoradical derived from a
phosphoramide group, as defined above. The terms
"optional" or "optionally" mean that the subsequently
described event or circumstance may but need not
occur, and that the description includes instances
where the event or circumstance occurs and instances
in which it does not. For example, "aryl optionally
mono- or di-substituted with an alkyl" means that the
alkyl may but need not be present, or either one alkyl
or two may be present, and the description includes
situations where the aryl is substituted with one or
two alkyls and situations where the aryl is not
substituted with an alkyl. "Optionally substituted"
groups may be substituted or unsubstituted. The
substituents of an "optionally substituted" group may
include, without limitation, one or more substituents
independently selected from the following groups or
designated subsets thereof: lower alkyl, lower
alkenyl, lower alkynyl, lower aryl, heteroaryl,
alicyclic, heterocyclic, arylalkyl, heteroarylalkyl,
lower alkoxy, lower aryloxy, amino, alkylamino,
dialkylamino, diarylalkylamino, alkylthio, arylthio,
heteroarylthio, oxo, oxa, acyl (-C(O)R), (-C(O)),
carboxyesters (-C(O)OR), carboxamido (-C(O)NH2 ),
carboxy, acyloxy, -H, halo, -CN, -NO2, - N3, -SH, -OH,
-(O)CH3, perhaloalkyl, perhaloalkoxy, perhaloacyl,
guanidine, pyridinyl, thiophene, furanyl, indole,
indazole, esters, amides, phosphonates, phosphonic
acid, phosphates, phosphoramides, sulfonates,
sulfones, sulfates, sulphonamides, carbamates, ureas,
thioureas, thioamides and thioalkyls. An optionally
substituted group may be unsubstituted (e.g., -
CH2CH3), fully substituted (e.g., -CF2CF3),
monosubstituted (e.g., -CH2CH2F) or substituted at a
level anywhere in-between fully substituted and
monosubstituted (e.g., -CH2CF3) . The term "pyridine-
1-oxy" also means "pyridine-N-oxy". The term
"heteroaryl group is substituted with 2 to 5
substituents" encompasses 1-oxy-pyridyl or
N-oxy-pyridyl having 1 to 4 substituents, i.e. the
oxygen atom of the pyridine-N-oxide should be counted
as a substituent. [030] Some of the compounds of the
present invention may contain one or more chiral
centers and therefore may exist in enantiomeric and
diastereomeric forms. The scope of the
presentinvention ls' intenaeato cover all'isomers e
se, as well as mixtures of cis and trans isomers,
mixtures of diastereomers and racemic mixtures of
enantiomers (optical isomers) as well. Further, it is
possible using well known techniques to separate the
various forms, and some embodiments of the invention
may feature purified or enriched species of a given
enantiomer or diastereomer. [031] Some of the
compounds of the present invention may exist in
tautomeric forms. The scope of the present invention
is intended to cover all tautomers. As a non-limiting
example, compounds of formula (I), wherein R0 is -SR8
or -OR8, and R8 is hydrogen, could exist as either of
the tautomers below: [032] A "pharmacological
composition" refers to a mixture of one or more of the
compounds described herein, or pharmaceutically
acceptable salts thereof, with other chemical
components, such as pharmaceutically acceptable
carriers and/or excipients. The purpose of a
pharmacological composition is to facilitate
administration of a compound to an organism. [033] The
phrase "pharmaceutically acceptable carrier" as used
herein means a pharmaceutically-acceptable material,
composition or vehicle, such as a liquid or solid
filler, diluent, excipient, solvent or encapsulating
material, involved in carrying or transporting the
subject agent from one organ, or portion of the body,
to another organ, or portion of the body. Each carrier
must be "acceptable" in the sense of being compatible
with the other ingredients of the formulation and not
injurious to the patient. Some examples of materials
which can serve as pharmaceutically-acceptable
carriers include: (1) sugars, such as lactose, glucose
and sucrose; (2) starches, such as corn starch and
potato starch; (3) cellulose, and its derivatives,
such as sodium carboxymethyl cellulose, ethyl
cellulose and cellulose acetate; (4) powdered
tragacanth; (5) malt; (6) gelatin; (7) talc; (8)
excipients, such as cocoa butter and suppository
waxes; (9) oils, such as peanut oil, cottonseed oil,
safflower oil, sesame oil, olive oil, corn oil and
soybean oil; (10) glycols, such as propylene glycol;
(11) polyols, such as glycerin, sorbitol, mannitol and
polyethylene glycol; (12) esters, such as ethyl oleate
and ethyl laurate; (13) agar; (14) buffering agents,
such as magnesium hydroxide and aluminum hydroxide;
(15) alginic acid; (16) pyrogenfree water; (17)
isotonic saline; (18) Ringer's solution; (19) ethyl
alcohol; (20) phosphate buffer solutions; and (21)
other non-toxic compatible substances employed in
pharmaceutical formulations. A physiologically
acceptable carrier should not cause significant
irritation to anactivity and properties of the
administered compound. An "excipient" refers to an
inert substance added to a pharmacological composition
to further facilitate administration of a compound.
Examples of excipients include but are not limited to
calcium carbonate, calcium phosphate, various sugars
and types of starch, cellulose derivatives, gelatin,
vegetable oils and polyethylene glycols. A
"pharmaceutically effective amount" means an amount
which is capable of providing a therapeutic and/or
prophylactic effect. The specific dose of compound
administered according to 



this invention to obtain therapeutic and/or
prophylactic effect will, of course, be determined by
the particular circumstances surrounding the case,
including, for example, the specific compound
administered, the route of administration, the
condition being treated, and the individual being
treated. A typical daily dose (administered in single
or divided doses) will contain a dosage level of from
about 0.01 mg/kg to about 50-100 mg/kg of body weight
of an active compound of the invention. Preferred
daily doses generally will be from about 0.05 mg/kg to
about 20 mg/kg and ideally from about 0.1 mg/kg to
about 10 mg/kg. Factors such as clearance rate,
half-life and maximum tolerated dose (MTD) have yet to
be determined but one of ordinary skill in the art can
determine these using standard procedures. [034] Li
some method embodiments, the preferred therapeutic
effect is the inhibition, to some extent, of the
growth of cells characteristic of a proliferative
disorder, e.g., breast cancer. A therapeutic effect
will also normally, but need not, relieve to some
extent one or more of the symptoms other than cell
growth or size of cell mass. A therapeutic effect may
include, for example, one or more of 1) a reduction in
the number of cells; 2) a reduction in cell size; 3)
inhibition (i.e., slowing to some extent, preferably
stopping) of cell infiltration into peripheral organs,
e.g., in the instance of cancer metastasis; 3)
inhibition (i.e., slowing to some extent, preferably
stopping) of tumor metastasis; 4) inhibition, to some
extent, of cell growth; and/or 5) relieving to some
extent one or more of the symptoms associated with the
disorder. As used herein, the term IC50 refers to an
amount, concentration or dosage of a particular test
compound that achieves a 50% inhibition of a maximal
response in an assay that measures such response, hi
some method embodiments of the invention, the "IC50"
value of a compound of the invention can be greater
for normal cells than for cells exhibiting a
proliferative disorder, e.g. , breast cancer cells.
The value depends on the assay used. [035] By a
"standard" is meant a positive or negative control. A
negative control in the context of Her2 expression
levels is, e.g., a sample possessing an amount of Her2
protein that correlates with a normal cell. A negative
control may also include a sample that contains no
Her2 protein. By contrast, a positive control does
contain Her2 protein, preferably of an amount that
correlatesw i .t.Ph o CveTrex/prUessSioOn a lBs f
/ou1nd1 i .nB p r 1MoklIiSfera t i .ve d .i.sord,ers,
e.g., ubreas t cancers. The con t r o ,ls may b e from
cell or tissue samples, or else contain purified
ligand (or absent ligand), immobilized or otherwise.
In some embodiments, one or more o f the controls may
b e in the form o f a diagnostic "dipstick." [036] B y
"selectively targeting" i s meant affecting one type o
f cell to a greater extent than another, e.g., in the
case o f cells with high a s opposed t o relatively
low or normal Her2 levels. [037] Compounds o f the
Invention Compounds o f the invention are related t o
alkynyl pyrrolo[2,3-d]pyrimidines o f Formula I and
their polymorphs, solvates, esters, tautomers,
diastereomers, enantiomers, pharmaceutically
acceptable salts or prodrugs thereof, which show
utility for inhibiting HSP90 and treating and
preventing diseases that are HSP90-dependent, wherein:
R 0 i s selected from the group consisting o f
hydrogen, halogen, lower alkyl, -CN, -SR 8, -OR 8, and
-NHR 8; R 1 i s selected from the group consisting o f
halogen, -OR 1 1, -SR 1 1 and lower alkyl; R 2 i s
-NHR 8; R 3 i s selected from the group consisting o f
hydrogen, -CN, -C(O)OH, -OR 11, -SR 1 1, -C(O)R 9, -NR
8R 10 , lower alkyl, lower alkenyl, lower alkynyl,
lower perhaloalkyl, lower alkylsilyl, aryl,
heteroaryl, alicyclyl and heterocyclyl, all optionally
substituted, wherein: the aryl, heteroaryl, alicyclyl
and heterocyclyl groups are mono-, bi- or tri- cyclic;
R 8 and R 10 taken together with the N atom to which
they are attached optionally form an optionally
substituted ring comprising 3-7 ring atoms, wherein,
in addition t o said N atom, 0-3 o f the ring atoms
are heteroatoms selected from the group consisting o f
O , S and N ; the optional substituents on R 3 are
selected from the group consisting o f lower alkyl,
lower alkenyl, lower alkynyl, -CN, -C(O)OH, -NO 2 ,-SR
8, -OR 8, -C(O)R 9, -NR 8R 8, lower aryl, heteroaryl,
alicyclyl, lower heterocyclyl, arylalkyl,
heteroarylalkyl, amino, alkylamino, dialkylamino,
arylalkylamino, diarylamino, heteroarylamino,
diheteroarylamino, arylheteroarylamino, oxo,
perhaloalkyl, perhaloalkoxy, perhaloacyl, guanidinyl,
pyridinyl, thiophenyl, furanyl, indolyl, indazolyl,
phosphonyl, phosphatidyl,P CpJhospUhorSamUidByl.,/
sulfanyl, su-Blfiny1l , suIlfony1l , su1lphonami'dAyLl
, carUbamy1l , uryIl, t1hiouryl andA thioamidyl,
wherein R8 and R8 taken together with the N atom to
which they are attached optionally form an optionally
substituted ring comprising 3-7 ring atoms, wherein,
in addition to 



said N atom, 0-3 of the ring atoms are heteroatoms
selected from the group consisting of O, S and N; R4
is selected from the group consisting of optionally
substituted lower alkylene, - -C(O)-, -C(S)-, -S(O)-
and -SO2-; R5 is selected from the group consisting of
aryl, heteroaryl, alicyclyl and heterocyclyl, wherein:
the aryl group is substituted with 2 to 5
substituents; the heteroaryl group is substituted with
2 to 5 substituents; the alicyclyl group is
substituted with 3 to 5 substituents; the heterocyclyl
group is substituted with 3 to 5 substituents; the
substituents on R5 are selected from the group
consisting of halogen, lower alkyl, lower alkenyl,
lower alkynyl, -CN, -C(O)OH, -NO2, -SR8, -OR8,
-C(O)R9, -NR8R10, lower aryl, lower heteroaryl, lower
alicyclyl, lower heterocyclyl, arylalkyl,
heteroarylalkyl, thioalkyl, amino, alkylamino,
dialkylamino, arylalkylamino, oxo, perhaloalkyl,
perhaloalkoxy, perhaloacyl, guanidinyl, pyridinyl,
thiophenyl, furanyl, indolyl, indazolyl, phosphonyl,
phosphatidyl, phosphoramidyl, sulfanyl, sulfinyl,
sulfonyl, sulphonamidyl, carbamyl, uryl, thiouryl and
thioamidyl, wherein R8 and R10 taken together with the
N atom to which they are attached optionally form an
optionally substituted ring comprising 3-7 ring atoms,
wherein, in addition to said N atom, 0-3 of the ring
atoms are heteroatoms selected from the group
consisting of O, S and N; R8 is selected from the
group consisting of hydrogen, lower alkyl, lower
alkenyl, lower alkynyl, lower heteroalkyl, lower
heteroalkenyl, lower heteroalkynyl, lower aryl, lower
heteroaryl and -C(O)R9; R9 is selected from the group
consisting of H, lower alkyl, lower alkenyl, lower
alkynyl, lower aryl, lower heteroaryl, -NR10R10 and
-OR11, wherein R10 and R10 taken together with the N
atom to which they are attached optionally form an
optionally substituted ring comprising 3-7 ring atoms,
wherein, in addition to said N atom, 0-3 of the ring
atoms are heteroatoms selected from the group
consisting of O, S and N;i;>lt::y  is lefecle nWe
group consisting of hydrogen, lower alkyl, lower
alkenyl, lower alkynyl, lower heteroalkyl, lower
heteroalkenyl, lower heteroalkynyl, lower aryl, lower
heteroaryl and -C(O)R 11; R11 is selected from the
group consisting of lower alkyl, lower alkenyl, lower
alkynyl, lower aryl and lower heteroaryl; and R12 is
selected from the group consisting of hydrogen and
lower alkyl. [038] In some embodiments, R0 is
hydrogen, halogen or -CN. In other embodiments, R0 is
hydrogen, lower alkyl, -SR8 or -OR8. In other
embodiments, R0 is hydrogen, -SR8, -OR8 or -NHR8. In
other embodiments, R0 is -SR8 or -OR8. In other
embodiments, R0 is hydrogen. [039] In some
embodiments, R1 is halogen or lower alkyl. In other
embodiments, R1 is -OR11Or -SR11 . In some
embodiments, R1 is halogen, i some embodiments, R1 is
chloro or bromo. In some embodiments, R1 is chloro. hi
some embodiments, R1 is bromo. [040] hi some
embodiments, R2 is -NH2 or -NHC(O)R9. hi other
embodiments, R2 is -NHlower alkyl, -NH-lower alkenyl,
-NH-lower alkynyl, -NH-lower aryl or -NH-lower
heteroaryl. In other embodiments, R2 is -NHC(O)R 9
where R9 is lower alkyl, lower alkenyl, lower alkynyl,
lower aryl or lower heteroaryl. In other embodiments,
R2 is -NH2. hi other embodiments, R2 is - NH(O)tBu.
[041] In some embodiments, R3 is hydrogen, lower
alkyl, lower alkenyl, lower alkynyl, lower
perhaloalkyl, aryl, heteroaryl, alicyclyl,
heterocyclyl, -CN or -C(O)R9, all optionally
substituted. In other embodiments, R3 is hydrogen,
lower alkyl, aryl, heteroaryl, alicyclyl, heterocyclyl
or -C(O)R9, all optionally substituted. In other
embodiments, R3 is hydrogen, lower alkyl, aryl,
heteroaryl, or -C(O)R9, all optionally substituted. Li
other embodiments, R3 is substituted lower alkyl
wherein the substituent on the lower alkyl is selected
from the group consisting of lower alkyl, -OR8,
-C(O)R9 and -NR8R8. Li other embodiments, R3 is lower
alkyl, aryl, heteroaryl, -CN or -C(O)R9, all
optionally substituted. Li other embodiments, R3 is
hydrogen. Li other embodiments, R3 is optionally
substituted lower alkyl. Li other embodiments, R3 is
optionally substituted phenyl or pyridinyl. Li other
embodiments, R3 is -(CH2)nOH, where n=l-3. In other
embodiments, R3 is -(CH2)mC(R12)2(CH2)nOH, where m=0-2
and n=l-2. Li other embodiments, R3 is -(CH2)nNR8R8,
wherein n=l-3, and each R8 is independently hydrogen
or lower alkyl, or - NR R are taken together forming
an optionally substituted phthalimide or morpholin. Li
other embodiments, R3 is -(CH2)nC(O)NR 10R10, wherein
n=l-3, and each R10 is independently hydrogen or
-C(O)R1 1, or -NR10R10 are taken together forming an
optionally substituted piperazine. Li other
embodiments, R3 is optionally substituted lower
alkylsilyl. Li other embodiments, R3 is -CO2Et. Li
other embodiments, R3 is -(CH2)nC(O)NR 10R10 where
n=l-3, and-C(O)R11 . In other embodiments, R3 is -
(CH2)nC(O)NHC(O)OtBu. [042] In some embodiments, R4 is
optionally substituted lower alkylene, -C(O)-, -S(O)-
or - SO2- . In other embodiements, R4 is -CH2-, -S(O)-
or -SO2. In other embodiements, R4 is - CHR 12 -. In
other embodiements, R4 is -CH2-. [043] In some
embodiments, the aryl, heteroaryl, alicyclyl or
heterocyclyl group of R5 is monocyclic or bicyclic. In
other embodiments, R5 is substituted aryl or
heteroaryl and the substituents on said aryl or
heteroaryl are selected from the group consisting of
halogen, lower alkoxy, lower alkyl, thioalkyl, amino,
alkylamino, dialkylamino. In other embodiments, R5 is
substituted aryl or heteroaryl and the substituents on
the aryl or heteroaryl are selected from the group
consisting of halogen, lower alkoxy and lower alkyl.
[044] In some embodiments, R0 is hydrogen, halogen,
-SH, -OH, or -CN; R1 is halogen; and R2 is -NH2 or
-NH-C(O)R 9. [045] In some embodiments, R1 is chloro
or bromo; R2 is -NH2 or -NH-C(O)R 9; and R3 is lower
alkyl, lower alkenyl, lower alkynyl, lower
perhaloalkyl, lower aryl, or lower heteroaryl, all
optionally substituted with -OR8, -NR8R8 or -C(O)R 9.
[046] In some embodiments, R0 is hydrogen, halogen or
-CN; R2 is -NH2 or -NH-C(O)R 9; and R4 is -CH2-. [047]
In other embodiments, R0 is hydrogen, halogen, -SH,
-OH or -CN; R1 is halogen; R2 is 



-NH2; R3 is hydrogen, -OR11, -SR 11, -NR8R8, lower
alkyl, lower alkenyl, lower alkynyl, lower
perhaloalkyl, lower aryl, or lower heteroaryl, wherein
the R8 in R3 is hydrogen, lower alkyl, lower
heteroalkyl, lower aryl, or -C(O)R 9; R4 is -CH2-; and
R5 is aryl or heteroaryl, substituted with 2 to 5
substituents. [048] In some embodiments, R0 is
selected from hydrogen, halogen and -CN; R1 is
halogen; R2 is -NHR ; R is selected from the group
consisting of hydrogen, lower alkyl, lower alkenyl,
lower alkynyl, lower perhaloalkyl, aryl, heteroaryl,
alicyclyl and heterocyclyl, all optionally
substituted; R4 is -CHR 12-; and R5 optionally
substituted is aryl or heteroaryl. [049] In other
embodiments, R0 is selected from hydrogen, halogen and
-CN; R1 is halogen; R2 is -NH2; R3 is selected from
the group consisting of lower alkyl, lower alkenyl,
lower alkynyl, all optionally substituted with -OR8,
-NR8R8 or -C(O)R 9; R4 is -CH2; and R5 is aryl or
heteroaryl. [050] In other embodiments, R1 is chloro
or bromo; R2 is -NH2; and R5 is a phenyl having at
least three substituents. [051] In other embodiments,
R1 is chloro or bromo; R2 is -NH2; and R5 is a pyridyl
having at least two substituents.[052] hi oiiner
embodiments, R1' is cn'loro or bromo; R2 is -NH2; and
R5 is 1-oxy-pyridyl (Noxy- pyridyl) having at least
two substituents. [053] In other selected embodiments,
R0 is hydrogen; R1 is chloro or bromo; R2 is -NH2 or
-NHC(O)tBu; R3 is selected from the group consisting
of hydrogen, lower alkyl, aryl, heteroaryl, -CN,
optionally substituted lower alkylsilyl, -CO2Et,
-(CH2)mC(CH3)nOH where m=0-2 and n=l - 2, -(CH2)nOH
where n=l-3, and -(CH2)nNR8R10 wherein n=l-3, R8 and
R10 are independently hydrogen, lower alkyl, or are
taken together forming a piperazine, a phthalimide or
a morpholine; R4 is -CH2-; R5 is substituted aryl or
heteroaryl, and the substituents on the aryl or
heteroaryl are selected from the group consisting of
halogen, lower alkoxy, lower alkyl, thioalkyl, amino,
alkylamino and dialkylamino. [054] hi some selected
embodiments, R0 is hydrogen; R1 is chloro or bromo; R2
is -NH2; R3 is selected from the group consisting of
hydrogen, lower alkyl, -(CH2)nOH, where n=l-3,
-(CH2)mC(CH3)nOH, where m=0-2 and n=l-2,
-(CH2)2C(O)NH2, -(CH2)OC(O)CH 2N(CH 3)2
-(CH2)nNHC(O)OtBu and -(CH2)nNR8R8, wherein n=l-3, R8
and R8 are independently hydrogen, lower alkyl, or are
taken together forming an optionally substituted
phthalimide or morpholine; R4 is -CH2-; R5 is
substituted heteroaryl, and the substituents on said
heteroaryl are independently selected from the group
consisting of lower alkoxy and lower alkyl. [055] In
some selected embodiments, R0 is hydrogen; R1 is
chloro or bromo; R2 is -NH2; R3 is selected from the
group consisting of hydrogen, lower alkyl, -(CH2)nOH,
where n=l-3, -(CH2)mC(CH3)nOH, where m=0-2 and n=l -2,
-(CH2)nC(O)NRl ORl0 where n=l -3, and , R10 and R10
are independently hydrogen or -C(O)R 11, or are taken
together forming an optionally substituted piperazine;
R4 is -CH2-; R5 is substituted heteroaryl, and the
substituents on said heteroaryl are independently
selected from the group consisting of lower alkoxy and
lower alkyl. [056] hi some selected embodiments R3 is
substituted lower alkyl, and in some further selected
embodiments R is substituted lower alkyl, and the
substituent on said lower alkyl is phosphonyl or
phosphatidyl. [057] hi other preferred embodiemnts,
are the following compoundsMETHODS FOR VOUCHERAND
COUPON PRINTING BACKGROUND OF THE INVENTION The
present invention relates generally to printers, and
more particularly to methods for driving a printer in
a user terminal. Such printers are particularly well
suited for use in gaming machines, vending machines,
point-of-sale (POS) terminals, transportation and
entertainment ticket machines, and the like. Ticket
printers are useful in a variety of applications. One
such application is to print coded tickets or vouchers
used in lottery terminals, slot machines and other
self-service wagering or transaction (e.g., train,
event or airline ticket) apparatus. For purposes of
the present disclosure and appended claims, the term
"voucher" will be used to mean a printed document,
such as a ticket, that has (or potentially has) a
meaningful cash value and must be printed using secure
technology to prevent counterfeiting. The term
"coupon" is used to refer to documents that have at
most only a negligible cash value, and which can be
printed without the high level of security required
for vouchers. It should be appreciated that coupons
may be printed using secure technology; however, the
level of security will typically be lower than that
used in connection with vouchers. Various printer
systems have been proposed for use in self-service
terminals, such as for cashless gaming systems used,
e.g., at casinos and racetracks. In such systems, a
voucher is printed for use by a gaming patron instead
of, e.g., tokens, cash, debit cards and credit cards.
Such self-service terminals may be controlled, or at
least partially controlled, by a Central System
Controller (CSC) via a network. The CSC may be
situated at the same location as the terminals, or may
be remotely located. A remotely located CSC may
service different terminal populations at a plurality
of facilities (such as different casinos, racetracks,
retail lottery establishments, etc.). A facility that
uses the terminals may desire to have the capability
for the terminal printers to print items other than
the voucher. For example, it may be desired to print
coupons for use at the facility. Such coupons may, for
example, provide free or discounted food items atthe
facility. Other types of coupons are also envisioned
in order to fulfill e.g., various marketing,
advertising, and promotional purposes, such as
discounts to future special events, advertising of new
products and services, free or discounted parking,
hotel room upgrades, travel and entertainment
promotions, contest entries, and the like. In most of
the terminals already in the field, there is no way
for the facility management to access the printer
portion of the terminal to print special coupons that
are separate from (and may be unrelated to) the
vouchers. In order to provide such a capability,
vendors have offered new models of terminals that can
print coupons. These new terminals require the use of
proprietary software, hardware and/or protocols to
enable the terminal printer to print vouchers and
coupons. The printing of coupons, when offered, is
handled via the secure processing channels used for
the vouchers, which vouchers are subject to stricter
access control and security requirements. This
solution is unacceptable to many facilities because it
requires the purchase of new terminals. For a facility
that has hundreds of such terminals, such a solution
is 



cost prohibitive. It would be advantageous to provide
a more cost effective way for facilities to print
coupons from their terminals. Preferably, such a
system would allow present terminals to be used,
without the need to replace an existing population of
terminals. It would be further advantageous to allow a
controller (e.g., a secure controller) that is
internal to the terminal (e.g., wagering terminal, POS
terminal, or other consumer terminal) to communicate
with the terminal printer to print vouchers, while
also allowing a CSC, which is external to the
terminal, to communicate with the built-in terminal
printer to print coupons and other documents. The
present invention provides various printer interface
embodiments for use with existing and future
terminals, which embodiments enjoy the above and other
advantages.SUMMARY OF THE INVENTION In accordance with
the present invention, methods are provided for
driving a printer. A first driver receives, from a
primary controller (e.g., a local controller), data
indicative of information to be printed. A second
driver receives, from a secondary controller (e.g., a
central system controller), data indicative of
information to be printed. A processor responsive to
the first and second drivers generates printer
commands in a standard format for the printer. In one
embodiment, the first driver receives data in a first
format, and the second driver receives data in a
second format. For example, the first driver might
receive data in one of an RS-232, Netplex, USB,
Ethernet or I2C format, with the second driver
receiving data in another one of the RS-232, Netplex,
USB, Ethernet or I2C formats. The first driver and the
processor together decode data from the primary
controller and convert the decoded primary controller
data to the standard format. The second driver and the
processor together decode data from the secondary
controller and convert the decoded secondary
controller data to the standard format. In an
illustrated embodiment, the first driver processes
cash data from the primary controller for use in
printing a voucher. The second driver processes
non-cash data from the secondary controller for use in
printing a coupon. The interface can be built into the
printer. Alternatively, it can be provided external to
the printer. The printer can comprise, for example, a
gaming machine printer, a point of sale terminal
printer, or the like. A method is disclosed for
driving a printer from a primary controller and a
secondary controller. The method comprises monitoring
communications from the primary and secondary
controllers. The availability of the printer is
determined when a printer communication is received
from one of the controllers. If the printer is
available, printer data are decoded in one format and
converted to a standard printer format for
communication to the printer. If the printer is not
available, printer data are subsequently decoded in
one format and converted to the standard printer
format for communication tothe printer, after the
printer becomes available. Monitoring of the
communications continues. When the printer is not
available, the controller from which the printer
communication was received can be notified that the
printer is busy. Alternatively, if the printer is not
available, the printer data can be buffered, decoded
and subsequently printed when the printer becomes
available, without notifying the controller from which
the printer communication was received that the
printer was not available when the printer
communication was received. In a still further
embodiment, the primary controller is a local
controller and the secondary controller is a central
system controller. If the printer is not available
when printer data are received from the local
controller, the printer data are buffered, decoded and
subsequently printed when the printer becomes
available, without notifying the local controller that
the printer is not available. If the printer is not
available when printer data are received from the
central system controller, the central system
controller is notified that the printer is busy. In
such a case, the data from the central system
controller can be buffered, decoded and subsequently
printed, or the central system controller can attempt
to send the printer data at a later time. If printer
communications are simultaneously received from both
controllers, preference can be given to the primary
(e.g., local) controller. Alternatively, preference
can be given to the secondary (e.g., central system)
controller, depending on the desired system
implementation. The printer can comprise, for example,
a gaming machine printer or a point of sale terminal
printer.BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is
a block diagram of a prior art architecture for
controlling the printer in a slot machine; Figure 2 is
a block diagram of a system architecture in accordance
with the present invention; Figure 3 is a block
diagram of an example interface implementation in
accordance with the invention; Figure 4 is a block
diagram of an another system architecture embodiment
in accordance with the invention; and Figure 5 is a
flowchart illustrating an example communication flow
that can be implemented in order to carry out the
present invention.DETAILED DESCRIPTION OF THE
INVENTION The present invention relates to the
printing of vouchers and coupons for dispensing to
customers. More particularly, the invention relates to
an interface for enabling printers to print vouchers
in response to commands from a primary controller and
to print coupons in response to commands from a
secondary controller. The printer can reside in a
customer operated terminal such as a gaming machine
(e.g., slot machine or lottery terminal), vending
machine, self-service ticket terminal, POS terminal,
or the like. In an example implementation, the primary
controller is a "local controller" that is part of the
customer operated terminal, and the secondary
controller is a "central system controller" that is
located remotely from the terminal. hi a gaming
machine implementation, the primary controller can
comprise the portion of the gaming machine sometimes
referred to as the "game controller." In such an
implementation, the secondary controller can comprise
the central system controller that is sometimes
referred to 



as the "game management unit." Typically, the primary
controller is part of the terminal that provides the
customer with the vouchers and coupons, and the
secondary controller is a remote device that is either
in the same facility where the terminals are located,
or in a different facility that can be located
virtually anywhere. Various well known standards are
mentioned herein for use in communicating signals
between different elements of the disclosed
embodiments. These include the RS-232, USB, Netplex,
Ethernet and I2C standards. RS-232 is a well known
standard that provides an interface between data
terminal equipment and data communications equipment,
in which serial binary data interchange is used.
Netplex, a standard developed by International Game
Technology of Reno, Nevada, USA, provides a multidrop
serial communication link between a central system and
peripheral devices, and is used to transfer
information and allow control of peripherals.
Universal Serial Bus (USB) is a connectivity
specification developed by the USB Implementers Forum.
USB is used to connect peripherals outside a computer
in order to eliminate the inconvenience of opening the
computer case for installing cards needed for certain
devices. Ethernet is a network specification defined
by IEEE 802.3 and is used to implement high speed
local area networks (LAN), I2C, or
2-wirecommunication, is a form of synchronous serial
communication that was developed by Phillips
Semiconductor. The interface disclosed herein
overcomes the drawbacks of prior art systems that
require a proprietary terminal to be purchased to
provide both vouchers and coupons. Such a prior art
system is shown in Figure 1, where a terminal printer
10 is provided for printing vouchers and coupons in
response to commands from a game controller 14. The
game controller 14 provides print commands to printer
10 using a protocol 12 that is compatible with the
printer. For example, protocol 12 may comprise one or
the other of the RS-232 or Netplex protocols well
known in the art of data transmission. In the prior
art embodiment of Figure 1, the game controller 14 is
a proprietary device that is included in the gaming
machine. The game controller controls the basic gaming
machine hardware, including the printer, coin
dispenser, bill acceptor, reels (for a slot machine),
etc. and also generates ticket data using a serial
number obtained from a central system controller via a
system interface 16. The system interface communicates
with the central system controller and with the game
controller. It obtains the ticket serial numbers from
the central system controller and provides these
numbers to the game controller. The system interface
is also responsible for player tracking, and controls
the gaming machine card reader and display. Each
particular manufacturer of such gaming machines will
generally have its own game controller technology
which is kept secret for security and competitive
reasons. Due to the proprietary nature of the game
controller which drives the printer, it is not
possible for the customer to access the printer
directly for the printing of other documents, such as
coupons. And, where coupon printing is offered in
present day gaming machines, it is only provided via
the proprietary game controller, which means the
coupons must be generated in association with the
gaming machine manufacturer, hi particular, where a
customer desires a coupon to be printed, the
manufacturer of the gaming machine must provide the
technology to do so via the game controller 14. This
enables the manufacturer to charge additional fees to
upgrade current gaming machines, or to require the
purchase of new gaming machines with coupon printing
capabilities.At least one gaming machine manufacturer
has provided a new model terminal that allows coupon
information input at the central system controller to
be communicated to the gaming machine system interface
16 via communication path 18. The communication path
18 can comprise, for example, a private network (wired
and/or wireless) or the Internet. The system interface
16 will pass the coupon information via path 15 to the
proprietary game controller 14, which converts the
information as necessary to generate coupon print
commands that are provided to the terminal printer 10.
Since only the game controller 14 communicates with
the printer, there is no way to avoid the use of the
proprietary game controller technology to effect the
printing of coupons. Thus, the facilities (e.g.,
casinos) that own the gaming machines are completely
dependent on the gaming machine manufacturers to
provide the ability to print coupons in addition to
the vouchers that the gaming machines are already
designed to print. Figure 2 illustrates an embodiment
according to the present invention, wherein coupons
can be printed without reliance on the gaming machine
manufacturer. In the embodiment of Figure 2, a printer
interface 23 is provided between the system interface
26, "primary" game controller 24 and the printer 20.
Information from the "secondary" central system
controller (which may optionally include information
defining a particular coupon to be printed) is
provided to the system interface 26 via communication
path 28 (similar to communication path 18). The system
interface passes the data received from the central
system controller to the game controller 24 in a
conventional manner, via path 29 (like path 15 in
Figure 1). The conventional data provided as output
from the game controller 24 is communicated to the
printer interface 23 via path 25 with the normal
protocol used by the game controller, e.g., RS- 232 or
Netplex ("Protocol A"). The information received from
the central system controller is also passed from the
system interface 26 directly to the printer interface
23 via path 27, according to a suitable protocol such
as I2C ("Protocol B"). It should be understood that
any of various different protocols can be used to send
the printer information from the system interface 26
to the printer interface 23. hi fact, one of the
advantages of the present invention is that the
communication between the system interface and the
printer interface is not a proprietary communication,
as is the communication between the game controller
and the printer interface.Thus, while Protocol A will
be defined by the game machine manufacturer, Protocol
B is not so defined. Protocol B can be any protocol
that the system interface is capable of communicating
with. By providing a generic printer interface 23, the
present invention allows coupon information from the
central system controller to be printed without
passing through and being subject to the processing
requirements of the game controller 24. Once the
printer interface 23 receives data from either game
controller 24 (e.g., voucher information) or system
interface 26 (e.g., coupon information), it determines
whether the printer 20 is available, and if so,
processes the received data for communication to the
printer in a proper format. The properly formatted
data are then sent to the printer via path 22, using
the 



protocol (e.g., RS-232) that the printer is designed
to receive. The operation of the printer interface is
explained in greater detail hereinafter in connection
with Figure 5. Figure 3 is a block diagram
illustrating the hardware and software/firmware
components of the printer interface 23. A processor 30
processes data received from the game controller 24
and the system interface 26 via respective drivers 33,
34 and/or 35. Driver 33 is, for example, a Netplex
driver configured to receive data formatted using the
Netplex protocol from the game controller. Such data
may comprise, for example, data necessary to print a
voucher. Alternatively, the game controller may be
configured to provide voucher data using the RS-232
protocol, in which case data will be received by and
passed to the processor 30 using RS-232 drivers 34.
Coupon data are provided to the processor 30 from the
central system controller via the system interface
using, e.g., an I2C protocol. The I2C driver 35
processes the coupon data from the system interface
and passes it on to the processor 30. Software and/or
firmware that instructs the processor 30 how to decode
and convert the data received from the game controller
and system interface to the format required by the
printer is stored in one or more of EEPROM 36 and
flash memory 31. SDRAM 32 is provided for storage of
interim values computed by processor 30 as well as
other temporary information as well known in the art.
Once the voucher or coupon information is decoded and
converted to the proper format for printing, it is
communicated to the printer via RS-232 drivers 34.
Prior to being communicated to the printer, the print
data can be temporarily stored in SDRAM 32.Figure 4 is
a block diagram of an alternate embodiment where the
printer interface 23 is incorporated within the
terminal printer. In particular, all of the elements
illustrated in Figure 3 can be built into terminal
printer 40. Such an embodiment is an economical
alternative to providing a separate printer interface
as shown in Figure 2, since the printer controller
already present in the printer can provide many (if
not all) of the functionality provided by printer
interface processor 30. Memory already present in the
printer can also be shared to accommodate the needs of
the printer interface. Such an implementation
eliminates the need for two separate processors and
additional memory. As shown in Figure 4, all
communications between the game controller and system
interface discussed in connection with Figure 2 are
now passed directly to the terminal printer 40. The
functions of printer interface 23 and communication
path 22 will be performed by equivalent elements that
are integrated with the printer 40 itself. Figure 5 is
a flowchart illustrating the communication flow for
the printer interface. It is noted that the
communication flow illustrated is an example of one
possible implementation of the printer interface, and
that other implementations are possible and within the
intended scope of the invention. The routine of Figure
5 starts at box 50. At box 52, the communication ports
from the game controller and system interface are
monitored for a communication event. For example, in
the embodiment shown in Figure 2, the printer
interface 23 monitors communications from the game
controller 24 via path 25. Similarly, communications
from the system interface 26 are monitored via path
27. If a communication event (e.g., a message for the
printer) is detected at box 54, the communication
source (game controller or system interface) will be
determined at box 56. Upon determining that a printer
message has arrived from the system interface, the
message is directed from box 56 to box 58, where a
determination is made as to whether the printer is
available to print a coupon received from the central
system controller. If not, a busy status signal is
sent to the system interface so that it can send the
message again later (box 60). Alternatively, the
printer message can be buffered (either in its
original format or in a decoded format) for subsequent
printing when the printer becomes available. In such a
case, a busysignal may or may not be sent to the
system interface, depending on the desired
implementation. The routine then continues to monitor
the communication ports as indicated at box 52. If it
is determined at box 58 that the printer is available
to print a coupon, the coupon data from the system
interface is received (box 62), decoded (box 64), and
converted to a standard printer data stream (box 66).
The standard printer data stream is formatted for the
particular printer that is going to print the coupon
(e.g., terminal printer 20 of Figure 2 or terminal
printer 40 of Figure 4). Although different printers
can be provided to print coupons and vouchers, the
preferred embodiment is to use the same printer for
both. After the coupon information is converted to the
standard printer data stream as indicated at box 66,
it is forwarded to the printer for printing of the
coupon (box 80). The routine then returns to box 52,
where the communication ports continue to be
monitored. In the event that a communication event is
detected from the game controller, this fact is
determined at boxes 54 and 56, and at box 70 a
determination is made as to whether the printer is
available to print a voucher. If not, a busy status
may be sent to the game controller (box 72) and the
routine returns to box 52 for continued monitoring of
the communication ports. Alternatively, when the
printer is not available, the voucher data can be
buffered (either in its original format or in a
decoded format) for subsequent printing when the
printer becomes available. In such a case, a busy
signal may or may not be sent to the game controller,
depending on the desired implementation. For example,
it might be advantageous to keep the implementation
transparent to the game controller by not sending a
busy signal back to the controller. If the printer is
determined to be available at box 70, the game
controller data are received at box 74, decoded at box
76, and converted to a standard printer data stream at
box 78. The standard printer data stream, formatted
for the printer, is passed on to the printer for
printing of the voucher, as indicated at box 80. The
routine then loops back to box 52 for continued
monitoring of the communication ports. The standard
printer data stream will be formatted according to the
protocol needed by the particular printer used. For
example (and as shown in Figure 3), the printer data
stream maybe in the RS-232 format. Those skilled in
the art will appreciate that other formats can be
used, such as I2C, Netplex, or USB. New printer
formats can be accommodated as they are developed, by
providing the appropriate driver in the printer
interface. It should now be appreciated that the
present invention provides an interface for driving a
printer. The printer can reside, for example, in a
customer terminal of the type 



described above, or in any other device which provides
coupons and vouchers. In an illustrated embodiment, a
first driver receives, e.g., from a primary
controller, data indicative of voucher information to
be printed. A second driver receives, e.g., from a
secondary controller, data indicative of coupon
information to be printed. A processor responsive to
the first and second drivers generates printer
commands in a standard format for the printer. The use
of a printer interface in accordance with the
invention enables one or more terminal printers to be
used for both vouchers and coupons, without requiring
the coupons to be processed by the secure (and usually
proprietary) hardware and/or software provided by the
terminal manufacturer. Although the invention has been
described in connection with various specific
embodiments, it should be appreciated that numerous
adaptations and modifications may be made thereto
without departing from the intended scope of the
invention as set forth in the claims.WHAT IS CLAIMED
IS: 1. A method for driving a printer from a primary
controller and a secondary controller, comprising the
steps of: monitoring communications from said primary
controller and secondary controller; determining
printer availability when a printer communication is
received from one of said controllers, and: (i) if the
printer is available, communicating received printer
data to the printer in a standard printer format; (ii)
if the printer is not available, buffering the
received printer data and subsequently communicating
it to the printer in a standard printer format after
the printer becomes available; and continuing to
monitor said communications. 2. A method in accordance
with claim 1, wherein if printer communications are
simultaneously received from both controllers,
preference is given to a predetermined one of the
controllers. 3. A method in accordance with claim 1,
wherein said printer is a gaming machine printer. 4. A
method in accordance with claim 1, wherein said
printer is a point of sale terminal printer. 5. A
method in accordance with claim 1, wherein if the
printer is not available, notifying the controller
from which the printer communication was received that
the printer is busy.6. A method is accordance with
claim 1, wherein if the printer is not available,
received printer data are buffered and subsequently
printed when the printer becomes available, without
notifying the controller from which the printer
communication was received that the printer was not
available when the printer communication was received.
7. A method in accordance with claim 1, further
comprising: providing a printer interface for:
receiving and monitoring communications from said
primary controller via a first communication path;
receiving and monitoring communications from said
secondary controller via a second communication path;
buffering said received printer data if the printer is
not available; and communicating said received printer
data to said printer via a third communication path.
8. A method in accordance with claim 7, wherein: said
printer interface is external to the printer. 9. A
method in accordance with claim 7, wherein if printer
data is simultaneously received at said printer
interface from both controllers, preference is given
to a predetermined one of the controllers. 10. A
method in accordance with claim 9, wherein: received
printer data from the predetermined one of said
controllers is communicated to said printer via said
third communication path; received printer data from
the other one of said controllers is buffered; and
said buffered printer data is subsequently
communicated to said printer via said third
communication path after said printer data from said
predetermined one of said controllers is printed.11. A
method for driving a printer from a primary controller
and a secondary controller, comprising the steps of:
monitoring communications from said controllers;
determining printer availability when a printer
communication is received from one of said
controllers, and: (i) if the printer is available,
communicating received printer data to the printer in
a standard printer format; (ii) if the printer is not
available when printer data are received from the
primary controller, buffering and subsequently
communicating the received printer data to the printer
in said standard printer format when the printer
becomes available, without notifying the primary
controller that the printer is not available; and
(iii) if the printer is not available when printer
data are received from the secondary controller,
notifying the secondary controller that the printer is
busy. 12. A method in accordance with claim 11,
wherein the primary controller is a local controller
and the secondary controller is a central system
controller. 


