
OXYGEN LINKED PYR1MIDINE DERIVATIVES FIELD OF THE
INVENTION The present invention relates to pyrimidine
compounds that may be useful as anti-proliferative
agents. More particularly, the present invention
relates to oxygen linked and substituted pyrimidine
compounds, methods for their preparation,
pharmaceutical compositions containing these compounds
and uses of these compounds in the treatment of
proliferative disorders. These compounds may be useful
as medicaments for the treatment of a number of
proliferative disorders including tumours and cancers
as well as other conditions or disorders associated
with kinases. BACKGROUND OF THE INVENTION
Proliferative disorders such as cancer are
characterised by the uncontrolled growth of cells
within the body. As such proliferative disorders
generally involve an abnormality in the control of
cell growth and/or division leading to the formation
of tumour and ultimately death. Without wishing to be
bound by theory it is thought that this is caused by
the pathways that regulate cell growth and division
being altered in cancer cells. The alteration is such
that the effects of these normal regulatory mechanisms
in controlling cell growth and division either fails
or is bypassed. The uncontrolled cell growth and/or
division ultimately proves fatal for the patient as
successive rounds of mutations on the part of the cell
then typically lead to the cancer cells having a
selective advantage over normal healthy cells in the
body of the patient leading to the cancer cells
predominating in the cell mass of the patient. The
cancer cells then typically metastasize to colonize
other tissues or parts of the body other than the part
of origin of the cancer cell leading to secondary
tumours which eventually lead to organ failure and the
death of the patient. It is the difficulty in
controlling the rapid cell growth and division that is
characteristic of cancer cells that make it hard to
come up with effective chemotherapeutic strategies. A
number of traditional treatments for proliferative
disorders such as cancer seek to take advantage of
their higher proliferative capacity and thus their
higher sensitivity to DNA damage. Treatments that have
been utilised include ionizing radiation (g-rays,
Xrays and the like) as well as cytotoxic agents such
as bleomycin, cis-platin, vinblastine,
cyclophosphamide, 5'-fluorouracil and methotrexate.
These treatments all rely on causingdamage to DNA and
destabilisation of the chromosomal structure
eventually leading to death of the cancer cells. The
problem with many of these approaches is that they are
non-selective for cancer cells and healthy cells can
and often will be adversely affected by the treatment.
This is hardly surprising given that the cellular
mechanisms targeted by these strategies occur in
healthy cells as well as in cancer cells (although
typically at slower rates) and merely serves to
highlight the difficulty in achieving successful
treatment of the cancer in the patient without causing
irreparable harm to the healthy cells. As such with
many of these treatments there can be devastating side
effects which can not only significantly reduce the
short term quality of life of the patient but may also
have long term detriments on the health of the patient
should they survive the cancer attack. Whilst some of
the above problems have substantially been overcome by
the development of selective anti-cancer agents (such
as tamoxifen) the effectiveness of all
chemotherapeutic agents is subject to the development
of drug resistance by the cancer cells in the patient.
The development of drug resistance in the cancer cells
of a patient tends to be class specific and therefore
if the cancer cells of a patient develop drug
resistance to a class of anti-cancer drugs then all
compounds within that class are typically rendered
ineffective in the further treatment of that patient.
As such in improving clinical outcomes for patients
the identification of alternative chemotherapeutic
agents is essential in providing the oncologist with
an arsenal of drugs that may be used in any given
situation. The development of different classes of
therapeutic agents is therefore important as it can
help avoid the development of drug resistance and can
also be used in combination therapies. Such
combination therapies typically involve the use of
anti cancer drugs with different properties and
cellular targets which in turn tends to increase the
overall effectiveness of any chosen chemotherapy
regime and limits the possibility of drug resistance
developing in the patient. One of the major advances
in cancer research has been the clinical validation of
,molecularly targeted drugs that inhibit the activity
of protein kinases. Small-molecule 



kinase inhibitors that are now approved for oncology
indications include imatinib, gefitinib, erlotinib,
sorafenib, sunitinib and dasatinib [Baselga J.,
Science, 2006, 312, 1175-1178]. A number of kinases
such as JAK2, FLT3 and CDK2 are promising kinase
targets forpharmacological intervention in solid
tumours, hematological malignancies,
myeloproliferative disorders and non-malignant
proliferative disorders like keloids. The Janus
kinases (JAK) are a family of cytoplasmic tyrosine
kinases consisting of JAK1, JAK2, JAK3 and Tyk2. They
play a pivotal role in the signaling pathways of
numerous cytokines, hormones and growth factors
[Rawlings JS et a/, J. Cell Sci., 2004, 117,
1281-1283]. Their intracellular substrates include the
family of proteins called Signal Transducer and
Activator of Transcription (STAT). The JAK-STAT
pathways, through the proper actions of the ligands,
regulate important physiological processes such as
immune response to viruses, erythropoiesis, lactation,
lipid homeostasis, etc. However, dysfunctional
signaling caused by a myriad of factors result in
pathophysiological conditions such as allergies,
asthma, rheumatoid arthritis, severe combined immune
deficiency, hematological malignancies, etc. In
particular, mutations in JAK2 have been associated
with myeloproliferative disorders (including
polycythemia vera, essential thrombocythemia and
idiopathic myelofibrosis) and a wide range of
leukemias and lymphomas [Percy MJ et al, Hematol.
Oncol., 2005, 23, 91-93]. Importantly, the
myeloproliferative disorders belong to an area of
unmet medical need where some treatment modalities
have not been updated over the past few decades
[Schafer Al, Blood, 2006, 107, 4214-4222]. The
myeloproliferative disorders (MPDs) belong to a group
of hematological malignancies arising from clonal
expansion of mutated progenitor stem cells in the bone
marrow. The association of one MPD, chronic myeloid
leukemia, with the Philadelphia chromosome has been
well documented. The Philadelphia negative MPDs
include Essential Thrombocythemia (ET), Polycythemia
Vera (PV) and Chronic Idiopathic Myelofibrosis (MF).
No effective treatment is currently available. The
recent discovery that a single acquired somatic
mutation in JAK2 appears responsible for many of the
features of these MPDs promises to impact the
diagnosis and treatment of patients with these
disorders and to spur additional research into the
origins of dysregulated cell growth and function.
Until recently, most MPDs have been considered to be
rare or orphan diseases but studies underway suggest a
much higher prevalence. Essential Thrombocythemia is a
chronic MPD characterized by an increased number of
circulating platelets, profound marrow megakaryocyte
hyperplasia, splenomegaly and a clinical course
punctuated by hemorrhagic or thrombotic episodes or
both. Current treatment options include low dose
aspirin, or platelet lowering agents suchas
anagrelide, interferon or hydroxyurea. These
treatments have severe side effects that compromise
the quality of life of patients. Polycythemia Vera is
a chronic progressive MPD characterized by an elevated
hematocrit, an increase in the red cell mass, and
usually by an elevated leukocyte count, an elevated
platelet count and an enlarged spleen. The most common
cause of morbidity and mortality is the predisposition
of PV patients to develop life threatening arterial
and venous thromboses. Treatment options include:
phlebotomy with low dose aspirin or myelosuppressive
therapy options such as hydroxyurea, interferon or
anagrelide. Again, these treatments are not ideal due
to severe side effects. Chronic Idiopathic
Myelofibrosis (MF) is a chronic malignant
hematological disorder characterized by an enlarged
spleen, varying degrees of anemia and low platelet
counts, red cells in the peripheral blood that
resemble tear drops, the appearance of small numbers
of immature nucleated red cells and white cells in the
blood, varying degrees of fibrosis of the marrow
cavity (myelofibrosis) and the presence of marrow
cells outside the marrow cavity (extramedullar
hematopoiesis or myeloid metaplasia). Current
treatment is directed at alleviation of constitutional
symptoms, anemia and symptomatic splenomegaly.
Treatment options include hydroxyurea, interferon,
thalidomide with prednisone, and allogeneic stem cell
transplant. MF has the worst prognosis among the
Philadelphia negative MPD and represents an area of
greatest unmet medical need. In addition, due to its
role in the angiotensin Il signaling pathway, JAK2 is
also implicated in the etiology of cardiovascular
diseases like congestive heart failure and pulmonary
hypertension [Berk BC et al, Circ. Res, 1997, 80,
607-616]. Furthermore, a putative role for JAK2 has
been demonstrated in keloid pathogenesis and may
constitute a new approach for keloid management [Lim
CP et al, Oncogene, 2006, 25, 5416-5425]. Yet another
potential application for JAK2 inhibitors lies in the
treatment of retinal 



diseases as JAK2 inhibition was found to offer
protective effects on photoreceptors in a mouse model
of retinal degeneration [Samardzija M et al, FASEB J.,
2006, 10, 1096]. A family of Class III receptor
tyrosine kinases (RTK), including c-Fms, c-Kit,
fmslike receptor tyrosine kinase 3 (FLT3), and
platelet-derived growth factor receptors (PDGFRa and
b) , play an important role in the maintenance, growth
and development of hematopoietic and non-hematopoietic
cells. Overexpression and activating mutations of
these RTKs are known to be involved in the
pathophysiology of diverse human cancersfrom both
solid and hematological origins [Hannah AL, Curr. MoI.
Med., 2005, 5, 625-642]. FLT3 mutations were first
reported as internal tandem duplication (FLT3/ITD) of
the juxtamembrane domain-coding sequence;
subsequently, point mutations, deletions, and
insertions surrounding the D835 coding sequence have
been found [Parcells BW et a/, Stem Cells, 2006, 24,
1174-1184]. FLT3 mutations are the most frequent
genetic alterations reported in acute myeloid leukemia
(AML) and are involved in the signaling pathway of
autonomous proliferation and differentiation block in
leukemia cells [Tickenbrock L ef a/, Expert Opin.
Emerging Drugs, 2006, 11, 1-13]. Several clinical
studies have confirmed that FLT3/ITD is strongly
associated with a poor prognosis. Because high-dose
chemotherapy and stem cell transplantation cannot
overcome the adverse effects of FLT3 mutations, the
development of FLT3 kinase inhibitors could produce a
more efficacious therapeutic strategy for leukemia
therapy. Cyclin-dependent kinases (CDKs) are
serine-threonine kinases that play important roles in
cell cycle control (CDK1, 2, 4 and 6), transcription
initiation (CDK7 and 9), and neuronal function (CDK5)
[Knockaert M ef a/, Trends Pharmacol. Sci., 2002, 23,
417-425]. Aberrations in the cell cycle CDKs and their
cyclin partners have been observed in various tumour
types, including those of the breast, colon, liver and
brain [Shapiro Gl, J. CHn. Oncol., 2006, 24,
1770-1783]. It is believed that the pharmacological
inhibition of CDK1, 2, 4, 6 and/or 9 may provide a new
therapeutic option for diverse cancer patients. In
particular, the simultaneous inhibition of CDK1, 2 and
9 has recently been shown to result in enhanced
apoptotic killing of lung cancer (H1299) and
osteosarcoma cells (U2OS), compared with inhibition of
single CDK alone [Cai D et al, Cancer Res, 2006, 66,
9270-9280]. Accordingly, compounds that are kinase
inhibitors have the potential to meet the need to
provide further biologically active compounds that
would be expected to have useful, improved
pharmaceutical properties in the treatment of kinase
related conditions or disorders such as cancer and
other proliferative disorders.SUMMARY OF THE INVENTION
In one aspect the present invention provides a
compound of formula (I): Formula (I) wherein: R1 and
R2 are each independently selected from the group
consisting of: H, halogen, alkyl, alkenyl, alkynyl,
haloalkyl, haloalkenyl, heteroalkyl, cycloalkyl,
cycloalkenyl, heterocycloalkyl, heterocycloalkenyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl,
arylalkenyl, cycloalkylheteroalkyl,
heterocycloalkylheteroalkyl, heteroarylheteroalkyl,
aryl heteroalkyl, hydroxy, hydroxyalkyl, alkoxy,
alkoxyalkyl, alkoxyaryl, alkenyloxy, alkynyloxy,
cycloalkylkoxy, heterocycloalkyloxy, aryloxy,
arylalkyloxy, phenoxy, benzyloxy, heteroaryloxy,
amino, alkylamino, aminoalkyl, acylamino, arylamino,
sulfonylamino, sulfinylamino, -COOH, -COR3, -COOR3,
-CONHR 3, -NHCOR3, -NHCOOR3, -NHCONHR3,
alkoxycarbonyl, alkylaminocarbonyl, sulfonyl,
alkylsulfonyl, alkylsulfinyl, arylsulfonyl,
arylsulfinyl, aminosulfonyl, -SR3, R4S(O)R6- ,
R4S(O)2R6- , R4C(O)N(R 5)R6- , R4SO2N(R5 R6- ,
R4N(R5)C(O)R6- , R4N(R5 SO2R6- , R4N(R5)C(O)N(R5)R6-
and acyl, each of which may be optionally substituted;
each R3, R4, and R5 is independently selected from the
group consisting of H, alkyl, alkenyl, alkynyl,
haloalkyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl and
acyl, each of. which may be optionally substituted;
each R6 is independently selected from the group
consisting of a bond, alkyl, alkenyl, alkynyl,
haloalkyl, rjeteroalkyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl and
acyl, each of which may be optionally substituted;Z2
is independently selected from the group consisting of
a bond, O, S, -N(R7)-, - N(R7)C1-2alkyl-, and -C1
aIkYlN(R7)-; each R7 is independently selected from
the group consisting of H1 alkyl, alkenyl, alkynyl,
haloalkyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl, 



heterocycloalkylalkyl, arylalkyl, heteroarylalkyl and
acyl, each of which may be optionally substituted; Ar1
and Ar2 are each independently selected from the group
consisting of aryl and heteroaryl, each of which may
be optionally substituted; L is a group of formula: -
X1-Y-X2- wherein X1 is attached to Ar1 and X2 is
attached to Ar2, and wherein X1, X2 and Y are selected
such that the group L has between 5 and 15 atoms in
the normal chain, X1 and X2 are each independently a
heteroalkyl group containing at least one oxygen atom
in the normal chain, Y is a group of formula -CR
a=CRb- or an optionally substituted cycloalkyl group,
wherein Ra and Rb are each independently selected from
the group consisting of H, alkyl, alkenyl, alkynyl,
haloalkyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl and
acyl, each of which may be optionally substituted, or
Ra and Rb may be joined such that when taken together
with the carbon atoms to which they are attached they
form a cycloalkenyl or cycloheteroalkenyl group; or a
pharmaceutically acceptable, salt, N-oxide, or prodrug
thereof. As with any group of structurally related
compounds which possess a particular utility, certain
embodiments of variables of the compounds of the
Formula (I), are particularly useful in their end use
application.In certain embodiments Z2 is selected from
the group consisting of a bond, -N(R7)- and -S-. In
one specific embodiment Z2 is -N(R 7)-. In an even
more specific embodiment Z2 is -N(H)-. Ar1 and Ar2 are
each independently selected from the group consisting
of aryl and heteroaryl and may be monocyclic, bicyclic
or polycyclic moieties. In certain embodiments each of
Ar1 and Ar2 is a monocyclic or bicyclic moiety. In
certain embodiments each of Ar1 and Ar2 are a
monocyclic moiety. In certain embodiments Ar1 is
selected from the group consisting of: wherein V1, V2,
V3 and V4 are each independently selected from the
group consisting of N, and C(R10);W is selected from
the group consisting of O, S and NR10; W1 and W2 are
each independently selected from the group consisting
of N and CFT10; . wherein each R10 is independently
selected from the group consisting of: H1 halogen,
alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl,
heteroalkyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, heterocycloalkenyl, aryl,
heteroaryl, cycloalkylalkyl, heterocycloalkylalkyl,
arylalkyl, heteroarylalkyl, arylalkenyl,
cycloalkylheteroalkyl, heterocycloalkylheteroalkyl,
heteroarylheteroalkyl, arylheteroalkyl, hydroxy,
hydroxyalkyl, alkoxy, alkoxyalkyl, alkoxyaryl,
alkenyloxy, alkynyloxy, cycloalkylkoxy,
heterocycloalkyloxy, aryloxy, arylalkyloxy, phenoxy,
benzyloxy, heteroaryloxy, amino, alkylamino,
aminoalkyl, acylamino, arylamino, sulfonylamino,
sulfinylamino, -COOH, -COR3, -COOR3, -CONHR3, -
NHCOR3, -NHCOOR3, -NHCONHR3, alkoxycarbonyl,
alkylaminocarbonyl, sulfonyl, alkylsulfonyl,
alkylsulfinyl, arylsulfonyl, arylsulfinyl,
aminosulfonyl, -SR3, R4S(O)R6-, R4S(O)2R6- ,
R4C(O)N(R5)R6- , R4SO2N(R5)R6- , R4N(R5)C(O)R6- ,
R4N(R5)SO2R6- , R4N(R5)C(O)N(R5)R6- and acyl, each of
which may be optionally substituted, wherein R3, R4,
R5 and R6 are as defined above. In certain embodiments
Ar1 is selected from the group consisting of:wherein
V1,V2, V3, V4,W,W1,W 1R3, R4, R5 and R6 are as defined
above. In certain embodiments Ar1 is selected from the
group consisting of: wherein each R is independently
as defined above, k is an integer selected from the
group consisting of 0, 1, 2, 3, and 4; and n is an
integer selected from the group consisting of 0, 1,
and 2. In yet an even further embodiment Ar1 is
selected from the group consisting of: wherein R10 is
as defined above.In certain embodiments Ar1 is
selected from the group consisting of: wherein each R
is independently as defined above, and q is an integer
selected from the group consisting of 0, 1 and 2 . In
certain embodiments Ar1 is selected from the group
consisting of: andIn certain embodiments Ar1 is
selected from the group consisting of:In certain
embodiments Ar2 is selected from the group consisting
of: wherein V5, V6, V7 and V8 are independently
selected from the group consisting of N1and C(R11) ;
wherein each R11 is independently selected from the
group consisting of: H, 



halogen, alkyl, alkenyl, alkynyl, haloalkyl,
haloalkenyl, heteroalkyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, heterocycloalkenyl, aryl,
heteroaryl, cycloaikylalkyl, heterocycloalkylalkyl,
arylalkyl, heteroarylalkyl, arylalkenyl,
cycloalkylheteroalkyl, heterocycloalkylheteroalkyl,
heteroarylheteroalkyl, arylheteroalkyl, hydroxy,
hydroxyalkyl, alkoxy, alkoxyalkyl, alkoxyaryl,
alkenyloxy, alkynyloxy, cycloalkylkoxy,
heterocycloalkyloxy, aryloxy, arylalkyloxy, phenoxy,
benzyloxy, heteroaryloxy, amino, alkylamino,
aminoalkyl, acylamino, arylamino, sulfonylamino,
sulfinylamino, -COOH, -COR3, -COOR3, -CONHR 3,
-NHCOR3, -NHCOOR 3, -NHCONHR3, alkoxycarbonyl,
alkylaminocarbonyl, sulfonyl, alkylsulfonyl,
alkylsulfinyl, arylsulfonyl, arylsulfinyl,
aminosulfonyl, -SR3, R4S(O)R6- , R4S(O)2R6- ,
R4C(O)N(R 5)R6- , R4SO2N(R5)R6-, R4N(R5)C(O)R6- ,
R4N(R5)SO2R6- , R4N(R5)C(O)N(R5)R6- and acyl, each of
which may be optionally substituted. In certain
embodiments Ar2 is selected from the group consisting
of: wherein each R11 is independently as defined
aboveo is an integer selected from the group
consisting of 0, 1, 2, 3, and 4; and p is an integer
selected from the group consisting of O1 1, 2, and 3 .
In certain embodiments Ar2 is selected from the group
consisting of: wherein each R11 is as defined above.
In an even further embodiment Ar2 is selected from the
group consisting of:In one embodiment of the invention
the compound is of the formula (II): Formula (II) or a
pharmaceutically acceptable salt or prodrug thereof
wherein R1, R , R10 , R", X1, X2, Y, k and o are as
defined above. In one embodiment of the invention the
compound is of the formula (III): Formula (III)or a
pharmaceutically acceptable salt or prodrug thereof
wherein R1, Rz, R10 , R11 , X1, X2, Y, q and o are as
defined above. In one embodiment of the invention the
compound is of the formula (IV): Formula (IV) or a
pharmaceutically acceptable salt or prodrug thereof
wherein R1, R , R1U, R11, X1, X , Y, q and o are as
defined above. In one embodiment of the invention the
compound is of the formula (V): Formula (V)or a
pharmaceutically acceptable salt or prodrug thereof
wherein R1, R2, R10, R11, X\ X2, Y, q and o are as
defined above. In one embodiment of the invention the
compound is of the formula (Vl): Formula (Vl) or a
pharmaceutically acceptable salt or prodrug thereof
wherein R , R , R , R11, X , X Y, q and o are as
defined above. In one embodiment of the invention the
compound is of the formula (VII): Formula (VII)or a
pharmaceutically acceptable salt or prodrug thereof
wherein R1, R2, R10, R11 , X1, X2, Y1q and o are as
defined above. In the compounds of the invention X1,
X2 and Y are chosen such that there are between 5 and
15 atoms in the normal chain, In one embodiment of the
compounds of the invention X1, X2 and Y are chosen
such that there are between 6 and 15 atoms in the
normal chain. In one specific embodiment of the
compounds of the invention X1, X2 and Y are chosen
such that there are 7 atoms in the normal chain. In
another specific embodiment of the compounds of the
invention X1, X2 and Y are chosen such that there are
8 atoms in the normal chain. In the compounds of the
invention X1 and X2 are each independently a
heteroalkyl group containing at least one oxygen atom
in the normal chain. In certain embodiments X1 is
selected from the group consisting of: (a)
-Od-salkyl-, (b) -C^alkylO-, and (C)
-CvsalkylOCi-salkyl. In certain embodiments X1 is
selected from the group consisting of: (a) -OCH2- (b)
-CH 2O-, (C) -OCH 2CH2- , (d) -CH 2CH2O-, (e) -CH
2OCH2-, and (f) -CH 2CH2OCH2- . In one specific
embodiment X1 is -OCH2- . In another specific
embodiment X1 is -CH 2O-. In another specific
embodiment X1 is -OCH 2CH2- . In another specific 



embodiment X1 is -CH 2CH2O-. In another specific
embodiment X1 is -CH 2OCH2-. In another specific
embodiment X1 is -CH 2CH2OCH2- . In certain
embodiments X2 is selected from the group consisting
of: (a) -OC1-5alkyl-, (b) -d-salkylO-, and(c)
-C1.5alkyl0Ci. 5alkyl. In certain embodiments X2 is
selected from the group consisting of: (a) -OCH2- (b)
-CH 2O-, (c) -OCH 2CH2- , (d) -CH 2CH2O-, (e) -CH
2OCH2-, and (f) -CH 2CH2OCH2- . In one specific
embodiment X2 is -OCH2- . In another specific
embodiment X1 is -CH 2O-. In another specific
embodiment X2 is -OCH 2CH2- . In another specific
embodiment X2 is -CH 2CH2O-. In another specific
embodiment X2 is -CH 2OCH2- . In another specific
embodiment X2 is -CH CH2OCH2-. A particularly useful
subset of compounds of the invention are selected from
the group consisting of:HETEROALKYL LINKED PYRIMIDINE
DERIVATIVES FIELD OF THE INVENTION The present
invention relates to pyrimidine compounds that may be
useful as anti-proliferative agents. More
particularly, the present invention relates t
heteroalkyl linked and substituted pyrimidine
compounds, methods for their preparation,
pharmaceutical compositions containing these compounds
and uses of these compounds in the treatment of
proliferative disorders. These compounds may be useful
as medicaments for the treatment of a number of
proliferative disorders including tumours and cancers
as well as other- conditions or disorders associated
with kinases. BACKGROUND OF THE INVENTION
Proliferative disorders such as cancer are
characterised by the uncontrolled growth of cells
within the body. As such proliferative disorders
generally involve an abnormality in the control of
cell growth and/or division leading to the formation
of tumour and ultimately death. Without wishing to be
bound by theory it is thought that this is caused by
the pathways that regulate cell growth and division
being altered in cancer cells. The alteration is such
that the effects of these normal regulatory mechanisms
in controlling cell growth and division either fails
or is bypassed. The uncontrolled cell growth and/or
division ultimately proves fatal for the patient as
successive rounds of mutations on the part of the cell
then typically lead to the cancer cells having a
selective advantage over normal healthy cells in the
body of the patient leading to the cancer cells
predominating in the cell mass of the patient. The
cancer cells then typically metastasize to colonize
other tissues or parts of the body other than the part
of origin of the cancer cell leading to secondary
tumours which eventually lead to organ failure and the
death of the patient. It is the difficulty in
controlling the rapid cell growth and division that is
characteristic of cancer cells that make it hard to
come up with effective chemo.therapeutic strategies. A
number of traditional treatments for proliferative
disorders such as cancer seek to take advantage of
their higher proliferative capacity and thus their
higher sensitivity to DNA damage. Treatments that have
been utilised include ionizing radiation (g-rays,
Xrays and the like) as well as cytotoxic agents such
as bleomycin, cis-platin, vinblastine,
cyclophosphamide, 5'-fluorouracil and methotrexate.
These treatments all rely on causingdamage to DNA and
destabilisation of the chromosomal structure
eventually leading to death of the cancer cells. The
problem with many of these approaches is that they are
non-selective for cancer cells and healthy cells can
and often will be adversely affected by the treatment.
This is hardly surprising given that the cellular
mechanisms targeted by these strategies occur in
healthy cells as well as in cancer cells (although
typically at slower rates) and merely serves to
highlight the difficulty in achieving successful
treatment of the cancer in the patient without causing
irreparable harm to the healthy cells. As such with
many of these treatments there can be devastating side
effects which can not only significantly reduce the
short term quality of life of the patient but may also
have long term detriments on the health of the patient
should they survive the cancer attack. Whilst some of
the above problems have substantially been overcome by
the 



development of selective anti-cancer agents (such as
tamoxifen) the effectiveness of all chemotherapeutic
agents is subject to the development of drug
resistance by the cancer cells in the patient. The
development of drug resistance in the cancer cells of
a patient tends to be class specific and therefore if
the cancer cells of a patient develop drug resistance
to a class of anti-cancer drugs then all compounds
within that class are typically rendered ineffective
in the further treatment of that patient. As such in
improving clinical outcomes for patients the
identification of alternative chemotherapeutic agents
is essential in providing the oncologist with an
arsenal of drugs that may be used in any given
situation. The development of different classes of
therapeutic agents is therefore important as it can
help avoid the development of drug resistance and can
also be used in combination therapies. Such
combination therapies typically involve the use of
anti cancer drugs with different properties and
cellular targets which in turn tends to increase the
overall effectiveness of any chosen chemotherapy
regime and limits the possibility of drug resistance
developing in the patient. One of the major advances
in cancer research has been the clinical validation of
molecularly targeted drugs that inhibit the activity
of protein kinases. Small-molecule kinase inhibitors
that are now approved for oncology indications include
imatinib, gefitinib, erlotinib, sorafenib, sunitinib
and dasatinib [Baselga J., Science, 2006, 312, 1175-1
178]. A number of kinases such as JAK2, FLT3 and CDK2
are promising kinase targets forpharmacological
intervention in solid tumours, hematological
malignancies, myeloproliferative disorders and
non-malignant proliferative disorders like keloids.
The Janus kinases (JAK) are a family of cytoplasmic
tyrosine kinases consisting of JAK1, JAK2, JAK3 and
Tyk2. They play a pivotal role in the signaling
pathways of numerous cytokines, hormones and growth
factors [Rawlings JS et al, J. Cell Sci., 2004, 117,
1281- 1283]. Their intracellular substrates include
the family of proteins called Signal Transducer and
Activator of Transcription (STAT). The JAK-STAT
pathways, through the proper actions of the ligands,
regulate important physiological processes such as
immune response to viruses, erythropoiesis, lactation,
lipid homeostasis, etc. However, dysfunctional
signaling caused by a myriad of factors result in
pathophysiological conditions such as allergies,
asthma, rheumatoid arthritis, severe combined immune
deficiency, hematological malignancies, etc. In
particular, mutations in JAK2 have been associated
with myeloproliferative disorders (including
polycythemia vera, essential thrombocythemia and
idiopathic myelofibrosis) and a wide range of
leukemias and lymphomas [Percy MJ ef al, Hematol.
Oncol., 2005, 23, 91-93). Importantly, the
myeloproliferative disorders belong to an area of
unmet medical need where some treatment modalities
have not been updated over the past few decades
[Schafer Al, Blood, 2006, 107, 4214-4222]. The
myeloproliferative disorders (MPDs) belong to a group
of hematological malignancies arising from clonal
expansion of mutated progenitor stem cells in the bone
marrow. The association of one MPD, chronic myeloid
leukemia, with the Philadelphia chromosome has been
well documented. The Philadelphia negative MPDs
include Essential Thrombocythemia (ET) 1 '
Polycythemia Vera (PV) and Chronic Idiopathic
Myelofibrosis (MF). No effective treatment is
currently available. The recent discovery that a
single acquired somatic mutation in JAK2 appears
responsible for many of the features of these MPDs
promises to impact the diagnosis and treatment of
patients with these disorders and to spur additional
research into the origins of dysregulated cell growth
and function. Until recently, most MPDs have been
considered to be rare or orphan diseases but studies
underway suggest a much higher prevalence. Essential
Thrombocythemia is a chronic MPD characterized by an
increased number of circulating platelets, profound
marrow megakaryocyte hyperplasia, splenomegaly and a
clinical course punctuated by hemorrhagic or
thrombotic episodes or both. Current treatment options
include low dose aspirin, or platelet lowering agents
suchas anagrelide, interferon or hydroxyurea. These
treatments have severe side effects that compromise
the quality of life of patients. Polycythemia Vera is
a chronic progressive MPD characterized by an elevated
hematocrit, an increase in the red cell mass, and
usually by an elevated leukocyte count, an elevated
platelet count and an enlarged spleen. The most common
cause of morbidity and mortality is the predisposition
of PV patients to develop life threatening arterial
and venous thromboses. Treatment options include:
phlebotomy with low dose aspirin or myelosuppressive
therapy options such as hydroxyurea, interferon or
anagrelide. Again, 



these treatments are not ideal due to severe side
effects. Chronic Idiopathic Myelofibrosis (MF) is a
chronic malignant hematological disorder characterized
by an enlarged spleen, varying degrees of anemia and
low platelet counts, red cells in the peripheral blood
that resemble tear drops, the appearance of small
numbers of immature nucleated red cells and white
cells in the blood, varying degrees of fibrosis of the
marrow cavity (myelofibrosis) and the presence of
marrow cells outside the marrow cavity (extramedullar
hematopoiesis or myeloid metaplasia). Current
treatment is directed at alleviation of constitutional
symptoms, anemia and symptomatic splenomegaly.
Treatment options include hydroxyurea, interferon,
thalidomide with prednisone, and allogeneic stem cell
transplant. MF has the worst prognosis among the
Philadelphia negative MPD and represents an area of
greatest unmet medical need. In addition, due to its
role in the angiotensin Il signaling pathway, JAK2 is
also implicated in the etiology of cardiovascular
diseases like congestive heart faiJure and pulmonary
hypertension [Berk BC ef a/, Circ. Res, 1997, 80,
607-616]. Furthermore, a putative role for JAK2 has
been demonstrated in keloid pathogenesis and may
constitute a new approach for keloid management [Lim
CP ef a/, Oncogene, 2006, 25, 5416-5425]. Yet another
potential application for JAK2 inhibitors lies in the
treatment of retinal diseases- as JAK2 inhibition was
found to offer protective effects oh photoreceptors in
a mouse model of retinal degeneration [Samardzija M ef
a/, FASEB J., 2006, 10, 1096]. A family of Class III
receptor tyrosine kinases (RTK), including c-Fms,
c-Kit, fmslike receptor tyrosine kinase 3 (FLT3), and
platelet-derived growth factor receptors (PDGFRfct and
b), play an important role in the maintenance, growth
arid development of hematopoietic and
non-hematopoietic cells. Overexpression and activating
mutations of these RTKs are known to be involved in
the pathophysiology of diverse human cancersfrom both
solid and hematological origins [Hannah AL, Curr. MoI.
Med., 2005, 5, 625-642]. FLT3 mutations were first
reported as internal tandem duplication (FLT3/ITD) of
the juxtamembrane domain-coding sequence;
subsequently, point mutations, deletions, and
insertions surrounding the D835 coding sequence have
been found [Parcells BW ef a/, Stem Cells, 2006, 24,
1174-1184]. FLT3 mutations are the most frequent
genetic alterations reported in acute myeloid leukemia
(AML) and are involved in the signaling pathway of
autonomous proliferation and differentiation block in
leukemia cells [Tickenbrock L ef a/, Expert Opin,
Emerging Drugs, 2006, 1 1 , 1-13]. Several clinical
studies have confirmed that FLT3/ITD is strongly
associated with a poor prognosis. Because high-dose
chemotherapy and stem cell transplantation cannot
overcome the adverse effects of FLT3 mutations, the
development of FLT3 kinase inhibitors could produce a
more efficacious therapeutic strategy for leukemia
therapy. Cyclin-dependent kinases (CDKs) are
serine-threonine kinases that play important roles in
cell cycle control (CDK1, 2 , 4 and 6), transcription
initiation (CDK7 and 9), and neuronal function (CDK5)
[Knockaert Mef a/, Trends Pharmacol. Sci., 2002, 23,
417-425]. Aberrations in the cell cycle CDKs and their
cyclin partners have been observed in various tumour
types, including those of the breast, colon, liver and
brain [Shapiro Gl, J. Clin. Oncol., 2006, 24,
1770-1783]. It is believed that the pharmacological
inhibition of CDK1 , 2, 4, 6 and/or 9 may provide a
new therapeutic option for diverse cancer patients. In
particular, the simultaneous inhibition of CDK1, 2 and
9 has recently been shown to result in enhanced
apoptotic killing of lung cancer (H1299) and
osteosarcoma cells (U2OS), compared with inhibition of
single CDK alone [Cai D et al, Cancer Res, 2006, 66,
9270- 9280]. Accordingly, compounds that are kinase
inhibitors have the potential to meet the need to
provide further biologically active compounds that
would be expected to have useful, improved
pharmaceutical properties in the treatment of kinase
related conditions or disorders such as cancer and
other proliferative disorders.SUMMARY OF THE INVENTION
In one aspect the present invention provides a
compound of formula (I): Formula (I) wherein: R1 and
R2 are each independently selected from the group
consisting of: H, halogen, alkyl, alkenyl, alkynyl,
haloalkyl, haloalkenyl, heteroalkyl, cycloalkyl,
cycloalkenyl, heterocycloalkyl, heterocycloalkenyl,
aryl, heteroaryl, cycloalkylalkyl, heterocycloal kylal
kyI, arylalkyl, heteroarylalkyl, arylalkenyl,
cycloalkylheteroalkyl, heterocycloalkylheteroalkyl,
heteroarylheteroalkyl, arylheteroalkyl, hydroxy,
hydroxyalkyl, alkoxy, alkoxyalkyl, alkoxyaryl,
alkenyloxy, alkynyloxy, cycloalkylkoxy,
heterocycloalkyloxy, aryloxy, 



arylalkyloxy, phenoxy, benzyloxy, heteroaryloxy,
amino, alkylamino, aminoalkyl, acylamino, arylamino,
sulfonylamino, sulfinylamino, -COOH, -COR3, -COOR3,
-CONHR 3, -NHCOR3, -NHCOOR3, -NHCONHR3,
alkoxycarbonyl, alkylaminocarbonyl, sulfonyl,
alkylsulfonyl, alkylsulfinyl, arylsulfonyl,
arylsulfinyl, aminosulfonyl, -SR3, R4S(O)R 6- ,
R4S(O)2R6- , R4C(O)N(R5 R6- , R4SO2N(R5)R6- ,
R4N(R5)C(O)R6-, R4N(R5)SO 2R6- , R4N(R5)C(O)N(R 5)R6-
and acyl.'each of which may be optionally substituted;
each R3, R4, and R5 is independently selected from the
group consisting of H, alkyl, alkenyl, alkynyl,
haloalkyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl and
acyl, each of which may be optionally 'substituted;
each R6 is independently selected from the group
consisting of a bond, alkyl, alkenyl, alkynyl,
haloalkyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycl.balkylal.kyl, arylalkyl, heteroarylalkyl
and acyl, each of which may be optionally substituted;
Z2 is selected from the group consisting of a bond, O,
S, -N(R7)-, -N(R7)Ci.2alkyl-, ind -d.zalkylNCR7)-;
each R7 is independently selected from the group
consisting of H1 alkyl, alkenyl, alkynyl, haloalkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, cycloalkylalkyl, leterocycloalkylalkyl,
arylalkyl, heteroarylalkyl and acyl, each of which may
be optionally substituted; Ar1 and Ar2 are
independently selected from the group consisting of
aryl and leteroaryl, each of which may be optionally
substituted; L is a group of formula: - X1-Y-X2-
wherein X1 is attached to Ar1 and X2 is attached to
Ar2, and wherein X\ X2 and Y are selected such that
the group L has between 5 and 15 atoms in the normal
chain, X1 and X2 are each independently an optionally
substituted heteroalkyl group such that X1 and X2 are
not both heteroalkyl groups containing at least one
oxygen atom in the normal chain, Y is a group of
formula -CR a=CRb- or an optionally substituted
cycloalkyl group, wherein Raand Rb are each
independently selected from the group consisting of H,
alkyl, alkenyl, alkynyl, haloalkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
cycloalkylalkyl, heterocycloalkylalkyl, arylalkyl,
heteroarylalkyl and acyl, each of which may be
optionally substituted, or Ra and Rb may be joined
such that when taken together with the carbon atoms to
which they are attached they form a cycloalkenyl or
cycloheteroalkenyl group; or a pharmaceutically
acceptable salt, N-oxide, or prodrug thereof.As with
any group of structurally related compounds which
possess a particular utility, certain embodiments of
variables of the compounds of the formula (I), are
particularly useful in their end use application. In
certain embodiments Z2 is selected from the group
consisting of a bond, -N(R7)- and -S-. In one specific
embodiment Z2 is -N(R 7)-. In an even more specific
embodiment Z2 is -N(H)-. Ar1 and Ar2 are each
independently selected from the group consisting of
aryl and heteroaryl and may be monocyclic, bicyclic or
polycyclic moieties. In certain embodiments each of
Ar1 and Ar2 is a monocyclic or bicyclic moiety. In
certain embodiments each of Ar1 and Ar2 are a
monocyclic moiety. In certain embodiments Ar1 is
selected from the group consisting of:wherein V1, V2,
V3 and V4 are each independently selected from the
group consisting of N1and C(R10); W is selected from
the group consisting of O, S and NR10; W1 and W2 are
each independently selected from the group consisting
of N and CR10 ; wherein each R10 is independently
selected from the group consisting of: H, halogen,
alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl,
heteroalkyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, heterocycloalkenyl, aryl,
heteroaryl, cycloalkylalkyl, heterocycloalkylalkyl,
arylalkyl, heteroarylalkyl, arylalkenyl,
cycloalkylheteroalkyl, heterocycloalkylheteroalkyl,
heteroarylheteroalkyl, arylheteroalkyl, hydroxy,
hydroxyalkyl, alkoxy, alkoxyalkyl, alkoxyaryl,
alkenyloxy, alkynyloxy, cycloalkylkoxy,
heterocycloalkyloxy, aryloxy, arylalkyloxy, phenoxy,
benzyloxy, heteroaryloxy, amino, alkylamino,
aminoalkyl, acylamino, arylamino, sulfonylamino,
sulfinylamino, -COOH1 -COR3, -COOR3, -CONHR3, -
NHCOR3, -NHCOOR3, -NHCONHR3, alkoxycarbonyl,
alkylaminocarbonyl, sulfonyl, 



alkylsulfonyl, alkyl sulfinyl, arylsulfonyl,
arylsulfinyl, aminosulfonyl, -SR3, R4S(O)R6- ,
R4S(O)2R6- , R4C(O)N(R 5)R6- , R4SO2N(R5 R6- ,
R4N(R5)C(O)R6- , R4N(R5)SO2R6- , R4N(R5)C(O)N(R5)R6-
and acyl, each of which may be optionally substituted,
wherein R3, R4, R5 and R6 are as defined above. In
certain embodiments Ar1 is selected from the group
consisting of:wherein V1, V2,V3, V4,W1W1,W2, R3, R4,
R5 and R6 are as defined above. In certain embodiments
Ar1 is selected from the group consisting of: wherein
each R10 is independently as defined above, k is an
integer selected from the group consisting of 0 , 1, 2
, 3, and 4; and n is an integer selected from the
group consisting of 0, 1, 2 and 3. In yet an even
further embodiment Ar1 is selected from the group
consisting of:wherein R10 is as defined above. In
certain embodiments Ar1 is selected from the group
consisting of: wherein each R10 is independently $s
defined above, and q is an integer selected from the
group consisting of 0 , 1, and 2 .In certain
embodiments Ar1 is selected from the group consisting
of: In certain embodiments Ar1 is selected from the
group consisting of:In certain embodiments Ar2 is
selected from the group consisting of: wherein V5, V6,
V7 and V8 are independently selected from the group
consisting of N, and C(R1 1);wherein each R11 is
independently selected from the group consisting of:
H, lalogen, alkyl, alkenyl, alkynyl, haloalkyl,
haloalkenyl, heteroalkyl, cycloalkyl, cycloalkenyl,
leterocycloalkyl, heterocycloalkenyl, aryl,
heteroaryl, cycloalkylalkyl, heterocycloalkylalkyl,
arylalkyl, heteroarylalkyl, arylalkenyl,
cycloalkylheteroalkyl, heterocycloalkylheteroalkyl,
heteroarylheteroalkyl, arylheteroalkyl, hydroxy,
hydroxyalkyl, alkoxy, alkoxyalkyl, alkoxyaryl,
alkenyloxy, alkynyloxy, cycloalkylkoxy,
heterocycloalkyloxy, aryloxy, arylalkyloxy, phenoxy,
benzyloxy, heteroaryloxy, amino, alkylamino,
aminoalkyl, acylamino, arylamino, sulfonylamino,
sulfinylamino, -COOH, -COR 3, -COOR3, -CONHR3, -NHCOR
1 -NHCOOR3, -NHCONHR 3, alkoxycarbonyl,
alkylaminocarbonyl, sulfonyl, alkylsulfonyl,
alkylsulfinyl, arylsulfonyl, arylsulfinyl,
aminosulfonyl, -SR3, R4S(O)R6- , R4S(O) 2R6- ,
R4C(O)N(R5)R6- , R4SO2N(R5)R6- , R4N(R5)C(O)R 6- ,
R4N(R5)SO2R6- , R4N(R5)C(O)N(R 5)R6- and acyl, each of
which may be optionally substituted. In certain
embodiments Ar2 is selected from the group consisting
of: wherein each R11 is independently as defined
above, o is an integer selected from the group
consisting of 0 , 1, 2 , 3, and 4; and p is an integer
selected from the group consisting of 0, 1, 2, and 3.
In certain embodiments Ar2 is selected from the group
consisting of:wherein each R11 is as defined above. In
even further embodiment Ar2 is selected from the group
consisting of: In one embodiment of the invention the
compound is of the formula (X):00353 16 Formula (X) or
a pharmaceutically acceptable salt or prodrug thereof,
wherein R1, R2, R10 , R11, X1, X , Y, k and o are as
defined above. In one embodiment of the invention the
compound is of the formula (Xl): Formula (Xl) or a
pharmaceutically acceptable salt or prodrug thereof,
wherein R1, R , R10 , R11 , X1, X2, Y, q and o are as
defined above. In one embodiment of the invention the
compound is of the formula (XII):Formula (XII) or a
pharmaceutically acceptable salt or prodrug thereof,
wherein R1, R , R , R11 , X1, X , Y, q and o are as
defined above. In one embodiment of the invention the
compound is of the formula (XIII): Formula (XIII) or a
pharmaceutically acceptable salt or prodrug thereof,
wherein R1, Rz, R , R \ X 1X 1Y, q and o are as
defined above. In one embodiment of the invention the
compound is of the formula (XIV):Formula (XIV) or a
pharmaceutically acceptable salt or prodrug thereof,
wherein R1, R2, R 10 , R11 , X 1, X2, Y , q and o are
as defined above. In one embodiment of the invention
the compound is of the formula (XVI): Formula (XVI) or
a pharmaceutically acceptable salt or prodrug thereof,
wherein R11, R22, DR 10 , DR1"1 , XV 11, VX22, Y , q
and o are as defined above. In one embodiment o f the
invention the compound is of the formula
(XVII):Formula (XVII) or a pharmaceutically acceptable
salt or prodrug thereof, wherein R1, R2, R10, R11, X1,
X2, Y, q and o are as defined above. 



In the compounds of the invention X1, X2 and Y are
chosen such that there are between 5 and 15 atoms in
the normal chain. In one embodiment of the compounds
of the invention X1, X2 and Y are chosen such that
there are between 6 and 15 atoms in the normal chain.
In one specific embodiment of the compounds of the
invention X1, X2 and Y are chosen such that there are
7 atoms in the normal chain. In another specific
embodiment of the compounds of the invention X1, X2
and Y are chosen such that there are 8 atoms in the
normal chain. In another specific embodiment of the
compounds of the invention X1, X2 and Y are chosen
such that there are 9 atoms in the normal chain. In
another specific embodiment of the compounds of the
invention X1, X2 and Y are chosen such that there are
10 atoms in the normal chain. In the compounds of the
invention X1 and X2 are both heteroalkyl groups. The
two heteroalkyl groups are chosen independently of
each other such that X1 and X2 are not both
heteroalkyl groups containing at least one oxygen atom
in the normal chain. Examples of suitable values of X1
include: (a) -OC 1-SaIkYl-, (b) -CvsalkylO-, (c)
-CsalkylOCsalkyl, (d) -N(R 8 )-,(e) -N R C alkyl- ,
(f) -C alkylN 8 )-; (g) -Ci. 5alkylN(R 8a)C1.5alkyl- >
(h) -N(R8a)CO-, (i) -N(R8a)COC 1.5alkyl-, 0)
-C1.5alkylN(R 8a)CO-, (K) -C1.5alkylN(R 8a)COCi.
5alkyl- l 0) -CON(R 83)-, (m) -C1 SaIKyICON(R 8 )-,
(n) -CON(R 8a)C1.5alkyl-, and (0) -C1.5alkylCON(R
8a)Ci. 5alkyl-, wherein R8a is selected from the group
consisting of: H, halogen, alkyl, alkenyl, alkynyl,
haloalkyl, haloalkenyl, heteroalkyl, cycloalkyl,
cycloalkenyl, heterocycloalkyl, heterocycloalkenyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl,
arylalkenyl, cycloalkylheteroalkyl,
heterocycloalkylheteroalkyl, heteroarylheteroalkyl,
arylheteroalkyl, hydroxy, hydroxyalkyl, alkoxy,
alkoxyalkyl, alkoxyaryl, alkenyloxy, alkynyloxy,
cycloalkylkoxy, heterocycloalkyloxy, aryloxy,
arylalkyloxy, phenoxy, benzyloxy, heteroaryloxy,
amino, alkylamino, aminoalkyl, acylamino, arylamino,
sulfonylamino, sulfinylamino, -COOH 1 -COR 3, -COOR 3,
-CONHR 3, - NHCOR 3, -NHCOOR 3, -NHCONHR 3,
alkoxycarbonyl, alkylaminocarbonyl , sulfonyl,
alkylsulfonyl, alkylsulfinyl, arylsulfonyl,
arylsulfinyl, aminosulfonyl, SR3, R4S(O)R 5- , R4S(O)
2R5- , R4C(O)N(R 5)R6- , R4SO2N(R 5)R6- , R4N(R5)C(O)R
6- , R4N(R5)SO 2R6- , R4N(R 5)C(O)N(R 5)R6- and acyl,
each of which may be optionally substituted. Examples
of suitable values of X2 include: (a) -Od-salkyl-, (b)
-C,. 5alkyl0-, (C) -Ci.salkylOC salkyl, (d) -N(R8b)-,
(e) -N(R8b)C1.5alkyl-, (f) -C,.5alkylN(R8b)-; (g)
-C1^alkylN(Rbb)C1^alkyl-. (h) -N(R8b)C0-, (i)
-N(R8b)COC1.5alkyl-, G) -C,.5alkylN(R8b)CO-,(k)
-C^alkylN^COC^alkyl-, (I) -CON(R8b)-p (m)
-C1.5alkylCON(R 8b)-1 (n) -CON(R8b)C1.5alkyl- and (0)
-C1 alkylCON(R 8b)C1 ialkyl-, wherein R8b is selected
from the group consisting of: H, halogen, alky!,
alkenyl, alkynyl, haloalkyl, haloalkenyl, heteroalkyl,
cycloalkyl, cycloalkenyl, heterocycloaikyl,
heterocycloalkenyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl,
arylalkenyl, cycloalkylheteroalkyl,
heterocycloalkylheteroalkyl, 



heteroarylheteroalkyl, arylheteroalkyl, hydroxy,
hydroxyalkyl, alkoxy, alkoxyalkyl, alkoxyaryl,
alkenyloxy, alkynyloxy, cycloalkylkoxy,
heterocycloalkyloxy, aryloxy, arylalkyloxy, phenoxy,
benzyloxy, heteroaryloxy, amino, alkylamino,
aminoalkyl, acylamino, aryiamino, sulfonylamino,
sulfinylamino, -COOH, -COR3, -COOR3, -CONHR 3, -
NHCOR3, -NHCOOR 3, -NHCONHR3, alkoxycarbonyl,
alkylaminocarbonyl, sulfonyl, alkylsulfonyl,
alkylsulfinyl, arylsulfonyl, arylsulfinyl,
aminosulfonyl, SR3, R4S(O)R 5- , R4S(O)2R5- ,
R4C(O)N(R 5)R6- , R4SOZN(R5)R6- , R N(R5)C(O)R6-,
R4N(R5 SO2R6- , R N(R5)C(O)N(R5)R6- and acyl, each of
which may be optionally substituted. In the compounds
of the invention X1 and X2 are not both heteroalkyl
groups containing at least one oxygen atom in the
normal chain. Accordingly either only one of X1 and X2
is a group of this type or neither of X1 and X2 is a
group of this type. In one embodiment one of X1 or X2
is a heteroalkyl group containing at least one oxygen
atom in the normal chain providing compounds of
formula (II). In one form of the compounds of formula
(II) X1 is a heteroalkyl group containing at least one
oxygen atom in the normal chain providing compounds of
formula (Ha). In one form of the compounds of formula
(Ha) X1 is selected from the group consisting of: (a)
-OCvsalkyl-, (b) -d-salkylO-, and (c)
-C^alkylOCi-salkyl.In one embodiment of the compounds
of formula (Ha) X1 is selected from the group
consisting of: (a) -OCH 2CH2-, (b) -OCH2- (C) -CH 2O-,
(d) -CH 2OCH2- , and (e) -CH 2CH2OCH2- . In one
specific embodiment of the compounds of formula (Ha)
X1 Is-OCH 2CH2-. In one embodiment of the compounds of
formula (Ha) X2 is selected from the group consisting
of: (a) -N(R Bb)-, (b) -N(RBb )C1.5alkyl-, (C) -C1
aIkYlN(R8")-; (d) -Cl .5alkylN(R8b)C1.5alkyl-, (e)
-N(R8b)C(O)-, (f) -N(R 8b)C(O)C,.5alkyl-, (g)
-C,.5alkylN(R8b)C(O)-, (h)
-C1.5alkylN(R8b)C(O)C1.5alkyl-, (i) -C(O)N(R8")-, O)
-C1.5alkylC(O)N(R8b)-, (k) -C(O)N(R8b)C,.5alkyl-, and
(I) -C1.5alkylC(O)N(R8b)Ci.5alkyl-, wherein R8b is
selected from the group consisting of: H, halogen,
alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl,
heteroalkyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, heterocycloalkenyl, aryl,
heteroaryl, cycloalkyl alkyl, heterocycloalkylalkyl,
arylalkyl, heteroarylalkyl, arylalkenyl,
cycloalkylheteroalkyl, heterocycloalkylheteroalkyl,
heteroarylheteroalkyl, arylheteroalkyl, hydroxy,
hydroxyalkyl, alkoxy, alkoxyalkyl, alkoxyaryl,
alkenyloxy, alkynyloxy, cycloalkylkoxy,
heterocycloalkyloxy, aryloxy, arylalkyloxy, phenoxy,
benzyloxy, heteroaryloxy, amino, alkylamino,
aminoalkyl, acylamino, arylamino, sulfonylamino,
sulfinylamino, -COOH, -COR3, -COOR3, -CONHR3, - NHCOR
3, -NHCOOR3, -NHCONHR3, alkoxycarbonyl,
alkylaminocarbonyl, sulfonyl, alkylsulfonyl,
alkylsulfinyl, arylsulfonyl, arylsulfinyl,
aminosulfonyl, SR3, R4S(O)R5-,00353 23 R4S(O) 2R5- ,
R4C(O)N(R 5)R6-, R4SO2N(R5)R6- , R4N(R5)C(O)R 6-, R
N(R5)SO 2R6- , R4N(R5)C(O)N(R 5)R6- and acyl, each of
which may be optionally substituted. In one embodiment
of the compounds of formula (Ha) X2 is selected from
the group consisting of: (a) -C1.5alkylN(R 8b)-; (b)
-C1.5all<ylN(R8b)Ci. 5alkyl-, and (C) -C,.
5alkylC(O)N(R 8b)-, 



wherein R8b is defined above. In one embodiment of the
compounds of formula (Ha) X2 is selected from the
group consisting of: (a) -CH 2N(R8")-, (b) -CH
2N(R8b)CH2- , (c) -CH 2CH2CON(R 8b)-, and (d) -CH
2CON(R 815)-, wherein R8b is defined above. In another
embodiment of the compounds of formula (II), X2 is a
heteroalkyl group containing at least one oxygen atom
in the normal chain providing compounds of formula
(lib). In one embodiment of the compounds of formula
(lib) X1 is selected from the group consisting of: (a)
-N(R8a)-, (C) ' -C1.5alkylN(R8a)-; (d)
-Ci.5alkylN(R8a)C1.5alkyl-, (e) -N(R8a)C(O)-, (f)
-N(R8a)C(O)C1-5alkyl-, (g) -C1.5alkylN);R8a)C(O)-l (h)
-C1.5alkylN(RBa)C(O)C1.5alkyl-, (i) ^C(O)N(R8 )-, O)
-C1.5alkylC(O)N(Rqa)-,(k) -C(O)N(R 88 C SaIlCyI-, and
(I) -Ci. salkylC(O)N(R Ba )C1.5alkyl- 1 wherein R8a is
selected from the group consisting of: H, halogen,
alkyl,. alkenyl, alkynyl, haloalkyl, haloalkenyl,
heteroalkyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, heterocycloalkenyl, aryl,
heteroaryl, cycloalkylalkyl, heterocycloalkylalkyl,
arylalkyl, heteroarylalkyl, arylalkenyl,
cycloalkylheteroalkyl, heterocycloalkylheteroalkyl,
heteroarylheteroalkyl, arylheteroalkyl, hydroxy,
hydroxyalkyl, alkoxy, alkoxyalkyl, alkoxyaryl,
alkenyloxy, alkynyloxy, cycloalkylkoxy,
heterocycloalkyloxy, aryloxy, arylalkyloxy, phenoxy,
benzyloxy, heteroaryloxy, amino, alkylamino,
aminoalkyl, acylamino, arylamino, sulfonylamino,
sulfinylamino, -COOH, -COR3, -COOR 3, -CONHR 3, -
NHCOR 3, -NHCOOR 3, -NHCONHR 3, alkoxycarbonyl,
alkylaminocarbonyl, sulfonyl, alkylsulfonyl,
alkylsulfinyl, arylsulfonyl, arylsulfinyl,
aminosulfonyl, SR3, R S(O)R 5- , R4S(O)2R5- ,
R4C(O)N(R 5 R6- , R4SO2N(R5)R6- , R4N(R5)C(O)R6- ,
R4N(R 5 SO2R6- , R4N(R5)C(O)N(R 5)R6- and acyl, each
of which may be optionally substituted. In one
embodiment of the compounds of formula (lib) X1 is
selected from the group consisting of: (a)
-C1.5alkylN(R 8a)Ci. 5alkyl-, (b) -N(R 83JC(O)C
1-SaIkVl-, and (c) -C(O)N(R b3)C1.5alkyl-, wherein R6a
is as defined above, In one embodiment of the
compounds of formula (Ifb) X1 is selected from the
group consisting of: (a) -CH 2N(R 8b)CH 2-, (b) -CON(R
8b)CH 2- , and (c) -N(R 8b)COCH 2- , wherein R8b is as
defined above. In one embodiment of the compounds of
formula (lib) X2 is selected from the group consisting
of: < (a) -OCi-salkyl-, (b) -Ci.salkylO-, and(c)
-d-salkylOCvsalkyl. In one embodiment of the compounds
of formula (lib) X2 is selected from the group
consisting of: (a) -OCH 2CH -, (b) -OCH2- (c) -CH 2O-,
(d) -CH 2OCH2-, and (e) -CH 2CH2OCH2-. In another
embodiment of the invention neither of X1 or X2 is a
heteroalkyl group 



containing at least one oxygen atom in the normal
chain providing a compound of formula (III). In one
embodiment of the compounds of formula (III) X1 is
selected from the group consisting of: (a) -N(R83)-,
(b) -NtFOCsalkyl-, (C) -C1- aIkVlN(R8 )-; (d)
-C1.5alkylN(R8a)C1.5alkyl-, (e) -N(R8a)C(O)-, (f)
-N(R8a)C(O)C1.5alkyl-, (g) -C1.5alkylN(R8a)C(O)-, (H)
-C1.5alkylN(R8a)C(O)C1.5alkyl-, (i) -C(O)N(R8 )-, (J)
-C1.5alkylC(O)N(R8a)-, (k) -C(O)N(R8a)C1.5alkyl- 1 and
O) -Cl .5alkylC(O)N(R8a)C1.5alkyl-, wherein R8a is
selected from the group consisting of: H, halogen,
alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl,
heteroalkyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, heterocycloalkenyl, aryl,
heteroaryl, cycloalkylalkyl, heterocycloalkylalkyl,
arylalkyl, heteroarylalkyl, arylalkenyl,
cycloalkylheteroalkyl, heterocycloalkylheteroalkyl,
heteroarylheteroalkyl, arylheteroalkyl, hydroxy,
hydroxyalkyl, alkoxy, alkoxyalkyl, alkoxyaryl,
alkenyloxy, alkynyloxy, cycloalkylkoxy,
heterocycloalkyloxy, aryloxy, arylalkyloxy, phenoxy,
benzyloxy, heteroaryloxy, amino, alkylamino,
aminoalkyl,acylamino, arylamino, sulfonylamino,
sulfinylamino, -COOH, -COR3, -COOR3, -CONHR3, -
NHCOR3, -NHCOOR3, -NHCONHR 3, alkoxycarbonyl,
alkylaminocarbonyl, sulfonyl, alkylsulfonyl,
alkylsulfinyl, arylsulfonyl, arylsulfinyl,
aminosulfonyl, SR3, R4S(O)R5-, R4S(O)2R5- ,
R4C(O)N(R5)R6- , R4SO2N(R5)R6- , R N(R5)C(O)R6- ,
R4N(R5)SO2R6- , R4N(R5)C(O)N(R5)R6- and acyl, each of
which may be optionally substituted. In one embodiment
of the compounds of formula (III) X1 is selected from
the group consisting of: (a) -Ci^alkylN(R bb)C alkyl-.
a r> (b) -N(R8a)COC1.5alkyl-l wherein R8a is as
defined above. In one embodiment of the compounds of
formula (III) X1 is selected from the group consisting
of; (a) -NHC(O)CH 2- , (b) -NHC(O)CH 2CH2- , and (c)
-CH 2N(R8 JCH2- , wherein R8a is as defined above. In
one embodiment of the compounds of formula (III) X2 is
selected from the group consisting of: (a) -N(R8b)-, ;
(b) -N(R8b)C,.5alkyl-, (C) -Ci.5alkylN(R8b)-; (d) -Ci
-5alkylN(R8b)Ci -5alky[-, (e) -N(R8b)C(O)-, (O
-N(R8b)C(O)C,.5alkyl-, (g) -Ci.5alkylN(R8b)C(O)-, (h)
-C1.5alkylN(R8b)C(O)Ci.5alkyl-, O) -C(O)N(R8b)- G)
-C1.5alkylC(O)N(R8b)-, (k) -C(O)N(R8b)C1.5alkyl-, O)
-C1.5alkylC(O)N(R8b)Ci. 5alkyl-,wherein R8b is
selected from the group consisting of: H1 halogen,
alky!, alkenyl, ilkynyl, haloalkyl, haloalkenyl,
heteroalkyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, leterocycloalkenyl, aryl,
heteroaryl, cycloalkylalkyl, heterocycloalkylalkyl,
arylalkyl, leteroarylalkyl, arylalkenyl,
cycloalkylheteroalkyl, heterocycloalkylheteroalkyl,
leteroarylheteroalkyl, arylheteroalkyl, hydroxy,
hydroxyalkyl, alkoxy, alkoxyalkyl, jlkoxyaryl,
alkenyloxy, alkynyloxy, cycloalkylkoxy,
heterocycloalkyloxy, aryloxy, arylalkyloxy, phenoxy,
benzyloxy, heteroaryloxy, amino, alkylamino,
aminoalkyl, acylamino, arylamino, sulfonylamino,
sulfmylamino, -COOH, -COR3, -COOR 3, -CONHR 3, - 



MHCOR3, -NHCOOR 3, -NHCONHR3, alkoxycarbonyl,
alkylaminocarbonyl, sulfonyl, alkylsulfonyl,
alkylsulfinyl, arylsulfonyl, arylsulfinyl,
aminosulfonyl, SR3, R4S(O)R 5- , R4S(O)2R5- ,
R4C(O)N(R 5)R\ R SO2N(R5 R6- , R4N(R5)C(O)R6- ,
R4N(R5)SO2R6- , R4N(R5)C(O)N(R 5)R6- and acyl, each of
which may be optionally substituted. In one embodiment
of the compounds of formula (III) X2 is selected from
the group consisting of: (a) -C1.5alkylN(R 8b)-; (b)
-C1.5alkylN(R 8b)Ci.5alkyl-, and (c) -d. 5alkylCON(R
8b)-, wherein R8b is as defined above. In one
embodiment of the compounds of formula (III) X2 is
selected from the group consisting of: (a) -CH
2N(R8")-, (b) -CH 2N(R8b)CH2-, (C) -CH 2CH2CON(R8")-,
and (d) -CH 2CON(R8b)-, wherein R8b is as defined
above. A particularly useful subset of compounds of
the invention are selected from the group consisting
of:METHOD AND DEVICE FOR CORRECTION OF MAGNETIC
RESONANCE IMAGES FIELD OF THE INVENTION [0001] The
present invention relates to methods and devices for
image correction, and more particularly, for
inhomogeneity correction in magnetic resonance (MR)
images. BACKGROUND OF THE INVENTION [0002] The
measured intensities in an MR image, such as a brain
image, are dependent on both the background noise and
the local magnetic field. The degree of variation of
the local magnetic fields at different locations in
space is referred to as magnetic field inhomogeneity.
Thus, the measured intensities of the image points can
be different from the "true" intensities, which are
the intensities one would have been obtained if there
were no background noise and the magnetic field is
homogenous, i.e. uniform over the imaged region. Field
inhomogeneity can cause reduced image contrast and
increased tissue variance. Thus, it is desirable to
correct for the field inhomogeneity. [0003] There are
many conventional techniques for inhomogeneity
correction. Typically, the measured image is
segmented, either manually or automatically. The
segmented image is then processed to estimate the
inhomogeneity, represented as a map known as the
inhomogeneity map.[0004] For example, in one
conventional technique, it is assumed that noise can
arise randomly independent of the true image intensity
but the field inhomogeneity contribution is dependent
on the true image intensity. Thus, a measured image
intensity (/m) can be expressed as: /m(x) = fb(x)
/t(x) + /n(x), (1) where x is the coordinate of the
location of the image pixel or voxel, /t is the true
image intensity, In is the noise intensity, and fb is
an unknown bias field, which may vary at different
locations. Inhomogeneity correction thus inVolves
estimating the bias field fb. In this technique, the
bias field is assumed to be multiplicative and
smoothly, slowly varying. The multiplicative bias
field and the distribution of the true intensities are
simultaneously estimated using an iterative approach,
by maximizing the frequency content of the true
intensity distribution. [0005] Some conventional
inhomogeneity correction techniques are discussed in
B. Likar et al., "Retrospective correction of MR
intensity inhomogeneity by information minimization",
IEEE Transactions on Medical Imaging, 2001 , vol. 20,
pp. 1398-1410; M. N. Ahmed etal., "A modified FCM
algorithm for bias field estimation and segmentation
of MRI data", IEEE Transactions on Medical Imaging,
2002, vol. 2 1, pp. 193-199; B. Dawant et al.,
"Correction of intensity variations in MR images for
computer-aided tissue classification", IEEE
Transactions on Medical Imaging, 1993, vol. 12, pp.
770-781; W. M. Wells et al, "Adaptive segmentation of
MRI data", IEEE Transactions on Medical Imaging, 1996,
vol. 15, pp. 429-442; R. Guillemaud and M. Brady,
"Estimating the bias field of MR images", IEEE
Transactions on 



Medical Imaging, 1997, vol. 16, pp. 238-251; J. C.
Rajapakse and F. Kruggel, "Segmentation of MR images
with intensity inhomogeneities", Image and Vision
Computing, 1998, vol. 16, pp. 165-180; D. L. Pham and
J. L. Prince, "Adaptive fuzzy segmentation of MR
images", IEEE Transactions on Medical Imaging, 1999,
vol. 18, pp. 737-752; Sled et al., "A nonparametric
method for automatic correction of intensity
nonuniformity in MRI data", IEEE Transactions on
Medical Imaging, 1998, vol. 17, pp. 87-97; J. B.
Arnold, J. S. Liow et al;, "Qualitative and
quantitative evaluation of six algorithms for
correcting intensity nonuniformity effects",
Neurolmage, 2001, vol. 13, pp. 931-943.[0006] However,
conventional techniques have some drawbacks. One
problem is that when the noise is relatively large,
inhomogeneity correction obtained from these
techniques is often inaccurate. Another problem is
that it can take a .relatively long time to complete
an inhomogeneity correction using conventional
techniques. SUMMARY OF THE INVENTION [0007] In
accordance with an aspect of the present invention,
there is provided a method of correcting a magnetic
resonance (MR) image comprising a plurality of image
points. Each image point has a coordinate x and a
measured intensity lm(x) dependent on x . The method
comprises selecting seed points having a same expected
true intensity from the image points, each seed point
having a coordinate x s; determining an intensity
correction function /f(x) by fitting measured
intensities of the seed points to lm(xs) = h(xs) ,
h(x) being a polynomial function having coefficients,
wherein values of the coefficients are determined by
the fitting; and obtaining a corrected image
comprising corrected image points that have corrected
intensities /c(x c) , /c(*c) being calculated
according to /c(x c) = m(x c) / /fC*c)- [0008] Values
of the coefficients of the intensity correction
function may be stored. The stored values may include
values of /f(x). The corrected image may be stored.
The corrected image may be displayed. The MR image may
be corrected by substituting /m(x c) with /c(x c) for
the corrected image points. /f(x) may have a degree of
2. /f(x) may have a form selected from /f1(x)=/ o+f(x)
and /f2(x)=[1+f(x)] , where f(x) is a polynomial
function, and /0 is one of the coefficients determined
by the fitting. The coordinate x may comprise
Cartesian x, y and z coordinates, and f(x) may have
the form of: f(x)=f(x y
z)=pi,o,oX+Po,i,oy+Poo,iZ+P2,o,oX2+ Po,2,oy2+Po,o,iZ2+
Pi,i,oxy+Pi,o,iXZ+Po,i,iyz. The coordinate x may
comprises Cartesian x and y coordinates, and f(x) may
have the form of: f(x)=f(x,y) = p1 0 x + po,i y + P2,o
x2 + Po,2 y2 + Pi,i xy. The plurality of image points
may represent a plurality of classes of imaged matter,
and the selection of the seed points may comprise
selecting seed blocks from a continuous region in the
MR image, the continuous region dominated by image
points representing one class of imaged matter, each
seed block having a plurality of image points; and
selecting an image point from each seed block as one
of theseed points. Exactly one of the seed points may
be selected from each one of the seed blocks. Each
seed block may have a central image point, and the
central image point may be selected as one of the seed
points. The seed blocks may be isolated from each
other. The seed blocks may be distributed throughout
the continuous region. The seed blocks may have a same
shape and a same size. The MR image may be
three-dimensional and the shape of blocks may be a
cube. The cube may consist of 125 image points. The MR
image may be two-dimensional and the shape of the
blocks may be a square. The square may consist of 25
image points. The continuous region may be formed of
candidate blocks and selection of the seed blocks may
comprise identifying the candidate blocks from the MR
image, the identifying comprising determining blocks
that each consists of image points having measured
intensities of a range statistic less than a range
threshold; and selecting the seed blocks from the
candidate blocks. The range threshold may be selected
so that image points in each candidate block are
expected to represent one class of imaged matter. The
range statistic may be a normalized range statistic.
The normalized range statistic may be less than 0.5.
Each candidate block may neighbor at least another
candidate block. The image points in each candidate
block have an average intensity, and an absolute
difference between the average intensities of each
pair of neighboring candidate blocks may be less than
a threshold. The plurality of image points of the MR
image may be within a region of interest in the MR
image. 



[0009] In accordance with another aspect of the
invention, there is provided a computer readable
medium storing computer executable instructions that,
when loaded at a computer, adapting the computer to
perform the method of described above. [0010] In
accordance with another aspect of the invention, there
is provided a computer comprising a processor and a
memory in communication with the processor, the memory
storing computer executable instructions that, when
executed by the processor, adapt the computer to
perform the method described above. [001 1] Other
aspects and features of the present invention will
become apparent to those of ordinary skill in the art
upon review of the following description ofspecific
embodiments of the invention in conjunction with the
accompanying figures and tables. BRIEF DESCRIPTION OF
THE DRAWINGS [0012] In the figures, which illustrate,
by way of example only, embodiments of the present
invention, [0013] FIG. 1 is a block diagram of a
computer, exemplary of an embodiment of the present
invention; [0014] FIGS. 2 and 3 are flowcharts for a
process of image correction; [0015] FIG. 4 is an MR
brain image; [0016] FIG. 5 is an image of a background
mask for the MR brain image of FIG. 4 ; [0017] FIG. 6
is an image showing a region of interest segmented
from the image of FIG. 4 using the mask of FIG. 5;
[0018] FIG. 7 is an enlarged view of a block of image
points; [0019] FIG. 8 is an image of initial candidate
blocks identified from the image of FIG. 6 according
to the method of FIGS. 2 and 3 ; [0020] FIG. 9 is a
histogram of a statistical metric for the candidate
blocks of FIG. 8 ; [0021] FIG. 10 is an image of
remaining candidate seed blocks selected from the
initial candidate blocks shown in FIG. 8 ; [0022] FIG.
11 is a histogram of the statistical metric for the
candidate blocks of FIG. 10; [0023] FIG. 12 is an
image of seed blocks selected from the candidate
blocks of FIG. 10;[0024] FIG. 13 is a histogram of the
statistical metric for the seed blocks of FIG. 12;
[0025] FIG. 14 is an inhomogeneity map extracted from
the seed points selected from seed blocks of FIG. 12;
and [0026] FIG. 15 is a corrected image corrected from
the image of FIG. 3. DETAILED DESCRIPTION [0027] In
overview, it is now discovered that it is possible to
quickly estimate field inhomogeneity from a magnetic
resonance (MR) image in the presence of even large
background noise, when the background noise is
randomly distributed in space and the field
inhomogeneity is slowly and smoothly varying over
space. This result may be achieved by correcting the
MR image using an intensity correction function /f(x).
Intensity correction function /f(x) is a polynomial
function of the coordinate x and has coefficients
whose values are determined by fitting as described
below. A generalized corrected intensity lc{x) of each
corrected image point in a given region of the image
is calculated as: /c(*) = /m(x) / /f(x), (2) where
/m(x) is the measured intensity at the image point of
coordinate x , and /c(x) may be either an absolute
corrected intensity or a normalized corrected
intensity, depending on the form of /f(x), as will be
further described below. For clarity, it should be
understood that the bold letters are not used herein
to indicate vectors. In some embodiments, not all
image points in the MR image need to be corrected and
only selected image points are corrected. In such
cases, the coordinate of the corrected image points
may be denoted as xc, and Equation (2) may be
alternatively expressed as /c(x c) = /m(xc) / /f(xc) .
It should be understood that x c and x may or may not
represent the same set of image points. [0028] The
intensity correction function /f(x) may have either of
the following 



forms in Equations (3) or (4), which are equivalent as
can be understood by persons skilled in the art:or
where /0 is a coordinate-invariant constant, and each
of f -i(x) and f2(x) is a polynomial function that has
no zero-order term. [0029] A polynomial function that
has no zero-order term is denoted herein as f{x). The
variables in f(x) are the coordinates. Thus, the
function f(x) is a sum of two or more terms, where
each term is the product of a parameter (collectively
referred to as parameter "p" herein) and one or more
coordinates, depending on the dimension of the
coordinate x . For example, if x includes the three
Cartesian coordinates, i.e., x = (x, y, z), each term
of function f(x) will have the general form: Termi,j,k
= pi,j,k xiyj zk. (5) where each of i, j , and k is a
non-negative integer. The sum of i, j , and k, which
is the order of the term, is always greater than zero,
as f(x) has no zero-order term. [0030] The order or
degree of the polynomial function f(x) may be 1 or
higher. As can be understood, the degree of f(x) is
also the degree of the intensity correction function
If. In different embodiments, the degree of f(x) or
may vary, such as being 1, 2, 3, or higher. For
example, in one embodiment, the polynomial function
may have a degree of two. [0031] The form of f(x) may
vary depending on the type of the MR image to be
corrected. For instance, following the above example
in Equation (5), the function f(x) having a degree of
2 may have the form: f(x,y,z)=p 1 o,oX+Po,i.oy+
Po,o,iZ+ P2,o,oX2+Po,2,oy2+Po,o,iZ2+Pi,i
oxy+Pi,o,iXZ+Po,i iyz. (6) [0032] Optionally and
depending on the application, f(x) may be simplified
and certain parameters may be chosen, i.e., forced, to
have a zero value. Alternatively, the fitting to f(x)
may be subject to one or more constraints, which may
be selected based on some known factors. An exemplary
constrain may be that the values of certain parameters
are within a particular range. Such constraints may be
used toproduce more physically meaningful result, or
to improve fitting speed such as by reducing the
number of iteration cycles. [0033] If the MR image is
two-dimensional (2D), x may include two Cartesian
coordinates, x = (x, y), and Equation (6) may be
reduced to: f(x,y) = pi,o x + Po,i y + P2,o x2 + Po,2
y2 + PI,I xy- (7) [0034] The parameters I0 and p are
the coefficients of the polynomial function /f. As can
be appreciated, /0 may be interpreted as the base
intensity due to the base field. While f|(x) and f2(x)
each may have the form of f(x), they may have
different physical significance. It may be interpreted
that f|(x) represents the intensity contribution due
to field inhomogeneity, and f2(x) represents the
coordinatedependent field variation. While / (x) and x
) differ in form, they are equivalent for the purpose
of extracting the field inhomogeneity function, where
the fitted parameters p in the two cases only differ
by a constant ratio /o for the same data set. That is,
f 1(x) = [1 + f i(x)//o]/o, and f2(x)= f i(x)// 0.
[0035] In any case, the coefficients of /f(x),
including the values of p and /o, are determined by
fitting measured intensity values of selected image
points, referred to as seed points herein, to the
following equation, /m(x s) = lix s) , (8) where x s
represents the coordinate of the seed points. [0036]
The seed points are selected so that they all have a
same expected "true" intensity (/t). As discussed
above, the "true" intensity of an image point is the
intensity one would have measured if there was no
background noise and the magnetic field in the imaged
region was homogenous, i.e., uniform over the imaged
region. In one embodiment, the seed points may be
isolated from each other and are distributed
throughout a continuous region that is expected to
represent a same class of imaged matter. The selection
of seed points will be further described below. As
will become clear below, the seed points are selected
based on the expectation that they have the same true
intensity, but it is possible that a particular seed
point does not actually have the same true intensity
as other seed points. Such a seed point may be
referred to as a false seed point. As long as the
numberof such false seed points is small relative to
the total number of seed points, good results can
still be obtained. As will be described below, some
measures may be taken to reduce the number of false
seed points. [0037] As can be understood, the values
of /c(x) obtained from Equations (2) 



and (3) are normalized corrected intensities. In
contrast, the values of /C(L G) obtained from
Equations (2) and (4) are absolute corrected
intensities and may be used directly as the
inhomogeneity corrected intensities for the image
points. [0038] While in the above intensity correction
method the background noise is ignored, the seed
points can be selected such that the estimated
inhomogeneity function is sufficiently accurate to
produce a satisfactory intensity inhomogeneity
correction of the MR image. Since it is not necessary
to estimate or calculate the background noise in this
method, the inhomogeneity function may be obtained
quickly with sufficient accuracy even when large noise
is present. [0039] Exemplary embodiments of the
present invention include methods or processes of
magnetic resonance image correction. These methods can
be performed, at least in part, by a computing device
such as a computer 100 for image processing shown in
FIG. 1, exemplary of embodiments of the present
invention. [0040] Computer 100 has a processor 102,
which communicates with primary memory 104, input 106
and output 108. Computer 100 may optionally
communicate with a network (not shown) or another
device (not shown). [0041] Processor 102 can be any
suitable processor including microprocessors, as can
be understood by persons skilled in the art. Processor
102 may include one or more processors for processing
data and computer executable codes or instructions.
[0042] Memory 104 may include a primary memory readily
accessible by processor 102 at runtime. The primary
memory may typically include a random access memory
(RAM) and may only need to store data at runtime.
Memory 104 may also include a secondary memory, which
may be a persistent storage memory for storing data
permanently, typically in the form of electronic
files. The secondary memory may also be used for other
purposes known to persons skilled in the art.Memory
104 can include one or more computer readable media.
For example, memory 104 may be an electronic storage
comprising a computer readable medium for storing
electronic data including computer executable codes.
The computer readable medium can be any suitable
medium accessible by a computer, as can be understood
by a person skilled in the art. A computer readable
medium may be either removable or non-removable,
either volatile or non-volatile, including any
magnetic storage, optical storage, or solid state
storage devices, or any other medium which can embody
the desired data including computer executable
instructions and can be accessed, either locally or
remotely, by a computer or computing device. Any
combination of the above is also included in the scope
of computer readable medium. Memory 104 may store
computer executable instructions for operating
computer 100 in the form of program code, as will be
further described below. Memory 104 may also store
data such as operational data, image data, input data,
and output data. [0043] Input 106 is to be broadly
interpreted and may include user input devices for
receiving user input such as image data and operation
commands. Example user input devices may include a
keyboard, a mouse, a disk drive/disk, a network
communication device, a microphone, a scanner, a
camera, and the like. Input 106 may also include
sensors, detectors, or imaging devices for capturing,
for example, an image. Input 106 may also include a
communication device for communicating with a separate
imaging device and receiving image data from the
imaging device. Input 106 may communicate with another
computer or device through wired or wireless
communication, as can be understood by persons skilled
in the art. An input device can be locally or remotely
connected to processor 102, either physically or in
terms of communication connection. [0044] Similarly,
output 108 is also to be broadly interpreted. Output
108 may include a display device such as a monitor for
displaying output data, a printer for printing output
data, a communication device for communicating output
data to another computer or device, and the like, as
can be understood by persons skilled in the art.
Output 110 may also include other devices such as a
computer writable medium and the device for writing to
the medium. Like input device 106, an output device
108 can be local or remote.[0045] It will be
understood by those of ordinary skill in the art that
computer 100 may also include other, either necessary
or optional, components not shown in the 



FIG. 1. [0046] The hardware in computer 100 may be
manufactured and configured in any suitable manner,
including that for a conventional computer with the
exception that images are processed differently in
computer 100 as will be described below. As can be
understood, the imaging processing methods and
algorithms may be implemented with either hardware, or
a combination of hardware and software. [0047] Memory
104 may store thereon computer executable code or
instructions, which when executed by processor 102 can
cause computer 100 to carry out any of the methods
described herein or one or more steps of these method.
The software for use in computer 100 may be readily
developed and implemented by persons skilled in the
art after reading this paper. As can be appreciated,
methods described herein can also be carried out using
a hardware device having circuits for performing one
or more of the described calculations or functions.
[0048] FIGS. 2 and 3 illustrate an exemplary image
processing process S110 that can be carried out, at
least in part, by or using computer 100. Process S110
is described below with reference also to FIGS. 4 to
15. [0049] At S120, an MR image to be processed is
received. For example, an image or image data for the
image may be received in memory 104 of computer 100
through input 106. The image data may include
coordinates of the image points and intensity values
associated with the image points. The image points may
be pixels in a 2D image or voxels in a 3D image. An
exemplary 2D brain image 200 is shown in FIG. 4, which
is a T 1-weighted MR image. In image 200, brighter
pixels are assumed to have higher image intensities.
Typically, the brightest class of tissues in a T
1-weighted MR image is the white matter. As can be
seen and understood by persons skilled in the art, the
field inhomogeneity effect is clearly visible in image
200, particularly in the bottom regions of the white
matter regions where intensities of the image points
gradually changes. Since the same class of tissue
(here white matter) is expected to have the same
intensity, the slow, smooth variation of intensity
within the same class of tissue indicates field
inhomogeneity.The class of tissue refers to the type
of tissue that is represented by the image points.
Typical tissue classes or types for brain images
include grey matter, white matter, cerebrospinal
fluid, meninx, bone, muscle, fat, skin, or air. In
some patients, additional classes such as edema,
tumor, hemorrhage or other abnormal classes may exist.
[0050] The image data may be presented in the form of
an intensity histogram or the like. For example, the
image may be expressed as /m(*) >where x is the
coordinate of each image point and /m(x) is the
corresponding intensity at each point x . The
coordinate symbol "x" is used herein to denote broadly
any coordinate in any suitable coordinate system, and
is not limited to the x-coordinate in the Cartesian
coordinate system. For example, "x" may represent
coordinates in all three dimensions of the Cartesian
coordinate system for a 3D image or the coordinates in
the two dimensions of a 2D image x may also be an
index number from which the actual coordinate can be
derived. [0051] The received image may be optionally
pre-processed. For example, certain background regions
and a region of interest (ROI) may be identified.
Background image points may be removed. As is typical
in brain image analysis, the ROI may be first
determined, either manually by a human or
automatically by a machine such as a computer, or
based on both human and computer input. As is
conventional, the ROI may be identified by applying a
background mask to the image such as image 200. An
example mask 202 for image 200 is shown in FIG. 5. The
mask may be obtained using any suitable technique
including a conventional technique. Mask 202 is a
binary image (black or white) generated according the
technique described in Sandor and Leahy,
"Surface-based labeling of cortical anatomy using a
deformable atlas," IEEE Transactions Medical Imaging,
1990, vol. 17, no. 1, pp. 41-54, the contents of which
are incorporated herein by reference. This technique
has been implemented in a computer program,
BrainSuite, by Dr. David W. Shattuckand. The software
program is available from University of Southern
California and downloadable online from
<http://neuroimage.usc.edu/forums/>. The mask such as
Mask 202 may be used to 



remove image points that do not need inhomogeneity
correction or that will distort inhomogeneity
correction. In the present example, mask 202 is used
to remove scalp and skull image points and other image
points that do not needinhomogeneity correction from
image 200. The resulting image 204 of the brain after
removal of scalp and skull is shown in FIG. 6. [0052]
At S130, seed points in the image are selected, as
will be further described below. The number of seed
points for an image may vary but should be
sufficiently large so that a satisfactory statistical
result may be obtained, as can be understood by
persons skilled in the art. The seed points xs may be
selected such that the true intensity (Zt) of all the
seed points are expected to be the same, i.e., /t( s)
/S where /s is a coordinate-invariant constant. As can
be appreciated, ideally, all tissues of the same class
will have the same measured intensity and different
classes of tissues will likely have different
intensities, if the magnetic field is homogenous and
there is no background noise. Thus, image points for a
same tissue class are expected to have the same true
intensity. As will become apparent below, selecting
seed points from regions of the same tissue class can
simplify the inhomogeneity correction process. The
selection of seed points will be described in more
detail below. [0053] At S140, the measured intensity
values of the seed points are fit to Equation (8). For
the purpose of illustration, it is assumed below that
the intensity correction function /f2(x) is used.
Thus, Equation (8) can be expressed as, Zm(X8) = [1 +
fz(xs)] Zo = [ 1 + /(Xs)] Zo- (9) The fitting
determines the values of I0 and p . It is noted the
fitted value of /0 is an approximation of the value of
/s, which is typically not a priori known. In a
different embodiment, If2(X) may be used, in which
case Equation (8) becomes: /m(Xb) = Z0 + f|(Xs) = /q+
/(Xs). (10) [0054] The fitting may be carried out
using a least-square fitting technique. Once the
values of I and p are determined, the intensity
correction function Zf (x) is determined. As can be
appreciated, as the seed points are expected to have
the same true intensity, the variation in intensity in
the seed points may be assumed to be mainly due to
field inhomogeneity, ignoring the effect of noise. The
effect of noise is assumed to be ignorable, as the
noise is random and with a sufficiently large sample
of seed points the effect of noise on the final result
is small due to statistical averaging. The effect of
noise may be further reduced when the seedblocks are
selected as described herein. [0055] At S150, a
corrected intensity /c(x) for each image point in the
ROI is calculated according to Equation (2). [0056] At
S160, the calculated lc(x) are stored, such as in
memory 104, for correcting the original image such as
image 204. The values of /c(x) may be stored in memory
104. The stored intensities may be used to display a
corrected image or for later use. For example, when
stored for displaying, the corrected intensities may
be stored in a RAM and be used to calculate the
display data, which may be in turn stored in a display
buffer for displaying the corrected image, such as on
a computer monitor (not shown). The stored data may
also be transferred to another computing device or
location. [0057] Alternatively, the calculated values
of /f(x) or f(x) may be stored and displayed. For
example, when the form of lf \(x) is used in the
fitting, the values of /fi(x) or f|(x) may be stored
and directly plotted to expressly show the
inhomogeneity intensity contributions. An exemplary
plot of inhomogeneity intensities is shown in FIG. 14,
which will be further described below. [0058] At S170,
the original image such as image 204 may be corrected
by substituting /m(x) with lc(x) for the corresponding
image points, when the intensity correction function
f2(x) is used in the fitting. Correcting the MR image
may be performed by displaying, such as on a computer
display, the corrected MR image using the corrected
intensities, or by replacing the measured intensity
values in an image data storage, such as an image
file, with the corresponding corrected intensity
values. [0059] An exemplary corrected image 220 is
shown in FIG. 15. The corrected image 220 can be
obtained based on an exemplary process S130 of
selecting seed points, as described next with
reference to FIGS. 3 and 4 to 15. 



[0060] At S132 of FIG. 3, a region for processing is
selected from the MR image, which may or may not be
pre-processed. For example, the ROI 202 in FIG. 6
determined earlier may be selected as the region to be
processed. Alternatively, a region of a particular
tissue type may be selected for processing. In the
example shown in FIGS. 6 to 15, it is assumed that the
ROI is the region to be processed.Seed points will be
selected from the selected region to be processed. In
many cases, it is difficult or inaccurate to determine
whether a particular image point belongs to a
particular tissue class based on only the intensity of
the image point, due to the presence of noise and
inhomogeneity, the effect of either of which is
unknown at this point. To more accurately identify the
image points that belong to the same tissue class,
intensities of neighboring image points may also be
considered, such as with the use of seed blocks and
candidate seed blocks, as described below. [0061] At
S134, the ROI is divided into blocks and candidate
seed blocks are identified from the region to be
processed. [0062] A block of image points refers to a
set of image points that are adjacent to one another.
The image points in a block may form any shape. For
convenience of processing, the MR image may be divided
into blocks that have the same shape and size. The
size of a block may vary. In some embodiments, each
image block may have equal image points in each
dimension. For instance, an image block may have "S"
image points in each dimension. Thus, if the image is
2D, each image block will be a square block having S x
S number of image points. If the image is 3D, each
image block will be a cube having S x S x S number of
image points. In one embodiment, S may be 5. In
another embodiment, S may be a different number such
as from 3 to 9. The number of image points in each
block may be determined by considering two balancing
factors. On the one hand, a larger block is more
likely to contain image points that belong to multiple
tissue classes. On the other hand, random noise will
affect the result more when each block has fewer image
points. For MR brain images, it has been found that S
= 5 produces satisfactory results in some
applications. [0063] In the specific example
illustrated in FIGS. 6 to 13, the MR image is divided
into square blocks 206 all having the same size S = 5.
An exemplary block 206 is shown in image 204 of FIG. 6
and in FIG. 7. For simplicity, the intensity variation
is not shown in FIG. 7. As can be seen, in this
example, each block 206 is of a square shape. Each
side of the square is formed of 5 image points 208.
Each block 206 has a central image point 210. The
block 206 shown in FIG. 7 is a 2D block but one of
skill in the art can readily appreciate that 3D blocks
can be similarlyconstructed for a 3D image, in which
case, the blocks may have the shape of a cube, where
each side of the cube is formed of a square such as
the square shown in FIG. 7. The image points 208 are
shown as square-shaped pixels but in different
embodiments the image points may have other shapes,
such as generally round or hexagon shaped in a 2D
image. The shapes of the image points may be dictated
by the imaging technique used to obtain the images. As
can be understood, square and cube shaped image points
and blocks may be convenient to process. [0064]
Candidate seed blocks are those blocks that have image
points whose intensities fall within a given range so
that they are likely to represent the same class of
imaged matter, such as a tissue matter. [0065] As can
be appreciated, in a T1-weighted MR brain image, the
brightest matter is typically the white matter. Thus,
the image points in the brighter regions in FIG. 6,
which are of relatively higher measured intensities,
are expected to represent the white matter. As the
white matter is the largest continuous component in
the brain, it may be advantageous to select seed
points that are expected to represent the white matter
so that a good sample of the field points may be
obtained better field. In a different embodiment, the
seed points may be selected so that they are expected
to represent a different class, such as grey matter or
the like. Alternatively, the seed points may be
selected so that they represent the particular class
of imaged matter that is of primary interest for
further analysis or processing. [0066] Candidate
blocks may be identified as follows. [0067] As can be
understood, a block may contain both background and
tissue image points. Therefore, the blocks may be
initially divided into background blocks 



and tissue blocks. A background block is a block that
has a high percentage of background image points and a
tissue block is a block that has a low percentage of
background image points. For example, background image
points may be those that have intensities less than a
given background intensity threshold. Image points
with intensities higher than the background threshold
may be considered as tissue points. The background
threshold may be determined according to any suitable
technique. Many conventional techniques are well known
and may be used for determining the background
threshold. A percentage threshold may also beselected
to divide the blocks into background blocks and tissue
blocks. In one embodiment, the percentage threshold
may be 30%, but another value may be used in a
different embodiment. Thus, if the number of tissue
points in a block is more than 70% of the total number
of image points in the block, the block is classified
as a tissue block. Otherwise, it is classified as a
background block. Other techniques may also be used to
divide the blocks into background and tissue blocks.
While such division may not be necessary in some
embodiments, it can improve the processing efficiency
by eliminating blocks that will have no impact on the
result at the outset. [0068] In the following process,
background blocks are ignored and only tissue blocks
are subject to further processing. [0069] Assuming
there are "N" number of tissue blocks "w" in the
selected region of the MR image. The blocks may be
indexed using an index such as "i", such that a block
V " is the Lh block, where i= 1, ..., or N. It is also
assumed that there are "M" number of distinct measured
intensity values ( mj ) for all the image points in
the tissue blocks, which are ranked and indexed with
the index "I", where I = 1, ..., or M. For example,
they may be ranked in ascending order so that /m,i is
of the lowest value and /m,M is of the highest value.
Under these assumptions, a given block W1has image
points whose measured intensities have a number of
values selected from the set of /m,i. Assuming the
minimum measured intensity in block w is /m,j and the
maximum is /m,k, then 0 < j < k < M and /mj  /m,k- The
range of intensity in block Wj is thus j = /m,k -
/m,j- [0070] As can be appreciated, if R is large, the
block w is likely to have more than one types or
classes of tissues. To select only blocks that contain
one class, any blocks that have an intensity range
(Rj) larger than a threshold value (Rth) may be
removed from further consideration. Thus, the
candidate blocks may be identified as those that
satisfy the equation: [0071] As can be understood, in
different embodiments another range statistic may be
used to identify candidate blocks. For example, a
normalized range statistic may be used. In one
embodiment, candidate blocks may be identified asose t
a sat s y t e equat on: Ki' < R'th, (12) where Rj' (=
Pm - mj ) is a normalized intensity range for the rth
block, and r m and / mj are normalized intensities. In
one embodiment, a normalized intensity may be
normalized against the median intensity (/m,M/2), such
as by using a normalization factor 2/m,M/2- In another
embodiment, the normalization factor may be the
average intensity of all image points in the selected
region. In the following, it is assumed that the
intensities are normalized as: nI = l 2(/m,M/2). (13)
[0072] As can be understood, a normalized range
statistic may be advantageous in some applications, as
the normalized range statistic may be less sensitive
to noise or systematic errors in intensity
measurements. [0073] The value of R or R n may be
chosen so that a sufficient number of candidate blocks
can be obtained and the candidate blocks have a
sufficiently narrow intensity spread. When the
threshold is too large, a candidate block may contain
more than one tissue class. When the threshold is too
small, few or no blocks can satisfy Equation ( 11) or
(12). It has been found that with a normalized range
statistic, such as normalized according to Equation
(13), i = 0.5 can produce satisfactory results in some
embodiments. [0074] Therefore, in one embodiment, the
chosen range statistic of each block in the ROI is
calculated and normalized. Those blocks that have a
normalized range statistic satisfying the Equation
(12) are identified as the initial candidate blocks,
where R\ = 0.5. Fig. 8 shows candidate blocks 212
identified from image 204 of 



FIG. 6 according to this procedure. As shown, the
candidate blocks 212 are not completely black and the
non-candidate blocks 214 are shown in black. [0075] As
can be understood, each candidate block so identified
contains one class of tissue but different candidate
blocks do not necessarily contain the same class and
may contain different classes. Further selections are
thus made to select seed blocks which all contain the
same class of tissue, at S136. [0076] In one
embodiment, the candidate blocks are first further
filtered using astatistical metric. The statistical
metric of a block may be a statistical average such as
the mean, the median, or the trimmed mean of the
intensities of the image points in the block. The
statistical metric may also be the mode of the block,
i.e. the most frequent intensity value for the image
points in the block. [0077] In a particular
embodiment, the statistical metric may be the median.
Assume a candidate block W1has a median m and each its
neighbor block (represented by Wj) has a median m\.
When the intended tissue class to be included in the
seed blocks is the brightest class, a particular
candidate block may be eliminated if Equation (14) is
satisfied for at least one neighbor block, or equation
(15) is satisfied for all neighbor blocks: J j - > D,
(14) Pt- > D, (15) where D>0 is a threshold value. In
one embodiment, D may be 30. Another value of D may be
used in a different embodiment. The value of D may be
selected and tested, and then adjusted based on the
test results. When Equation (14) is satisfied for at
least one neighbor block, the candidate block w\
likely has a class of tissue that is not the brightest
since at least one neighbor block has a brighter
median. When Equation (15) is satisfied, the candidate
block w,- is an isolated block as all neighbor blocks
are darker. As can be appreciated, after the above
process of elimination, the remaining candidate blocks
form a continuous region and the absolute difference
between the average intensities of each pair of
neighbouring candidate blocks is less than the
threshold, D. [0078] As can be appreciated, for
different types of MR images, the brightest and
darkest classes of tissues may be different. To select
seed blocks for a class of tissue that has a different
intensity ranking, Equations (14) and (15) may need to
be modified. For example, for selecting seed blocks
for a darker class of tissue, the order of msand m may
be switched, as can be understood by person skilled in
the art. [0079] A further elimination of blocks may be
made by conducting an inter-block statistical
analysis. An intensity metric of each candidate block
is calculated and a distribution histogram of the
metric for all remaining candidate blocks is
obtained.The histogram is analyzed to determine a
range in the histogram which contains the largest peak
in the histogram and is dominant in the histogram. Any
block having a value of the metric that is outside the
determined range is eliminated as a background block.
As can be appreciated, in T 1-weighted images, the
cerebrospinal fluid is darker than grey and white
matter and thus contributes little to brighter
regions. In one embodiment, the range may be selected
to include 80% of the blocks. Thus, 20% of the blocks
that have the lowest metric values are removed. In
this case it is expected that the removed blocks
contain mainly cerebrospinal fluid or grey matter.
[0080] FIG. 9 is a histogram of an intensity metric
for the initial candidate blocks shown in FIG. 8,
where the metric is the median intensity of each
candidate block. The x-axis is the intensity metric
and the y-axis is the frequency of blocks that have a
certain value of the intensity metric. FIG. 10 shows
the candidate blocks that remain after removal of
blocks based on the statistical analysis described
above. FIG. 11 is a histogram for the remaining
candidate blocks of FIG. 10. As can be seen, the
continuous region formed by the candidate blocks are
dominated by one class of imaged matter, the white
matter. [0081] The candidate blocks may be further
filtered based on the assumption that the same class
of tissue should be connected. Thus, any new isolated
candidate blocks, which may become isolated as a
result of the elimination of certain initial candidate
blocks described above, are identified and removed.
For example, any candidate block that is not connected
to another candidate block may be identified and
eliminated. In one embodiment, two blocks are
connected if they 



are 8-connected in a 2D image or 26-connected in a 3D
image. Connected blocks are also called neighbor
blocks. [0082] If at this point, there is still a
large number of candidate blocks, the candidate blocks
may be simply downsized to reduce computation time.
For instance, at this point, one of any two
neighboring candidate blocks may be removed. Or, if
two candidate blocks are close to each other, one of
them may be removed. Removing closely located blocks
will not adversely affect the final result because the
field inhomogeneity is assumed slow varying over
space. The number of final seed blocks may be selected
depending on the particular application andavailable
computing resource. [0083] FIG. 12 shows the seed
blocks 216 remaining after such further removal and
downsizing from the image of FIG. 10. As can be seen,
the seed blocks are distributed throughout the region
formed by candidate blocks in FIG. 10 (the expected
white matter region) and are isolated from each other.
In this example, the number of candidate blocks is
reduced from 3832 in FIG. 10 to 653 in FIG. 12. For
comparison, the histogram for FIG. 12 is shown in FIG.
13. As shown, the distribution of the intensity metric
among the seed blocks are quite uniform and are within
a narrow range. [0084] At S138 of FIG. 3, the seed
image points are selected from the seed blocks 216. In
one embodiment, only the central point in each seed
block is selected as the seed point. In other
embodiments, any other point in the seed block may be
selected, or more than one point may be selected. As
can be understood, the particular position of the seed
point in each seed.block should have no material
effect on the final result. [0085] Once the seed
points are selected, the fitting at S140 may be
performed to determine the intensity correction
function /f(x), by fitting the measured intensities of
the seed points to Equation (8). An exemplary
inhomogeneity intensity map 218 is plotted in FIG. 14,
where the intensities shown in the ROI are values of
/f(x). The regions outside the ROI are shown as black.
The map 218 indicates that the magnetic field is
slowly varying and the field inhomogeneity is more
pronounced at the bottom region of the map 218. [0086]
When the intensity correction function /f(x) is
determined, a corrected image may be obtained, where
the corrected image includes corrected image points,
which have corrected intensity values calculated from
Equation (2). The corrected image may be displayed or
stored, such as in memory 104. The corrected image may
be stored in a display memory such as a display buffer
for a monitor. The corrected image or other values
calculated based on /f(x) may be stored in memory 104
either temporarily or permanently for correcting the
MR image. The stored data may simply include values of
the coefficients of the intensity correction function
for later use. The stored data may also, or
alternatively, include data calculated from the
intensity correction function. For example, the values
ofcorrected intensities calculated according to
Equation (2) may be stored. As discussed before, it
may not be necessary to calculate or store corrected
intensities for all image points in the MR image in
some embodiments. [0087] The calculated or stored
values may be used to display a corrected MR image.
For example, the corrected image 220 in FIG. 15 is
obtained by substituting the original measured
intensities in image 200 of FIG. 6 with the calculated
corrected intensities for the corresponding image
points. As can be seen, the corrected image 220 gives
a more accurate representation of the true image
intensities of the brain tissues than the original
image 200 does. As field inhomogeneity is effectively
removed, the intensity in a particular region
representing a particular tissue class, such as the
white matter, is quite uniform. [0088] The above
procedure may be implemented and performed
automatically using a computer program containing
computer executable instructions. The program may be
written in any suitable computer language as can be
understood by person skilled in the art. The program
may be stored in memory 104 such that when the
computer executable instructions are loaded at process
102, computer 100 is caused to perform the above
procedure. The result of the process, such as the
fitted coefficients and the corrected image
intensities, may be stored in memory 104 or may be
transmitted to another computer through output 108.
The result may also be displayed on a computer monitor
or any other display for a user to view, as 



illustrated in FIGS. 14 and 15. [0089] As can be
appreciated, the process and method described above
may have certain advantages over a conventional
inhomogeneity correction technique. In particular, it
is not necessary to remove noise, as discussed above.
The effect of noise is reduced when the seed points
are not selected individually but from seed blocks
that are statistically representative of a class of
imaged matter. The correction process according to an
embodiment of the present invention may also be
performed relatively quickly, such as 10 to 60 times
faster than conventional inhomogeneity correction
techniques. [0090] The embodiments of the present
invention may be applicable in many fields and is not
limited to brain image analysis. For example, any MR
images where field inhomogeneity is present may be
corrected according an embodimentof the present
invention. The process discussed above may be readily
modified by persons skilled in the art for a different
type of MR image depending on the particular
application. [0091] For clarify, the word "or" is used
in this description in the conjunctive or explanatory
sense, but not in the disjunctive sense unless
otherwise specified. [0092] Of course, the above
described embodiments are intended to be illustrative
only and in no way limiting. The described embodiments
are susceptible to many modifications of form,
arrangement of parts, details and order of operation.
The invention, rather, is intended to encompass all
such modification within its scope, as defined by the
claims.WHAT IS CLAIMED IS: 1. A method of correcting a
magnetic resonance (MR) image comprising a plurality
of image points, each having a coordinate x and a
measured intensity /m(x) dependent on x , said method
comprising: selecting seed points having a same
expected true intensity from said image points, each
seed point having a coordinate xs; determining an
intensity correction function /f(x) by fitting
measured intensities of said seed points to lm(xs) =
/f(xs) , /f(x) being a polynomial function having
coefficients, wherein values of said coefficients are
determined by said fitting; and obtaining a corrected
image comprising corrected image points that have
corrected intensities /c(*c), /c(*c) being calculated
according to /c(x c) = lm(xc) / /f(Xc). 2. The method
of claim 1, comprising storing values of said
coefficients of said intensity correction function. 3.
The method of claim 1 or claim 2, comprising storing
values of /f(x). 4. The method of any one of claims 1
to 3, comprising storing said corrected image. 5. The
method of any one of claims 1 to 4, comprising
displaying said corrected image. 6. The method of any
one of claims 1 to 5, comprising correcting said MR
image by substituting /m(xc) with /c(xc) for said
corrected image points. 7. The method of any one of
claims 1 to 6, wherein /f(x) has a degree of 2. 8. The
method of any one of claims 1 to 7, wherein /f(x) has
a form selected from /f 1(x)=/o+f(x) and
/f2(x)=[1+f(x)] /0, where f(x) is a polynomial
function, and /0 is one of said coefficients
determined by said fitting. 9. The method of claim 8,
wherein(i) said coordinate x comprises Cartesian x, y
and z coordinates, and f(x)=f(x,y,z)=p 1,o,oX+ Po,i
.oy+ Po,o,iZ+ P2 OOX2+ Po Oy 2+ PoO1IZ2+ Pi ,i,oxy+Pi
,o,ixz+p o, 1,-iyz; o r (ii) said coordinate x
comprises Cartesian x and y coordinates, and
f(x)=f(x,y) = pi,o x + Po,i y + P2,o x2 + Po,2 y2 +
PI,I xy- 10. The method of any one of claims 1 to 9,
wherein said plurality of image points represent a
plurality of classes of imaged matter, said selecting
seed points comprising: selecting seed blocks from a
continuous region in said MR image, said continuous
region dominated by image points representing one
class of imaged matter, each seed block having a
plurality of image points; and selecting an image
point from said each seed block as one of said seed
points. 



11.The method of claim 10, wherein exactly one of said
seed points is selected from each one of said seed
blocks. 12. The method of claim 10 or claim 11,
wherein each one of said seed blocks has a central
image point, and said selecting an image point
comprises selecting said central image point as one of
said seed points. 13. The method of any one of claims
10 to 12, wherein said seed blocks are isolated from
each other. 14. The method of any one of claims 10 to
12, wherein said seed blocks are distributed
throughout said continuous region. 15. The method of
any one of claims 10 to 14, wherein said seed blocks
have a same shape and a same size. 16. The method of
claim 15, wherein said MR image is three-dimensional
and said shape is a cube. 17. The method of claim 16,
wherein said cube consists of 125 image points.18. The
method of claim 15, wherein said MR image is
two-dimensional and said shape is a square. 19. The
method of claim 18, wherein said square consists of 25
image points. 20. The method of any one of claims 10
to 19, wherein said continuous region is formed of
candidate blocks, said selecting seed blocks
comprises: identifying said candidate blocks from said
MR image, said identifying comprising determining
blocks that each consists of image points having
measured intensities of a range statistic less than a
range threshold; and selecting said seed blocks from
said candidate blocks. 2 1.The method of claim 20,
wherein said range threshold is selected so that image
points in each candidate block are expected to
represent one class of imaged matter. 22.The method of
claim 20 or claim 21, wherein said range statistic is
a normalized range statistic. 23.The method of claim
22, wherein said normalized range statistic is less
than 0.5. 24. The method of any one of claims 20 to
23, wherein each candidate block neighbors at least
another candidate block. 25.The method of any one of
claims 20 to 24, wherein image points in each
candidate block have an average intensity, and an
absolute difference between the average intensities of
each pair of neighboring candidate blocks is less than
a threshold. 26.The method of any one of claims 1 to
25, wherein said plurality of image points of said MR
image are within a region of interest in said MR
image. 27.A computer readable medium storing computer
executable instructions that, when loaded at a
computer, adapting said computer to perform the method
of any one of claims 1 to 26. 28.A computer comprising
a processor and a memory in communication with said
processor, said memory storing computer executable
instructions that, whenexecuted by said processor,
adapt said computer to per orm e met o o any one of
claim 1 to 26. 


