
AZAINDOLES USEFUL AS INHIBITORS OF JAK AND OTHER
PROTEIN KINASES TECHNICAL FIELD OF THE INVENTION
[0001] The present invention relates to inhibitors of
protein kinases. The invention also provides
pharmaceutical compositions comprising the compounds
of the invention and methods of using the compositions
in the treatment of various disorders. BACKGROUND OF
THE INVENTION [0002] The search for new therapeutic
agents has been greatly aided in recent years by a
better understanding of the structure of enzymes and
other biomolecules associated with diseases. One
important class of enzymes that has been the subject
of extensive study is protein kinases. [0003] Protein
kinases constitute a large family of structurally
related enzymes that are responsible for the control
of a variety of signal transduction processes within
the cell. (See, Hardie, G. and Hanks, S. The Protein
Kinase Facts Book, I and II, Academic Press, San
Diego, CA: 1995). Protein kinases are thought to have
evolved from a common ancestral gene due to the
conservation of their structure and catalytic
function. Almost all kinases contain a similar 250-300
amino acid catalytic domain. The kinases may be
categorized into families by the substrates they
phosphorylate (e.g., protein-tyrosine,
protein-serine/threonine, lipids, etc.). Sequence
motifs have been identified that generally correspond
to each of these kinase families (See, for example,
Hanks, S.K., Hunter, T., FASEB J. 1995, 9, 576-596;
Knighton et al, Science 1991, 253, 407-414; Hiles et
al, Cell 1992, 70, 419-429; Kunz et al, Cell 1993, 73,
585-596; Garcia-Bustos et al, EMBO J. 1994, 13,
2352-2361).[0004] In general, protein kinases mediate
intracellular signaling by effecting a phosphoryl
transfer from a nucleoside triphosphate to a protein
acceptor that is involved in a signaling pathway.
These phosphorylation events act as molecular on/off
switches that can modulate or regulate the target
protein biological function. These phosphorylation
events are ultimately triggered in response to a
variety of extracellular and other stimuli. Examples
of such stimuli include environmental and chemical
stress signals (e.g., osmotic shock, heat shock,
ultraviolet radiation, bacterial endotoxin, and H2O ),
cytokines (e.g., interleukin-1 (IL-I) and tumor
necrosis factor a (TNF-a)), and growth factors (e.g.,
granulocyte macrophage-colony-stimulating factor
(GM-CSF), and fibroblast growth factor (FGF)). An
extracellular stimulus may affect one or more cellular
responses related to cell growth, migration ,
differentiation, secretion of hormones, activation of
transcription factors, muscle contraction, glucose
metabolism, control of protein synthesis, and
regulation of the cell cycle. [0005] Many diseases are
associated with abnormal cellular responses triggered
by protein kinase-mediated events as described above.
These diseases include, but are not limited to,
autoimmune diseases, inflammatory diseases, bone
diseases, metabolic diseases, neurological and
neurodegenerative diseases, cancer, cardiovascular
diseases, allergies and asthma, Alzheimer's disease,
and hormonerelated diseases. Accordingly, there has
been a substantial effort in medicinal chemistry to
find protein kinase inhibitors that are effective as
therapeutic agents. [0006] The Janus kinases (JAK) are
a family of tyrosine kinases consisting of JAKl, JAK2,
JAK3 and TYK2. The JAKs play a critical role in
cytokine signaling. The down-stream substrates of the
JAK family of kinases include the signal transducer
and activator of transcription (STAT) proteins.
JAK/STAT signaling has been implicated in the
mediation of many abnormal immune responses such as
allergies, asthma, autoimmune diseases such as
transplant rejection, rheumatoid arthritis,
amyotrophic lateral sclerosis and multiple sclerosis
as well as in solid and hematologic malignancies such
as leukemias and lymphomas. The pharmaceutical
intervention in the JAK/STAT pathway has been reviewed
[FrankMoI. Med. 5, 432- 456 (1999) & Seidel, et al,
Oncogene 19, 2645-2656 (2000)].[0007] JAKl , JAK2, and
TYK2 are ubiquitously expressed, while JAK3 is
predominantly expressed in hematopoietic cells. JAK3
binds exclusively t o the common cytokine receptor
gamma chain (gc) and is activated by DL-2, EL-4, EL-7,
IL- 9, and JJL-15. The proliferation and survival of
murine mast cells induced b y EL-4 and IL-9 have, in
fact, been shown to be dependent on JAK3- and gc-
signaling [Suzuki et al, Blood96, 2172-2180 (2000)].
[0008] Cross-linking of the high-affinity
immunoglobulin (Ig) E receptors of sensitized mast
cells leads to a release of proinflammatory mediators,
including a number of vasoactive cytokines resulting
in acute allergic, or immediate (type I)
hypersensitivity reactions [Gordon et al, Nature 346,
274-276 (1990) & Galli, N. Engl. J. Med., 328, 257-265
(1993)]. A crucial role for JAK3 in IgE
receptormediated mast cell responses in vitro and in
vivo has been established [Malaviya, et al, Biochem.
Biophys. Res. Commun. 257, 807-813 (1999)]. In
addition, the prevention of type I hypersensitivity
reactions, including anaphylaxis, mediated by mast
cell-activation through inhibition of JAK3 has also
been reported [Malaviya et al, J. Biol. Chem.
274,27028-27038 (1999)]. Targeting mast cells with
JAJEC3 inhibitors modulated mast cell degranulation in
vitro and prevented IgE receptor/antigen-mediated
anaphylactic reactions in vivo. [0009] A recent study
described the successful targeting of JAK3 for immune
suppression and allograft acceptance. The study
demonstrated a dose-dependent survival of Buffalo
heart allograft in Wistar Furth recipients upon
administration of inhibitors of JAK3 indicating the
possibility of regulating unwanted immune responses in
graft versus host disease [Kirken, Transpl. Proc. 33,
3268-3270 (2001)]. [0010] JL-4-mediated
STAT-phosphorylation has been implicated as the
mechanism involved in early and late stages of
rheumatoid arthritis (RA). Upregulation of
proinflammatory cytokines in RA synovium and synovial
fluid is a characteristic of the disease. It has been
demostrated that IL-4- mediated activation of
IL-4/STAT pathway is mediated through the Janus
Kinases (JAK 1 & 3) and that EL- 4-associated JAK
kinases are expressed in the RA synovium
[Muller-Ladner, et al, J . Immunol. 164, 3894-3901
(2000)]. [0011] Familial amyotrophic lateral sclerosis
(FALS) is a fatal neurodegenerative disorder affecting
about 10% of ALS patients. The survival rates of FALS
mice wereincreased upon treatment with a JAK3 specific
inhibitor. This suggested that JAK3 plays a role in
FALS [Trieu, et al, Biochem. Biophys. Res. Comrnun.
267, 22-25 (2000)]. [0012] Signal transducer and
activator of transcription (STAT) proteins are
activated by, among others, the JAK family kinases.
Results form a recent study suggested the possibility
of intervention in the JAK/STAT signaling pathway by
targeting JAK family kinases with specific inhibitors
for the treatment of leukemia [Sudbeck, et al, Clin.
Cancer Res. 5, 1569-1582 (1999)]. JAK3 specific
compounds were shown to inhibit the clonogenic growth
of JAK3-expressing cell lines DAUDI, RAMOS, LCl;19,
NALM-6, MOLT-3 andHL-60. [0013] In animal models,
TEL/JAK2 fusion proteins have induced
myeloproliferative disorders and in hematopoietic cell
lines, introduction of TEL/JAK2 resulted in activation
of STATl, STAT3, STAT5, and cytokineindependent growth
[Schwaller, et al, EMBO J. 17, 5321-5333 (1998)].
[0014] Inhibition of JAK 3 and TYK 2 abrogated
tyrosine phosphorylation of STAT3, and inhibited cell
growth of mycosis fungoides, a form of cutaneous T
cell lymphoma. These results implicated JAK family
kinases in the constitutively activated JAK/STAT
pathway that is present in mycosis fungoides [Nielsen,
et al, Proc. Nat. Acad. Sci. U.S.A. 94, 6764-6769
(1997)]. Similarly, STAT3, STAT5, JAKl and JAK2 were
demonstrated to be constitutively activated in mouse T
cell 



lymphoma characterized initially by LCK
over-expression, thus further implicating the JAK/STAT
pathway in abnormal cell growth [Yu, et al, J.
Immunol. 159, 5206- 5210 (1997)]. In addition, JL-6 -
mediated STAT3 activation was blocked by an inhibitor
of JAK, leading to sensitization of myeloma cells to
apoptosis [Catlett- Falcone, et al, Immunity 10
,105-115 (1999)]. [0015] One kinase family of interest
is Rho-associated coiled-coil forming protein
serine/threonine kinase (ROCK), which is believed to
be an effector of Ras-related small GTPase Rho. The
ROCK family includes pl60ROCK (ROCK-I) (Ishizaki et
al, EMBO J. 1996, 15, 1885-1893) and
ROKa/Rho-kinase/ROCK-II (Leung et al., J . Biol. Chem.
1995, 270, 29051-29054; Matsui et al, EMBOJ. 1996, 75,
2208-2216; Nakagawa et al, FEBS Lett. 1996, 392,
189-193), protein kinase PKN (Amano et al., Science
1996, 271, 648-650; Watanabe et al, Science 1996, 271,
645-648), and citronand citron kinase (Madaule et al.
Nature, 1998, 394, 491-494; Madaule et al, FEBS Lett.
1995, 377, 243-248). The ROCK family of kinases have
been shown to be involved in a variety of functions
including Rho-induced formation of actin stress fibers
and focal adhesions (Leung et al, MoI. Cell Biol.
1996, 16, 5313-5327; Amano et al, Science, 1997, 275,
1308-1311; Ishizaki et al, FEBS Lett. 1997, 404,
118-124) and in downregulation of myosin phosphatase
(Kimura et al, Science, 1996, 273, 245-248), platelet
activation (Klages et al, J. Cell. Biol, 1999, 144,
745-754), aortic smooth muscle contraction by various
stimuli (Fu et al, FEBS Lett., 1998, 440, 183- 187),
thrombin-induced responses of aortic smooth muscle
cells (Seasholtz et al, Cir. Res., 1999, 84,
1186-1193), hypertrophy of cardiomyocytes (Kuwahara et
al, FEBS Lett., 1999, 452, 314-318), bronchial smooth
muscle contraction (Yoshii et al, Am. J. Respir. Cell
MoI. Biol, 1999, 20, 1190-1200), smooth muscle
contraction and cytoskeletal reorganization of
non-muscle cells (Fukata et al, Trends in Pharm. Sci
2001, 22, 32-39), activation of volume-regulated anion
channels (Nilius et al, J. Physiol, 1999, 516, 61-14),
neurite retraction (Hirose et al, J. Cell Biol, 1998,
141, 1625-1636), neutrophil chemotaxis (Niggli, FEBS
Lett., 1999, 445, 69-72), wound healing (Nobes and
Hall, J. Cell. Biol, 1999, 144, 1235-1244), tumor
invasion (Itoh et al, Nat. Med., 1999, 5, 221-225) and
cell transformation (Sahai et al, Curr. Biol, 1999, 9,
136-145). [0016] More specifically, ROCK has been
implicated in various diseases and disorders including
hypertension (Satoh et al, J. Clin. Invest. 1994, 94,
1397-1403; Mukai et al, FASEB J. 2001, 15, 1062-1064;
Uehata et al, Nature 1997, 389, 990- 994; Masumoto et
al, Hypertension, 2001, 38, 1307-1310), cerebral
vasospasm (Sato et al, Circ. Res. 2000, 87, 195-200;
Miyagi et al, J. Neurosurg. 2000, 93, 471-476;
Tachibana et al, Acta Neurochir (Wien) 1999, 141,
13-19), coronary vasospasm (Shimokawa et al, Jpn. Cir.
J. 2000, 64, 1-12; Kandabashi et al, Circulation 2000,
101, 1319-1323; Katsumata et al, Circulation 1997, 96,
4357-4363; Shimokawa e t al, Cardiovasc. Res. 2001,
51, 169-177; Utsunomiya et al, J. Pharmacol 2001, 134,
1724-1730; Masumoto et al, Circulation 2002, 105,
1545-1547), bronchial asthma (Chiba et /., Comp.
Biochem. Physiol. C Pharmacol. Toxicol Endocrinol.
1995, 11, 351-357; Chiba et al, Br. J. Pharmacol.
1999, 127, 597-600; Chiba et al, Br. J. Pharmacol.
2001, 133, 886-890; Iizuka et al, Eur. J. Pharmacol.
2000, 406, 273-279), preterm labor (Niro et al,
Biochem. Biophys. Res. Commun. 1997, 230, 356- 359;
Tahara et al, Endocrinology 2002, 143, 920-929;
Kupittayanant et al, Pflugers Arch. 2001, 443,
112-114), erectile dysfunction (Chitaley et al, Nat.
Med. 2001, 7, 119-122; Mills et al, J. Appl Physiol.
2001, 91, 1269-1273), glaucoma (Honjo et al, Arch.
Ophthalmol. 2001, 1171-1178; Rao et al, Invest.
Ophthalmol. Vis. ScL 2001, 42, 1029-1037), vascular
smooth muscle cell proliferation (Shimokawa et al,
Cardiovasc. Res. 2001, 51, 169-177; Morishige et al,
Arterioscler. Thromb. Vase. Biol. 2001, 21, 548-554;
Eto et al, Am. J. Physiol Heart Circ. Physiol. 2000,
278, H1744-H1750; Sawada et al, Circulation 2000, 101,
2030-2023; Shibata et al, Circulation 2001, 103,
284-289), myocardial hypertrophy (Hoshijima et al, J.
Biol. Chem. 1998, 273, 7725-77230; Sah et al, J. Biol
Chem. 1996, 271, 31185-31190; Kuwahara et al, FEBS
Lett. 1999, 452, 314-318; Yanazume et al, J. Biol.
Chem. 2002, 277, 8618-8625), malignoma (Itoh etal,
Nat. Med. 1999, 5, 221-225; Genda et al, Hepatology
1999, 30, 1027-1036; Somlyo et al, Biochem. Biophys.
Res. Commun. 2000, 269, 652-659),
ischemia/reperfusion-induced injury (Ikeda et al, J.
of Surgical Res. 2003, 109, 155-160; Miznuma et al.
Transplantation 2003, 75, 579- 586), endothelial
dysfunction (Hernandez-Perera etal, Circ. Res. 2000,
87, 616-622; Laufs et al, J. Biol. Chem. 1998, 273,
24266-24271; Eto et al, Circ. Res. 2001, 89, 583-590),
Crohn's Disease and colitis (Segain et al
Gastroenterology 2003, 124(5), 1180-1187), neurite
outgrowth (Fournier etal J. Neurosci. 2003, 23,
1416-1423), Raynaud's Disease (Shimokawa et al J.
Cardiovasc. Pharmacol. 2002, 39, 319-327), angina
(Utsunomiya et al. Br. J. Pharmacol. 2001, 134,
1724-1730; Masumoto et al, Circulation 2002, 105,
1545-1547; Shimokawa et al, J. Cardiovasc. Pharmacol.,
2002, 40, 751-761; Satoh et al., Jpn. J . Pharmacol.,
2001, 87, 34-40), Alzheimer's disease (Zhou et al.,
Science 2003, 302, 1215-1218), benign prostatic
hyperplasia (Rees et al., J . Urology, 2003, 170,
2517-2522), and atherosclerosis (Retzer et al FEBS
Lett. 2000, 466, IQ-IA; Ishibashi et al Biochim.
Biophys. Acta 2002, 1590, 123-130). Accordingly, the
development of inhibitors of ROCK kinase would be
useful as therapeutic agents for the treatment of
disorders implicated in the ROCK kinase pathway.
[0017] The Aurora proteins are a family of three
highly related serine/threonine kinases (termed
Aurora-A, -B and - C) that are essential for
progression through themitotic phase of cell cycle.
Specifically Aurora-A plays a cixicial role in
centrosome maturation and segregation, formation of
the mitotic spindle and faithfull segregation of
chromosomes. Aurora-B is a chromosomal passenger
protein that plays a central role in regulating the
alignment of chromosomes on the meta-phase plate, the
spindle assembly checkpoint and for the correct
completion of cytoldnesis. [0018] Overexpression of
Aurora-A, - B or -C has been observed in a range of
human cancers including colorectal, ovarian, gastric
and invasive duct adenocarcinomas. In addition
amplification of the AURKA. locus that encodes for
Aurora-A correlates with poor prognosis for patients
with n_ode-negative breast cancer. Furthermore
overexpression of Aurora-A has been shown to transform
mammalian fibroblasts, giving rise to aneuploid cells
containing multipolar spindles. [0019] A number of
studies have now demonstrated th t depletion or
inhibition of Aurora-A or - B in human cancer cell
lines by siRNA, dominant negative or neutralising
antibodies disrupts progression through mitosis with
accumulation of cells with 4N DNA, and in some cases
this is followed by eaidoreduplication and cell death.
[0020] Protein kinases are attractive and proven
targets for new therapeutic agents to treat a range if
human diseases, with examples including Gleevec and
Tarceva. The Aurora kinases are especially attractive
due to their ass ociation with numerous human cancers
and the role they play in promoting proliferation of
these cancer cells (Harrington et al., Nature Med.,
2004, 10: 262-267). [0021] Accordingly, there is a
great need to develop inhibitors of JAK, ROCK and
Aurora, preferably JAK-3, ROCK and Aurora A, protein
kinases that are useful in treating various diseases
or conditions associated with JAK, ROCK and Aurora
activation, particularly given the inadequate
treatments currently available for the majority of
these disorders. SUMMARY OF THE INVENTION [0022] It
has now been found that compounds of this indention,
and pharmaceutically acceptable compositions thereof,
are effective as inhibitors of JAK, ROCK and Aurora
protein kinases. In certain embodiments, these
compounds areeffective as inhibitors of JAK-3, ROCK
and Aurora protein kinases. These compounds have the
general formula I : 



(D or a pharmaceutically acceptable salt thereof,
wherein R1, R2, R3, R4, X1, X2, X3, R5 and x are as
defined below and in subsets herein. [0023] These
compounds and pharmaceutical compositions thereof are
useful for treating or preventing a variety of
disorders, including, but not limited to, heart
disease, diabetes, Alzheimer's disease,
immunodeficiency disorders, inflammatory diseases,
hypertension, allergic diseases, autoimmune diseases,
destructive bone disorders such as osteoporosis,
proliferative disorders, infectious diseases,
immunologically-mediated diseases, and viral diseases.
The compositions are also useful in methods for
preventing cell death and hyperplasi a and therefore
may be used to treat or prevent reperfusion/ischemia
in stroke, heart attacks, and organ hypoxia. The
compositions are also useful in methods for preventing
thrombin-induced platelet aggregation. The
compositions are especially useful for disorders such
as chronic myelogenous leukemia (CML), acute myeloid
leukemia (AML), acute promyelocyte leukemia (APL),
rheumatoid arthritis, asthma, osteoarthritis,
ischemia, cancer (including, but not limited to,
ovarian cancer, breast cance-i and endometrial
cancer), liver disease including hepatic ischemia,
heart disease sucli as myocardial infarction and
congestive heart failure, pathologic immune conditions
involving T cell activation, and neurodegenerative
disorders. DETAILED DESCRIPTION OF THE INVENTION
[0024] 1. General Description of Compounds of the
Invention: [0025] The present invention relates to
compounds of formula I :or pharmaceutically acceptable
salts thereof, wherein: R1 is T-R' or is - Si(R') 3;
R2, R3, and R4 are each independently halogen, CN,
NO2, or V- E.'; X1, X2 and X3 are each independently
N, or CH, wherein the hydrogen atom of CH is
optionally replaced by R5; x is 1, 2, 3, or4; each
occurrence of R5 is independently halogen, CN, NO2, or
U-R' ; T, V, and U are each independently a bond or an
optionally substituted C1-C6 alkylidene chain, wherein
up to two methylene units of the chain are optionally
and independently replaced by - NR'-, -S-, -O-, -CS-,
-CO2-, -OCO-, -CO-, -COCO-, - CONR'-, -NR'CO-, -NR
CO2-, -SO2NR'-, -NR SO2-, -CONR NR'-, -NR'CONR'-, -
OCONR'-, -NR'NR'-, -NR SO2NR'-, -SO-, -SO2-, -PO-,
-PO2-, or - POR'-; and each occurrence of R is
independently hydrogen or an optionaily substituted
group selected from a C1-C6 aliphatic group, a
3-8-membered saturated, partially unsaturated, or
fully unsaturated monocyclic ring having 0-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an 8-12- membered saturated,
partially unsaturated, or fully unsaturated bicyclic
ring system having 0-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; or two
occurrences of R are taken together with the atom(s)
to which they are bound to form an optionally
substituted 3-12 membered saturated, partially
unsaturated, or fully unsaturated monocyclic or
bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. In certain
embodiments, the two occurrences of R' that form a
ring will be on a single substituent (e.g., R1, R2,
R3, R4 or on a single R5 substituent) and form a
monocyclic or bicyclic ring. In other embodiments, the
two occurrences of R' are on two substituents (e.g.,
on two R5 substituents) and can form a bicyclic fused
ring with the ring to which the R5substituents are
attached. However, the two occurrences of R' do not
form a tricyclic ring whether they are a bound to a
single substituent or to two separate substituents .
[0026] In certain embodiments, for compounds described
directly above: a. if R1 is substituted cyclopentyl, x
is 1, X1 and X3 are CH, then X2 i s not C-R5, where R5
is fluoro or OMe; b. if R2 and R3 are simultaneously H
and R1 and R4 are independently selected from H or Me,
x is 1, X1 and X3 are CH, then X2 is not C- J 5, where
R5 is OMe, NO2, or fluoro; c. if R1, R2;R3 and R4 are
simultaneously H, x is 1, R5 is -SMe, NH2 o r an
optionally substituted NH-piperidine, and X1 and X2
are N, then X3 is not CH; d. if R2, R3 and R4 are
simultaneously H, X1, X2 and X3 are CH, and tLvo R5
form a fused optionally substituted bicyclic ring with
the ring to which they are attached, then R1 is not
CH2CH2N(Me) . e. if R2 and R3 are simultaneously H, R4
is NH2, and X1, X2 and X3 are CH, then R1 is not
substituted phenyl; f. if R2, R3 and R4 are
simultaneously H, then R1 is not Si(R')3. g. if R1, R2
and R4 are simultaneously H and (i) X2 and X3 are CH
or C R5 or (ii) any one of X1, X2 or X3 are N, then R3
is not phenyl or phenyl substituted with O-phenyl or
N(Me)2. [0027] 2. Compounds and Definitions: [0028]
Compounds of this invention include those described
generally above, and are further illustrated by the
classes, subclasses, and species disclosed herein. As
used herein, the following definitions shall apply
unless otherwise indicated. For purposes of this
invention, the chemical elements are identified in
accordance with the Periodic Table of the Elements,
CAS version, Handbook of Chemistry and Physics, 75th
EcL Additionally, general principles of organic
chemistry are described in "Organic Chemistry", Thomas
Sorrell, University Science Books, Sausalito: 1999,
and "March's Advanced Organic Chemistry", 5th Ed.,
Ed.: Smith, M.B. and March, J., John Wiley & Sons, New
York: 2001, the entire contents of which are hereby
incorporated by reference.[0029] As described herein,
compounds of the invention may optionally be
substituted with one or more substituents, such as are
illustrated generally above, or a s exemplified by
particular classes, subclasses, and species of the
invention. It will be appreciated that the phrase
"optionally substituted" is used interchangeably with
the phrase "substituted or unsubstituted." In general,
the term "substituted", whether preceded by the term
"optionally" or not, refers to the replacement of
hydrogen radicals in a given structure with the
radical of a specified substituent. Unless otherwise
indicated, an optionally substituted group may have a
substituent at each substitutable position of the
group, and when more than one position in any given
structure may be substituted with more than one
substituent selected from a specified group, the
substituent may be either the same or different at
every position. Combinations of substituents
envisioned by this invention are preferably those that
result in the formation of stable or chemically
feasible compounds. The term "stable", as used herein,
refers to compounds that are not substantially altered
when subjected to conditions to allow for their
production, detection, and preferably their recovery,
purification, and use for one or more of the purposes
disclosed herein. In some embodiments, a stable
compound or chemically feasible compound is one that I
s not substantially altered when kept at a temperature
of 4O0C or less, in the absence of moisture or other
chemically reactive conditions, for at least a week.
[0030] The term "aliphatic" or "aliphatic group", as
used herein, means a straight - chain (i.e.,
unbranched) or branched, substituted or unsubstituted
hydrocarbon chain that is completely saturated or that
contains one or more units of unsaturation, or a
monocyclic hydrocarbon or bicyclic hydrocarbon that is
completely saturated or that contains one or more
units of unsaturation, but which is not aromatic (also
referred to> herein as "carbocycle" "cycloaliphatic"
or "cycloalkyl"), that has a single point of
attachment to the rest of the molecule. Unless
otherwise specified, aliphatic groups contain 1-20
aliphatic carbon atoms. In some embodiments, aliphatic
groups contain 1-10 aliphatic carbon atoms. In other
embodiments, aliphatic groups contain 1-8 



aliphatic carbon atoms. In still other embodiments,
aliphatic groups contain 1-6 aliphatic carbon atoms,
and in yet other embodiments aliphatic groups contain
1-4 aliphatic carbon atoms. In some embodiments,
"cycloaliphatic" (or "carbocycle" or "cycloalkyl")
refers to a monocyclic C3-C8 hydrocarbon or bicyclic
C8-C1hydrocarbon that is completely saturated or that
contains one or more units of unsaturation, but which
is not aromatic, that has a single point of attachment
to the rest of the molecule wherein any individual
ring in said bicyclic ring system has 3-7 members.
Suitable aliphatic groups include, but are not limited
to, linear or branched, substituted or unsubstituted
alkyl, alkenyl, alkynyl groups and hybrids thereof
such as (cycloalkyl)alkyl, (cycloalkenyl)alkyl or
(cycloalkyl)alkenyl. [0031] The term
"heteroaliphatic", as used herein, means aliphatic
groups wherein one or two carbon atoms are
independently replaced by one or more of oxygen,
sulfur, nitrogen, phosphorus, or silicon.
Heteroaliphatic groups may be substituted or
unsubstituted, branched or unbranched, cyclic or
acyclic, and include "heterocycle", "heterocyclyl",
"heterocycloaliphatic", or "heterocyclic" groups.
[0032] The term "heterocycle", "heterocyclyl",
"heterocycloaliphatic", or "heterocyclic" as used
herein means non-aromatic, monocyclic, bicyclic, or
tricyclic ring systems in which one or more ring
members are an independently selected heteroatom. In
some embodiments, the "heterocycle", "heterocyclyl",
"heterocycloaliphatic", or "heterocyclic" group has
three to fourteen ring members in which one or more
ring members is a heteroatom independently selected
from oxygen, sulfur, nitrogen, or phosphorus, and each
ring in the system contains 3 to 7 ring members.
[0033] The term "heteroatom" means one or more of
oxygen, sulfur, nitrogen, phosphorus, or silicon
(including, any oxidized form of nitrogen, sulfur,
phosphorus, or silicon; the quaternized form of any
basic nitrogen or; a substitutable nitrogen of a
heterocyclic ring, for example N (as in
3,4-dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl) or
NR+ (as in N-substituted pyrrolidinyl)). [0034] The
term "unsaturated", as used herein, means that a
moiety has one or more units of unsaturation. [0035]
The term "alkoxy", or "thioalkyl", as used herein,
refers to an alkyl group, as previously defined,
attached to the principal carbon chain through an
oxygen ("alkoxy") or sulfur ("thioalkyl") atom. [0036]
The terms "haloalkyl", "haloalkenyl" and "haloalkoxy"
means alkyl, alkenyl or alkoxy, as the case may be,
substituted with one or more halogen atoms. The term
"halogen" means F, Cl, Br, or I.[0037] The term "aryl"
used alone or as part of a larger moiety as in
"aralkyl", "aralkoxy", or "aryloxyalkyl", refers to
monocyclic, bicyclic, and tricyclic ring systems
having a total of five to fourteen ring members,
wherein at least one ring in the system is aromatic
and wherein each ring in the system contains 3 to 7
ring members. The term "aryl" may be used
interchangeably with the term "aryl ring". The term
"aryl" also refers to heteroaryl ring systems as
defined hereinbelow. [0038] The term "heteroaryl",
used alone or as part of a larger moiety as in
"heteroaralkyl" or "heteroarylalkoxy", refers to
monocyclic, bicyclic, and tricyclic ring systems
having a total of five to fourteen ring members,
wherein at least one ring in the system is aromatic,
at least one ring in the system contains one or more
heteroatoms, and wherein each ring in the system
contains 3 to 7 ring members. The term "heteroaryl"
may be used interchangeably with the term "heteroaryl
ring" or the term "heteroaromatic". [0039] An aryl
(including aralkyl, aralkoxy, aryloxyalkyl and the
like) or heteroaryl (including heteroaralkyl and
heteroarylalkoxy and the like) group may contain one
or more substituents and thus may be "optionally
substituted". Unless otherwise defined above and
herein, suitable substituents on the unsaturated
carbon atom of an aryl or heteroaryl group are
generally selected from halogen; -R; -OR; - SR; phenyl
(Ph) optionally substituted with R0; -0(Ph) optionally
substituted with R0; -(CH2) 2(Ph), optionally
substituted with R0; -CH=CH(Ph), optionally
substituted with R0; a 5-6 membered heteroaryl or
heterocyclic ring optionally substituted with R0;
-NO2; -CN; -N(R)2; -NR0C(O)R0; -NR0C(S)R0; NRC(0)N(R)
2; - NRC(S)N(R)2; -NR0CO2R0; -NR0NR0C(O)R0;
-NRNROC(O)N(R)2; -NR0NR0CO2R0; -C(O)C(O)R0;
-C(O)CH2C(O)R0; -CO2R0; -C(O)R0; -C(S)R0; - C(O)N(R)2;
-C(S)N(R)2; -OC(O)N(R)2; -OC(O)R0; -C(O)N(OR0) R0;
-C(N0R) R; -S(O)2R0; -S(O)3R0; -SO2N(R)2; -S(O)R0;
-NRSO2N(R)2; -NR0SO2R0; -N(OR)R; -C(=NH)-N(R)2;
-P(O)2R0; -PO(R)2; -OPO(R)2; or -(CH2)o-2NHC(0)R;
wherein each independent occurrence of R is selected
from hydrogen, optionally substituted C1-6 aliphatic,
an unsubstituted 5-6 membered heteroaryl or
heterocyclic ring, phenyl, -O(Ph), or -CH2(Ph), or,
notwithstanding the definition above, two independent
occurrences of R, on the same substituent ordifferent
substituents, taken together with the atom(s) to which
each R group is bound, to form an optionally
substituted 3-12 membered saturated, partially
unsaturated, or fully unsaturated monocyclic or
bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. [0040]
Optional substituents on the aliphatic group of R are
selected from NH2, NH(C 1-4aliphatic),
N(C1-4aliphatic)2, halogen, C1-4aliphatic, OH,
O(C1-4aliphatic), N O2, CN, CO2H, CO2(C1-4aliphatic),
O(haloC 1-4 aliphatic), or haloC 1-4aliphatic, wherein
each of the foregoing C1-4aliphatic groups of R is
unsubstituted. [0041] An aliphatic or heteroaliphatic
group, or a non-aromatic heterocyclic ring may contain
one or more substituents and thus may be "optionally
substituted". Unless otherwise defined above and
herein, suitable substituents on the saturated carbon
of an aliphatic or heteroaliphatic group, or of a
non-aromatic heterocyclic ring are selected from those
listed above for the unsaturated carbon of an aryl or
heteroaryl group and additionally include the
following: =0, =S, =NNHR*, =NN(R )2, =NNHC(O)R *,
=NNHCO2(alkyl), =NNHSO2(alkyl), or =NR*, where each R*
is independently selected from hydrogen or an
optionally substituted C1-6 aliphatic group. [0042]
Unless otherwise defined above and herein, optional
substituents on the nitrogen of a non-aromatic
heterocyclic ring are generally selected from - R+,
-N(R+)2, -C(O)R +, -CO2R+, -C(O)C(O)R +,
-C(O)CH2C(O)R+, -SO2R+, -SO2N(R+)2, -C(=S)N(R +1)2,
-C(=NH)-N(R+)2, or -NR+SO2R+; wherein R+ is hydrogen,
an optionally substituted C1-6 aliphatic, optionally
substituted phenyl, optionally substituted -O(Ph),
optionally substituted -CH2(Ph), optionally
substituted -(CH2) 2 (Ph); optionally substituted
-CH=CH(Ph); or an unsubstituted 5-6 membered
heteroaryl or heterocyclic ring having one to four
heteroatoms independently selected from oxygen,
nitrogen, or sulfur, or, notwithstanding the
definition above, two independent occurrences of R+,
on the same substituent or different substituents,
taken together with the atom(s) to which each R+ group
is bound, form an optionally substituted 3-12 membered
saturated, partially unsaturated, or fully unsaturated
monocyclic or bicyclic ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur.[0043] Optional substituents on the aliphatic
group or the phenyl ring of R+ are selected from -NH
-NH(C 1-4 aliphatic), -N(C1-4 aliphatic)2, halogen,
C1-4 aliphatic, - OH, -0(C 1-4 aliphatic), -NO2, -CN,
-CO2H, -CO2(C1-4 aliphatic), -O(halo C1-4 aliphatic),
or halo(C1-4 aliphatic), wherein each of the foregoing
C1-4aliphatic groups of R+ is unsubstituted. [0044]
The term "alkylidene chain" refers to a straight or
branched carbon chain that may be fully saturated or
have one or more units of unsaturation and has two
points of attachment to the rest of the molecule.
[0045] The term "protecting group", as used herein,
refers to an agent used to temporarily block one or
more desired reactive sites in a multifunctional
compound. 



In certain embodiments, a protecting group has one or
more, or preferably all, of the following
characteristics: a) reacts selectively in good yield
to give a protected substrate that is stable to the
reactions occurring at one or more of the other
reactive sites; and b) is selectively removable in
good yield by reagents that do not attack the
regenerated functional group. Exemplary protecting
groups are detailed in Greene, T.W., Wuts, P. G in
"Protective Groups in Organic Synthesis", Third
Edition, John Wiley & Sons, New York: 1999, the entire
contents of which are hereby incorporated by
reference. The term "nitrogen protecting group", as
used herein, refers to an agents used to temporarily
block one or more desired nitrogen reactive sites in a
multifunctional compound. Preferred nitrogen
protecting groups also possess the characteristics
exemplified above, and certain exemplary nitrogen
protecting groups are also detailed in Chapter 7 in
Greene, T.W., Wuts, P. G in "Protective Groups in
Organic Synthesis", Third Edition, John Wiley & Sons,
New York: 1999, the entire contents of which are
hereby incorporated by reference. [0046] As detailed
above, in some embodiments, two independent
occurrences of R0 (or R+, R, R' or any other variable
similarly defined herein), are taken together with the
atom(s) to which they are bound to form an optionally
substituted 3-12 membered saturated, partially
unsaturated, or fully unsaturated monocyclic or
bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. [0047]
Exemplary rings that are formed when two independent
occurrences of R0 (or R+, R, R' or any other variable
similarly defined herein), are taken together with the
atom(s) to which each variable is bound include, but
are not limited to thefollowing: a) two independent
occurrences of R0 (or R+, R, R' or any other variable
similarly defined herein) that are bound to the same
atom and are taken together with that atom to form a
ring, for example, N(R)2, where both occurrences of R0
are taken together with the nitrogen atom to form a
piperidin-1-yl, piperazin-1-yl, or morpholin- 4-yl
group; and b) two independent occurrences of R0 (or
R+, R, R' or any other variable similarly defined
herein) that are bound to different atoms and are
taken together with both of those atoms to form a
ring, for example where a phenyl group is substituted
with two occurrences of OR0 these two occurrences of
R0 are taken together with the oxygen atoms to which
they are bound to form a fused 6- membered oxygen
containing ring: It will be appreciated that a variety
of other rings can be formed when two independent
occurrences of R0 (or R+, R, R' or any other variable
similarly defined herein) are taken together with the
atom(s) to which each variable is bound and that the
examples detailed above are not intended to be
limiting. [0048] Unless otherwise stated, structures
depicted herein are also meant to include all isomeric
(e.g., enantiomeric, diastereomeric, and geometric (or
conformational)) forms o f the structure; for example,
the R and S configurations for each asymmetric center,
(Z) and (E) double bond isomers, and (Z) and (E)
conformational isomers. Therefore, single
stereochemical isomers as well as enantiomeric,
diastereomeric, and geometric (or conformational)
mixtures of the present compounds are within the scope
of the invention. Unless otherwise stated, all
tautomeric forms of the compounds of the invention are
within the scope of the invention. Additionally,
unless otherwise stated, structures depicted herein
are also meant to include compounds that differ only
in the presence of one or more isotopically enriched
atoms. For example, compounds having the present
structures except for the replacement of hydrogen by
deuterium or tritium, or the replacement of a carbon
by a 13C- or C- enriched carbon are within the scope
of this invention. Such compounds are useful, for
example, as analytical tools or probes in biological
assays.[0049] 3. Description of Exemplary Compounds:
[0050] As described generally above, R1 is T-R', or is
- Si(R') 3. In certain embodiments, when R1 is T-R', T
is an optionally substituted Q.C alkylidene chain
wherein up to two methylene units are optionally and
independently replaced with - O-, -S-, -NR'-, -OCO-,
-COO-, -SO 2-Or - CO-, and R' is hydrogen,
C1-C4-alkyl, or an optionally substituted 5- or
6-membered aryl or heteroaryl group. In other
embodiments of R1, R' may additionally be
C1-C4-aliphatic. In other embodiments, when R1 is -
Si(R') 3, R' is hydrogen, C1-C4-alkyl, or an
optionally substituted 5- or 6- membered saturated,
partially unsaturated, or fully unsaturated monocyclic
ring having 0-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur. In still other
embodiments, R1 is hydrogen, Q-Qalkyl, -COR', -SO2R',
or -Si(R') 3. In yet other embodiments, R1 is
hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl,
ptoluenesulfonyl (Ts), t-butyldimethylsilyl (TBS),
triisopropylsilyl (TIPS), or triethylsilyl (TES).
Exemplary R 1 groups are also depicted in Tables 1 and
2 herein. [0051] As described generally above, R2,R3,
and R4 are each independently halogen, CN, NO2, or
V-R'. In certain embodiments, R2, R3, and R4 are each
independently hydrogen, R', halogen, CN, NO2, -N(R')
2, -CH2N(R') 2, -OR', - CH2OR', -SR', -CH2SR', -COOR',
-NR'COR', -CON(R') 2, -SO2N(R') 2, - CONR'(CH2)2N(R')
2, -CONR'(CH 2)3N(R') 2, -CONR CH R' , -O(CH2)2OR\
O(CH2)3OR', O(CH2)4OR', -O(CH 2)2N(R') 2,
-O(CH2)3N(R') 2, or -0(OHb)4N(R')^ In other
embodiments, R2, R3, and R 4 are each independently
Cl, Br, F, -CN, -COOH, - COOMe, -NH2, - N(CHs)2,
-N(Et) 2, -N(JPr)2, -O(CH2)2OCH3, -CONH2, -COOCH3,
-OH, -CH2OH, -NHCOCH3, -SO 2NH2, -SO2N(Me)2, or an
optionally substituted group selected from C1-C4alkyl,
Q-Qalkyloxy, a 3-8-membered saturated, partially
unsaturated, or fully unsaturated monocyclic ring
having 0-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, or an 8-12 membered
saturated, partially unsaturated, o r fully
unsaturated bicyclic ring system having 0-5
heteroatoms independently selected from nitrogen,
oxygen, or sulfur. In still other embodiments, R2, R3,
and R4 are each hydrogen. In other embodiments, one of
R2, R3, or R4 is hydrogen. In yet other embodiments,
two of R2, R3, or R4 is hydrogen. In yet other
embodiments, R2 and R 4 are both hydrogen, and R3 is
halogen, CN, NO2, or V-R'. In still other embodiments,
R2 and R4 are both hydrogen, and R3 is anoptionally
substituted group selected from a 3-8-membered
saturated, partially unsaturated, or fully unsaturated
monocyclic ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or an 8-12
membered saturated, partially unsaturated, or fully
unsaturated bicyclic ring system having 0-5
heteroatoms independently selected from nitrogen,
oxygen, or sulfur. In yet other embodiments, R2 and R4
are both hydrogen, and R3 is an optionally substituted
5- or 6-membered saturated, partially unsaturated, or
fully unsaturated ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. In yet other embodiments, R2 and R4 are both
hydrogen, and R3 is an optionally substituted ring
selected from phenyl, pyridyl, pyrimidinyl, thiazolyl,
oxazolyl, thienyl, furyl, pyrrolyl, pyrazolyl,
triazolyl, pyrazinyl, thiadiazolyl, or oxadiazolyl. In
yet other embodiments, when R1, R2 and R4 are H, then
R3 i s not an optionally substituted phenyl. In yet
other embodiments, when R1, R2 and R4 are H, then R3
is not an aryl, heteroaryl, carbocyclyl or
heterocyclyl ring. Exemplary R2, R3, and R4 groups
also include those shown below in Tables 1 and 2.
[0052] As described above, R2,R3, and R4 are each
optionally substituted, and in certain embodiments,
R2, R3, and R4 are each optionally and independently
substituted with z occurrences of R6, wherein z is 0-5
and R6 i s =O, =NR", =S, halogen, -CN, - NO2, or Z-R",
wherein Z is a bond or an optionally substituted C1-C6
alkylidene chain, wherein up to two methylene units of
the chain are optionally and independently replaced by
- NR"-, -S-, -O-, -CS-, -CO2-, -OCO-, - CO-, -COCO-,
-CONR"-, - NR"CO-, -NR"C0 2-, -SO2NR"-, -NR"SO2-,
-CONTR"NR"-, -NR"CONR"-, - OCONR"-, -NR"NR"-,
-NR"SO2NR"-, -SO-, -SO -, -PO-, -PO2- or - POR"-, and
and each occurrence of R is independently hydrogen or
an optionally substituted C1-C aliphatic group, a
3-8-membered saturated, partially unsaturated, or
fully unsaturated 



monocyclic ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or an 8-12
membered saturated, partially unsaturated, or fully
unsaturated bicyclic ring system having 0-5
heteroatoms independently selected from nitrogen,
oxygen, or sulfur; or two occurrences of R are taken
together with the atom(s) to which they are bound to
form an optionally substituted 3-12 membered
saturated, partially unsaturated, or fully unsaturated
monocyclic or bicyclic ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. Inother embodiments, z is 0, 1, 2, or 3, and
each occurrence of R6 is independently hydrogen, R",
-CH2R", halogen, CN, NO2, -N(R")2, -CH 2N(R")2, -OR",
-CH2OR", - SR", -CH2SR", -COOR", -NR"COR", -NR"COOR",
-CON(R") 2, -SO2N(R")2, -CONR"(CH2)2N(R")2,
-CONR(CH2)3N(R")2,-CONR"(CH 2)4N(R")2, -O(CH2)2OR",
O(CH2)3OR", O(CH2)4OR", -O(CH2)2N(R")2, -O(CH2)3N(R")
2, -O(CH2)4N(R")2 -NR"CH(CH2OH)R", -NR CH(CH2CH2OH)R",
-NR"(CH 2)R", -NR"(CH2)2R", - NR"(CH2)3R",
-NR"(CH2)4R", -NR"(CH2)N(R")2, -NR"(CH 2)2N(R")2, -
NR"(CH2)3N(R")2, -NR"(CH2)4N(R")2, -NR"(CH2)OR",
-NR"(CH2)2OR", - NR"(CH2)3OR", or - NR"(CH2)4OR". In
other embodiments, R6 may additionally be -NR
CH(CH3)R". In still other embodiments, z is 1, 2, or 3
and each occurrence of R6 is independently F, Cl, Br,
CN, OH, NH2, -CH2OH, Q-Cgalkyl, -O(C C6alkyl), -
CH2O(d-C 6alkyl), -COtQ-Cealkyl), -COO(d-C 6alkyl),
-NHSO2(C1-C6alkyl), - SO2NH2, -CONH2, -CON(d-C
6alkyl), -SO2(C1-C6alkyl), -SO2phenyl, phenyl, benzyl,
-N(d-C 6alkyl)2, or -S(C1-C6alkyl), wherein each of
the foregoing phenyl, benzyl, and Q-Cealkyl groups is
independently and optionally substituted, and wherein
each of the foregoing d-C 6alkyl groups is linear,
branched, or cyclic. Additional exemplary R6 groups
are depicted in Table 1. [0053] As described generally
above for compounds of formula I , X1, X2 and X3 are
each independently N, or CH, wherein the hydrogen atom
of CH is optionally replaced by R5. In certain
embodiments, two of X1,X2, or X3 is N, and the
remaining one of X1, X2, or X3 is CH, wherein the
hydrogen atom of CH is optionally replaced by R5. In
certain other embodiments, one of X1, X2, or X3 is N,
and the remaining two of X1, X2, or X3 is CH, wherein
the hydrogen atom of CH is optionally replaced by R5.
In yet other embodiments, each of X1, X2 and X3 is CH,
wherein the hydrogen atom of CH is optionally replaced
by R5. In certain other exemplary embodiments,
compounds have one of formulae I-A, I-B, I-C or I-D:
I-A I-B[0054] In other embodiments, compounds have
formula I-E: [0055] As described generally for
compounds of formula I above, x is 1, 2, 3, or 4; and
each occurrence of R5 is independently halogen, CN,
NO2, or U-R' , wherein each occurrence of U is
independently a bond or an optionally substituted C1-C
alkylidene chain, wherein up to two methylene units of
the chain are optionally and independently replaced by
- NR'-, -S-, -O-, -CS-, -CO2-, -OCO-, -CO-, -COCO-, -
CONR'-, -NR'CO-, -NR CO2-, -SO2NR'-, -NR SO2-,
-CONR'NR'-, -NR'CONR'-, - OCONR'-, -NR'NR'-, -NR
SO2NR'-, -SO-, -SO2-, -PO-, -PO2-, or - POR'-; and
each occurrence of R is independently hydrogen or an
optionally aliphatic group, a 3-8-membered saturated,
partially unsaturated, or fully unsaturated monocyclic
ring having 0-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or an 8-12 membered
saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; or two occurrences of R , are taken together
with the atom(s) to which they are bound to form an
optionally substituted 3-12 membered saturated,
partially unsaturated, or fully unsaturated monocyclic
or bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. In certain
embodiments, each occurrence of R5 is independently
hydrogen, R', -CH2R', halogen, CN, NO2, -N(R') 2,
-CH2N(R') 2, -OR', -CH2OR', -SR', - CH2SR', - COOR',
-NR'COR', -NR'C0CH 2R\ -NR'CO(CH 2)2R\ -NR'COOR',
-CON(R') 2, -SO2N(R')2, -CONR'(CH 2)2N(R') 2,
-CONR(CH2)3N(R') 2,-CONH'(CHz)4N(RO2, - O(CH2)2OR',
O(CH2)3OR\ O(CH2)4OR', -O(CH2)2N(R') 2, -O(CH2)3N(R')
2, - CKCH R' -NR CH(CH2OH)R', -NR CH(CH2CH2OH)R',
-NR'(CH 2)R', - NR'(CH 2)2R', -NR'(CH 2)3R , -NR'(CH
2)4R', -NR'(CH2)N(R' )2, -NR'(CH 2)2N(R') 2, - NR'(CH
2)3N(R') 2, -NR'(CH 2)4N(R') 2, -NR'(CH 2)OR',
-NR'(CH2)2OR', - NR'(CH 2)3OR\ or -NR'(CH 2)4OR'. In
certain embodiments, R5 may also be - NR CH(CH3)R', NR
CH(CF3)R , -NR CH(CH3)C(O)OR , -NR CH(CF3)C(O)OR', -
NR CH(CH2CH3)R', -NR CH2C(O)N(R' )2,
-NR'CH(CH3)C(O)N(R' )2, NR'CH(CF 3)C(O)N(R') 2,
-NR'CH(CH2CH3)C(O)N(R )2, - NR'CH(CH(CH 3)2)C(O)N(R
)2, -NR'CH(C(CH 3)3)C(O)N(R') 2, - NR'CH(CH
2CH(CH3)2)C(O)N(R') 2, -NR'CH(CH2OR9)C(O)N(R')2 or -
NR'CH(CH 2CH2N(Me)2)C(O)N(R') 2. In certain exemplary
embodiments, x is 1, 2 , or 3, and at least one
occurrence of R5 is - N(R )2, -NR CH(CH2OH)R , - NR
CH(CH2CH2OH)R , -NR'(CH2)R\ -NR'(CH 2)2R\ NR (CH2)N(R'
)2, or - NR'(CH 2)2N(R') 2. In other embodiments, x is
1, 2, or 3, and at least one occurrence of R is -OR'.
In other embodiments, x is 1, 2, or 3, and at least
one occurrence of R5 is halogen. In yet other
embodiments, x is 1, 2, or 3, and at least one
occurrence of R5 is -NR COR , -NR COCH2R , -NR'CO(CH
2)2R', -NR CH(CH2OH)R , - NR CH(CH2OMe)R , -NR
CH(CH2OEt)R , -NR CH(CH2OCF3)R , - NR CH(CH2CH2OH)R ,
-NR CH(CH2CH2OMe)R', -NR CH(CH2CH2OEt)R', - NR
CH(CH2CH2OCF3)R , -NR CH(CH3)C(O)OR', -NR
CH(CF3)C(O)OR', - NR'CH(CH 3)C(O)N(R') 2, -NR
CH(CF3)C(O)N(R )2, -NR CH(CH2CH3)C(O)N(R') 2,
-NR'CH(CH2OH)C(O)N(R')2, -NR'CH(CH2OMe)C(O)N(R')2, -
NR'CH(CH2OEt)C(O)N(R')2 or -NR'CH(CH2OCF3)C(O)N(R')2,
wherein R' is an optionally substituted C1-C4
aliphatic; NHCH2C(O)NHR', -NHCH(CH3)C(O)NHR- ' , -
NHCH(CH2CH3)C(O)NHR', -NHCH(CH(CH3)2)C(O)NHR\ -
NHCH(C(CH3)3)C(O)NHR', -NHCH(CH2CH(CH3)2)C(O)NHR', -
NHCH(CH2OH)C(O)NHR', -NHCH(CH2OMe)C(O)NHR' or -
NHCH(CH2CH2N(Me)2)C(O)NHR', wherein R' is an
optionally substituted C1-C4 aliphatic; -NHR',
-NH(CH2)R', -NH(CH2)2R', -NHCH(CH3)R', -NHCH2C(O)NHR',
- NHCH(CH3)C(O)NHR', -NHCH(CH2CH3)C(O)NHR', -
NHCH(CH(CH3)2)C(O)NHR , -NHCH(C(CH3)3)C(O)NHR ,
-NHCH(CH 2CH(CH S)2)C(O)NHR', -NHCH(CH 2OH)C(O)NHR', -
NHCH(CH2OMe)C(O)NHR' or -NHCH(CH 2CH2N(Me)2)C(O)NHR',
wherein R' is an optionally substituted C1-C 4
aliphatic; -NHCH(CH 3)R', wherein R' is optionally
substituted phenyl; H, halogen, CH3, CF3, COOH, COOMe
or OR', wherein R' is C1- C4 aliphatic. [0056] In
still other embodiments, x is 1, 2, or 3, and at least
one occurrence of R5 is an optionally substituted C1
-C aliphatic group, a 3-8-membered saturated,
partially unsaturated, or fully unsaturated monocyclic
ring having 0-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or an 8-12 membered
saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. [0057] In yet other embodiments, x is 1 or 2,
and each occurrence of R5 is independently halogen,
R', CN, -CH2CN, -(CH 2)2CN, NO2, -CH2NO2, -(CH2)2NO2,
CON(R') 2, -CH2CON(R') 2, -CCH2)2CON(R') 2, COOR',
-CH2COOR', - (CH2)2COOR\ -SO2N(R') 2, - CH2SO2N(R') 2,
-(CH2)2SO2N(R') 2, -NR SO2R', - CH2NR SO2R',
-(CH2)2NR'SO 2R\ NR'CON(R') 2, -CH2NR' CON(R') 2, -
(CH2)2NR'CON(R') 2, -NR'SO 2N(R') 2, -CH2NR' SO2N(R'
)2, -(CH2)2NR' SO2N(R' )2, - COCOR', -CH2COCOR', -(CH
2)2COCOR', - N(R') 2, -CH2N(R') 2, -(CH2)2N(R') 2, -
OR', -CH2OR', -(CH2)2OR', - NR'COR', -NR COCH2R',
-NR'CO(CH 2)2R\ -CH2NR COR', or In yet other
embodiments, R5 is CN, -CH2CN, -(CH2)2CN, -NO2,
-CH2NO2, - (CH2)2NO2, OR', -CH2OR', -CON(R') 2,
-SO2N(R') 2, - N(R )2, or R' . In still other
embodiments, each occurrence of R5 is independently 



hydrogen, halogen, CN, -CH2CN, -(CH2)2CN, NO2,
-CH2NO2, -(CH2)2NO2, -CONH2, -CON(C1-C4alkyl),
-SO2NH2, -SO2N(C^alkyl), NH2, -N(C1-C4alkyl), -OH,
-0(C 1- Qalkyl), -CH2OH, -CH2O(Ci -C4alkyl), or an
optionally substituted 5- or 6-membered unsaturated
ring wherein 0-3 ring carbon atoms is optionally
replaced by oxygen, sulfur, or nitrogen. [0058] As
described generally for compounds of formula I above,
R5 is optionally substituted with y occurrences of R7,
wherein y is 0-5 and R7 is =0, =NR", =S, halogen, -CN,
-NO2, or W-R ' , wherein W is a bond or an optionally
substituted C1-C6 alkylidene chain, wherein up t o two
methylene units of the chain are optionally and
independently replaced by - NTR"-, -S-, -O-, -CS-,
-CO2-, -OCO-, -CO-, -COCO-, -CONR"-, -NR CO-, -NR
CO2-, -SO2NR"-, -NR SO2-, -C0NR"NR"-, -NR CONR"-,
-OCONR"-, -NR NR"-, -NR SO2NR"-, -SO-, -SO2-, -PO-,
-PO 2-, or - POR"-, and and each occurrence of R is
independently hydrogen or an optionally substituted
C1- C6 aliphatic group, a 3-8-membered saturated,
partially unsaturated, or fully unsaturated monocyclic
ring having 0-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or an 8-12 membered
saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; or two occurrences of R , are taken together
with the atom(s) to which they are bound to form an
optionally substituted 3-12 membered saturated,
partially unsaturated, or fully unsaturated monocyclic
or bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, xygen, or sulfur. In other
embodiments, y is O, 1, 2, or 3, and each occurrence
of R7 is independently hydrogen, R", -CH2R", halogen,
CN, NO2, -N(R")2, -CH2N(R ) 2 , -OR", -CH2OR", - SR",
-CH2SR", -COOR", -NR COR", -NR COOR", -CON(R >2,
-SO2N(R") 2, - CONR"(CH2)2N(R")2,
-CONR(CH2)3N(R")2,-CONR"(CH2)4NC-R") 2, -O(CH2)2OR",
O(CH2)3OR", O(CH2)4OR", -O(CH2)2N(R")2,
-O(CH2)3N(R")2, -O(CH2)4N(R") 2, - NR CH(CH2OH)R", -NR
CH(CH2CH2OH)R", -NR"(CH2)R", - NR"(CH 2)2R", -
NR"(CH2)3R", -NR"(CH2)N(R")2, -NR"(CH2)2IN(R") 2,
NR"(CH2)3N(R")2, -NR"(CH2)4N(R")2, -NR"(CH2)0R",
-NR"(C:H 2)2OR", - NR"(CH2)3OR", or - NR"(CH2)4OR". In
certain embodiments, IR7 may also be - NR5CH(CH )R'.
In other embodiments, y is 1, 2, or 3 and each
occurrence of R7 is independently F, Cl, Br, CN, OH,
NH2, -CH2OH, d-C 6alkyl, -O(C 1-QaIkVl), -
CH2O(C1-C6alkyl), -CO(C1-C6alkyl), -COO(C!-C6alkyl),
-NHSO 2(C -C6alkyl), - SO2NH2, -CONH2,
-CON(C1-C6alkyl), -SO2(d-C 6alkyl), -SO2phenyl,
phenyl, benzyl, -N(C1-C6alkyl)2, or -S(C1-QaIkVl),
wherein each of the foregoing phenyl, benzyl, and d-C
6alkyl groups is independently and optionally
substituted, a.nd wherein each of the foregoing CrC
6alkyl groups is linear, branched, or cyclic.
Additional exemplary R7 groups are depicted in Table
1. [0059] In still other embodiments, x is 1, 2, or 3;
at least one occurence of R5 is - N(R') 2, -NR
CH(CH2OH)R , -NR CH(CH2CH2OH)R , -NR (C-H2)R', -NR'(CH
2)2R', NR'(CH 2)N(R )2,-NR (CH2)2N(R') 2 -OR , -NR COR
, -NR COCH 2R , or - NR CO(CH2)2R ; and R' is a
d-Cealiphatic group or a 3-8-mernbered
saturated,partially unsaturated, or fully unsaturated
monocyclic ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or an 8-12
membered saturated, partially unsaturated, or fully
unsaturated bicyclic ring system having 0-5
heteroatoms independently selected from nitrogen,
oxygen, or sulfur; or two occurrences of R are taken
together with the atom(s) to which they are bound to
form an optionally substituted 3-12 membered
saturated, partiality unsaturated, or fully
unsaturated monocyclic or bicyclic ring having 0-4
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, wherein each occurrence of R' is
optionally substituted with y occurrences of R7. In
certain embodiments, R' is hydrogen, C1- C6alkyl
optionally substituted with 1-3 occurrences of R7, o r
is a 5-10-membered monocyclic or bicyclic saturated,
partially unsaturated or fully unsaturated ring having
0-4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, wherein the ring is optionally
substituted with 1-3 occurrences of R7. In other
embodiments, R' is hydrogen, Q-Qalkyl optionally
substituted with 1-3 occurrences of R7, or is a ring
selected from: i ii iii iv v vi vii viii ix x xi xii
xiii xiv xv xviXVIl xviii XlX xx XXl XXU XXlU XXlV XXV
XXVl xxvii XXVHl XXlX XXX XXXl XXXH XXXlH XXXlV XXXV
XXXVl XXXVH xxxvm XXXlX XL xLi xLii XLiii xLiv xLv
xLvi wherein y and R7 are described generally and in
subsets above.In another embodiment, R' may be ,
wherein y and R7 are described generally and in
subsets above. [0060] In yet other embodiments, R5 is
-N(R' )2 and the two occurrences of R' are taken
together with the nitrogen atom to which they are
bound to form an optionally substituted 3-10-membered
monocyclic or bicyclic heterocyclic ring. In certain
embodiments, the ring is selected from: a g m n o
wherein y and R7 are described generally and in
subsets above. [0061] Certain additional subsets of
compounds of general formula I include: [0062] I.
Compounds of formula I-A: I-Awherein R1, R2, R3, R4,
R5 and x are each described generally above and in
subsets described above and herein. [0063] In some
embodiments, for compounds of formula I-A: a. R1 is: i
. T-R' , wherein T is a bond or an optionally
substituted C1- C6alkylidene chain wherein up to two
methylene units are optionally and independently
replaced with - O-, -S-, -NR'-, - OCO-, -COO-, -SO2-Or
- CO-, and R' is hydrogen, d-d-alkyU or an optionally
substituted 5- or 6-membered aryl or heteroaryl group,
or ii. - Si(R') 3, wherein R' is hydrogen, Q-Q-alkyl,
or an optionally substituted 5- or 6-membered
saturated, partially unsaturated, or fully unsaturated
monocyclic ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; b. R2, R3,
and R4 are each independently hydrogen, R', halogen,
CN, NO2, -N(R') 2, -CH2N(R') 2, -OR', -CH2OR', -SR',
-CH2SR', -COOR', -NR'COR', -NR COCH2R', -NR'CO(CH
2)2R\ -CON(R') 2, - SO2N(R') 2, -CONR'(CH 2)2N(R') 2,
-CONR'(CH 2)3N(R') 2,- CONR'(CH 2)4N(R') 2,
-O(CH2)2OR\ O(CH2)3OR\ O(CH2)4OR', - O(CH2)2N(R') 2,
-O(CH2)3N(R') 2, or -O(CH2)4N(R') 2; wherein R2,R3,
and R4 are each optionally substituted with z
occurrences of R6, wherein z is 0-5 and R6 is =O,
=NR", =S, halogen, -CN, -NO2, or ZR", wherein Z is a
bond or an optionally substituted C1-C6 alkylidene
chain, wherein up to two methylene units of the chain
are optionally and independently replaced by - NR"-,
-S-, -0-, -CS-, -CO2-, -OCO-, - CO-, -COCO-, -CONR"-,
-NR"C0-, -NR"C0 2-, -SO2NR"-, -NR SO2- 



, -CONR"NR"-, -NR"C0NR"-, -OCONR"-, -NR"NR"-, - NR
SO2NR"-, -SO-, -SO2-, -PO-, -PO2-, or - POR"-, and
each occurrence of R is independently hydrogen or an
optionally substituted C -C aliphatic group, a
3-8-membered saturated, partially unsaturated, or
fully unsaturated monocyclic ring having 0-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfur,or an 8-12 membered saturated,
partially unsaturated, or fully unsaturated bicyclic
ring system having 0-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; or two
occurrences of R are taken together with the atom(s)
to which they are bound to form an optionally
substituted 3-12 membered saturated, partially
unsaturated, or fully unsaturated monocyclic or
bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; and each
occurrence of R5 is independently hydrogen, R', -CH
R', halogen, CN, NO2, -N(R') 2, -CH2N(R') 2, -OR',
-CH2OR', -SR', - CH2SR', -COOR', -NR'COR', -NR
COCH2R', -NR'CO(CH 2)2R\ - NR'COOR', -CON(R') 2,
-SO2N(R') 2, -CONR'(CH2)2N(R') 2, - CONR(CH2)3N(R') 2
-CONR'(CH 2)4N(R') 2, -O(CH2)2OR\ O(CH2)3OR\
O(CH2)4OR\ -O(CH2)2N(R') 2, -O(CH2)3N(R') 2, -
O(CH2)4N(R') 2, -NR CH(CH2OH)R', -NR CH(CH2CH2OH)R', -
NR-(CH2)R', -NR'(CH 2)2R\ -NR'(CH 2)3R\ -NR'(CH 2)4R',
- NR'(CH 2)N(R') 2, -NR'(CH 2)2N(R') 2,
-NR'(CH2)3N(R') 2, - NR'(CH 2)4N(R') 2, -NR'(CH2)OR',
-NR'(CH2)2OR', -NR'(CH2)3OR\ or -NR'(CH 2)4OR\ wherein
R5 is optionally substituted with y occurrences of R7,
wherein y is 0-5 and R7 is =O, =NR", =S, halogen, -
CN, -NO2, or W-R', wherein W is a bond or an
optionally substituted C1-C6 alkylidene chain, wherein
up to two methylene units of the chain are optionally
and independently replaced by - NR"-, -S-, -O-, -CS-,
- CO2-, -OCO-, -CO-, -COCO-, -CONR"-, -NR"CO-, -NR"C0
2~, - SO2NR"-, -NR SO2-, -CONR NR"-, -NR CONR"-,
-OCONR"-, - NR NR"-, -NR SO2NR"-, -SO-, -SO2-, -PO-,
-PO2-, or - POR"-, and and each occurrence of R is
independently hydrogen or an optionally substituted
C1-C6 aliphatic group, a 3-8-membered saturated,
partially unsaturated, or fully unsaturated monocyclic
ring having 0-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or an 8-12 membered
saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms
independentlyselected from nitrogen, oxygen, or
sulfur; or two occurrences of R are taken together
with the atom(s) to which they are bound to form an
optionally substituted 3-12 membered saturated,
partially unsaturated, or fully unsaturated monocyclic
or bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. In still
other embodiments, for compounds of formula I -A: a.
R1 i s hydrogen, C1-C4JdICyI, -COR', -SO 2R', or -
Si(R' )3; b . R2, R3, and R4 are each independently
Cl, Br, F , -CN, -COOH, - COOMe, -NH 2, - N(CHs) 2,
-N(Et) 2, -N(IPr) 2, -O(CH 2)2OCH 3, - CONH 2, -COOCH
3, -OH, -CH 2OH, -NHCOCH 3, -SO 2NH2, - SO2N(Me) 2, or
an optionally substituted group selected from C1-
C4alkyl, C1-C4alkyloxy, a 3-8-membered saturated,
partially unsaturated, or fully unsaturated monocyclic
ring having 0-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or an 8-12 membered
saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; wherein R2, R3, and R4 are each independently
and optionally substituted with z occurrences of R6,
wherein z is O, 1, 2, or 3, and each occurrence of R6
is independently hydrogen, R", -CH 2R", halogen, CN,
NO2, -N(R") 2, - CH2N(R") 2, -OR", -CH 2OR", -SR", -CH
2SR", -COOR", -NR 55COR", - NR- COOR", -CON(R") 2, -SO
2N(R") 2, -CONR"(CH 2)2N(R") 2, - CONR(CH 2)3N(R") 2,
-CONR"(CH 2)4N(R") 2 -O(CH 2)2OR", O(CH 2)3OR", O(CH
2)4OR", -O(CH 2)2N(R") 2, -O(CH 2)3N(R") 2, - O(CH
2)4N(R") 2, -NR 5CH(CH 2OH)R", -NR 55CH(CH 2CH2OH)R",
- NR"(CH 2)R", -NR"(CH 2)2R", -NR"(CH 2)3R", -NR"(CH
2)4R", - NR"(CH 2)N(R") 2, -NR"(CH 2)2N(R") 2, -NR"(CH
2)3N(R") 2, - NR"(CH 2)4N(R") 2, -NR"(CH 2)0R",
-NR"(CH 2)2OR", - NR"(CH 2)3OR", or - NR'(CH 2)4OR"; c
. each occurrence of R5 is independently hydrogen, R5,
-CH2R' , halogen, CN, NO2, -N(R') 2, -CH 2N(R') 2, -OR
5, -CH 2OR', -SR', -CH2SR', -COOR', -NR'COR', -NR
COCH2R', -NR'CO(CH2)2R\ - NR'COOR', -CON(R') 2,
-SO2N(R') 2, -CONR'(CH 2)2N(R')2, - CONR(CH2)3N(R') 2,
-CONR'(CH 2)4N(R') 2, -O(CH2)2OR', O(CH2)3OR',
O(CH2)4OR', -O(CH2)2N(R') 2, -O(CH2)3N(R') 2, -
O(CH2)4N(R') 2, -NR CH(CH2OH)R', -NR CH(CH2CH2OH)R', -
NR' (CH2)R , -NR'(CH 2)2R\ -NR'(CH 2)3R', -NR' (OW, -
NR'(CH 2)N(R') 2, -NR'(CH 2)2N(R') 2, -NR'(CH 2)3N(R')
2, - NR' CH N R' -NR'(CH 2)OR', -NR'(CH 2)2OR',
-NR'(CH2)3OR', or -NR'(CH 2)4OR', wherein R5 is
optionally substituted with y occurrences of R7,
wherein y is 0, 1, 2, or 3, and each occurrence of R7
is independently hydrogen, R", -CH2R , halogen, CN,
NO2, -N(R' )2, - CH2N(R ')2, -OR , -CH2OR , -SR ,
-CH2SR , -COOR , -NR"COR , - NR"COOR", -CON(R")2,
-SO2N(R")2, -CONR"(CH2)2N(R")2, - CONR(CH2)3N(R )2
-CONR"(CH2)4N(R )2 -O(CH2)2OR , O(CH2)3OR ,
O(CH2)4OR", -O(CH2)2N(R )2, -O(CH2)3N(R")2, -
O(CH2)4N(R")2, -NR CH(CH2OH)R", -NR"CH(CH2CH2OH)R , -
. NR XCH2)R , -NR (CH2)2R", -NR"(CH2)3R ,
-NR"(CH2)4R", - NR (CH2)N(R")2, -NR"(CH2)2N(R")2,
-NR"(CH2)3N(R")2, - NR"(CH2)4N(R")2, -NR (CH2)OR",
-NR"(CH2)2OR", - NR"(CH2)3OR", or - NR"(CH2)4OR".
[0065] In other embodiments, for compounds of formula
I-A and subsets described directly above, R1 is
hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl,
p-toluenesulfonyl (Ts), t-butyldimethylsilyl (TBS),
triisopropylsilyl (TIPS), or triethylsilyl (TES).
[0066] In still other embodiments, for compounds of
formula I-A and subsets described directly above, R2,
R3, and R4 are each hydrogen. In other embodiments,
one of R2,R3, or R4 is hydrogen. In yet other
embodiments, two of R2,R3, or R4 is hydrogen. In yet
other embodiments, R2 and R4 are both hydrogen, and R3
is halogen, CN, N O2, or V-R'. In still other
embodiments, R2 and R4 are both hydrogen, and R3 is an
optionally substituted group selected from a
3-8-membered saturated, partially unsaturated, or
fully unsaturated monocyclic ring having 0-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an 8-12 memberedsaturated,
partially unsaturated, or fully unsaturated bicyclic
ring system having 0-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. In yet
other embodiments, R2 and R4 are both hydrogen, and R3
is an optionally substituted 5- or 6-membered
saturated, partially unsaturated, or fully unsaturated
ring having 0-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur. In yet other
embodiments, R2 and R4 are both hydrogen, and R3 is an
optionally substituted ring selected from phenyl,
pyridyl, pyrimidinyl, thiazolyl, oxazolyl, thienyl,
furyl, 



pyrrolyl, pyrazolyl, triazolyl, pyrazinyl,
thiadiazolyl, or oxadiazolyl. In yet other
embodiments, R3 is selected from H, Cl, Br, F, -CN,
-COOH, -COOMe, -NH2, - N(R') 2, -NO2, -OR', -C0N(R')
2, -COOR', -OH, -SR', -C(R') 20R', -N(R')C0R\ -
N(R')C(0)OR\ -SO2NH2, -SO2N(R') 2, or an optionally
substituted group selected from C1-C4 aliphatic, C1-C4
alkyloxy or -C=C-C1-C4 aliphatic. In a further
embodiment, R2 and R4 are both hydrogen and R3 is
selected from the immediately preceding list. [0067]
In other embodiments, for compounds of formula I-A and
subsets described directly above, R2, R3, and R4 are
each independently and optionally substituted with z
occurrences of R6, wherein z is 1, 2, or 3 and each
occurrence of R6 is independently F, Cl, Br, CN, OH,
NH2, -CH2OH, Q-Qalkyl, -O(d-C 6alkyl), - CH2O(Cr C6
alkyl), -CO(C1-C6alkyl), -COOCQ-Cealkyl),
-NHSO2(C1-C6alkyl), - SO2NH2, -CONH 2,
-CON(C1-C6alkyl), -SO2(C1-C6alkyl), -SO2phenyl,
phenyl, benzyl, -N(CrC 6alkyl) 2, or -S(C1-C6alkyl),
wherein each of the foregoing phenyl, benzyl, and
Q-Qalkyl groups is independently and optionally
substituted, and wherein each of the foregoing Q-C
alkyl groups is linear, branched, or cyclic. [0068] In
certain exemplary embodiments, for compounds of
formula I-A and subsets described directly above, x is
1, 2, or 3, and at least one occurrence of R5 is -
N(R') 2, -NR CH(CH2OH)R', -NR CH(CH2CH2OH)R', -NR'(CH
2)R\ -NR'(CH2)2R', NR' (CH2)N(R' )2, or -NR'(CH
2)2N(R') 2. In other embodiments, x is 1, 2, or 3, and
at least one occurrence of R5 is -OR'. In yet other
embodiments, x is 1, 2, or 3, and at least one
occurrence of R5 is -NR'COR', -NR'COCH 2R', or
-NR'CO(CH2)2R'. In still other embodiments, x is 1, 2,
or 3, and at least one occurrence of R5 is an
optionally substituted C1-C aliphatic group, a
3-8-membered saturated, partially unsaturated, or
fully unsaturated monocyclic ring having 0-3
heteroatomsindependently selected from nitrogen,
oxygen, or sulfur, or an 8-12 membered saturated,
partially unsaturated, or fully unsaturated bicyclic
ring system having 0-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. [0069] In
still other embodiments, for compounds of formula I-A
and subsets described directly above, R5 i s
optionally substituted with y occurrences of R7,
wherein y is 1, 2, or 3 and each occurrence of R7 is
independently F, Cl, Br, CN, OH, NH2, -CH2OH, d-C
6alkyl, -O(d-C 6alkyl), -CH2O(d-C 6alkyl),
-CO(C1-C6alkyl), - COO(d-C 6alkyl), -NHSOztCrQalkyl),
-SO2NH2, -CONH2, -CON(d-C 6alkyl), - SO2(d-C 6alkyl),
-SO2phenyl, phenyl, benzyl, -N(d-C 6alkyl)2, or -S(d-C
6alkyl), wherein each of the foregoing phenyl, benzyl,
and d-C alkyl groups is independently and optionally
substituted, and wherein each of the foregoing d-C
6alkyl groups is linear, branched, or cyclic. In yet
other embodiments, for compounds of formula I-A and
subsets described directly above, x is 1, 2, or 3; at
least one occurence of R5 is - N(R') 2, -NR
CH(CH2OH)R', -NR CH(CH2CH2OH)R', -NR'(CH 2)R\
-NR'(CH2)2R', NR'(CH 2)N(R')2,-NR'(CH 2)2N(R') 2 -OR\
-NR'COR', -NR COCH2R', or - NR'CO(CH2)2R'; and R' is a
d-Cgaliphatic group or a 3-8-membered saturated,
partially unsaturated, or fully unsaturated monocyclic
ring having 0-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or an 8-12 membered
saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; or two occurrences of R , are taken together
with the atom(s) to which they are bound to form an
optionally substituted 3-12 membered saturated,
partially unsaturated, or fully unsaturated monocyclic
or bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein
each occurrence of R' is optionally substituted with y
occurrences of R7. In certain embodiments, R is
hydrogen, C1- C alkyl optionally substituted with 1-3
occurrences of R7, or is a 5-10-membered monocyclic or
bicyclic saturated, partially unsaturated or fully
unsaturated ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein the
ring is optionally substituted with 1-3 occurrences of
R7. In other embodiments, R' is hydrogen, d-C 4alkyl
optionally substituted with 1-3 occurrences of R7, or
is a ring selected from (i)-(xLvi) or (xLvii)
described in [0059]. In yet other embodiments, R5 is
-N(R ) and the two occurrences of R are taken together
with thenitrogen atom to which they are bound to form
an optionally substituted 3-10- membered monocyclic or
bicyclic heterocyclic ring. In certain embodiments,
the ring is selected from (a)-(o) described in [0060].
[0070] In yet other embodiments, x is 1 and compounds
have general formula IA- i: I-A-i wherein R1, R2, R3,
and R4 are described generally and in subsets above
and herein, and R5 is - N(R') 2, -NR CH(CH 2OH)R', -NR
CH(CH2CH2OH)R', - NR'(CH2)R', -NR'(CH 2)2R\ NR' (CH
2)N(R' )2,-NR'(CH 2)2N(R') 2, -OR', -NR'COR', -NR
COCH2R', or -NR'CO(CH 2)2R\; and R' is a d-Qaliphatic
group or a 3-8- membered saturated, partially
unsaturated, or fully unsaturated monocyclic ring
having 0-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, or an 8-12 membered
saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; or two occurrences of R , are taken together
with the atom(s) to which they are bound to form an
optionally substituted 3-12 membered saturated,
partially unsaturated, or fully unsaturated monocyclic
or bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein
each occurrence of R' is optionally substituted with y
occurrences of R7. In some embodiments, R5 is N(R')2.
In certain embodiments, R ' is hydrogen, optionally
substituted with 1-3 occurrences of R7, or is a
5-10-membered monocyclic or bicyclic saturated,
partially unsaturated or fully unsaturated ring having
0-4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, wherein the ring is optionally
substituted with 1-3 occurrences of R7. . In other
embodiments, R' is hydrogen, Q-Qalkyl optionally
substituted with 1-3 occurrences of R7, or is a ring
selected from (i)-(xLvi) or (xLvii) described in
[0059]. In yet other embodiments, R5 is -N(R') 2 and
the two occurrences of R' are taken together with the
nitrogen atom to which they are boundto form an
optionally substituted 3-10-membered monocyclic or
bicyclic heterocyclic ring. In certain embodiments,
the ring is selected from (a)-(o) described in [0060].
[0071] In still other embodiments, x is 1 and
compounds have general formula IA- ii: I-A-ii wherein
R1, R2, R3, and R4 are described generally and in
subsets above and herein, and R5 is - N(R') 2, -NR
CH(CH2OH)R', -NIl CH(CH2CH2OH)R', - NR CCH2)R', -NR'
(CHz)2R', NR'(CH 2)N(R')2,-NR'(CH 2)2N(R') 2,-OR',
-NR'COR', -NR'COCH2R\ or -NR'CO(CH 2)2R'; and R' is a
C^Cealiphatic group or a 3-8- membered saturated,
partially unsaturated, or fully unsaturated monocyclic
ring having 0-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or an 8-12 membered
saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; or two occurrences of R , are taken together
with the atom(s) to which they are bound to form an
optionally substituted 3-12 membered saturated,
partially unsaturated, or fully unsaturated monocyclic
or bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein
each occurrence of R' is optionally substituted with y
occurrences of R 7. In some embodiments, R5 is N(R')
2. In certain embodiments, for each of the subsets
described above, R' is hydrogen, C -C alkyl optionally
substituted with 1- 3 occurrences of R7, or is a 5-10-
membered monocyclic or bicyclic saturated, partially
unsaturated or fully unsaturated ring having 0-4
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, wherein the ring is optionally
substituted with 1-3 occurrences of R7. . In other 



embodiments, R' is hydrogen, C1-QaIkVl optionally
substituted with 1-3 occurrences of R , or is a ring
selected from (i)-(xLvi) or (xLvii) described in
[0059]. In yet other embodiments, R5 is -N(R' )2 and
the two occurrences of R' are taken together with the
nitrogen atom to which they are bound to form an
optionally substituted 3-10-membered monocyclic or
bicyclic heterocyclic ring. In certain embodiments,
the ring is selected from (a)-(o) described in [0060].
[0072] In still other embodiments, R1, R2, R3 and R4
are each hydrogen and compounds of formula I-A-iii are
provided: I-A-iii wherein x is 1, 2, or 3; and at
least one occurence of R5 is - NT(R') , - NR'CH(CH
2OH)R\ -NR CH(CH2CH2OH)R', -NR'(CH 2)R', -NR'
(CHa)2R', NR'(CH 2)N(R') 2,-NR'(CH 2)2N(R') 2 -OR',
-NR'COR', -NR COCH 2R', or - NR'CO(CH 2)2R'; and R' is
a CrC aliphatic group optionally substituted with y
occurrences of R7, or is a ring selected from
(i)-(xLvi) or (xLvii) described in [0059]. In yet
other embodiments, R5 is -N(R' )2 and the two
occurrences of R5 are taken together with the nitrogen
atom to which they are bound to form an optionally
substituted 3-10-membered monocyclic or bicyclic
heterocyclic ring. In certain embodiments, the ring is
selected from (a)-(o) described in [0060]. [0073] In
still other embodiments, R1, R2, R3 and R4 are each
hydrogen, and x is 1, and compounds of formula I-A-iv
are provided: I-A-iv wherein R5 is - N(R') 2,
-NR'CH(CH 2OH)R', -NR5CH(CH2CH 2OH)R', -NR' (CH2)R',
-NR'(CH 2)2R\ NR'(CH 2)N(R 5)2,-NR'(CH 2)2N(R 5)2
-OR', -NR 5COR', - NR COCH2R', or -NR'CO(CH 2)2R'; and
R' is a C1-C6aliphatic group optionally substituted
with y occurrences of R7 or is a ring selected from
(i)-(xLvi) or (xLvii) described in [0059]. In yet
other embodiments, R5 is -N(R' and the two occurrences
of R' are taken together with the nitrogen atom to
which they are bound to form anoptionally substituted
3-10-membered monocyclic or bicyclic heterocyclic
ring. In certain embodiments, the ring is selected
from (a)-(o) described in [0060] . [0074] In still
other embodiments, R1, R2, R3 and R4 are each
hydrogen, x is 1, and compounds of formula I-A-v are
provided: I-A-v wherein R5 is - N(R') 2, -NR
CH(CH2OH)R', -NR CH(CH2CH2OH)R', -NTR'(CH2)R', -NR'(CH
2)2R', KR'(CH 2)N(R') 2,-NR'(CH 2)2N(R') 2, -OR',
-NR'COR', - NR COCH2R', or -NR'CO(CH 2)2R'; and R' is
a d-Qaliphatic group optionally substituted with y
occurrences of R7 or is a ring selected from
(i)-(xLvi) or (xLvii) described in [0059]. In yet
other embodiments, R5 is -N(R') 2 and the two
occurrences of R' are taken together with the nitrogen
atom to which they are bound to form an optionally
substituted 3-10-membered monocyclic or bicyclic
heterocyclic ring. In certain embodiments, the ring is
selected from (a)-(o) described in [0060]. [0075] In
still other embodiments, R1, R2, and R4 are each
hydrogen, and compounds of formula I-A-vi are
provided: I-A-vi wherein: R3 is an optionally
substituted group selected from a 3-8-membered
saturated, partially unsaturated, or fully unsaturated
monocyclic ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or an 8-12
membered saturated, partially unsaturated, or fully
unsaturated bicyclic ring system having 0-5
heteroatoms independently selected from nitrogen,
oxygen, or sulfur;x is 1, 2, or 3; and at least one
occurence of R5 is - N(R' )2, -NR' CH(CH2OH)R', - NR
CH(CH2CH2OH)R', -NR'(CH 2)R\ -NR'(CH 2)2R\ NR'(CH
2)N(R') 2,- NR'(CH 2)2N(R') 2, -OR', -NR'COR', -NR
COCH2R', or -NR'CO(CH 2)2R'; and R' is a C
-Cealiphatic group optionally substituted with y
occurrences of R7, or is a ring selected from
(i)-(xLvi) or (xLvii) described in [0059]. In yet
other embodiments, R5 is -N(R') 2 and the two
occurrences of R' are taken together with the nitrogen
atom to which they are bound to form an optionally
substituted 3-10-membered monocyclic or bicyclic
heterocyclic ring. In certain embodiments, the ring is
selected from (a)-(o) described in [0060]. [0076] In
yet other embodiments for compounds described directly
above, R3 is an optionally substituted 5- or 6-mern
bered saturated, partially unsaturated, or fully
unsaturated ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. In yet
other embodiments, R3 is an optionally substituted
ring selected from phenyl, pyridyl, pyrimidinyl,
thiazolyl, oxazolyl, thienyl, furyl, pyrrolyl,
pyrazolyl, triazolyl, pyrazin^yl, thiadiazolyl, or
oxadiazolyl. As described generally above, R3 is
optionally substituted with z occurrences of R6. In
certain embodiments, wherein z is 0, 1, 2, or 3, and
each occurrence of R is independently hydrogen, R",
-CH2R", halogen, CN, NO2, -N(R") 2, -CH2N(R")2, -OR' ,
-CH2OR", - SR", -CH2SR", -COOR", -NR5 COR", -NR"COOR",
-CON(R")2, -SO2N(R")2, - CONR"(CH2)2N(R")2,
-CONR(CH2)3 N(R") 2, -CONR"(CH 2)4N(R")2, -O(CH2)2OR",
O(CH2)3OR", O(CH2)4OR", -0(CH 2>2 N(R") 2,
-O(CH2)3N(R")2, -O(CH2)4N(R")2, - NR"CH(CH2OH)R", -NR
CH(CH2C 2OH)R", -NR"(CH 2)R", -NR"(CH2)2R", -
NR"(CH2)3R", -NR"(CH2)4R", -NR"<CH2)N(R") 2,
-NR"(CH2)2N(R")2, - NR"(CH2)3N(R")2, -NR"(CH2)4N(R"D2,
-NR"(CH 2)OR", -NR"(CH2)2OR", - NR"(CH2)3OR", or - NR'
(CHz)4OR". [0077] In still other embodiments-, R1, R2,
R3 and R4 are each hydrogen, and x is 1, and compounds
of formula I-A-vii are provided:wherein: R3 is an
optionally substituted group selected from a
3-8-membered saturated, partially unsaturated, or
fully unsaturated monocyclic ring having 0-3
heteroatoms independently selected from nitrogen.,
oxygen, or sulfur, or an 8-12 membered saturated,
partially unsaturated, or fully unsaturated bicyclic
ring system having 0-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; R5 is -
N(R' )2, -NR CH(CH2OH)R', -NR' (CH2)R', - NR'
(CHz)2R', NR' (CH2)N(R' )2,-NR' (CH 2)2N(R') 2, -OR\
-NR' COR', - NR COCH2R', or -NR'CO(CH 2)2R'; and R' is
a d-C 6aliphatic group optionally substituted with y
occurrences of R7, o r is a ring selected from
(i)-(xLvi) or (xLvii) described in [0059]. In yet
other embodiments, R5 is -N(R') 2 and the two
occurrences of R' are taken together with the nitrogen
atom to which they are bound to form an optionally
substituted 3-10-memberecl monocyclic or bicyclic
heterocyclic ring. In certain embodiments, the ring is
selected from (a)-(o) described in [0060]. [0078] In
yet other embodiments for compounds described directly
above, R3 is an optionally substituted 5- or
6-merribered saturated, partially unsaturated, or
fully unsaturated ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. In yet other embodiments, R3 is an optionally
substituted ring selected from phenyl, pyridyl,
pyrimidinyl, thiazolyl, oxazolyl, thienyl, furyl,
pyrrolyl, pyrazolyl, triazolyl, pyrazinyl,
thiadiazolyl, or oxadiazolyl. As described generally
above, R3 is optionally substituted with z occurrences
of R6. In certain embodiments, wherein z is 0, 1, 2,
or 3 , and each occurrence of R6 is independently
hydrogen, R", -CH2R", halogen, CN, INO2, -N(R") 2,
-CH2N(R")2, -OR", -CH2OR", - SR", -CH2SR", -COOR",
-NR"C0R'% -NR"COOR", -CON(R") 2, -SO2N(R")2, -
CONR"(CH2)2N(R") 2, -CONR(CH2) N(R") 2, -CONR"(CH
2)4N(R")2 -O(CH2)2OR", O(CH2)3OR", O(CH2)4OR", -O(CH2)
N(R") 2, -O(CH 2)3N(R")2, -O(CH2)4N(R")2, -
NR"CH(CH2OH)R", -NR CH(CH2CH 2OH)R", -NR"(CH 2)R",
-NR"(CH2)2R", - NR"(CH2)3R", -NR"(CH 2)4R",
-NR"CCH2)N(R") 2, -NR"(CH 2)2N(R")2, -
NR"(CH2)3N(R")2, -NR"(CH2)4N(R") 2, -NR"(CH 2)OR",
-NR"(CH2)2OR", - NR"(CH2)3OR", or - NR'(CH
2)4OR".[0079] In still other embodiments, R1, R2,R3
and R4 are each hydrogen, x is 1, and compounds of
formula I-A-viii are provided: wherein: 



R is an optionally substituted group selected from a
3-S-membered saturated, partially unsaturated, or
fully unsaturated monocyclic ring havitng 0-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an S -12 membered saturated,
partially unsaturated, or fully unsaturated bicyclic
ring system having 0-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; R5 is-N(R')
2, - NR CH(CH2OH)R', -NR CH(CH2CH2OH)R', -NR'(CH 2)R',
- R (CH2)2R\ NR'(CH 2)N(R') 2,-NR'(CH 2)2N(R') 2, -OR\
-NR'COR', -NR COCH 2R', or - NR5CO(CH2)2R'; and R5 is
a CrCealiphatic group optionally substituted with y
occurrences of R7, or is a ring selected from
(i)-(xLvi) or (xLvii) described in [0059]. In yet
other embodiments, R5 is -N(R' )2 and the two
occurrences of R5 are taken together with the nitrogen
atom to which they are bound to form an optionally
substituted 3-10-membered monocyclic or bicyclic
heterocyclic ring. In certain embodiments, the ring is
selected from (a)-(o) described in [00(50]. [0080] In
yet other embodiments for compounds described directly
above, R3 is an optionally substituted 5- or
6-membered saturated, partially unsaturated, or fully
unsaturated ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. In yet
other embodiments, R3 is an optionally substituted
ring selected from phenyl, pyridyl, pyrimidinyl,
thiazolyl, oxazolyl, thienyl, furyl, pyrrolyl,
pyrazolyl, triazolyl, pyrazinyl, thiadiazolyl, or
oxadiazolyl. As described generally above, R3 is
optionally substituted with z occurrences, of R6. In
certain embodiments, wherein z is 0, 1, 2, or 3, and
each occurrence of R6 is independently hydrogen, R5',
-CH2R , halogen, CN, NO2, -N(R55)2, -CH2N(R 5 2, -OR5
, -CH2OR", - SR5 , -CH2SR", -COOR", -NR"COR",
-NR"COOR", -SO2N(R") 2, -CONR"(CH2)2N(R")2,
-CONR(CH2)3N(R")2,-CONR"(CH2)4NT(R")2, -O(CH2)2OR",
O(CH2)3OR", O(CH2)4OR", -O(CH2)2N(R")2, -O(CH2)3N(R")
, -O(CH2)4N(R") 2, - NR"CH(CH2OH)R", -NR
CH(CH2CH2OH)R", -NR"(CH2)R :> , -NR"(CH 2)2R", -
NR"(CH2)3R", -NR"(CH2)4R", -NR"(CH2)N(R")2,
-NR"(CH2>2N(R") 2, - NR"(CH2)3N(R")2,
-NR"(CH2)4N(R")2, -NR"(CH2)OR", -NR"(CH 2)2OR", -
NR"(CH2)3OR", or - NR'(CH 2)4OR". [0081] Certain
additional subsets of compounds of general formula I
include: [0082] II. Compounds of formula I-C: I-C
wherein R1, R2, R3, R4, R5 and x are each described
generally above and in subsets described above and
herein. [0083] In some embodiments, for compounds of
formula I -C: a. R1 is: i . T-R', wherein T is a bond
or an optionally substituted C1- C6alkylidene chain
wherein up to two methylene units are optionally and
independently replaced with -O-, -S-, -NR'-, - OCO-,
-COO-, -SO2-Or - CO-, and R' is hydrogen, C1-C4-alkyl,
or an optionally substituted 5- or 6-meirabered aryl
or heteroaryl group, or ii. - Si(R') 3, wherein R' is
hydrogen, d-C -alkyl, or an optionally substituted 5-
or 6-membered saturated, partially unsaturated, or
fully unsaturated monocyclic ring having 0-3
heteroatoms independently selected from nitrogen,
ozxygen, or sulfur; b. R2, R3, and R4 are each
independently hydrogen, R', halogen, CN, NO2, -N(R')
2, -CH2N(R') 2, -OR', -CH2OR', -SR', -CH2SR', -COOR',
-NR'COR', -CON(R') 2, -SO2N(R') 2, -CONR'(CH 2)2N(R')
2, - CONR' (CH2)3N(R' )2, -CONR'(CH 2)4N(R') 2 -0(CH
2)2OR\O(CH2)3OR', O(CH2)4OR\ -O(CH2)2N(R') 2,
-O(CH2)3N(R') 2, or - O(CH2)4N(R') 2; wherein R2,R3,
and R4 are each optionally substituted with z
occurrences of R6, wherein z is 0-5 and R6 is =0,
=]NR", =S, halogen, -CN, -NO , or Z-R", wherein Z is a
bond or an optionally substituted C1-C6 alkylidene
chain, wherein up to two methylene units of the chain
are optionally and independently replaced by-NR"~,
-S-, - O-, -CS-, -CO2-, -OCO-, -CO-, -COCO-, -CONR"-,
-NR"CO-, - NR CO2-, -SO2NR"-, -NR"SO2~ -C0NR"NR"-, -NR
CO-MR"-, - OCONR"-, -NR NR"-, -NR SO2NR"-, -SO-,
-SO2-, -PO-, -PO2-, or - POR -, and each occurrence of
R is independently hydrogen or an optionally
substituted C1-C6 aliphatic group, a 3-8-membered
saturated, partially unsaturated, or fully unsaturated
monocyclic ring having 0-3 heteroatoms independently
selected from nitrogen, oxygea, or sulfur, or an 8-12
membered saturated, partially unsaturated, or fully
unsaturated bicyclic ring system having 0-5
heteroatoms independently selected from nitrogen,
oxygen, or sulfur; or two occurrences of R are taken
together with the atom(s) to which they are bound to
form an optionally substituted 3-12 membered
saturated, partially unsaturated, or fully unsaturated
monocyclic or bicyclic ring having 0-4- heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; and each occurrence of R5 is independently
hydrogen, halogen, R , CN, - CH2CN, -(CH2)2CN, NO2,
-CH2NO2, -(CH2)2NO2, CON(R.' )2, - CH2CON(R') 2,
-(CH2)2CON(R') 2, COOR', -CH2COOR , - (CH2)2COOR\
-SO2N(R') 2, -CH2SO2N(R') 2, -(CHz)2SO2NT(R')2, - NR
SO2R , -CH2NR SO2R', -(CH2)2NR'SO 2R , NR'CON<R') 2, -
CH2NR'CON(R') 2, -(CH2)2NR'CON(R') 2, - CH2NR'SO
2N(R') 2, -(CH2)2NR'SO 2N(R') 2, -COCOR', -CJH2COCOR',
-(CH2)2COCOR' ,- N(R') 2, -CH2N(R') 2, -(CH2)2N(R') 2,
-OR', - CH2OR', -(CHs)2OR , -NR COR , -NR COCH2R',
-NR'CO(CH 2)2R\; -CH2NR COR , or - (CH2)2NR'COR',
wherein R5 is optionally substituted with y
occurrences of R7, wherein y is 0-5 and 7 is =O,=NR",
=S, halogen, -CN, -NO2, or W-R', wherein W is a bond
or an optionally substituted C1-C alkylidene chain,
wherein up to two methylene units of the chain are
optionally and independently replaced by - NR"-, -S-,
-O-, -CS-, -CO2-, -OCO-, -CO-, -COCO-, -CONR"-, -
NR"C0-, -NR CO2-, -SO2NR"-, -NR SO2-, -CONR NR -, - NR
CONR"-, -OCONR"-, -NR NR"-, -NR SO2NR"-, -SO-, -SO2-,
- PO-, -PO2-, or - POR '-, and and each occurrence of
R is independently hydrogen or an optionally
substituted C1-C aliphatic group, a 3-8-membered
saturated, partially unsaturated, or fully unsaturated
monocyclic ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or an 8-12
membered saturated, partially unsaturated, or fully
unsaturated bicyclic ring system having 0-5
heteroatoms independently selected from nitrogen,
oxygen, or sulfur; or two occurrences of R are taken
together with the atom(s) to which they are bound to
form an optionally substituted 3-12 membered
saturated, partially unsaturated, or fully unsaturated
monocyclic or bicyclic ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. In still other embodiments, for compounds of
formula I-C: a. R1 is hydrogen, Q-Qalkyl, -COR ,
-SO2R' , or - Si(R') 3; b. R2, R3, and R4 are each
independently Cl, Br, F, -CN, -COOH, - COOMe, -NH2, -
N(CH3)2, -N(Et)2, -N(IPr)2, -O(CH2)2OCH3, - CONH2,
-COOCH3, -OH, -CH2OH, -NHCOCH3, -SO2NH2, - SO2N(Me)2,
or an optionally substituted group selected from C1- 



C4alkyl, C1-C4alkyloxy, a 3-8-membered saturated,
partially unsaturated, or fully unsaturated monocyclic
ring having 0-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or an 8-12 membered
saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; wherein R2, R3, and R4 are each independently
and optionally substituted with z occurrences of R6,
wherein z is O, 1, 2, or 3, and each occurrence of R6
isindependently hydrogen, R", -CH2R", halogen, CN,
NO2, -N(R") 2, - CH2N(R") 2, -OR", -CH2OR", -SR",
-CH2SR", -COOR", -NR"COR", - NR"COOR", -CON(R") 2,
-SO2N(R") 2, -CONR"(CH 2)2N(R") 2, - CONR(CH 2)3N(R")
2,-CONR"(CH 2)4N(R")2. -O(CH 2)2OR", O(CH2)3OR", O(CH
2)4OR", -O(CH 2)2N(R") 2, -O(CH 2)3N(R") 2, -
O(CH2)4N(R") 2, -NR"CH(CH 2OH)R", -NR CH(CH 2CH2OH)R",
- NR"(CH 2)R", -NR"(CH 2)2R", -NR"(CH 2)3R", -NR5
CCHz)4R", - NR"(CH 2)N(R") 2, -NR"(CH 2)2N(R") 2,
-NR"(CH 2)3N(R") 2, - NR"(CH 2)4N(R") 2, -NR-
(CH2)OR", -NR"(CH 2)2OR", - NR"(CH 2)3OR", or - NR'(CH
2)4OR"; each occurrence of R5 is independently CN,
-CH2CN, -(CH2)2CN, -NO 2, -CH2NO2, - (CH2)2NO2, OR',
-CH2OR', -CON(R') 2, -SO2N(R') 2, -N(R') 2, or R5,
wherein R5 is optionally substituted y occurrences of
R7, wherein y is 0, 1, 2, or 3, and each occurrence of
R7 is independently hydrogen, R", -CH2R", halogen, CN,
NO2, -N(R") 2, -CH2N(R") 2, -OR", -CH2OR", - SR",
-CH2SR", -COOR", -NR COR", -NR COOR", -C0N(R") 2, -
SO2N(R") 2, -CONR"(CH 2)2N(R") 2, -CONR(CH 2)3N(R") 2
- CONR"(CH 2)4N(R") 2 > -O(CH 2)2OR", O(CH 2)3OR",
O(CH2)4OR", - O(CH2)2N(R") 2, -O(CH 2)3N(R") 2,
-O(CH2)4N(R") 2, - NR5 CH(CH 2OH)R", -NR CH(CH
2CH2OH)R", -NR"(CH 2)R", - NR"(CH 2)2R", -NR"(CH
2)3R", -NR"(CH 2)4R", -NR"(CH 2)N(R") 2, - NR"(CH
2)2N(R") 2, -NR"(CH 2)3N(R") 2, -NR"(CH 2)4N(R") 2, -
NR"(CH 2)0R", -NR"(CH 2)2OR", -NR"(CH 2)3OR", or -
[0085] In other embodiments, for compounds of formula
I-C and subsets described directly above, R1 is
hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl,
p-toluenesulfonyl (Ts), t-butyldimethylsilyl (TBS),
triisopropylsilyl (TIPS), or triethylsilyl (TES).
[0086] In still other embodiments, for compounds of
formula I-C and subsets described directly above, R2,
R3, and R4 are each hydrogen. In other embodiments,
one of R2, R3, or R4 is hydrogen. In yet other
embodiments, two of R2, R3, or R4 is hydrogen. In yet
other embodiments, R2 and R4 are both hydrogen, and R3
is halogen,CN, NO2, or V-R' . In still other
embodiments, R2 and R4 are both hydrogen, and R3 is an
optionally substituted group selected from a
3-8-membered saturated, partially unsaturated, or
fully unsaturated monocyclic ring having 0-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an 8-12 membered saturated,
partially unsaturated, or fully unsaturated bicyclic
ring system having 0-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. In yet
other embodiments, R2 and R are both hydrogen, and R3
is an optionally substituted 5- or 6-membered
saturated, partially unsaturated, or fully unsaturated
ring having 0-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur. In yet other
embodiments, R2 and R4 are both hydrogen, and R3 is an
optionally substituted ring selected from phenyl,
pyridyl, pyrimidinyl, thiazolyl, oxazolyl, thienyl,
furyl, pyrrolyl, pyrazolyl, triazolyl, pyrazinyl,
thiadiazolyl, or oxadiazolyl. [0087] In other
embodiments, for compounds of formula I-C and subsets
described directly above, R2, R3, and R4 are each
independently and optionally substituted with z
occurrences of R6, wherein z is 1, 2, or 3 and each
occurrence of R6 is independently F, Cl, Br, CN, OH,
NH2, -CH2OH, d-C 6alkyl, -O(C C6alkyl), -
CHsOCd-Cealkyl), -COCQ-Qalkyl), -COOCQ-Cealkyl),
-NHSO^CrCealkyl), - SO2NH2, -CONH2, -CON(C -C6alkyl),
-SO2(C1-C6alkyl), -SO2phenyl, phenyl, benzyl,
-N(C1-C6alkyl)2, or -StQ-C alkyl), wherein each of the
foregoing phenyl, benzyl, and Q-C alkyl groups is
independently and optionally substituted, and wherein
each of the foregoing Q-C alkyl groups is linear,
branched, or cyclic. [0088] In certain exemplary
embodiments, for compounds of formula I-C and subsets
described directly above, x is 1, 2, or 3, and at
least one occurrence of R5 is halogen, CN, -CH2CN,
-(CH2)2CN, NO2, -CH2NO2, -(CH2)2NO2, -CONH2, -CON(C1-
C4alkyl), -SO2NH2, -SO2N(Cr C4alkyl), NH2,
-N(C1-QaIkVl), -OH, -O(C1-C4alkyl), - CH OH,
-CH2O(C1-QaIkVl), or an optionally substituted 5- or
6-membered unsaturated ring wherein 0-3 ring carbon
atoms is optionally replaced by oxygen, sulfur, or
nitrogen. In other embodiments, x is 1, 2, or 3, and
at least one occurrence ofR 5 is -OR'. [0089] In still
other embodiments, for compounds of formula I-C and
subsets described directly above, R5 is optionally
substituted with y occurrences of R7, wherein y is 1,
2, or 3 and each occurrence of R7 is independently F,
Cl, Br, CN, OH,NH2, -CH2OH, d-C 6alkyl, -CKQ-Cealkyl),
-CH2O(d-C 6alkyl), -CO(C!-C6alkyl), - COOCd-Cealkyl),
-NHSO2(C C6alkyl), -SO2NH2, -CONH2, -CON(C1-QaIkVl), -
SO2(C1-C6alkyl), -SO2rhenyl, phenyl, benzyl, -N(Cr
C6alkyl)2, or -SCCrCealkyl), wherein each of the
foregoing phenyl, benzyl, and Q-Qalkyl groups is
independently and optionally substituted, and wherein
each of the foregoing Q-C alkyl groups is linear,
branched, or cyclic. [0090] In yet other embodiments,
x is 1 and compounds have general formula IC- i: I-C-i
wherein R1, R2, R3, and R4 are described generally and
in subsets above and herein, and R5 is halogen, R',
CN, -CH2CN, -(CH2)2CN, NO2, -CH2NO2, -(CH2)2NO2,
CON(R') 2, -CH2CON(R') 2, -(CH2)2CON(R') 2, COOR',
-CH2COOR', - (CH2)2COOR\ -SO2N(R') 2, -CH2SO2N(R') 2,
-(CH2)2SO2N(R') 2, -NR SO2R', - CH2NR SO2R',
-(CH2)2NR'SO 2R\ NR'CON(R') 2, -CH2NR' CON(R' )2, -
(CH2)2NR'CON(R') 2, -NR' SO2N(R' )2, -CH2NR' SO2N(R'
)2, -(CH2)2NR' SO2N(R' )2, - COCOR', -CH2COCOR',
-(CH2)2COCOR', - N(R') 2, -CH2N(R') 2, -(CH2)2N(R') 2,
- OR', -CH2OR', -(CH2)2OR\ -NR'COR', -CH2NR COR', or -
(CH2)2NR'COR', and R is a CrQaliphatic group or a
3-8-membered saturated, partially unsaturated, or
fully unsaturated monocyclic ring having 0-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an 8-12 membered saturated,
partially unsaturated, or fully unsaturated bicyclic
ring system having 0-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; or two
occurrences of R , are taken together with the atom(s)
to which they are bound to form an optionally
substituted 3-12 membered saturated, partially
unsaturated, or fully unsaturated monocyclic or
bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein
each occurrence of R' is optionally substituted with y
occurrences of R7. In some embodiments, R5 is CN,
-CH2CN, -(CH2)2CN, -NO2, - CH2NO2, -(CHz)2NO2, OR',
-CH2OR', -CON(R') 2, -SO2N(R') 2, -N(R') 2, orR'. In
certain embodiments, R' is hydrogen, C1-C6alkyl
optionally substituted with 1-3 occurrences of R7, or
is a 5-10-membered monocyclic or bicyclic saturated,
partially unsaturated or fully unsaturated ring having
0-4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, wherein the ring is optionally
substituted with 1-3 occurrences of R7. In other
embodiments, R' is hydrogen, Q-Qalkyl optionally
substituted with 1-3 occurrences of R7, or is a ring
selected from (i)-(xLvi) or (xLvii) described in
[0059]. [0091] In yet other embodiments, x is 1 and
compounds have general formula IC- ii: 



I-C-ii wherein R1, R2, R3, and R4 are described
generally and in subsets above and herein, and R5 is
halogen, R', CN, -CH2CN, -(CH2)2CN, NO2, -CH2NO2,
-(CH2)2NO2, CON(R') 2, -CH2CON(R') 2, -(CH2)2CON(R')
2, COOR', -CH2COOR', - (CH2) 2COOR\ -SO2N(R') 2,
-CH2SO2N(R' )2, -(CH2)2SO2N(R') 2, -NR SO2R', - CH2NR
SO2R', -(CH2)2NR'SO 2R', NR'CON(R') 2, -CH2NR' CON(R'
)2, - (CH2) 2NR'CON(R') 2, -NR'SO 2N(R') 2, -CH2NR'
SO2N(R' )2, -(CH2)2NR' SO2N(R' )2, - COCOR',
-CH2COCOR', -(CH2)2COCOR',- N(R') 2, -CH2N(R') 2,
-(CH2)2N(R') 2, - OR', - CH2OR', -(CH2)2OR\ -NR'COR',
-CH2NR COR', or - (CH2)2NR'COR\ and R' is a
Q-Cealiphatic group or a 3-8-membered saturated,
partially unsaturated, or fully unsaturated monocyclic
ring having 0-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or an 8-12 membered
saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; or two occurrences of R , are taken together
with the atom(s) to which they are bound to form an
optionally substituted 3-12 membered saturated,
partially unsaturated, or fully unsaturatedmonocyclic
or bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein
each occurrence of R' is optionally substituted with y
occurrences of R7. In some embodiments, R5 is CN,
-CH2CN, -(CH2)2CN, - NO2, -CH2NO2, -(CH2)2NO2, OR',
-CH2OR', -CON(Bf)2, -SO2N(R') 2, -N(R')2, orR'. In
certain embodiments, R' is hydrogen, C -C6alkyl
optionally substituted with 1-3 occurrences of R7, or
is a 5-10-membered monocyclic or bicyclic saturated,
partially unsaturated or fully unsaturated ring having
0-4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, wherein the ring is optionally
substituted with 1-3 occurrences of R7. In other
embodiments, R' is hydrogen, Q-Qalkyl optionally
substituted with 1-3 occurrences of R7, or is a ring
selected from (i)-(xLvi) or (xLvii) described in
[0059]. [0092] In still other embodiments, each
occurrence of R5 is independently CN, - CH2CN,
-(CH2)2CN, -NO2, -CH2NO2, -(CH2)2NO2, OR', -CH2OR',
-CON(R')2, - SO2N(R') 2, -N(R') 2, or R'. In still
other embodiments, each occurrence of R5 is
independently hydrogen, halogen, CN, -CH2CN,
-(CH2)2CN, NO2, -CH2NO2, - (CH2)2NO2, -CONH2,
-CON(C1-C4alkyl), -SO2NH2, -SO2N(C1-C4alkyl), NH2,
-N(C1- C4alkyl), -OH, -O(C -C4alkyl), -CH2OH,
-CH2O(C1-C4alkyl), or an optionally substituted 5- or
6-membered unsaturated ring wherein 0-3 ring carbon
atoms is optionally replaced by oxygen, sulfur, or
nitrogen, wherein R5 is optionally substituted by 0-3
occurrences of R7. [0093] In yet other embodiments, x
is 2 and compounds have general formula IC- iii:
I-C-iii wherein R1, R2, R3, and R4 are described
generally and in subsets above and herein, and each
occurrence of R5 is independently halogen, R', CN,
-CH2CN, -(CH2)2CN, NO2, -CH2NO2, -(CH2)2NO2, CON(R')
2, -CH2CON(R') 2, -(CH2)2CON(R')2, COOR',-CH2COOR',
-(CH2)2COOR\ -SO2N(R') 2, -CH2SO2N(R') 2,
-(CH2)2SO2N(R') 2, - NR'SO 2R', -CH2NR'SO2R \
-(CH2)2NR'SO 2R', NR'CON(R') 2, -CH2NR' CON(R' )2,
-(CH2)2NR'CON(R') 2, -MR'SO 2N(R') 2, -CH2NR'SO 2N(R')
2, -(CH2)2NR' SO2N(R' )2, -COCOR', -CH2COCOR',
-(CH2)2COCOR' ,- N(R') 2, -CH2N(R') 2, -(CH2)2N(R') 2,
- OR', -CH2OR', -(CH2)2OR\ -NR'COR' -CH2NR COR', or -
(CH2)2NR'COR', an d R' is a Q-C aliphatic group or a
3-8-membered saturated, partially unsaturated, or
fully unsaturated monocyclic ring having 0-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an 8-12 membered saturated,
partially unsaturated, or fully unsaturated bicyclic
ring system having 0-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; or two
occurrences of R , are taken together with the atom(s)
to which they are bound to form an optionally
substituted 3-12 membered saturated, partially
unsaturated, or fully unsaturated monocyclic or
bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein
each occurrence of R' is optionally substituted with y
occurrences of R7. In some embodiments, R5 is CN,
-CH2CN, -(CH2)2CN, - NO2, -CH2NO2, -(CH2)2NO 2, OR',
-CH2OR', -CON(R') 2, -SO2N(R') 2, -N(R') 2, or R'. In
certain embodiments, R ' is hydrogen, Q-C alkyl
optionally substituted with 1-3 occurrences of R7, or
is a 5-10-membered monocyclic or bicyclic saturated,
partially unsaturated or fully unsaturated ring having
0-4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, wherein the ring is optionally
substituted with 1-3 occurrences of R7. In other
embodiments, R' is hydrogen, Q-Qalkyl optionally
substituted with 1-3 occurrences of R7, or is a ring
selected from (i)-(xLvi) or (xLvii) described in
[0059]. [0094] In still other embodiments, each
occurrence of R5 is independently CN, - CH2CN,
-(CH2)2CN, -NO2 , -CH2NO2, -(CH2)2NO2, OR', -CH2OR',
-C0N(R') 2, - SO2N(R') 2, -N(R')2, or R' . In still
other embodiments, each occurrence of R5 is
independently hydrogen, halogen, CN, -CH2CN,
-(CH2)2CN, NO2, -CH2NO2, - (CH2)2NO2, -CONH2, -CON(C
1-C4alkyl), -SO2NH2, -SO2N(Cr C4alkyl), NH2, -N(C1-
Qalkyl), -OH, -O(C C4alkyl), -CH2OH,
-CH2O(C1-C4alkyl), or an optionally substituted 5- or
6-membered unsaturated ring wherein 0-3 ring carbon
atoms is optionally replaced by oxygen, sulfur, or
nitrogen, wherein R5 is optionally substituted by 0-3
occurrences of R7.[0095] In still other embodiments,
R1, R2, R3 and R4 are each hydrogen, and x is 1, and
compounds of formula I-C-iv are provided: wherein R is
halogen, R', CN, -CH2CN, -(CH2)2CN, NO2, -CH2NO2,
-(CH2)2NO2, CON(R')2, -CH2CON(R') 2, -(CH2)2CON(R') 2,
COOR', -CH2COOR', - (CH2)2COOR\ -SO2N(R') 2,
-CH2SO2N(R' )2, -(CH2)2SO2N(R') 2, -NR SO2R', - CH2NR
SO2R', -(CH2)2NR'SO 2R', NR'CON(R') 2, -CH2NR'CON(R')
2, - (CH2)2NR'CON(R') 2, -NR' SO2N(R' )2, -CH2NR'
SO2N(R' )2, -(CH2)2NR' SO2N(R' )2, - COCOR',
-CH2COCOR', -(CH2)2COCOR', - N(R') 2, -CH2N(R') 2,
-(CH2)2N(R') 2, - OR', -CH2OR', -(CH2)2OR\ -NR'COR',
-CH2NR COR', or - (CH2)2NR'COR' ; and R' is a -C
aliphatic group or a 3-8- membered saturated,
partially unsaturated, or fully unsaturated monocyclic
ring having 0-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or an 8-12 membered
saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; or two occurrences of R , are taken together
with the atom(s) to which they are bound to form an
optionally substituted 3-12 membered saturated,
partially unsaturated, or fully unsaturated monocyclic
or bicyclic ring having 0- 4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein
each occurrence of R' is optionally substituted with y
occurrences of R7. In some embodiments, R5 is CN,
-CH2CN, -(CH2)2CN, - NO2, -CH2NO2, -(CH2)2NO2, OR',
-CH 2OR', -CON(R') 2, -SO2N(R') 2, -N(R') 2, or R'. In
certain embodiments, R' is hydrogen, Q-Csalkyl
optionally substituted with 1-3 occurrences of R7, or
is a 5-10-membered monocyclic or bicyclic saturated,
partially unsaturated or fully unsaturated ring having
0-4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, wherein the ring is optionally
substituted with 1-3 occurrences of R7. In other
embodiments, R' is hydrogen, Q-Qalkyl optionally
substituted with 1-3 occurrences of R7 , or is a ring
selected from (i)-(xLvi) or (xLvii) described in
[0059].[0096] In still other embodiments, each
occurrence of R5 is independently CN, - CH2CN, -(CH
2)2CN, -NO 2, -CH 2NO2, -(CH 2)2NTO2, OR', -CH 2OR',
-CON(R') 2, - SO2N(R') 2, -N(R') 2, or R'. In still
other embodiments, each occurrence of R5 is
independently hydrogen, halogen, CN, -CH 2CN, -(CH
2)2CN, NO2, -CH 2NO2, - (CH2)2NO2, -CONH 2,
-CONCQ-Qalkyl), -SO2N H2, -SO 2N(C 1-C4alkyl), NH2,
-N(C 1- C4alkyl), -OH, -O(C 1-C4alkyl), -CH 2OH,
-CH2O(C -C4alkyl), or an optionally substituted 5- or
6-membered unsaturated ring wherein 0-3 ring carbon
atoms is 



optionally replaced by oxygen, sulfur, or nitrogen,
wherein R5 is optionally substituted by 0-3
occurrences of R7. [0097] In yet other embodiments,
R1, R2, R3 and R4 are each hydrogen, x is 1 and
compounds have general formula I-C-v: I C v wherein R5
is halogen, R', CN, -CH 2CN, -(CH2) 2CN, NO2, -CH
2NO2, -(CH 2)2NO2, C0N(R') 2, -CH 2CON(R') 2, -(CH
2)2CON(R') 2, COOR', -CH 2COOR', - (CH2)2COOR\
-SO2N(R') 2, -CH 2SO2N(R') 2, -(CH 2)2SO2N(R') 2, -NR
SO2R', - CH2NR SO2R', -(CH 2)2NR'SO 2R', NR'C0N(R.')
2, -CH 2NR'CON(R') 2, - (CH2)2NR'CON(R') 2, -NR'SO
2N(R') 2, -CH2NR'SO 2N(R') 2, -(CH 2)2NR5SO2N(R' )2, -
COCOR 5, -CH2COCOR', -(CH 2)2COCOR' ,- N(R') 2, -CH
2N(R') 2, -(CH 2)2N(R') 2, - OR', -CH2OR', -(CH 2)2OR\
-NR'COR', -CH2]SHR' COR', or - (CH 2)2NR'COR\ and R5
is a C -C6aliphatic group or a 3-8-membered saturated,
partially unsaturated, or fully unsaturated monocyclic
ring having 0-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or an 8-12 membered
saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms
independently selected from nitrogen, oxygen, o r
sulfur; or two occurrences ofR , are taken together
with the atom(s) to which they are bound to form an
optionally substituted 3-12 membered saturated,
partially unsaturated, or fully unsaturated monocyclic
or bicyclic ring having 0-4 heteroatoms independently
selected fromnitrogen, oxygen, or sulfur, wherein each
occurrence of R' is optionally substituted with y
occurrences of R7. Li some embodiments, R5 is CN,
-CH2CN, -(CH2)2CN, - NO2, -CH2NO2, -(CHz)2NO2, OR',
-CH2OR', -CON(R') 2, -SO2N(R') 2, -N(R') 2, orR'. In
certain embodiments, R' is hydrogen, C1-C6alkyl
optionally substituted with 1-3 occurrences of R7, or
is a 5-10-membered monocyclic or bicyclic saturated,
partially unsaturated or fully unsaturated ring having
0-4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, wherein the ring is optionally
substituted with 1-3 occurrences of R7. In other
embodiments, R' is hydrogen, C1-C4alkyl optionally
substituted with 1-3 occurrences of R7, or is a ring
selected from (i)-(xLvi) or (xLvii) described in
[0059]. [0098] In still other embodiments, each
occurrence of R5 is independently CN, - CH2CN,
-(CH2)2CN, -NO2, -CH2NO2, -(CH2)2NO2, OR', - CH2OR',
-CON(R') 2, - SO2N(R') 2, -N(R') 2, or R'. In still
other embodiments, each occurrence of R5 is
independently hydrogen, halogen, CN, -CH2CN,
-(CH2)2CN, NO2, -CH2NO2, - (CH2)2NO2, -CONH2, -CON(Cr
C4alkyl), -SO2NH2, -SOz^C^alkyl), NH2, -N(C1- Qalkyl),
-OH, -O(d-C 4alkyl), -CH2OH, -CH2O(C1-C4alkyl), or an
optionally substituted 5- or 6-membered unsaturated
ring wherein 0-3 ring carbon atoms is optionally
replaced by oxygen, sulfur, or nitrogen, wherein R5 is
optionally substituted by 0-3 occurrences of R7.
[0099] In yet other embodiments, R1, R2, R3 and R4 are
each hydrogen, x is 2 and compounds have general
formula I-C-vi: wherein each occurrence of R5 is
independently halogen, R', CN, -CH2CN, - (CHz)2CN,
NO2, -CH2NO2, -(CH2)2NO2, CON(R') 2, -CH2 CON(R') 2, -
(CH2)2CON(R') 2, COOR', -CH2COOR', -(CH2)2COOR\
-SO2N(R') 2, - CH2SO2N(R') 2, -(CH2)2SO2N(R') 2, -NR
SO2R', -CH2NR SO2R', -(CHz)2NR' SO2R', NR'C0N(R') 2,
-CH2NR'CON(R') 2, -(CH2)2NR' CON(R' ) 2, -NR' SO2N(R'
)2, -CH2NR'SO 2N(R') 2, -(CH2)2NR'SO 2N(R') 2,
-COCOR', -CH 2COCOR', - (CH2)2COCOR', - N(R') 2,
-CH2N(R') 2, -(CEb) 2N(R' )2, -OR', -CH 2 OR', -(CH
2)2OR', - NR'COR', -CH2NR COR', or - (CH2)2NR'COR',
and R' is a Q-Cealiphatic group or a 3-8-membered
saturated, partially unsaturated, or fully unsaturated
monocyclic ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or an 8-12
membered saturated, partially unsaturated, or fully
unsaturated bicyclic ring system having 0-5
heteroatoms independently selected from nitrogen,
oxygen, or sulfur; or two occurrences of R , are taken
together with the atom(s) to which they are bound to
form an optionally substituted 3-12 membered
saturated, partially unsaturated, or fully unsaturated
monocyclic or bicyclic ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur, wherein each occurrence of R' is optionally
substituted with y occurrences of R7. In some
embodiments, R5 is CN, -CH2CN, -(CH 2)2CN, -NO2,
-CH2NO2, -(CH 2)2NO2, OR', -CH 2OR', -CON(R') 2,
-SO2N(R') 2, -N(R') 2, or R'. In certain embodiments,
R' is hydrogen, Q-Cealkyl optionally substituted with
1-3 occurrences of R7, or is a 5-10-membered
monocyclic or bicyclic saturated, partially
unsaturated or fully unsaturated ring having 0-4
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, wherein the ring is optionally
substituted with 1-3 occurrences of R7. In other
embodiments, R' is hydrogen, C1-C4alkyl optionally
substituted with 1-3 occurrences o f R7, or is a ring
selected from (i)-(xLvi) or (xLvii) described in
[0059]. [00100] In still other embodiments, each
occurrence of R5 is independently CN, - CH2CN, -(CH
2)2CN, -NO2, -CH2NO2, -(CH 2)2NO2, OR', -CH 2OR',
-CON(R') 2, - SO2N(R') 2, -N(R') 2, or R'. In still
other embodiments, each occurrence of R5 is
independently hydrogen, halogen, CN, -CH2CN, -(CH
2)2CN, NO2, -CH 2NO2, - (CH2)2NO2, -CONH 2, -CON(C
1-C4alkyl), -SO2NH2, -SO2N(C 1-C4HIlCyI), NH2, -N(C 1-
C4alkyl), -OH, -O(C 1-C4alkyl), -CH2OH, -CH2O(C
1-C4alkyl), or an optionally substituted 5- or
6-membered unsaturated ring wherein 0-3 ring carbon
atoms is optionally replaced by oxygen, sulfur, or
nitrogen, wherein R5 is optionally substituted by 0-3
occurrences of R7. [00101] Representative examples of
compounds of formula I are set forth below in Table
1.Table 1. Examples of Compounds of Formula I ; 1-1
1-2 1-3 1-4 1-5 1-6 1-7 1-8 1-9 1-10 1-11 1-12 1-13
1-141-15 1-16 1-17 1-18 1-19 1-20 1-21 1-22 1-23 1-24
1-25 1-261-27 1-28 1-29 1-30 1-31 1-32 1-33 1-34 1-35
1-36 1-37 1-381-39 1-40 1-41 1-42 -43 1-44 1-45 -46
1-47 1-48 -49 1-50 1-511-52 1-53 1-54 1-55 [00103]
Certain additional subsets of compounds of general
formula I include: [00104] Compounds of formula I-B :
I-B wherein R1, R2, R3, R4, R5 and x are each
described generality above and in subsets described
above and herein. [00105] In some embodiments, for
compounds of formula I-B: a. R1 is: i . T-R', wherein
T is a bond or an optionally substituted C1-
C6alkylidene chain wherein up to two methylene units
are 



optionally and independently replaced with -O-, -S-,
-NR'-, - OCO-, -COO-, -SO2-or - CO-, and R' is
hydrogen, d-Q-alkyl, or an optionally substituted 5-
or 6-membered aryl or heteroaryl group, or ii. -
Si(R')3, wherein R' is hydrogen, Q-Q-alkyl, or an
optionally substituted 5- or 6-membered saturated,
partially unsaturated, or fully unsaturated monocyclic
ring having O-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur;b. R2, R3, and R4 are
each independently hydrogen, R', halogen, CN, NO2,
-N(R')2, -CH2N(R') 2, -OR', -CH2OR', -SR', -CH2SR',
-COOR', -NR'COR', -NR C(O)OR', -NR COCH2R', -NR'CO(CH
2)2R\ - CON(R') 2, -SO2N(R') 2, -CONR'(CH 2)2N(R') 2,
-CONR'(CH 2)3N(R') 2, -CONR'(CH 2)4N(R') 2
-O(CH2)2OR', O(CH2)3OR', O(CH2)4OR', - O(CH2)2N(R') 2,
-O(CH2)3N(R') 2, or -O(CH2)4N(R') 2; wherein R2,R3,
and R4 are each optionally substituted with z
occurrences of R6, wherein z is 0-5 and R6 is =O,
=NR", =S, halogen, -CN, -NO2, or ZR", wherein Z is a
bond or an optionally substituted C1-C alkylidene
chain, wherein up to two methylene units of the chain
are optionally and independently replaced by - NR"-,
-S-, -O-, -CS-, -CO2-, -OCO-, - CO-, -COCO-, -CONR"-,
-NR"C0-, -NR"CO2-, -SO2NR"-, -NR SO2- , -CONR NR"-,
-NR CONR"-, -OCONR"-, -NR NR"-, - NR SO2NR"-, -SO-,
-SO2-, -PO-, -PO2-, or - POR"-, and each occurrence of
R is independently hydrogen or an optionally
substituted C1-C6 aliphatic group, a 3-8-membered
saturated, partially unsaturated, or fully unsaturated
monocyclic ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or an 8-12
membered saturated, partially unsaturated, or fully
unsaturated bicyclic ring system having 0-5
heteroatoms independently selected from nitrogen,
oxygen, or sulfur; or two occurrences of R are taken
together with the atom(s) to which they are bound to
form an optionally substituted 3-12 membered
saturated, partially unsaturated, or fully unsaturated
monocyclic or bicyclic ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; and c. each occurrence of R5 is independently
hydrogen, R' , -CH R , halogen, CN, NO2, -N(R') 2,
-CH2N(R') 2, -OR', -CH2OR', -SR', - CH2SR', -COOR',
-NR'COR', -NR COCH2R', -NR'CO(CH 2)2R', - NR'COOR ,
-C0N(R') 2, -SO2N(R') 2, -CONR'(CH 2)2N(R') 2, -
CONR(CH2)3N(R') 2, -CONR'(CH 2)4N(R') 2, -O(CH2)2OR\
O(CH2)3OR\ O(CH2)4OR\ -O(CH2)2N(R') 2, -O(CH2)3N(R')
2, -O(CH2)4N(R') 2, -NR CH(CH 2OH)R', -NR
CH(CH2CH2OH)R', - NR' (CH2)R', -NR 5CH2(CH3)R',
-NR'(CH 2)2R5, -NR'(CH 2)3R\ - NR CCEb)4R', -NR'(CH
2)N(R') 2, -NR'(CH 2)2N(R') 2, - NR'(CH 2)3N(R 5)2,
-NR'(CH 2)4N(R') 2, -NR'(CH 2)OR 5, - NR'(CH 2)2OR',
-NR'(CH 2)3OR , or -NR'(CH 2)4OR5, wherein R5 is
optionally substituted with y occurrences of R7,
wherein y is 0-5 and R7 is =0, =NR", =S, halogen, -CN,
-NO2, or W-R 5, wherein W is a bond or an optionally
substituted C1-C6 alkylidene chain, wherein up to two
methylene units of the chain are optionally and
independently replaced by - NR5'-, -S-, -O-, -CS-,
-CO2-, -OCO-, -CO-, -COCO-, - CONR55-, -NR55CO-,
-NR55CO2-, -SO2NR' -, -NR55SO2-, -CONR"NR' 5-,
-NR55CONR5'-, -OCONR"-, -NR"NR"-, -NR55SO2NR"-, -SO-,
-SO2-, - PO-, -PO -, or - POR55-, and and each
occurrence of R is independently hydrogen or an
optionally substituted C1-C6 aliphatic group, a
3-8-membered saturated, partially unsaturated, or
fully unsaturated monocyclic ring having 0-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an 8-12 membered saturated,
partially unsaturated, or fully unsaturated bicyclic
ring system having 0-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; or two
occurrences of R are taken together with the atom(s)
to which they are bound to form an optionally
substituted 3-12 membered saturated, partially
unsaturated, or fully unsaturated monocyclic or
bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. In still
other embodiments, for compounds of formula I-B: a. R1
is hydrogen, d-C 4alkyl, -COR', -SO2R5, or - Si(R') 3;
b. R2 and R4 are each independently Cl, Br, F, -CN,
-COOH, -COOMe, - NH2, - N(CHs) 2, -N(Et) 2, -N(IPr) 2,
-O(CH 2)2OCH3, -CONH 2, - COOCH 3, -OH, -CH2OH,
-NHCOCH 3, -SO2NH2, -SO2N(Me) 2, or an optionally
substituted group selected from Q-Qalkyl,
C1-C4alkyloxy, a 3-8-membered saturated, partially
unsaturated, or fully unsaturated monocyclic ring
having 0-3 heteroatoms independently selected
fromnitrogen, oxygen, or sulfur, or an 8-12 membered
saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; wherein R2 and R4 are each independently and
optionally substituted with z occurrences of R6,
wherein z is 0, 1, 2, or 3, and each occurrence of R6
is independently hydrogen, R", -CH2R", halogen, CN,
NO2, -N(R")2, -CH2N(R") 2, -OR", -CH2OR", -SR",
-CH2SR", - COOR", -NR"COR", -NR"COOR", -CON(R")2,
-SO2N(R") 2, - CONR"(CH 2)2N(R")2, -CONR(CH
2)3N(R")2,-CONR"(CH 2)4N(R") 2 - O(CH2)2OR",
O(CH2)3OR", O(CH2)4OR", -O(CH2)2N(R") 2, -
O(CH2)3N(R")2, -NR"CH(CH2OH)R", - NR"CH(CH 2CH2OH)R",
-NR"(CH 2)R", -NR"(CH2)2R", - NR"(CH 2)3R", -NR XCH
)4R", -NR"(CH2)N(R")2, -NR"(CH 2)2N(R") 2, -NR"(CH
2)3N(R")2, -NR"(CH 2)4N(R")2, -NR"(CH2)OR", - NR"(CH
2)2OR", -NR"(CH 2)3OR", or - NR'(CH 2)4OR"; R3 is
independently Cl, Br, F, -CN, -COOH, -COOMe, -NH2, -
N(CHs)2, -N(Et)2, -N(iPr) 2, -O(CH2)2OCH3, -CONH2,
-COOCH3, -OH, -CH2OH, -NHCOCH3, -SO2NH2, -SO2N(Me)2,
or an optionally substituted group selected from
C1-C4alkyl, C1-C4alkyloxy, wherein R3 is independently
and optionally substituted with z occurrences of R6,
wherein z is Oor 1, and each occurrence of R6 is
independently hydrogen, R", -CH2R", halogen, CN, NO2,
-N(R")2, -CH2N(R") 2, - OR", -CH2OR", -SR", -CH2SR",
-COOR", -NR"COR", -NR5 COOR", -CON(R5')2, -SO2N(R") 2,
-CONR"(CH 2)2N(R")2, - CONR(CH2)3N(R")2,-CONR"(CH
2)4N(R")2 -O(CH2)2OR", O(CH2)3OR", O(CH2)4OR",
-O(CH2)2N(R")2, -O(CH2)3N(R") 2, - O(CH2)4N(R")2,
-NR55CH(CH2OH)R", -NR5 CH(CH2CH2OH)R", - NR"(CH 2)R",
-NR"(CH 2)2R", -NR"(CH2)3R", -NR CH ", - NR"(CH
2)N(R")2, -NR"(CH 2)2N(R") 2, -NR"(CH2)3N(R") 2, -
NR"(CH 2)4N(R")2, -NR"(CH 2)OR", -NR"(CH2)2OR", -
NR"(CH 2)3OR", or - NR'(CH 2)4OR";d. each occurrence
of R5 is independently hydrogen, R', -CH2R', halogen,
CN, NO2, -N(R') 2, -CH2N(R') 2, -OR', -CH2OR', -SR', -
CH2SR', -COOR', -NR'COR', -NR COCH2R', -NR'CO(CH 2)2R\
- NR'COOR', -CON(R') 2, -SO2N(R') 2, -CONR'(CH
2)2N(R') 2, - CONR(CH2)3N(R') 2, -CONR'(CH 2)4N(R') 2,
-O(CH2)2OR', 



O(CH2)3OR', O(CH2)4OR', -O(CH2)2N(R') 2, -O(CH2)3N(R')
2, - O(CH2)4N(R') 2, -NR CH(CH2OH)R', -NR
CH(CH2CH2OH)R', - NR'(CH 2)R', -NR CH2(CH3)R',
-NR'(CH2)2R', -NR'(CH 2)3R', - NR'(CH 2)4R', -NR'(CH
2)N(R') 2, -NR'(CH2)2N(R') 2, - NR (CH2)3N(R') 2,
-NR'(CH 2)4N(R') 2, -NR'(CH2)OR , - NR (CH2)2OR ,
-NR'(CH 2)3OR', or -NR'(CH 2)4OR', wherein R5 is
optionally substituted with y occurrences of R7,
wherein y is O, 1, 2, or 3, and each occurrence of R7
is independently hydrogen, R", -CH2R", halogen, CN,
NO2, -N(R")2, -CH2N(R")2, -OR", -CH2OR", -SR ', -
CH2SR", -COOR", -NR"C0R", -NR"C00R", -CON(R")2, -
SO2N(R")2, -CONR"(CH2)2N(R")2, -CONR(CH2)3N(R")2, -
CONR"(CH2)4N(R")2, -O(CH2)2OR", O(CH2)3OR",
O(CH2)4OR", - O(CH2)2N(R")2, -O(CH2)3N(R")2,
-O(CH2)4N(R")2, - NR"CH(CH2OH)R", -NR CH(CH2CH2OH)R",
-NR"(CH2)R", - NR"(CH2)2R", -NR"(CH2)3R",
-NR"(CH2)4R", -NR"(CH2)N(R")2, - NR"(CH2)2N(R")2,
-NR"(CH2)3N(R")2, -NR"(CH2)4N(R")2, - NR"(CH2)0R",
-NR"(CH2)2OR", -NR"(CH2)3OR", or - [00107] In other
embodiments, for compounds of formula I-B and subsets
described directly above, R1 is hydrogen, methyl,
ethyl, n-propyl, isopropyl, n-butyl, p-toluenesulfonyl
(Ts), t-butyldimethylsilyl (TBS), triisopropylsilyl
(TIPS), or triethylsilyl (TES). [00108] In still other
embodiments, for compounds of formula I-B and subsets
described directly above, R2, R3, and R4 are each
hydrogen. In other embodiments, one of R2, R3, or R4
is hydrogen. In yet other embodiments, two of R2, R3,
or R4 is hydrogen. In yet other embodiments, R2 and R4
are both hydrogen, and R3 is halogen,CN, NO2, or V-R'
. In still further embodiments, R2 and R4 are both
hydrogen and R3 i s halogen. In yet further
embodiments, R2 and R4 are both hydrogen and R3 is Cl.
[00109] In other embodiments, for compounds of formula
I-B and subsets described directly above, R2, R3, and
R4 are each independently and optionally substituted
with z occurrences of R6, wherein z is 1, 2, or 3 and
each occurrence of R6 i s independently F, Cl, Br, CN,
OH, NH2, -CH2OH, d-C 6alkyl, -O(Cr C6alkyl), -
CH2O(C1-C6alkyl), -COtd-Qalkyl), -COO(C1-C6alkyl),
-NHSO^CrQalkyl), - SO2NH2, -CONH2, -CONCQ-Qalkyl),
-SO2(C1-C6alkyl), -SO2phenyl, phenyl, benzyl, - N(C
1-C6alkyl)2, or -S(C -C6alkyl), wherein each of the
foregoing phenyl, benzyl, and CrC alkyl groups is
independently and optionally substituted, and wherein
each of the foregoing Q-C alkyl groups is linear,
branched, or cyclic with the proviso that R3 i s not
phenyl. [00110] In certain exemplary embodiments, for
compounds of formula I-B and subsets described
directly above, x is 1, 2, or 3, and at least one
occurrence of R5 is - N(R') 2, -NR'CH(CH 2OH)R', -NR
CH(CH2CH2OH)R', -NR'(CH2)R', - MR CH2(CH3)R', -NR'
(CH2)2R', NR'(CH 2)N(R') 2, or -NR'(CH2)2N(R') 2. In
other embodiments, x is 1, 2, or 3, and at least one
occurrence of R5 is -OR'. In yet other embodiments, x
is 1, 2, or 3, and at least one occurrence of R5 is
-NR' COR', - R COCH2R', or -NR'CO(CH 2)2R'. In still
other embodiments, x is 1, 2, or 3, and at least one
occurrence of R5 is an optionally substituted C1-C6
aliphatic group, a 3-8- membered saturated, partially
unsaturated, or fully unsaturated monocyclic ring
having 0-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, or an 8-12 membered
saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. [00111] In still other embodiments, for
compounds of formula I-B and subsets described
directly above, R5 is optionally substituted with y
occurrences of R7, wherein y is 1, 2, or 3 and each
occurrence of R7 is independently F, Cl, Br, CN, OH, N
H2, -CH2OH, d-C 6alkyl, -O(Cr C6alkyl),
-CHzOtQ^alkyl), -COtQ-Cealkyl), - COO(C 1-C6alkyl),
-NHSO2(C1-C6alkyl), -SO2NH2, -CONH2, -CON(C1-C6alkyl),
- SOatQ-Cealkyl), -SO2phenyl, phenyl, benzyl,
-NtQ-Cealkyl);,, or -S(C1-C6alkyl), wherein each of
the foregoing phenyl, benzyl, and Q-Qalkyl groups is
independentlyand optionally substituted, and wherein
each of the foregoing C1-C6BIlCyI groups is linear,
branched, or cyclic. [00112] In yet other embodiments,
for compounds of formula I-B and subsets described
directly above, x is 1, 2 , or 3 ; at least one
occurence of R is - N(R' )2, - N R CH(CH 2OH)R', -NR
CH(CH 2CH2OH)R', -NR' (CH 2)R', -NR CH2(CH 3)R', -
NR'(CH 2)2R', NR'(CH 2)N(R') 2,-NR'(CH 2)2N(R') 2,
-OR', -NR' COR', - N R 5COCH 2R', or -NR'CO(CH 2)2R';
and R 5 is a Cr C6aliphatic group or a 3-8- membered
saturated, partially unsaturated, or fully unsaturated
monocyclic ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or an 8-12
membered saturated, partially unsaturated, or fully
unsaturated bicyclic ring system having 0-5
heteroatoms independently selected from nitrogen,
oxygen, or sulfur; or two occurrences of R , are taken
together with the atom(s) to which they are bound to
form an optionally substituted 3-12 membered
saturated, partially unsaturated, or fully unsaturated
monocyclic or bicyclic ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur, wherein each occurrence of R ' is optionally
substituted with y occurrences of R7. In certain
embodiments, R ' is hydrogen, C -C6alkyl optionally
substituted with 1-3 occurrences of R7, oris a 5-10-
membered monocyclic or bicyclic saturated, partially
unsaturated or fully unsaturated ring having 0-4
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, wherein the ring is optionally
substituted with 1-3 occurrences of R7. In other
embodiments, R ' is hydrogen, C1-C4alkyl optionally
substituted with 1-3 occurrences o f R7 , or is a ring
selected from (i)-(xLvi) or (xLvii) described in
[0059]. In yet other embodiments, R5 is -N(R' )2 and
the two occurrences of R ' are taken together with the
nitrogen atom to which they are bound to form an
optionally substituted 3-10- membered monocyclic or
bicyclic heterocyclic ring. In certain embodiments,
the ring i s selected from (a)-(o) described in
[0060]. wherein y and R7 are described generally and
in subsets above. [00113] In yet other embodiments, x
is 1 and compounds have general formula I - B i :I-B-i
wherein R1, R2, R3, and R4 are described generally and
in subsets above and herein, and R5 i s - N(R') 2, -NR
CH(CH2OH)R', -NR CH(CH2CH2OH)R', - NR' (CH2)R', -NR
CH2(CH3)R' -NR'(CH 2)2R\ NR (CH2)N(R'
)2,-NR'(CH2)2N(R') 2, - OR , -NR'COR', -NR COCH2R , or
-NR'CO(CH 2)2R',; and R' is a Q-Cealiphatic group or a
3-8-membered saturated, partially unsaturated, or
fully unsaturated monocyclic ring having 0-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an 8-12 membered saturated,
partially unsaturated, or fully unsaturated bicyclic
ring system having 0-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; or two
occurrences of R , are taken together with the atom(s)
to which they are bound to form an optionally
substituted 3-12 membered saturated, partially
unsaturated, or fully unsaturated monocyclic or
bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein
each occurrence of R is optionally substituted with y
occurrences of R7. In some embodiments, R5 is N(R') 2.
In certain embodiments, R' is hydrogen, C1-QaIkVl
optionally substituted with 1-3 occurrences of R7, or
is a 5-10-membered monocyclic or bicyclic saturated,
partially unsaturated or fully unsaturated ring having
0-4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, wherein the ring is optionally
substituted with 1-3 occurrences of R7. In other
embodiments, R' is hydrogen, optionally substituted
with 1-3 occurrences of R7, or is a ring selected from
(i)-(xLvi) or (xLvii) described in [0059]. In yet
other embodiments, R5 



is -N(R )2 and the two occurrences of R' are taken
together with the nitrogen atom to which they are
bound to form an optionally substituted 3-10-membered
monocyclic or bicyclic heterocyclic ring. In certain
embodiments, the ring is selected from (a)-(o)
described in [0O60]. [00114] In yet other embodiments,
x is 0-3 and compounds have general formula IB-
ii:I-B-ii wherein R1, R2, R3, and R4 are described
generally and in subsets above and herein, and each R5
is independently selected from halogen, optionally
substituted C1- C6 alkyl, -SR', -CN, -COOH, -CO2R',
-CON((R') 2, - N(R') 2, -NR CH(CH2OH)R', - NR
CH(CH2CH2OH)R', -NR CH(CH3)R -NR'(CH 2)2R\ NR'(CH
2)N(R') 2,-NR (CH2)2N(R )2, -OR\ -NR COR', -NR COCH2R
, or - NR CO(CH2)2R ,; and R is a C1-C6 aliphatic
group or a 3-8-membered saturated, partially
unsaturated, or fully unsaturated monocyclic ring
having 0-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, or an 8-12 membered
saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; or two occurrences of R , are taken together
with the atom(s) to which they are bound to form an
optionally substituted 3-12 membered saturated,
partially unsaturated, or fully unsaturated monocyclic
or bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein
each occurrence of R is optionally substituted with y
occurrences of R7. In some embodiments, R5 is N(R )2.
In certain embodiments, R' is hydrogen, C1-C6 alkyl
optionally substituted with 1-3 occurrences of R7, or
is a 5-10-membered monocyclic or bicyclic saturated,
partially unsaturated or fully unsaturated ring having
0-4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, wherein the ring is optionally
substituted with 1-3 occurrences of R7. In other
embodiments, R is hydrogen, C1-C4 alkyl optionally
substituted with 1-3 occurrences of R7, or is a ring
selected from (i)-(xLvi) or (xLvii) described in
[0059]. In yet other embodiments, R5 is -N(R )2 and
the two occurrences of R' are taken together with the
nitrogen atom to which they are bound to form an
optionally substituted 3-10- membered monocyclic or
bicyclic heterocyclic ring. In certain embodiments,
the ring is selected from (a)-(o) described in
[0060].[00115] In yet other embodiments, is 1-4 and
compounds have general formula I- -lu : I-B-iii
wherein: R3 is an optionally substituted group
selected from halogen, optionally substituted C1-6
alkyl, CN, N(R') 2, CO2R', NR'COR', CON(R') 2,
CH2N(R') 2, OR', SR', CH2OR'; x is 1, 2, or 3; and at
least one occurence of R5 is selected from halogen,
optionally substituted C1-C6 aliphatic group, -SR',
-CN, -COOH, -CO2R', -CON((R') 2, - N(R') 2, -NR'
CH(CH2OH)R', -NR CH(CH2CH2OH)R', ~NR'(CH2)R\ -NR
CH(CH3)R' - NR'(CH 2)2R', NR'(CH 2)N(R') 2,-NR'(CH
2)2N(R') 2, -OR\ -NR'COR', - NR COCH2R', or
-NR'CO(CH2)2R'; and R is selected from hydrogen, a C1-
C6aliphatic group optionally substituted with y
occurrences of R7, or is a ring selected from
(i)-(xLvi) or (xLvii) described in [0059]. In yet
other embodiments, R5 is - N(R' )2 and the two
occurrences of R' are taken together with the nitrogen
atom to which they are bound to form an optionally
substituted 3-10-membered monocyclic or bicyclic
heterocyclic ring. In certain embodiments, the ring is
selected from (a)-(o) described in [0060]. [00116] In
still other embodiments, R 1, R2 and R4 are each
hydrogen, and x is 0-3, and compounds of formula
I-B-iv are provided: I-B-iv wherein:R3 is an
optionally substituted group selected from halogen,
optionally substituted Cl-6 aliphatic, CN, N(R') 2,
CO2R', NR'COR', CON(R') 2, CH2N(R') 2, R5 is selected
from halogen, optionally substituted C1-C6 aliphatic
group, -SR', -CN, -COOH, -CO2R', -C0N((R') 2, - N(R')
2, -NR CH(CH 2OH)R', - NR CH(CH2CH2OH)R', -NR'(CH2)R',
-NR CH(CH 3)R' -NR'(CH 2)2R\ NR'(CH 2)N(R')
2,-NR'(CH2)2N(R') 2, -OR , -NR'COR', -NR COCH2R , or -
NR CO(CH2)2R ; and R is selected from hydrogen, a Q-C
aliphatic group optionally substituted with y
occurrences of R7, or is a ring selected from
(i)-(xLvi) or (xLvii) described in [0059]. In yet
other embodiments, R5 is -N(R') 2 and the two
occurrences of R5 are taken together with the nitrogen
atom to which they are bound to form an optionally
substituted 3-10-membered monocyclic or bicyclic
heterocyclic ring. In certain embodiments, the ring is
selected from (a)- (o) described in [0060]. [00117] In
still other embodiments, R1, R2 and R 4 are each
hydrogen, and x is 2, and compounds of formula I-B-v
are provided: wherein: R3 is an optionally substituted
group selected from halogen, optionally substituted
C1-6 aliphatic, CN, N(R') 2, CO2R', NR'COR , C0N(R')
2, CH2N(R') 2, OR', SR , CH2OR'; R5 is selected from
halogen, optionally substituted C1-C6 aliphatic group,
-SR , -CN, - COOH, -CO2R', -CON((R')2, - N(R') 2, -NR
CH(CH2OH)R , - NR CH(CH2CH2OH)R', -NR'(CH2)R\ -NR
CH(CH 3)R -NR'(CH 2)2R', NR'(CH 2)N(R5)2,-NR
(CH2)2N(R')2, -OR , -NR'COR , -NR COCH2R , or -
NR'CO(CH 2)2R ; and R' is selected from hydrogen, a
Q-Cealiphatic group optionally substituted with y
occurrences of R7, or is a ring selected from
(i)-(xLvi) or (xLvii)described in [0059]. In yet other
embodiments, R5 is -N(R') 2 and the two occurrences of
R' are taken together with the nitrogen atom to which
they are bound to form an optionally substituted
3-10-membered monocyclic or bicyclic heterocyclic
ring. In certain embodiments, the ring is selected
from (a)-(o) described in [0060]. [00118] In still
other embodiments, R1, R2 and R4 are each hydrogen,
and x is 2, and compounds of formula I-B-vi are
provided: I-B-vi wherein: R , 3 is an optionally
substituted group selected from halogen, optionally
substituted Cl-6 aliphatic, CN, N(R') 2, CO2R',
NR'COR', CON(R') 2, CH2N(R') 2, OR', SR', CH2OR'; R5
is selected from halogen, optionally substituted C1-C6
aliphatic group, -SR', -CN, -COOH, -CO2R', -CON((R')2,
- N(R' )2, -NR CH(CH2OH)R', - NR CH(CH2CH2OH)R',
-NR'(CH 2)R', -NR CH(CH3)R' - NR'(CH 2)2R\ NR (CH2)N(R
)2,-NR'(CH2)2N(R') 2, -OR', -NR COR', -NR COCH2R', or
- NR'CO(CH 2)2R ; and R is selected from hydrogen, a
Q-Cealiphatic group optionally substituted with y
occurrences of R7, or is a ring selected from
(i)-(xLvi) or (xLvii) described in [0059]. In yet
other embodiments, R5 is -N(R') 2 and the two
occurrences of R' are taken together with the nitrogen
atom to which they are bound to form an optionally
substituted 3-10-membered monocyclic or bicyclic
heterocyclic ring. In certain embodiments, the ring is
selected from (a)-(o) described in [0060]. [00119]
Certain additional subsets of compounds of general
formula I include: [00120] Compounds of formula
I-E:I-E wherein R1,R2,R3,R ,R5 and x are each
described generally above and in subsets described
above and herein. [00121] In some embodiments, for
compounds of formula I-E: a. R1 is: i. T-R', wherein T
is a bond or an optionally substituted C1-
C6alkylidene chain wherein up to two methylene units
are 



optionally and independently replaced with - O- , -S-,
-NR'-, - OCO-, -COO-, -SO2-Or - CO-, and R' is
hydrogen, Q-Q-alkyl, or an optionally substituted 5-
or 6-membered aryl or heteroaryl group, or ii. -
Si(R') 3, wherein R' is hydrogen, Q-Q-alkyl, o r an
optionally substituted 5- or 6-membered saturated,
partially unsaturated, or fully unsaturated monocyclic
ring having 0-3 heteroatoms independently selected
from nitrogen, oxygen, o r sulfur; b. R2, R3, and R4
are each independently hydrogen, R', halogen, CN, NO2,
-N(R') 2, -CH2N(R') 2, -OR', -CH2OR', -SR', -CH2 SR',
-COOR', -NR'COR', -NR C(O)OR', -NR COCH2R', -NR'CO(CH
2)2R\ - C0N(R') 2, -SO2N(R') 2, -CONR'(CH 2)2N(R') 2,
-CONR'(CH 2)3N(R') 2, -CONR'(CH2)4N(R') 2 -O(CH2)2OR',
O(CH2)3OR', O(CH 2)4OR\ - O(CH2)2N(R') 2,
-O(CH2)3N(R') 2, or -O(CH2)4N(R')2; wherein R2,R3, and
R4 are each optionally substituted with z occurrences
of R6, wherein z is 0-5 and R6 is =O, =NR", =S,
halogen, -CN , -NO2, or ZR", wherein Z is a bond or an
optionally substituted C - C6 alkylidene chain,
wherein up to two methylene units of the chain are
optionally and independently replaced by - NR"-, -S-,
-0-, -CS-, -CO 2-, -OCO-, - CO-, -COCO-, -CONR"-,
-NR"CO-, -NR CO2-, -SO2NR"-, -NR"SO2-, -CONR"NR"-, -NR
CONR"-, -OCONR"-, -NR"NR"-, - NR SO2NR"-, -SO-, -SO2-,
-PO-, -PO2-, or - POR"-, and each occurrence of R is
independently hydrogen or an optionally substituted
C1-C6 aliphatic group, a 3-8-membered saturated,
partially unsaturated, or fully unsaturated monocyclic
ring having 0-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or an 8-12 membered
saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; or two occurrences of R- are taken together
with the atom(s) to which they are bound to form a
optionally substituted 3-12 membered saturated,
partially unsaturated, or fully unsaturated monocyclic
or bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; each
occurrence of R5 is independently hydrogen, R , -CH2R
, halogen, CN, NO2, -N(R') 2, -CH2N(R') 2, -OR',
-CH2OR', -SR', - CH2SR', -COOR', -NR'COR', -NR
COCH2R', -NR'CO(CH 2)2R , - NR COOR', -CON(R') 2,
-SO2N(R') 2, -CONR'(CH 2)2N(R') 2, - CONR(CH2)3N(R') 2
-CONR (CH2)4N(R )2 -O(CH2)2OR\ O(CH2)3OR', O(CH2)4OR\
-O(CH2)2N(R') 2, -O(CH2)3N(R') 2, - O(CH2)4N(R') 2,
-NR CH(CH2OH)R', -NR CH(CH2CH2OH)R', - NR'(CH 2)R ,
-NR CH(CH3)R', -NR'(CH 2)2R , -NR'(CH2)3R , - NR CH
)4R', -NR'(CH 2)N(R') 2, -NR'(CH 2)2N(R') 2, - NR'(CH
2)3N(R') 2, -NR'(CH 2)4N(R') 2, -NR'(CH 2)OR , -
NR'(CH 2)2OR , -NR'(CH2)3OR , or -NR'(CH 2)4OR\
wherein R5 i s optionally substituted with y
occurrences of R7, wherein y is 0-5 and R7 is =0,
=NR", =S, halogen, -CN, -NO2, or W-R', wherein W is a
bond or an optionally substituted C1-C6 alkylidene
chain, wherein up to two methylene units of the chain
are optionally and independentlyreplaced by - NR"-,
-S-, -0-, -CS-, -CO2-, -OCO-, -CO-, -COCO-, - CONR"-,
-NR"C0-, -NR"CO2-, -SO2NR"-, -NR"SO2-, -CONR NR"-,
-NR"C0NR"-, -OCONR"-, -NR"NR"-, -NR SO2NR"-, -SO-, -SO
2-, - PO-, -PO2-, or - POR"-, and and each occurrence
of R isindependently hydrogen or a optionally
substituted C1-C6 aliphatic group, a 3-8-membered
saturated, partially unsaturated, or fully unsaturated
monocyclic ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or an 8-12
membered saturated, partially unsaturat&d, or fully
unsaturated bicyclic ring system having 0-5
heteroatoms independently selected from nitrogen,
oxygen, or sulfur; or two occurrences of R are taken
together with the atom(s) to which they are bound to
form an optionally substituted 3-12 membered
saturated, partially unsaturated, or fully unsaturated
monocyclic or bicyclic ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. In still other embodiments, for compounds of
formula I-E: a. R1 is hydrogen, Q-Qalkyl, -COR' ,
-SO2R' , or - Si(R') 3; b. R2 and R4 are each
independently Cl, Br, F, -CN, -COOH, -COOMe, - NH2, -
N(CHa)2, -N(Et)2, -N(IPr) 2, -O(CH2)2OCH3, -CONH2, -
COOCH3, -OH, -CH2OH, -N COCH3, -SO2NH2, -SO2N(Me)2, or
an optionally substituted group selected from
C1-C4alkyl, C1-C4alkyloxy, a 3-8-membered saturated,
partially unsaturated, or fully unsaturated monocyclic
ring having 0-3 hieteroatoms independently selected
from nitrogen, oxygen, or sulfur, o>r an 8-12 membered
saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; wherein R2, R3, and R4 are each independently
and optionally substituted with z occurrences of R6,
wherein z is 0, 1, 2, or 3, and each occurrence of R6
is independently hydrogen, R", -CH2R", halogen, CN,
NO2, -N(R")2, -CH2N(R") 2, -OR", -CH2OR", -SR",
-CH2SR", - COOR", -NR"COR", -NR"COOR", -CON(R")2,
-SO2N(R")2, - CONR"(CH2)2N(R")2,
-CONTR(CH2)3N(R")2,-CONR"(CH2)4N(R")2 - O(CH2)2OR",
O(CH2)3OR", 0(CH 2)4OR", -O(CH2)2N(R")2, -
O(CH2)3N(R")2, -O(CH2)4NQR")2, -NR"CH(CH 2OH)R", - NR
CH(CH2CH2OH)R", -NIT(CH 2)R", -NR"(CH2)2R", -
NR"(CH2)3R", -NR"(CH 2)4RL", -NR"(CH 2)N(R")2,
-NR"(CH2)2N(R")2,-NR"(CH 2)3N(R")2, -NR XCHz)4N(RO2,
-NR"(CH 2)OR", - NR"(CH 2)2OR", -NR"(CH2)3OR", or -
MR'(CH 2)4OR"; c. R3 is independently Cl, Br, F, -CN,
-CO OH, -COOMe, -NH2, - N(CHg)2, -N(Et)2, -N(IPr)2,
-O(CH2)2OCH 3, -CONH2, -COOCH3, -OH, -CH2OH, -NHCOCH3,
-SO2NH2, -SO2M(Me) 2, or an optionally substituted
group selected from C1-QaIlCyI, C -C4alkyloxy, wherein
R3 is independently and optionally substituted with z
occurrences of R6, wherein z is Oor 1, and each
occurrence of R6 is independently hydrogen, R",
-CH2R", halogen, CN, NO 2, -N(R") 2, -CH2N(R") 2, -
OR", -CH2OR", -SR", -CH2SR", -COO-R", -NR"COR",
-NR"COOR", -CON(R") 2, -SO2N(R")2, -CONR"(CH )2N(R")
2, - CONR(CH 2)3N(R")2,-CONR"(CH2)4NCR") 2,
-O(CH2)2OR", O(CH2)3OR", O(CH2)4OR", -O(CH2)2NJ(R")2,
-O(CH2)3N(R") 2, - O(CH2)4N(R")2, -NR"CH(CH2OH)R", -
NR"CH(CH 2CH2OH)R", - NR"(CH 2)R", -NR"(CH2)2R",
-NR"(CH 2)3R", -NR"(CH 2)4R", - NR"(CH 2)N(R")2,
-NR"(CH2)2N(R")2, - NR"(CH 2)3N(R") 2, - NR
XCHz)4N(RO2, -NR"(CH2)OR", -N.R"(CH2)2OR", - NR"(CH
2)3OR", or - NR'(CH 2)4OR"; d. each occurrence of R5
is independently hydrogen, R', -CH2R', halogen, CN,
NO2, -N(R' )2, -CH2N(R'> 2, -OR', -CH2OR', -SR', -
CH2SR', -COOR', -NR' COR', -NR COCH 2R', -NR'CO(CH
2)2R , - NR COOR , -C0N(R') 2, -SO2N(R') 2, - CONR'(CH
2)2N(R') 2, - CONR(CH2)3N(R') 2 -CONR'(CH 2)4NCR )2
-O(CH2)2OR', 



O(CH2)3OR', O(CH2)4OR', -O(CH2)2NT(R')2, -O(CH2)3N(R')
2, - O(CH2)4N(R') 2, -NR CH(CH2OH)R', - R
CH(CH2CH2OH)R', - NR'(CH 2)R\ -NR CH(CH3)R', -NR'(CH
2)2R , -NR'(CH 2)3R', - NR'(CH 2)4R', -NR'(CH 2)N(R')
2, -NR5 (CH 2)2N(R') 2, - NR'(CH 2)3N(R') 2, -NR'(CH
2)4N(R )2, - NR'(CH 2)OR , - NR'(CH 2)2OR\ -NR'(CH
2)3OR , or -NIR (CH2)4OR', wherein R5 is optionally
substituted with y occurrences of R7, wherein y is O,
1, 2, or 3, and each occurrence of R7 is independently
hydrogen, R , -CH2R", halogen, CN, NO2, -N(R")2,
-CH2N(R") 2, -OR", -CH2OR", -SR", -CH2SR", -COOR",
-NR"COR", -NR"COOR", -CON(R")2, - SO2N(R")2,
-CONR"(CH2)2N(R")2, -CONfR(CH2)3N(R")2, -
CONR"(CH2)4N(R")2, -O(CH2)2OR", O(CH 2)3OR",
O(CH2)4OR", - O(CH2)2N(R")2, -O(CH2)3N(R")2, -O(CH
)4N(R")2, - NR"CH(CH2OH)R", -NR"CH(CH2CH2OH )R",
-NR"(CH2)R", - NR"(CH2)2R", -NR"(CH2)3R", -NR"(CH2
)4R", -NR"(CH2)N(R")2, - NR"(CH2)2N(R")2,
-NR"(CH2)3N(R")2, -NR"(CH 2)4N(R")2, - NR"(CH2)OR",
-NR"(CH2)2OR", -NR"(CH 2)3OR", or - [00123] In other
embodiments, for compounds of formula I-E and subsets
described directly above, R1 is hydrogen, methyl,
ethyl, n-propyl, isopropyl, n-butyl, p-toluenesulfonyl
(Ts), t-butyldimethylsilyl (TBS), triisopropylsilyl
(TIPS), or triethylsilyl (TES). [00124] In still other
embodiments, for compounds of formula I-E and subsets
described directly above, R2, R3, and R4 are each
hydrogen. In other embodiments, one of R2, R3, or R4
is hydrogen. In yet other embodiments, two of R2, R3,
or R4 is hydrogen. In yet other embodiments, R2 and R4
are both hydrogen, and R3 is halogen, CN, NO2, or V-R'
. In still further embodiments R2 and R 4 are both
hydrogen and R3 is halogen. In yet further embodiments
R2 and R4 are both hydrogen and R3 is Cl. [00125] In
other embodiments, for compounds of formula I-E and
subsets described directly above, R2, R3, and R4 are
each independently and optionally substituted with z
occurrences of R6, wherein z is 1, 2, o 3 and each
occurrence of R6 is independently F, Cl, Br, CN, OH,
NH2, -CH2OH, d-Cealkyl, -O(C -C6alkyl), -
OBbOtCrCsalkyl), -COtQ-Qsalkyl), -COOtQ-C alkyl)-,
-NHSO^Q-Cealkyl), - SO2NH2, -CONH2, -CON(C1-C6alkyl),
-SO2(C1-C6alkyl) , -SO2phenyl, phenyl, benzyl, -N(d-C
6alkyl)2, or -S(C1-C6alkyl), wherein each of the
Foregoing phenyl, benzyl, and C1-QaIkVl groups is
independently and optionally substituted, and wherein
each of the foregoing Q-C alkyl groups is linear,
branched, or cyclic. [00126] In certain exemplary
embodiments, for compounds of formula I-E and subsets
described directly above, x is 1, 2, or 3, and at ast
one occurrence of R5 is - N(R') 2, -NR'CH(CH 2OH)R',
-NR CH(CH2CH2OH)R', - ]MR'(CH2)R', - NR CH(CH3)R',
-NR'(CH2)2R', NR' (CH2)N(R' )2, or -NH'(CH 2)2N(R') 2.
In otherembodiments, x is 1, 2, or 3, and at least one
occurrence of R5 is -OR' . In yet other embodiments, x
is 1, 2, or 3, and at least one occurrence of R5 is
-NR'COR', - NR COCH2R', or -NR'CO(CH 2)2R\ In still
other embodiments, x is 1, 2, or 3 , and at least one
occurrence of R5 is an optionally substituted C1-C6
aliphatic group, a 3-8- membered saturated, partially
unsaturated, or fully unsaturated monocyclic ring
having 0-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfurr, or an 8-12 membered
saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms
independently selected from nitrogen, oxygen, o r
sulfur. [00127] In still other embodiments, for
compounds of formula I-E and subsets described
directly above, R5 is optionally substituted with y
occurrences of R7, wherein y is 1, 2, or 3 and each
occurrence of R7 is independently F, Cl, Br, CNT, OH,
NH2, -CH2OH, C1-QaIkVl, -O(C!-C6alkyl), - COO(C
1-C6alkyl), -NHSO2(Cr C6alkyl), -SO2NH2, -CONH 2,
-CON(d-C 6alkyl), - SO C -Cealkyl), -S0 2phenyl,
phenyl, benzyl, -N(C r C6alkyl)2, or -S(d-C 6alkyl),
wherein each of the foregoing phenyl, benzyl, and CrC
alkyl groups is independently and optionally
substituted, and wherein each of the foregoing CrC
alkyl group s is linear, branched, or cyclic. [00128]
In yet other embodiments, for compounds of formula I-E
and subsets described directly above, x is 1, 2, or 3;
at least one occurence of R5 is - N(R') 2 - NR CH(CH
2OH)R', -NR CH(CH2CH2OH)R , -NR'(CH 2)R',
-NR5CH(CH3)R' , - NR'(CH 2)2R', NR'(CH 2)N(R') 2,-NR
(CH2)2N(R )2, -OR\ -NR'COR', - NR5COCH 2R5, or
-NR'CO(CH 2)2R ; and R5 is a Q-Cealiphatic group or a
3-8- membered saturated, partially unsaturated, or
fully unsaturated monocyclic ring having 0-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfurr, or an 8-12 membered saturated,
partially unsaturated, or fully unsaturated bicyclic
ring system having 0-5 heteroatoms independently
selected from nitrogen, oxygen, o r sulfur; or two
occurrences of R , are taken together with the atom(s)
to which thiey are bound to form an optionally
substituted 3-12 membered saturated, partially
unsaturated, or fully unsaturated monocyclic or
bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein
each occurrence of R5 is optionally substituted with y
occurrences of R7. In certain embodiments, 5
ishydrogen, Q-Cealkyl optionally substituted with 1-3
occurrences ofR , or is a 5-10- membered monocyclic or
bicyclic saturated, partially unsaturated or fully
unsaturated ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, o r sulfur, wherein
the ring is optionally substituted with 1-3
occurrences of R7. In other embodiments, R' is
hydrogen, C1-C4alkyl optionally substituted with 1-3
occurrences of R7, or is a ring selected from
(i)-(xLvi) or (xLvii) described in [0059]. In yet
other embodiments, R is -N(R')2 and the two
occurrences of R' are taken together with the nitrogen
atom to which they are bound to form an optionally
substituted 3-1Omembered monocyclic or bicyclic
heterocyclic ring. In certain embodiments , the ring
is selected from (a)-(o) described in [0060]. wherein
y and R are described generally and in subsets above.
[00129] In yet other embodiments, x is 1 and compounds
have general formula I - E-i: I-E-i wherein R1, R2,
R3, and R4 are described generally and in subsets aboL
e and herein, and R5 is - N(R') 2, -NR CH(CH2OH)R',
-NR CH(CH2CH2OH)R', - NRXCH2)R', -NR CH2(CH3)R'
-NR'(CH 2)2R\ NR' (CH2)N(R' )2,-NR' (CH2)^N(R' )2,-
OR', -NR'COR', -NR COCH2R', or -NR'CO(CH 2)2R\; andR'
is a Q-C 6aliphatic group or a 3-8-membered saturated,
partially unsaturated, or fully unsaturated monocyclic
ring having 0-3 heteroatoms independently selected
from nitroge n, oxygen, or sulfur, or an 8-12 membered
saturated, partially unsaturated, or fally unsaturated
bicyclic ring system having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; or two occurrences of R , are taken together
with the atom(s) to which they are bound to form an
optionally substituted 3-12 membered saturated,
partially unsaturated, or fully unsaturated monocyclic
or bicyclic ri:ng having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein
each occurrence of R' is optionally substituted with y
occurrences o R7. In some embodiments, R5 is N(R' )2.
In certain embodiments, R' is hydrogen, C
-QaIkVloptionally substituted with 1-3 occurrences of
R7, or is a 5-10-membered monocyclic or bicyclic
saturated, partially unsaturated or fully unsaturated
ring having 0-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, wherein the ring is
optionally substituted with 1-3 occurrences of R7. In
other embodiments, R' is hydrogen, Q-Qalkyl optionally
substituted with 1-3 occurrences of R , or is a ring
selected from (i)-(xLvi) or (xLvii) described in
[0059]. In yet other embodiments, R5 is -N(R' ) and
the two occurrences of R' are taken together with the
nitrogen atom to which they are bound to form an
optionally substituted 3-10-membered monocyclic or 



bicyclic heterocyclic ring. In certain embodiments,
the ring is selected from (a)-(o) described in [0060].
[00130] In still other embodiments, R1, R2, and R4 are
each hydrogen, and compounds of formula I-E-ii are
provided: I-E-ii wherein: R3 is an optionally
substituted group selected from halogen, optionally
substituted Cl-6 alkyl, CN, N(R')2, CO2R', NR'COR',
CON(R')2, CH2N(R')2, OR', SR', CH2OR'; x is 1, 2, or
3; and at least one occurence of R5 is - N(R' )2, - NR
CH(CH2OH)R', -NR CH(CH2CH2OH)R', -NR'(CH 2)R', -NR
CH2(CH3)R', - NR'(CH 2)2R', NR'(CH 2)N(R')2,-NR'(CH
2)2N(R') 2, -OR\ -NR COR , - NR COCH2R', or
-NR'CO(CH2)2R'; and R' is a Q-Cealiphatic group
optionally substituted with y occurrences of R7, or is
a ring selected from (i)-(xLvi) or (xLvii) described
in [0059]. In yet other embodiments, R5 is -N(R )2 and
the two occurrences of R' are taken together with the
nitrogen atom to which they are bound to form an
optionally substituted 3-10-membered monocyclic or
bicyclic heterocyclic ring. In certain embodiments,
the ring is selected from (a)-(o) described in
[0060].[00131] In still other embodiments, R1, R2 and
R4 are each hydrogen, and x is 0-3, and compounds of
formula I-E-iii are provided: I-E-iii wherein: R3 is
an optionally substituted group selected from halogen,
optionally substituted Cl-6 alkyl, CN, N(R') 2, CO2R',
NR'COR', CON(R')2, CH2N(R') 2, OR', SR', CH2OR'; R5 is
- N(R') 2, -NR'CH(CH 2OH)R\ -NR CH(CH2CH2OH)R',
-NR'(CH2)R\ - NR CH2(CH3)R', -NR'(CH2)2R\
NR'(CH2)N(R') 2,-NR'(CH2)2N(R') 2 -OR', - NR'COR',
-NR'COCH2R', or -NR'CO(CH2)2R'; and R' is a
Q-Cealiphatic group optionally substituted with y
occurrences of R7, or is a ring selected from
(i)-(xLvi) or (xLvii) described in [0059]. In yet
other embodiments, R5 is -N(R')2 and the two
occurrences of R' are taken together with the nitrogen
atom to which they are bound to form an optionally
substituted 3-10-membered monocyclic or bicyclic
heterocyclic ring. In certain embodiments, the ring is
selected from (a)-(o) described in [0060]. [00132] In
still other embodiments, R1,R2 and R4 are each
hydrogen, and x is 1, and compounds of formula I-E-iv
are provided: wherein: R3 is an optionally substituted
group selected from halogen, optionally substituted
C1-6 alkyl, CN, N(R') 2, CO2R', NR'COR', CON(R')2,
CH2N(R') 2, OR', SR', CH2OR'; R5 is - N(R') 2, -NR
CH(CH2OH)R', -NR CH(CH2CH2OH)R', -NR'(CH 2)R\ -NR'
CH2(CH3)R', -NR'(CH 2)2R\ NR'(CH 2)N(R')
2,-NR'(CH2)2N(R') 2, -OR', -NR'COR', -NR COCH2R', or
-NR'CO(CH 2)2R'; and R' is a C C6aliphatic group
optionally substituted with y occurrences of R7, or is
a ring selected from (i)- (xLvi) or (xLvii) described
in [0059]. In yet other embodiments, R5 is -N(R' )2
and the two occurrences of R' are taken together with
the nitrogen atom to which they are bound to form an
optionally substituted 3-10-membered monocyclic or
bicyclic heterocyclic ring. In certain embodiments,
the ring is selected from (a)-(o) described in [0060].
Representative examples of compounds of formula I are
set forth below in Table 2. Compounds of Table 2 may
also be represented by II-x, where x is the compound
number indicated in Table 2. Table 2. Examples of
Compounds of Formula I:MOUSE PERFORMANCE
IDENTIFICATION FIELD OF INVENTION The invention
relates to methods and systems for authenticating
individuals, and more particularly to authenticating
individuals based on an individual's characteristic
way of manipulating a mouse device. FEDERALLY
SPONSORED RESEARCH AND DEVELOPMENT This invention was
supported in part by the National Science Foundation,
DMI-0232772. The Government has certain rights in the
invention. BACKGROUND In today's computer environment,
inputs required by hardware devices and application
programs are often entered using a mouse device
(hereinafter "mouse"). Briefly, a user manipulates a
mouse to move the corresponding cursor to a desired
location on the computer screen and enters inputs
requested by on-screen prompts or a graphic user
interfaces (hereinafter "GUI"). The user responds by
clicking an appropriate mouse button, that is,
typically, the left or right mouse button.
Furthermore, in today's distributed network
environment, the identification or authentication of a
user represents a critical component in determining
the success and reliability of such technology. Access
by an unauthorized user can result in a heavy monetary
loss and erode consumers' confidence in such a
network, thereby limiting the growth of on-line or
Internet transactions.Accordingly, there are numerous
techniques and devices being built to authenticate a
user trying to access a particular network or a web
page. Prior methods include devices for detection
traditional biometrics such as the voice or
fingerprints of individuals, and typically require
input devices that are not yet readily available to
ordinary users. The present invention provides new
methods and systems for facilitating authentication of
an individual user based on the user's characteristic
way of manipulating the mouse. Automated online
authentication is a problem that dates back to the
origins of remote computing. Password security has
well-established weaknesses and system administrators
have long sought methods that combine security,
comfort and low cost. This quest has become more
important as online transactions become more
ubiquitous throughout our economy and our culture,
more significant in the value of decisions authorized
and more frequent in the course of an ordinary day.
Biometrics applies direct measurement of unique
personal features to the authentication problem.
Physical biometrics measure physiological attributes:
such as iris patterns or fingerprint minutia.
Behavioral biometrics measure human activity, such as
speech or a signature. Biometrics offers very secure
authentication, but the testing procedure is often
inconvenient, uncomfortable or undignified.
Furthermore, the requisite hardware is frequently
expensive . Much research is dedicated to removing
these shortcomings. In 1971 , electronic signature
recognition systems are first introduced. These
inventions predate the existence of a reliable
two-dimensional pointingdevice such as a mouse or a
graphics tablet. They rely entirely on a
onedimensional pattern of pressure changes. Patents
3,579,1 86 and 3,618,019 teach such systems, based
respectively on a pressure-sensitive pen and a
pressure-sensitive signing surface. The results of
this automated signature recognition are quickly
improved. Patent 3,699,517 introduces the measurement
of lateral acceleration as the pen is driven across
the signing surface. Herbst teaches, in extraordinary
detail, in Patent 3,983,535 (and later in Patent
4,128,829), methods for signature recognition using
planar coordinates, as well as force measurements, as
the x,y tracking tablet makes its dramatic
appearance.. Further improvements to the signing
instruments are taught in Patents 



4,308,522, 4,513,437 and 4,646,351 . Advances in
analytic technique beyond Herbst's segmentization and
correlation analysis are taught in Patents 4,736,445
(spectrum analysis), and 5,202,930 (phase shift
analysis). Patent 5,040,222 teaches a pattern
generation method of analysis which, while developed
originally to recognize hand-formed Kanji characters,
also has value in signature identification. All this
art, while increasingly sophisticated, is limited in
application by its hardware requirements, namely the
specialized signing instrument. Such scriber hardware
has worth in dedicated systems such as a point-of-sale
authentication device or at the gateway to a secure
facility. However it will not solve the authentication
needs of the vast majority of computers which are
equipped with only keyboard and mouse. To address this
problem, the 1986 patent 4,621 ,334 teaches a method
of user identification based solely on the keystroke
timing. The individuality ofkey rhythms had been noted
since the early days of telegraphy, when professional
telegraph operators reported that they could readily
recognize the 'fist' of other operators. (UNESCO
Courier August 1999) Interest in the field of
keystroke dynamics is immediate, as administrators
respond to the value of a system that offers biometric
identification without requiring special hardware.
However the ordinary computer keyboard is not a good
instrument for precision measurements of rhythm.
Standard computer keyboard scan rates are relatively
slow (30msec) and accuracy can only be increased by
averaging large samples. The National Science
Foundation commissions a RAND corporation study (R
2526-NSF, 1980) to determine the value of keystroke
dynamics. The report states that reliable results
could not be obtained unless the system examines a
typing sample of at least a full page of text. This
lengthy test, combined with a parallel requirement for
very long training sessions, has confined the utility
of keystroke dynamics to solving special security
problems, such as continual and surreptitious identity
test for data entry clerks. Such applications were
uncommon in the 1980's and have become only more rare
in our time as mouse actions predominate over keyboard
commands and bulk data entry is often automated. To
reach a broader market, many attempts are made to
improve the Rand results. Novel statistical analysis
is one path to improvement. Garcia, in Patent 4,621
,334 applies Mahalnobis distance discrimination to the
problem. Garcia's aim - recognition of users based on
a few typed characters, using a hardware platform
whose resolution is a crude 500 milliseconds -
suggests an optimism uncurbed by
experimentation.Researchers continue to approach the
problem of keystroke dynamics with new computational
tools are as each becomes popular. For example, Patent
5,557,686 (1996) teaches the application of neural net
technology. Nevertheless, irreducible principles of
pattern classification suggest a limit beyond which
ingenious mathematics cannot compensate for imprecise
and skimpy data. Abundant, accurate data is
particularly important when measuring the vagaries of
an informal human behavior such as untrained typing.
More substantial improvements to keystroke dynamics
can be achieved by employing specialized keyboards.
Such mechanisms can provide finer time resolution or
can measure key pressure, as taught in Patent
4,805,222. In achieving this improvement, however,
such systems abandon the prized advantage of using
standardized hardware. Patent 6,062,474 (2000) teaches
a novel application: specifically to the keypad of an
automated teller machine (ATM). While the taught
system, in a specially built ATM can incorporate high
precision timing circuitry, this method is still
plagued by the very small data sample. A four digit
PIN offers only seven data points. This undersampling
problem is interestingly addressed by Patent 5,721
,765 (1998) which teaches a PIN in which timing is
used to strengthen the normal four digit PIN. In this
system, the user chooses a PIN which may or may not
have voluntary pauses between some digits. While
interesting, the system is not a biometric technique,
but an extension of password/PIN technology and one
which adds only three more information bits to a
system that currently exceeds thirteen bits of
security.As the mouse replaces the keyboard as the
principle instrument for user input, efforts are made
to integrate the mouse into biometric process. The
majority of these efforts have recognized the
intimate, persistent and precisely located contact
between the mouse button and the operator's
forefinger. Using this knowledge, inventors have
placed a variety of sensor devices on the button in
order to record fingerprint minutia. Such a system is
taught in Patents 5,838,306 and 6,337.919. Research is
also reported on a mouse that can sense the vascular
patterns of the user's palm. Recent Patent 6572014
teaches a system of surreptitious "in-session"
identity monitoring using a biometric mouse. In this
system, the mouse might have voiceprint, face,
fingerprint, palm print or chemometric sensors.
Interestingly, no behavioral biometric is contemplated
in this imaginative litany. Currently (BBC News
September 03, 2003) McOwan of Queen Mary University in
London is announcing a system for signing documents
with a mouse. This behavioral mouse biometric measures
the attempt of the claimant to literally scribe a
signature using the mouse. While reporting some
success in identification, McOwan demands of his users
an unfamiliar and difficult task. Scribing with a
mouse has been likened to drawing with a bar of soap.
Besides its clumsy shape, the mouse is a relative
positioning device illsuited for signature. Users are
uncomfortable with the task and displeased with the
results - by contrast most people have pride in their
pen-drawn signatures. In addition to user resistance,
McOwan must contend with user learning. Familiarity
leads to improved performance and any change in
performance introduces errors in identification.It
should be noted that all prior art which involves a
pointing device (mouse or stylus), performs data
recording only during the 'pen-down' (drawing) phase.
This is a historical holdover from signature analysis.
The current invention mines the rich data stream
during the pen-up period, in addition to the familiar
pen-down trace. Thanks to this feature and others, the
present invention can resolve the three serious
shortcomings obvious in the prior art: Hardware
dependency: Unlike fingerprint-sensing mice or
signature pens, this invention uses perfectly standard
hardware. Six million mice are manufactured every
month, and this system can be used with all of them.
Comfort: Rather than using the mouse for a clumsy
task, it is used in the most ordinary operation
imaginable, simply clicking on buttons. Data Paucity:
Keystroke dynamics also requires only standard
hardware and also demands only common behaviors. But
it delivers only two data values for each click, and
these are of crude accuracy (30 msec). By contrast, in
the current invention a single click yields
approximately 100 high resolution (8 msec) data points
in each of three dimensions. SUMMARY The present
invention facilitates authentication of individual
users of a mouse by detecting mouse micromotions
characteristic of each individual user. 



A composite of a plurality of metrics characterizing a
user's particular way of manipulating a mouse is
captured and processed. The composite is then compared
with the information in a database comprising
micromotions of authorized users to determine the
likelihood that the particular user is anauthorized
user. As an example, a user enters mouse-clicks
representing a short identification sequence such as a
credit card number via a GUI, comprising target areas.
Briefly, the user uses an ordinary mouse to enter a
mouse-click by clicking an appropriate mouse button
after placing the cursor corresponding to the mouse
within a target area. According to the present
invention, software components embodying the
principles of the present invention facilitate
authentication of a user based solely on the user's
personal way of moving and/or manipulating
(hereinafter "manipulating") the mouse to enter
mouse-clicks. In particular, even if a user enters a
correct identification sequence, if his way of
manipulating the mouse is different from the
authorized user, the requested access can be denied.
BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 illustrates
the trace that a mouse device makes as the cursor
corresponding to the movement of the mouse is
displaced from a first point to a second point. Fig. 2
illustrates the accuracy metric according to the
present invention. Fig. 3 illustrates the bias metric
according to the present invention. Fig. 4 illustrates
the click duration metric according to the present
invention. Fig. 5 illustrates the confirmation
dependency metric according to the present invention.
Fig. 6 illustrates the convexity metric according to
the present invention. Fig. 7 illustrates the
double-click rhythm metric according to the present
invention.Fig. 8 illustrates the mouse-down travel and
inter-click drag metric according to the present
invention. Fig. 9 illustrates the over-click metric
according to the present invention. Fig. 10
illustrates the overshoot and braking metric according
to the present invention. Fig. 11a illustrates the
speed and acceleration metric according to the present
invention. Fig. 11b illustrates the velocity of the
mouse device, where for a given circle or ellipse, the
length in the y direction and the length in the x
direction are proportional to the velocities of the
mouse in the x and y directions, respectively, at the
point corresponding to the circle or ellipse. Fig. 12a
illustrates the tremor and wobble metric according to
the present invention. Fig. 12b, 12c and 12d
illustrates the correction metric according to the
present invention. Fig. 13 illustrates an exemplary
image screen used to determine an individual's
characteristic way of manipulating the mouse. Fig. 14
illustrates an exemplary computer network in which an
embodiment according to the present invention is used
to facilitate authentication of the user of the mouse.
Fig. 15 illustrates time-stamped mouse micromotions
captured by a software component according to the
present invention. Fig. 16 illustrates an exemplary
way of creating a master mouse micromotions
database.Fig. 17 illustrates exemplary software
components according to the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT Fig.
1 illustrates some of the basic principles of the
present invention. User 11 manipulates mouse 13 to
move the cursor 15 from a first target area 17 on a
computer screen 16 to a second target area 19.
Typically, upon successfully moving or displacing
(hereinafter "displacing") the cursor 15 within the
second target area 19, the user enters a mouse-click
by clicking on the left button 13a of the mouse 13. In
Fig. 1, the user 11 traces an arc 18 as he displaces
the cursor 15 from the first target area 17 to the
second target area 18. According to the principles of
the present invention, the way the user 11 manipulates
the mouse 13 depends on the anatomical features of his
hand with which he manipulates the mouse 13, as well
as his temperament and other psychological factors.
Ordinary computer programs or GUI's only record the
mouse-clicks entered at the first and second target
areas. However, software components according to the
present invention look to the trace 18 that user 11
makes as he manipulates the mouse 13 as well as other
unconscious mouse movements the user causes as he
enters a mouse-click. In particular, the term "mouse
micromotion" refers to any movement, track or trace of
the mouse 13 as the user manipulates the mouse to move
it from one point on the computer screen 16 to another
point on the screen. Defined this way, the term "mouse
micromotions" (also referred to as "micromotions" for
short) can be viewed as the unintended, unconscious
motions of the mouse 13 that the user 11 makes while
he attempts to displace the cursor 15, whichmoves in
response to or correspondingly to the movement of the
mouse. Each individual has characteristic way of
manipulating a mouse and the present invention uses an
individual's characteristic mouse micromotions to
determine whether to allow or disallow a user's
request to access a network or perform an on-line
transaction. Software components according to the
present invention uses a plurality of mouse metrics,
including, but not limited to, accuracy, bias, click
duration, confirmation dependency, convexity,
double-click rhythm, mouse down travel/drag,
over-click, overshoot and braking, speed and
acceleration, and tremor, jerking or wobbling. These
physical metrics can be transformed into a virtual
n-dimensional model whose principle axes make conform
to these physical metrics or may lie along composite
axes such as eigenvectors which abstractly represent
user motion space. It would be obvious to one skilled
in the art that some of these metrics are dependent on
the anatomical features of the user's hand, as well as
the user's psychological state, whether temporary or
more lasting. Accuracy: Different individuals have
different degrees of accuracy in terms of the hand and
eye coordination in moving or placing the cursor
within a target area using the mouse (also referred to
as "hitting a mouse target"). The accuracy metric
captures where within the target area the cursor
corresponding to the mouse is located when a
mouse-click is entered. For example, the accuracy
metric captures data relating whether the cursor
corresponding to the mouse was near the border or
center of the target area 22 when the mouse-click 24
is entered. (See figure 2).Bias: Different individual
have different motion bias. A person may manipulate
the mouse outwardly when moving the mouse from a left
corner to a right corner, while he may manipulate the
mouse inwardly when moving the mouse in the opposite
direction. Referring to Fig. 3, given the mirror
imaged lines 3 1 and 32, the way an individual moves
the mouse to displace the cursor (corresponding to the
mouse) from point 33 to point 34 is characteristically
different than when the individual moves the mouse to
displace the cursor from point 34 to point 35. Fig. 3
illustrates an exemplary individual who has a
relatively high degree of a motion bias; that is, he
makes a drastically curved 



trace 36 when he attempts to displace the cursor from
point 34 to point 35 while he makes a relatively flat
curve 37 when he moves the mouse to displace the
cursor from point 33 to point 34. The bias metric
captures data relating to the motion bias of an
individual user. Click duration: In entering a
mouse-click, which comprises the action of pressing (a
mouse press event) and the action of releasing (a
mouse release event) a mouse button, different
individuals hold or press down the button for
different durations of time. The click duration metric
captures the time delay between the press and release
of a mouse button of an individual user. In Fig. 4,
reference number 4 1 represents the time at which a
mouse button is pressed, while reference number 44
represents the time at which a mouse button is
released. Thus, the distance represented by reference
number 42 indicates the delay in time between the
mouse press event and the mouse release event. The
click duration metric captures data relating to the
delay between a mouse press and a mouse release
events.Confirmation dependence: Different individuals
have different degrees of desire, or need for a
confirmation response. It is well known in the art to
make the target area responsive to the user's mouse
movement, e.g., making the target area brighter as the
cursor corresponding to the mouse approaches or enters
the target area. The confirmation dependence metric
captures data relating to an individual user's
dependence, reaction or response to a confirmation
signal, such as a change in the target's brightness.
This metric can be used to facilitate authentication
of a user because a person may not click a mouse
button until a confirmation signal is given to him,
while another person may click the mouse button
regardless of whether or not he receives a
confirmation signal. In Fig. 5, reference number 5 1
represents the time at which a confirmation signal is
given to an individual user, and reference number 52
represents the time at which the user presses a mouse
button. The delay in time represented by reference
number 54 is a function of an individual's
characteristics and can be used to facilitate
authentication of a user of a mouse. Convexity:
Different individuals have different degrees of
straying from the straight line connecting two points.
In fact, while the shortest distance between two
points is a straight line, it is rarely achieved; and
in general, the actual path traced by the cursor
corresponding to the mouse movement tends to bow
either in or out. By applying analysis such as a
low-pass filter to the mouse micromotion data, little
tremors and jerks in the mouse movement can be removed
and the degree of convexity or deviation from the
straight path can be determined to facilitate
authentication of the user of the mouse. In Fig. 6, as
the user manipulates the mouse to move the cursor at
point 62 to point63, the user traces the path 64
instead of the straight line 65. Data relating to the
deviation of the path 64 from the straight line 65 is
captured by the convexity metric. Double click rhythm:
Certain computer programs or GUI's require a double
click action from the user of a mouse. In "double
clicking," different individuals have different
rhythms. The double click rhythm metric captures data
relating to the time delays between in the sequence of
press, release, press and release events and uses the
time delays to facilitate authentication of the user
of the mouse. In Fig. 7, reference numbers 7 1, 72, 73
and 74 represent the time at which a mouse button is
pressed, released, pressed and released, respectively,
as the user performs a double click operation. The
double click rhythm captures data relating to the
delay durations between the subsequent mouse events,
which occur when a user performs a double click.
Mouse-down Travel and Inter-click Drag: Different
users have different ways of handling the mouse and in
some instances causing the mouse to move or slide a
bit while acting to press down a mouse button. The
mouse down travel and inter-click drag metric captures
data relating to the accidental movement or sliding of
the mouse near or about the point at which the
mouseclick is entered. In Fig. 8, reference numbers 8
1 and 82 represent the time at which a mouse button is
pressed and released, respectively. Although, the
mouse button should not move during these two events,
the user accidental moves the mouse by the distance
indicated by reference number 83. Similarly, during a
double click operation, the mouse button should not
move during the press, release, press and release
events (for example, represented by 8 1, 82, 84 and
85); however, an individual user accidentally moves
orslides the mouse button, for example, by the
vertical distance of the arcs 83, 86 and 87.
Over-click: Different individuals have different
incidents of over-clicking a mouse button. The
over-click metric captures data relating to an
individual's tendency to over-click a mouse button. In
Fig. 9, reference numbers 9 1, 92, 93, 94, 95 and 95
represent mouse events within a target area 90, some
of which represent events occurring due to the user's
over-clicking tendency. Overshoot and Braking:
Different individuals have different ways of
overshooting the target, or stopping or braking the
motion of the mouse when the cursor corresponding to
the mouse nears a target area. For example, some users
move the mouse past a target and then pull the mouse
back toward the target. Other users may stop or brake
the movement of the mouse precisely within a target
area. Still others drive or move the mouse cautiously
braking the movement of the mouse before reaching the
target area and then slowly pull the mouse toward the
target. The overshoot and braking metric captures data
relating to an individual's way of overshooting or
braking the mouse movement as he attempts to move the
cursor corresponding to the mouse to a target area.
Fig. 10 illustrates the movement of a mouse
(represented by 110) overshooting a target area,
represented by reference number 111. Power Curve:
Different individuals move the mouse with different
speeds and accelerations; that is, the maximum speed
of the mouse-stroke is a variable, as is the
acceleration from dead rest to the maxim stroke speed.
This measure is equivalent to the drag racer's "zero
to sixty metric." The power curve metric captures data
relating to an individual's way of speedingor
accelerating a mouse as he manipulates the mouse. (See
figures 11a and 11b). In Fig. 11b, the radii of the
circles or ellipses are proportional to the speeds of
the mouse in the x and y directions at the points
represented by the circles and ellipses. Tremor and
Wobble: Different individuals impart different degrees
of tremor, jerking, or wobbling motions as they
manipulate the mouse. The tremor and wobble metric
captures data relating to an individual's tendency to
impart tremor, jerking, and/or wobbling motions to the
mouse as he manipulates the mouse. (See Fig. 12a).
Correction: Different individuals are seen to employ
different path correction behavior. Referring to Fig.
12b, given a line 12b2 representing the shortest line
or stroke between two points, some users over-correct
and compensate repeatedly crossing the straight line
12b2 and tracing out a path represented by 12b2.
Referring to Fig. 12c, other users approach the
straight line path12c from one side, always
under-correcting and tracing out a path such as 12c2.
Some users correct their strokes multiple times, while
others make characteristically small numbers of
corrections, such as one or two distinct corrections.
Fig. 12d illustrates a path 12d2 traced out when a
user 



make two distinct corrections at points 12d3 and 12d4
when the shortest path between two end points is
represented by 12D. In addition, certain psychological
states of an individual can be extracted from the way
the user manipulates the mouse. Using a psychological
test developed and well known in the commercial survey
field, certain psychological indicators (e.g., angry,
depressed, timid, exuberant) ofan individual user are
determined based on the user's way of manipulating the
mouse and used to facilitate authentication of the
user. An embodiment of the present invention may use
all of the metrics discussed above to authenticate a
user of a mouse. Another embodiment may use only a
subset of the metrics. Any embodiment may use other
metrics in combination with these or in place of them.
In addition, certain tricks may be used to enhance the
determination, measurement, or capturing of desired
metrics. For example, undersized hotspots, off-center
rollover, delayed confirmation, temporarily
unclickable targets, and/or moving targets accentuate
certain mouse micromotions, thereby making it easier
to capture data relating to certain metrics. In
addition, based on the mouse micromotion
characteristics of an individual, certain tricks can
be used to highlight the individual's repeatable
micromotion characteristics. In an exemplary database
of the metrics comprising repeatable characteristic
micromotions of individuals, each individual is tested
for seven (7) times, each test comprising mouse-click
entering ten (10) digits and a double-click. In a
first embodiment according to the present invention, a
user is directed to enter a sequence of alpha-numeric
characters, e.g., a credit card number, using
mouse-clicks. For example, referring to Fig. 13, a
screen 131 showing a numeric character image 132 is
presented to the user 137 of the present invention. As
the user 137 enters a sequence 133 via the image 132
using the mouse 134, which controls or corresponds to
the cursor 135, data relating to the micromotions of
the mouse 134 is captured. The data relating to the
micromotions of the mouse 134 is preferably locally
stored andprocessed to yield feature vectors
corresponding to the user 137. The term "feature
vector" refers to a mathematical expression or
representation of one or more of the metrics discussed
previously, and determine or classify the
characteristic micromotions of an individual. The
feature vectors of the user 137 are then transmitted
or communicated to a remote server 141 shown in Fig.
14, which server comprises a master mouse micromotion
database 144. A comparison is made between the feature
vectors transmitted to and received by the server 141
and the characteristic feature vectors associated with
the authorized user of the sequence 133, which are
available to the server 141 and are stored in the
master database 144. Based on the result of the
comparison, the remote server141 transmits a signal,
for example a number 145, indicating a probability
that the user 137 is indeed the authorized user of the
sequence 133 to an on-line merchant or bank, 142. In a
preferred embodiment, a local micromotion sensor or
detector (hereinafter "sensor") gathers information
relating to mouse micromotions of the user 137 as he
manipulates the mouse, for example, to enter a credit
card number, e.g., sequence 133. The sensor preferably
works in conjunction with the browser program that the
user 137 uses, and thus the sensor is embodied as a
plug-in program or a JavaScript function or Java
applet embedded in a web page accessed by the user's
browser program. A sensor application can also be used
independently from the user's browser program as well
known to those skilled in the art. In addition, the
server and the client model shown in Fig. 14 is for
exemplary purposes only; software or hardware
components according to the present invention can be
used in a variety of computers, networks and
architecture.The micromotion sensor according to the
present invention preferably associates a series of
time-stamps with the micromotion data captured by the
sensor as the user manipulates his mouse. (See figure
15). This data stream is then stored and processed by
software components according to the present
invention. In a preferred web-environment, the data is
buffered or stored at the desktop or the client server
and transmitted to a remote server either in a
streaming or block mode. Another preferred embodiment
would permit the client software to reduce the data
stream to feature vectors and transmit only these
vectors in order to conserve the bandwidth and better
distribute the processing load. The master mouse
micromotions database 144 is built, for example, when
an owner of a credit card signs up to be an authorized
user. Referring to Fig. 16, in the credit card
context, the owner 161 performs certain mouse
manipulations when he signs up for a credit card.
Similarly, in the network access context, i.e., an
authorized user performs certain mouse manipulations
when he is initially given the authorization
permitting him to have access to a particular network.
As the user manipulates the mouse to perform the task
requested at the initial sign up time, the user's
characteristic feature vectors are determined and are
stored in the master mouse micromotions database 162.
For example, a classifier or micromotion catalog
program places and stores the micromotions associated
with each authorized individual for later retrieval
and comparison. This process is often referred to as
"training" the classifier. In particular, a software
component, micromotion catalog, tracks and captures
data relating to the metrics discussed above and
extract a set orstream of mouse micromotions
(hereinafter "micromotion event stream"), which may
include all or subset of the metrics discussed above,
including but not limited to data reflecting such as
hesitancy, tremor, convexity, and mouse drag. A
library of mathematical methods is then applied to the
mouse micromotion event stream to extract the metrics
and develop feature vectors characteristic of an
individual user. The mathematical methods include,
among other things, Fourier analysis, KLT, statistics,
matrix transformations, kinematics, and other
processing techniques. As an example, path convexity
may require application of a low-pass filter.
According to the principles of the present invention,
the micromotion catalog comprises feature vectors
corresponding to metrics that are both repeatable and
characteristic of an individual. Typically, mouse
micromotions according to the present invention are an
order of magnitude smaller than the typical mouse
clicks that are of interest to conventional hardware
and software devices. For mouse motions in the order
of seconds, the micromotions are in the 10th or 100th
of the seconds. In addition, the metrics
characterizing the way an individual user handles,
moves or manipulates a mouse are standardized or
abstracted out from the particular software and hard
interface components used by the user. The
standardization or abstraction process allows the
mouse micromotions characteristic of an individual to
be determined independent of such interface
components. The standardization process preferably
operates during run time. Fig. 17 illustrates
exemplary software components according to the present
invention. A microsensor 171 captures or gathers data
relating themovement of a mouse. A local memory 172
stores the raw data and a standardization process 173
removes noise or data dependent on the particular
hardware and software devices used by the user of the
mouse. A 



metric system 174 extracts data representing the
metrics discussed above and determine feature vectors
of the user of the mouse. Software components 171 ,
172, 173 and 174 are accessible by the client server.
Once feature vectors for the user of the mouse are
determines, the vectors are transmitted to a remote
server side. A conventional communication component
175 is used to communicate the feature vectors. On the
server side, a classifier 176 classifies or maps the
feature vectors and performs a comparison of the
received feature vectors against the data in a master
micromotion database. After the comparison, an
authentication component 177 determines a value
indicating the likelihood or probability of the user
being an authorized person. Accordingly, the present
invention can be used to facilitate authentication of
a customer making an on-line purchase or any on-line
transaction. For example, when making an on-line
purchase, a cardholder uses a mouse device to enter
his credit card number by clicking a sequence of
authorization mouse-clicks via an on-screen keypad
image. The micromotion pattern of the user is captured
and then matched against a stored profile of the
authorized user associated with the credit card
number, and the identity of the cardholder is
verified. Another embodiment according to the present
invention is authentication of the person to whom
sensitive information such as medical information can
be released. Another embodiment according to the
present invention is authentication of the votersin an
Internet voting system. Furthermore, an embodiment
according to present invention can be used to
facilitate network security and network access.
Numerous modifications to and alternative embodiments
of the present invention will be apparent to those
skilled in the art in view of the foregoing
description. For example, those skilled in the art
will recognize that the term "mouse" as used herein
applies as well, to a conventional computer mouse and,
to a broad class of pointing devices and their
equivalents, such as touch pads, joysticks, styli,
touch screens, tablets, gesture pads, gloves, and eye
tracking devices. Accordingly, this description is to
be construed as illustrative only and is for the
purpose of teaching those skilled in the art the best
mode of carrying out the invention. Details of the
embodiment may be varied without departing from the
spirit of the invention, and the exclusive use of all
modifications which come within the scope of the
appended claims is reserved.CLAIMS 1. A method of
human authentication in a system comprising a computer
and a mouse, said method comprising a: detecting mouse
movements of a user; b: obtaining at least one metric
of mouse movement information characterizing the user;
c: comparing the metric against a database; and d:
authenticating the user. 2 . A method according to
Claim 1 wherein the method provides information
regarding the user's class identity. 3. A method
according Claim 1 wherein the step of detecting the
mouse movements of the user is executed without the
user's awareness. 4. A method according to Claim 1
wherein the database comprises an aggregated
representation of previously detected mouse movement
information. 5. A method according to Claim 1 wherein
the comparison between the metrics and the database
uses at least one eigenvector derived from the
metrics. 6. A method according to Claim 1 wherein the
user's mouse movements are in response to a display on
the computer's screen.7. A method according to Claim
1, wherein said mouse comprises a pointing device that
comprises any of a touch pad, joystick, stylus, touch
screen, tablet, gesture pad, glove, and eye tracking
device. 8. An information processing system for
identifying its users, the system comprising: an
arrangement of sensors for detecting a user's mouse
movements; a memory unit for storing the detected
user's mouse movements; a computational element for
obtaining at least one metric from the user's mouse
movements and manipulating the metric; and a database.
9. A system according to Claim 8 wherein a target
pattern is used to elicit information known only to an
authorized user. 10. A system according to Claim 8
wherein a target pattern that changes from a session
to session is used to elicit the user's mouse
movements. 11.A system according to Claim 8 wherein
said information processing system is distributed over
a plurality of networked devices. 12.A system
according to Claim 8 is used for online commercial
transactions.13.A system according to Claim 8 is used
for online voting. 14.A system according to Claim 8 is
used for network access. 15.A system according to
Claim 8 is used to authorize the release of sensitive
personal records. 16.A system according to Claim 8
wherein said information processing system is a single
computer. 17.A system according to Claim 8, wherein
said mouse comprises a pointing device that comprises
any of a touch pad, joystick, stylus, touch screen,
tablet, gesture pad, glove, and eye tracking device. 


