
COMPOUNDS AND METHODS OF IDENTIFYING, SYNTHESIZING,
OPTIMIZING AND PROFILING PROTEIN MODULATORS
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application is a continuation in part of PCT
International Application PCT/US06/33890, filed August
29, 2006, which is a continuation in part of
PCT/US2005/18412, filed May 23, 2005, and claims
priority to U.S. Ser. No. 60/739,477, filed November
23, 2005, U.S. Ser. No. 60/739,476, filed November 23,
2005, U.S. Ser. No. 60/741,767, filed December 2,
2005, U.S. Ser. No. 60/751,030, filed December 16,
2005, U.S. Ser. No. 60/783,106, filed March 13, 2006,
U.S. Ser. No. 60/785,904, filed March 23, 2006, U.S.
Ser. No. 60/785,817, filed March 23, 2006, and U.S.
Ser. No. 60/789,379, filed April 4, 2006. FIELD OF THE
INVENTION [0002] This invention relates to methods of
identifying, synthesizing, optimizing and profiling
compounds that are inhibitors or activators of
proteins, both naturally occurring endogenous proteins
as well as certain variant forms of endogenous
proteins, and novel methods of identifying such
variants. The method accelerates the identification
and development of compounds as potential
therapeutically effective drugs by simplifying the
pharmaceutical discovery and creation process through
improvements in hit identification, lead optimization,
biological profiling, and rapid elimination of toxic
compounds. Implementation results in overall cost
reductions in the drug discovery process resulting
from the corresponding increases in efficiency.
BACKGROUND OF THE INVENTION [0003] Important
components of modern new drug discovery/creation
methods that are directed towards a selected protein
target present in a human cell include: 1.
identification of "hit" compounds which inhibit or
activate the selected target protein. (A hit is
defined for these purposes as a compound that scores
positively in a given assay and may posess some of the
effects and pharmacological properties that the
investigator desires. In modern pharmaceutical
research, however, hits are virtually never final
clinical candidates without substantial further
modification); 2. selection of a lead compound upon
which to base further studies and refinements of the
initial hit compound;3. optimization of a lead
compound (whose chemical structure is either related
to or identical to the original hit compound) by
making a series of chemical modifications designed
primarily to improve the inhibitory or activating
properties of the lead compound with respect to the
target protein, but which may also improve
bioavailability, plasma half-life, or reduce toxicity;
4. profiling the spectrum of biological activity of a
given lead compound (including an optimized lead) in
order to determine its relative specificity and
selectivity for the chosen target protein as compared
to other non-target proteins, some of which may be
closely related to the target protein itself (such as
other members of a protein family); 5. preclinical
in-vitro and in-vivo animal studies designed to
evaluate dosing ranges, carcinogenicity, absorption,
distribution, metabolism, excretion, pharmakokinetics,
oral bioavailability (if desired), pharmacodynamics,
toxicity, and related parameters; 6. clinical trials
in healthy volunteers and in patients afflicted with
the disease for which the potential therapeutic
treatment is thought to be beneficial. [0004] This
invention is directed toward a novel approach which
substantially improves steps 1-4 as given above. The
method can also be.used to create and optimize .
compounds that are substantially more effective and
less toxic than typical experimental drugs that have
been identified, optimized or profiled using standard,
less sophisticated approaches that are currently in
use. [0005] The methodology described herein has been
developed as part of an intensive effort to develop
advanced new pharmaceutical technologies that convert
the "drug discovery" process into one more accurately
described as a "drug creation" process by inventing
predictable, reliable methodologies that provide the
skilled investigator with the necessary tools to
create new drugs that target specific proteins of
importance in human disease while reducing the time
and immense costs associated with the drug
discovery/development process. [0006] The progressive
development of drug resistance in a patient is the
hallmark of chronic treatment with many classes of
drugs, especially in the therapeutic areas of cancer
and infectious diseases. Molecular mechanisms have
been identified which mediate certain types of drug
resistance phenomena, whereas in other cases the
mechanisms of acquired as well as de novo resistance
remain unknown today.[0007] One mechanism of induced
(acquired) drug resistance originally thought to be
relevant in the area of cancer therapy involves
increased expression of a protein known as
P-glycoprotein (P-gp). P-gp is located in the cell
membrane and functions as a drug efflux pump. The
protein is capable of pumping toxic chemical agents,
including many classical anti-cancer drugs, out of the
cell. Consequently, upregulation of P-glycoprotein
usually results in resistance to multiple drugs.
Upregulation of P-glycoprotein in tumor cells may
represent a defense mechanism which has evolved in
mammalian cells to prevent damage from toxic chemical
agents. Other related drug resistance proteins have
now been identified with similar functions to P-gp,
including multidrug-resistance-associated protein
family members such as MRPl and ABCG2. In any event,
with the advent of the development of compounds that
are specific for a given target protein, and less
toxic, the importance of P-glycoprotein and related
ATP-binding cassette (ABC) transporter proteins in
clinically significant drug resistance has lessened.
[0008] Another possible molecular mechanism of
acquired drug resistance is that alternative signal
pathways are responsible for continued survival and
metabolism of cells, even though the original drug is
still effective against its target. Furthermore,
alterations in intracellular metabolism of the drug
can lead to loss of therapeutic efficacy as well. In
-addition, changes in gene expression as well as gene
amplification events can occur, resulting in increased
or decreased expression of a given target protein and
frequently requiring increasing dosages of the drug to
maintain the same effects. (Adcock and Lane, 2003)
[0009] Mutation induced drug resistance is a
frequently occurring event in the infectious disease
area. For example, several drugs have been developed
that inhibit either 



the viral reverse transcriptase or the viral protease
encoded in the human immunodeficiency (HIV) viral
genome. It is well established in the literature that
repeated treatment of HIVinfected AIDS patients using,
for example, a reverse transcriptase inhibitor
eventually gives rise to mutant forms of the virus
that have reduced sensitivity to the drug. Mutations
that have arisen in the gene encoding reverse
transcriptase render the mutant form of the enzyme
less affected by the drug. [0010] The appearance of
drug resistance during the course of HTV treatment is
not surprising considering the rate at which errors
are introduced into the HIV genome. The HIV reverse
transcriptase enzyme is known to be particularly error
prone, with a forward mutation rate of about 3.4 x 10
5 mutations per base pair per replication cycle
(Mansky et al., J. Virol.69:5087-94 (1995)). However,
analogous mutation rates for endogenous genes encoded
in mammalian cells are more than an order of magnitude
lower. [001 1] New evidence shows that drug resistance
can also arise from a mutational event involving the
gene encoding the drug target (Gorre et al., Science,
2001; PCT/US02/18729). In this case, exposure of the
patient to a specific therapeutic substance such as a
given cancer drug that targets a specific
protein-of-interest (POI, or "target" protein) may be
followed by the outgrowth of a group of cells
harboring a mutation occurring in the gene encoding
the protein that is the target of the therapeutic
substance. Whether the outgrowth of this population of
cells results from a small percentage of pre-existing
cells in the patient which already harbor a mutation
which gives rise to a drug-resistant POI, or whether
such mutations arise de novo during or following
exposure of the animal or human being to a therapeutic
agent capable of activating or inhibiting said POI, is
presently unknown. In either case, such mutation
events may result in a mutated protein (defined below
as a theramutein) which is less affected, or perhaps
completely unaffected, by said therapeutic substance.
[0012] , Chronic myelogenous leukemia (CML) is
characterized by excess proliferation of myeloid
progenitors that retain the capacity for
differentiation during the stable or chronic phase of
the disease. Multiple lines of evidence have
established deregulation of the AbI tyrosine kinase as
the causative oncogene in certain forms of CML. The
deregulation is commonly associated with a chromosomal
translocation known as the Philadelphia chromosome
(Ph), which results in expression of a fusion protein
comprised of the BCR gene product fused to the Abelson
tyrosine kinase, thus forming p210Bcr Abl which has
tyrosine kinase activity. A related fusion protein,
termed pl90 Bcr AbI, that arises from a different
breakpoint in the BCR gene, has been shown to occur in
patients with Philadelphia chromosome positive (Ph+)
Acute Lymphoblastic Leukemia (ALL) (MeIo, 1994;
Ravandi et al., 1999). Transformation appears to
result from activation of multiple signal pathways
including those involving RAS, MYC, and JUN. Imatinib
mesylate ("STI-571" or "Gleevec(r)") is a
2-phenylamino pyrimidine that targets. the ATP binding
site of the kinase domain of AbI (Druker et al, NEJM
2001, p. 1038). Subsequently it has also been found by
other methods to be an inhibitor of platelet-derived
growth factor (PDGF) b receptor, and the Kit tyrosine
kinase, the latter of which is involved in the
development of gastrointestinal stromal tumors (see
below).[0013] Until recently, it had not been observed
that during the course of treatment with a specific
inhibitor of a given endogenous cellular protein that
a mutation in its corresponding endogenous gene could
lead to the expression of protein variants whose
cellular functioning was resistant to the inhibitor.
Work by Charles Sawyers and colleagues (Gorre et al.,
Science 293:876-80 (2001); PCT/US02/18729)
demonstrated for the first time that treatment of a
patient with a drug capable of inhibiting the p210Bci
AbI tyrosine kinase (i.e., STI-571) could be followed
by the emergence of a clinically significant
population of cells within said patient harboring a
mutation in the gene encoding the p210Bcr Abl cancer
causing target protein which contains the Abelson
tyrosine kinase domain. Various such mutations gave
rise to mutant forms of p210Bcr Lbl which were less
responsive to Gleevec treatment than was the original
cancer causing version. Notably, the mutations that
emerged conferred upon the mutant protein a relative
resistance to the effects of the protein kinase
inhibitor drug, while maintaining a certain degree of
the original substrate specificity of the mutant
protein kinase. Prior to the work of Gorre et al., it
was generally believed by those skilled in the art
that the types of resistance that would be observed in
patients exposed to a compound which inhibited the
Abelson protein kinase, such as STI-571, would have
resulted from one or more of the other mechanisms of
drug resistance listed above, or by some other as yet
unknown mechanism, but that in any event said
resistance would involve a target (protein or
otherwise) which was distinct from the drug's target
POI. [0014] Accordingly, the ability to treat
clinically relevant resistant mutant forms of proteins
that are otherwise the targets of an existing therapy
would be extremely useful. Such mutated proteins
(theramuteins as defined below) are beginning to be
recognized and understood to be important targets in
recurring cancers, and will become important in other
diseases as well. There exists a need for therapeutic
agents that are active against such drug resistant
variant forms of cellular proteins that may arise
before, during or following normally effective drug
therapies. A key purpose of this invention is to
provide a generalizable methodology that the skilled
investigator may utilize to identify hits from high
throughput screening (HTS) systems, create and
optimize lead compounds, and profile the spectrum of
biological activity of such compounds, all without
reliance upon older methods such as cell free
radioligand binding assays and the like. An additional
key purpose of this invention is to provide compounds
that may serve as potential therapeutic agents useful
in overcoming mutation-induced drug resistance in
endogenously occurring proteins.BRIEF SUMMARY OF THE
INVENTION [0015] The method described herein involves
the generation of a cellular responsebased drug
discovery and creation system that utilizes
modulations of a defined, pre determined
characteristic of a cell termed aphenoresponse as a
tool to measure the ability of a given compound
(chemical agent, modulator) to activate or inhibit a
selected target protein. Through the iterative
application of this process, the methodology described
herein may be utilized to identify protein modulators
(as herein defined), perform lead optimization on such
modulators, and biologically profile the target
protein specificity and selectivity of such
modulators. [0016] The invention described herein may
be utilized with any target protein and any eukaryotic
cell type, provided however that an essential element
of the invention which is 



termed the phenoresponse is first identified and
utilized according to the teachings herein. One
embodiment of the method provides the skillled
investigator with the ability to identify inhibitors
or activators of a selected target protein. Another
embodiment allows the skilled investigator to do rapid
lead optimization studies in order to arrive at a
potential clinical candidate compound. Still another
embodiment provides the skilled investigator with the
ability to design compounds possessing a desired
degree of specificity for a given target protein .as
well as selectivity for that protein relative to
distinct yet closely related family members of the
target protein that may exist with certain targets.
[0017] Improvement of the.therapeutic efficacy of a
compound, including an already approved medication, is
an important recurring problem in pharmaceutical
research. A commonly utilized approach is to start
with known chemical structure and make additional
chemical modifications to the structure for the
purpose of improving its potency, specificity (for the
target protein), or other parameter relevant to its
therapeutic efficacy in the patient. In some cases the
starting structure may be a known drug hi other
instances it may simply be an initial screening hit
identified either using a cell-free or primary
cell-based screening assay. In still other instances,
the compound may be an initial chemical structure
defined in its minimal terms based upon a screening
hit or other model structure, and frequently termed a
"scaffold". For the purposes of this invention, a
scaffold is defined as a chemical structure with one
or more side chains or ring substituents that have
been removed relative to a representative compound
that otherwise shares the same scaffold. By way of
example, the third compound in Table 4 may be thought
of as a scaffold.[001 8] An important contribution of
the present invention is the use of the phenoresponse,
taken together with determination of the cellular
specificity of a first compound relative to a second
compound in order to determine whether the first
compound exhibits an improved cellular specificity
relative to the second compound. This approach,
reported for the first time in the invention described
herein, represents a fundamental advance over the
prior art. The prior art relies upon cell-free assay
systems utilizing purified or recombinantly produced
proteins for assaying the activity of a compound, and
compares the effect of a given compound on a target
protein with its effects on other proteins generally
related (closely or distantly) to the target protein.
Numerous examples of this type of prior art approach
are found in the literature, including Hanke et. al.,
1996, Warmuth et. al., US 2003/0162222 Al, Knight and
Shokat, 2005, and references therein. Such older types
of cellfree approaches are markedly less effective or
completely ineffective as compared to the present
invention in identifying and optimizing the cellular
specificity and therapeutic efficacy of a given
scaffold. The substantial improvement of the present
invention results from at least three key elements.
[0019] First, the concept of the phenoresponse, when
utilized together with the measurement of the cellular
specificity of a given compound (as measured for
example by determination of its CSG), provides a
system which allows the identification of compounds
that may interact with the target protein in an
improved, more functionally effective manner. [0020]
Second, the present invention provides a method of
identifying compounds that are also capable of
interacting with other cellular components distinct
from the target protein (which include but are not
limited to upstream or downstream components of a
signal transduction pathway involving the target
protein such as monomelic or multi-subunit proteins,
protein complexes, protein/nucleic acid complexes, and
the like), that are functional in the specific signal
tranduction pathways or peripheral to the signal
transduction pathways in which the target protein
functions within the cell, to promote the disease
state of interest such as a selected form of human
cancer. Due to the complexity of the signal
transduction cascades present in the cells of higher
ordered organisms such as humans, the current state of
the art is incapable of complete knowledge regarding
all of the mechanism in which a given target protein
functions within the cell. [0021] Third, the present
invention eliminates compounds that cross react with
other non-target proteins that do NOT participate in
the signal transduction pathways that underliethe
disease state in which the target protein functions.
This ability of the present invention to eliminate
such compounds (which will have untoward side effects
in the patient) arises from the direct comparative
measurement of the cellular specificity of the
compound using the phenoresponse, which inherently
eliminates effects upon the control cell. If the
effect of a given test compound results in a reduced
cellular specificity as compared to the reference
compound, the compound can be eliminated immediately.
Whether the test compound is less effective against
the target protein, or cross-reacts with other
non-target proteins that do not participate in the
signal tranduction pathways of the target protein that
modulate the phenoresponse linked to the target
protein, or is simply cytotoxic, is irrelevant and
only of academic interest. The essential point is that
the test compound will be a less effective therapeutic
and can be eliminated from further consideration. This
saves the skilled investigator time and effort in
evaluating variant chemical structures. It is
important for the reader to recognize that compounds
that may be very potent and highly effective against
the target in cell-free assay systems may nevertheless
show relatively low CSG determinations and may
therefore be rapidly eliminated, saving time and
precious resources. [0022] The aforementioned key
advantages of the present invention are nowhere to be
found in the prior art, and provide the essential
improvements of the present invention over the prior
art. These advantages are applicable to all. potential
therapeutic target proteins, but are especially
important in the case of the intractable, highly drug
resistant target proteins known as theramuteins (WO
2005/1 15992). [0023] As a result of the use of this
invention, the problem of improving and optimizing a
given compound relative to other less effective
compounds is greatly simplified and enhanced. The
skilled investigator simply begins with a first
compound, whether it be an approved drug, a screening
hit, or a basic scaffold which is known to inhibit or
activate the protein of interest, and uses this first
compound as an starting point for reference purposes.
Additional compounds that are analogs, homologs,
isomers, and the like, of the first compound (also
referred to herein as the "starting compound" or
"reference compound") are then synthesized using basic
methods of medicinal chemistry synthesis which are now
standard in the art. Some of these chemical synthesis
methods have already been referred to in other
sections herein, and the reader may also refer to
Burbaum et al., 1995 and Goodnow et al., 2003 as
general references for such procedures. Once the
additional compounds are 



synthesized, the skilled investigator then proceeds to
use the methods of the invention ratherthan the prior
art method of constantly referring to the results
obtained with cell-free assays by testing the new
compounds on both the target protein and an array of
other non-target proteins in an attempt to minimize
the cross-reactivity of the compound with other
proteins. Instead, through the use of this invention,
the skilled investigator may guide the improvement of
the chemical structure of the starting compound
through direct reference to the results obtained from
determinations of the CSG of each compound to be
tested using the phenoresponse-based cellular assay
system of the present invention. Most importantly,
continuous reliance upon the results of cell-free,
purified protein assays, including "kinase panels" as
referenced above in Hanke et al. (1996) and Knight and
Shokat (2005) is eliminated in its entirety, and yet
the compounds that result from the implementation of
the present method are superior to those obtained by
the older methods, as shown by the activities of the
compounds identified herein that are effective against
the highly drugresistant theramutein p210 Bcr-Abl
T315I, as shown in Table 4. Nothing limits the skilled
investigator to independently test any resulting
compounds in a cell-free system for independent
verification if so desired, but this is in no way
required in order to practice the invention. [0024]
Prior to this invention, it has not been demonstrated
that a cellular responsebased drug discovery system is
capable of identifying and ranbordering inhibitors or
activators of a selected target protein without prior
reference to a cell-free, purified protein ligand
binding assay or enzyme assay (when the target protein
is an enzyme) in order to establish that the compounds
under investigation are actually binding to the target
protein. [0025] These results demonstrate, for the
first time, the use of a cellular responsebased assay
system as a primary tool to identify inhibitors or
activators of a given target protein from compounds
that score positively in a high-throughput screen
(HTS). These results also demonstrate that once a hit
or lead compound capable of activating or inhibiting a
given target protein is identified (by any method,
including the embodiments disclosed herein or via
classical cell-free HTS methods), said compound may
also be chemically optimized (i.e. lead optimization
may be performed on said compound) entirely using the
phenoresponse-based cellular assay system without
subsequent dependence upon a cell-free purified
protein assay system to independently verify/confirm
that the inhibitory or activating ability of each
subsequent compound synthesized during the lead
optimization process. This embodiment alone saves the
skilled investigator a substantial amount of time,
effort andsignificant laboratory resources that would
normally be spent on generating and independently
confirming inhibitory or activating properties using
classical cell-free purified protein assays,
radioligand binding assays, and the like. [0026] The
method is demonstrated herein using a specific mutated
form of a cancercausing protein involved in the
development and progression of chronic myelogenous
leukemia (CML). This protein, termed the Abelson
protein kinase, in its cancer causing form is a known
target for certain tyrosine kinase inhibitors such as
imatinib mesylate. However, as discussed in detail
below, this target protein can arise in a patient in a
mutated form that becomes resistant to the inhibitory
effects of imatinib. Such forms of the Abelson kinase
are termed theramuteins. In an embodiment of the
invention, suitable lead compounds capable of
inhibiting or activating a given theramutein are
identifi ed hi another embodiment of this invention, a
lead compound is optimized. The method is effective
for the identification of hits, for lead optimization
of such hits (regardless of how such hits were
initially identified), and for biological profiling of
compounds directed towards non-theramutein endogenous
target proteins. The general utility of the method is
demonstrated using a theramutein consisting of a
mutated form of the Abelson kinase harboring a T315I
mutation that confers a high degree of drug
resistance. [0027] This invention further relates to
agents that are inhibitors or activators of variant
forms of proteins. The invention also relates to
agents that are inhibitors or activators of certain
variant forms of endogenous proteins. Of particular
interest are inhibitors and activators of endogenous
protein variants, encoded by genes which have mutated,
which variants often arise or are at least first
identified as having arisen following exposure to a
chemical agent which is known to be an inhibitor or
activator of the corresponding unmutated endogenous
protein. Such protein variants (mutant proteins) are
herein termed "theramuteins," and may occur either
spontaneously in an organism (and be pre-existing
mutations in some cases), or said mutants may arise as
a result of selective pressure which results when the
organism is treated with a given chemical agent
capable of inhibiting the non-mutated form of said
theramutein (herein termed a "prototheramutein"). It
will be understood that in some cases a
prototheramutein may be a "wild type" form of a POI
{e.g. , a protein that gives rise to a disease due to
disregulation). In other cases, the prototheramutein
will be a disease causing variant of a "wild type"
protein, having already mutated and thereby
contributing to the development of the diseased state
as a result of said prior mutation. Oneexample of the
latter type of prototheramutein is the p2io BCR ABL
oncoprotein, and a mutant form of this protein
harboring a threonine (T) to isoleucine (I) mutation
at position 315 is termed p2i qBCR ABL T3151 and is
one example of a theramutein. As used herein, the
designation "P210 BCR ABL " 1S synonymous with the
term "p210Bcr AbI ", the "wild-type Bcr- AbI protein",
and the like. [0028] Theramuteins are a rare class of
endogenous proteins that harbor mutations that render
said proteins resistant to drugs that are known to
inhibit or activate in a therapeutically effective
manner their non-mutated counterparts. The endogenous
genes encoding a few such proteins are presently known
to exhibit such mutations under certain circumstances.
In one embodiment, this invention is directed toward
compositions that inhibit certain drug-resistant
mutants (theramuteins) of the Abelson tyrosine kinase
protein, originally termed P210-Bcr-Abl in the
literature, that is involved in the development of
chronic myelogenous leukemia. [0029] The present
method is particularly directed toward the
identification of specific inhibitors or specific
activators of proteins. Use of the term "specific" in
the context Of the terms "inhibitor" or "activator"
(see definitions below) means that said inhibitor or
activator binds to the protein and inhibits or
activates the cellular functioning of the protein
without also binding to and activating or inhibiting a
wide variety of other proteins or non protein targets
in the cell. The skilled investigator is well aware
that there is a certain degree of variability in the
medical literature with respect to the concept of a
specific inhibitor or a 



specific activator, and of the related concept of
target protein "specificity" when discussing the
actions of inhibitors or activators of a protein.
Accordingly, for the purposes of this invention, a
substance is a specific inhibitor or a specific
activator of a given protein if said substance is
capable of inhibiting or activating said protein at a
given concentration such that a corresponding
phenoresponse is modulated in the appropriate manner,
without having an appreciable effect at the same given
concentration upon the phenoresponse (if any) of a
corresponding control cell that essentially does not
express either the protein. [0030] In certain
embodiments, a substance may be a modulator of two
closely relted proteins such as a prototheramutein and
one of its corresponding theramuteins. hi other
embodiments, in addition to being a modulator of the
prototheramutein and theramutein, a substance may also
modulate the activities of proteins that have similar
functions. As discussed above, in addition to
inhibiting the p210BcrAbl tyrosine kinase, imatinib
mesylate isalso capable of inhibiting the c-kit
oncogene product (also a tyrosine kinase) which is
overexpressed in certain gastrointestinal stromal
tumors, as well as the PDGF b receptor (also a
tyrosine kinase), which is expressed in certain
chronic myelomonocytic leukemias (CMML). Such a
compound is sometimes termed a "moderately specific"
inhibitor. [003 1] The invention also provides a
general method that can be used to identify substances
that will activate or inhibit a theramutein, to the
same extent, and preferably to an even greater extent
than a known drug substance is capable of inhibiting
the corresponding "wild type" form of that protein.
(The skilled artisan is well aware, however, that said
"wild type" forms of such proteins may have already
mutated in the course of giving rise to the
corresponding disease in which said protein
participates.) [0032] In a preferred embodiment, the
present invention provides inhibitors of the p210
BCR-ABL-t3i si theramutem having the formula I
wherein: ring A is a 5~, 6-, or 7- membered ring or a
7- to 12-membered fused bicyclic ring; X1 is selected
from N, N-R0 or C-R1; X2 is selected from N, N-R 0 or
C-R1; the dotted lines represent optional double
bonds; each R1 is independently selected from the
group consisting of H, alkyl, cycloalkyl, alkenyl,
alkynyl, aralkyl, CN, CF3, NO2, OR11, -(CH2)
,C(O)(CH2) R1 1, -(CH2) C(O)N(R 12)(R 13), -(CH2)
C(O)O(CH 2) Rn ,-(CH2) N(Rp )(CH2) C(O)R p , -(CH2)
N(R 12)(R 13).. -(CH2) N(R11XCH2) R11 , -N(Rp )SO2Rn ,
-OC(O)N(R 12)(R 13), -SO2N(R 12)(R13), halo, aryl, and
a heterocyclic ring, and additionally or
alternatively, two R1 groups on adjacent ring atoms
form a 5- or 6-membered fused ring which contains from
0 to 3 heteroatoms; n is 0 to 6, each R11 is
independently selected from H, alkyl, cycloalkyl,
alkenyl, alkynyl, aralkyl, aryl, and a heterocyclic
ring; each R12 and R13 are independently selected from
H, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, aryl,
and a heterocyclic ring; or R12 and R13 may be taken
together with the nitrogen to which they are attached
form a 5- to 7- membered ring which may optionally
contain-. a further heteroatom; wherein the 5- to
7-membered ring may optionally be substituted with one
to three substituents that are independently selected
from alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, CN,
CF3, NO2, OR0, CO2R0, C(O)R0, halo, aryl, and a
heterocyclic ring; p is Oto 4; q is Oto 4; R2 is
selected from -CR2V , -NR2V , and -(C=R23)-; each R2 1
is independently selected from H, halo, -NH2, -N(H)(C
1-3 alkyl), -N(Ci -3 alkyl) 2, -0-(C 1-3 alkyl), OH
and C1-3 alkyl; each R22 is independently selected
from H and C1-3 alkyl; R23 is selected from O, S, N-R
0, and N-OR 0; R3 is selected from -CR 3V , -NR3V ,
-SO2-, and -(C=R 33)-; each R3 1 group is selected
from H, halo, -NH2, -N(H)(R 0), -N(R)2, -O-R 0, OH and
C1-3 alkyl; each R32 group is selected from H, alkyl,
cycloalkyl, alkenyl, alkynyl, aralkyl, CO R0, C(O)R0,
aryl, and. a heterocyclic ring; R33 is selected from
O, S, N-R 34, and N-OR 0; R34 is selected from H, NO2,
CN, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, aryl
and a heterocyclic ring; R4 is selected from -rCR4V ,
-NR42/ , -(C=R43)-, -SO2-, and -0-; each R4 1 is
selected from H, alkyl, cycloalkyl, alkenyl, alkynyl,
CO2R0, C(O)R0, aralkyl; aryl, and a heterocyclic ring;
each R42 group is selected from H, alkyl, cycloalkyl,
alkenyl, alkynyl, aralkyl, CO R0, C(O)R0, aryl, and a
heterocyclic ring; each R43 is selected from O, S, N-R
0, and N-OR0; with the provisos that when R2 is -NR 2V
and R4 is -NR 42/-, then R3 is not -NR 3V ; that both
R3 and R4 are not simultaneously selected from
-(C=R33)- and -(C=R 43)-, respectively; and that R3
and R4 are not simultaneously selected from -SO 2-; R5
is selected from -Y-R6 and -Z-R 7; Y is selected from
a chemical bond, O, NR0, R6 is selected from alkyl,
cycloalkyl, alkenyl, alkynyl, aralkyl, aryl, and a
heterocyclic ring; Z is a hydrocarbon chain having
from 1 to 4 carbon atoms, and optionally substituted
with one or more of halo, alkyl, cycloalkyl, alkenyl,
alkynyl, aralkyl, CO2R0, C(O)R0, C(O)N(R)2, CN, CF3,
N(R) 2, NO2, and OR0;R7 is H or is selected from aryl
and a heterocyclic ring; each R0 is independently
selected from H, alkyl, cycloalkyl, aralkyl, aryl and
a heterocyclic ring; a is 1 or 2; is 0 or 1; c is 1 or
2; d is 0 or 1; 



e is 1 or 2; and is Oor l . [0033] The invention
provides for a fundamentally new way of treating
cancer and other diseases where treatment with an
existing drug compound, by whatever mechanism, is
followed by identifiable (clinically significant)
theramutein-mediated drug resistance, by providing
alternative drugs that can be administered as
theramuteins arise and are identified as such (Wakai
et al., 2004, reports an example wherein a theramutein
may arise during the course of an on-going treatment
regimen), or preemptively before the outgrowth of
clinically significant populations of theramutein
expressing cells. Further, where a drug treatment for
a particular disease is less effective in a subset of
individuals that express a certain theramutein of a
protein that the drug targets, the invention enables
the tailoring of treatments for those subjects by
providing alternative drug substances that will be
effective against said theramutein. [0034] The
invention provides a method of determining whether a
chemical agent is at least as effective a modulator of
a theramutein in a cell as a known substance is a
modulator of a corresponding prototheramutein. One
embodiment of the method involves contacting a control
cell that expresses the prototheramutein and is
capable of exhibiting a responsive phenotypic
characteristic (linked to the functioning of the
prototheramutein in the cell) with the known modulator
of the prototheramutein, contacting a test cell that
expresses the theramutein and is also capable of
exhibiting the responsive phenotypic characteristic
(linked to the functioning of the theramutein in the
cell) with the chemical agent, and comparing the
response of the treated test cell with the response of
the treated control cell; to determine that the
chemical agent is at least as effective a modulator of
the theramutein as the known substance is a modulator
of the prototheramutein. In certain other embodiments,
one type of control cell may not express the
prototheramutein at all. In other embodiments,
thecontrol cell may express about the same amount of
the prototheramutein as the test cell expresses of the
theramutein. In still other embodiments, the control
cell may be capable of exhibiting the responsive
phenotypic characteristic to about the same extent as
the test cell under certain conditions. In additional
embodiments, the test cell may express a given
protein, whereas the control cell expresses little or
essentially none of the protein. [0035] Proteins of
the invention that are of particular interest are
those involved in regulatory function, such as
enzymes, protein kinases, tyrosine kinases, receptor
tyrosine kinases, serine threonine protein kinases,
dual specificity protein kinases, proteases, matrix
metalloproteinases, phosphatases, cell cycle control
proteins, docking proteins such as the IRS family
members, cell-surface receptors, G-proteins, ion
channels, DNA- and RNAbinding proteins, polymerases,
and the like. No limitation is intended on the type of
theramutein or other protein that may be used in the
invention. At the present time, three theramuteins are
known: BCR-ABL, c-Kit, and EGFR. [0036] Any responsive
phenotypic characteristic that can be linked to the
presence of the protein (including, e.g., a
theramutein or prototheramutein) in the cell can be
employed for use in the method, including, for
example, growth or culture properties, the
phosphorylation state (or other modification) of a
substrate of the theramutein, and any type of
transient characteristic of the cell, as will.be
defined and discussed in detail. DESCRIPTION OF THE
FIGURES [0037] Figure 1 shows the effect on growth and
viability of different concentrations of Compound 2
(C2) for non-transformed vector control Ba/F3 cells
(which are IL-3 dependent) as well as Ba/F3 cells
expressing the "wild type" p210Bcr Abl (designated
p210Bcr Abmwt), and Ba/F3 cells expressing the p 2io
Bcr-Abl-T3151 drug resistant mutant. Cell counts and
viability were determined on an automated cell counter
as discussed in detail in the specification. Cell
counts are shown by the solid color bars; cell
viability is shown by the hashed bars. Note that
STI-571 potently inhibits growth of the P210 cell line
(grey bar) whereas it is unable to inhibit the growth
of the T315I cell line (white bar) even at 10 mM
concentration. 500 nM C2 shows the largest specificity
gap within this dose-response series. Compare STI-571
at 10 mM to C2 at 500 nM on the T315I cell line (white
bars). Abbreviations: DMSO: dimethylsulfoxide (solvent
used for drug dissolution).[0038] Figure 2 shows the
effect on growth and viability of different
concentrations of Compound 6 (C6) for non-transformed
vector control Ba/F3 cells as well as Ba/F3 cells
expressing the p2io Bor Abl T3 151 drug resistant
mutant. AUother details are as per Fig. 1. [0039]
Figure 3 shows various determinations of the
specificity gap by comparing the effects of various
compounds identified in the screen in terms of their
effects on the prototheramutein- and
theramutein-expressing cell lines. Compound 3 (C3)
shows the best example of the ability of the method to
identify a compound that exerts an even greater effect
on the theramutein than on its corresponding
prototheramutein. (Panel E). Panel A: control DMSO
treatments; B: negative heterologous specificity gap;
C: slightly positive heterologous specificity gap; D:
large positive homologous specificity gap; E: positive
heterologous specificity gap. See text for
explanations. [0040] Figure 4 shows an autoradiograph
of recombinant P210 Bcr-Abl wild type and T315I mutant
kinase domains assayed for autophosphorylation
activity. 200 ng of protein were preincubated with
test substances for 10 minutes under standard
autophosphoryation reaction conditions and then
radiolabeled ATP was added and the reactions proceeded
for 30 minutes at 3O0C, after which the samples were
separated by SDS-PAGE. The gels were silver-stained,
dried down under vacuum and exposed to X-ray film.
Note that whereas 10 mM STI 571 is effective against
wild type P210 Bcr-Abl, it is virtually ineffective
against the T315I kinase domain, even at
concentrations up to 100 mM. "P210 cell line" refers
to cells expressing p210 - . "T315I cell line" refers
to cells expressing p210 T3 15I [0041] Figure 5 shows
the chemical structures of representative compounds of
the present invention. [0042] Figure 6 shows the
chemical structures of representative compounds of the
present invention. [0043] Figure 7 shows the chemical
structures of representative compounds of the present
invention. [0044] Figure 8 shows the chemical
structures of representative compounds of the present
invention. 



[0045] Figure 9 shows the chemical structures of
representative compounds of the present invention.
[0046] Figure 10 shows the chemical structures of
representative compounds of the present
invention.[0047] Figure 11 shows the chemical
structures of representative compounds of the present
invention. [0048] Figure 12 shows the chemical
structures of representative compounds of the present
invention. [0049] Figure 13 shows the chemical
structures of representative compounds of the present
invention. [0050] Figure 14 shows the inhibitory
effect on growth rate of a hypothetical compound
having a cellular specificity gap of 1 with respect to
a test cell and a control cell. [0051] Figure 15 shows
the inhibitory effect on growth rate of a hypothetical
compound having a cellular specificity gap of 40 with
respect to a test cell and a control cell. [0052]
Figure 16 shows the growth inhibitory effect of
imatinib mesylate at concentrations significantly
below the apparent IC 0 for cellular toxicity. '
[0053] Figure 17 shows the effect on growth of
different concentrations of C2 and various C2
analogues for Ba/F3 cells expressing the p210Bcr Ab I3
151 drug resistant mutant. [0054] Figure 18 shows the
results of a standard cell free protein kinase
autophosphorylation assay for T3151 mutant kinase
domains in the presence of C2 and various C2 analogues
at a concentration of 20 mM. . ... DETAILED
DESCRIPTION OF THE INVENTION [0055] The term "halo" or
"halogen" as used herein includes fluorine, chlorine,
bromine and iodine. [0056] The term "alkyl" as used
herein contemplates substituted and unsubstituted,
straight and branched chain alkyl radicals having from
1 to 6 carbon atoms. Preferred alkyl groups include
methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
tert-butyl, and the like. Additionally, the alkyl
group may be optionally substituted with one or more
substituents selected from halo, CN, CO2R, C(O)R,
C(O)NR2,NR2, cyclic-amino, NO2, and OR. [0057] The
term "cycloalkyl" as used herein contemplates
substituted and unsubstituted cyclic alkyl radicals.
Preferred cycloalkyl groups are those with a single
ring containing 3 to 7 carbon atoms and include
cyclopropyl, cyclopentyl, cyclohexyl, and the like.
Other cycloalkyl groups may be selected from C7 to C10
bicyclic systems or from C to C14 tricyclic systems.
Additionally, the cycloalkyl group may be optionally
substituted with one or more substituents selected
from halo, CN, CO2R, C(O)R, C(O)NR2, NR2, cyclicamino,
NO2, and OR.[0058] The term "alkenyl" as used herein
contemplates substituted and unsubstituted, straight
and branched chain alkene radicals. Preferred alkenyl
groups are those containing two to six carbon atoms.
Additionally, the alkenyl group may be optionally
substituted with one or more substituents selected
from halo, CN, CO2R, C(O)R, C(O)NR , NR , cyclicamino,
NO2, and OR. [0059] The term "alkynyl" as used herein
contemplates substituted and unsubstituted, straight
and branched chain alkyne radicals. Preferred alkynyl
groups are those containing two to six carbon atoms.
Additionally, the alkynyl group may be optionally
substituted with one or more substituents selected
from halo, CN, CO2R, C(O)R, C(O)NR2,NR2, cyclicamino,
NO , and OR. [0060] The term "aralkyl" as used herein
contemplates an alkyl group which has as a substituent
an aromatic group, which aromatic group may be
substituted and unsubstituted. The aralkyl group may
be optionally substituted on the aryl with one or more
substituents selected from halo, CN, CF3, NR2,
cyclic-amino, NO2, OR, CF3, -(CH2) R, -(CH2),C(O)(CH
2) R, -(CH2) C(O)N(R')(R"), -(CH2)^C(O)O(CH2)
-(CH2)JSr(RO(R"), -N(R)SO2R, -O(CH2) C(O)N(R')(R"),
-SO2N(R1XR"), -(CHa) N(R)-(CH 2VR,
-(CH2)^N(R)-C(O)-(CH2VR, -(CH2)xN(R)-C(O)-O-(CH 2)r R,
-(CH2) -C(Oj-N(R)-(CH 2)r R, -(CH2XC(O)N(R)-(CH2) -R,
-O-(CH2)X-C(O)-N(R)-(CH 2) ;-R, substituted and
unsubstituted alkyl, substituted and unsubstituted
cycloalkyl, substituted and unsubstituted aralkyl,
substituted and unsubstituted alkenyl, substituted and
unsubstituted alkynyl, substituted and unsubstituted
aryl, and a substituted and unsubstituted heterocyclic
ring, wherein the substituted alkyl, substituted
cycloalkyl, substituted aralkyl, substituted alkenyl,
substituted alkynyl. substituted aryl, and substituted
heterocyclic ring may be substituted with one of more
halo, CN, CF3, CO2R, C(O)R, C(O)NR2, NR2,
cyclic-amino, NO2, and OR. [0061] The term
"heterocyclic group" or "heterocyclic ring" as used
herein contemplates aromatic and non-aromatic cyclic
radicals having at least one heteroatom as a ring
member. Preferred heterocyclic groups are those
containing 5 or 6 ring atoms which includes at least
one hetero atom, and includes cyclic amines such as
morpholino, piperidino, pyrrolidino, and the like, and
cyclic ethers, such as tetrahydrofuran,
tetrahydropyran, and the like. Aromatic heterocyclic
groups, also termed "heteroaryl" groups contemplates
single-ring hetero-aromatic groups that may include
from one to three heteroatoms, for example, pyrrole,
furan, thiophene, imidazole, oxazole, thiazole,
triazole, pyrazole, pyridine, pyrazine,pyridazine,
pyriniidine, and the like. The term heteroaryl also
includes polycyclic heteroaromatic systems having two
or more rings in which two atoms are common to two
adjoining rings (the rings are "fused") wherein at
least one of the rings is a heteroaryl, e.g., the
other rings can be cycloalkyls, cycloalkenyls, aryl,
heterocycles and/or heteroaryls. Examples of
polycyclic heteroaromatic systems include quinoline,
isoquinoline, tetrahydroisoquinoline, quinoxaline,
quinaxoline, benzimidazole, benzofuran, purine,
imidazopyridine, benzotriazole, and the like.
Additionally, the heterocyclic groups may be
optionally substituted with halo, CN, CF3, NR2,
cyclic-amino, NO2, OR, CF3, -(CH2) C(O)(CH2)yR,
-(CH2)^C(O)N(R XR"), -(CH2)A O)O(CH2) ,R,
-(CH2)^N(R)(R"), -N(R)SO 2R, -0(CH 2)^C(O)N(R1XR"),
-SO2N(R1XR"), -(CH2)JST(R)-(CH2VR,
-(CH2)JSJ(R)-C(O)-(CH2VR, -(CH2)^N(R)-C(O)-O-(CH2VR,
-(CH2)^C(O)-N(R)-(CH 2VR, -(CH2)^C(O)N(R)-(CH 2VR,
-0-(CH 2VC(O)-N(R)-(CH 2VR, substituted and
unsubstituted alkyl, substituted and unsubstituted
cycloalkyl, substituted and unsubstituted aralkyl,
substituted and unsubstituted alkenyl, substituted and
unsubstituted alkynyl, substituted and unsubstituted
aryl, and a substituted and unsubstituted heterocyclic
ring, wherein the substituted alkyl, substituted
cycloalkyl, substituted aralkyl, substituted alkenyl,
substituted alkynyl, substituted aryl, and substituted
heterocyclic ring may be substituted with one of more
halo, CN, Cf 3, CO2R, . 



C(O)R, C(O)NR2, NR2, cyclic-amino, NO2, and OR. '
[0062] The term "cyclic-amino" as used herein
contemplates aromatic and nonaromatic cyclic radicals
having at least one nitrogen as a ring member.
Preferred cyclic amino groups are those containing 5
or 6 ring atoms, which includes at least one nitrogen,
and includes morpholino, piperidino, pyrrolidino,
piperazino, imidazole, oxazole, thiazole, triazole,
pyrazole, pyridine, pyrazine, pyridazine, pyrimidine
and the like. Additionally, the cyclic-amino may be
optionally substituted with halo, CN, CF3, NR , NO2,
OR, CF3, substituted and unsubstituted alkyl,
substituted and unsubstituted cycloalkyl, substituted
and unsubstituted aralkyl, substituted and
unsubstituted alkenyl, substituted and unsubstituted
alkynyl, substituted and unsubstituted aryl, and a
substituted and unsubstituted heterocyclic ring,
wherein the substituted alkyl, substituted cycloalkyl,
substituted aralkyl, substituted alkenyl, substituted
alkynyl, substituted aryl, and substituted
heterocyclic ring may be substituted with one or more
of halo, CN, CF3, CO2R, C(O)R, C(O)NR2, NR2, NO2, and
OR. [0063] The term "aryl" or "aromatic group" as used
herein contemplates single-ring aromatic groups (for
example, phenyl, pyridyl, pyrazole, etc.) and
polycyclic ring systems(naphthyl, quinoline, etc.).
The polycyclic rings may have two or more rings in
which two atoms are common to two adjoining rings (the
rings are "fused") wherein at least one of the rings
is aromatic, e.g., the other rings can be cycloalkyls,
cycloalkenyls, aryl, heterocycles and/or heteroaryls.
Additionally, the aryl groups may be optionally
substituted with one or more substituents selected
from halo, CN, CF3, NR2, cyclic-amino, NO2, OR, CF3,
-(CH2)AC(O)(CH2),,R, -(CH2) C(O)N(R')(R"),
-(CH2)A-C(O)O(CH2) R, -(CBb) N(R1XR"), -N(R)SO2R,
-0(CH 2)^C(O)N(RO(R11), -SO2N(R')(R"), -(CH2^N(R)-(CH
2VR, -(CH2) N(R)-C(O)-(CH 2) R, -(CH2) N(R)-C(O)-O-(CH
2) R, -(CH2) -C(O)-N(R)-(CH 2) R,
-CH2)^C(O)N(R)-(CH2VR, -0-(CH 2VC(O)-N(R)-(CH 2) -R,
substituted and unsubstituted alkyJ, substituted and
unsubstituted cycloalkyl, substituted and
unsubstituted aralkyl, substituted and unsubstituted
alkenyl, substituted and unsubstituted alkynyl,
substituted and unsubstituted aryl, and a substituted
and unsubstituted heterocyclic ring, wherein the
substituted alkyl, substituted cycloalkyl, substituted
aralkyl, substituted alkenyl, substituted alkynyl,
substituted aryl, and substituted heterocyclic ring
may be substituted with one of more halo, CN, CF3,
CO2R, C(O)R, C(O)NR2, NR2, cyclic-amino, NO2, and OR.
[0064] The term "heteroatom", particularly as a ring
heteroatom, refers to N, O, and S. [0065 ] Each R is
independently selected from H, substituted and
unsubstituted alkyl, substituted and unsubstituted
cycloalkyl, substituted and unsubstituted aralkyl,
substituted and unsubstituted aryl and a substituted
and unsubstituted heterocyclic ring, wherein the
substituted alkyl, substituted cycloalkyl, substituted
aralkyl, substituted aryl and substituted heterocyclic
ring may be substituted with one or more halo, CN,
CF3, OH, CO2H, NO , Ci-6alkyl, -O-(C 1-6alkyl), -NH2,
-NH(C1-6alkyl) and-N(Ci -6alkyl)2. Each R' and R" are
independently selected from H, or substituted and
unsubstituted alkyl, substituted and unsubstituted
cycloalkyl, substituted and unsubstituted aralkyl,
substituted and unsubstituted aryl and a substituted
and unsubstituted heterocyclic ring, wherein the
substituted alkyl, substituted cycloalkyl, substituted
aralkyl, substituted aryl and substituted heterocyclic
ring may be substituted with one or more halo, CN,
CF3, OH, CO2H,NO2, C1-6alkyl, -O-(C!-6alkyl), -NH2,
-NH(C1-6alkyl) and -N(C 1-6alkyl)2; or R1and R" may be
taken together with the nitrogen to which they are
attached form a 5- to 7- membered ring which may
optionally contain up to three further heteroatoms,
which heteroatoms may be substituted by Ci-6alkyl.
Each x and each v are independently selected from Oto
4.[0066] In a preferred embodiment, the present
invention provides inhibitors of the p210
BCR-ABL-T315I theramutein having formula R (I)
wherein: ring A is a 5-, 6-, or 7- membered ring or a
7- to 12-membered fused bicyclic ring; X1 is selected
from N, N-R 0 or C-R 1; X2 is selected from N, N-R 0
or C-R 1; the dotted lines represent optional double
bonds; each R 1 is independently selected from the
group consisting of H, alkyl, cycloalkyl, alkenyl,
alkynyl, aralkyl, CN3 CF3 NO2, OR11, -(CH 2) [ C(O)(CH
2) 7Rp , -(CH 2)^C(O)N(R 12XR13), -(CH 2) ,C(O)O(CH 2)
R 1 1,-(CH 2) N(R1 1)(CH 2) C(O)R 11, -(CH 2) N(R12)(R
13), -N(R 11 SO2R11, -OC(O)N(R 12)(R 13), -SO 2N(R
12)(R 13), halo, aryl, and a heterocyclic ring, 1 and
additionally or alternatively, two R1 groups on
adjacent ring atoms form a 5- or 6- membered fused
ring which contains from 0 to 3 heteroatoms; n is 0 to
6, each R u i s independently selected from H, alkyl,
cycloalkyl, alkenyl, alkynyl, aralkyl, aryl, and a
heterocyclic ring; each R 12 and R 13 are
independently selected from H, alkyl, cycloalkyl,
alkenyl, alkynyl, aralkyl, aryl, and a heterocyclic
ring; or R 12 and R 13 may be taken together with the
nitrogen to which they are attached form a 5- to 7-
membered ring which may optionally contain a further
heteroatom; wherein the 5- to 7- membered ring may
optionally be substituted with one to three
substituents that are independently selected from
alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, CN, CF3,
NO2, OR0, CO2R0, C(O)R 0, halo, aryl, and a
heterocyclic ring; p is 0 to 4; q is 0 to 4 ; R2 is
selected from -CR 2V , -NR 2V , and -(C=R 23)-; each
R2 1 is independently selected from H, halo, -NH 2,
-N(H)(C] -3 alkyl), -N(C 1-3 alkyl) 2, -0-(Ci 3
alkyl), OH and C1-3 alkyl; each R22 is independently
selected from H and C1- alkyl; R23 is selected from O,
S, N-R 0 and N-OR 0;R3 is selected from -CR 3V , -NR3V
-SO2-, and -(C=R33)-; each R3 1 group is selected from
H, halo, -NH2, -N(H)(R0), -N(R0 2, -O-R0, OH and C1-3
alkyl; each R32 group is selected from H, alkyl,
cycloalkyl, alkenyl, alkynyl, aralkyl, CO2R0 C(O)R0,
aryl, and a heterocyclic ring; R33 is selected from O,
S, N-R34, and N-OR0; 



R34 is selected from H, NO2, CN, alkyl, cycloalkyl,
alkenyl, alkynyl, aralkyl, aryl and a heterocyclic
ring; R4 is selected from -CR 4V , -NR42 , -(C=R43)- ,
-SO2-, and -0-; each R4 1 is selected from H, alkyl,
cycloalkyl, alkenyl, alkynyl, CO2R0, C(O)R0, aralkyl,
aryl, and a heterocyclic ring; each R42 group is
selected from H, alkyl, cycloalkyl, alkenyl, alkynyl,
aralkyl, CO2R0, C(O)R0, aryl, and a heterocyclic ring;
each R43 is selected from O, S, N-R0, and N-OR0; with
the provisos that when R2 is -NR2V and R4 is -NR42/-,
then R3 is not -NR3V ; that both R3 and R4 are not
simultaneously selected from -(C=R33)- and -(C=R43)-,
respectively; and that R3 and R4 are not
simultaneously selected from -SO2-; R5 is selected
from -Y-R6 and -Z-R7; Y is selected from a
chemicaTbond, O, NR0, . . R6 is selected from alkyl,
cycloalkyl, alkenyl, alkynyl, aralkyl, aryl, and a
heterocyclic ring; Z is a hydrocarbon chain having
from 1 to 4 carbon atoms, and optionally substituted
with one or more of halo, alkyl, cycloalkyl, alkenyl,
alkynyl, aralkyl, CO R0, C(O)R0, C(O)N(R)2, CN, CF3,
N(R)2, NO2, and OR0; R; is H or is selected from aryl
and a heterocyclic ring; each R0 is independently
selected from H, alkyl, cycloalkyl, aralkyl, aryl and
a heterocyclic ring; a is 1 or 2; b is Oor 1; c is 1
or 2; dis Oor 1; e is 1 or 2; and /is Oor 1.[0067] An
important component and conceptual teaching of the
Invention described herein is that neither the R2 nor
the R3 positions of the compounds of this invention
are members of any aromatic or non-aromatic ring
structure. We have discovered that compounds having
the R2 and/or the R3 positions as members of any
aromatic or nonaromatic ring structure do not
effectively inhibit the T315I theramutein, whereas the
compounds of the invention that lack such a ring
component at these positions, in addition to having
other preferred chemical groups, are potent inhibitors
of the T315I theramutein. [0068] In preferred
embodiments of the invention, ring A is an aromatic
ring. [0069] In preferred embodiments of the
invention, X1 or X2 is N. In another preferred
embodiment, both X1 and X2 are N. In particularly
preferred embodiments of the invention Ring A is a
pyridine ring or a pyrimidine ring. In still further
preferred embodiments, Ring A is selected from the
structures provided below: [0070] In preferred
embodiments of the invention, R5 is a group having the
formula wherein: X3 is N or CH; R6 1 is selected from
aryl and a heterocyclic ring; Q is selected from a
chemical bond or a group having the formula -O-,
-(CH2)/-, -(CH2)AO)(CH 2);-, -(CH2);-N(R62)-(CH2)y-,
-(CH2) C(O)-N(R62)-(CH2 /- , -(CH2)AO)O(CH 2);-,
-(CH2>N(R62)C(O)-(CH2)/-, -(CH 2),OC(O)N(R 62)-(CH
2)/- , and -0-(CH 2VC(O)N(R 62MCH2)/-; R62 is selected
from H, alkyl, aryl, and a heterocyclic ring; each R0
is independently selected from H, alkyl, cycloalkyl,
aralkyl, aryl and a heterocyclic ring; h is 0 to 4; i
is 0 to 4; and j is 0 to 4.[0071] In further preferred
embodiments of the invention, R5 is a group having the
formula wherein: X - is N or CH; Q1 is selected from a
chemical bond or a group having the formula -O-,
-CH2-, -NH-, -C(O)-NH-, -C(O)O-, -NH-C(O)-, -OC(O)NH-,
and -0-C(O)NH-; each R70 is selected from halo, alkyl,
CN, N(R7 1)2, cyclic-amino, NO2, OR7 1, and CF3, each
R7 1 is selected from H, alkyl, aryl, aralkyl and a
heterocyclic ring; and is Oto 4. [0072] In further
preferred embodiments of the invention, R5 is a group
having the formula wherein X3 is N or CH; Q is
selected from a chemical bond or a group having the
formula -0-, -CH2-, -NH-, -C(O)-NH-, -C(O)O-,
-NH-C(O)-, -OC(O)NH-, and -0-C(O)NH-; R70 is selected
from halo, alkyl, CN, N(R7 1)2, cyclic-amino, NO2, OR7
1, and CF3; and each R71 is selected from H, alkyl,
aryl, aralkyl and a heterocyclic ring. Jn particularly
preferred embodiments one or more of the following
selections is made: Q1 is -NH-; X3 is N; each R7 1 is
independently selected from H, methyl, and ethyl, and
preferably each R7 1 is methyl; and/or R70 is selected
from OH, OCH3, halo, and CF3. [0073] In a preferred
embodiment, if R2 or R4 is selected to be -NR 2V or
-NR 42-, respectively, then R3 1 is not selected from
halo, -NH2, -N(H)(R0), -N(R0 2, -O-R0, or OH. [0074]
In a further preferred embodiment, the present
invention provides inhibitors of the P2IO1 1 31- 13151
theramutein having the formula Iwherein: ring A is a
5-, 6-, or 7- membered ring or a 7- to 12-membered
fused bicyclic ring; X1 is selected from N, N-R0 or
C-R1; X2 is selected from N, N-R0 or C-R1; the dotted
lines represent optional double bonds; each R1 is
independently selected from the group consisting of H,
alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, CN, CF3,
NO2, OR1 1, -(CH2) ?C(O)(CH2) R1 1,
-(CH2)^C(O)N(R12XR13), 



-(CH2)/,C(O)O(CH2) RI 1, -(CH2)tN(Rp )(CH2) C(O)R1 1,
-(CH2) ,N(R12)(R13), -N(R1 SO2R1\ -OC(O)N(R12XR13),
-SO2N(R12)(R13), halo, aryl, and a heterocyclic ring,
and additionally or alternatively, two R1 groups on
adjacent ring atoms form a 5- or 6- membered fused
ring which contains from Oto 3 heteroatoms; n is Oto
6, each R1' is independently selected from H, alkyl,
cycloalkyl, alkenyl, alkynyl, aralkyl, aryl, and a
heterocyclic ring; each R12 and R13 are independently
selected from H, alkyl, cycloalkyl. alkenyl, alkynyl,
aralkyl, aryl, and a heterocyclic ring; or R12 and R13
may be taken together with the nitrogen to which they
are attached form a 5- to 7- membered ring which may
optionally contain a further heteroatom; wherein the
5- to 7- membered ring may optionally be substituted
with one to three substituents that are independently
selected from alkyl, cycloalkyl, alkenyl, alkynyl,
aralkyl, CN, CF3, NO2, OR0, CO2R0, C(O)R0, halo, aryl,
and a heterocyclic ring; p is Oto 4; q is Oto 4; each
R22 is independently selected from H and C1-3 alkyl;
R3 is selected from -CR3V , -NR3V , -SO2-, and
-(C=R33)-; each R3 1 group is selected from H, halo,
-NH2, -N(H)(R0), -N(R)2, ~0-R, OH and Ci-3 alkyl; each
R32 group is selected from H, alkyl, cycloalkyl,
alkenyl, alkynyl, aralkyl, CO2R0, C(O)R0, aryl, and a
heterocyclic ring;R33 is selected from O, S, N-R34,
and N-OR0; R34 is selected from H, NO2, CN, alkyl,
cycloalkyl, alkenyl, alkynyl, aralkyl, aryl and a
heterocyclic ring; R4 is selected from -CR 4V , -NR4
-(C=R43)-, -SO2-, and -0-; each R4 1 is selected from
H, alkyl, cycloalkyl, alkenyl, alkynyl, CO2R0, C(O)R0,
aralkyl, aryl, and a heterocyclic ring; each R42 group
is selected from H, alkyl, cycloalkyl, alkenyl,
alkynyl, aralkyl, CO2R0, C(O)R0, aryl, and a
heterocyclic ring; each R43 is selected from O, S,
N-R0, and N-OR0; with the provisos that when R4 is
-NR42/ -then R3 is not -NR 3V ; and that both R3 and
R4 are not simultaneously selected from -(C=R33)- and
-(C=R43)-, respectively; and that R3 and R4 are not
simultaneously selected from -SO2-; R5 is selected
from -Y-R6 and -Z-R7; Y is selected from a chemical
bond, O, N-R0, R6 is selected from alkyl, cycloalkyl,
alkenyl, alkynyl, aralkyl, aryl, and a heterocyclic
ring; Z is a hydrocarbon chain having from 1 to 4
carbon atoms, and optionally substituted with one or
more of halo, alkyl, cycloalkyl, alkenyl, alkynyl,
aralkyl, CO R0, C(O)R0, C(O)N(R)2, CN, CF3, N(R)2,
NO2, and OR0; R7 is H or is selected from aryl and a
heterocyclic ring; each R0 is independently selected
from H, alkyl, cycloalkyl, aralkyl, aryl and a
heterocyclic ring; a is 1 or 2; is Oor 1; c is 1 or 2;
d is Oor 1; e is 1 or 2; and is Oor 1. [0075] In a
further preferred embodiment, the present invention
provides inhibitors of the P21OBCR-ABL T3 151
theramutein having the formula Ibwherein: ring A is a
5-, 6-, or 7- membered ring or a 7- to 12-membered
fused bicyclic ring; X1 is selected from N, N-R0 or
C-R1; X2 is selected from N, N-R0 or C-R1; the dotted
lines represent optional double bonds; each R1 is
independently selected from the group consisting of H,
alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, CN, CF3
NO2, OR11, -(CH2) C(O)(CH2) Rp , -(CH2)
C(O)N(R12)(R13), -(CH C OCCH - CH N CH C - CH N R R13)
-N(Rn )SO2Rp , -OC(O)N(R12XR13), -SO2N(R12)(R13) halo,
aryl, and a heterocyclic ring, and additionally or
alternatively, two R1 groups on adjacent ring atoms
form a 5- or 6- . membered fused ring which contains
from 0 to 3 heteroatoms; n is 0 to 6, each R1 1 is
independently selected from H, alkyl, cycloalkyl,
alkenyl, alkynyl, aralkyl, . . aryl, and a
heterocyclic ring; each R12 and R13 are independently
selected from H, alkyl, cycloalkyl, alkenyl, alkynyl,
aralkyl, aryl, and a heterocyclic ring; or R12 and R13
may be taken together with the nitrogen to which they
are attached form a 5- to 7- membered ring which may
optionally contain a further heteroatom; wherein the
5- to 7- membered ring may optionally be substituted
with one to three substituents that are independently
selected from alkyl, cycloalkyl, alkenyl, alkynyl,
aralkyl, CN, CF3,NO2, OR0, CO2R0, C(O)R0, halo, aryl,
and a heterocyclic ring; p is Oto 4; q is Oto 4; each
R22 is independently selected from H and Ci-3 alkyl;
each R32 group is selected from H, alkyl, cycloalkyl,
alkenyl, alkynyl, aralkyl, CO2R0, C(O)R0, aryl, and a
heterocyclic ring; R4 is selected from -CR 4 ,
-(C=R43)-, -SO2-, and -O-; each R4 1 is selected from
H, alkyl, cycloalkyl, alkenyl, alkynyl, CO2R0 C(O)R0,
aralkyl, aryl, and a heterocyclic ring; each R43 is
selected from O, S, N-R0, and N-OR0;R5 is selected
from -Y-R6 and -Z-R7; Y is selected from a chemical
bond, O, N-R0, R6 is selected from alkyl, cycloalkyl,
alkenyl, alkynyl, aralkyl, aryl, and a heterocyclic 



ring; Z is a hydrocarbon chain having from 1 to 4
carbon atoms, and optionally substituted with one or
more of halo, alkyl, cycloalkyl, alkenyl, alkynyl,
aralkyl, CO2R0, C(O)R0, C(O)N(R)2, CN, CF3, N(R)2,
NO2, and OR0; R7 is H or is selected from aryl and a
heterocyclic ring; each R0 is independently selected
from H, alkyl, cycloalkyl, aralkyl, aryl and a
heterocyclic ring; a is 1 or 2; b is Oor 1; c is 1 or
2; is Oor l ; e is 1 or 2; and is Oor 1. [0076J In a
further preferred embodiment the present invention
provides inhibitors of the P210BCR BL T315I
theramutein having the formula Ic . wherein ring A is
a 5-, 6-, or 7- membered ring or a 7- to 12-membered
fused bicyclic ring; X1 is selected from N, N-R0 or
C-R1; X2 is selected from N, N-R0 or C-R1; the dotted
lines represent optional double bonds; each R is
independently selected from the group consisting of H,
alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, CN, CF3,
NO2, OR1 1, -(CH2)^C(O)(CH2) Rp , -(CH2) C(O)N(R12
R13), -(CH2) C(O)O(CH2) R11, -(CH2) N(Rp )(CH2)
7C(O)R1 1, -(CH2) N(R12)(R13), -N(R1 SO2R1 1,
-OC(O)N(R12)(R13), -SO2N(R12)(R13), halo, aryl, and a
heterocyclic ring, and additionally or alternatively,
two R1 groups on adjacent ring atoms form a 5- or 6-
membered fused ring which contains from Oto 3
heteroatoms; n is Oto 6,each R1 1 is independently
selected from H, alkyl, cycloalkyl, alkenyl, alkynyl,
aralkyl, aryl, and a heterocyclic ring; each R and R
are independently selected from H, alkyl, cycloalkyl,
alkenyl, alkynyl, aralkyl, aryl, and a heterocyclic
ring; or R12 and R13 may be taken together with the
nitrogen to which they are attached form a 5- to 7-
membered ring which may optionally contain a further
heteroatom, wherein the 5- to 7- membered ring may
optionally be substituted with one to three
substituents that are independently selected from
alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, CN, CF3,
NO2, OR0, CO2R0, C(O)R0, halo, aryl, and a
heterocyclic ring; p is Oto 4; q is Oto 4; X3 is N, CH
or C-R2; each R2 is independently selected from the
group consisting of alkyl, cycloalkyl, alkenyl,
alkynyl, aralkyl, CN, CF3,NO2, OR2 1, -(CH2),C(O)(CH2)
R2 1, -(CH2),C(O)N(R22)(R23), -(CH2)AO)O(CH 2) R2 1,
-(CH2),N(R2 1)C(O)R2 1, -(CH2) N(R22)(R23), -N(R2
1)SO2R2 1, -OC(O)N(R22)(R23), -SO2N(R22XR23), halo,
aryl, and a heterocyclic ring, and additionally or
alternatively, two R2 groups on adjacent ring atoms
form a 5- or 6-membered fused ring which contains from
Oto 3 heteroatoms; R2 1 is selected from H, alkyl,
cycloalkyl, alkenyl, alkynyl, aralkyl, aryl, and a
heterocyclic ring; R22 and R23 are independently
selected from H, alkyl, cycloalkyl, alkenyl, alkynyl,
aralkyl, aryl, and a heterocyclic ring; or R22 and R23
may be taken together with the nitrogen to which they
are attached form a 5- to 7- membered ring which may
optionally contain a further heteroatom, wherein the
5- to 7- membered ring may optionally be substituted
with one to three substituents that are independently
selected from alkyl, cycloalkyl, alkenyl, alkynyl,
aralkyl, CN, CF3,NO2, OR0, CO2R0, C(O)R0, halo, aryl,
and a heterocyclic ring; / is Oto 4; s is Oto 4; m is
Oto 4; R4 is selected from H, alkyl, cycloalkyl,
alkenyl, alkynyl, aralkyl, CO2R0, C(O)R0, aryl, and a
heterocyclic ring; a is Oor 1; X4 is selected from, '
and ; each R3 is independently selected from the group
consisting of H, -N(R)2, alkyl, cycloalkyl, alkenyl,
alkynyl, CO2R0, C(O)R0, aralkyl, aryl, and a
heterocyclic ring, R3' is selected from H, -N(R)2,
alkyl, cycloalkyl, aralkyl, aryl and a heterocyclic
ring, and each R0 is independently selected from H,
alkyl, cycloalkyl, aralkyl, aryl and a heterocyclic
ring. [0077] In preferred embodiments of the
invention, R2, R3 and R4 of formula I are selected to
give the following chemical groups: -N(R22)-N=C(R4 1)-
-N(R22)-N(R32)-C(=O)- -N(R22)-N(R32)-C(R4 1)(R4 1)-
-N(R22)-C(R3 1)(R3 1)-C(R4 1)(R4 1)- -N(R22)-C(R3
1)(R31)-C(=O)- -N=N-C(R41XR4 1)- -C(R2 1)=C=C(R4 1)-
-C(R2 )=C(R31)-C(=O> -C(R2 1)=C(R3 1)-C(R4 1)(R4 1)-
-C(R2 1)(R2 1)-C(R3 1)=C(R4 1)- -C(R2 1)(R2 1)-C(R3
1)(R3 1)-C(O)- -C(R2 1)(R2 1)-C(R3 1)(R3 1)-C(R4 1)(R4
1)- -C(R2 1)(R2 1)-N(R32)-C(=O)- -C(R2 1)(R2
1)-N(R32)-C(R4 1)(R4 1)- -N(R22)-C(=O)-C(R4 1)(R4 1)- 



-N(R22)-C(=O)-N(R4 1)- -N(R22)-C(=O)-O- -C(R2 1)(R2
1)-C(=O)-C(R4 1)(R4 1)- -C(R2 1)(R2 1)-C(=O)-N(R42)-
-N(R22)-C(=NR34)-N(R42)- -C(=O)-N(R32)-N(R42) .
Particularly preferred chemical groups for R2, R3 and
R4 include: -N(R22)-N=C(R4 1)--N(R22)-N(R32)~C(=O)-
-N(R22)-C(R3 1)(R3 1)-C(R4 1)(R4 1)- -N(R22)-C(R3
1)(R3 1)-C(=O)- -C(R2 1)(R2 1)-C(O)-C(R 4 1)(R4 1)-
-C(R2 1)(R2I)-C(=O)-N(R42)- -N(R22)-C(=NR34)-N(R42)-
-C(=O)-N(R32)-N(R42) . [0078] In further preferred
embodiment, R6 or R7 is an aryl group, which may be
optionally substituted. Particularly preferred aryl
groups include substituted or unsubstituted phenyl and
pyridyl. In additional or alternative embodiments, it
is preferred that the substituents R2 1 and R22 are
independently selected from groups which have small
steric bulk and are preferably selected from H and
CH3, and more preferably are H. [0079] In a further
preferred embodiment, the present invention provides
inhibitors of the p2io BCR ABL T3151theramutein having
the formula II wherein ring A is a 5-, 6~, or 7-
membered ring or a 7- to 12-membered fused bicyclic
ring; X1 is selected from N, N-R0 or C-R1; X2 is
selected from N, N-R0 or C-R1; the dotted lines
represent optional double bonds; each R1 is
independently selected from the group consisting ofH,
alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, CN, CF3,
NO2 OR1 1, -(CB2)pC(O)(CIi2)gRu ,
-(CH2)^C(O)N(R12)(R13), -(CH2) C(O)O(CH2) R1 1, -(CH2)
N(R11)(CH2) C(O)R1 1, -(CH2) N(R12)(R13), -N(R1 SO2R1
1, -OC(O)N(R12XR13), -SO2N(R12)(R13), halo, aryl, and
a heterocyclic ring, and additionally or
alternatively, two R1 groups on adjacent ring atoms
form a 5- or 6- membered fused ring which contains
from 0 to 3 heteroatoms; n is 0 to 6, each R11 is
independently selected from H, alkyl, cycloalkyl,
alkenyl, alkynyl, aralkyl, aryl, and a heterocyclic
ring;each R12 and R13 are independently selected from
H, alkyL cycloalkyl, alkenyl, alkynyl, aralkyl, aryl,
and a heterocyclic ring; or R12 and R13 may be taken
together with the nitrogen to which they are attached
form a 5- to 7- membered ring which may optionally
contain a further heteroatom; wherein the 5- to 7-
membered ring may optionally be substituted with one
to three substituents that are independently selected
from alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, CN,
CF3, NO2, OR0, CO2R0, C(O)R0, halo, aryl, and a
heterocyclic ring; p is 0 to 4; q is 0 to 4; R8 is
selected from the group consisting of is selected from
H, alkyl, cycloalkyl, alkenyl, alkynyl, CO2R0, C(O)R0,
aralkyl, aryl, and a heterocyclic ring; R9 is selected
from -Y-R6 and -Z-R7; Y is selected from a chemical
bond, O, N-R0, R6 is selected from alkyl, cycloalkyl,
alkenyl, alkynyl, aralkyl, aryl, and a heterocyclic
ring; Z is a hydrocarbon chain having from 1 to 4
carbon atoms, and optionally substituted with one or
more of halo, alkyl, cycloalkyl, alkenyl, alkynyl,
aralkyl, CO2R0, C(O)R0, C(0)N(R) 2, CN, CF3, N(R)2,
NO2, and OR0; R7 is H or is selected from aryl and a
heterocyclic ring; and each R0 is independently
selected from H, alkyl, cycloalkyl, aralkyl, aryl and
a heterocyclic ring. [0080] In a further preferred
embodiment, the present invention provides inhibitors
of the P210BCR ABL T315I theramutein having the
formula IIa wherein ring A is a 5-, 6-, or 7- membered
ring or a 7- to 12-membered fused bicyclic ring; X1 is
selected from N, N-R0 or C-R1; X2 is selected from N,
N-R0 or C-R1; the dotted lines represent optional
double bonds;each R1 is independently selected from
the group consisting of H, alkyl, cycloalkyl, alkenyl,
alkynyl, aralkyl, CN3CF3, NO2, OR1 1, -(CH OXCH R1 1,
-(CH2)^C(O)N(R12XR13), -(CH2) C(O)O(CH2) Rp , -(CH2)
N(Rn )C(O)Rn , -(CH2) N(R12)(R13), -N(Rn )SO2Rn ,
-OC(O)N(R12)(R13), -SO2N(R12)(R13), halo, aryl, and a
heterocyclic ring, and additionally or alternatively,
two R1 groups on adjacent ring atoms form a 5- or
6-membered fused ring which contains from 0 to 3
heteroatoms; n is 0 to 6, each R11 is independently
selected from H, alkyl, cycloalkyl, alkenyl, alkynyl,
aralkyl, aryl, and a heterocyclic ring; each R12 and
R13 are independently selected from H, alkyl,
cycloalkyl, alkenyl, alkynyl, aralkyl, aryl, and a
heterocyclic ring; or R12 and R13 may be taken
together with the nitrogen to which they are attached
form a 5- to 7- membered ring which may optionally
contain a further heteroatom, wherein the 5- to 7-
membered ring may optionally be substituted with one
to three substituents that are independently selected
from alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, CN,
CF3, NO2, OR0, CO2R0, C(O)R0, halo, aryl, and a
heterocyclic ring; j is.0 to 4 ; . . . . q is Oto 4; .
R8 is selected from the group consisting of is
selected from H, alkyl, cycloalkyl, alkenyl, alkynyl,
CO R0, C(O)R0, aralkyl, aryl, and a heterocyclic ring;
X3 isN, CH or C-R50; 



each R50 is independently selected from the group
consisting of alkyl, cycloalkyl, alkenyl, alkynyl,
aralkyl, CN, CF3, NO2, OR5 1, -(CH2) C(O)(CH2) R5 1,
-(CH2),C(O)N(R52)(R53), -(CH2),C(O)O(CH2) R5 1,
-(CH2),N(R5 1)C(O)R5 1, -(CH2),N(R52)(R53), -N(R5
1)SO2R5 1, -OC(O)N(R52)(R53), -SO2N(R52XR53), halo,
aryl, and a heterocyclic ring, and additionally or
alternatively, two R50 groups on adjacent ring atoms
form a 5- or 6-membered fused ring which contains from
Oto 3 heteroatoms; R5 1 is selected from H, alkyl,
cycloalkyl, alkenyl, alkynyl, aralkyl, aryl, and a
heterocyclic ring; R52 and R53 are independently
selected from H, alkyl, cycloalkyl, alkenyl, alkynyl,
aralkyl, aryl, and a heterocyclic ring; or R52 and R53
may be taken together with the nitrogen to which they
are attached form a 5- to 7- membered ring which may
optionally contain a further heteroatom, wherein the
5- to 7- membered ring may optionally be substituted
with one to three substituents that are
independentlyselected from alkyl, cycloalkyl, alkenyl,
alkynyl, aralkyl, CN, CF3, NO2, OR0, CO2R0, C(O)R0,
halo, aryl, and a heterocyclic ring; r is Oto 4; is
Oto 4; m is 0 to 4; and each R0 is independently
selected from H, alkyl, cycloalkyl, aralkyl, aryl and
a heterocyclic ring. [008 1] In a further preferred
embodiment, the present invention provides inhibitors
of the P210BCR ABL T315I theramutein having the
formula IIb wherein: R14 is selected from H and F; R8
is selected from the group consisting of is selected
from H, alkyl, cycloalkyl, alkenyl, alkynyl, CO2R0,
C(O)R0, aralkyl, aryl, and a heterocyclic ring; X3 is
N, CH or C-R60; each R60 is independently selected
from the group consisting of alkyl, cycloalkyl,
alkenyl, alkynyl, aralkyl, CN, CF3, NO2, OR0, halo,
aryl, and a heterocyclic ring; R6 1 is selected from
aryl and a heterocyclic ring; Q is selected from a
chemical bond or a group having the formula -O-,
-(CH2)/-, -(CH2)iC(O)(CH2) - , -(CH2)rN(R 62)-(CH2)r ,
-(CH2) C(O)-N(R 62)-(CH2)/-, -(CH2)AO)O(CH 2),-,
-(CH2) N(R62)C(O)-(CH2) - , -(CH2),OC(O)N(R 62)-(CH2)
, and - 0-(CH 2VC(O)N(R 62MCH 2),-; R is selected from
H, alkyl, aryl, and a heterocyclic ring; each R0 is
independently selected from H, alkyl, cycloalkyl,
aralkyl, aryl and a heterocyclic ring; h is Oto 4; zis
Oto 4; and j is Oto 4. [0082] In preferred embodiments
of compounds of the formula lib R60 is selected from
halo, CF3, and OH. In other preferred embodiments, R8
is selected from H and CH3.[0083] In preferred
embodiments of compounds of the formula IIb X3 is N.
In further preferred embodiments, Q is selected to be
-(CH2),-N(R62)-(CH2)/- , and particularly in preferred
embodiments, Q is -N(R62)-. [0084J In a further
preferred embodiment, the present invention provides
inhibitors of the P210BCR ABL T3!5I theramutein having
the formula IIC wherein: ring A is a 5-, 6-, or 7-
membered ring or a 7- to 12-membered fused bicyclic
ring; X1 is selected from N, N-R0 or C-R1; X2 is
selected from N, N-R0 or C-R1; the dotted lines
represent optional double bonds; each R1 is
independently selected from the group consisting of H,
alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, CN, CF3,
NO2, OR1 1, -(CH2)^C(O)(CH2)Jl 1 1,
-(CH2)^C(O)N(R12)(R13), -(CH2) C(O)O(CH2) R11, -(CH2)
N(Rp )C(O)Rp -(CH2) N(R12)(R 13), -N(Rn )SO2Rp , ,
-OC(O)N(R12XR13), -SO2N(R12)(R13), halo, aryl, and a
heterocyclic ring, and additionally or alternatively,
two R1 groups on adjacent ring atoms form a 5- or
6-membered fused ring which contains from Oto 3
heteroatoms; n is Oto 6, each R1x is independently
selected from H, alkyl, cycloalkyl, alkenyl, alkynyl,
aralkyl, aryl, and a heterocyclic ring; each R12 and
R13 are independently selected from H, alkyl,
cycloalkyl, alkenyl, alkynyl, aralkyl, aryl, and a
heterocyclic ring; or R12 and R13 may be taken
together with the nitrogen to which they are attached
form a 5- to 7- membered ring which may optionally
contain a further heteroatom, wherein the 5- to 7-
membered ring may optionally be substituted with one
to three substituents that are independently selected
from alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, CN,
CF3, NO2, OR0, CO2R0, C(O)R0, halo, aryl, and a
heterocyclic ring; p is Oto 4; q is Oto 4;R8 is
selected from H and methyl; X3 is N or CH; R6 1 is
selected from aryl and a heterocyclic ring; Q is
selected from a chemical bond or a group having the
formula -O-, -(CH2)/-, -(CH2),C(O)(CH2)/- , -(CH2);
-N(R62)-(CH2)/- -(CH2) C(O)-N(R62)-(CH2)/- ,
-(CH2)ZC(O)O(CH2);-, -(CH2),N(R62)C(O)-(CH2)/- ,
-(CH2),OC(0)N(R 62)-(CH2)./ -, and -O-(CH2)r
C(O)N(R62)-(CH2) ; R62 is selected from H, alkyl,
aryl, and a heterocyclic ring; each R0 is
independently selected from H, alkyl, cycloalkyl,
aralkyl, aryl and a heterocyclic ring; h is Oto 4; i
is Oto 4; and j is 0 to 4. [0085] In a further
preferred embodiment, the present invention provides
inhibitors of the P210BCR ABL T315I theramutein having
the formula IId 



wherein: ring A is a 5-, 6-, or 7- membered ring or a
7- to 12-membered fused bicyclic ring; X1 is selected
from N, N-R0 or C-R1; X2 is selected from N, N-R0 or
C-R1; the dotted lines represent optional double
bonds; each R1 is independently selected from the
group consisting of H, alkyl, cycloalkyl, alkenyl,
alkynyl, aralkyl, CN, CF3, NO2, OR1 1,
-(CH2)^C(O)(CH2) Rp , -(CH2)^C(O)N(R12XR13), -(CH2)
C(O)O(CH2) RU, -(CH2) N(Rp )C(O)R p , -(CH2)
N(R12)(R13), -N(R1 SO2R1\ -OC(O)N(R 12XR13),
-SO2N(R12XR13), halo, aryl, and a heterocyclic ring,
and additionally or alternatively, two R1 groups on
adjacent ring atoms form a 5- or 6-membered fused ring
which contains from Oto 3 heteroatoms; n is Oto 6,each
R1 is independently selected from H, alkyl,
cycloalkyl, alkenyl, alkynyl, aralkyl, aryl, and a
heterocyclic ring; each R12 and R13 are independently
selected from H, alkyl, cycloalkyl, alkenyl, alkynyl,
aralkyl, aryl, and a heterocyclic ring; or R12 and R13
may be taken together with the nitrogen to which they
are attached form a 5- to 7- membered ring which may
optionally contain a further heteroatom, wherein the
5- to 7- membered ring may optionally be substituted
with one to three substituents that are independently
selected from alkyl, cycloalkyl, alkenyl, alkynyl,
aralkyl, CN, CF3, NO2, OR0, CO2R0, C(O)R0, halo, aryl,
and a heterocyclic ring; p is 0 to 4; q is 0 to 4;
each R0 is independently selected from H, alkyl,
cycloalkyl, aralkyl, aryl and a heterocyclic ring; R8
is selected from H and CH3; X3 is N or CH; Q1 is
selected from a chemical bond or a group having the
formula -O-, -CH -, -NH-, -C(O)-NH-, -C(O)O-,
-NH-C(O)-, -OC(O)NH-, and -0-C(O)NH-; each R70 is
selected from halo, alkyl, CN, N(R7 1)2, cyclic-amino,
NO2, OR7 1, and CF3, each R7i is selected from H,
alkyl, aryl, aralkyl and a heterocyclic ring; and s
Oto 4. [0086] in a further preferred embodiment, the
present invention provides inhibitors of the P210bCR
ABL T315I theramutein having the formula H wherein:
ring A is a 5-, 6-, or 7- membered ring or a 7- to
12-membered fused bicyclic ring; X1 is selected from
N, N-R0 or C-R1; X2 is selected from N, N-R0 or C-R1;
the dotted lines represent optional double bonds; each
R1 is independently selected from the group consisting
of H, alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl,
CN, CF3, NO2, OR1 1 , -(CH2)^C(O)(CH2VR11,
-(CH2^C(O)N(R 12XR13),-(CH o CH R1 1 -iCA2)j t( n
)C(O)R u , -(CH2) N(R12)(R13), -N(Rn )SO2Rn
-OC(O)N(R12)(R13), -SO2N(R12)(R13), halo, aryl, and a
heterocyclic ring, and additionally or alternatively,
two R1 groups on adjacent ring atoms form a 5- or
6-membered fused ring which contains from 0 to 3
heteroatoms; n is 0 to 6, each R1 1 is independently
selected from H, alkyl, cycloalkyl, alkenyl, alkynyl,
aralkyl, aryl, and a heterocyclic ring; each R12 and
R13 are independently selected from H, alkyl,
cycloalkyl, alkenyl, alkynyl, aralkyl, aryl, and a
heterocyclic ring; or R12 and R13 may be taken
together with the nitrogen to which they are attached
form a 5- to 7- membered ring which may optionally
contain a further heteroatom, wherein the 5- to 7-
membered ring may optionally be substituted with one
to three substituents that are independently selected
from alkyl, cycloalkyl, alkenyl, alkynyl, aralkyl, CN,
CF3, NO2, OR0, CO2R0, C(O)R0, halo, aryl, and a
heterocyclic ring; p is Oto 4; q is Oto 4; each R0 is
independently selected from H, alkyl, cycloalkyl,
aralkyl, aryl and a heterocyclic ring; - . - v. . R8
is selected from H and CH3; . : . X3 is N or CH; Q1 is
selected from a chemical bond or a group having the
formula -O-, -CH2-, -NH-, -C(O)-NH-, -C(O)O-,
-NH-C(O)-, -OC(O)NH-, and -0-C(O)NH-; each R7'0u is
selected from halo, alkyl, CN, N(R7h)2, cyclic-amino,
NO2, OR>7 11, and CF3; and each R>71 is selected from
H and alkyl. [0087] In a further preferred embodiment,
the present invention provides inhibitors of the
P210BCR / BL T315I theramutein having the formula
IIfwherein R1 is selected from H and F; R8 is selected
from H and CH3; each R70 is selected from halo, alkyl,
CN, N(R7 1)2, cyclic-amino, NO2, OR7 1, and CF3 each
R7 1 is selected from H, alkyl, aryl, aralkyl and a
heterocyclic ring; and k is Oto 4.[0088] Exemplary
compounds of the formula II, H , Hb, Hc Hd, He or Hf
includes the following structures:CALIBRATION
CIRCUITRY TECHNICAL FIELD This patent application
relates generally to circuitry for calibrating the
output of a digital-to-analog converter (DAC).
BACKGROUND Automatic test equipment (ATE) refers to an
automated, usually computer-driven, system for testing
devices, such as semiconductors, electronic circuits,
and printed circuit board assemblies. A device tested
by ATEis referred to as a device under test (DUT). ATE
is capable of providing different types of signals to
a DUT. Among these signals are test signals, which are
used to test the DUT. The test signals may be analog
signals that are generated based on digital signals
received from a computer or other processing device. A
digital-to-analog converter (DAC) (or several DACs) in
the ATEis 



typically used to perform conversion(s) from digital
to analog. A DAC produces an analog signal by sampling
a digital signal. A DAC may sample the digital signal
using one edge of a clock ~ the rising or falling edge
-or both edges of the clock. Sampling using both edges
means that the digital signal is sampled at both the
rising and falling edges of the clock. This type of
sampling produces a higher sampling rate, and thus a
more accurate analog signal. Sampling using both edges
of the clock, however, can be quite sensitive to duty
cycle errors in the clock. The duty cycle of a clock
is a ratio of the amount of time that the clock is
high to the time of one clock cycle. In some systems,
an error in the duty cycle occurs if the ratio is
anything other than 50%, meaning that the clock is
high half of the time and low half of -1- SUBSTTTUTE
SHEET (RULE 26)the time. For DACs that sample using
both edges of the clock, an error in the duty cycle
can result in frequency spurs in output analog
signals. SUMMARY This patent application describes
methods and apparatus, including computer program
products, for calibrating the output of a circuit,
such as a DAC in ATE. In general, in one aspect, the
invention is directed to circuitry that includes a
multiplexer to output first data and second data in
response to a clock signal, where the clock signal has
rising and falling clock edges, and the multiplexer
outputs first data at a rising clock edge and outputs
second data at a falling clock edge. A
digital-to-analog converter (DAC) receives the first
data and the second data and generates, therefrom,
complementary first and second signals. A filter
filters the complementary first signals and second
signals and thereby produces first and second filtered
signals. A voltmeter measures a difference between the
first and second filtered signals. The voltage
difference is used in a procedure to obtain and
correct for a duty cycle error in the clock signal.
This aspect of the invention may also include one or
more of the following features. The filter may be a
lowpass filter. The first data and the second data
each may include n-bit values, where n>l, that
correspond to analog voltage levels. Clock generating
circuitry may be used to generate the clock signal. A
controller may be used to adjust the clock generating
circuitry to substantially compensate for the duty
cycle error. The controller may adjust the clock
generating circuitry to change the duty cycle of the
clock signal. The controller may adjust the clock
generating circuitry plural times in order to reduce
the duty cycle error. Adjusting the clock generating
circuitry plural times may substantially compensate
for errors in the duty cycle introduced by the DAC. A
-2- SUBSTTTUTE SHEET (RULE 26)tracking circuit may be
used to identify a second duty cycle error in the
clock signal that was introduced as a result of a
change in an operating condition associated with the
circuitry, and to substantially compensate for the
second duty cycle error. The tracking circuit may
include one or more of the following: a multiplexer to
output third data and fourth data in response to the
clock signal, where the multiplexer outputs third data
at a rising clock edge and outputs fourth data at a
falling clock edge; a DAC to receive the third data
and the fourth data and to output complementary third
signals and fourth signals; a lowpass filter to filter
the complementary third signals and fourth signals and
thereby produce third and fourth filtered signals; and
a voltmeter to measure a difference between the third
and fourth filtered signals, where the difference
corresponds to the second duty cycle error. The third
data may include single-bit values having a first
voltage level, and the fourth data may include
single-bit values having a second voltage level, where
the first and second voltage levels are different. The
operating condition may include at least one of
temperature and voltage applied to power the
circuitry. In general, in another aspect, the
invention is directed to a method of calibrating a
DAC, which includes outputting first data and second
data to the DAC in response to a clock signal having
rising and falling clock edges, where the first data
is output at a rising clock edge and the second data
is output at a falling clock edge. The method also
includes generating complementary first signals and
second signals via the DAC, where the complementary
first signals and second signals are generated based
on the first and second data, respectively, filtering
the complementary first signals and second signals to
produce first and second filtered signals, obtaining a
difference between the first and second filtered
signals, and adjusting a duty cycle of the clock
signal based on the difference. This aspect of the
invention may also include one or more of the
following. -3- SUBSTTTUTE SHEET (RULE 26)Filtering may
be performed by lowpass filtering. The first data and
the second data each may include n-bit values, where
n>l, that correspond to analog voltage levels. The
duty cycle may be adjusted in order to reduce an error
in the duty cycle. The duty cycle may be adjusted
plural times in order to substantially compensate for
the error in the duty cycle. Adjusting the duty cycle
plural times may substantially compensate for errors
in the duty cycle introduced by the DAC. The method
may also include identifying a second duty cycle error
in the clock signal that was introduced as a result of
a change in an operating condition associated with the
method, and substantially compensating for the second
duty cycle error. Identifying the second duty cycle
error may include outputting third data and fourth
data in response to the clock signal, where the
multiplexer outputs third data at a rising clock edge
and outputs fourth data at a falling clock edge;
generating complementary third signals and fourth
signals based on the third data and the fourth data,
respectively; filtering the complementary third
signals and fourth signals to thereby produce third
and fourth filtered signals; and measuring a
difference between the third and fourth filtered
signals, where the difference corresponds to the
second duty cycle error. The third data may include
single-bit values having a first voltage level, and
the fourth data may include single-bit values having a
second voltage level, where the first and second
voltage levels are different. The operating condition
may include at least one of temperature and voltage
applied to power the method. The details of one or
more examples are set forth in the accompanying
drawings and the description below. Further features,
aspects, and advantages of the invention will become
apparent from the description, the drawings, and the
claims. 



-4- SUBS  TUTE SHEET (RULE 26)DESCRIPTION OF THE
DRAWINGS Fig. 1 is a block diagram of ATE for testing
devices. Fig. 2 is a block diagram of a tester used in
the ATE. Fig. 3 is a diagram of DAC calibration
circuitry for use with the ATE. Fig. 4 is a flowchart
showing a process that may be performed using the DAC
calibration circuitry. Like reference numerals in
different figures indicate like elements. DETAILED
DESCRIPTION Referring to Fig. 1, a system 10 for
testing a device-under-test (DUT) 18, such as a
semiconductor device, includes a tester 12 such as
automatic test equipment (ATE) or other similar
testing device. To control tester 12, system 10
includes a computer system 14 that interfaces with
tester 12 over a hardwire connection 16. Typically,
computer system 14 sends commands to tester 12 that
initiate the execution of routines and functions for
testing DUT 18. Such executing test routines may
initiate the generation and transmission of test
signals to the DUT 18 and collection of responses from
the DUT. Various types of DUTs may be tested by system
10. For example, DUTs may be semiconductor devices,
such as an integrated circuit (IC) chip (e.g., memory
chip, microprocessor, analog-to-digital converter,
digital-to-analog converter, etc.). To provide test
signals and collect responses from the DUT, tester 12
is connected to one or more connector pins that
provide an interface for the internal circuitry of DUT
18. To test some DUTs, e.g., as many as sixty-four or
one hundred twenty-eight connector pins (or more) may
be interfaced to tester 12. For illustrative purposes,
in this example, semiconductor device tester 12 is
connected to one connector pin of DUT 18 via -5-
SUBSTTTUTE SHEET (RULE 26)a hardwire connection. A
conductor 20 (e.g., cable) is connected to pin 22 and
is used to deliver test signals (e.g., PMU test
signals, PE test signals, etc.) to the internal
circuitry of DUT 18. Conductor 20 also senses signals
at pin 22 in response to the test signals provided by
semiconductor device tester 12. For example, a voltage
signal or a current signal may be sensed at pin 22 in
response to a test signal and sent over conductor 20
to tester 12 for analysis. Such single port tests may
also be performed on other pins included in DUT 18.
For example, tester 12 may provide test signals into
other pins and collect associated signals reflected
back over conductors (that deliver the provided
signals). By collecting the reflected signals, the
input impedance of the pins may be characterized,
along with other single port testing quantities. In
other test scenarios, a digital signal may be sent
over conductor 20 to pin 22 for storing a digital
value on DUT 18. Once stored, DUT 18 may be accessed
to retrieve and send the stored digital value over
conductor 20 to tester 12. The retrieved digital value
may then be identified to determine if the proper
value was stored on DUT 18. Along with performing
one-port measurements, a two-port test may also be
performed by semiconductor device tester 12. For
example, a test signal may be injected over conductor
20 into pin 22 and a response signal may be collected
from one or more other pins of DUT 18. This response
signal may be provided to semiconductor device tester
12 to determine such quantities as gain response,
phase response, and other throughput measurement
quantities. Referring also to Fig. 2, to send and
collect test signals from multiple connector pins of a
DUT (or multiple DUTs), semiconductor device tester 12
includes an interface card 24 that can communicate
with numerous pins. For example, interface card 24 may
transmit test signals to, e.g., 32, 64, or 128 pins
and collect corresponding responses. -6- SUBSTTTUTE
SHEET (RULE 26)Each communication link to a pin is
typically referred to as a channel and, by providing
test signals to a large number of channels, testing
time is reduced since multiple tests may be performed
simultaneously. Along with having many channels on an
interface card, by including multiple interface cards
in tester 12, the overall number of channels
increases, thereby further reducing testing time. In
this example, two additional interface cards 26 and 28
are shown to demonstrate that multiple interface cards
may populate tester 12. Each interface card includes a
dedicated integrated circuit (IC) chip (e.g., an
application specific integrated circuit (ASIC)) for
performing particular test functions. For example,
interface card 24 includes IC chip 30 for performing
parametric measurement unit (PMU) tests and pin
electronics (PE) tests. IC chip 30 has a PMU stage 32
that includes circuitry for performing PMU tests and a
PE stage 34 that includes circuitry for performing PE
tests. Additionally, interface cards 26 and 28
respectively include IC chips 36 and 38 that include
PMU and PE circuitry. Typically PMU testing involves
providing a DC voltage or current signal to.the DUT to
determine such quantities as input and output
impedance, current leakage, and other types of DC
performance characterizations. PE testing involves
sending AC test signals and waveforms to a DUT (e.g.,
DUT 18) and collecting responses to further
characterize the performance of the DUT. For example,
IC chip 30 may transmit, to the DUT, AC test signals
that represent a vector of binary values for storing
on the DUT. Once these binary values have been stored,
the DUT is accessed by tester 12 to determine if the
correct binary values have been stored. Since digital
signals typically include abrupt voltage transitions,
the circuitry in PE stage 34 on IC chip 30 operates at
a relatively high speed in comparison to the circuitry
in PMU stage 32. To pass both DC and AC test signals
and analog waveforms from interface card -7- SUBSH
TUTE SHEET (RULE 26)24 to DUT 18, a conducting trace
40 connects IC chip 30 to an interface board connector
42 that allows signals to be passed on and off
interface board 24. Interface board connector 42 is
also connected to a conductor 44 that is connected to
an interface connector 46, which allows signals to be
passed to and from tester 12. In this example
conductor 20 is connected to interface connector 46
for bi-directional signal passing between tester 12
and pin 22 of DUT 18. In some arrangements, an
interface device may be used to connect one or more
conductors from tester 12 to the DUT. For example, the



DUT (e.g., DUT 18) may be mounted onto a device
interface board (DEB) for providing access to each DUT
pin. In such an arrangement, conductor 20 may be
connected to the DIB for placing test signals on the
appropriate pin(s) (e.g., pin 22) of the DUT. In this
example, only conducting trace 40 and conductor 44
respectively connect IC chip 30 and interface board 24
for delivering and collecting signals. However, IC
chip 30 (along with IC chips 36 and 38) typically has
multiple pins (e.g., eight, sixteen, etc.) that are
respectively connected with multiple conducting traces
and corresponding conductors for providing and
collecting signals from the DUT (via a DIB).
Additionally, in some arrangements, tester 12 may
connect to two or more DIB's for interfacing the
channels provided by interface cards 24, 26, and 28 to
one or multiple devices under test. To initiate and
control the testing performed by interface cards 24,
26, and 28, tester 12 includes PMU control circuitry
48 and PE control circuitry 50 that provide test
parameters (e.g., test signal voltage level, test
signal current level, digital values, etc.) for
producing test signals and analyzing DUT responses.
PMU control circuitry 48 and PE control circuitry 50
may be part of one or more ICs or may be implemented
via a processing device, such as a digital signal
processor (DSP). Tester 12 also includes a computer
interface 52 that allows computer system 14 to control
the operations executed -8- SUBSTTTUTE SHEET (RULE
26)by tester 12 and also allows data (e.g., test
parameters, DUT responses, etc.) passing between
tester 12 and computer system 14. Fig. 3 shows
circuitry 55 that may be incorporated into interface
cards 24, 26, and 28 to generate analog signals for
output from tester 12 to a DUT. Circuitry 55 is used
to calibrate the output of a DAC that generates the
analog signals. Circuitry 55 includes a first stage 56
for calibrating the DAC output prior to operation of
the ATE, and a second stage 57 for calibrating the DAC
output during operation of the ATE (e.g., to
compensate for duty cycle errors resulting in changes
in operational conditions, such as changes in
temperature and fluctuations in voltage used to power
the ATE). First stage 56 and second stage 57 include
similar circuitry, and are similar in operation, as
explained below. Referring to the upper portion of
circuitry 55, in this implementation, first stage 56
includes a multiplexer 59, an n-bit DAC 60 (where n>l)
having complementary outputs 6 1 and 62, filters 64
and 65, and voltmeter 66. A clock generating circuit
67 provides a square wave clock signal, which controls
multiplexer 59. In this implementation, the clock
signal has a period of 1 gigahertz (GHz); however, a
clock signal of any period may be used. Multiplexer 59
samples data from its A-input 69 at the rising edge of
the clock signal and samples data from its Binput 70
at the falling edge of the clock signal. Because the
clock signal has a period of IGHz, and sampling occurs
twice per period, sampling occurs every 500
picoseconds (PS). The sampling is used in a
calibration process 71 (Fig. 4) to calibrate the duty
cycle error of the sampled output of DAC 60. In this
regard, as explained below, DAC 60 provides a square
wave output to first filter 64 and second filter 65.
The square wave output includes first and second
complementary signals. First filter 64 produces an
average of the first signal over time, and second
filter -9- SUBSTTTUTE SHEET (RULE 26)65 produces an
average of the second signal (the complement of the
first signal) over time. If the circuitry were ideal,
and the clock duty cycle were 50%, the difference
between filter outputs/voltmeter inputs 77 and 78
would be zero. However, there are mismatches between
elements inside DAC 60 and MUX 59 as well as the input
clock duty cycle errors, etc., which cause outputs 77
and 78 to be different. What is needed is an
adjustment method that will only adjust for duty cycle
errors and reject effects due to circuit differences.
The calibration procedure, outlined in Fig 4,
addresses this need. Referring to Fig. 4, to calibrate
DAC 60, data haying known values is provided to
A-input 69 and B-input 70. The data may be provided by
a processing device, such as a DSP. Each set of
ten-bit data represents an analog voltage level to be
output by DAC 60. That is, in this implementation, DAC
60 is a 10-bit DAC, and is therefore capable of
producing an output of 210, or 1024, analog voltage
levels. In this case, initially, A-inputs 69 are set
to all ones and B-inputs 70 are set to all zeros
(71a). Multiplexer 59 samples A-input data when clock
signal "S" (hereinafter, "the clock") is high and
B-input data when clock is low (71b). DAC 60 generates
(71c) complementary analog square wave signals from
the sampled data. (In this case, output 6 1 remains
high for a longer period of time than when the clock
is low if clock duty cycle errors are greater than
50%, and output 62 remains low for a longer period of
time than when the clock is high). Filters 64 and 65
filter (7Id) the complementary analog square wave
signals to produce filtered signals. These filtered
signals are applied to the inputs 77, 78 of voltmeter
66. After the clock is allowed to toggle, and after
filters 64 and 65 settle, voltmeter 66 measures (7Ie)
the difference the signals at inputs 77 and 78. This
measurement is stored (e.g., in memory, not shown) as
measurement Ml. In this implementation, Ml is a
measure of all sources of duty cycle error, including,
but not limited to, the clock duty -10- SUBSTTTUTE
SHEET (RULE 26)cycle error, DAC circuitry mismatches,
and interconnect resistance. To reduce duty cycle
effects from sources other than clock duty cycle, the
foregoing measurement is repeated with A-data set to
all zeros and B-input data is set to all ones (7If).
More specifically, multiplexer 59 samples A-input data
when the clock is high and B-input data when clock is
low (7Ig). DAC 60 generates (7Ih) complementary analog
square wave signals from the sampled data. (In this
case, output 6 1 remains low for a longer period of
time than when the clock is high if clock duty cycle
errors are greater than 50% and output 62 remains high
for a longer period of time than when the clock is
low). Filters 64 and 65 filter (7Ii) the complementary
analog square wave signals to produce filtered
signals. These filtered signals are applied to the
inputs 77, 78 of voltmeter 66. After the clock is
allowed to toggle, and after filters 64 and 65 settle,
voltmeter 66 measures (7Ij) the difference the signals
at inputs 77 and 78. This measurement is stored (e.g.,
in memory, not shown) as measurement M2. Since M2 and
Ml are measured with the same input data using the
same DAC 60, 



they contain the same sources of duty cycle error.
Process 7 1 obtains the difference between Ml and M2
and compares (71k) the difference to an acceptable
limit. If the difference is less than the acceptable
limit, the duty cycle of clock generator 67 is
adjusted (71m) (e.g., by a controller) and the
remainder of process 7 1 is repeated with the adjusted
duty cycle until the difference between Ml and M2 is
below the acceptable limit. Following calibration,
outputs 61, 62 of DAC 60 may be used to pass signals,
such as test signals, to a DUT. At this point, i.e.,
where the difference between Ml and M2 is below the
acceptable limit, first stage 56 need not be used to
perform further calibration of DAC 60. However, during
operation of tester 12, operational changes may affect
the duty cycle of the clock signal. For example, a
temperature change or a -11- SUBSTTTUTE SHEET (RULE
26)variation in the supply of power provided to the
tester may introduce an error into the duty cycle of
the clock signal. Second stage 57 is used to
compensate (71L) for duty cycle errors that are
introduced during operation of the tester. As shown in
Fig. 3, in this implementation, the circuitry that
makes up second stage 57 (the tracking circuit) is
identical to the circuitry of first stage 56, except
that DAC 82 in second stage 57 is a one-bit DAC, not
an n-bit DAC as in first stage 56. During operation of
tester 12, input 84 of multiplexer 85 receives a
zero-bit and input 86 of multiplexer 85 receives a
one-bit. Multiplexer 85 samples the zero-bit and the
one-bit using both the. rising and falling edges of
the clock signal (S). For example, multiplexer 85
samples the zero-bit at the rising clock edges and the
one-bit at the falling clock edges. As above, DAC 82
receives the output of multiplexer 85, and generates
complementary first and second output signals. These
output signals are analog, and are provided from DAC
82 to first and second filters 87 and 89,
respectively. First filter 87 and second filter 89 are
lowpass filters, which each produce an averaged
output. First filter 87 produces an averaged output of
the first signal, and second filter 89 produces an
averaged output of the second signal (the complement
of the first signal). After the duty cycle calibration
procedure of Fig 4 has been performed, voltmeter 92 is
measured. The resulting measurement is stored as
measurement M3. During normal operation, temperature,
supply voltage, or clock duty cycle changes can occur
causing duty cycle errors to occur at outputs of DAC
60. Since DAC 82 is very similar to DAC 60 and
receives the same clock, it will have the same
resulting duty cycle errors. If there is a duty cycle
error in the clock signal, then the outputs of DAC 82
will be skewed either high or low, resulting in
complementary signals, which, when averaged by first
filter 87 and second filter 89, do not have the same
voltage level as measurement M3. A -12- SUBSTTTUTE
SHEET (RULE 26)controller or other processing device,
such as a DSP (not shown), may then adjust the duty
cycle of the clock signal to compensate for, or
substantially compensate for, the duty cycle error.
The duty cycle may be adjusted until the output of
voltmeter 92 reads M3. The calibration process
described herein can be implemented, at least in part,
via a computer program product, i.e., a computer
program tangibly embodied in an information carrier,
e.g., in a machine-readable storage device or in a
propagated signal, for execution by, or to control the
operation of, data processing apparatus, e.g., a
programmable processor, a computer, or multiple
computers. A computer program can be written in any
form of programming language, including compiled or
interpreted languages, and it can be deployed in any
form, including as a stand-alone program or as a
module, component, subroutine, or other unit suitable
for use in a computing environment. A computer program
can be deployed to be executed on one computer or on
multiple computers at one site or distributed across
multiple sites and interconnected by a network.
Actions associated with implementing the calibration
process can be performed by one or more programmable
processors executing one or more computer programs to
perform the functions of the calibration process. All
or part of the calibration process can be implemented
as, special purpose logic circuitry, e.g., an FPGA
(field programmable gate array) and/or an ASIC
(application-specific integrated circuit). Processors
suitable for the execution of a computer program
include, by way of example, both general and special
purpose microprocessors, and any one or more
processors of any kind of digital computer. Generally,
a processor will receive instructions and data from a
read-only memory or a random access memory or both.
Elements of a computer include a processor for
executing instructions and one or more memory devices
for storing instructions and data. -13- SUBSH TUTE
SHEET (RULE 26)Circuitry to implement the calibration
process is not limited to the specific examples
described herein. For example, while this disclosure
describes circuitry within ATE, the circuitry
described herein may be used in any circuit
environment requiring calibration of a DAC or other
clock-dependent circuitry. Elements of different
embodiments described herein may be combined to form
other embodiments not specifically set forth above.
Other embodiments not specifically described herein
are also within the scope of the following claims.
What is claimed is:1. Circuitry comprising: a
multiplexer to output first data and second data in
response to a clock signal, the clock signal having
rising and falling clock edges, the multiplexer
outputting first data at a rising clock edge and
outputting second data at a falling clock edge; a
digital-to-analog converter (DAC) to receive the first
data and the second data and to generate, therefrom,
complementary first and second signals; a filter to
filter the complementary first signals and second
signals and thereby produce first and second filtered
signals; and a voltmeter to measure a difference
between the first and second filtered signals, the
difference being used to obtain to a duty cycle error
in the clock signal. 2. The circuitry of claim 1,
further comprising: clock generating circuitry to
generate the clock signal; and a controller to adjust
the clock generating circuitry to substantially
compensate for the duty cycle error. 



3. The circuitry of claim 1, wherein the controller
adjusts the clock generating circuitry to change the
duty cycle of the clock signal, the controller
adjusting the clock generating circuitry plural times
in order to reduce the duty cycle error. 4. The
circuitry of claim 3, wherein adjusting the clock
generating circuitry plural times substantially
compensates for errors in the duty cycle introduced by
the DAC. 5. The circuitry of claim 1, further
comprising: -15- SUBSHTUTE SHEET (RULE 26)a tracking
circuit to identify a second duty cycle error in the
clock signal that was introduced as a result of a
change in an operating condition associated with the
circuitry; and to substantially compensate for the
second duty cycle error. 6. The circuitry of claim 5,
wherein the tracking circuit comprises: a multiplexer
to output third data and fourth data in response to
the clock signal, the multiplexer outputting third
data at a rising clock edge and outputting fourth data
at a falling clock edge; a DAC to receive the third
data and the fourth data and to output complementary
third signals and fourth signals; a lowpass filter to
filter the complementary third signals and fourth
signals and thereby produce third and fourth filtered
signals; and a voltmeter to measure a difference
between the third and fourth filtered signals, the
difference corresponding to the second duty cycle
error. 7. The circuitry of claim 6, wherein the third
data comprises single-bit values having a first
voltage level, and the fourth data comprises
single-bit values having a second voltage level, the
first and second voltage levels being different. 8.
The circuitry of claim 5, wherein the operating
condition comprises at least one of temperature and
voltage applied to power the circuitry. 9. The
circuitry of claim 1, wherein the filter comprises a
lowpass filter. -16- SUBSHTUTE SHEET (RULE 26)10. The
circuitry of claim 1, wherein the first data and the
second data each comprises n-bit values, where n>l,
that correspond to analog voltage levels. 11. A method
of calibrating a digital-to-analog converter (DAC),
the method comprising: outputting first data and
second data to the DAC in response to a clock signal
having rising and falling clock edges, the first data
being output at a rising clock edge and the second
data being output at a falling clock edge; generating
complementary first signals and second signals via the
DAC, the complementary first signals and second
signals being generated based on the first and second
data, respectively; filtering the complementary first
signals and second signals to produce first and second
filtered signals; obtaining a difference between the
first and second filtered signals; and adjusting a
duty cycle of the clock signal based on the
difference. 12. The method of claim 11, wherein the
duty cycle is adjusted in order to reduce an error in
the duty cycle. 13. The method of claim 12, the duty
cycle is adjusted plural times in order to
substantially compensate for the error in the duty
cycle. -17- SUBSHTUTE SHEET (RULE 26)14. The method of
claim 13, wherein adjusting the duty cycle plural
times substantially compensates for errors in the duty
cycle introduced by the DAC. 15. The method of claim
11, further comprising: identifying a second duty
cycle error in the clock signal that was introduced as
a result of a change in an operating condition
associated with the method; and substantially
compensating for the second duty cycle error. 16. The
method of claim 15, wherein identifying the second
duty cycle error comprises: outputting third data and
fourth data in response to the clock signal, the
multiplexer outputting third data at a rising clock
edge and outputting fourth data at a falling clock
edge; generating complementary third signals and
fourth signals based on the third data and the fourth
data, respectively; filtering the complementary third
signals and fourth signals to thereby produce third
and fourth filtered signals; and measuring a
difference between the third and fourth filtered
signals, the difference corresponding to the second
duty cycle error. 17. The method of claim 16, wherein
the third data comprises single-bit values having a
first voltage level, and the fourth data comprises
single-bit values having a second voltage level, the
first and second voltage levels being different. -18-
SUBSTTTUTE SHEET (RULE 26)18. The method of claim 15,
wherein the operating condition comprises at least one
of temperature and voltage applied to power the
method. 19. The method of claim 11, wherein filtering
comprises lowpass filtering. S 20. The method of claim
11, wherein the first data and the second data each
comprises n-bit values, where n>l, that correspond to
analog voltage levels. -19- SUBSHTUTE SHEET (RULE 26) 


