
"METHODS AND COMPOSITIONS FOR THE ASSESSMENT OF
CARDIOVASCULAR FUNCTION AND DISORDERS" FIELD OF THE
INVENTION The present invention is concerned with
methods for assessment of vascular function and/or
disorders, and in particular for diagnosing
predisposition to and/or severity of coronary artery
disease and particularly acute coronary syndrome (ACS)
using analysis of genetic polymorphisms and altered
gene expression. The present invention is also
concerned with methods for diagnosing predisposition
to and/or severity of ACS-associated impaired vascular
function. BACKGROUND OF THE INVENTION Coronary artery
disease (CAD), also known as coronary heart disease or
arteriosclerotic heart disease, is the leading cause
of death in the United States. According to the
American Heart Association, about every 29 seconds
someone in the US suffers from a CAD-related event,
and about every minute someone dies from such an
event. The lifetime risk of having coronary heart
disease after age 40 is 49% for men and 32% for women.
As women age, the risk increases almost to that of
men. Furthermore, the total annual cost of CAD in the
United States is approximately US$130 billion. The
cardiovascular disorders that underlie CAD can be
divided into two groups, as indeed can the sufferers
of such disorders. This is thought to reflect
different etiology of the disorders. The disorders of
the first group, herein referred to as "Stable CAD",
are degenerate in nature and include the late onset
and exertional anginas. Stable CAD typically afflicts
older persons, and is associated with age (65 and
greater), high blood pressure, diabetes, high
cholesterol levels (specifically, high LDL cholesterol
and low HDL cholesterol), lack of physical activity or
exercise, and obesity. The disorders of the second
group, herein referred to as acute coronary syndrome
(ACS), are believed to be associated with
inflammation, plaque instability, and/or smoking. ACS
includes myocardial infarction and unstable angina.
The Applicants believe, without wishing to be bound by
any theory, that, more so than in Stable CAD, genetic
risk factors are significant in susceptibility to
and/or severity of ACS.Moreover, the Applicants
believe, again without wishing to be bound by any
theory, that the biomarkers associated with Stable CAD
are unlikely to be associated with, or predictive of,
risk of ACS, and vice versa. It would be desirable and
advantageous to have biomarkers which could be used to
assess a subject's risk of developing acute coronary
syndrome (ACS), or risk of developing ACS-associated
impaired vascular function, particularly if the
subject is a smoker. It is primarily to such
biomarkers and their use in methods to assess risk of
developing such disorders that the present invention
is directed. BRIEF DESCRIPTION OF THE INVENTION The
present invention is primarily directed to determining
the association between genotypes and the subject's
risk of developing acute coronary syndrome (ACS). As
used herein, ACS includes but is not limited to
myocardial infarction, unstable angina, and related
acute coronary syndromes. Thus, according to one
aspect there is provided a method of determining a
subject's risk of developing ACS comprising analysing
a sample from said subject for the presence or absence
of one or more polymorphisms selected from the group
consisting of: -1903 A/G in the gene encoding Chymase
1 (CMAl); -82 A/G in the gene encoding Matrix
metalloproteinase 12 (MMP12); Ser52Ser (223 C/T) in
the gene encoding Fibroblast growth factor 2 (FGF2);
Q576R A/G in the gene encoding Interleukin 4 receptor
alpha (IL4RA); HOM T2437C in the gene encoding Heat
Shock Protein 70 (HSP 70); 874 A/T in the gene
encoding Interferon g (IFNG); -589 C/T in the gene
encoding Interleukin 4 (IL-4); -1084 A/G (-1082) in
the gene encoding Interleukin 10 (IL- 10); Arg213Gly
C/G in the gene encoding Superoxide dismutase 3
(SOD3); 459 C/T Intron I in the gene encoding
Macrophage inflammatory protein 1 alpha (MIPlA); Asn
125 Ser A/G in the gene encoding Cathepsin G; I249V
C/T in the gene encoding Chemokine (CX3C motif)
receptor 1 (CX3CR1); GIy 881 Arg G/C in the gene
encoding Caspase (N0D2); or372 T/C in the gene
encoding Tissue inhibitor of metalloproteinase 1
(TIMPl); wherein the presence or absence of one or
more of said polymorphisms is indicative of the
subject's risk of developing ACS. The one or more
polymorphisms can be detected directly or by detection
of one or more polymorphisms which are in linkage
disequilibrium with said one or more polymorphisms.
Linkage disequilibrium (LD) is a phenomenon in
genetics whereby two or more mutations or
polymorphisms are in such close genetic proximity that
they are co-inherited. This means that in genotyping,
detection of one polymorphism as present infers the
presence of the other. (Reich DE et al; Linkage
disequilibrium in the human genome, Nature 2001, 4
11:199-204.) The method can additionally comprise
analysing a sample from said subject for the presence
of one or more further polymorphisms selected from the
group consisting of: -509 C/T in the gene encoding
Transforming growth factor bl (TGFBl); Thr26Asn AJC in
the gene encoding Lymphotoxin a(LTA); Asr299Gly A/G in
the gene encoding Toll-like Receptor 4 (TLR4);
Thr399Ile C/T in the gene encoding TLR4; -63 T/A in
the gene encoding Nuclear factor of kappa light
polypeptide gene enhancer in B-cells inhibitor-like 1
(NFKBILl); -1630 Ins/Del (AACTT/Del) in the gene
encoding Platelet derived growth factor receptor alpha
(PDGFRA); -1607 1G/2G (Del/G) in the gene encoding
Matrix metalloproteinase 1 (MMPl); 12 IN 5 C/T in the
gene encoding Platelet derived growth factor alpha
(PDGFA); -588 C/T in the gene encoding
Glutamate-cysteine ligase modifier subunit (GCLM);
Ilel32Val AJG in the gene encoding Olfactory receptor
analogue OR13G1 (ORl 3Gl); Glu288Val A/T (M/S) in the
gene encoding alpha 1-antitrypsin (al-AT); K469E AJG
in the gene encoding Intracellular adhesion molecule 1
(ICAMl); -23 C/G in the gene encoding HLA-B associated
transcript 1 (BATl); Glu298Asp G/T in the gene
encoding Nitric Oxide synthase 3 (NOS3); -668 4G/5G in
the gene encoding Plasminogen activator inhibitor 1
(PAI-I); or-181 A/G in the gene encoding Matrix
metalloproteinase 7 (MMP7). Again, detection of the
one or more further polymorphisms may be carried out
directly or by detection of polymorphisms in linkage
disequilibrium with the one or more further
polymorphisms. The presence of one or more
polymorphisms selected from the group consisting of:
the Ser52Ser (223 C/T) CC genotype in the gene
encoding FGF2; the Q576R A/G AA genotype in the gene
encoding IL4RA; the Thr26Asn A/C CC genotype in the
gene encoding LTA; the Horn T2437C CC or CT genotype
in the gene encoding HSP70; the Asp299Gly A/G AG or GG
genotype in the gene encoding TLR4; the Thr399Ile C/T
CT or TT genotype in the gene encoding TLR4; the 874
A/T TT genotype in the gene encoding IFNG; the -63 T/A
AA genotype in the gene encoding NFKBILl; the -1630
Ins/Del (AACTT/Del) Ins/Del or Del/Del genotype in the
gene encoding PDGFRA; the -589 C/T CT or TT genotype
in the gene encoding IL-4; the -588 C/T CC genotype in
the gene encoding GCLM; the -1084 A/G GG genotype in
the gene encoding IL-10; the K469E A/G AA genotype in
the gene encoding ICAMl; the -23 C/G GG genotype in
the gene encoding BAT 1; the Glu298Asp G/T GG genotype
in the gene encoding NOS3; the Arg213Gly C/G CG or GG
genotype in the gene encoding SOD3; the -668 4G/5G
5G5G genotype in the gene encoding PAI-I; the -181 A/G
GG genotype in the gene encoding MMP7; the Asn 125 Ser
AG or GG genotype in the gene encoding Cathepsin G; or
the 372 T/C TT genotype in the gene encoding TIMPl;
may be indicative of a decreased risk of developing
ACS. The presence of one or more polymorphisms
selected from the group consisting of: the -1903 A/G
GG genotype in the gene encoding CMAl; the -509 C/T CC
genotype in the gene encoding TGFB 1; the -82 A/G GG
genotype in the gene encoding MMP12;the Ser52Ser (223
C/T) CT or TT genotype in the gene encoding FGF2; the
Q576R A/G GG genotype in the gene encoding IL4RA; the
Horn T2437C TT genotype in the gene encoding HSP70;
the Asp299Gly A/G AA genotype in the gene encoding
TLR4; the Thr399Ile C/T CC genotype in the gene
encoding TLR4; the -1630 Ins/Del (AACTT/Del) Ins Ins
(AACTT AACTT) genotype in the gene encoding PDGFRA;
the -589 C/T CC genotype in the gene encoding IL4; the
-1607 1G/2G (Del/G) Del Del (IG IG) genotype in the
gene encoding MMPl; the 12 IN5 C/T TT genotype in the
gene encoding PDGFA; the -588 C/T CT or TT genotype in
the gene encoding GCLM; the Ilel32Val A/G AA genotype
in the gene encoding OR13G1; the Glu288Val A/T (M/S)
AT or TT (MS or SS) genotype in the gene encoding al -
AT; the +459 C/T Intron 1 CT or TT genotype in the
gene encoding MIPlA; the Asn 125 Ser AA genotype in
the gene encoding Cathepsin G; the I249V TT genotype
in the gene encoding CX3CR1 ; the GIy 881 Arg G/C CC
or CG genotype in the gene encoding NOD2; or the 372
T/C CC genotype in the gene encoding TIMPl; may be
indicative of an increased risk of developing ACS. The
methods of the invention are particularly useful in
smokers (both current and former). It will be
appreciated that the methods of the invention identify
two categories of polymorphisms - namely those
associated with a reduced risk of developing ACS
(which can be termed "protective polymorphisms") and
those associated with an increased risk of developing
ACS (which can be termed "susceptibility
polymorphisms"). Therefore, the present invention
further provides a method of assessing a subject's
risk of developing ACS, said method comprising:
determining the presence or absence of at least one
protective polymorphism associated with a reduced risk
of developing ACS; andin the absence of at least one
protective polymorphism, determining the presence or
absence of at least one susceptibility polymorphism
associated with an increased risk of developing ACS;
wherein the presence of one or more of said protective
polymorphisms is indicative of a reduced risk of
developing ACS5and the absence of at least one
protective polymorphism in combination with the
presence of at least one susceptibility polymorphism
is indicative of an increased risk of developing ACS.
Preferably, said at least one protective polymorphism
is selected from the group consisting of: The at least
one susceptibility polymorphism may be selected from
the group consisting of: In a preferred form of the
invention the presence of two or more protective
polymorphisms is indicative of a reduced risk of
developing ACS. In a further preferred form of the
invention the presence of two or more susceptibility
polymorphisms is indicative of an increased risk of
developing ACS. In still a further preferred form of
the invention the presence of two or more protective
polymorphims irrespective of the presence of one or
more susceptibility polymorphisms is indicative of
reduced risk of developing ACS. In another aspect, the
invention provides a method of determining a subject's
risk of developing ACS, said method comprising
obtaining the result of one or more genetic tests of a
sample from said subject, and analysing the result for
the presence or absence of one or more polymorphisms
selected from the group consisting of: -1903 A/G in
the gene encoding Chymase 1 (CMAl); -82 A/G in the
gene encoding Matrix metalloproteinase 12 (MMP12);
Ser52Ser (223 C/T) in the gene encoding Fibroblast
growth factor 2 (FGF2); Q576R A/G in the gene encoding
Interleukin 4 receptor alpha (IL4RA); HOM T2437C in
the gene encoding Heat Shock Protein 70 (HSP 70); 874
A/T in the gene encoding Interferon g (IFNG); -589 C/T
in the gene encoding Interleukin 4 (IL-4); -1084 A/G
(-1082) in the gene encoding Interleukin 10 (IL-10);
Arg213Gly C/G in the gene encoding Superoxide
dismutase 3 (SOD3);459 C/T Intron I in the gene
encoding Macrophage inflammatory protein 1 alpha
(MIPlA); Asn 125 Ser A/G in the gene encoding
Cathepsin G; I249V C/T in the gene encoding Chemokine
(CX3C motif) receptor 1 (CX3CR1); GIy 88 1Arg G/C in
the gene encoding Caspase (NOD2); or 372 T/C in the
gene encoding Tissue inhibitor of metalloproteinase 1
(TIMPl); or one or more polymorphisms in linkage
disequilibrium with any one or more of these
polymorphisms; wherein a result indicating the
presence or absence of one or more of said
polymorphisms is indicative of the subject's risk of
developing ACS. In a further aspect there is provided
a method of determining a subject's risk of developing
ACS comprising the analysis of two or more
polymorphisms selected from the group consisting of:
-1903 A/G in the gene encoding Chymase 1 (CMAl); -82
A/G in the gene encoding Matrix metalloproteinase 12
(MMP12); Ser52Ser (223 C/T) in the gene encoding
Fibroblast growth factor 2 (FGF2); Q576R A/G in the
gene encoding Interleukin 4 receptor alpha (IL4RA);
HOM T2437C in the gene encoding Heat Shock Protein 70
(HSP 70); 874 A/T in the gene encoding Interferon g
(IFNG); -589 C/T in the gene encoding Interleukin 4
(IL-4); -1084 A/G (-1082) in the gene encoding
Interleukin 10 (IL-10); Arg213Gly C/G in the gene
encoding Superoxide dismutase 3 (SOD3); 459 C/T Intron
I in the gene encoding Macrophage inflammatory protein
1 alpha (MIPlA); -509 C/T in the gene encoding
Transforming growth factor b1 (TGFB 1); Thr26Asn A/C
in the gene encoding Lymphotoxin a (LTA); Asp299Gly
A/G in the gene encoding Toll-like Receptor 4 (TLR4);
Thr399Ile C/T in the gene encoding TLR4; 



-63 T/A in the gene encoding Nuclear factor of kappa
light polypeptide gene enhancer in B-cells
inhibitor-like 1 (NFKBILl);-1630 Ins/Del (AACTT/Del)
in the gene encoding Platelet derived growth factor
receptor alpha (PDGFRA); -1607 1G/2G (Del/G) in the
gene encoding Matrix metalloproteinase 1 (MMPl); 12 IN
5 C/T in the gene encoding Platelet derived growth
factor alpha (PDGFA); -588 C/T in the gene encoding
Glutamate-cysteine ligase modifier subunit (GCLM);
Ilel32Val A/G in the gene encoding Olfactory receptor
analogue OR13G1 (OR13G1); Glu288Val A/T (M/S) in the
gene encoding alpha 1-antitrypsin (al-AT); K469E A/G
in the gene encoding Intracellular adhesion molecule 1
(ICAMl); -23 C/G in the gene encoding HLA-B associated
transcript 1 (BATl); Glu298Asp G/T in the gene
encoding Nitric Oxide synthase 3 (NOS3); -668 4G/5G in
the gene encoding Plasminogen activator inhibitor 1
(PAI-I); or -181A/G in the gene encoding Matrix
metalloproteinase 7 (MMP7); Asn 125 Ser A/G in the
gene encoding Cathepsin G; I249V C/T in the gene
encoding Chemokine (CX3C motif) receptor 1 (CX3CR1);
GIy 881 Arg G/C in the gene encoding Caspase (NOD2);
or 372 T/C in the gene encoding Tissue inhibitor of
metalloproteinase 1 (TIMPl); or one or more
polymorphisms in linkage disequilibrium with any one
or more of these polymorphisms. In various
embodiments, any one or more of the above methods
comprises the step of analysing the amino acid present
at a position mapping to codon 576 of the gene
encoding IL4RA. The presence of glutamine at said
position is indicative of a reduced risk of developing
ACS. The presence of arginine at said position is
indicative of an increased risk of developing ACS. In
various embodiments, any one or more of the above
methods comprises the step of analysing the amino acid
present at a position mapping to codon 26 of the gene
encoding LTA. The presence of threonine at said
position is indicative of a decreased risk of
developing ACS.The presence of asparagine at said
position is indicative of an increased risk of
developing ACS. In various embodiments, any one or
more of the above methods comprises the step of
analysing the amino acid present at a position mapping
to codon 299 of the gene encoding TLR4. The presence
of glycine at said position is indicative of a
decreased risk of developing ACS. The presence of
aspartate at said position is indicative of an
increased risk of developing ACS. In various
embodiments, any one or more of the above methods
comprises the step of analysing the amino acid present
at a position mapping to codon 399 of the gene
encoding TLR4. The presence of isoleucine at said
position is indicative of a decreased risk of
developing ACS. The presence of threonine at said
position may be indicative of an increased risk of
developing ACS. In various embodiments, any one or
more of the above methods comprises the step of
analysing the amino acid present at a position mapping
to codon 132 of the gene encoding OR13G1. The presence
of isoleucine at said position is indicative of an
increased risk of developing ACS. In various
embodiments, any one or more of the above methods
comprises the step of analysing the amino acid present
at a position mapping to codon 288 of the gene
encoding al -AT. The presence of glutamate at said
position is indicative of an increased risk of
developing ACS. In various embodiments, any one or
more of the above methods comprises the step of
analysing the amino acid present at a position mapping
to codon 496 of the gene encoding ICAMl. The presence
of lysine at said position is indicative of a
decreased risk of developing ACS.In various
embodiments, any one or more of the above methods
comprises the step of analysing the amino acid present
at a position mapping to codon 298 of the gene
encoding NOS3. The presence of glutamate at said
position is indicative of a decreased risk of
developing ACS. The presence of aspartate at said
position is indicative of an increased risk of
developing ACS. In various embodiments, any one or
more of the above methods comprises the step of
analysing the amino acid present at a position mapping
to codon 213 of the gene encoding SOD3. The presence
of glycine at said position is indicative of a
decreased risk of developing ACS. In various
embodiments, any one or more of the above methods
comprises the step of analysing the amino acid present
at a position mapping to codon 125 of the gene
encoding Cathespin G. The presence of serine at said
position is indicative of a decreased risk of
developing ACS. The presence of asparagine at said
position is indicative of an increased risk of
developing ACS. In various embodiments, any one or
more of the above methods comprises the step of
analysing the amino acid present at a position mapping
to codon 249 of the gene encoding CX3CR1. The presence
of isoleucine at said position is indicative of an
increased risk of developing ACS. In various
embodiments, any one or more of the above methods
comprises the step of analysing the amino acid present
at a position mapping to codon 881 of the gene
encoding NOD2. The presence of arginine at said
position is indicative of an increased risk of
developing ACS. In a preferred form of the invention
the methods as described herein are performed in
conjunction with an analysis of one or more risk
factors, including one or moreepidemiological risk
factors, associated with a risk of developing ACS.
Such epidemiological risk factors include but are not
limited to smoking or exposure to tobacco smoke, age,
sex, and familial history of ACS. In a further aspect,
the invention provides for the use of at least one
polymorphism in the assessment of a subject's risk of
developing ACS, wherein said at least one polymorphism
is selected from the group consisting of: -1903 A/G in
the gene encoding Chymase 1 (CMAl); -82 A/G in the
gene encoding Matrix metalloproteinase 12 (MMP12);
Ser52Ser (223 C/T) in the gene encoding Fibroblast
growth factor 2 (FGF2); Q576R A/G in the gene encoding
Interleukin 4 receptor alpha (IL4RA); HOM T2437C in
the gene encoding Heat Shock Protein 70 (HSP 70); 874
A/T in the gene encoding Interferon g (IFNG); -589 C/T
in the gene encoding Interleukin 4 (IL-4); -1084 A/G
(-1082) in the gene encoding Interleukin 10 (IL-10);
Arg213Gly C/G in the gene encoding Superoxide
dismutase 3 (SOD3); 459 C/T Intron I in the gene
encoding Macrophage inflammatory protein 1 alpha
(MIPlA); Asn 125 Ser A/G in the gene encoding
Cathepsin G; I249V C/T in the gene encoding Chemokine
(CX3C motif) receptor 1 (CX3CR1); GIy 881 Arg G/C in
the gene encoding Caspase (NOD2); or 372 T/C in the
gene encoding Tissue inhibitor of metalloproteinase 1
(TIMPl); or one or more polymorphisms in linkage
disequilibrium with any one of said polymorphisms.
Optionally, said use may be in conjunction with the
use of at least one further polymorphism selected from
the group consisting of: -509 C/T in the gene encoding
Transforming growth factor bl (TGFBl); Thr26Asn A/C in
the gene encoding Lymphotoxin a(LTA); Asp299Gly A/G in
the gene encoding Toll-like Receptor 4 (TLR4);
Thr399Ile C/T in the gene encoding TLR4; -63 T/A in
the gene encoding Nuclear factor of kappa light
polypeptide gene enhancer in B-cells inhibitor-like 1
(NFKBILl);-1630 Ins/Del (AACTT/Del) in the gene
encoding Platelet derived growth factor receptor alpha
(PDGFRA); -1607 1G/2G (Del/G) in the gene encoding
Matrix metalloproteinase 1 (MMPl); 12 IN 5 C/T in the
gene encoding Platelet derived growth factor alpha
(PDGFA); -588 C/T in the gene encoding
Glutamate-cysteine ligase modifier subunit (GCLM); lie
132VaI A/G in the gene encoding Olfactory receptor
analogue ORl 3Gl (OR13G1); Glu288Val A/T (M/S) in the
gene encoding alpha 1-antitrypsin (al-AT); K469E A/G
in the gene encoding Intracellular adhesion molecule 1
(ICAMl); -23 C/G in the gene encoding HLA-B associated
transcript 1 (BATl); Glu298Asp G/T in the gene
encoding Nitric Oxide synthase 3 (NOS3); -668 4G/5G in
the gene encoding Plasminogen activator inhibitor 1
(PAI-I); -181 A/G in the gene encoding Matrix
metalloproteinase 7 (MMP7); or one or more
polymorphisms which are in linkage disequilibrium with
any one or more of these polymorphisms. In another
aspect the invention provides a set of nucleotide
probes and/or primers for use in the preferred methods
of the invention herein described. Preferably, the
nucleotide probes and/or primers are those which span,
or are able to be used to span, the polymorphic
regions of the genes. Also provided are one or more
nucleotide probes and/or primers comprising the
sequence of any one of the probes and/or primers
herein described, including any one comprising the
sequence of any one of SEQ.ID.NO. 1to 124. In yet a
further aspect, the invention provides a nucleic acid
microarray for use in the methods of the invention,
which microarray comprises a substrate presenting
nucleic acid sequences capable of hybridizing to
nucleic acid sequences which encode one or more of the
susceptibility or protective polymorphisms described
herein or sequences complimentary thereto. In another
aspect, the invention provides an antibody microarray
for use in the methods of the invention, which
microarray comprises a substrate presenting antibodies
capable of binding to a product of expression of a
gene the expression of which is upregulated or
downregulated when associated with a susceptibility or
protective polymorphism as described herein.In a
further aspect the present invention provides a method
treating a subject having an increased risk of
developing ACS comprising the step of replicating,
genotypically or phenotypically, the presence and/or
functional effect of a protective polymorphism in said
subject. In yet a further aspect, the present
invention provides a method of treating a subject
having an increased risk of developing ACS, said
subject having a detectable susceptibility
polymorphism which either upregulates or downregulates
expression of a gene such that the physiologically
active concentration of the expressed gene product is
outside a range which is normal for the age and sex of
the subject, said method comprising the step of
restoring the physiologically active concentration of
said product of gene expression to be within a range
which is normal for the age and sex of the subject. In
a further aspect the present invention provides a
method of treating a subject having an increased risk
of developing ACS due to the presence of a
polymorphism predictive of susceptibility to ACS
comprising the step of reversing, genotypically or
phenotypically, the functional effect of said
polymorphism in said subject. In yet still a further
aspect the present invention provides a method of
treating a subject having an increased risk of
developing ACS and for whom the presence of the GG
genotype at the -82 AJG polymorphism in the promoter
of the gene encoding MMP12 has been determined, said
method comprising administering to said subject an
agent capable of modulating MMP12 activity in said
subject. In one embodiment, said agent is an agent
capable of increasing expression of or the activity of
one or more tissue inhibitors of metalloproteinases
(TIMPs), preferably the expression or activity of one
or more of TIMPl, TIMP2, TIMP3, or TIMP4. In a further
embodiment, said agent is an agent capable of reducing
expression of or the activity of one or more membrane
bound MMPs. In still a futher embodiment, said agent
is a MMP inhibitor, preferably said MMP inhibitor is
selected from the group comprising 4,5-
dihydroxyanthaquinone-2-carboxylic acid (AQCA),
anthraquinyl-mercaptoethyamine, anthraquinyl-alanine
hydroxamate, and derivatives thereof. In yet still a
further aspect the present invention provides a method
of treating a subject having an increased risk of
developing ACS and for whom the presence of the CC
genotype at the 372 T/C polymorphism in the gene
encoding TIMPl has been determined,said method
comprising administering to said subject an agent
capable of modulating TIMPl activity in said subject.
In one embodiment, said agent is an agent capable of
increasing expression of or the activity of TIMPl. In
yet a further aspect, the present invention provides a
method for screening for compounds that modulate the
expression and/or activity of a gene, the expression
of which is upregulated or downregulated when
associated with a susceptibility or protective
polymorphism (as compared to the level of expression
of said gene when not associated with said
polymorphism), said method comprising the steps of:
contacting a candidate compound with a cell comprising
a susceptibility or protective polymorphism which has
been determined to be associated with the upregulation
or downregulation of expression of a gene; and
measuring the expression of said gene following
contact with said candidate compound, wherein a change
in the level of expression after the contacting step
as compared to before the contacting step is
indicative of the ability of the compound to modulate
the expression and/or activity of said gene.
Preferably, said cell is a human vascular cell, more
preferably a human vascular epithelial cell, which has
been pre-screened to confirm the presence of said
polymorphism. Preferably, said cell comprises a
susceptibility polymorphism associated with
upregulation of expression of said gene and said
screening is for candidate compounds which
downregulate expression of said gene. Alternatively,
said cell comprises a susceptibility polymorphism
associated with 



downregulation of expression of said gene and said
screening is for candidate compounds which upregulate
expression of said gene. In another embodiment, said
cell comprises a protective polymorphism associated
with upregulation of expression of said gene and said
screening is for candidate compounds which further
upregulate expression of said gene. Alternatively,
said cell comprises a protective polymorphism
associated with downregulation of expression of said
gene and said screening is for candidate compounds
which further downregulate expression of said gene.In
another aspect, the present invention provides a
method for screening for compounds that modulate the
expression and/or activity of a gene, the expression
of which is upregulated or downregulated when
associated with a susceptibility or protective
polymorphism, said method comprising the steps of:
contacting a candidate compound with a cell comprising
a gene, the expression of which is upregulated or
downregulated when associated with a susceptibility or
protective polymorphism but which in said cell the
expression of which is neither upregulated nor
downregulated; and measuring the expression of said
gene following contact with said candidate compound,
wherein a change in the level of expression after the
contacting step as compared to before the contacting
step is indicative of the ability of the compound to
modulate the expression and/or activity of said gene.
Preferably, expression of the gene is downregulated
when associated with a susceptibility polymorphism
once said screening is for candidate compounds which
in said cell, upregulate expression of said gene.
Preferably, said cell is a human vascular cell, more
preferably a human vascular epithelial cell, which has
been pre-screened to confirm the presence, and
baseline level of expression, of said gene.
Alternatively, expression of the gene is upregulated
when associated with a susceptibility polymorphism and
said screening is for candidate compounds which, in
said cell, downregulate expression of said gene. In
another embodiment, expression of the gene is
upregulated when associated with a protective
polymorphism and said screening is for compounds
which, in said cell, upregulate expression of said
gene. Alternatively, expression of the gene is
downregulated when associated with a protective
polymorphism and said screening is for compounds
which, in said cell, downregulate expression of said
gene. In yet a further aspect, the present invention
provides a method of assessing the likely
responsiveness of a subject at risk of developing or
suffering from ACS to a prophylactic or therapeutic
treatment, which treatment involves restoring
thephysiologically active concentration of a product
of gene expression to be within a range which is
normal for the age and sex of the subject, which
method comprises detecting in said subject the
presence or absence of a susceptibility polymorphism
which when present either upregulates or downregulates
expression of said gene such that the physiological
active concentration of the expressed gene product is
outside said normal range, wherein the detection of
the presence of said polymorphism is indicative of the
subject likely responding to said treatment. In a
further aspect, the present invention provides a kit
for assessing a subject's risk of developing ACS, said
kit comprising a means of analysing a sample from said
subject for the presence or absence of one or more
polymorphisms disclosed herein. BRIEF DESCRIPTION OF
THE DRAWINGS Figure 1: depicts a graph showing the
frequency of ACS plotted against SNP score derived
from the 11 SNP panel. Figure 2: depicts a graph
showing the frequency of ACS plotted against the SNP
score derived from the 15 SNP panel. Figure 3 depicts
a graph showing the log odds of having ACS according
to SNP score derived from the 11 SNP panel. Figure 4
depicts a graph showing the frequency of ACS against
SNP score derived from the substituted 11 SNP panel.
DESCRIPTION OF THE PREFERRED EMBODIMENTS Using
case-control studies the frequencies of several
genetic variants (polymorphisms) of candidate genes in
smokers who have developed ACS and blood donor
controls have been compared. The majority of these
candidate genes have confirmed (or likely) functional
effects on gene expression or protein function.
Specifically, the frequencies of polymorphisms between
blood donor controls, resistant smokers and those with
ACS have been compared. In one embodiment described
herein 20 susceptibility genetic polymorphisms and 20
protective genetic polymorphisms are identified. These
are as follows:NEW COMPOUNDS The present invention
relates to novel compounds, their pharmaceutical
compositions. In addition, the present invention
relates to therapeutic methods for the treatment
and/or prevention of Ab-related pathologies such as
Downs syndrome and b-amyloid angiopathy, such as but
not limited to cerebral amyloid angiopathy, hereditary
cerebral hemorrhage, disorders associated with
cognitive impairment, such as but not limited to MCI
("mild cognitive impairment"), Alzheimer Disease,
memory loss, attention deficit symptoms associated
with Alzheimer disease, neurodegeneration associated
with diseases such as Alzheimer disease or dementia
including dementia of mixed vascular and degenerative
origin, pre-senile dementia, senile dementia and
dementia associated with Parkinson's disease,
progressive supranuclear palsy or cortical basal
degeneration. Background of the invention Several
groups have identified and isolated aspartate
proteinases that have b-secretase activity (Hussain et
al., 1999; Lin et. al, 2000; Yan et. al, 1999; Sinha
et. al, 1999 and Vassar et. al., 1999). b-secretase is
also known in the literature as Asp2 (Yan et. al,
1999), Beta site APP Cleaving Enzyme (BACE) (Vassar
et. al., 1999) or memapsin-2 (Lin et al., 2000). BACE
was identified using a number of experimental
approaches such as EST database analysis (Hussain et
al. 1999); expression cloning (Vassar et al. 1999);
identification of human homologs from public databases
of predicted C. elegans proteins (Yan et al. 1999) and
finally utilizing an inhibitor to purify the protein
from human brain (Sinha et al. 1999). Thus, five
groups employing three different experimental
approaches led to the identification of the same
enzyme, making a strong case that BACE is a b-
secretase. Mention is also made of the patent
literature: WO96/40885, EP871720, U.S. Patents Nos.
5,942,400 and 5,744,346, EP855444, US 6,319,689,
WO99/64587, WO99/31236, EP1037977, WO00/17369,
WO01/23533, WO0047618, WO00/58479, WO00/69262,
WO01/00663, WO01/00665, US 6,313,268. BACE was found
to be a pepsin-like aspartic proteinase, the mature
enzyme consisting of the N-terminal catalytic domain,
a transmembrane domain, and a small cytoplasmicdomain.
BACE has an optimum activity at pH 4.0-5.0 (Vassar et
al, 1999)) and is inhibited weakly by standard pepsin
inhibitors such as pepstatin. It has been shown that
the catalytic domain minus the transmembrane and
cytoplasmic domain has activity against substrate
peptides (Lin et al, 2000). BACE is a membrane bound
type 1 protein that is synthesized as a partially
active proenzyme, and is abundantly expressed in brain
tissue. It is thought to represent the major
b-secretase activity, and is considered to be the
rate-limiting step in the production of
amyloid-b-protein (Ab) . It is thus of special
interest in the pathology of Alzheimer's disease, and
in the development of drugs as a treatment for
Alzheimer's disease. Ab or amyloid-b-protein is the
major constituent of the brain plaques which are
characteristic of Alzheimer's disease (De Strooper et
al, 1999). Ab is a 39-42 residue peptide formed by the
specific cleavage of a class I transmembrane protein
called APP, or amyloid precursor protein. Ab-secretase
activity cleaves this protein between residues Met671
and Asp672 (numbering of 770aa isoform of APP) to form
the N-terminus of Ab. A second cleavage of the peptide
is associated with g-secretase to form the C-terminus
of the Ab peptide. Alzheimer's disease (AD) is
estimated to afflict more than 20 million people
worldwide and is believed to be the most common form
of dementia. Alzheimer's disease is a progressive
dementia in which massive deposits of aggregated
protein breakdown products - amyloid plaques and
neurofibrillary tangles accumulate in the brain. The
amyloid plaques are thought to be responsible for the
mental decline seen in Alzheimer's patients. The
likelihood of developing Alzheimer's disease increases
with age, and as the aging population of the developed
world increases, this disease becomes a greater and
greater problem. In addition to this, there is a
familial link to Alzheimer's disease and consequently
any individuals possessing the double mutation of APP
known as the Swedish mutation (in which the mutated
APP forms a considerably improved substrate for BACE)
have a much greater chance of developing AD, and also
of developing it at an early age {see also US
6,245,964 and US 5,877,399 pertaining to transgenic
rodentscomprising APP-Swedish). Consequently, there is
also a strong need for developing a compound that can
be used in a prophylactic fashion for these
individuals. The gene encoding APP is found on
chromosome 21, which is also the chromosome found as
an extra copy in Down's syndrome. Down's syndrome
patients tend to acquire Alzheimer's disease at an
early age, with almost all those over 40 years of age
showing Alzheimer's-type pathology (Oyama et al,
1994). This is thought to be due to the extra copy of
the APP gene found in these patients, which leads to
overexpression of APP and therefore to increased
levels of APPb causing the high prevalence of
Alzheimer's disease seen in this population. Thus,
inhibitors of BACE could be useful in reducing
Alzheimer's-type pathology in Down's syndrome
patients. Drugs that reduce or block BACE activity
should therefore reduce Ab levels and levels of
fragments of Ab in the brain, or elsewhere where Ab or
fragments thereof deposit, and thus slow the formation
of amyloid plaques and the progression of AD or other
maladies involving deposition of Ab or fragments
thereof (Yankner, 1996; De Strooper and Konig, 1999).
BACE is therefore an important candidate for the
development of drugs as a treatment and/or prophylaxis
of Ab-related pathologies such as Downs syndrome and
b- amyloid angiopathy, such as but not limited to
cerebral amyloid angiopathy, hereditary cerebral
hemorrhage, disorders associated with cognitive
impairment, such as but not limited to MCI ("mild
cognitive impairment"), Alzheimer Disease, memory
loss, attention deficit symptoms associated with
Alzheimer disease, neurodegeneration associated with
diseases such as Alzheimer disease or dementia
including dementia of mixed vascular and degenerative
origin, pre-senile dementia, senile dementia and
dementia associated with Parkinson's disease,
progressive supranuclear palsy or cortical basal
degeneration. It would therefore be useful to inhibit
the deposition of Ab and portions thereof by
inhibiting BACE through inhibitors such as the
compounds provided herein. The therapeutic potential
of inhibiting the deposition of Ab has motivated many
groups to isolate and characterize secretase enzymes
and to identify their potential inhibitors (see, e.g.,
WO01/23533 A2, EP0855444, WO00/17369, WO00/58479,
WO00/47618,WO00/77030, WO01/00665, WO01/00663,
WO01/29563, WO02/25276, US5,942,400, US6,245,884,
US6,221,667, US6,21 1,235, WO02/02505, WO02/02506,
WO02/02512, WO02/02518, WO02/02520, WO02/14264,
WO05/058311, WO 05/097767, US2005/0282826). The
compounds of the present invention show improved
properties compared to the potential inhibitors known
in the art, e.g. improved hERG selectivity. Disclosure
of the invention Provided herein are novel compounds
of structural formula I: I wherein R1 is selected from
hydrogen, C1-6alkyl, C3-6alkenyl, C3-6alkynyl, C3-6Cy
cloalkyl, C - 7cycloalkenyl, aryl, heteroaryl,
heterocyclyl, C1-6alkylC3-6cycloalkyl, C1-6alkylaryl,
C1- 6alkylheteroaryl or C1-6alkylheterocyclyl, wherein
the C1-6alkyl, C3-6alkenyl, C3-6alkynyl,
C3-6cycloalkyl, C5-7cycloalkenyl, aryl, heteroaryl,
heterocyclyl, C1-(5alkylC3-6cycloalkyl, C1-
6alkylaryl, C1-6alkylheteroaryl or C^alkylheterocyclyl
is optionally substituted with one, two or three A; R2
is selected from hydrogen, nitro, cyano, -Q-C1-6alkyl,
-Q-C2-6alkenyl, -Q-C2-6alkynyl, - Q-C3-6Cy cloalkyl,
-Q-C5-7Cy cloalkenyl, -Q-C salkylC^cy cloalkyl,
-Q-aryl, -Q-heteroaryl, -Q-C^alkylaryl,
-Q-C^alkylheteroaryl, -Q-heterocyclyl, or -Q-d-
alkylheterocyclyl, wherein said -Q-Ci-6alkyl,
-Q-C2-6alkenyl, -Q-C2-6alkynyl, -Q-Cs- cycloalkyl,
-Q-C5- 7cycloalkenyl, -Q-C1-6alkylC3-6cycloalkyl,
-Q-aryl, -Q-heteroaryl, -Q-Ci-oalkylaryl, -Q-C1.
6alkylheteroaryl, -Q-heterocyclyl, or
-Q-C^alkylheterocycryl is optionally substituted by
one, two or three R7;-Q- is a direct bond, -CONH-,
-CO-, -CON(C1-6alkyl)-, -CON(C3-6cycloalkyl)-5 -SO-, -
SO2-, -SO2NH-, -SO2N(C1-6alkyl)-,
-SO2N(C3-6cycloalkyl)-, -NHSO2-, -N(C1-6alkyl)SO2-, -
NHCO-, -N(C1-6alkyl)CO-, -N(C3-6cycloalkyl)CO- or -N(C
3-6cycloalkyl)SO2-; R3 is (C(R4)(R5))nR6,
C2-4alkenylR6, C2-4alkynylR6, C5-7cycloalkenylR6,
nitro or cyano and if n>l then each C(R4)(R5) is
independent of the others; R4 and R5 are independently
selected from hydrogen, C1-6alkyl, cyano, halo or
nitro; or R4 and R5 together form oxo, C3-6cycloalkyl
or heterocyclyl; R6 is selected from methyl,
C3-6cycloalkyl, heterocyclyl, aryl or heteroaryl
wherein each of the said methyl, C3-6cycloalkyl,
heterocyclyl, aryl or heteroaryl is optionally
substituted with between one and four R7, and wherein
any of the individual aryl or heteroaryl groups may be
optionally fused with a 4, 5, 6 or 7 membered
cycloalkyl, cycloalkenyl or heterocyclyl group to form
a bicyclic ring system where the bicyclic ring system
is optionally substituted with between one and four A
with the proviso that the bicyclic ring is not an
indane, benzo[l,3]dioxole or
2,3-dihydrobenzo[l,4]-dioxine ring system; R7 is
selected from halogen, nitro, CHO, C0-6alkylCN,
OC1-6alkylCN, C0-6alkylOR8, OC2-6alkylOR8,
fluoromethyl, difluoromethyl, trifluoromethyl,
fluoromethoxy, difluoromethoxy, trifluoromethoxy,
C0-6alkylNR8R9, OC2-6alkylNR8R9,
OC2-6alkylOC2-6alkylNR8R9,NR8OR9, C0-6alkylCO2R8,
OC1-6alkylCO2R8, C0-6alkylCONR8R9, OC1-6alkylCONR8R9,
OC2-6alkylNR8(CO)R9, C0-6alkylNR8 (CO)R9, 0(CO)NR 8R9,
NR8(CO)OR9,NR8(CO)NR8R9, 0(CO)OR 8, 0(CO)R 8,
C0-6alkylCOR8, Od-ealkylCOR 8,NR8(CO)(CO)R8,
NR8(CO)(CO)NR8R9, C0-6alkylSR8, C0-6alkyl(SO2)NR8R9,
OC1.6alkylNR8(SO2)R9, OC0-6alkyl(SO2)NR8R9,
C0-6alkyl(SO)NR8R9, OC1-6alkyl(SO)NR8R9, OSO2R8,
SO3R8, C0-6alkylNR8(SO2)NR8R9, C0-6alkylNR8(SO)R9,
OC2-6alkylNR8(SO)R8, OC1-6alkylSO2R8, C1-6alkylSO2R8,
Co-6alkylSOR8, C1-6alkyl, C2-6alkenyl, C2-6alkynyl,
C0-6alkylC3-6cycloalkyl, C0-6alkylaryl,
C0-6alkylheteroaryl, C ^alkylheterocycryl, and OC2
6alkylheterocyclyl, wherein any C1-6alkyl,
C2-6alkenyl, C2-6alkynyl, Co-6alkylC3-6cycloalkyl,
C0-6alkylaryl,Co- alkylheteroaryl, Co-
alkylheterocycryl, and OC2-6alkylheterocyclyl may be
optionally substituted by one or more R14, and wherein
any of the individual aryl or heteroaryl groups may be
optionally fused with a 4, 5, 6 or 7 membered
cycloalkyl, cycloalkenyl or heterocyclyl group to form
a bicyclic ring system where the bicyclic ring system
is optionally substituted with between one and four A
with the proviso that said bicyclic ring system is not
an indane, benzo[l,3]dioxole or
2,3-dihydrobenzo[l,4]-dioxine ring system; R14 is
selected from halogen, nitro, CHO, C0-6alkylCN,
OCi-6alkylCN, C0-6alkylOR 8, OC1-6alkylOR ,
fluoromethyl, difluoromethyl, trifluoromethyl,
fluoromethoxy, difluoromethoxy, trifluoromethoxy,
C0-6alkylNR 8R9, OC2-6alkylNR 8R9,
OC2-6alkylOC2-6alkylNR 8R9, NR8OR9, C0-6alkylCO2R8,
OC1-6alkylCO 2R8, C0-6alkylCONR 8R9, OC1-6alkylCONR
8R9, OC2-6alkylNR 8(CO)R9 C0-6alkylNR 8 (CO)R9, 



0(CO)NR 8R9,NR8(CO)OR 9, NR8(CO)NR 8R9, OR8, 0(CO)OR
8, 0(CO)R 8, C0-6alkylCOR 8, OC1-6alkylCOR
8,NR8(CO)(CO)R 8, NR8(CO)(CO)NR 8R9, C0-6alkylSR 8,
C0-6alkyl(SO2)NR8R9, OC2-6alkylNR 8(SO2)R9,
OC0-6alkyl(SO2)NR8R9, C0-6alkyl(SO)NR 8R9,
OC1-6alkyl(S O)NR8R9, OSO2R8, OSO2R8R9, SO3R8,
C0-6alkylNR 8(SO2)NR8R9, C0.6alkylNR
8(SO)R9,OC2-6alkylNR 8(SO)R 8, OC1-6alkylSO2R8
C1-6alkylSO 2R8, C0-6alkylSOR 8, C^alkyl, C2-6alkenyl,
C2-6alkynyl, Co-6alkylC 3-6cycloaU<yl, C0-6alkylaryl,
Co-6alkylheteroaryl, Co- alkylheterocyclyl and
OC2-6alkylheterocyclyl wherein any C1-6alkyl,
C2-6alkenyl, C2-6alkynyl, C0-6alkylC3-6cycloalkyl,
C0-6alkylaryl, Co.6alkylheteroaryl,
Co-oalkylheterocyclyl and OCa- alkylheterocyclyl may
be optionally substituted by between one and four A; R
and R are independently selected from hydrogen, Ci-
alkyl, C2-6alkenyl, C2-6alkynyl, fluoromethyl,
difluoromethyl, trifluoromethyl, fluoromethoxy,
difluoromethoxy, trifluoromethoxy, C0-6alkylC
3-6cycloalkyl, C0-6alkylaryl, C0-6alkyllieteroaryl,
Co- alkylheterocyclyl and C0-6alkylNR 10Rp , wherein
the Cr 6alkyl, C2-6alkenyl, C2- 6alkynyl, Co-6alkylC
3-6cycloalkyl, Co-6alkylaryl, C0-6alkylheteroaryl or
Co^alkylheterocyclyl are optionally substituted by A;
or R8 and R9may together form a 4 to 6 membered
heterocyclic ring containing one or more heteroatoms
selected fromN, O or S that is optionally substituted
by A; whenever two R8groups occur in the structure
then they may optionally together form a 5 or 6
membered heterocyclic ring containing one or more
heteroatoms selected from N, O or S, that is
optionally substituted by A; R10 and R11 are
independently selected from hydrogen, C^alkyl,
C3-6alkenyl, C3-6alkynyl, C0-6alkylC 3-6cycloalkyl,
C0-6alkylaryl, C0-6alkylheterocyclyl and
C0-6alkylheteroaryl, wherein the C alky 1,
C3-6alkenyl, C3-6alkynyl, C0-6alkylC 3-6cycloalkyl,
C0-6alkylaryl, C0- 6alkylheteroaryl,
C0-6alkylheterocyclyl are optionally substituted by A;
or R10 and R1 1 may together form a 4 to 6 membered
heterocyclic ring containing one or more heteroatoms
selected from N, O or S optionally substituted by A; n
is 0, 1, 2 or 3 A is selected from oxo, halogen,
nitro, CN5 OR12, C1-6alkyl, C2-6alkenyl, C2-6alkynyl,
C0- 6alkylaryl, Co-6alkylheteroaryl, C0-6alkylC
3-6cycloalkyl, Co- alkylheterocyclyl, fluoromethyl,
difluoromethyl, trifluoromethyl, fluoromethoxy,
difluoromethoxy, trifiuoromethoxy, OC2-6alkylNR 12R13
NR12R13, CONR 12R13, NR12(CO)R 13, 0(CO)C 1- alkyl,
(CO)OC 1-6alkyl, COR 12 , (SO 2)NR 12R13, NSO 2R12,
SO2R12 , SOR 12, (CO)C 1- 6alkylNR 12R13 ,
(SO2)C1-6alkylNR 12R13 , OSO2R12 , SO3R12 wherein the
C1-6alkyl, C2- 6alkenyl, C2-6alkynyl, C0-6alkylaryl 3
Co-6alkylheteroaryl, Co- alkylheterocyclyl and Co-
6alkylC 3-6cycloalkyl groups may be optionally
substituted with halo, OSO2R12 , SO3R12 , nitro,
cyano, OR12, C1-6alkyl, fluoromethyl, difluoromethyl,
trifluoromethyl, fluoromethoxy, difluoromethoxy and
trifiuoromethoxy; R12 and R13 are independently
selected from hydrogen, C1-6alkyl, C3-6CyClOaUCyI,
aryl, heteroaryl or heterocyclyl wherein said
C1-6alkyl, C3-6cycloalkyl, aryl, heteroaryl or
heterocyclyl is optionally substituted by one, two or
three hydroxy, cyano, halo or C1- 3alkyloxy; orR12 and
R13 may together form a 4 to 6 membered heterocyclic
ring containing one or more heteroatoms selected from
N, O or S optionally substituted by hydroxy,
C^alkyloxy, cyano or halo; provided that either any of
the aryl or heteroaryl groups in R1, R2 or R3 is
substituted with a OSO2R8, SO3R8, OSO2R12 or SO3R12
group; or / provided that any of the individual aryl
or heteroaryl groups in R1, R2 or R3 are fused with a
4, 5, 6 or 7 membered cycloalkyl, cycloalkenyl or
heterocyclyl group to form a bicyclic ring system
where the bicyclic ring system is optionally
substituted with between one and four A with the
proviso that the bicyclic ring is not an indane,
benzo[l,3]dioxole or 2,3- dihydrobenzo[l,4]-dioxine
ring system; or provided that R1 is C3-6alkynyl or
C5-7cycloalkenyl optionally substituted with one, two
or three A; or provided that Q is selected from
-NHSO2-, -N(C1-6alkyl)SO2-, -SO2NH-, -SO2N(C1-6alkyl)-
or -SO2N(C3-6cycloalkyl>, -SO-, -SO2- or -N(C
3-6cycloalkyl)SO2-; or provided that R3 is selected
from C2-4alkenylR6, C2-4alkynylR6, C5-7cycloalkenylR6
nitro or cyano; or provided that R2 is selected from
nitro, cyano, C2-6alkynyl, C5-7cycloalkenyl or
C2-6alkenyl group where the C2-6alkynyl,
C5-7cycloalkenyl or C2-6alkenyl group is optionally
substituted by one, two or three R7; as a free base or
a pharmaceutically acceptable salt, solvate or solvate
of a salt thereof. The present invention further
provides compositions comprising a compound of formula
I, and and at least one pharmaceutically acceptable
carrier, diluent or excipient.The present invention
further provides methods of modulating activity of
BACE comprising contacting the BACE with a compound of
formula I . The present invention further provides
methods of treating or preventing an Ab-related
pathology in a patient, comprising administering to
the patient a therapeutically effective amount of a
compound of formula I . The present invention further
provides a compound described herein for use as a
medicament. The present invention further provides a
compound described herein for the manufacture of a
medicament. In one aspect of the invention, there is
provided a compound of formula I, wherein R1 is
selected from C1-6alkyl, C3-6alkenyl, C3-6alkynyl,
C3-6cycloalkyl, C5-7cycloalkenyl, aryl, heteroaryl,
heterocyclyl, C1-6alky IC3-6Cy cloalkyl,
C1-6alkylaryl, C1-6alkylheteroaryl or
C1-6alkylheterocyclyl wherein the C1-6alkyl,
C3-6alkenyl, C3-6alkynyl, C3-6cycloalkyl, C5-
7cycloalkenyl, aryl, heteroaryl, heterocyclyl,
C1-6alkylC 3-6cycloalkyl, C1-6alkylaryl, C1.
6alkylheteroaryl or C1-6alkylheterocyclyl is
optionally substituted with one or two A; R2 is
selected from hydrogen, cyano, -Q-C 1-6alkyl, -Q-C
2-6alkenyl, -Q-C 2-6alkynyl, -Q-C 3- 6cycloalkyl, -Q-C
5-7cycloalkenyl, -Q-C 1-6alkylC 3-6cycloalkyl,
-Q-aryl, -Q-heteroaryl, -QC 1-6alkylaryl, -Q-C
1-6alkylheteroaryl, -Q-heterocyclyl, or -Q-Ci-
alkylheterocyclyl wherein said -Q-Ci- alkyl, -Q-C
2-6alkenyl, -Q-C 2-6alkynyl, -Q-C 3-6Cy cloalkyl, -Q-C
5-7Cy cloalkenyl, -Q-C 1-6alkylC 3-6cycloalkyl,
-Q-aryl, -Q-heteroaryl, -Q-C 1-6alkylaryl, -Q-C 1-
6alkylheteroaryl, -Q-heterocyclyl, or -Q-Ci-
alkylheterocyclyl is optionally substituted by one,
two or three R7; -Q- is a direct bond, -CONH-, -CO-,
-CON(C 1-6alkyl)-, -CON(C 3-6cycloalkyl)-, -NHCO-, -
N(C 1-6alkyl)CO- or -N(C 3-6CyClOaUCyI)CO-;R3 is
(C(R4)(R5))nR6, Q^alkenylR 6, C2-4alkynylR6 or
C5-7cycloalkenylR6 and if n>l then each C(R4)(R5) is
independent of the others; R4 and R5 are independently
selected from hydrogen, C1-6alkyl, cyano, or halo; or
R4 and R5 together form oxo, C3-6cycloalkyl or
heterocyclyl; R6 is selected from methyl,
C3-6cycloalkyl, heterocyclyl, aryl or heteroaryl
wherein each of the said methyl, C3-6cycloalkyl,
heterocyclyl, aryl or heteroaryl is optionally
substituted with between one and four R7, and wherein
any of the individual aryl or heteroaryl groups may be
optionally fused with a 4, 5, 6 or 7 membered
cycloalkyl, cycloalkenyl or heterocyclyl group to form
a bicyclic ring system where the bicyclic ring system
is optionally substituted with between one and three A
with the proviso that the bicyclic ring is not an
indane, benzo[l,3]dioxole or
2J3-dihydrobenzo[l,4]-dioxine ring system; R7 is
selected from halogen, nitro, C0-6alkylCN, OC alkylCN,
Co- alkylOR8, OC2-6alkylORs, fluoromethyl,
difluoromethyl, trifluoromethyl, fluoromethoxy,
difluoromethoxy, trifluoromethoxy, C0-6alkylNR8R9,
OC2-6alkylNR8R9, OC2.6alkylOC2-6alkylNR8R9, NR8OR9,
C0-6alkylCO2R8, OC1-6alkylCO2R8, C0-6alkylCONR8R9
OC1-6alkylCONR8R9, OC2-6alkylNR8(CO)R9, C0-6alkylNR8
(CO)R9, 0(CO)NR 8R9, NR8(CO)OR9,NR8(CO)NR8R9, 0(CO)R 8
C0-6alkylCOR8, OC1-6alkylCOR8,NR8(CO)(CO)R8,
NR8(CO)(CO)NR8R9, C0-6alkylSR8, C0-6alkyl(SO2)NR8R9,
OC1-6alkylNR8(SO2)R9, OC0-6alkyl(SO2)NR8R9,
C0-6alkyl(SO)NR8R9, OC1-6alkyl(SO)NR8R9, OSO2R8,
SO3R8, C0-6alkylNR8(SO2)NR8R9, C0-6alkylNR8(SO)R9,
OC2-6alkylNR8(SO)R8, OC1-6alkylSO2R8, C1-6alkylSO2R8,
C0-6alkylSOR , C1-6alkyl, C2.6alkenyl, C2-6alkynyl,
Co-6alkylC3-6cycloalkyl, C0-6alkylaryl,
C0-6alkylheteroaryl, Co- alkylheterocyclyl, and
OC2-6alkylheterocyclyl wherein any C1-6alkyl,
C2-6alkenyl, C2-6alkynyl, C0-6alkylC3-6cycloalkyl,
C0-6alkylaryl, Co-6alkylheteroaryl, Co-
alkylheterocyclyl, and OC2-6alkylheterocyclyl may be
optionally substituted by one or more R14, and wherein
any of the individual aryl or heteroaryl groups may be
optionally fused with a 4, 5, 6 or 7 membered
cycloalkyl, cycloalkenyl or heterocyclyl group to form
a bicyclic ring system where the bicyclic ring system
isoptionally substituted with between one and three A
with the proviso that said bicyclic ring system is not
an indane, benzo[l,3]dioxole or
2,3-dihydrobenzo[l,4]-dioxine ring system; R14 is
selected from halogen, nitro, C0-6alkylCN,
OC1-6alkylCN, C0-6alkylOR 8, OC1-6alkylOR 8,
fluoromethyl, difluoromethyl, trifluoromethyl,
fluoromethoxy, difluoromethoxy, trifluoromethoxy,
C0-6alkylNR 8R9, OC2-6alkylNR 8R9, OC2-6alkylOC
2-6alkylNR 8R9, NR8OR9, C0-6alkylCO 2R8, OC1-6alkylCO
2R8, C0-6alkylCONR 8R9, OC1-6alkylCONR 8R9,
OC2-6alkylNR 8(CO)R9, C0-6alkylNR 8 (CO)R9, 0(CO)NR
8R9, NR8(CO)OR 9, NR8(CO)NR 8R9, OR8, 0(CO)R 8,
C0-6alkylCOR 8, OC1-6alkylCOR 8, NR8(CO)(CO)R 8,
NR8(CO)(CO)NR 8R9, C0-6alkylSR 8, C0-6alkyl(SO 2)NR
8R9, OC2-6alkylNR 8(SO2)R9, OC0-6alkyl(SO 2)NRsR9,
C0-6alkyl(SO)NR 8R9, OC1-6alkyl(SO)NR 8R9, OSO2R8,
OSO2R8R9, SO3R8, C0-6alkylNR 8(SO2)NR8R9, C0-6alkylNR
8(SO)R 9,OC2-6alkylNR 8(SO)R 8, OC1-6alkylSO 2R8,
C1-6alkylSO 2R8, C0-6alkylSOR 8, C1-6alkyl,
C2-6alkenyl, C2-6alkynyl, Co-6alkylC 3-6cycloalkyl,
Co- alkylaryl, Co- alkylheteroaryl, Co-
alkylheterocyclyl and OCa- alkylheterocyclyl wherein
any C1-6alkyl, C2-6alkenyl, C2-6alkynyl, Co-6alkylC
3-6cycloalkyl, Co-6alkylaryl, C0-6alkylheteroaryl, Co-
alkylheterocyclyl and OC2-6alkylheterocyclyl may be
optionally substituted by between one and three A; R8
and R9 are independently selected from hydrogen, Cr
6alkyl, C3-6alkenyl, C3-6alkynyl, fluoromethyl,
difluoromethyl, trifluoromethyl, Co-6alkylC
3-6cycloalkyl, C0-6alkylaryl, C - ealkylheteroaryl,
Co-ealkylheterocyclyl, C0-6alkylNR 10Rp and
d-ealkylNR^R 11, wherein the Crealkyl, C3-6alkenyl,
C3-6alkynyl, Co-6alkylC 3-6cycloalkyl, C0-6alkylaryl,
C0- alkylheteroaryl, Co- alkylheterocyclyl are
optionally substituted by A; or R and R may together
form a 4 to 6 membered heterocyclic ring containing
one or more heteroatoms selected fromN, O or S that is
optionally substituted by A; whenever two R8 groups
occur in the structure then they may together form a 5
or 6 membered heterocyclic ring containing one or more
heteroatoms selected from N, O or S, that is
optionally substituted by A;R10 and R1 1 are
independently selected from hydrogen, Ci- 6alkyL
C3-6alkenyl, C3-6alkynyl, Co-6alkylC 3-6cycloalkyl,
C0-6alkylaryl, C0-6alkylheterocyclyl and
C0-6alkylheteroaryl, wherein the C alkyl, C3-6alkenyl,
C3-6alkynyl, C0-6alkylC 3-6cycloalkyl, C0-6alkylaryl,
C0- 6alkylheteroaryl or Co- alkylheterocyclyl are
optionally substituted by A; or R10 and R1 1 may
together form a 4 to 6 membered heterocyclic ring
containing one or more heteroatoms selected from N, O
or S optionally substituted by A; n is 0, 1, or 2 A is
selected from oxo, halogen, nitro, CN, OR12 ,
C1-6alkyl, C2-6alkenyl, C2-6alkynyl, C0- 6alkylaryl,
C0-6alkylheteroaryl, C0-6alkylC 3-6cycloalkyl, Co-
alkylheterocyclyl, fluoromethyl, difluoromethyl,
trifluoromethyl, fluoromethoxy, difluoromethoxy,
trifluoromethoxy, OC2-6alkylNR 12R13 NR12R13 , CONR
12R13 , NR 12(CO)R 13, 0(CO)C 1- balkyl, (CO)OC
1-6alkyl, COR 12 , (SO2)NR 12R13 NSO 2R12 , SO2R12,
SOR 12 , (CO)C 1- 6alkylNR 12R13, (SO2)C1-6alkylNR
12R13, OSO2R 12 , SO3R12 wherein the C1-6alkyl, C2-
6alkenyl, C2-6alkynyl, Co-6alkylaryl,
C0-6alkylheteroaryl, Co- alkylheterocyclyl and C0-
6alkylC 3-6cycloalkyl groups may be optionally
substituted with halo, OSO 2R12, SO R12 , nitro,
cyano, OR12, C1-6alkyl, fluoromethyl, difluoromethyl,
trifluoromethyl, fluoromethoxy, difluoromethoxy and
trifluoromethoxy; R12 and R13 are independently
selected from hydrogen, C1-6alkyl, C3-6CyClOaIlCyI,
aryl, heteroaryl or heterocyclyl wherein said
C1-6alkyl, C3-6cycloalkyl, aryl, heteroaryl or
heterocyclyl is optionally substituted by one or two
hydroxy, cyano, halo or Ci-3alkyloxy; or R12 and R13
may together form a 4 to 6 membered heterocyclic ring
containing one or more heteroatoms selected from N, O
or S optionally substituted by hydroxy, cyano, C1-
3alkyloxy or halo; as a free base or a
pharmaceutically acceptable salt, solvate or solvate
of a salt thereof.In another aspect of the invention,
there is provided a compound of formula I, wherein R1
is selected from C1-6alkyl, C3-6alkenyl, C3-6alkynyl,
C3-6cycloalkyl, C5-7cycloalkenyl, aryl, heteroaryl,
heterocyclyl, C1-6alkylC3-6cycloalkyl, C1-6alkylaryl,
C^alkylheteroaryl or C1-6alkylheterocyclyl wherein the
C1-6alkyl, C3-6alkenyl, C3-6alkynyl, C3-6cycloalkyl,
C5- 7cycloalkenyl, aryl, heteroaryl, heterocyclyl,
C1-6alkylC3-6cycloalkyl, C1-6alkylaryl, C1-
6alkylheteroaryl or is optionally substituted with one
or two A; R2 is selected from -Q-aryl and
-Q-heteroaryl, wherein said -Q-aryl or -Q-heteroaryl
is optionally substituted by one, two or three R7; -Q-
is a direct bond, -CONH-, -CO-, -CON(C1-6alkyl)-,
-CON(C3-6cycloalkyl)-, -NHCO-, - N(C1-6alkyl)CO- or
-N(C3-6cycloalkyl)CO-; R3 is (C(R4)(R5))nR6; R6 is
selected aryl or heteroaryl wherein each of the said
aryl or heteroaryl is optionally substituted with
between one and four R7, and wherein any of the
individual aryl or heteroaryl groups may be optionally
fused with a 4, 5, 6 or 7 membered cycloalkyl,
cycloalkenyl or heterocyclyl group to form a bicyclic
ring system where the bicyclic ring system is
optionally substituted with between one and three A
with the proviso that the bicyclic ring is not an
indane, benzo[l,3]dioxole or
2,3-dihydrobenzo[l,4]-dioxine ring system; R7 is
selected from halogen, nitro, C0-6alkylCN,
OC1-6alkylCN, C0-6alkylOR8, OC2-6alkylOR8,
fluoromethyl, difluoromethyl, trifluoromethyl,
fluoromethoxy, difluoromethoxy, trifluoromethoxy,
OSO2R8, Co-6alkylaryl and C0-6alkylheteroaryl, wherein
any C0-6alkylaryl or C0-6alkylheteroaryl may be
optionally substituted by one or more R14 , and
wherein any of the individual aryl or heteroaryl
groups may be optionally fused with a 4, 5 6 or 7
membered cycloalkyl, cycloalkenyl or heterocyclyl
group to form a bicyclic ring system where the
bicyclic ring system is optionally substituted with
between one and three A with the proviso that said
bicyclic ring system is not an indane,
benzo[l,3]dioxole or 2,3-dihydrobenzo[l,4]-dioxine
ring system;R14 is selected from halogen, nitro,
C0-6alkylCN, OC1-6alkylCN, C0-6alkylOR8,
OCi-6alkylOR8, fluoromethyl, difluoromethyl,
trifluoromethyl, fluoromethoxy, difluoromethoxy,
trifluoromethoxy, C0-6alkylCO2R8, C0-6alkylNR8 (CO)R9,
OR8, 0(CO)R 8, C0-6alkylCOR8, OSO2R8,
OSO2R8R9C1-6alkyl; R8 and R9 are independently
selected from hydrogen, C^aUcyl, C3~6alkenyl,
C3-6alkynyl, fluoromethyl, difluoromethyl,
trifluoromethyl, Co-6alkylC3-6cycloalkyl,
C0-6alkylaryl, C0- 6alkylheteroaryl,
Co-ealkylheterocyclyl, Co-ealkylNR^R11 and
d-ealkylNR^R 11, wherein the Cr alkyl, C3-6alkenyl,
C3-6alkynyl, C0-6alkylC3-6cycloalkyl, C0-6alkylaryl,
Co- 6alkylheteroaryl, Co-galkylheterocyclyl are
optionally substituted by A; or R and R may together
form a 4 to 6 membered heterocyclic ring containing
one or more heteroatoms selected from N, O or S that
is optionally substituted by A; whenever two R8 groups
occur in the structure then they may together form a 5
or 6 membered heterocyclic 



ring containing one or more heteroatoms selected from
N, O or S, that is optionally substituted by A; R10
and R11 are independently selected from hydrogen or
Ci- alkyl; or R10 and R11 may together form a 4 to 6
membered heterocyclic ring containing one or more
heteroatoms selected from N, O or S optionally
substituted by A; n is 0; A is selected from oxo,
halogen, nitro, CN, OR12 , C1-6alkyl, C2-6alkenyl,
C2-6alkynyl, C0- 6alkylaryl, C0-6alkylheteroaryl,
C0-6alkylC3-6cycloalkyl, C0-6aUcylheterocyclyl,
fluoromethyl, difluoromethyl, trifluoromethyl,
fluoromethoxy, difluoromethoxy, trifluoromethoxy and
COR12 ; R12 and R13 are independently selected from
hydrogen and C1-6alkyl;as a free base or a
pharmaceutically acceptable salt, solvate or solvate
of a salt thereof. In another aspect of the invention,
there is provided a compound of formula I, wherein R1
is Ci- alkyl. A compound according to any one of
claims 1 to 4, wherein -Q- in R2 represents a direct
bond. In another aspect of the invention, there is
provided a compound of formula I, wherein R2 is
-Q-aryl, said aryl, optionally is substituted with R7.
In another aspect of the invention, there is provided
a compound of formula I, wherein R2 is -Q-heteroaryl,
said heteroaryl, being optionally substituted by one,
two or three R7. In another aspect of the invention,
there is provided a compound of formula I, wherein R7
is selected from OSO2R8 and Co-6alkylaryl and wherein
said C0-6alkylaryl may be optionally substituted by
one or more R14, and wherein any of the individual
aryl groups may be optionally fused with a 4, 5, 6 or
7 membered cycloalkyl, a 5, 6 or 7 membered
cycloalkenyl or heterocyclyl group to form a bicyclic
ring system where the bicyclic ring system is
optionally substituted with between one and three A.
In another aspect of the invention, there is provided
a compound of formula I5wherein R7 is selected from
halogen, nitro, Co-6alkylCN, OC2-6alkylOR8,
trifluoromethyl, fluoromethoxy, trifluoromethoxy,
OSO2R , Co-6alkylaryl and Co-6alkylheteroaryl, wherein
any C0-6alkylaryl or C0-6alkylheteroaryl may be
optionally substituted by one or more R14 , and
wherein any of the individual aryl or heteroaryl
groups may be optionally fused with a 4, 5, 6 or 7
membered cycloalkyl, cycloalkenyl or heterocyclyl
group to form a bicyclic ring system where the
bicyclic ring system is optionally substituted with
between one and three A. In one embodiment of this
aspect, there is provided a compound of formula I
wherein said C0-6alkylaryl represents phenyl.In
another aspect of the invention, there is provided a
compound of formula I, wherein said R14 represents
C0-6alkylOR8OrOSO2R8. In another aspect of the
invention, there is provided a compound of formula I,
wherein said s R14 is selected from halogen, nitro,
Co_6alkylCN, C0.6alkylOR8, fluoromethyl,
difluoromethyl, trifluoromethyl, fluoromethoxy,
difluoromethoxy, trifluoromethoxy, C0-6alkylCO2R8,
C0-6alkylNR8 (CO)R9, OR8, 0(CO)R 8, C0-6alkylCOR8,
OSO2R8 and OSO2R8R9C1-6alkyl. o In another aspect of
the invention, there is provided a compound of formula
I, wherein said R represents C^alkyl or
trifluoromethyl. In another aspect of the invention,
there is provided a compound of formula I, wherein
said R8 and R9 are independently selected from
hydrogen, Ci- alkyl, trifluoromethyl, Cos alkylaryl
and Co-6alkylNRloRp , wherein the Ci- alkyl, or
Co-6alkylaryl, C0- 6alkylheteroaryl, Co-
alkylheterocycryl are optionally substituted by A; or
R8 and R9 may together form a 4 to 6 membered
heterocyclic ring containing one or more heteroatoms
selected from N, O or S. 0 In another aspect of the
invention, there is provided a compound of formula I,
wherein n is O. In another aspect of the invention,
there is provided a compound of formula I, wherein A
is selected from OR12 , C^alkyl and COR12 ; and R12 is
C1-6alkyl. S In another aspect of the invention, there
is provided a compound of formula I, wherein R6 is
aryl, wherein said aryl is optionally substituted with
between one and four R , and wherein said aryl may be
optionally fused with a 4, 5, 6 or 7 membered
cycloalkyl, a 5, 6 or 7 membered cycloalkenyl or
heterocyclyl group to form a bicyclic ring system
where 0 the bicyclic ring system is optionally
substituted with between one and three A.In another
aspect of the invention, there is provided a compound
of formula I, wherein R7 is selected from OSO2R8 and
C0-6alkylaryl and wherein said C0-6alkylaryl may be
optionally substituted by one or more R14 . In another
aspect of the invention, there is provided a compound
of formula I3wherein said R14 represents
C0-6alkylOR8or OSO2R8. In another aspect of the
invention, there is provided a compound of formula I,
wherein said aryl may be optionally fused with a 5 or
6 membered heterocyclyl group to form a bicyclic ring
system where the bicyclic ring system is optionally
substituted with between one and three A. In another
aspect of the invention, there is provided a compound
of formula I, wherein said A is COR12 and R12 is
C1-6alkyl. In another aspect of the invention, there
is provided a compound of formula I, wherein R6 is
selected from aryl or heteroaryl wherein each of the
said aryl or heteroaryl is optionally substituted with
between one and four R7, and wherein any of the
individual aryl or heteroaryl groups may be optionally
fused with a 4, 5, 6 or 7 membered cycloalkyl or
heterocyclyl group to form a bicyclic ring system
where the bicyclic ring system is optionally
substituted with between one and three A. In another
aspect of the invention, there is provided a compound
of formula I, wherein R7 is selected from halogen,
nitro, C0-6alkylCN, OC2-6alkylOR8, trifluoromethyl,
fluoromethoxy, trifluoromethoxy, OSO2R8, C0-6alkylaryl
and C0-6alkylheteroaryl, wherein any C0-6alkylaryl or
Co-6alkylheteroaryl may be optionally substituted by
one or more R14 , and wherein any of the individual
aryl or heteroaryl groups may be optionally fused with
a 4, 5, 6 or 7 membered cycloalkyl, cycloalkenyl or
heterocyclyl group to form a bicyclic ring system
where the bicyclic ring system is optionally
substituted with between one and three A.In another
aspect of the invention, there is provided a compound
of formula I, wherein R14 is selected from halogen,
nitro, C0-6alkylCN, C0-6alkylOR8, fluoromethyl,
difluoromethyl, trifluoromethyl, fluoromethoxy,
difluoromethoxy, trifluoromethoxy, Co-6alkylC0 2R8,
C0-6alkylNR8 (CO)R9, OR8, C0-6alkylCOR8, OSO2R8and
OSO2R8R9C1-6alkyl. In another aspect of the invention,
there is provided a compound of formula I, wherein R8
and R9 are independently selected from hydrogen, Cr
6alkyl, trifluoromethyl, C0-6alkylaryl,
Co-6alkylNRloRn , wherein the Ci-6alkyl or
C0-6alkylaryl, are optionally substituted by A; or R
and R may together form a 4 to 6 membered heterocyclic
ring containing one or more heteroatoms selected from
N3O or S. In another aspect of the invention, there is
provided a compound of formula I, wherein R10 and R11
are independently selected from hydrogen or d - alkyl;
or R10 and R11 may together form a 4 to 6 membered
heterocyclic ring containing one or more heteroatoms
selected from N, O or S. In another aspect of the
invention, there is provided a compound of formula I,
wherein A is selected from OR12, C1-6alkyl, and COR12
. In another aspect of the invention, there is
provided a compound of formula I, wherein R12 is
C1-6alkyl. Another embodiment of the present invention
provides compounds of formula I comprising the
following:
2-Amino-5-(3-bromophenyl)-3-methyl-5-phenyl-3,5-dihydr
o-imidazol-4-one;
5-[3-(2-Acetyl-1,2,3,4-tetrahydroisoquinolin-7-yl)phen
yl]-2-amino-3-methyl-5-phenyl-3,5-
dihydro-4H-imidazol-4-one;
5-[3-(2-Acetyl-l,2,3,4-tetrahydroisoquinolin-7-yl)phen
yl]-2-amino-3-methyl-5-phenyl-3,5-
dihydro-4H-imidazol-4-one hydrochloride;
5-[3-(l-Aceryl-2,3-dihydro-lH-indol-5-yl)phenyl]-2-ami
no-3-methyl-5-phenyl-3,5- dihydro-4H-imidazol-4-one;
5-[3-(I -Acetyl-2,3-dihydro- 1H-indol-5-yl)phenyl]
-2-amino-3-methyl-5-phenyl-3 ,5-
dihydro-4H-imidazol-4-one hydrochloride;
2-Amino-5-[3-(2,3-dihydro-l-benzofuran-6-yl)phenyl]-3-
methyl-5-phenyl-3,5-dihydro- 4H-imidazol-4-one;
2-Amino-5-[3-(2,3-dihydro-l-benzoruran-6-yl)phenyl]-3-
methyl-5-phenyl-3,5-dihydro- 4H-imidazol-4-one
hydrochloride;
4-[2-Amino-4-(3'-methoxybiphenyl-3-yl)-l-methyl-5-oxo-
4,5-dihydro-lH-imidazol-4- yljphenyl methanesulfonate;
4-[2-Amino-4-(3'-methoxybiphenyl-3-yl)-l-methyl-5-oxo-
4,5-dihydro-lH-imidazol-4- yl]phenyl methanesulfonate
hydrochloride; 4-[2-Amino-4-(3 '-methoxybiphenyl-3
-yI)-1-methy 1-5-oxo-4, 5-dihydro- 1H-imidazoI-4-
yl]phenyl trifluoromethanesulfonate;
4-[2-Amino-4-(3'-methoxybiphenyl-3-yl)-l-methyl-5-oxo-
4,5-dihydro-lH-imidazol-4- yl]phenyl
trifluoromethanesulfonate hydrochloride;
2-Amino-5-(3'-hydroxybiphenyl-3-yl)-3-methyl-5-phenyl-
3,5-dihydro-4H-imidazol-4-one; 3'-(2-Amino-
1-methyl-5-oxo-4-pheny 1-4,5-dihydro-
1H-imidazol-4-yl)biphenyl-3 -yl
trifluoromethanesulfonate hydrochloride;
2-Amino-5-(2'-hydroxy-5'-methoxybiphenyl-3-yl)-3-methy
l-5-phenyl-3,5-dihydro-4Himidazol- 4-one;
3'-(2-Amino-l-methyl-5-oxo-4-phenyl-4,5-dihydro-lH-imi
dazol-4-yl)-5- methoxybiphenyl-2-yl
trifluoromethanesulfonate hydrochloride;
3-(2-Amino-l-methyl-5-oxo-4-phenyl-4,5-dihydro-lH-imid
azol-4-yl)phenyl methanesulfonate hydrochloride;
2-Amino-5-(3-hydroxyphenyl)-3-methyl-5-phenyl-3,5-dihy
dro-4H-imidazol-4-one; 3-(2-Amino-
1-methyl-5-oxo-4-phenyl-4,5-dihydro-lH-imidazol-4-yl)p
henyl trifluoromethanesulfonate hydrochloride;
2-Amino-5-(3-bromo-4-hydroxyphenyl)-3-methyl-5-phenyl-
3,5-dihydro-4H-imidazol-4- one;
2-Amino-5-(6-hydroxy-3'-methoxybiphenyl-3-yl)-3-methyl
-5-phenyl-3,5-dihydro-4Himidazol- 4-one;
5-(2-Amino-l-methyl-5-oxo-4-phenyl-4,5-dihydro-lH-imid
azol-4-yl)-3'- methoxybiphenyl-2-yl
trifluoromethanesulfonate;
3-[2-Amino-4-(3'-methoxybiphenyl-3-yl)-l-methyl-5-oxo-
4,5-dihydro-lH-imidazol-4- yljphenyl
trifluoromethanesulfonate hydrochloride;
3-[2-Amino-4-(3'-methoxybiphenyl-3-yl)-l-methyl-5-oxo-
4,5-dihydro-lH-imidazol-4- yl]phenyl methanesulfonate
hydrochloride;
2-Amino-5-[3-(2,3-dihydro-l-benzofuran-5-yl)phenyl]-3-
methyl-5-phenyl-3,5-dihydro- 4H-imidazol-4-one ;
2-Amino-5-[3-(2,3-dihydro-l-benzoruran-5-yl)phenyl]-3-
methyl-5-phenyl-3,5-dihydro- 4H-imidazol-4-one
hydrochloride;
2-Amino-5-(2,3-dihydro-l-benzofuran-5-yl)-3-methyl-5-p
henyl-3,5-dihydro-4H-imidazol- 4-one;
2-Amino-5-(2,3-dihydro-l-benzofuran-5-yl)-3-methyl-5-p
henyl-3,5-dihydro-4H-imidazol- 4-one hydrochloride;
(R)-4-[2-amino-4-(3'-methoxybiphenyl-3-yl)-l-methyl-5-
oxo-4,5-dihydro-lH-imidazol-4- yljphenyl
methanesulfonate hydrochloride;
(S)-4-[2-amino-4-(3'-rnethoxybiphenyl-3-yl)-l-methyl-5
-oxo-4,5-dihydro-lH-imidazol-4- yl]phenyl
methanesulfonate hydrochloride;
2-Amino-3-methyl-5-[3-(4-methyl-3,4-dihydro-2H-l,4-ben
zoxazin-7-yl)phenyl]-5-phenyl-
3,5-dihydro-4H-imidazol-4-one; 2-Amino-3 -methyl-5
-[3-(4-methyl-3 ,4-dihydro-2H-
1,4-benzoxazin-7-yl)phenyl] -5-phenyl-
3,5-dihydro-4H-imidazol-4-one hydrochloride;
5-[3-(2-Acetyl-l,2,3,4-tetrahydroisoquinolin-5-yl)phen
yl]-2-amino-3-methyl-5-phenyl-3,5-
dihydro-4H-imidazol-4-one; 5-[3-(2-Acetyl-
1,2,3,4-tetrahydroisoquinolin-5 -yl)phenyl] -2-amino-3
-methyl-5-phenyl-3 ,5- dihydro-4H-imidazol-4-one
hydrochloride;
(R)-4-[2-amino-4-(3'-methoxybiphenyl-3-yl)-l-methyl-5-
oxo-4,5-dihydro-lH-imidazol-4- yl]phenyl
trifluoromethanesulfonate hydrochloride;
(S)-4-[2-amino-4-(3'-methoxybiphenyl-3-yl)-l-methyl-5-
oxo-4,5-dihydro-lH-imidazol-4- yl]phenyl
trifluoromethanesulfonate hydrochloride;
2-Amino-3-methyl-5-(4-methyl-3
54-dihydro-2H-l,4-benzoxazhi-7-yl)-5-phenyl-3,5-
dihydro-4H-imidazol-4-one acetic acid salt;
2-Amino-3-methyl-5-phenyl-5-(5,6,7,8-tetrahydronaphtha
len-2-yl)-3,5-dihydro-4Himidazol- 4-one hydrochloride;
5-(l-Acetyl-2,3-dihydro-lH-indol-5-yl)-2-amino-3-methy
l-5- rhenyl-3,5-dihydro-4Himidazol- 4-one
hydrochloride; 5-[3-(l-Acetyl-2
53-dihydro-lH-indol-4-yl)phenyl]-2-amino-3-methyl-5-ph
enyl-3,5- dihydro-4H-imidazol-4-one hydrochloride;
2-Amino-5-[3-(3,4-dihydro-2H-chromen-8-yl)phenyl]-3-me
thyl-5- rhenyl-3,5-dihydro-4Himidazol- 4-one acetic
acid salt;
3'-(2-Amino-l-methyl-5-oxo-4-pyridin-4-yl-4,5-dihydro-
lH-imidazol-4-yl)-5-
methoxybiphenyl-3-ylmethanesulfonate;
3'-(2-Amino-l-methyl-5-oxo-4-pyridin-2-yl-4,5-dihydro-
lH-imidazol-4-yl)-5- methoxybiphenyl-3-yl
methanesulfonate;
3'-[2-Amino-l-methyl-5-oxo-4-(l,3-thiazol-5-yl)-4,5-di
hydro-lH-imidazol-4-yl]-5- methoxybiphenyl-3-yl
methanesulfonate;
3'-[2-Amino-l-methyl-5-oxo-4-(l,3-thiazol-4-yl)-4
35-dihydro-lH-imidazol-4-yl]-5- methoxybiphenyl-3-yl
methanesulfonate;
4-[2-Amino-4-(3-bromophenyl)-l-methyl-5-oxo-4,5-dihydr
o-lH-imidazol-4-yl]phenyl methanesulfonate;
4-[2-Amino-
1-methyl-5-oxo-4-(3-pyridin-3-ylphenyl)-4,5-dihydro-
lH-imidazol-4- yl]phenyl methanesulfonate 0.25
acetate;
4-[2-Amino-4-(3-bromophenyl)-l-methyl-5-oxo-4,5-dihydr
o-lH-imidazol-4-yl]phenyl 2- methoxyethanesulfonate;
4-[2-Amino-4-(3-bromophenyl)-l-methyl-5-oxo-4,5-dihydr
o-lH-imidazol-4-yl]phenyl propane- 1-sulfonate;
4-[2-Amino-4-(5'-chloro-2'-methoxybiphenyl-3-yi)-
1-methyl-5-oxo-4,5-dihydro- IHimidazol- 4-yl]phenyl
methanesulfonate 0.25 acetate;
4-[2-Amino-4-(5'-fluoro-2
l-methylbiphenyl-3-yl)-l-methyl-5-oxo-4,5-dihydro-lHim
idazol- 4-yl]phenyl methanesulfonate; Methyl
3'-(2-amino-l-methyl-4-{4-[(methylsulfonyl)oxy]phenyl}
-5-oxo-4,5-dihydro-lHimidazol-
4-yl)biphenyl-3-carboxylate;
4-{2-Amino-4-[3-(l,3-benzodioxol-5-yl)phenyl]-l-methyl
-5-oxo-4,5-dihydro-lHimidazol- 4-yl}phenyl
methanesulfonate;
4-{2-Amino-4-[3-(lH-indol-5-yl)phenyl]-l-methyl-5-oxo-
4,5-dihydro-lH-imidazol-4- yl}phenyl methanesulfonate
0.25 acetate;
4-[2-Amino-4-(3'-cyanobiphenyl-3-yl)-l-methyl-5-oxo-4,
5-dihydro-lH-imidazol-4- yljphenyl methanesulfonate;
4-{2-Amino-1-methyl-5-oxo-4-[3'-(trifluorometlioxy)bip
henyl-3-yl]-4,5-dihydro-1Himidazol- 4-yl}phenyl
methanesulfonate; 



4-{2-Amino-4-[3-(2-formyl-3-thienyl)phenyl]-l-methyl-5
-oxo-4,5-dihydro-lH-imidazol- 4-yl}phenyl
methanesulfonate;
4-{2-Amino-4-[3-(5-formyl-2-thienyl)phenyl]-l-methyl-5
-oxo-4,5-dihydro-lH-imidazol- 4-yl}phenyl
methanesulfonate;
4-{2-Amino-4-[3-(2-chloropyridin-4-yl)rhenyl]-l-methyl
-5-oxo-4,5-dihydro-lH-imidazol- 4-yl}phenyl
methanesulfonate;
4-{4-[3'-(Acetylamino)biphenyl-3-yl]-2-amino-l-methyl-
5-oxo-4,5-dihydro-lH-imidazol- 4-yl}phenyl
methanesulfonate 0.25 acetate;
4-[2-Amino-l-methyl-4-(3'-nitrobiphenyl-3-yl)-5-oxo-4,
5-dihydro-lH-imidazol-4- yl]rhenyl propane-
1-sulfonate;
4-[2-Amino-4-(3'-cyanobiphenyl-3-yl)-l-methyl-5-oxo-4,
5-dihydro-lH-imidazol-4- yl]phenyl propane-
1-sulfonate;
4-[2-Amino-4-(2',5'-dimethoxybiphenyl-3-yl)-l-methyl-5
-oxo-4,5-dihydro-lH-imidazol-4- yl]phenyl propane-
1-sulfonate;
4-[2-Amino-4-(3'-ethoxybiphenyl-3-yl)-l-methyl-5-oxo-4
,5-dihydro-lH-imidazol-4- yljphenyl propane-
1-sulfonate;
4-[2-Amino-4-(2'-fluoro-3'-methoxybiphenyl-3-yl)-l-met
hyl-5-oxo-4,5-dihydro-lHimidazol- 4-yl]phenyl propane-
1-sulfonate;
4-[2-Amino-4-(2'-fluoro-5'-methoxybiphenyl-3-yl)-l-met
hyl-5-oxo-4,5-dihydro-lHimidazol- 4-yl]phenyl propane-
1-sulfonate;
4-[2-Amino-4-(2',6!-difluoro-3'-methoxybiphenyl-3-yl)-
l-methyl-5-oxo-4 55-dihydro-lHimidazol- 4-yl]phenyl
propane- 1-sulfonate;
4-[2-Amino-4-(3'-cyano-4'-fluorobiphenyl-3-yl)-l-methy
l-5-oxo-4,5-dihydro-lH-imidazol- 4-yl]phenyl propane-
1-sulfonate;
4-[2-Amino-4-(5'-cyano-2'-fluorobiphenyl-3-yl)-l-methy
l-5-oxo-4,5-dihydro-lH-imidazol- 4-yl]phenyl propane-
1-sulfonate;
4-[2-Amino-l-methyl-5-oxo-4-(3-pyridin-3-ylphenyl)-4,5
-dihydro-lH-imidazol-4- yl]phenyl propane-
1-sulfonate;
4-{2-Amino-4-[3-(2-fluoropyridin-3-yl)phenyl]-l-methyl
-5-oxo-4,5-dihydro-lH-imidazol- 4-yl}rhenyl propane-
1-sulfonate;
4-{2-Amino-4-[3-(5-chloro-2-fluoropyridin-3-yl)phenyl]
-1-methyl-5-oxo-4,5-dihydro- 1Himidazol- 4-yl}phenyl
propane-l-sulfonate;
4-{2-Amino-4-[3-(6-fluoropyridin-3-yl)phenyl]-1-methyl
-5-oxo-4,5-dihydro- 1H-imidazol- 4-yl}phenyl propane-
1-sulfonate;
4-[2-Amino-l-methyl-5-oxo-4-(3-pyrimidin-5-ylphenyl)-4
,5-dihydro-lH-imidazol-4- yl]phenyl propane-
1-sulfonate;
4-{2-Amino-4-[3-(2-fluoropyridin-4-yl)phenyl]-
1-methyl-5-oxo-4,5-dihydro- lH-imidazol- 4-yl}phenyl
propane-1-sulfonate;
4-{2-Amino-4-[3-(2-chloro-3-fluoropyridin-4-yl)phenyl]
-l-methyl-5-oxo-4,5-dihydro-lHimidazol- 4-yl}phenyl
propane- 1-sulfonate;
4-{2-Amino-4-[3-(2-chloro-5-fluoropyridin-3-yl)phenyl]
- 1-methyl-5-oxo-4,5-dihydro- 1Himidazol- 4-yl}phenyl
propane-1-sulfonate;
4-{2-Amino-4-[3-(2,6-difluoropyridin-3-yl)phenyl]-l-me
thyl-5-oxo-4,5-dih.ydro-lHimidazol- 4-yl}phenyl
propane- 1-sulfonate;
4-[2-Amino-1-methyl-4-(3'-nitrobiphenyl-3-yl)-5-oxo-4,
5-dihydro-1H-imidazol-4- yljphenyl
2-methoxyethanesulfonate;
4-[2-Amino-4-(3'-cyanobiphenyl-3-yl)-l-methyl-5-oxo-4,
5-dihydro-lH-imidazol-4- yl]phenyl
2-methoxyethanesulfonate;
4-[2-Amino-4-(2I,5'-dimethoxybiphenyl-3-yl)-l-methyl-5
-oxo-4,5-dihydro-lH-imidazol-4- yl]phenyl
2-methoxyethanesulfonate;
4-[2-Amino-4-(3'-ethoxybipheny1-3-yl)-1-methyl-5-oxo-4
,5-dihydro-1H-imidazol-4- yl]phenyl
2-methoxyethanesulfonate;
4-[2-Amino-4-(2'-fluoro-3'-methoxybiphenyl-3-yl)-l-met
hyl-5-oxo-4,5-dihydro-lHimidazol- 4-yl]phenyl
2-methoxyethanesulfonate;
4-[2-Amino-4-(2'-fluoro-5'-methoxybiphenyl-3-yl)-l-met
hyl-5-oxo-4,5-dihydro-lHimidazol- 4-yl]phenyl
2-methoxyethanesulfonate;
4-[2-Amino-4-(2',6'-difluoro-3
l-methoxybiphenyl-3-yl)-l-methyl-5-oxo-4,5-dihydro-lHi
midazol- 4-yl]phenyl 2-methoxyethanesulfonate;
4-[2-Amino-4-(3'-cyano-4'-fluorobiphenyl-3-yl)-l-methy
l-5-oxo-4,5-dihydro-lH-imidazol- 4-yl]phenyl
2-methoxyethanesulfonate;
4-[2-Amino-4-(5'-cyano-2'-fluorobiphenyl-3-yl)-l-methy
l-5-oxo-4,5-dihydro-lH-imidazol- 4-yl]phenyl
2-methoxyethanesulfonate;
4-[2-Amino-l-methyl-5-oxo-4-(3-pyridin-3-ylphenyl)-4,5
-dihydro-lH-imidazol-4- yl]phenyl
2-methoxyethanesulfonate;
4-{2-Amino-4-[3-(2-fluoropyridin-3-yl)phenyl]-l-methyl
-5-oxo-4,5-dihydro-lH-imidazol- 4-yl}phenyl
2-methoxyethanesulfonate;
4-{2-Amino-4-[3-(5-chloro-2-fluoropyridin-3-yl)phenyl]
-l-methyl-5-oxo-4,5-dihydro-lHimidazol- 4-yl}phenyl
2-methoxyethanesulfonate;
4-{2-Amino-4-[3-(6-fluoropyridin-3-yl)phenyl]-l-methyl
-5-oxo-4,5-dihydro-lH-imidazol- 4-yl}phenyl
2-methoxyethanesulfonate;
4-[2-Amino-l-methyl-5-oxo-4-(3-pyrimidin-5-ylphenyl)-4
,5-dihydro-lH-imidazol-4- yl]phenyl
2-methoxyethanesulfonate;
4-{2-Amino-4-[3-(2-chloro-3-fluoropyridin-4-yl)phenyl]
-l-methyl-5-oxo-4,5-dihydro-lHimidazol- 4-yl}phenyl
2-methoxyethanesulfonate;
4-{2-Amino-4-[3-(2-chloro-5-fluoropyridin-3-yl)phenyl]
-l-methyl-5-oxo-4,5-dihydro-lHimidazol- 4-yl}phenyl
2-methoxyethanesulfonate; 4-{2-Amino-4-
[3-(2,6-difluoropyridin-3
-yl)phenyl]-1-methy1-5-oxo-4,5-dihydro- 1Himidazol-
4-yl}phenyl 2-methoxyethanesulfonate;
5-(4-Hydroxyphenyl)-3-methyl-5-(3-phenoxyphenyl)-2-thi
oxoimidazolidin-4-one;
4-(2-Amino-4-{3'-methoxy-5'-[(methylsulfonyl)oxy]biphe
nyl-3-yl}-l-methyl-5-oxo-4,5-
dihydro-lH-imidazol-4-yl)phenylpropane-l-sulfonate;
4-{2-Amino-4-[3-(5-fluoropyridin-3-yl)phenyl]-l-methyl
-5-oxo-4,5-dihydro-lH-imidazol- 4-yl}phenyl propane-
1-sulfonate;
4-[2-Amino-4-(4'-fluoro-3'-methoxybiphenyl-3-yl)-l-met
hyl-5-oxo-4,5-dihydro-lHimidazol- 4-yl]phenyl propane-
1-sulfonate;
4-{2-Amino-4-[3-(5-fluoropyridin-3-yl)phenyl]-l-methyl
-5-oxo-4,5-dihydro-lH-imidazol- 4-yl}phenyl
2-methoxyethanesulfonate;
4-[2-Amino-4-(4'-fluoro-3'-methoxybiphenyl-3-yl)-l-met
hyl-5-oxo-4,5-dihydro-lHimidazol- 4-yl]phenyl
2-methoxyethanesulfonate;
4-[2-Amino-l-methyl-5-oxo-4-(3-pyrazin-2-ylphenyl)-4,5
-dihydro-lH-imidazol-4- yl]phenyl
2-methoxyethanesulfonate 0.25 acetate;
4-[2-Amino-1-methyl-5-oxo-4-(3-pyrazm-2-ylphenyl)-4,5-
dihydro- lH-imidazol-4- yl]phenyl propane-1-sulfonate
0.25 acetate;
(R)-4-[2-Amino-l-methyl-5-oxo-4-(3-pyridin-3-ylphenyl)
-4,5-dihydro-lH-imidazol-4- yl]phenyl
methanesulfonate;
(S)-4-[2-Amino-l-methyl-5-oxo-4-(3-pyridin-3-ylphenyl)
-4,5-dihydro-lH-imidazol-4- yl]phenyl
methanesulfonate;
3'-(2-Amino-l-methyl-5-oxo-4-phenyl-4,5-dihydro-lH-imi
dazol-4-yl)-5- methoxybiphenyl-3-yl methanesulfonate
hydrochloride;
3-[2-Amino-4-(3-bromophenyl)-l-methyl-5-oxo-4,5-dihydr
o-lH-imidazol-4-yl]phenyl methanesulfonate;
3-[2-Amino-4-(3-bromophenyl)-l-methyl-5-oxo-4,5-dihydr
o-lH-imidazol-4-yl]phenyl 2- methoxyethanesulfonate;
3-[4-(3-Bromophenyl)-l-methyl-5-oxo-2-thioxoimidazolid
in-4-yl]phenylpropane-lsulfonate;
3-[2-Amino-4-(3-bromophenyl)-l-methyl-5-oxo-4,5-dihydr
o-lH-imidazol-4-yl]phenyl propane-1-sulfonate;
3-[4-(3-Bromophenyl)-1-methyl-5-oxo-2-thioxoimidazolid
in-4-yl]pheny1propane-2- sulfonate;
3-[2-Amino-4-(3-bromophenyl)-l-methyl-5-oxo-4,5-dihydr
o-lH-imidazol-4-yl]phenyl propane-2-sulfonate;
3-[4-(3-Bromophenyl)-l-methyl-5-oxo-2-thioxoimidazolid
in-4-yl]phenyl cyclopropanesulfonate;
3-[2-Amino-4-(3-bromophenyl)-l-methyl-5-oxo-4,5-dihydr
o-lH-imidazol-4-yl]phenyl cyclopropanesulfonate;
3-[4-(3-Bromophenyl)-1-methyl-5-oxo-2-thioxoimidazolid
in-4-yl]phenyl dimethylsulfamate;
3-[2-Amino-4-(3-bromophenyl)-l-methyl-5-oxo-4,5-dihydr
o-lH-imidazol-4-yl]phenyl dimethylsulfamate;
3-[4-(3-Bromophenyl)-1-methyl-5-oxo-2-thioxoimidazolid
in-4-yl]phenyl morpholine-4- sulfonate;
3-[2-Amino-4-(3-bromophenyl)-l-methyl-5-oxo-4,5-dihydr
o-lH-imidazol-4-yl]phenyl morpholine-4-sulfonate;
3-[4-(3-Bromophenyl)-l-methyl-5-oxo-2-thioxoimidazolid
in-4-yl]phenyl ethanesulfonate;
3-[2-Amino-4-(3-bromophenyl)-l-methyl-5-oxo-4,5-dihydr
o-lH-imidazol-4-yl]phenyl ethanesulfonate;
2-Amino-5-(3-bromophenyl)-5-(3-hydroxyphenyl)-3-methyl
-3,5-dihydro-4H-imidazol-4- one;
3-{2-Amino-4-[3-(5-methoxypyridin-3-yl)phenyl]-l-metli
yl-5-oxo-4,5-dihydro-lHimidazol- 4-yl}phenyl
ethanesulfonate 0.75 acetate;
4-{2-Amino-4-[3-(5-methoxypyridm-3-yl)phenyl]-l-methyl
-5-oxo-4,5-dihydro-lHimidazol- 4-yl}phenyl
methanesulfonate acetic acid;
2-Amino-5-[3-(2-fluoropyridin-3-yl)phenyl]-5-(3-hydrox
yphenyl)-3-methyl-3,5-dihydro- 4H-imidazol-4-one;
2-Amino-5-(3-hydroxyphenyl)-3-methyl-5-(3-pyrimidin-5-
ylphenyl)-3,5-dihydro-4Himidazol- 4-one;
2-Amino-5-(3-hydroxyphenyl)-3-methyl-5-(3-pyridin-3-yl
plienyl)-3,5-dihydro-4Himidazol- 4-one;
2-Amino-5-(3-hydroxyphenyl)-5-[3-(5-methoxypyridin-3-y
l)phenyl]-3-methyl-3,5- dihydro-4H-imidazol-4-one;
3-{2-Araino-4-[3-(2-fluoropyridin-3-yl)phenyl]-l-methy
l-5-oxo-4,5-dihydro-lH-imidazol- 4-yl}phenyl
trifluoromethanesulfonate hydrochloride;
3-[2-Amino-l-methyl-5-oxo-4-(3-pyrimidin-5-ylphenyl)-4
,5-dihydro-lH-imidazol-4- yl]phenyl
trifluoromethanesulfonate hydrochloride;
3-[2-Amino-l-methyl-5-oxo-4-(3-pyridin-3-ylphenyl)-4,5
-dihydro-lH-imidazol-4- yl]phenyl
trifluoromethanesulfonate hydrochloride;
3-{2-Amino-4-[3-(5-methoxypyridin-3-yl)phenyl]-l-methy
l-5-oxo-4,5-dihydro-lHimidazol- 4-yl}phenyl
trifluoromethanesulfonate hydrochloride;
(R)-3'-(2-amino-l-methyl-5-oxo-4-phenyl-4,5-dihydro-lH
-imidazol-4-yl)-5- methoxybiphenyl-3-yl
methanesulfonate hydrochloride; (S)-
3'-(2-amino-l-methyl-5-oxo-4-phenyl-4,5-dihydro-lH-imi
dazol-4-yl)-5- methoxybiphenyl-3-yl methanesulfonate
hydrochloride;
4-[2-Amino-4-(3',5'-dichlorobiphenyl-3-yl)-
1-methyl-5-oxo-4,5-dihydro- lH-imidazol-4- yljphenyl
methanesulfonate hydrochloride;
3-[2-Amino-l-methyl-5-oxo-4-(3-pyridin-3-ylphenyl)-4,5
-dihydro-lH-imidazol-4- yl]phenyl methanesulfonate;
3-{2-Amino-4-[3-(6-fluoropyridin-3-yl)phenyl]-l-methyl
-5-oxo-4,5-dihydro-lH-imidazol- 4-yl}phenyl
methanesulfonate;
3-{2-Amino-4-[3-(2-fluoropyridin-3-yl)phenyl]-l-methyl
-5-oxo-4,5-dihydro-lH-imidazol- 4-yl}phenyl
methanesulfonate;
3-{2-Amino-4-[3-(5-chloro-2-fluoropyridin-3-yl)phenyl]
-l-methyl-5-oxo-4 35-dihydro-lHimidazol- 4-yl}phenyl
methanesulfonate;
3-[2-Amino-l-methyl-5-oxo-4-(3-pyrimidin-5-ylphenyl)-4
,5-dihydro-lH-imidazol-4- yl]phenyl methanesulfonate;
3-[2-Amino-l-methyl-5-oxo-4-(3-pyridin-3-ylphenyl)-4,5
-dihydro-lH-imidazol-4- yl]phenyl propane-1-sulfonate;
3-{2-Amino-4-[3-(6-fluoropyridin-3-yl)phenyl]-l-methyl
-5-oxo-4,5-dihydro-lH-imidazol- 4-yl}phenyl
propane-1-sulfonate;
3-{2-Amino-4-[3-(2-fluoropyridin-3-yl)phenyl]-l-methyl
-5-oxo-4,5-dihydro-lH-imidazol- 4-yl}phenyl
propane-1-sulfonate;
3-{2-Amino-4-[3-(5-chloro-2-fluoropyridin-3-yl)phenyl]
-l-methyl-5-oxo-4,5-dihydro-lHimidazol- 4-yl}phenyl
propane- 1-sulfonate;
3-[2-Amino-l-methyl-5-oxo-4-(3-pyrimidin-5-ylphenyl)-4
,5-dihydro-lH-imidazol-4- yl]phenyl
propane-1-sulfonate;
3-[2-Amino-l-methyl-5-oxo-4-(3-pyridin-3-ylphenyl)-4,5
-dihydro-lH-imidazol-4- yl]phenyl propane-2-sulfonate;
3-{2-Amino-4-[3-(6-fluoropyridin-3-yl)phenyl]-l-methyl
-5-oxo-4,5-dihydro-lH-imidazol- 4-yl}phenyl
propane-2-sulfonate;
3-{2-Amino-4-[3-(2-fluoropyridin-3-yl)phenyl]-l-methyl
-5-oxo-4,5-dihydro-lH-imidazol- 4-yl}phenyl
propane-2-sulfonate;
3-[2-Amino-l-methyl-5-oxo-4-(3-pyrimidin-5-ylphenyl)-4
,5-dihydro-lH-imidazol-4- yl]phenyl
propane-2-sulfonate;
3-[2-Amino-l-methyl-5-oxo-4-(3-pyridin-3-ylphenyl)-4,5
-dihydro-lH-imidazol-4- yl]phenyl
2-methoxyethanesulfonate;
3-{2-Amino-4-[3-(6-fluoropyridin-3-yl)phenyl]-l-methyl
-5-oxo-4,5-dihydro-lH-imidazol- 4-yl}phenyl
2-methoxyethanesulfonate;
3-{2-Amino-4-[3-(2-fluoropyridin-3-yl)phenyl]-l-methyl
-5-oxo-4,5-dihydro-lH-imidazol- 4-yl}phenyl
2-methoxyethanesulfonate;
3-{2-Amino-4-[3-(5-chloro-2-fluoropyridin-3-yl)phenyl]
-l-methyl-5-oxo-4,5-dihydro-lHimidazol- 4-yl}phenyl
2-methoxyethanesulfonate acetate;
3-{2-Amino-4-[3-(5-chloro-2-fluoropyridin-3-yl)phenyl]
-l-methyl-5-oxo-4 :> 5-dihydro-lHimidazol- 4-yl}phenyl
2-methoxyethanesulfonate;
3-[2-Amino-l-methyl-5-oxo-4-(3-pyridin-3-ylphenyl)-4,5
-dihydro-lH-imidazol-4- yl]phenyl dimethylsulfamate;
3-{2-Amino-4-[3-(6-fluoropyridin-3-yl)phenyl]-l-methyl
-5-oxo-4,5-dihydro-lH-imidazol- 4-yl}phenyl
dimethylsulfamate;
3-{2-Amino-4-[3-(5-chloro-2-fluoropyridin-3-yl)phenyl]
-l-methyl-5-oxo-4,5-dihydro-lHimidazol- 4-yl}phenyl
dimethylsulfamate;
3-[2-Amino-l-methyl-5-oxo-4-(3-pyrimidin-5-ylphenyl)-4
,5-dihydro-lH-imidazol-4- yl]phenyl dimethylsulfamate;
3-[2-Amino-l-methyl-5-oxo-4-(3-pyridin-3-ylphenyl)-4,5
-dihydro-lH-imidazol-4- yl]phenyl
cyclopropanesulfonate;
3-{2-Amino-4-[3-(6-fluoropyridin-3-yl)phenyl]-l-methyl
-5-oxo-4,5-dihydro-lH-imidazol- 4-yl}phenyl
cyclopropanesulfonate;
-{2-Amino-4-[3-(2-fluoropyridin-3-yl)phenyl]-1-methyl-
5-oxo-4,5-dihydro-1H-imidazol- 4-yl}phenyl
cyclopropanesulfonate;
3-{2-Amino-4-[3-(5-chloro-2-fluoropyridin-3-yl)phenyl]
-l-methyl-5-oxo-4,5-dihydro-lHimidazol- 4-yl}phenyl
cyclopropanesulfonate;
3-[2-Amino-l-methyl-5-oxo-4-(3-pyrimidin-5-ylphenyl)-4
,5-dihydro-l H-imidazol-4- 



yljphenyl 2-methoxyethanesulfonate acetate;
3-[2-Amino-l-methyl-5-oxo-4-(3-pyridin-3-ylphenyl)-4,5
-dihydro-l H-imidazol-4- yl]phenyl
morpholine-4-sulfonate;
3-{2-Amino-4-[3-(6-fluoropyridin-3-yl)phenyl]-l-methyl
-5-oxo-4,5-dihydro-lH-imidazol- 4-yl}phenyl mof
holine-4-sulfonate;
3-{2-Amino-4-[3-(2-fluoropyridin-3-yl)phenyl]-l-methyl
-5-oxo-4,5-dihydro-lH-imidazol- 4-yl}phenyl
morpholine-4-sulfonate;
3-[2-Amino-l-methyl-5-oxo-4-(3-pyrimidin-5-ylphenyl)-4
,5-dihydro-lH-imidazol-4- yl]phenyl
morpholine-4-sulfonate;
3-{2-Amino-4-[3-(5-methoxypyridin-3-yl)phenyl]-l-methy
l-5-oxo-4,5-dihydro-lHimidazol- 4-yl}phenyl
methanesulfonate;
3-[2-Amino-l-methyl-5-oxo-4-(3-pyrimidin-2-ylphenyl)-4
,5-dihydro-lH-imidazol-4- yljphenyl methanesulfonate;
3-{2-Amino-4-[3-(5-methoxypyridin-3-yl)phenyl]-l-methy
l-5-oxo-4,5-dihydro-lHimidazol-
4-yl}phenylpropane-l-sulfonate;
3-[2-Amino-l-methyl-5-oxo-4-(3-pyrimidin-2-ylphenyl)-4
,5-dihydro-lH-imidazol-4- yl]rhenyl
propane-1-sulfonate;
3-{2-Amino-4-[3-(5-methoxypyridin-3-yl)phenyl]-l-methy
l-5-oxo-4,5-dihydro-lHimidazol- 4-yl}phenyl
propane-2-sulfonate;
3-[2-Amino-l-methyl-5-oxo-4-(3-pyrimidin-2-ylphenyl)-4
,5-diliydro-lH-imidazol-4- yl]phenyl
propane-2-sulfonate;
3-{2-Amino-4-[3-(5-methoxypyridin-3-yl)plienyl]-l-meth
yl-5-oxo-4,5-dihydro-lHimidazol- 4-yl}phenyl
2-methoxyethanesulfonate;
3-{2-Amino-4-[3-(5-methoxypyridin-3-yl)phenyl]-l-methy
l-5-oxo-4,5-dihydro-lHimidazol- 4-yl}phenyl
dimethylsulfamate;
3-[2-Amino-l-methyl-5-oxo-4-(3-pyrimidin-2-ylphenyl)-4
,5-dihydro-lH-iniidazol-4- yljphenyl
dimethylsulfamate;
3-{2-Amino-4-[3-(5-methoxypyridin-3-yl)phenyl]-l-methy
l-5-oxo-4,5-dihydro-lHimidazol- 4-yl}phenyl
cyclopropanesulfonate;
3-[2-Amino-l-methyl-5-oxo-4-(3-pyrimidin-2-ylphenyl)-4
,5-dihydro-lH-imidazol-4- yl]phenyl
cyclopropanesulfonate;
3-[2-Amino-4-(4-methoxyphenyl)-l-methyl-5-oxo-4,5-dihy
dro-lH-imidazol-4-yl]phenyl 3-methoxypropane-1
-sulfonate hydrochloride;
3-[2-Amino-4-(4-methoxyphenyl)-1-methyl-5-oxo-4,5-dihy
dro- 1H-imidazol-4-yl]phenyl methanesulfonate
hydrochloride;
3-[2-Amino-4-(4-methoxyphenyl)-l-methyl-5-oxo-4,5-dihy
dro-lH-imidazol-4-yl]phenyl 2-ethoxyethanesulfonate
hydrochloride;
3-[2-Amino-4-(4-methoxyphenyl)-l-methyl-5-oxo-4,5-dihy
dro-lH-imidazol-4-yl]phenyl 2-methoxyethanesulfonate
hydrochloride;
4-[2-Amino-l-methyl-5-oxo-4-(3-phenoxyphenyl)-4,5-dihy
dro-lH-imidazol-4-yl]phenyl methanesulfonate
hydrochloride;
4-[2-Amino-l-methyl-5-oxo-4-(3-phenoxyphenyl)-4,5-dihy
dro-lH-imidazol-4-yl]phenyl propane- 1-sulfonate
hydrochloride;
4-{2-Amino-4-[3-(3-methoxyphenoxy)phenyl]-l-methyl-5-o
xo-4,5-dihydro-lH-imidazol- 4-yl}phenyl
methanesulfonate hydrochloride;
3-[2-Aamino-4-(3'-methoxybiphenyl-3-yl)-l-methyl-5-oxo
-4,5-dihydro-lH-imidazol-4- yl]phenyl
propane-2-sulfonate hydrochloride;
2-Amino-5-(3'-hydroxy-5'-methoxybiphenyl-3-yl)-3-methy
l-5-phenyl-3,5-dihydro-4Himidazol- 4-one;
3'-(2-Amino-l-methyl-5-oxo-4-phenyl-4,5-dihydro-lH-imi
dazol-4-yl)-5- methoxybiphenyl-3-yl
trifluoromethanesulfonate hydrochloride;
4-{2-Amino-4-[3-(5-methoxypyridin-3-yl)phenyl]-l-methy
l-5-oxo-4,5-dihydro-lHimidazol- 4-yl}phenyl propane-
1-sulfonate hydrochloride;
2-Amino-5-(3-bromophenyl)-5-(6-methoxy-5,6,7,8-tetrahy
dronaphthalen-2-yl)-3-methyl-
3,5-dihydro-4H-imidazol-4-one; 5-(l -Acetyl-1
,2,3,4-tetrahydroquinolin-6-yl)-2-amino-5-(3-bromophen
yl)-3-methyl-3,5- dihydro-4H-imidazol-4-one;
2-Amino-5-(3-bromophenyl)-3-methyl-5-(5,6,7,8-tetrahyd
ronaphthalen-2-yl)imidazolidin- 4-one;
2-Amino-5-(3-bromophenyl)-5-(2,3-dihydro-lH-inden-5-yl
)-3-methylimidazolidin-4-one;
2-Amino-5-(3'-methoxybiphenyl-3-yl)-5-(6-methoxy-5,6,7
,8-tetrahydronaphthalen-2-yl)-3-
methyl-3,5-dihydro-4H-imidazol-4-one 0.25 acetate;
2-Amino-5-(2l-fluoro-5l-methoxybiphenyl-3-yl)-5-(6-met
hoxy-5,6,7,8-
tetrahydronaphthalen-2-yl)-3-methyl-3,5-dihydro-4H-imi
dazol-4-one; 5-(l-Acetyl-l,2,3
4-tetrahydroquinolin-6-yl)-2-amino-5-(3'-methoxybiphen
yl-3-yl)-3- methyl-3,5-dihydro-4H-imidazol-4-one;
5-(l-Acetyl-l,2,3,4-tetrahydroquinolin-6-yl)-2-ammo-5-
(2',5'-dimethoxybiphenyl-3-yl)-3-
methyl-3,5-dihydro-4H-imidazol-4-one 0.25 acetate;
3'-[4-(l-Acetyl-l,2,3,4-tetrahydroquinolin-6-yl)-2-ami
no-l-methyl-5-oxo-4,5-dihydro-lHimidazol-
4-yl]biphenyl-3-carbonitrile;
3'-[4-(l-Acetyl-l,2,3,4-tetrahydroquinolin-6-yl)-2-ami
no-l-methyl-5-oxo-4,5-dihydro-lHimidazol-
4-yl]-4-fluorobiphenyl-3-carbonitrile;
5-(l-Acetyl-l,2,3,4-tetrahydroquinolin-6-yl)-2-amino-5
-(2'-fluoro-5 l-methoxybiphenyl-3-
yl)-3-methyl-3,5-dihydro-4H-imidazol-4-one 0.25
acetate;
5-(l-Acetyl-l,2,3,4-tetrahydroquinolin-6-yl)-2-amino-3
-methyl-5-(3'-nitrobiphenyl-3-yl)-
3,5-dihydro-4H-imidazol-4-one 0.25 acetate;
5-(l-Acetyl-l,2,3,4-tetrahydroquinolin-6-yl)-2-amino-5
-(2'-fluoro-3'-methoxybiphenyl-3-
yl)-3-methyl-3,5-dihydro-4H-imidazol-4-one;
S-Cl-Acetyl-l^^^-teixahydroquinolin- b-y -amino-S- -
-ft y pheny - -methyl- - dihydro-4H-imidazol-4-one;
2-Amino-5-(3'-methoxybiphenyl-3-yl)-3-methyl-5-(5,6,7,
8-tetrahydronaphthalen-2-yl)-3,5-
dihydro-4H-imidazol-4-one;
3'-[2-Amino-l-methyl-5-oxo-4-(5,6,7,8-tetrahydronaphth
alen-2-yl)-4,5-dihydro-lHimidazol-
4-yl]-6-fluorobiphenyl-3-carbonitrile; 2-Amino-5-(2',5
l-dimethoxybiphenyl-3-yl)-3-methyl-5-(5,6,7,8-tetrahyd
ronaphthalen-2- yl)-3,5-dihydro-4H-imidazol-4-one;
2-Amino-5-[3-(l,3-benzodioxol-5-yl)phenyl]-3-methyl-5-
(5,6,7,8-tetrah.ydronaplithalen-2-
yl)-3,5-dihydro-4H-imidazol-4-one 0.25 acetate;
2-Amino-5-(3'-ethoxybiphenyl-3-yl)-3-methyl-5-(5,6,7,8
-tetrahydronaphthalen-2-yl)-3,5-
dihydro-4H-imidazol-4-one;
3'-[2-Amino-l-methyl-5-oxo-4-(5,6,7,8-tetrahydronaphth
alen-2-yl)-4,5-dihydro-lHimidazol-
4-yl]biphenyl-3-carbonitrile;
3'-[2-Amino-l-methyl-5-oxo-4-(5,6,7,8-tetrahydronaphth
alen-2-yl)-4,5-dihydro-lHk
aidazol-4-yl]-4-fluorobiphenyl-3-carbonitrile;
2-Amino-5-(2
l-fluoro-5t-methoxybiphenyl-3-yl)-3-methyl-5-(5,6,7,8-
tetrahydronaphthalen-
2-yl)-3,5-dihydro-4H-imidazol-4-one;
2-Amino-3-methyl-5-(3'-nitrobiphenyl-3-yl)-5-(5,6,7,8-
tetrahydronaphthalen-2-yl)-3,5-
dihydro-4H~imidazol-4-one;
2-Amino-5-(2I-fluoro-3'-methoxybiphenyl-3-yl)-3-methyl
-5-(5,6,7,8-tetrahydronaphthalen-
2-yl)-3,5-dih.ydro-4H-imidazol-4-one;
2-Amino-5-[3-(3-furyl)phenyl]-3-methyl-5-(5,6,7,8-tetr
ahydronaphthalen-2-yl)-3,5- dihydro-4H-imidazol-4-one;
2-Amino-5-(2,3-dihydro-lH-inden-5-yl)-5-(3'-methoxybip
henyl-3-yl)-3-methyl-3,5- dihydro-4H-imidazol-4-one
0.25 acetate;3'-[2-Amino-4-(6-methoxy-5
:,6,7,8-tetrahydronaphthalen-2-yl)-l-methyl-5-oxo-4,5-
dihydro-lH-imidazol-4-yl]-5-methoxybiphenyl-3-yl
methanesulfonate; 3'-[4-(l-Acetyl-l,2
53,4-tetrahydroquinolin-6-yl)-2-amino-l-methyl-5-oxo-4
,5-dihydro-lHimidazol- 4-yl]-5-methoxybiphenyl-3-yl
methanesulfonate; 3'-[2-Amino-l-methyl-5-oxo-4-(5,6
57,8-tetrahydronaphthalen-2-yl)-4,5-dihydro-lHimidazol
- 4-yl]-5-methoxybiphenyl-3-yl methanesulfonate;
3'-[2-Amino-4-(2,3-dihydro- 1H-inden-5-yl)-
1-methyl-5-oxo-4,5-dihydro- 1H-imidazol-4-
yl]-5-methoxybiphenyl-3-yl methanesulfonate;
2-Amino-5-(3-bromophenyl)-5-(2,3-dihydro-l-benzofuran-
5-yl)-3-methyl-3,5-dihydro-4Himidazol- 4-one;
2-Amino-5-(3-bromophenyl)-5-(3,4-dihydro-2H-chromen-6-
yl)-3-methyl-3,5-dihydro-4Himidazol- 4-one;
2-Amino-5-(2,3-dihydro-l-benzofuran-5-yl)-5-(3'-methox
ybiphenyl-3-yl)-3-methyl-3,5-
dihydro-4H-imidazol-4-one hydrochloride;
5-[3-(2-Acetyl-2,3-dihydro-lH-isoindol-4-yl)phenyl]-2-
amino-3-methyl-5-phenyl-3,5-
dihydro-4H-iniidazol-4-one acetate;
2-Amino-5-(3-bromophenyl)-5-(3,4-dihydro-lH-isochromen
-7-yl)-3-methyl-3,5-dihydro- 4H-imidazol-4-one;
2-Amino-5-(2,3-dihydro-l-benzofuran-5-yl)-5-(3'-ethoxy
biphenyl-3-yl)-3-methyl-3,5- dihydro-4H-imidazol-4-one
0.25 acetate;
2-Amino-5-(2,3-dihydro-l-benzofuran-5-yl)-5-(2',5'-dir
nethoxybiphenyl-3-yl)-3-rnethyl-
3,5-dihydro-4H-imidazol-4-one 0.25 acetate; 2-Amino-5-
[3-(1 ,3-benzodioxol-5-yl)phenyl] -5-(2,3-dihydro-
1-benzofuran-5 -yl)-3-methyl-
3,5-dihydro-4H-imidazol-4-one 0.25 acetate;
2-Amino-5-(2,3-dihydro-l-benzoruran-5-yl)-5-(2'-fluoro
-5'-methoxybiphenyl-3-yl)-3-
methyl-3,5-dihydro-4H-imidazol-4-one 0.25 acetate;
2-Amino-5-(2
53-dihydro-l-benzofuran-5-yl)-5-(2'-fluoro-3
I-methoxybiphenyl-3-yl)-3-
methyl-3,5-dihydro-4H-imidazol-4-one 0.25 acetate;
3'-[2-Amino-4-(2,3-dihydro-l-benzofuran-5-yl)-l-methyl
-5-oxo-4,5-dihydro-lH-imidazol-
4-yl]-6-fluorobiphenyl-3-carbonitrile 0.25 acetate;
2-Amino-5-(2,3-dihydro-l-benzoruran-5-yl)-3-methyl-5-(
3'-nitrobiphenyl-3-yl)-3,5- dihydro-4H-imidazol-4-one
0.25 acetate;
2-Amino-5-(2,3-dihydro-l-benzofuran-5-yl)-5-[3-(3-fury
l)phenyl]-3-methyl-3,5-dihydro- 4H-imidazol-4-one 0.25
acetate;
2-Amino-5-[3-(l-benzofuran-2-yl)phenyl]-5-(2,3-dihydro
-l-benzofuran-5-yl)-3-methyl-
3,5-dihydro-4H-imidazol-4-one 0.25 acetate;
2-Amino-5-(2,3-dihydro-l-benzofuran-5-yl)-3-methyl-5-[
3'-(trifluoromethoxy)biphenyl-3-
yl]-3,5-dihydro-4H-imidazol-4-one 0.25 acetate;
2-Amino-5-(3
l-chlorobiphenyl-3-yl)-5-(2,3-dihydro-l-benzofuran-5-y
l)-3-methyl-3,5- dihydro-4H-imidazol-4-one x 0.25
acetate;
2-Amino-5-(3,4-dihydro-2H-chromen-6-yl)-5-(3'-methoxyb
iphenyl-3-yl)-3-methyl-3,5- dihydro-4H-imidazol-4-one
0.25 acetate;
2-Amino-5-(3,4-dihydro-2H-chromen-6-yl)-5-(3'-ethoxybi
phenyl-3-yl)-3-methyl-3,5- dihydro-4H-imidazol-4-one;
2-Amino-5-(3,4-dihydro-2H-chromen-6-yl)-5-(2',5'-dimet
hoxybiphenyl-3-yl)-3-methyl-
3,5-dihydro-4H-imidazol-4-one 0.25 acetate;
2-Amino-5-[3-(l,3-benzodioxol-5-yl)phenyl]-5-(3,4-dihy
dro-2H-chromen-6-yl)-3-methyl-
3,5-dihydro-4H-imidazol-4-one 0.25 acetate;
2-Amino-5-(3,4-dihydro-2H-chromen-6-yl)-5-(2'-fluoro-5
'-methoxybiphenyl-3-yl)-3-
methyl-3,5-dihydro-4H-imidazol-4-one;
2-Amino-5-(3,4-dihydro-2H-chromen-6-yl)-5-(2'-fluoro-3
!-niethoxybiphenyl-3-yl)-3-
methyl-3,5-dihydro-4H-imidazol-4-one;
3'-[2-Amino-4-(3,4-dihydro-2H-chromen-6-yl)-l-metliyl-
5-oxo-4,5-dihydro-lH-imidazol-
4-yl]-4-fluorobiphenyl-3-carbonitrile;
3'-[2-Amino-4-(3,4-dihydro-2H-chromen-6-yl)-l-methyl-5
-oxo-4,5-diliydro-lH-imidazol-
4-yl]-6-fluorobiphenyl-3-carbonitrile 0.25 acetate;
2-Amino-5-(3,4-dihydro-2H-chromen-6-yl)-3-methyl-5-(3'
-nitrobiphenyl-3-yl)-3,5- dihydro-4H-imidazol-4-one
0.25 acetate;
2-Amino-5-(3,4-dihydro-2H-chromen-6-yl)-5-[3-(3-furyl)
phenyl]-3-metliyl-3 ;> 5-dihydro- 4H-imidazol-4-one
0.25 acetate;
2-Amino-5-[3-(l-benzofuran-2-yl)phenyl]-5-(3,4-dihydro
-2H-chromen-6-yl)-3-methyl-
3,5-dihydro-4H-imidazol-4-one;
2-Ainino-5-(3,4-dihydro-2H-chromen-6-yl)-3-methyl-5-[3
l-(trifluoromethoxy)biphenyl-3-
yl]-3,5-dih.ydro-4H-imidazol-4-one 0.25 acetate;
2-Amino-5-(3'-chlorobiphenyl-3-yl)-5-(3,4-dihydro-2H-c
hromen-6-yl)-3-methyl-3,5- dihydro-4H-imidazol-4-one;
2-Amino-5-(3,4-dihydro-lH-isochromen-7-yl)-5-(2'-fluor
o-5'-methoxybiphenyl-3-yl)-3-
methyl-3,5-dihydro-4H-imidazol-4-one;
3l-[2-Amino-4-(3,4-dihydro-lH-isochromen-7-yl)-l-methy
l-5-oxo-4,5-dihydro-lHimidazol-
4-yl]-6-fluorobiphenyl-3-carbonitrile 0.25 acetate;
2-Amino-5-(3,4-dihydro-lH-isochromen-7-yl)-5-[3-(3-fl
iryl)phenyl]-3-methyl-3,5- dihydro-4H-imidazol-4-one
0.25 acetate;
3'-[2-Amino-4-(2,3-dihydro-l-benzofuran-5-yl)-l-methyl
-5-oxo-4,5-dihydro-lH-imidazol-
4-yl]-5-methoxybiphenyl-3-yl methanesulfonate 0.25
acetate;
3'-[2-Amino-4-(3,4-dihydro-2H-chromen-6-yl)-l-methyl-5
-oxo-4,5-dihydro-lH-imidazol-
4-yl]-5-methoxybiphenyl-3-yl methanesulfonate 0.25
acetate; 3'-[2-Amino-4-(3
,4-dihydro-1H-isochromen-7-yl)-
1-methyl-5-oxo-4,5-dihydro-1Himidazol-
4-yl]-5-methoxybiphenyl-3-yl methanesulfonate;
4-[2-Amino-4-(3-bromo-4-fluorophenyl)-l-methyl-5-oxo-4
,5-dihydro-lH-imidazol-4- yl]phenyl methanesulfonate;
4-[2-Amino-4-
(3'-cyano-6-fluorobiphenyl-3-yl)-l-methyl-5-oxo-4,
5-dihydro-lHimidazol- 4-yl]phenyl methanesulfonate;
4-[2-Amino-4-(3'-cyano-6-fluorobiphenyl-3-yl)-5-oxo-4,
5-dihydro-lH-imidazol-4- yl]phenyl methanesulfonate;
4-[2-Amino-4-(2',6-difluoro-3'-methoxybiphenyl-3-yl)-5
-oxo-4,5-dihydro-lH-imidazol-4- yljphenyl
methanesulfonate;
4-[2-Amino-4-(2',6-difluoro-5'-methoxybiphenyl-3-yl)-5
-oxo-4,5-dihydro-lH-imidazol-4- yl]phenyl
methanesulfonate;
4-[2-Amino-4-(3'-cyano-4',6-difluorobiphenyl-3-yl)-5-o
xo-4,5-dihydro-lH-imidazol-4- yl]phenyl
methanesulfonate;
4-[2-Amino-4-(5'-cyano-2',6-difluorobiphenyl-3-yl)-5-o
xo-4,5-dihydro-lH-imidazol-4- yl]phenyl
methanesulfonate;
4-[2-Amino-4-(4-fluoro-3-pyridin-3-ylphenyl)-5-oxo-4,5
-dihydro-lH-imidazol-4- yljphenyl methanesulfonate;
4-{2-Ammo-4-[4-fluoro-3-(2-fluoropyridin-3-yl)phenyl]-
5-oxo-4,5-dihydro-lH-imidazol- 4-yl}phenyl
methanesulfonate;
4-{2-Amino-4-[3-(5-chloro-2-fluoropyridin-3-yl)-4-fluo
rophenyl]-5-oxo-4,5-dihydro-lHimidazol- 4-yl}phenyl
methanesulfonate;
4-{2-Amino-4-[4-fluoro-3-(6-fluoropyridin-3-yl)phenyl]
-5-oxo-4,5-dihydro-1H-imidazol- 4-yl}phenyl
methanesulfonate;
4-{2-Amino-4-[4-fluoro-3~(2-fluoropyridin-4-yl)phenyl]
-5-oxo-4,5-dihydro-1H-imidazol- 4-yl}phenyl
methanesulfonate;
4-{2-Amino-4-[3-(2-chloro-3-fluoropyridin-4-yl)-4-fluo
rophenyl]-5-oxo-4,5-dihydro-lHimidazol- 4-yl}phenyl
methanesulfonate;
4-{2-Amino-4-[3-(2-chloro-5-fluoropyridin-3-yl)-4-fluo
rophenyl]-5-oxo-4,5-dihydro-lHimidazol- 



4-yl}phenyl methanesulfonate;
4-{2-Amino-4-[3-(2,6-difluoropyridin-3-yl)-4-fluorophe
nyl]-5-oxo-4,5-dihydro-lHimidazol- 4-yl}phenyl
methanesulfonate;
4-{2-Amino-4-[6-fluoro-3'-(trifluoromethoxy)biphenyl-3
-yl]-5-oxo-4,5-dihydro-lHimidazol- 4-yl}phenyl
methanesulfonate;
4-[2-Amino-4-(3'-chloro-6-fluorobiphenyl-3-yl)-5-oxo-4
,5-dihydro-lH-imidazol-4- yl]phenyl methanesulfonate;
4-{2-Amino-4-[3-(l,3-benzodioxol-5-yl)-4-fluorophenyl]
-5-oxo-4 55-dihydro-lH-miidazol- 4-yl}phenyl
methanesulfonate;
4-[2-Amino-4-(4-fluoro-3-pyridin-4-ylphenyl)-5-oxo-4,5
-dihydro-lH-imidazol-4- yl]phenyl methanesulfonate;
4-[2-Amino-4-(4-fluoro-3-pyrimidin-5-ylphenyl)-5-oxo-4
,5-dihydro-lH-imidazol-4- yl]phenyl methanesulfonate;
4-{2-Amino-4-[3-(2-chloro-5-methoxypyridin-3-yl)-4-flu
orophenyl]-5-oxo-4,5-dihydrolH- imidazol-4-yl}phenyl
methanesulfonate;
4-{2-Amino-4-[3-(2-chloro-5-methoxypyridin-3-yl)-4-flu
orophenyl]-5-oxo-4,5-dihydrolH- imidazol-4-yl}phenyl
methanesulfonate;
4-(2-Amino-4-{6-fluoro-3'-methoxy-5'-[(methylsulfonyl)
oxy]biphenyl-3-yl}-5-oxo-4 5-
dihydro-lH-imidazol-4-yl)phenyl methanesulfonate;
4-{2-Amino-4-[4-fluoro-3-(5-fluoropyridin-3-yl)phenyl]
-5-oxo-4,5-dihydro-lH-imidazol- 4-yl}phenyl
methanesulfonate; 4-[2-Amino-4-
(4-fluoro-3-pyrazin-2-ylphenyl)-5-oxo-4, 5-dihydro-
lH-imidazol-4- yl]phenyl methanesulfonate;
4-[2-Amino-4-(4-fluoro-3-pyrazin-2-ylphenyl)-5-oxo-4,5
-dihydro-lH-imidazol-4- yl]phenyl methanesulfonate;
2-Amino-5-(4-hydroxyphenyl)-5-(3'-methoxybiphenyl-3-yl
)-3-methyl-3 55-dihydro-4Himidazol- 4-one;
4-[2-Amino-4-(3'-methoxybipheny1-3-yI)-1-methyl-5-oxo-
4,5-dihydro-1H-imidazol-4- yl]phenyl propane-
1-sulfonate hydrochloride;
4-[2-Amino-4-(3'-methoxybiphenyl-3-yl)-l-methyl-5-oxo-
4,5-dihydro-lH-imidazol-4- yl]phenyl
propane-2-sulfonate hydrochloride;
4-[2-Amino-4-(3'-methoxybiphenyl-3-yl)-l-methyl-5-oxo-
4,5-dihydro-lH-imidazol-4- yl]phenyl dimethylsulfamate
hydrochloride;
4-[2-Amino-4-(3'-methoxybiphenyl-3-yl)-l-methyl-5-oxo-
4,5-dihydro-lH-imidazol-4- yl]phenyl mof
holine-4-sulfonate; and
4-[2-Amino-4-(3l-methoxybiphenyl-3-yl)-l-methyl-5-oxo-
4,5-dihydro-lH-imidazol-4- yl]phenyl
2-methoxyethanesulfonate hydrochloride; as a free base
or a pharmaceutically acceptable salt, solvate or
solvate of a salt thereof. Some compounds of formula I
may have stereogenic centres and/or geometric isomeric
centres (E- and Z- isomers), and it is to be
understood that the invention encompasses all such
optical isomers, enantiomers, diastereoisomers,
atropisomers and geometric isomers. The present
invention relates to the use of compounds of formula I
as hereinbefore defined as well as to the salts
thereof. Salts for use in pharmaceutical compositions
will be pharmaceutically acceptable salts, but other
salts may be useful in the production of the compounds
of formula I. It is to be understood that the present
invention relates to any and all tautomeric forms of
the compounds of formula I. Compounds of the invention
can be used as medicaments. In some embodiments, the
present invention provides compounds of formula I, or
pharmaceutically acceptable salts, tautomers or in
vzvo-hydrolysable precursors thereof, for use as
medicaments. In some embodiments, the present
invention provides compounds described here in for use
as asmedicaments for treating or preventing an
Ab-related pathology. In some further embodiments, the
Ab-related pathology is Downs syndrome, a b-amyloid
angiopathy, cerebral amyloid angiopathy, hereditary
cerebral hemorrhage, a disorder associated with
cognitive impairment, MCI ("mild cognitive
impairment"), Alzheimer Disease, memory loss,
attention deficit symptoms associated with Alzheimer
disease, neurodegeneration associated with Alzheimer
disease, dementia of mixed vascular origin, dementia
of degenerative origin, pre-senile dementia, senile
dementia, dementia associated with Parkinson's
disease, progressive supranuclear palsy or cortical
basal degeneration. In a further embodiment, the
compounds of the present invention are represented by
formula (I) or a pharmaceutically acceptable salt
thereof as recited herein for use as a medicament. In
a further embodiment, the compounds of the present
invention are represented by formula (I) or a
pharmaceutically acceptable salt thereof as recited
herein in the manufacture of a medicament for the
treatment or prophylaxis of Ab-related pathologies
such as Downs syndrome and b-amyloid angiopathy, such
as but not limited to cerebral amyloid angiopathy,
hereditary cerebral hemorrhage, disorders associated
with cognitive impairment, such as but not limited to
MCI ("mild cognitive impairment"), Alzheimer Disease,
memory loss, attention deficit symptoms associated
with Alzheimer disease, neurodegeneration associated
with diseases such as Alzheimer Disease or dementia
including dementia of mixed vascular and degenerative
origin, pre-senile dementia, senile dementia and
dementia associated with Parkinson's Disease,
progressive supranuclear palsy or cortical basal
degeneration, Parkinson's Disease, Frontotemporal
dementia Parkinson's Type, Parkinson dementia complex
of Guam, HIV dementia, diseases with associated
neurofibrillar tangle pathologies, dementia
pugilistica, amyotrophic lateral sclerosis,
corticobasal degeneration, Down syndrome, Huntington's
Disease, postencephelatic parkinsonism, progressive
supranuclear palsy, Pick's Disease, Niemann- Pick's
Disease, stroke, head trauma and other chronic
neurodegenerative diseases, Bipolar Disease, affective
disorders, depression, anxiety, schizophrenia,
cognitive disorders, hair loss, contraceptive
medication, predemented states, Age-Associated Memory
Impairment, Age-Related Cognitive Decline, Cognitive
ImpairementNo Dementia, mild cognitivedecline, mild
neurocognitive decline, Late-Life Forgetfulness,
memory impairment and cognitive impairment, vascular
dementia, dementia with Lewy bodies, Frontotemporal
dementia and androgenetic alopecia. In a further
embodiment, the compounds of the present invention are
represented by a method for the treatment of
Ab-related pathologies such as Downs syndrome and b-
amyloid angiopathy, such as but not limited to
cerebral amyloid angiopathy, hereditary cerebral
hemorrhage, disorders associated with cognitive
impairment, such as but not limited to MCI ("mild
cognitive impairment"), Alzheimer Disease, memory
loss, attention deficit symptoms associated with
Alzheimer disease, neurodegeneration associated with
diseases such as Alzheimer Disease or dementia
including dementia of mixed vascular and degenerative
origin, pre-senile dementia, senile dementia and
dementia associated with Parkinson's Disease,
progressive supranuclear palsy or cortical basal
degeneration, Parkinson's Disease, Frontotemporal
dementia Parkinson's Type, Parkinson dementia complex
of Guam, HIV dementia, diseases with associated
neurofibrillar tangle pathologies, dementia
pugilistica, amyotrophic lateral sclerosis,
corticobasal degeneration, Down syndrome, Huntington's
Disease, postencephelatic parkinsonism, progressive
supranuclear palsy, Pick's Disease, Niemann-Pick's
Disease, stroke, head trauma and other chronic
neurodegenerative diseases, Bipolar Disease, affective
disorders, depression, anxiety, schizophrenia,
cognitive disorders, hair loss, contraceptive
medication, predemented states, Age-Associated Memory
Impairment, Age-Related Cognitive Decline, Cognitive
Impairement No Dementia, mild cognitive decline, mild
neurocognitive decline, Late-Life Forgetfulness,
memory impairment and cognitive impairment, vascular
dementia, dementia with Lewy bodies, Frontotemporal
dementia and androgenetic alopecia comprising
administering to a human a therapeutically effective
amount of a compound of formula (I) or a
pharmaceutically acceptable salt, thereof as defined
herein. In a further embodiment, the compounds of the
present invention are represented by a method for the
prophylaxis of Ab-related pathologies such as Downs
syndrome and b- amyloid angiopathy, such as but not
limited to cerebral amyloid angiopathy, hereditary
cerebral hemorrhage, disorders associated with
cognitive impairment, such as but not limited to MCI
("mild cognitive impairment"), Alzheimer Disease,
memory loss, attentiondeficit symptoms associated
witii Alzheimer disease, neurodegeneration associated
with diseases such as Alzheimer Disease or dementia
including dementia of mixed vascular and degenerative
origin, pre-senile dementia, senile dementia and
dementia associated with Parkinson's Disease,
progressive supranuclear palsy or cortical basal
degeneration, Parkinson's Disease, Frontotemporal
dementia Parkinson's Type, Parkinson dementia complex
of Guam, HIV dementia, diseases with associated
neurofibrillar tangle pathologies, dementia
pugilistica, amyotrophic lateral sclerosis,
corticobasal degeneration, Down syndrome, Huntington's
Disease, postencephelatic parkinsonism, progressive
supranuclear palsy, Pick's Disease, Niemann-Pick's
Disease, stroke, head trauma and other chronic
neurodegenerative diseases, Bipolar Disease, affective
disorders, depression, anxiety, schizophrenia,
cognitive disorders, hair loss, contraceptive
medication, predemented states, Age-Associated Memory
Impairment, Age-Related Cognitive Decline, Cognitive
Impairement No Dementia, mild cognitive decline, mild
neurocognitive decline, Late-Life Forgetfulness,
memory impairment and cognitive impairment, vascular
dementia, dementia with Lewy bodies, Frontotemporal
dementia and androgenetic alopecia comprising
administering to a human a therapeutically effective
amount of a compound of formula (I) or a
pharmaceutically acceptable salt, thereof as defined
herein. In a further embodiment, the compounds of the
present invention are represented by a method of
treating Ab-related pathologies such as Downs syndrome
and b-amyloid angiopathy, such as but not limited to
cerebral amyloid angiopathy, hereditary cerebral
hemorrhage, disorders associated with cognitive
impairment, such as but not limited to MCI ("mild
cognitive impairment"), Alzheimer Disease, memory
loss, attention deficit symptoms associated with
Alzheimer Disease, neurodegeneration associated with
diseases such as Alzheimer Disease or dementia
including dementia of mixed vascular and degenerative
origin, pre-senile dementia, senile dementia and
dementia associated with Parkinson's Disease,
progressive supranuclear palsy or cortical basal
degeneration, Parkinson's Disease, Frontotemporal
dementia Parkinson's Type, Parkinson dementia complex
of Guam, HIV dementia, diseases with associated
neurofibrillar tangle pathologies, dementia
pugilistica, amyotrophic lateral sclerosis,
corticobasal degeneration, Down syndrome, Huntington's
Disease, postencephelatic parkinsonism, progressive
supranuclear palsy, Pick's Disease, Niemann-Pick's
Disease, stroke, head trauma and otherchronic
neurodegenerative diseases, Bipolar Disease, affective
disorders, depression, anxiety, schizophrenia,
cognitive disorders, hair loss, contraceptive
medication, predemented states, Age-Associated Memory
Impairment, Age-Related Cognitive Decline, Cognitive
Impairement No Dementia, mild cognitive decline, mild
neurocognitive decline, Late-Life Forgetfulness,
memory impairment and cognitive impairment, vascular
dementia, dementia with Lewy bodies, Frontotemporal
dementia and androgenetic alopecia by administering to
a human a compound of formula (I) or a
pharmaceutically acceptable salt, thereof as defined
herein and a cognitive and/or memory enhancing agent.
In a further embodiment, the compounds of the present
invention are represented by a method of treating
Ab-related pathologies such as Downs syndrome and
b-amyloid angiopathy, such as but not limited to
cerebral amyloid angiopathy, hereditary cerebral
hemorrhage, disorders associated with cognitive
impairment, such as but not limited to MCI ("mild
cognitive impairment"), Alzheimer Disease, memory
loss, attention deficit symptoms associated with
Alzheimer disease, neurodegeneration associated with
diseases such as Alzheimer disease or dementia
including dementia of mixed vascular and degenerative
origin, pre-senile dementia, senile dementia and
dementia associated with Parkinson's disease,
progressive supranuclear palsy or cortical basal
degeneration, Parkinson's Disease, Frontotemporal
dementia Parkinson's Type, Parkinson dementia complex
of Guam, HIV dementia, diseases with associated
neurofibrillar tangle pathologies, dementia
pugilistica, amyotrophic lateral sclerosis,
corticobasal degeneration, Down syndrome, Huntington's
Disease, postencephelatic parkinsonism, progressive
supranuclear palsy, Pick's Disease, Niemann-Pick's
Disease, stroke, head trauma and other chronic
neurodegenerative diseases, Bipolar Disease, affective
disorders, depression, anxiety, schizophrenia,
cognitive disorders, hair loss, contraceptive
medication, predemented states, Age-Associated Memory
Impairment, Age-Related Cognitive Decline, Cognitive
Impairement No Dementia, mild cognitive decline, mild
neurocognitive decline, Late-Life Forgetfulness,
memory impairment and cognitive impairment, vascular
dementia, dementia with Lewy bodies, Frontotemporal
dementia and androgenetic alopecia by administering to
a human a compound of formula (I) or a
pharmaceutically acceptable salt, thereof as defined
herein and a choline esterase inhibitor or
anti-inflammatory agent.In a further embodiment, the
present invention provides a method of treating or
prevenitng Ab-related pathologies such as Downs
syndrome and b-amyloid angiopathy, such as but not
limited to cerebral amyloid angiopathy, hereditary
cerebral hemorrhage, disorders associated with
cognitive impairment, such as but not limited to MCI
("mild cognitive impairment"), Alzheimer Disease,
memory loss, attention deficit symptoms associated
with Alzheimer disease, neurodegeneration associated
with diseases such as Alzheimer disease or dementia
including dementia of mixed vascular and degenerative
origin, pre-senile dementia, senile dementia and
dementia associated with Parkinson's disease,
progressive supranuclear palsy or cortical basal
degeneration, or any other disease, disorder, or
condition described herein, by administering to a
mammal (including human) a compound of the present
invention and an atypical antipsychotic agent.
Atypical antipsychotic agents includes, but not
limited to, Olanzapine (marketed as Zyprexa),
Aripiprazole (marketed as Ability), Risperidone
(marketed as Risperdal), Quetiapine (marketed as
Seroquel), Clozapine (marketed as Clozaril),
Ziprasidone (marketed as Geodon) and
Olanzapine/Fluoxetine (marketed as Symbyax). In a
further embodiment, the present invention provides
that the mammal or human being treated with a compound
of the invention has been diagnosed with a particular
disease or disorder, such as those described herein.
In these cases, the mammal or human being treated is
in need of such treatment. Diagnosis, however, need
not be previously performed. The anti-dementia
treatment defined herein may be applied as a sole
therapy or may involve, in addition to the compound of
the invention, conventional chemotherapy. Such
chemotherapy may include one or more of the following
categories of agents: acetyl cholinesterase
inhibitors, anti-inflammatory agents, cognitive and/or
memory enhancing agents or atypical antipsychotic
agents. Such conjoint treatment may be achieved by way
of the simultaneous, sequential or separate dosing of
the individual components of the treatment. Such
combination products employ the compounds of this
invention.Cognitive enhancing agents memory enhancing
agents and choline esterase inhibitors includes, but
not limited to, onepezil (Aricept), galantamine
(Reminyl or Razadyne), rivastigmine (Exelon), tacrine
(Cognex) and memantine (Namenda, Axura or Ebixa).
Schizophrenia and other Psychotic Disorder(s) includes
but is not limited to Psychotic Disorder(s),
Schizophreniform Disorder(s), Schizoaeffective
Disorder(s), Delusional Disorder(s), Brief Psychotic
Disorder(s), Shared Psychotic Disorder(s), and
Psychotic Disorder(s) Due to a General Medical
Condition. 2) Dementia and other Cognitive
Disorder(s). 3) Anxiety Disorder(s) including but not
limited to Panic Disorder(s) Without Agoraphobia,
Panic Disorder(s) With Agoraphobia, Agoraphobia
Without History of Panic Disorder(s), Specific Phobia,
Social Phobia, Obsessive-Compulsive Disorder(s),
Stress related Disorder(s), Posttraumatic Stress
Disorder(s), Acute Stress Disorder(s), 



Generalized Anxiety Disorder(s) and Generalized
Anxiety Disorder(s) Due to a General Medical
Condition. 4) Mood Disorder(s) including but not
limited to a) Depressive Disorder(s), including but
not limited to Major Depressive Disorder(s) and
Dysthymic Disorder(s) and b) Bipolar Depression and/or
Bipolar mania including but not limited to Bipolar I,
including but not limited to those with manic,
depressive or mixed episodes, and Bipolar II, c)
Cyclothymiac's Disorder(s), d) Mood Disorder(s) Due to
a General Medical Condition. 5) Sleep Disorder(s). 6)
Disorder(s) Usually First Diagnosed in Infancy,
Childhood, or Adolescence including but not limited to
Mental Retardation, Downs Syndrome, Learning
Disorder(s), Motor Skills Disorder(s), Communication
Disorders(s), Pervasive Developmental Disorder(s),
Attention-Deficit and Disruptive Behavior Disorder(s),
Feeding and Eating Disorder(s) of Infancy or Early
Childhood, Tic Disorder(s), and Elimination
Disorder(s). 7) Substance-Related Disorder(s)
including but not limited to Substance Dependence,
Substance Abuse, Substance Intoxication, Substance
Withdrawal, Alcohol-Related Disorder(s), Amphetamines
(or Amphetamine-Like)-Related Disorder(s),
Caffeine-Related Disorder(s), Cannabis-Related
Disorder(s), Cocaine-Related Disorder(s),
Hallucinogen-Related Disorder(s), Inhalant-Related
Disorder(s), Nicotine- Related Disorder(s)s,
Opiod-Related Disorder(s)s, Phencyclidine (or
Phencyclidine-Like)- Related Disorder(s), and
Sedative-, Hypnotic- or Anxiolytic-Related
Disorder(s). 8) Attention-Deficit and Disruptive
Behavior Disorder(s). 9) Eating Disorder(s).
10)Personality Disorder(s) including but not limited
to Obsessive-Compulsive Personality Disorder(s). 11)
Impulse-Control Disorder(s). Neurodegenerative
Disorder(s) includes, but is not limited to,
Alzheimer's Disease, Mild Cognitive Impairment,
Dementia, Age-Associated Memory Impairment,
Age-Related Cognitive Decline, Disorder(s) associated
with neurofibrillar tangle pathologies, Dementia due
to Alzheimer's Disease, Dementia due to Schizophrenia,
Dementia due to Parkinson's Disease, Dementia due to
Creutzfeld-Jacob Disease, Dementia due to Huntington's
Disease, Dementia due to Pick's Disease, Stroke, Head
Trauma, Spinal Injury, Multiple Sclerosis, Migraine,
Pain, Systemic Pain, Localized Pain, Nociceptive Pain,
Neuropathic Pain, Urinary Incontinence, Sexual
Dysfunction, Premature Ejaculation, Motor Disorder(s),
Endocrine Disorder(s), Gastrointestinal Disorder(s),
and Vasospasm. Many of the above conditions and
disorder(s) are defined for example in the American
Psychiatric Association: Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition, Text
Revision, Washington, DC, American Psychiatric
Association, 2000. The present invention also includes
pharmaceutical compositions that contain, as the
active ingredient, one or more of the compounds of the
invention herein together with at least one
pharmaceutically acceptable carrier, diluent or
excipent. The definitions set forth in this
application are intended to clarify terms used
throughout this application. The term "herein" means
the entire application. As used in this application,
the term "optionally substituted," as used herein,
means that substitution is optional and therefore it
is possible for the designated atom or moiety to be
unsubstituted. In the event a substitution is desired
then such substitution means that any number of
hydrogens on the designated atom or moiety is replaced
with a selection from the indicated group, provided
that the normal valency of the designated atom or
moiety is not exceeded, and that the substitution
results in a stable compound. For example when a
substituent is methyl (i.e., CH3), then 3 hydrogens on
the carbon atom can be replaced.Examples of such
substituents include, but are not limited to: halogen,
CN, NH2, OH, SO, SO2, COOH, OC1-6alkyl, CH2OH, SO2H,
C1-6alkyl, OC^alkyl, C(=O)C1-6alkyl, C(=O)OC1-6alkyl,
C(=0)NH 2, C(=O)NHC1.6alkyl, C(=O)N(C1-6alkyl)2,
SO2C1-6alkyl, SO2NHC1-6alkyl, SO2N(C1-6alkyl)2,
NH(C1-6alkyl), N(C 1-6alkyl)2, NHC(=O)C 1-6alkyl,
NC(=O)(C 1-6alkyl)2, C5-6aryl, OC5-6aryl,
C(=O)C5-6aryl, C(=O)OC5-6aryl, C(=0)NHC 5- 6aryl,
C(=O)N(C5-6aryl)2, SO2C5-6aryl, SO2NHC5-6aryl,
SO2N(C5-6aryl)2, NH(C5-6aryl), N(C5-6aryl)2,
NC(=O)C5-6aryl, NC(=O)(C5-6aryl)2, Cs-eheterocyclyl,
OCs-eheterocyclyl, C(=O)C5-6heterocyclyl, C(=0)OC
5-6heterocyclyl, C(=O)NHC5-6heterocyclyl, C(=0)N(C 5-
6heterocyclyl)2 SO2C5-6heterocyclyl,
SO2NHC5-6heterocyclyl, SO2N(C5-6heterocyclyl)2,
NH(C5-6heterocyclyl), N(C5-6heterocyclyl)2,
NC(=O)C5-6heterocyclyl, NC(=0)(C 5- 6heterocyclyl)2. A
variety of compounds in the present invention may
exist in particular geometric or stereoisomeric forms.
The present invention takes into account all such
compounds, including cis- and trans isomers, R- and S-
enantiomers, diastereomers, (D)-isomers, (L)- isomers,
the racemic mixtures thereof, and other mixtures
thereof, as being covered within the scope of this
invention. Additional asymmetric carbon atoms may be
present in a substituent such as an alkyl group. All
such isomers, as well as mixtures thereof, are
intended to be included in this invention. The
compounds herein described may have asymmetric
centers. Compounds of the present invention containing
an asymmetrically substituted atom may be isolated in
optically active or racemic forms. It is well known in
the art how to prepare optically active forms, such as
by resolution of racemic forms or by synthesis from
optically active starting materials. When required,
separation of the racemic material can be achieved by
methods known in the art. Many geometric isomers of
olefins, C=N double bonds, and the like can also be
present in the compounds described herein, and all
such stable isomers are contemplated in the present
invention. Cis and trans geometric isomers of the
compounds of the present invention are described and
may be isolated as a mixture of isomers or as
separated isomeric forms. All chiral, diastereomeric,
racemic forms and all geometric isomeric forms of a
structure are intended, unless the specific
stereochemistry or isomeric form is specifically
indicated.When a bond to a substituent is shown to
cross a bond connecting two atoms in a ring, then such
substituent may be bonded to any atom on the ring.
When a substituent is listed without indicating the
atom via which such substituent is bonded to the rest
of the compound of a given formula, then such
substituent may be bonded via any atom in such
substituent. Combinations of substituents and/or
variables are permissible only if such combinations
result in stable compounds. As used herein, "alkyl",
"alkylenyl" or "alkylene" used alone or as a suffix or
prefix, is intended to include both branched and
straight chain saturated aliphatic hydrocarbon groups
having from 1 to 12 carbon atoms or if a specified
number of carbon atoms is provided then that specific
number would be intended. For example "C1-6 alkyl"
denotes alkyl having 1, 2, 3, 4, 5 or 6 carbon atoms.
Examples of alkyl include, but are not limited to,
methyl, ethyl, n-propyl, i-propyl, n-buryl, i-butyl,
sec-butyl, t-butyl, pentyl, and hexyl. As used herein,
"C1 3 alkyl", whether a terminal substituent or an
alkylene (or alkylenyl) group linking two
substituents, is understood to specifically include
both branched and straight chain methyl, ethyl, and
propyl. As used herein, "alkenyl" used alone or as a
suffix or prefix is intended to include both branched
and straight-chain alkene or olefin containing
aliphatic hydrocarbon groups having from 2 to 12
carbon atoms or if a specified number of carbon atoms
is provided then that specific number would be
intended. For example "C2-6alkenyl" denotes alkenyl
having 2, 3, 4, 5 or 6 carbon atoms. Examples of
alkenyl include, but are not limited to, vinyl, allyl,
1-propenyl, 1-butenyl, 2-butenyl, 3-butenyl,
2-methylbut-2-enyl, 3-methylbut- 1-enyl, 1-pentenyl,
3-pentenyl and 4-hexenyl. As used herein, "alkynyl"
used alone or as a suffix or prefix is intended to
include both branched and straight-chain alkyne
containing aliphatic hydrocarbon groups having from 2
to 12 carbon atoms or if a specified number of carbon
atoms is provided then that specific number would be
intended. For example "C2-6alkynyl" denotes alkynyl
having 2, 3, 4, 5 or 6 carbon atoms. Examples of
alkynyl include, but are not limited to, ethynyl,
1-propynyl, 2-propynyl, 3-butynyl, -pentynyl, hexynyl
and l-methylpent-2-ynyl.As used herein, "aromatic"
refers to hydrocarbonyl groups having one or more
unsaturated carbon ring(s) having aromatic characters,
(e.g. 4n + 2 delocalized electrons) and comprising up
to about 14 carbon atoms. In addition "heteroaromatic"
refers to groups having one or more unsaturated rings
containing carbon and one or more heteroatoms such as
nitrogen, oxygen or sulphur having aromatic character
(e.g. 4n + 2 delocalized electrons). As used herein,
the term "aryl" refers to an aromatic ring structure
made up of from 5 to 14 carbon atoms. Ring structures
containing 5, 6, 7 and 8 carbon atoms would be
single-ring aromatic groups, for example, phenyl. Ring
structures containing 8, 9, 10, 11, 12, 13, or 14
would be polycyclic, for example naphthyl. The
aromatic ring can be substituted at one or more ring
positions with such substituents as described above.
The term "aryl" also includes polycyclic ring systems
having two or more cyclic rings in which two or more
carbons are common to two adjoining rings (the rings
are "fused rings") wherein at least one of the rings
is aromatic, for example, the other cyclic rings can
be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls
and/or heterocyclyls. The terms ortho, meta and para
apply to 1,2-, 1,3- and 1,4-disubstituted benzenes,
respectively. For example, the names
1,2-dimethylbenzene and ortho-dimethylbenzene are
synonymous. As used herein, the term "cycloalkyl" is
intended to include saturated ring groups, having the
specified number of carbon atoms. These may include
fused or bridged polycyclic systems. Preferred
cycloalkyls have from 3 to 10 carbon atoms in their
ring structure, and more preferably have 3, 4, 5, and
6 carbons in the ring structure. For example, "C3-6
cycloalkyl" denotes such groups as cyclopropyl,
cyclobutyl, cyclopentyl, or cyclohexyl. As used
herein, "cycloalkenyl" refers to ring-containing
hydrocarbyl groups having at least one carbon-carbon
double bond in the ring, and having from 4 to 12
carbons atoms. As used herein, "cycloalkynyl" refers
to ring-containing hydrocarbyl groups having at least
one carbon-carbon triple bond in the ring, and having
from 7 to 12 carbons atoms.As used herein, "halo" or
"halogen" refers to fluoro, chloro, bromo, and iodo.
"Counterion" is used to represent a small, negatively
charged species such as chloride, bromide, hydroxide,
acetate, sulfate, tosylate, benezensulfonate, and the
like. As used herein, the term "heterocyclyl" or
"heterocyclic" or "heterocycle" refers to a saturated,
unsaturated or partially saturated, monocyclic,
bicyclic or tricyclic ring (unless otherwise stated)
containing 3 to 20 atoms of which 1, 2, 3, 4 or 5 ring
atoms are chosen from nitrogen, sulphur or oxygen,
which may, unless otherwise specified, be carbon or
nitrogen linked, wherein a -CH2- group is optionally
be replaced by a -C(O)-; and where unless stated to
the contrary a ring nitrogen or sulphur atom is
optionally oxidised to form the N-oxide or S-oxide(s)
or a ring nitrogen is optionally quarternized; wherein
a ring -NH is optionally substituted by acetyl,
formyl, methyl or mesyl; and a ring is optionally
substituted by one or more halo. It is understood that
when the total number of S and O atoms in the
heterocyclyl exceeds 1, then these heteroatoms are not
adjacent to one another. If the said heterocyclyl
group is bi- or tricyclic then at least one of the
rings may optionally be a heteroaromatic or aromatic
ring provided that at least one of the rings is
non-heteroaromatic. If the said heterocyclyl group is
monocyclic then it must not be aromatic. Examples of
heterocyclyls include, but are not limited to,
piperidinyl, Nacetylpiperidinyl, JV-methylpiperidinyl,
iV-formylpiperazinyl, iV-mesylpiperazinyl,
homopiperazinyl, piperazinyl, azetidinyl, oxetanyl,
morpholinyl, tetrahydroisoquinolinyl,
tetrahydroquinolinyl, indolinyl, tetrahydropyranyl,
dihydro-2H-pyranyl, tetrahydrofuranyl and
2,5-dioxoimidazolidinyl. As used herein, "heteroaryl"
refers to a heteroaromatic heterocycle having at least
one heteroatom ring member such as sulfur, oxygen, or
nitrogen. Heteroaryl groups include monocyclic and
polycyclic (e.g., having 2, 3 or 4 fused rings)
systems. Examples of heteroaryl groups include without
limitation, pyridyl (i.e., pyridinyl), pyrimidinyl,
pyrazinyl, pyridazinyl, triazinyl, furyl (i.e.
furanyl), quinolyl, isoquinolyl, thienyl, imidazolyl,
thiazolyl, indolyl, pyrryl, oxazolyl, benzofuryl,
benzothienyl, benzthiazolyl, isoxazolyl, pyrazolyl,
triazolyl, tetrazolyl, indazolyl, 1,2,4-thiadiazolyl,
isothiazolyl, benzothienyl, purinyl, carbazolyl,
benzimidazolyl, indolinyl, and the like. In some
embodiments, the heteroaryl group has from 1 to about
20 carbon atoms, and in furtherembodiments from about
3 to about 20 carbon atoms. In some embodiments, the
heteroaryl group contains 3 to about 14, 4 to about
14, 3 to about 7, or 5 to 6 ring-forming atoms. In
some embodiments, the heteroaryl group has 1 to about
4, 1 to about 3, or 1 to 2 heteroatoms. In some
embodiments, the heteroaryl group has 1 heteroatom. As
used herein, "alkoxy" or "alkyloxy" represents an
alkyl group as defined above with the indicated number
of carbon atoms attached through an oxygen bridge.
Examples of alkoxy include, but are not limited to,
methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,
isobutoxy, t-butoxy, n-pentoxy, isopentoxy,
cyclopropylmethoxy, allyloxy and propargyloxy.
Similarly, "alkylthio" or "thioalkoxy" represent an
alkyl group as defined above with the indicated number
of carbon atoms attached through a sulphur bridge. As
used herein, the phrase "protecting group" means
temporary substituents which protect a potentially
reactive functional group from undesired chemical
transformations. Examples of such protecting groups
include esters of carboxylic acids, silyl ethers of
alcohols, and acetals and ketals of aldehydes and
ketones respectively. The field of protecting group
chemistry has been reviewed (Greene, T.W.; Wuts,
P.G.M. Protective Groups in Organic Synthesis, 3rd
ed.; Wiley: New York, 1999). As used herein,
"pharmaceutically acceptable" is employed herein to
refer to those compounds, materials, compositions,
and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use in contact
with the tissues of human beings and animals without
excessive toxicity, irritation, allergic response, or
other problem or complication, commensurate with a
reasonable benefit/risk ratio. As used herein,
"pharmaceutically acceptable salts" refer to
derivatives of the disclosed compounds wherein the
parent compound is modified by making acid or base
salts thereof.Examples of pharmaceutically acceptable
salts include, but are not limited to, mineral or
organic acid salts of basic residues such as amines;
alkali or organic salts of acidic residues such as
carboxylic acids; and the like. The pharmaceutically
acceptable salts include the conventional non-toxic
salts or the quaternary ammonium salts of the parent
compound formed, for example, from non-toxic inorganic
or organic acids. Forexample, such conventional
non-toxic salts include those derived from inorganic
acids such as hydrochloric, phosphoric, and the like;
and the salts prepared from organic acids such as
lactic, maleic, citric, benzoic, methanesulfonic, and
the like. The pharmaceutically acceptable salts of the
present invention can be synthesized from the parent
compound that contains a basic or acidic moiety by
conventional chemical methods. Generally, such salts
can be prepared by reacting the free acid or base
forms of these compounds with a stoichiometric amount
of the appropriate base or acid in water or in an
organic solvent, or in a mixture of the two;
generally, nonaqueous media like ether, ethyl acetate,
ethanol, isopropanol, or acetonitrile are used. As
used herein, "in vivo hydrolysable precursors" means
an in vivo hydroysable (or cleavable) ester of a
compound of formula Ia or formula Ib that contains a
carboxy or a hydroxy group. For example amino acid
esters, C1-6 alkoxymethyl esters like methoxymethyl;
C1-6alkanoyloxymethyl esters like pivaloyloxymethyl;
C3- 8cycloalkoxycarbonyloxy C^alkyl esters like
1-cyclohexylcarbonyloxyethyl, acetoxymethoxy, or
phosphoramidic cyclic esters. As used herein,
"tautomer" means other structural isomers that exist
in equilibrium resulting from the migration of a
hydrogen atom. For example, keto-enol tautomerism
where the resulting compound has the properties of
both a ketone and an unsaturated alcohol. As used
herein "stable compound" and "stable structure" are
meant to indicate a compound that is sufficiently
robust to survive isolation to a useful degree of
purity from a reaction mixture, and formulation into
an efficacious therapeutic agent. Compounds of the
invention further include hydrates and solvates. The
present invention further includes isotopically
labeled compounds of the invention. An "isotopically"
or "radio-labeled" compound is a compound of the
invention where one 



or more atoms are replaced or substituted by an atom
having an atomic mass or massnumber different from the
atomic mass or mass number typically found in nature
(i.e., naturally occurring). Suitable radionuclides
that may be incorporated in compounds of the present
invention include but are not limited to 2H (also
written as D for deuterium), 3H (also written as T for
tritium), 1 1C, 13C5 14C, 13N, 15N, 150 , 170 , 180 ,
18F, 35S3 36Cl, 82Br, 75Br, 76Br5 77Br, 1231, 1241,
125I and 131I. The radionuclide that is incorporated
in the instant radio-labeled compounds will depend on
the specific application of that radio-labeled
compound. For example, for in vitro receptor labeling
and competition assays, compounds that incorporate 3H,
14C, 82Br, 1251, 1311, 35S or will generally be most
useful. For radioimaging applications 11C, 18F, 1251,
1231, 1241, 131I, 75Br, 76Br or 77Br will generally be
most useful. It is understood that a "radio-labeled
compound" is a compound that has incorporated at least
one radionuclide. In some embodiments the radionuclide
is selected from the group consisting of 3H, 14C,
1251, 35S and 82Br. The anti-dementia treatment
defined herein may be applied as a sole therapy or may
involve, in addition to the compound of the invention,
conventional chemotherapy.. Such chemotherapy may
include one or more of the following categories of
agents: acetyl cholinesterase inhibitors,
anti-inflammatory agents, cognitive and/or memory
enhancing agents or atypical antipsychotic agents.
Such conjoint treatment may be achieved by way of the
simultaneous, sequential or separate dosing of the
individual components of the treatment. Such
combination products employ the compounds of this
invention. Compounds of the present invention may be
administered orally, parenteral, buccal, vaginal,
rectal, inhalation, insufflation, sublingually,
intramuscularly, subcutaneously, topically,
intranasally, intraperitoneally, intrathoracially,
intravenously, epidurally, intrathecally,
intracerebroventricularly and by injection into the
joints. The dosage will depend on the route of
administration, the severity of the disease, age and
weight of the patient and other factors normally
considered by the attending physician,when determining
the individual regimen and dosage level as the most
appropriate for a particular patient. An effective
amount of a compound of the present invention for use
in therapy of dementia is an amount sufficient to
symptomatically relieve in a warm-blooded animal,
particularly a human the symptoms of dementia, to slow
the progression of dementia, or to reduce in patients
with symptoms of dementia the risk of getting worse.
For preparing pharmaceutical compositions from the
compounds of this invention, inert, pharmaceutically
acceptable carriers can be either solid or liquid.
Solid form preparations include powders, tablets,
dispersible granules, capsules, cachets, and
suppositories. A solid carrier can be one or more
substances, which may also act as diluents, flavoring
agents, solubilizers, lubricants, suspending agents,
binders, or tablet disintegrating agents; it can also
be an encapsulating material. In powders, the carrier
is a finely divided solid, which is in a mixture with
the finely divided active component. In tablets, the
active component is mixed with the carrier having the
necessary binding properties in suitable proportions
and compacted in the shape and size desired. For
preparing suppository compositions, a low-melting wax
such as a mixture of fatty acid glycerides and cocoa
butter is first melted and the active ingredient is
dispersed therein by, for example, stirring. The
molten homogeneous mixture is then poured into
convenient sized molds and allowed to cool and
solidify. Suitable carriers include magnesium
carbonate, magnesium stearate, talc, lactose, sugar,
pectin, dextrin, starch, tragacanth, methyl cellulose,
sodium carboxymethyl cellulose, a low-melting wax,
cocoa butter, and the like. Some of the compounds of
the present invention are capable of forming salts
with various inorganic and organic acids and bases and
such salts are also within the scope of thisinvention.
For example, such conventional non-toxic salts include
those derived from inorganic acids such as
hydrochloric, phosphoric, and the like; and the salts
prepared from organic acids such as lactic, maleic,
citric, benzoic, methanesulfonic, trifluoroacetate and
the like. In some embodiments, the present invention
provides a compound of formula Ia or formula Ib or a
pharmaceutically acceptable salt thereof for the
therapeutic treatment (including prophylactic
treatment) of mammals including humans, it is normally
formulated in accordance with standard pharmaceutical
practice as a pharmaceutical composition. In addition
to the compounds of the present invention, the
pharmaceutical composition of this invention may also
contain, or be co-administered (simultaneously or
sequentially) with, one or more pharmacological agents
of value in treating one or more disease conditions
referred to herein. The term composition is intended
to include the formulation of the active component or
a pharmaceutically acceptable salt with a
pharmaceutically acceptable carrier. For example this
invention may be formulated by means known in the art
into the form of, for example, tablets, capsules,
aqueous or oily solutions, suspensions, emulsions,
creams, ointments, gels, nasal sprays, suppositories,
finely divided powders or aerosols or nebulisers for
inhalation, and for parenteral use (including
intravenous, intramuscular or infusion) sterile
aqueous or oily solutions or suspensions or sterile
emulsions. Liquid form compositions include solutions,
suspensions, and emulsions. Sterile water or
water-propylene glycol solutions of the active
compounds may be mentioned as an example of liquid
preparations suitable for parenteral administration.
Liquid compositions can also be formulated in solution
in aqueous polyethylene glycol solution. Aqueous
solutions for oral administration can be prepared by
dissolving the active component in water and adding
suitable colorants, flavoring agents, stabilizers, and
thickening agents as desired. Aqueous suspensions for
oral use can be made by dispersing the finely divided
active component in water together with a viscous
material such as natural synthetic gums,resins, methyl
cellulose, sodium carboxymethyl cellulose, and other
suspending agents known to the pharmaceutical
formulation art. The pharmaceutical compositions can
be in unit dosage form. In such form, the composition
is divided into unit doses containing appropriate
quantities of the active component. The unit dosage
form can be a packaged preparation, the package
containing discrete quantities of the preparations,
for example, packeted tablets, capsules, and powders
in vials or ampoules. The unit dosage form can also be
a capsule, cachet, or tablet itself, or it can be the
appropriate number of any of these packaged forms.
Compositions may be formulated for any suitable route
and means of administration. Pharmaceutically
acceptable carriers or diluents include those used in
formulations suitable for oral, rectal, nasal, topical
(including buccal and sublingual), vaginal or
parenteral (including subcutaneous, intramuscular,
intravenous, intradermal, intrathecal and epidural)
administration. The formulations may conveniently be
presented in unit dosage form and may be prepared by
any of the methods well known in the art of pharmacy.
For solid compositions, conventional non-toxic solid
carriers include, for example, pharmaceutical grades
of mannitol, lactose, cellulose, cellulose
derivatives, starch, magnesium stearate, sodium
saccharin, talcum, glucose, sucrose, magnesium
carbonate, and the like may be used. Liquid
pharmaceutically administrable compositions can, for
example, be prepared by dissolving, dispersing, etc,
an active compound as defined above and optional
pharmaceutical adjuvants in a carrier, such as, for
example, water, saline aqueous dextrose, glycerol,
ethanol, and the like, to thereby form a solution or
suspension. If desired, the pharmaceutical composition
to be administered may also contain minor amounts of
non-toxic auxiliary substances such as wetting or
emulsifying agents, pH buffering agents and the like,
for example, sodium acetate, sorbitan monolaurate,
triethanolamine sodium acetate, sorbitan monolaurate,
triethanolamine oleate, etc. Actual methods of
preparing such dosage forms are known, or will be
apparent, to those skilled in this art; for example,
see Remington's Pharmaceutical Sciences, Mack
Publishing Company, Easton, Pennsylvania, 15th
Edition, 1975.The compounds of the invention may be
derivatised in various ways. As used herein
"derivatives" of the compounds includes salts (e.g.
pharmaceutically acceptable salts), any complexes
(e.g. inclusion complexes or clathrates with compounds
such as cyclodextrins, or coordination complexes with
metal ions such asMn2+ and Zn2+), esters such as in
vivo hydrolysable esters, free acids or bases,
polymorphic forms of the compounds, solvates (e.g.
hydrates), prodrugs or lipids, coupling partners and
protecting groups. By "prodrugs" is meant for example
any compound that is converted in vivo into a
biologically active compound. Salts of the compounds
of the invention are preferably physiologically well
tolerated and non toxic. Many examples of salts are
known to those skilled in the art. All such salts are
within the scope of this invention, and references to
compounds include the salt forms of the compounds.
Compounds having acidic groups, such as carboxylate,
phosphates or sulfates, can form salts with alkaline
or alkaline earth metals such as Na, K,Mg and Ca, and
with organic amines such as triethylamine and Tris
(2-hydroxyethyl)amine. Salts can be formed between
compounds with basic groups, e.g. amines, with
inorganic acids such as hydrochloric acid, phosphoric
acid or sulfuric acid, or organic acids such as acetic
acid, citric acid, benzoic acid, fumaric acid, or
tartaric acid. Compounds having both acidic and basic
groups can form internal salts. Acid addition salts
may be formed with a wide variety of acids, both
inorganic and organic. Examples of acid addition salts
include salts formed with hydrochloric, hydriodic,
phosphoric, nitric, sulphuric, citric, lactic,
succinic, maleic, malic, isethionic, fumaric,
benzenesulphonic, toluenesulphonic, methanesulphonic,
ethanesulphonic, naphthalenesulphonic, valeric,
acetic, propanoic, butanoic, malonic, glucuronic and
lactobionic acids. If the compound is anionic, or has
a functional group that may be anionic (e.g., -COOH
may be -COO ), then a salt may be formed with a
suitable cation. Examples of suitable inorganic
cations include, but are not limited to, alkali metal
ions such as Na+ and K ,alkaline earth cations such as
Ca2+ and Mg2+, and other cations such as Al3+.
Examples of suitable organic cations include, but are
not limited to, ammonium ion (i.e., NH4 +) and
substituted ammonium ions (e.g., NH3R+, NH2R2 +, NHR3
+, NR4 +) . Examples of some suitable substituted
ammonium ions are those derived from: ethylamine,
diethylamine, dicyclohexylamine, triethylamine,
butylamine, ethylenediamine, ethanolamine,
diethanolamine, piperazine, benzylamine,
phenylbenzylamine, choline, meglumine, and
tromethamine, as well as amino acids, such as lysine
and arginine. An example of a common quaternary
ammonium ion is N(CH3)4 +. Where the compounds contain
an amine function, these may form quaternary ammonium
salts, for example by reaction with an alkylating
agent according to methods well known to the skilled
person. Such quaternary ammonium compounds are within
the scope of the invention. Compounds containing an
amine function may also form N-oxides. A reference
herein to a compound that contains an amine function
also includes the N-oxide. Where a compound contains
several amine functions, one or more than one nitrogen
atom may be oxidised to form an N-oxide. Particular
examples of N-oxides are the N-oxides of a tertiary
amine or a nitrogen atom of a nitrogen-containing
heterocycle. N-Oxides can be formed by treatment of
the corresponding amine with an oxidizing agent such
as hydrogen peroxide or a per-acid (e.g. a
peroxycarboxylic acid), see for example Advanced
Organic Chemistry, by Jerry March, 4th Edition, Wiley
Interscience, pages. More particularly, N-oxides can
be made by the procedure of L.W. Deady (Syn. Comm.
1977, 7, 509-514) in which the amine compound is
reacted with w-chloroperoxybenzoic acid (MCPBA), for
example, in an inert solvent such as dichloromethane.
Esters can be formed between hydroxyl or carboxylic
acid groups present in the compound and an appropriate
carboxylic acid or alcohol reaction partner, using
techniques well known in the art. Examples of esters
are compounds containing the group -C(=O)OR, wherein R
is an ester substituent, for example, a C1-7 alkyl
group, a C3 0 heterocyclylgroup, or a C5-20 aryl
group, preferably a C1 7 alkyl group. Particular
examples of ester groups include, but are not limited
to, -C(=O)OCH3, -C(=O)OCH2CH3, -C(=O)OC(CH3)3, and
-C(=O)OPh. Examples of acyloxy (reverse ester) groups
are represented by -OC(=O)R, wherein R is an acyloxy
substituent, for example, a C1-7 alkyl group, a C3-20
5 heterocyclyl group, or a C5-20 aryl group,
preferably a C1-7 alkyl group. Particular examples of
acyloxy groups include, but are not limited to,
-OC(=O)CH3 (acetoxy), -OC(=O)CH2CH3, -OC(=O)C(CH3)3,
-OC(=O)Ph, and -OC(=O)CH2Ph. Derivatives that are
prodrugs of the compounds are convertible in vivo or
in vitro into one I0 of the parent compounds.
Typically, at least one of the biological activities
of compound will be reduced in the prodrug form of the
compound, and can be activated by conversion of the
prodrug to release the compound or a metabolite of it.
Some prodrugs are esters of the active compound (e.g.,
a physiologically acceptable metabolically labile
ester). During metabolism, the ester group (-C(=O)OR)
is cleaved to yield the active drug. Such esters is
may be formed by esterification, for example, of any
of the carboxylic acid groups (- C(=O)OH) in the
parent compound, with, where appropriate, prior
protection of any other reactive groups present in the
parent compound, followed by deprotection if required.
Examples of such metabolically labile esters include
those of the formula -C(=O)OR 20 wherein R is: C^alkyl
(e.g., -Me, -Et, -nPr, -iPr, -nBu, -sBu, -iBu, -tBu);
C1-7aminoalkyl (e.g., aminoethyl;
2-(N,N-diethylamino)ethyl; 2-(4-morpholino)ethyl); and
acyloxy- C^alkyl (e.g., acyloxymethyl; acyloxyethyl;
pivaloyloxymethyl; acetoxymethyl; 1-acetoxyethyl; 1-(I
-methoxy-1-methyl)ethyl-carbonyloxyethyl;
1-(benzoyloxy)ethyl; isopropoxy-carbonyloxymethyl;
1-isopropoxy-carbonyloxyethyl; cyclohexyl- 2s
carbonyloxymethyl; 1-cyclohexyl-carbonyloxyethyl;
cyclohexyloxy-carbonyloxymethyl;
1-cyclohexyloxy-carbonyloxyethyl;
(4-tetrahydropyranyloxy) carbonyloxymethyl; l-(4-
tetrahydropyranyloxy)carbonyloxyethyl;
(4-tetrahydropyranyl)carbonyloxymethyl; and
1-(4-tetrahydropyranyl)carbonyloxyethyl). 30 Also,
some prodrugs are activated enzymatically to yield the
active compound, or a compound that, upon further
chemical reaction, yields the active compound (for
example,as in ADEPT, GDEPT, LIDEPT, etc.). For
example, the prodrug may be a sugar derivative or
other glycoside conjugate, or may be an amino acid
ester derivative. Other derivatives include coupling
partners of the compounds in which the compounds is
linked to a coupling partner, e.g. by being chemically
coupled to the compound or physically associated with
it. Examples of coupling partners include a label or
reporter molecule, a supporting substrate, a carrier
or transport molecule, an effector, a drug, an
antibody or an inhibitor. Coupling partners can be
covalently linked to compounds of the invention via an
appropriate functional group on the compound such as a
hydroxyl group, a carboxyl group or an amino group.
Other derivatives include formulating the compounds
with liposomes. Where the compounds contain chiral
centres, all individual optical forms such as
enantiomers, epimers and diastereoisomers, as well as
racemic mixtures of the compounds are within the scope
of the invention. 



Compounds may exist in a number of different geometric
isomeric, and tautomeric forms and references to
compounds include all such forms. For the avoidance of
doubt, where a compound can exist in one of several
geometric isomeric or tautomeric forms and only one is
specifically described or shown, all others are
nevertheless embraced by the scope of this invention.
The quantity of the compound to be administered will
vary for the patient being treated and will vary from
about 100 ng/kg of body weight to 100 mg/kg of body
weight per day and preferably will be from 10 ng/kg to
10 mg/kg per day. For instance, dosages can be readily
ascertained by those skilled in the art from this
disclosure and the knowledge in the art. Thus, the
skilled artisan can readily determine the amount of
compound and optional additives, vehicles, and/or
carrier in compositions and to be administered in
methods of the invention. Compounds of the present
invention have been shown to inhibit beta secretase
(including BACE) activity in vitro. Inhibitors of beta
secretase have been shown to be useful inblocking
formation or aggregation of Ab peptide and therefore
have a beneficial effect in treatment of Alzheimer's
Disease and other neurodegenerative diseases
associated with elevated levels and/or deposition of
Abpeptide. Therefore it is believed that the compounds
of the present invention may be used for the treatment
of Alzheimer disease and disease associated with
dementia Hence compounds of the present invention and
their salts are expected to be active against
age-related diseases such as Alzheimer, as well as
other Ab related pathologies such as Downs syndrome
and b-amyloid angiopathy. It is expected that the
compounds of the present invention would most likely
be used in combination with a broad range of cognition
deficit enhancement agents but could also be used as a
single agent. A number of compounds of the present
invention are useful as intermediates in the
manufacture of compounds of formula I . These
compounds include but are not limited to:
2-Acetyl-7-bromo-1,2,3 ,4-tetrahydroisoquinoline;
2-Acetyl-7-(4,4,5,5-tetramethyl-l
,3,2-dioxaborolan-2-yl)-l
,2,3,4-tetrahydroisoquinoline;
5-(3-Bromo-phenyl)-3-methyl-5-phenyl-2-thioxo-imidazol
idin-4-one;
l-Acetyl-5-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-y
l)indoline;
6-(4,4,5,5-Tetramethyl-l,3,2-dioxaborolan-2-yl)-2,3-di
hydro-l-benzofuran;
(4-{[tert-Butyl(diphenyl)silyl]oxy}phenyl)[2-(3'-metho
xybiphenyl-3-yl)-l,3-dithian-2- yl]methanol;
l-(4-{[tert-Butyl(diphenyl)silyl]oxy}phenyl)-2-(3'-met
hoxybiphenyl-3-yl)ethane-l,2- dione;
5-(4-Hydroxyphenyl)-5-(3'-methoxybiphenyl-3-yl)-3-meth
yl-2-thioxoimidazolidin-4-one;
4-[4-(3'-Methoxybiphenyl-3-yl)-l-methyl-5-oxo-2-thioxo
imidazolidin-4-yl]phenyl methanesulfonate;
4-[4-(3'-Methoxybipheny1-3-yl)-1-methyl-5-oxo-2-thioxo
imidazolidin-4-yl]phenyl trifluoromethanesulfonate;
4-Methoxy-2-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-
yl)phenol;
l-(3-Hydroxyphenyl)-2-phenylethane-l,2-dione;
5-(3-Hydroxyphenyl)-3-methyl-5-phenyl-2-thioxoimidazol
idin-4-one;
Methyl-5-oxo-4-phenyl-2-thioxoimidazolidin-4-yl)phenyl
methanesulfonate;
3-Bromo-4-{[tert-butyl(diphenyl)silyl]oxy}benzaldehyde
;
3-Bromo-4-{[tert-butyl(diphenyl)silyl]oxy}phenyl)(2-ph
enyl-l,3-dithian-2-yl)methanol;
l-(3-Bromo-4-{[tert-butyl(diphenyl)silyl]oxy}phenyl)-2
-phenylethane-l,2-dione;
5-(3-Bromo-4-hydroxyphenyl)-3-methyl-5-phenyl-2-thioxo
imidazolidin-4-one;
2-(3'-Methoxybiphenyl-3-yl)-l,3-dithiane;
(3-{[tert-Butyl(diphenyl)silyl]oxy}phenyl)[2-(3l-metho
xybiphenyl-3-yl)-l,3-dithian-2- yl]methanol;
l-(3-{[tert-Butyl(diphenyl)silyl]oxy}phenyl)-2-(3'-met
hoxybiphenyl-3-yl)ethane-l,2- dione;
5-(3-Hydroxyphenyl)-5-(3'-methoxybiphenyl-3-yl)-3-meth
yl-2-thioxoimidazolidin-4-one;
3-[4-(3'-Methoxybiphenyl-3-yl)-l-methyl-5-oxo-2-thioxo
imidazolidin-4-yl]phenyl trifluoromethanesulfonate;
3-[4-(3'-Methoxybiphenyl-3-yl)-l-methyl-5-oxo-2-thioxo
imidazolidin-4-yl]phenyl methanesulfonate;
5-(4,4,5,5-Tetramethyl-l,3,2-dioxaborolan-2-yl)-2,3-di
hydro-l-benzofuran;
2,3-Dihydro-1-benzofuran-5-yl(2-phenyl-1,3-dithian-2-y
l)methanol;
1-(2,3-Dihydro-1-benzofuran-5-yl)-2-phenylethane-1,2-d
ione;
5-(2,3-Dihydro-l-benzofuran-5-yl)-3-methyl-5-phenyl-2-
thioxoimidazolidin-4-one; 2-Acetyl-5-chloro-
1,2,3,4-tetrahydroisoquinoline;
2-Acetyl-5-(4,4,535-tetramethyl-l,3,2-dioxaborolan-2-y
l)-l,2,3,4-tetrahydroisoquinoline;
(4-Methyl-3,4-dihydro-2H-l,4-benzoxazin-7-yl)(2-phenyl
-l,3-dithian-2-yl)methanol
l-(4-Methyl-3,4-dihydro-2H-l,4-benzoxazin-7-yl)-2-phen
ylethane-l,2-dione;
3-Methyl-5-(4-methyl-3,4-dihydro-2H-l,4-benzoxazin-7-y
l)-5-phenyl-2- thioxoimidazolidin-4-one;
6-Iodo-1,2,3,4-tetrahydronaphthalene;
6-(Phenylethynyl)-l,2,3,4-tetrahydronaphthalene;
l-Phenyl-2-(5,6,7,8-tetrahydronaphthalen-2-yl)ethane-l
,2-dione;
3-Methyl-5-phenyl-5-(5,6,7,8-tetrahydronaphthalen-2-yl
)-2-thioxoimidazolidin-4-one; l-Acetyl-5-iodoindoline;
l-Acetyl-5-(phenylethynyl)indoline;
l-(l-Acetyl-2,3-dihydro-lH-indol-5-yl)-2-phenylethane-
l,2-dione; 5-(l-Acetyl-2
53-dihydro-lH-indol-5-yl)-3-methyl-5-phenyl-2-thioxoim
idazolidin-4-one;
l-Acetyl-4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-y
l)indoline; 8-(4,4,5,5-Tetramethyl-l
,3,2-dioxaborolan-2-yl)chromane;
3-Methoxy-5-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-
yl)phenol;
3'~Hydroxy-5'-metiioxybiphenyl-3-carbaldehyde;
3'-{[tert-Butyl(diphenyl)silyl]oxy}-5'-methoxybiplieny
l-3-carbaldehyde;
tert-Butyl{[3'-(l,3-dithian-2-yl)-5-methoxybiphenyl-3-
yl]oxy}diphenylsilane;
[2-(3'-{[tert-Butyl(diphenyl)silyl]oxy}-5'-methoxybiph
enyl-3-yl)-l,3-dithian-2- yl](pyridin-4-yl)methanol;
l-(3'-{[tert-Butyl(diphenyl)silyl]oxy}-5'-metlioxybiph
enyl-3-yl)-2-pyridin-4-ylethane-l,2- dione;
5-(3'-Hydroxy-5'-methoxybiphenyl-3-yl)-3-methyl-5-pyri
din-4-yl-2-thioxoimidazolidin-4- one;
5-Methoxy-3'-(l-methyl-5-oxo-4-pyridin-4-yl-2-thioxoim
idazolidin-4-yl)biplienyl-3-yl methanesulfonate;
[2-(3'-{[tert-Butyl(diphenyl)silyl]oxy}-5'-methoxybiph
enyl-3-yl)-l,3-ditbian-2- yl](pyridin-2-yl)methanol;
1-(3'-{[tert-Butyl(diphenyl)silyl]oxy}-5'-methoxybiphe
ny1-3-yl)-2-pyridin-2-ylethane- 1,2- dione;
5-(3'-Hydroxy-5'-methoxybiphenyl-3-yl)-3-methyl-5-pyri
din-2-yl-2-thioxoimidazolidin-4- one;
5-Methoxy-3'-(l-methyl-5-oxo-4-pyridin-2-yl-2-thioxoim
idazolidin-4-yl)biphenyl-3-yl methanesulfonate;
[2-(3'-{[tert-Butyl(diphenyl)silyl]oxy
}-5'-methoxybirhenyl-3 -yl)-1,3-dithian-2-yl](3-
furyl)methanol;
l-(3'-{[tert-Butyl(diphenyl)silyl]oxy}-5'-methoxybi
rhenyl-3-yl)-2-(3-furyl)ethane-l,2- dione;
5-(3-Furyl)-5-(3'-hydroxy-5
l-methoxybiphenyl-3-yl)-3-metb.yl-2-thioxoimidazolidin
-4-one;
3'-[4-(3-Furyl)-l-methyl-5-oxo-2-thioxoimidazolidin-4-
yl]-5-methoxybiphenyl-3-yl methanesulfonate;
3l-[2-Amino-4-(3-furyl)-l-methyl-5-oxo-4,5-dihydro-lH-
imidazol-4-yl]-5- methoxybiphenyl-3-yl
methanesulfonate;
[2-(3'-{[tert-Butyl(diphenyl)silyl]oxy}-5'-methoxybiph
enyl-3-yl)-l,3-dithian-2-yl](l,3-
thiazol-5-yl)methanol; l-(3
I-{[tert-Butyl(diphenyl)silyl]oxy}-5'-methoxybiphenyl-
3-yl)-2-(l,3-thiazol-5- yl)ethane-1,2-dione;
5-(3'-Hydroxy-5'-methoxybiphenyl-3-yl)-3-methyl-5-(l,3
-thiazol-5-yl)-2- thioxoimidazolidin-4-one;
5-Methoxy-3'-[l-methyl-5-oxo-4-(l,3-tMazol-5-yl)-2-thi
oxoimidazolidin-4-yl]biphenyl-3- yl methanesulfonate;
[2-(3'-{
[tert-Butyl(diphenyl)silyl]oxy}-5'-methoxybiphenyl-3-y
l)-1,3-dithian-2-yl](l ,3- thiazol-4-yl)methanol;
l-CS'-lftert-ButylCdiphenyOsilyyoxyJ-S'-methoxybipheny
l-S-yO^-Cl^-thiazol^- yl)ethane-1,2-dione;
5-(3'-Hydroxy-5'-methoxybiphenyl-3-yl)-3-methyl-5-(l
3-thiazol-4-yl)-2- thioxoimidazolidin-4-one;
5-Methoxy-3'-[l-methyl-5-oxo-4-(l,3-thiazol-4-yl)-2-th
ioxoimidazolidin-4-yl]biphenyl-3- yl methanesulfonate;
4-Bromo-1-fluoro-2-methoxybenzene;
2-(4-Fluoro-3-methoxyphenyl)-4,4,5,5-tetramethyl-l,3,2
-dioxaborolane 4-[(3-Bromophenyl)ethynyl]phenol;
l-(3-Bromophenyl)-2-(4-hydroxyphenyl)ethane-l,2-dione;
5-(3-Bromophenyl)-5-(4-hydroxyphenyl)-3-methyl-2-thiox
oimidazolidin-4-one;
4-[4-(3-Bromophenyl)-l-methyl-5-oxo-2-thioxoimidazolid
in-4-yl]phenyl methanesulfonate;
4-[4-(3-Bromophenyl)-1-methyl-5-oxo-2-thioxoimidazolid
in-4-yl]phenyl 2- methoxyethanesulfonate;
4-[4-(3-Bromophenyl)-l-methyl-5-oxo-2-thioxoimidazolid
in-4-yl]phenyl propane-lsulfonate;
3-Methoxy-5-(4,4,5,5-tetramethyl-l,3
52-dioxaborolan-2-yl)phenyl methanesulfonate;
3-[(3-Bromophenyl)ethynyl]phenol;
1-(3-Bromophenyl)-2-(3-hydroxyphenyl)ethane-
1,2-dione;
5-(3-Bromophenyl)-5-(3-hydroxyphenyl)-3-methyl-2-thiox
oimidazolidin-4-one;
3-[4-(3-Bromophenyl)-l-methyl-5-oxo-2-thioxoimidazolid
in-4-yl]phenyl methanesulfonate; 3-[4-(3-Bromophenyl)-
1-methyl-5-oxo-2-thioxoimidazolidin-4-yl]phenyl 2-
methoxyethanesulfonate; 2-(4,4,5,5-Tetramethyl-
1,3,2-dioxaborolan-2-yl)pyrimidine;
1-Ethynyl-3-(3-methoxyphenoxy)benzene ;
3-[(4-Methoxyphenyl)ethynyl]phenol;
4-{[3-(3-Methoxyphenoxy)phenyl]ethynyl}phenol;
l-(3-Hydroxyphenyl)-2-(4-methoxyphenyl)ethane-l,2-dion
e;
5-(3-Hydroxyphenyl)-5-(4-methoxyphenyl)-3-methyl-2-thi
oxoimidazolidin-4-one;
l-(4-Hydroxyphenyl)-2-[3-(3-methoxyphenoxy)phenyl]etha
ne-l,2-dione;
5-(4-Hydroxyphenyl)-5-[3-(3-methoxyphenoxy)phenyl]-3-m
ethyl-2-thioxoimidazolidin-4- one;
l-(4-Methoxyphenyl)-2-(3-phenoxyphenyl)ethane-l,2-dion
e;
5-(4-Methoxyphenyl)-3-methyl-5-(3-phenoxyphenyl)-2-thi
oxoimidazolidin-4-one; 3-Methoxypropane- 1-sulfonyl
chloride; 3-[4-(3'-Methoxybiphenyl-3
-yl)-1-methyl-5-oxo-2-thioxoimidazolidin-4-y ljphenyl
propane-2-sulfonate;
3-[4-(3'-Methoxybiphenyl-3-yl)-l-methyl-5-oxo-2-thioxo
imidazolidin-4-yl]phenyl morpholine-4-sulfonate;
3-[2-Amino-4-(3'-niethoxybiphenyl-3-yl)-l-niethyl-5-ox
o-4,5-dihydro-lH-imidazol-4- yl]phenyl
morpholine-4-sulfonate hydrochloride;
6-Iodo-l,2,3,4-tetrahydronaphthalene;
6-[(3-Bromophenyl)ethynyl]-l
,2,3,4-tetrahydronaphthalene;l - -Bromopheny -
-tetrahydronaphthalen^-y^ethane-l^-dione;
5-(3-Bromophenyl)-3-methyl-5-(5,6,7,8-tetrahydronaphth
alen-2-yl)-2-thioxoimidazolidin- 4-one;
6-Bromo-l,2,3,4-tetrahydronaphthalen-2-yl methyl
ether;
[(6-Methoxy-5,6,7,8-tetrahydronaphthalen-2-yl)ethynyl]
(trimethyl)silane;
6-Ethynyl-l,2,3,4-tetrahydronaphthalen-2-yl methyl
ether; 6-[(3-Bromophenyl)ethynyl] -1,2,3
,4-tetrahydronaphthalen-2-yl methyl ether;
l-(3-Bromophenyl)-2-(6-methoxy-5,6,7,8-tetrahydronapht
halen-2-yl)ethane-l,2-dione;
5-(3-Bromophenyl)-5-(6-methoxy-5,6,7,8-tetrahydronapht
halen-2-yl)-3-methyl-2- thioxoimidazolidin-4-one;
1-Acetyl-6-iodo- 1,2,3 ,4-tetrahydroquinoline;
1-Acetyl-6- [(3-bromophenyl)ethyny 1] -1,2,3
,4-tetrahydroquinoline; 1-(I
-Acetyl-1,2,3,4-tetrahydroquinolin-6-yl)-2-(3-bromophe
nyl)ethane- 1,2-dione;
5-(1-Acetyl-1,2,3,4-tetrahydroquinolin-6-yl)-5-(3
-bromophenyl)-3-methyl-2- thioxoimidazolidin-4-one;
5-[(3-Bromophenyl)ethynyl]indane ;
l-(3-Bromophenyl)-2-(2,3-dihydro-lH-inden-5-yl)ethane-
l,2-dione;
5-(3-Bromophenyl)-5-(2,3-dihydro-lH-inden-5-yl)-3-meth
yl-2-thioxoimidazolidin-4-one; 2,3-Dihydro-
1-benzofuran-5-yl[2-(3'-methoxybiphenyl-3-yl)-
1,3-dithian-2-yl]methanol;
l-(2,3-Dihydro-l-benzofuran-5-yl)-2-(3'-methoxybipheny
l-3-yl)ethane-l,2-dione;
5-(2,3-Dihydro-l-benzofuran-5-yl)-5-(3'-methoxybipheny
l-3-yl)-3-methyl-2- thioxoimidazolidin-4-one;
2-Acetyl-4-chloroisoindoline;
5-[(3-Bromophenyl)ethynyl] -2,3-dihydro- 1-benzofuran;
1-(3-Bromophenyl)-2-(2,3-dihydro-
1-benzofuran-5-yl)ethane- 1,2-dione;
5-(3-Bromophenyl)-5-(2,3-dihydro-l-benzofuran-5-yl)-3-
methyl-2-thioxoimidazolidin-4- one;
6-[(3-Bromophenyl)ethynyl]chromane;
l-(3-Bromophenyl)-2-(3,4-dihydro-2H-chromen-6-yl)ethan
e-l,2-dione;
5-(3-Bromophenyl)-5-(3,4-dihydro-2H-chromen-6-yl)-3-me
thyl-2-thioxoimidazolidin-4- one;
(3,4-Dih.ydro-lH-isochronien-7-ylethynyl)(trimethyl)si
lane; 7-Ethynyl-3,4-dihydro-lH-isochromene;
7-[(3-Bromophenyl)ethynyl]
-3,4-dihydro-1H-isochromene; 1-(3-Bromophenyl)-2-(3
,4-dihydro-1H-isochromen-7-yl)ethane- 1,2-dione;
5-(3-Bromophenyl)-5-(3,4-dihydro-lH-isochromen-7-yl)-3
-methyl-2-thioxoimidazolidin- 4-one;
4-{[tert-Butyl(diphenyl)silyl]oxy}benzaldehyde;
tert-Butyl[4-(l
,3-dithian-2-yl)phenoxy]diphenylsilane;
(3-Bromo-4-fluorophenyl)[2-(4-{[tert-butyl(diphenyl)si
lyl]oxy}phenyl)-l,3-dithian-2- yl]methanol;
l-(3-Bromo-4-fluorophenyl)-2-(4-{[tert-butyl(diphenyl)
silyl]oxy}phenyl)ethane-l,2-dione;
5-(3-Bromo-4-fluorophenyl)-5-(4-h.ydroxyphenyl)-3-meth
yl-2-thioxoimidazolidin-4-one; and
4-[4-(3-Bromo-4-fluorophenyl)-
1-methyl-5-oxo-2-thioxoimidazolidin-4-yl]phenyl
methanesulfonate. Methods of preparation The present
invention also relates to processes for preparing the
compound of formula I as a free base or a
pharmaceutically acceptable salt thereof. Throughout
the following description of such processes it is
understood that, where appropriate, suitable
protecting 



groups will be added to, and subsequently removed from
the various reactants and intermediates in a manner
that will be readily understood by one skilled in the
art of organic synthesis. Conventional procedures for
using such protecting groups as well as examples of
suitable protecting groups are for example described
in "Protective Groups in Organic Synthesis", T.W.
Greene, P.G.M Wutz, Wiley-Interscience, New York,
1999. It is understood that microwaves can be used for
the heating of reaction mixtures.Preparation of
Intermediates The process, wherein R1, R2, R3, R7, R8,
and R14, unless otherwise specified, are as defined
hereinbefore, comprises, (i) acylation of a compound
of formula II to obtain a compound of formula III,
wherein P represents a 4, 5, 6 or 7 membered nitrogen
containing heterocyclyl group, and Halo represents a
halogen such as iodine, bromine or chlorine, and R15
is a group such as alkyl, cycloalky, heterocyclyl,
aryl or heteroaryl. (II) (III) may be carried out by
reaction with a suitable acylating reagent such as an
anhydride e.g. acetic anhydride, or an acyl chloride
e.g. acetyl chloride, in a suitable solvent such as
dichloromethane, chloroform, toluene or acetonitrile
at a temperature between -20 0C and reflux.. The
reaction is advantageously effected by the presence of
a base. A suitable base may be an organic amine base
such as pyridine, 2,6-lutidine, collidine,
triethylamine, morpholine, -methylmorpholine,
diazabicyclo[5.4.0]undec-7-ene or tetramethylguanidine
or an alkali metal or an alkaline earth metal
carbonate or hydroxide such as sodium carbonate,
potassium carbonate, calcium carbonate, sodium
hydroxide or potassium hydroxide. The reaction may be
aided by the presence of 4-dimethylaminopyridine. In
addition standard amide coupling conditions can be
employed using the activated ester of a carboxylic
acid. (ii) silylation of a compound of formula IV to
obtain a compound of formula V, wherein Halo
represents halogen e.g. iodine, bromine or chlorine
and R16 is alkyl or aryl,(IV) (V) may be carried out
with a suitable reagent such as a trialkylsilyl
chloride such as tbutyldiphenylsilyl chloride,
trimethylsilyl chloride or triisopropyl silylchloride,
or a trialkylsilyltrifluoromethane sulfonate such as
triethylsilyltrifluoromethane sulfonate, in the
presence of a suitable base such as an organic amine
base such as imidazole, pyridine, 2,6-lutidine,
collidine, 4-dimethylaminopyridine, triethylamine, mof
holine, -methylmorpholine,
diazabicyclo[5.4.0]undec-7-ene, tetramethylguanidine
or an alkali metal hydride such as sodium hydride, in
a suitable solvent such as dichloromethane,
tetrahydrofuran, dimethylformamide at a temperature
between 0 C and 100 C. The reaction may be aided by
4-dimethylaminopyridine. (iii) conversion of a
compound of formula Via or VIb to obtain a compound of
formula Vila or VIIb, wherein R17 and R18 are either
exactly as defined hereinbefore for R2 and R3
respectively or a protected variant, (Via) (Vila)
(VIb) (VIIb) may be carried out by reaction with a
suitable reagent such as 1,3-propanedithiol in the
presence of an acid such as hydrochloric acid
or^?-toluenesulfonic acid, or a Lewis acid such as
boron trifluoride or titanium tetrachloride, in a
suitable solvent such as dichloromethane,
acetonitrile, chloroform, toluene or diethylether, at
a temperature between -78 C and reflux.(iv) reaction
between a compound of formula Via or VIb with a
compound of formula Vila or VIIb to obtain a compound
of formula Villa or VIIIb, wherein R17 and R18 are
defined as in (iii) above, (Via) (VIIb) (Villa) (VIb)
(Vila) (VIIIb) may be carried out by treating VII with
a suitable base such as an alkyllithium reagent e.g.
R-butyl lithium or -butyl lithium before addition of
VI. The reaction may be carried out in a solvent such
as tetrahydrofuran or diethylether, or a mixture of
tetrahydrofuran or diethylether with hexane, at a
temperature between -100 C and 0 C. The reaction may
be aided by the presence of reagents such as
hexamethylphosphoric triamide orN - tetramethyl-
1,2-ethanediamine. (v) oxidative deprotection of a
compound of formula Villa or VIIIb to obtain a
compound of formula IX, wherein R17 and R18 are
defined as in (iii) above, (Villa) (VIIIb) (IX) may be
carried out by:a) reaction with a suitable reagent
such as l,l,l-tris(acetyloxy)-l,l-dihydro-l,2-
benziodoxol-3(lH)-one,
bis(trifluoroacetoxy)iodobenzene, iV-bromosuccinimide,
or a mixture of trifluoroacetic acid with either
sodium nitrite or formaldehyde, in a suitable solvent
such as dichloromethane, acetonitrile, chloroform,
acetone or water or a mixture thereof, between - 5 C
to 40 C. The reaction may be aided by the presence of
an alcohol such as -butanol. or, b) hydrolysis by
treatment with a suitable reagent or reagent
combination such asNchlorosuccinimide and silver
nitrate, -iodosuccinimide, 3-chloroperoxybenzoic acid,
ammonium cerium(IV) nitrate, thallium(III) nitrate,
mercury(II) chloride and calcium carbonate, or
mercery(II) acetate, in a suitable solvent such as
water, acetonitrile, methanol, acetone or diethyl
ether or mixtures thereof, between -50 0C and 50 C ,
followed or preceded by, oxidation with a reagent such
as l,l,l-tris(acetyloxy)-l,ldihydro-
l,2-benziodoxol-3(lH)-one, manganese dioxide, hydrogen
peroxide, potassium permanganate, pyridinium
chlorochromate, copper sulfate or bromine, in a
suitable solvent such as dichloromethane, water,
acetonitrile, chloroform or dimethyl formamide, at
between 0 C and reflux. (vi) oxidation of a compound
of formula X to obtain a compound of formula IX,
wherein R17 and R18 are defined as in (iii) above, (X)
(IX) may be performed by reaction with a suitable
reagent or mixture of reagents, such as sodium
periodate and ruthenium dioxide, iodine and dimethyl
sulfoxide, palladium chloride and dimethyl sulfoxide,
oxone, hydrogen peroxide, oxygen, potassium
permanganate, ruthenium tetroxide, or selenium
dioxide, in a suitable solvent such as dimethyl
sulfoxide, dichloromethane, acetonitrile, water,
acetone, chloroform or carbontetrachloride at a
temperature between -78 C and 150 C. The reaction may
be aided by the presence of a catalyst such as
ruthenium(III) chloride or iron(III) chloride. (vii)
conversion of a compound of formula IX to obtain a
compound of formula XI, wherein R17 and R18 are as
defined in (iii) above and R19 is either exactly as
defined hereinbefore for R1 or a protected variant, ,
(IX) (XI) may be carried out by reaction with an
appropriately JV-substituted thiourea, such as Nmethyl
thiourea, in the presence of a suitable base such as
potassium hydroxide or sodium hydroxide in a suitable
solvent such as water, dimethyl sulfoxide, ethanol or
methanol or mixtures thereof, between 20 C and reflux.
(viii) conversion of a compound of formula XI to
obtain a compound of formula XII, wherein R17, R18 and
R19 are defined as in (iii) and (vii) above, with the
proviso that XII is not a final compound, (XI) (XII)
may be carried out by reaction with ammonia, or an
ammonia equivalent, together with an
alkylhydroperoxide such as -butylhydroperoxide in a
solvent such as ethanol, methanol or water, or a
mixture thereof, at 0 0C to 50 C.(ix) borylation of a
compound of formula XIII to obtain a compound of
formula XIV, wherein Halo represents halogen such as
iodine, bromine or chlorine, R20 may be a group
outlined in Scheme I, wherein R2 1 and R22 are groups
such as OH, - alkylO or C2- 3alkyl0 fused together to
form a 5 or 6 membered boron containing heterocycle
and the alkyl, cycloalkyl or aryl moieties may be
optionally substituted; R23 includes hydrogen or those
definitions covered by R7 hereinbefore, provided that
the substitutent is compatible with the cross-coupling
chemistry. Alternative optionally substituted aromatic
and heteroaromatic ring systems in addition to phenyl
are also covered within this process. (XIII) (XIV) may
be carried out by a reaction with: a) an alkyllithium
such as butyllithium, or magnesium, and a suitable
boron compound such as trimethyl borate or
triisopropyl borate. The reaction may be performed in
a suitable solvent such as tetrahydrofuran, hexane or
dichloromethane in a temperature range between -78 0C
and +20 0C; or, b) a suitable boron species such as
biscatecholatodiboron, bispinacolatodiboron or
pinacolborane in the presence of a suitable palladium
catalyst such as palladium(O)
tetrakistriphenylphosphine, palladium
diphenylphosphineferrocene dichloride or palladium
acetate, with or without a suitable ligand such as
2-(dicyclohexylphosphino)biphenyl, anda suitable base,
such as a tertiary amine, such as trietylamine or
diisopropylethylarnine, or potassium acetate may be
used. The reaction may be performed in a solvent such
as dioxane, toluene, acetonitrile, water, ethanol or
1,2-dimethoxyethane, or mixtures thereof, at
temperatures between 20 C and +160 0C. (x) conversion
of a compound of formula XV to a compound of formula
XVI, wherein Halo represents halogen such as chlorine,
bromine or iodine, R19 is as defined in (vii) above,
R24 is either exactly as described for R2 or R3 or a
protected variant thereof, and R25 is as defined for a
compound of formula XIV in (ix) above, but with the
point of attachment in place of R20, with the proviso
that the resultant compound with formula XVI is not a
final compound, Halo (XV) (XVI) may be carried out by
a de-halogen coupling with a suitable compound of
formula XIV. The reaction may be carried out by
coupling of a compound of formula XV with an
appropriate aryl boronic acid or boronic ester of
formula XIV. The reaction may be carried out using a
suitable palladium catalyst such as
tetrakis(triphenylphosphine)palladium(0), palladium
diphenylphosphineferrocene dichloride or palladium
acetate, together with, or without, a suitable ligand
such as tri-ter -butylphosphine or 2-
(dicyclohexylphosphino)biphenyl, or using a nickel
catalyst such as nickel on charcoal or
1,2-Bis(diphenylphosphino)ethanenickel dichloride
together with zinc and sodium
triphenylphosphinetrimetasulfonate. A suitable base
such as cesium fluoride, an alkyl amine such as
triethyl amine, or an alkali metal or alkaline earth
metal carbonate or hydroxide such as potassium
carbonate, sodium carbonate, cesium carbonate, or
sodium hydroxide may be used in the reaction, which
may be performed in a temperature rangebetween +20 0C
and +160 0C, in a suitable solvent such as toluene,
tetrahydrofuran, dioxane, dimethoxyethane, water,
ethanol or L -dimethylformamide, or mixtures thereof.
(xi) conversion of a compound of formula XVII to
obtain a compound of formula XVIII, wherein R19 and
R24 are as defined above and R26 is either covered by
R8 or R12 , (XVII) (XVIII) may be carried out by
reaction with a suitable reagent such as an alkyl
sulfonyl chloride e.g. methane sulfonyl chloride, an
alkyl sulfonic anhydride, e.g.
trifluoromethanesulfonic anhydride, or a sulfonamide
e.g. -phenyl-bis(trifluoromethanesulfonimide, in the
presence of a suitable base such as an organic amine
base such as pyridine, 2,6-lutidine, scollidine,
triethylamine, diispropyl ethylamine, morpholine,
iV-methylmorpholine, diazabicyclo[5.4.0]undec-7-ene or
tetramethylguanidine, or an alkali metal or an
alkaline earth metal carbonate such as sodium
carbonate, potassium carbonate or calcium carbonate,
or potassium phosphate, in a suitable solvent such as
dichloromethane, tetrahydrofuran, chloroform, toluene,
dimethyl formamide or pyridine at a temperature of- 78
0C to 120 C. 4-Dimethylaminopyridine may aid the
reaction. Methods of Preparation of End products
Another object of the invention are processes a, b or
c for the preparation of compounds of general formula
I, wherein R , R and R , unless otherwise specified,
are defined as hereinbefore, and salts thereof. When
it is desired to obtain the acid salt, the free base
may be treated with an acid such as a hydrogen halide
such as hydrogen chloride, sulphuric acid, a sulphonic
acid such as methane sulphonic acid or a carboxylic
acid such as acetic or citric acid in a suitable
solvent such as tetrahydrofuran, diethyl ether,
methanol, ethanol,chloroform or dichloromethane or
mixtures thereof, the reaction may occur between -30 C
to +50 C. These processes comprise; (a) conversion of
a compound of formula XIX to obtain a compound of
formula I . (XIX) (I) The reaction of process (a) may
be carried out by reaction with ammonia, or an ammonia
equivalent, together with an alkylhydroperoxide such
as -butylhydroperoxide in a solvent such as ethanol,
methanol or water or a mixture thereof at a
temperature of 0 C to 50 C. (b) conversion of a
compound of formula XX to obtain a compound of formula
F (where F is covered within the general definitions
of a compound of formula I), wherein Halo represents
halogen such as chlorine, bromine or iodine, ring B is
defined such that once Halo has been substituted by R7
then the resultant final product F is covered by a
compound of formula I, (XX) (F) The reaction of
process (b) may be carried out by a de-halogen
coupling with a suitable compound of formula XIV. The
reaction may be carried out by coupling of a compound
of formula XX with an appropriate aryl boronic acid or
a boronic ester of formula XIV. The reaction may be
carried out using a suitable palladium catalyst such
as tetrakis(triphenylphosphine)palladium(0), palladium
diphenylphosphineferrocenedichloride or palladium(II)
acetate, together with, or without, a suitable ligand
such as trir -butylphosphine or
2-(dicyclohexylphosphino)biphenyl, or using a nickel
catalyst such as nickel on charcoal or
1,2-Bis(diphenylphosphino)ethanenickel dichloride
together with zinc and sodium
triphenylphosphinetrimetasulfonate. A suitable base
such as cesium fluoride, an alkyl amine such as
triethyl amine, or an alkali metal or alkaline earth
metal carbonate or hydroxide such as potassium
carbonate, sodium carbonate, cesium carbonate, or
sodium hydroxide may be used in the reaction, which
may be performed in a temperature range between +20 0C
and +160 0C, in a suitable solvent such as toluene,
tetrahydrofuran, dioxane, dimethoxyethane, water,
ethanol or LziV-dimethylformamide, or mixtures
thereof. (c) conversion of a compound of formula XXI
to obtain a compound of formula I" (where I" is
covered within the general definitions of a compound
of formula I), wherein ring C is defined such that
when the -OH is replaced by -OSO 2R8 or -OSO 2R12 then
the resultant final product I" is covered by a
compound of formula I, (XXI) (I") The reaction of
process (c) may be carried out by reaction with a
suitable reagent such as an alkyl sulfonyl chloride
e.g.methane sulfonyl chloride, an alkyl sulfonic
anhydride e.g. trifluoromethanesulfonic anhydride, or
a sulfonimide e.g. JV-phenylbis(
trifluoromethanesulfonimide, in the presence of a
suitable base such as an organic amine base such as
pyridine, 2,6-lutidine, s-collidine,
4-dimethylaminopyridine, triethylamine, diispropyl
ethylamine, morpholine, -methylmorpholine,
diazabicyclo[5.4.0]undec-7-ene or
tetramethylguanidine, or an alkali metal or an
alkaline earth metal carbonate or hydroxide such as
sodium hydroxide, sodium carbonate, potassium
carbonate or calcium carbonate, or potassium
phosphate, in a suitable solvent such as
dichloromethane, tetrahydrofuran, chloroform, toluene,
dimethyl formamide orpyridine at a temperature of -78
C to 120 C. 4-Dimethylaminopyridine may aid the
reaction. 



Examples Below follows a number of non-limiting
examples of compounds of the invention. General
Methods Starting materials used were available from
commercial sources, or prepared according to
literature procedures. Microwave heating was performed
in a Creator, Initiator or Smith Synthesizer
Singlemode microwave cavity producing continuous
irradiation at 2450 MHz. 1H NMR spectra were recorded
in the indicated deuterated solvent at 400 MHz, unless
stated otherwise, using a Bruker av400 NMR
spectrometer equipped with a 3mm flow injection SEI
1HTD-13C probe head with Z-gradients, using a BEST 215
liquid handler for sample injection, or using a Bruker
DPX400 NMR spectrometer equipped with a 4-nucleus
probehead with Z-gradients. 600 MHz 1H NMR were
recorded using a Bruker DRX600 NMR spectrometer
equipped with a 5mm TXI probehead with Z-gradients.
Chemical shifts are given in ppm down- and upfield
from TMS. Resonance multiplicities are denoted s, d,
t, q, m and br for singlet, doublet, triplet, quartet,
multiplet, and broad respectively. LC-MS analyses were
recorded on a Waters LCMS equipped with a Waters
X-Terra MS, C8-column, (3.5 mm, 100 mm x 3.0 mm i.d.).
The mobile phase system consisted of A: 10 mM ammonium
acetate in water/acetonitrile (95:5) and B:
acetonitrile. A linear gradient was applied running
from 0% to 100% B in 4-5 minutes with a flow rate of
1.0 mL/min. The mass spectrometer was equipped with an
electrospray ion source (ESI) operated in a positive
or negative ion mode. The capillary voltage was 3 kV
and the mass spectrometer was typically scanned
between m/z 100-700. GC-MS analyses were performed on
a Agilent 6890N GC equipped with a Chrompack CPSiI 5CB
column (25 m x 0.25 mm i.d. df = 0.25)), coupled to an
Agilent 5973 Mass Selective Detector operating in a
chemical ionization (CI) mode and the MS was scanned
between m/z 50-500.HPLC assays were performed using an
Agilent HPl 100 Series system equipped with a Waters
X-Terra MS, C column (3.0 x 100 mm, 3.5 mm). The
column temperature was set to 40 C and the flow rate
to 1.0 rnL/min. The Diode Array Detector was scanned
from 200-300 nm. A linear gradient was applied, run
from 0% to 100% B in 4 min. Mobile phase A: 10 mM
ammonium acetate in water/acetonitrile (95:5), mobile
phase B: acetonitrile. Preparative HPLC was performed
on a Waters Auto purification HPLC-UV system with a
diode array detector using a Waters XTerra MS C8
column (19x300 mm, 7 mm) and a linear gradient of
mobile phase B was applied. Mobile phase A: 0.1 M
ammonium acetate in water/acetonitrile (95:5) and
mobile phase B: acetonitrile. Flow rate: 20 mL/min. Or
preparative chromatography was run on a Waters
FractionLynx system with a Autosampler combined
Automated Fraction Collector (Waters 2767), Gradient
Pump (Waters 2525), Regeneration Pump (Waters 600),
Make Up Pump (Waters 515), Waters Active Splitter,
Column Switch (Waters CFO), PDA (Waters 2996) and
Waters ZQ mass spectrometer. Column; XBridge(tm) Prep
C8 5mm OBD(tm) 19 x 100mm, with guard column; XTerra
(r) Prep MS C8 l Omm 19 x 10mm Cartridge. A gradient
from 100% A (95% 0.1M NH4OAc in MiUiQ water and 5%
MeCN) to 100% B (100% MeCN) was applied for
LC-separation at flow rate 25ml/min. The PDA was
scanned from 210-350nm. The ZQ mass spectrometer was
run with ESI in positive mode. The Capillary Voltage
was 3kV and the Cone Voltage was 30V. Mixed
triggering, UV and MS signal, determined the fraction
collection. Thin layer chromatography (TLC) was
performed on Merch TLC-plates (Silica gel 60 F254) and
spots were UV visualized. Flash chromatography was
performed using Merck Silica gel 60 (0.040-0.063 mm),
or employing a Combi Flash(r) Companion(tm) system
using RediSep(tm) normal-phase flash columns.
Compounds have been named using ACD/Name, version
8.08, software from Advanced Chemistry Development,
Inc. (ACD/Labs), Toronto ON, Canada, www.acdlabs.com,
2004.Example 1
2-Acetyl-7-bromo-l,2,3,4-tetrahydroisoquinoline
7-Bromo-l,2,3,4-tetrahydroisoquinoline (550 mg, 2.21
mmol), triethylamine (0.68 niL, 4.87 mmol) and
yV-dimethylpyridin-4-amine (27 mg, 0.22 mmol) were
dissolved in dry dichloromethane (10 mL) and cooled to
0 0C under argon. Acetic anhydride (0.22 mL, 2.32
mmol) was added dropwise and the resulting mixture was
stirred under argon at ambient temperature for 15 h.
The mixture was then poured into aqueous hydrochloric
acid (IM, 10 mL) and the organic phase was separated,
washed with aqueous hydrochloric acid (IM, 10 mL) and
saturated aqueous sodium bicarbonate (10 mL), dried
over magnesium sulfate and concentrated in vacuo to
yield the title compound, 556 mg (99% yield). 1H-NMR
(DMSOd 6) : d 7.44-7.41, (m, 1 H), 7.37-7.33 (m, 1 H),
7.14 (d, J=8.0 Hz, 1 H), 4.64 (s, 1 H), 4.58 (s, 1H)3
3.63 (t, J=6.0 Hz, 2 H), 2.81 (t, J=5.9 Hz, 1 H), 2.70
(t, J=5.9 Hz, 1 H), 2.07 (s, 3 H); MS (ESI) m/z 254
and 256 [M+l] +. Example 2
2-AcetyI-7-(4,4,5,5-tetramethyI-l,3,2-dioxaborolan-2-y
I)-l,2,3,4-
tetrahydroisoquinoline2-Acetyl-7-bromo-l,2,3,4-tetrahy
droisoquinoline (150 mg, 0.59 mmol),
4,4,4',4',5,5,5',5'-
octamethyl-2,2'-bi-l,3,2-dioxaborolane (180 mg, 0.71
mmol), [1,1'-
bis(diphenylphosphino)ferrocene]palladium(II) chloride
dichloromethane adduct (15 mg, 0.018 mmol), potassium
acetate (174 mg, 1.77 mmol) and 1,2-dimethoxyethan (4
mL) was s irradiated in a microwave at 150 C for 15
min. When cooled to ambient temperature the mixture
was diluted with water (4 mL) and extracted with
diethyl ether (3 x 5 mL). The combined organic
extracts were passed through a silica pad. The product
fractions were collected and concentrated to yield the
title compound, 125 mg (70% yield). 1H-NMR (DMSO-J ) :
d 7.53-7.44 (m, 2 H), 7.21-7.16 (m, 1 H), 4.65 (s, 1
H), 4.58 (s, 1 H), 3.64 (t, o J=5.8 Hz, 2 H), 2.87 (t,
J=5.8 Hz, 1 H), 2.77 (t, J=5.9 Hz, 1 H), 2.07 (s, 3
H), 1.28 (s, 6 H), 1.16 (s, 6 H); MS (ESI) m/z 302
[M+l] +. Example 3
5-(3-Bromo-phenyl)-3-methyI-5-phenyl-2-thioxo-imidazol
idm-4-one 5 w-Bromobenzil (10.99 g, 38 mmol, described
in Christy, M. E. et al. J Med. Chem. 1977, 20, 421.)
was dissolved in dimethyl sulfoxide (65 mL).
iV-Methylthiourea (6.85 g, 76 mmol) was added, and the
solution was heated to 100 0C. An aqueous solution of
0 potassium hydroxide (1.5 M, 26 mL, 38 mmol) was
added and the resulting solution was stirred at this
temperature for 3 min, allowed to cool, and then
poured into water (300 mL). The resulting slurry was
vigorously stirred and the pH was adjusted to below 7
with aqueous hydrochloric acid (12 M, ca 4 mL).
Stirring was continued for 20 min., and the
precipitate was collected by filtration. The filter
cake was washed with water (150 mL) and 5 then dried
in vacuo to yield 13.98 g (100% yield) of the title
compound. 1H-NMR (DMSOd6) : d 11.61 (s, 1 H), 7.57 (d,
J = 8 Hz, 1 H), 7.48 (s, 1 H), 7.35-7.40 (m, 5 H),
7.26 (d, J = 8 Hz, 2 H)5 3.14 (s, 3 H); MS (ESI) 359
and 361 [M+l] +. Example 4
2-Amino-5-(3-bromophenyl)-3-methyl-5-phenyl-3,5-dihydr
o-imidazol-4-one
5-(3-Bromo-phenyl)-3-methyl-5-phenyl-2-thioxo-imidazol
idin-4-one (2.53 g, 7 mmol) was added to a mixture of
methanol (30 mL) and aqueous ammonia (25%, 10 mL).
Aqueous tbutylhydroperoxide (70%, 12.5 mL, 105 mmol)
was added, and the resulting mixture was stirred at 35
0C for 2 h. The mixture was then poured into water
(300 mL) and extracted with dichloromethane (3 x 30
mL). The combined organic phases were washed with
water (200 mL), dried over magnesium sulfate and
concentrated in vacuo. The residue was dissolved in
dichloromethane methanol 90:10 (20 mL), suction
filtered through a silica pad and concentrated in
vacuo. Recrystallization from chloroform gave 1.48 g
(68% yield) of the title compound. 1H-NMR (DMSO- ) : d
7.61 (s, 1 H), 7.40-7.50 (m, 4 H), 7.22-7.32 (m, 4 H),
6.72 (s, 2 H), 2.98 (s, 3 H); MS (ESI) m/z 3AA and 346
[M+l] + Example 5
5-[3-(2-Acetyl-l,2,3,4-tetrahydroisoquiuolin-7-yl)phen
yl]-2-amino-3-methyl-5-phenyl- 3,5-dihydro-4i
-imidazol-4-one2-Acetyl-7-(4,4,5,5-tetramethyl-l,3,2-d
ioxaborolan-2-yl)-l,2,3,4-tetrahydroisoquinoline (125
mg, 0.42 mmol),
2-amino-5-(3~bromo-phenyl)-3-methyl-5-phenyl-3,5-dihyd
roiniidazol- 4-one (143 mg, 0.42 mmol),
[l,r-bis(diphenylphosphino)ferrocene]palladium(II)
chloride dichloromethane adduct (17 mg, 0.021 mmol),
cesium carbonate (406 mg, 1.25 mmol) and solvent (4 mL
of l,2-dimethoxyethan:water:ethanol 6:3:1) was
irradiated in a microwave at 150 C for 15 min. When
cooled to ambient temperature the mixture was diluted
with water (5 mL) and extracted with diethyl ether (3
x 5 mL). The combined organic extracts were
concentrated and purified by preparative HPLC to yield
14 mg (8% yield) of the title compound. MS (ESI) m/z
439 [M+lf. Example 6
S-[3-(2-Acetyl-l,2,3,4-tetrahydroisoqumolin-7-yl)pheny
l]-2-amino-3-methyl-5-phenyl- 3,5-dihydro-4i
-imidazol-4-one hydrochloride
HCl5-[3-(2-Acetyl-l,2,3,4-tetrahydroisoquinolin-7-yl)p
henyl]-2-amino-3-methyl-5-phenyl-3,5- dihydro-4
-imidazol-4-one (14 mg, 0.032 mmol) was dissolved in
dichloromethane ( 1 niL) and hydrochloric acid (1.0 M
in diethyl ether, 33 mL, 0.033 mmol) was added. The
resulting mixture was concentrated to dryness in vacuo
to give the title compound, 12 mg s (79% yield).
1H-NMR (DMSO-d6) : d 9.60 (s, 2 H), 7.73-7.63 (m, 2
H), 7.58-7.50 (m, 1 H), 7.49-7.36 (m, 8 H), 7.30-7.26
(m, 1 H), 4.70 (s, 1H)54.65 (s, 1 H), 3.67 (t, J=5.9
Hz, 2 H), 3.21 (s, 3 H), 2.89 (t, J=5.9 Hz, 1 H), 2.78
(t, J=5.9 Hz, 1H) 2.09 (s, 3 H); MS (ESI) m/z I0
Example 7 l-Acetyl-5-(4,4,5,5-tetramethyl-l,3
52-dioxaborolan-2-yl)indoline The title compound was
synthesized as described for Example 2 in 85% yield
starting from is l-acetyl-5-bromoindoline. 1H-NMR
(DMSO-J 5 ) : d 8.04-8.00 (m, 1H)5 7.51-7.45 (m, 2 H),
4.09 (t, J=8.5 Hz, 2 H), 3.12 (t, J=8.5 Hz52 H)52.16
(s, 3 H), 1.27 (s, 6 H), 1.16 (s, 6 H); MS (CI) m/z
288 [M+l] +. Example 8 20
5-[3-(l-Acetyl-2,3-dihydro-l/T-mdol-5-yl)phenyl]-2-ami
no-3-methyl-5-phenyl-3,5- dihydro-4
r-imidazol-4-oneThe title compound was synthesized as
described for Example 5 in 15% yield starting from
2-amino-5-(3-bromo-phenyl)-3-methyl-5-phenyl-3,5-dihyd
ro-imidazol-4-one and 1-acetyl-
5-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)indolme
. MS (ESI) m/z 425 [M+l]+. Example 9 S- l -Acetyl-
-dihydr o-l -in dol-S-yl phenyl - -amino-
-methyl-S-phenyl- Sdihydr o-4 T-imidazoI-4-one
hydrochloride The title compound was synthesized as
described for Example 6 in 93% yield starting from
5-[3-(l-acetyl-2,3-dihydro-l
H-indol-5-yl)phenyl]-2-amino-3-methyl-5-phenyl-3,5-
dihydro-4H-imidazol-4-one. 1H-NMR (DMSO^): d 11.66 (s,
1 H), 9.62 (s, 2 H), 8.11- 8.07 (m, 1 H), 7.75-7.63
(m, 2 H), 7.46-7.37 (m, 9 H), 4.13 (t, J=8.5 Hz, 2 H),
3.42-3.30 (m, 2 H, obscured by water signal), 3.21 (s,
3 H), 2.17 (s, 3 H); MS (ESI) m/z 425 [M+lf.Example 10
6-(4,4,5,5-Tetramethyl-l,3,2-dioxaborolan-2-yl)-2,3-di
hydro-l-benzofuran The title compound was synthesized
as described for Example 2 starting from 6-bromo-
2,3-dihydro-l-benzofuran (described in Song, Z. et al.
Org. Lett. 2001, 3, 3357.)- The crude product was
subjected to flash chromatography using a gradient of
dichloromethane and methanol with 1% aqueous ammonia
to give the title compound in 97% yield. 1H NMR
(DMSO-J 6) d 7.24 (m, 1 H), 7.16 (dd, J=7.3, 0.8 Hz, 1
H), 6.95 (s, 1 H), 4.49 (t, J=8.8 Hz, 2 H), 3.18 (t, J
=8.7 Hz, 2 H), 1.27 (s, 12 H); MS (CI) m/z 247 [MH]+.
Example 11
2-Amino-5-[3-(2,3-dihydro-l-benzofuran-6-yl)phenyl]-3-
methyl-5-phenyl-3,5- dihydro-4iZ-imidazol-4-one The
title compound was synthesized as described for
Example 5 starting from 2-amino-5-
(3-bromophenyl)-3-methyl-5-phenyl-3,5-dihydro-4
H-imidazol-4-one and 6-(4,4,5,5-
tetramethyl-l,3,2-dioxaborolan-2-yl)-2,3-dihydro-l-ben
zofuran. The crude product was subjected to flash
chromatography using a gradient of dichloromethane and
methanol with 1% aqueous ammonia, followed by
preparative HPLC giving the title compound in 61%
yield. 1H NMR (DMSO-J 6) d 7.68 (s, 1 H), 7.51-7.42
(m, 4 H), 7.38-7.27 (m, 4 H), 7.24-7.18 (m, 1H)3 6.98
(dd, J=IJ, 1.6 Hz, 1 H), 6.89 (d, J=I. 3 Hz, 1 H),
6.68 (br s, 2 H), 4.56 (t, J=8.7 Hz, 2 H), 3.19 (t,
J=8.6 Hz, 2 H), 2.99 (s, 3 H); MS (ESI) m/z 384 [M+lf.
Example 12
2-Amino-5-[3-(2,3-dihydro-l-benzofuran-6-yl)phenyl]-3-
methyl-5-phenyl-3,5- dihydro-4T-imidazol-4-one
hydrochloride The title compound was synthesized as
described for Example 6 in 96% yield starting from
2-amino-5-[3-(2,3-dihydro-l-benzofuran-6-yl)phenyl]-3-
methyl-5-phenyl-3,5-dihydro-4 - imidazol-4-one. The
crude product was subjected to flash chromatography
using a gradient of dichloromethane and methanol with
1% aqueous ammonia, followed by preparative HPLC
giving the title compound in 61% yield. 1H NMR
(DMSO-<i6) d 7.68 (s, 1 H), 7.51- 7.42 (m, 4 H),
7.38-7.27 (m, 4 H), 7.24-7.18 (m, 1 H), 6.98 (dd,
J=7.7, 1.6 Hz, 1 H), 6.89 (d, J=I. 3 Hz, 1 H), 6.68
(br s, 2 H), 4.56 (t, J=8.7 Hz, 2 H), 3.19 (t, J=8.6
Hz, 2 H), 2.99 (s, 3 H); MS (ESI) m/z 384 [M+lf.
Example 13
(4-{[tert-Butyl(diphenyl)silyl]oxy}phenyl)[2-(3'-metho
xybiphenyl-3-yl)-l,3-dithian-2-
yl]methanol2-(3'-Methoxybiphenyl-3-yl)-l,3-dithiane
(799 mg, 2.64 mmol) was dissolved in anhydrous
tetrahydrofuran (10 mL) and the resulting mixture was
cooled to -78 C. n- Butyllithium (1.6 M in hexanes,
1.82 mL, 2.91 mmol) was added, and the resulting
solution was stirred for 2 h before
4-{[tert-butyl(diphenyl)silyl]oxy}benzaldehyde (1.00
g, 2.77 mmol, described in Mullen, D. G.; Barany, G.,
J. Org. Chem. 53, 1988, 5240.) dissolved in
tetrahydrofuran (1.5 mL) was added. The resulting
mixture was allowed to reach ambient temperature
during 4 h. Saturated aqueous ammonium chloride (10
mL) was added and the phases were separated. The
aqueous layer was extracted three times with
dichloromethane and the combined organic extracts were
dried over magnesium sulfate, filtered and
concentrated in vacuo to give 1.80 g (72% yield) of
the title product which was used without further
purification. MS (ESI) m/z 645 [M-water]+. Example 14
l-(4-{[tert-Butyl(diphenyl)silyI]oxy}phenyl)-2-(3'-met
hoxybiphenyl-3-yl)ethane-l,2-
dione(4-{[tert-Butyl(diphenyl)silyl]oxy}phenyl)[2-(3'-
methoxybi rhenyl-3-yl)-l,3-dithian-2- yljmethanol
(1.60 g, 2.41 mmol) and -butanol (630 mg, 8.44 mmol)
were dissolved in dichloromethane (20 niL).
l,l,l-Tris(acetyloxy)-l l5,2-benziodoxol-3(lH)-one
(2.56 g, 6.03 mmol) was added and the resulting
mixture was stirred for 18 h. Sodium thiosulfate (2.50
g) in saturated aqueous sodium hydrogencarbonate (40
mL) followed by dichloromethane (20 mL) were added and
the phases separated. The aqueous layer was extracted
three times with dichloromethane and the combined
organic extracts were dried over magnesium sulfate,
filtered and concentrated in vacuo. Purification by
flash chromatography (heptane :ethyl acetate gradient
elution) yielded 1.27 g (74% yield) of the title
compound. 1H NMR (CDCl3) 6 8.16 (t, J=I .8 Hz, 1 H),
7.92-7.87 (m, 1 H), 7.87-7.83 (m, 1 H), 7.80-7.76 (m,
2 H), 7.72-7.67 (m, 4 H), 7.55 (t, J=7.7 Hz, 1 H),
7.48-7.42 (m, 2 H), 7.42-7.36 (m, 5 H), 7.19-7.14 (m,
1 H), 7.12-7.09 (m, 1 H), 6.96-6.92 (m, 1 H), 6.86-
6.82 (m, 2 H), 3.87 (s, 3 H), 1.11 (s, 9 H); MS (ESI)
m/z 571 [M+l] +. s Example 15
5-(4-Hydroxyphenyl)-5-(3'-methoxybiphenyl-3-yl)-3-meth
yI-2-thioxoimidazolidin-4- one 
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l-(4-{[tert-Butyl(diphenyl)silyl]oxy}phenyl)-2-(3'-met
hoxybiphenyl-3-yl)ethane-l,2-dione (1.21 g, 2.12 mmol)
and JV-methylthiourea (382 mg, 4.24 mmol) were
dissolved in dimethyl sulfoxide (6 mL). Aqueous
potassium hydroxide (1.2 M, 3.53 mL, 4.24 mmol) was
added and the resulting mixture was heated to 100 0C
for 2 min. by microwave irradiation. The mixture was
diluted with chloroform and water after cooling, and
the pH s of the aqueous phase was adjusted to ~4 by
careful addition of aqueous hydrochloric acid(2 M).
The phases were separated and the aqueous layer was
extracted three times with chloroform. The combined
organic extracts were washed three times with water
and once with brine, dried over magnesium sulfate,
filtered and concentrated in vacuo. Purification by
flash chromatography (heptane :ethyl acetate gradient
elution) yielded 525 mg (55% yield) of the title
compound. 1H NMR (CDCl3) d 8.1 1 (s, 1 H), 7.60-7.52
(m, 2 H), 7.44 (t, J=7.8 Hz, 1 H), 7.36-7.31 (m, 2 H),
7.20-7.15 (m, 2 H), 7.12-7.08 (m, 1 H), 7.07-7.04 (m,
1 H), 6.92-6.88 (m, 1 H), 6.82-6.77 (m, 2 H), 3.84 (s,
3 H), 3.34 (s, 3 H); MS (ESI) m/z Example 16
4-[4-(3'-MethoxybiphenyI-3-yl)-l-methyl-5-oxo-2-thioxo
imidazolidin-4-yI]phenyl methanesulfonate
5-(4-Hydroxyphenyl)-5-(3
l-methoxybiphenyl-3-yl)-3-methyl-2-thioxoimidazolidin-
4-one (150 mg, 0.37 mmol) was dissolved in
dichloromethane (3 mL) and cooled to 0 0C.
Triethylamine (52 mL, 0.37 mmol) followed by
methanesulfonyl chloride (32 mL, 0.41 mmol) were
added, and after 5 min the mixture was allowed to
reach ambient temperature. After 2.5 h the mixture was
cooled to 0 C and additional triethylamine (10 mL,
0.07 mmol) followed by methanesulfonyl chloride (7 mL,
0.09 mmol) were added. The mixture was warmed to
ambient temperature and stirred for 2.5 h. It was then
diluted with dichloromethane and washed with aqueous
hydrochloric acid (1.2 M). The aqueous layer was
re-extracted with dichloromethane and the combined
organic extracts were dried overmagnesium sulfate,
filtered and concentrated in vacuo. Purification by
flash chromatography (heptane :ethyl acetate gradient
elution) gave 141 mg (79% yield) of the title
compound. 1H NMR (CDCl3) d 8.23 (s, 1H) 7.62-7.58 (m,
1 H), 7.51 (t, J=I. 77 Hz3 1H)3 7.49 - 7.43 (m, 3 H),
7.37 - 7.28 (m, 4 H) 7.12 7.08 (m, 1H)3 7.06 - 7.03
(m, 1H)3 s 6.93 - 6.88 (m, 1 H), 3.84 (s, 3 H)3 3.34
(m, 3 H), 3.17 (s, 3 H); MS (ESI) m/z 483 [M+l] +.
Example 17 4-[2-Amino-4-(3
l-methoxybiphenyI-3-yl)-l-methyl-5-oxo-4,5-dihydro-l
fir-imidazol-4- yl]phenyl methanesulfonate 0 The title
compound was synthesized from
4-[4-(3'-methoxybiphenyl-3-yl)-l-methyl-5-oxo-
2-thioxoimidazolidin-4-yl]phenyl methanesulfonate as
described for Example 4 except that purification was
done by flash chromatography (heptane:ethyl acetate
gradient elution) to s give 87 mg (64% yield) of the
title compound. 1H NMR (CDCl3) d 7.70 (t, J=I .8 Hz3
1H)3 7.61-7.55 (m, 2 H) 7.51-7.47 (m, 1H)37.46-7.42
(m, 1 H), 7.39-7.29 (m, 2 H)3 7.22-7.16 (m, 2 H)3
7.15-7.1 1 (m, 1H)3 7.10-7.06 (m, 1H)3 6.90-6.85 (m, 1
H), 5.56 (br s, 2 H)3 3.82 (S3 3 H), 3.08 (s, 3 H)
3.06 (s, 3 H); MS (ESI) m/z 466 [M+l] +. 0 Example 18
4-[2-Amino-4-(3'-methoxybiphenyl-3-yl)-l-methyl-5-oxo-
4,5-diliydro-l -imidazol-4- yl]phenyl methanesulfonate
hydrochlorideThe title compound was synthesized in 88%
yield from 4-[2-amino-4~(3'- methoxybiphenyl-3
-yl)~1-methyl-5-oxo-4, 5-dihydro-
1/f-imidazol-4-yl]phenyl methanesulfonate as described
in Example 6.MS (ESI) m/z 466 [M+l] +. Example 19
4-[4-(3'-Methoxybiphenyl-3-yl)-l-methyl-5-oxo-2-thioxo
imidazolidin-4-yl]phenyI trifluoromethanesulfonate
5-(4-Hydroxyphenyl)-5-(3'-methoxybiphenyl-3-yl)-3-meth
yl-2-thioxoimidazolidin-4-one (150 mg, 0.37 mmol) was
dissolved in dichloromethane (3 mL) and cooled to 0
0C. Triethylamine (57 mL, 0.41 mmol) followed by
trifluoromethanesulfonic anhydride (69 mL, 0.41 mmol)
were added, and after 5 minutes the mixture was
allowed to reach ambient temperature. After 2.5 h the
mixture was diluted with dichloromethane and washed
with aqueous hydrochloric acid ( 1.2 M). The aqueous
layer was re-extracted withdichloromethane and the
combined organic extracts were dried over magnesium
sulfate, filtered and concentrated in vacuo.
Purification by flash chromatography (heptane:ethyl
acetate gradient elution) gave 101 mg (51% yield) of
the title compound. 1HNMR (CDCl3) d 8.25 (s, 1 H),
7.63-7.58 (m, 1 H), 7.54-7.45 (m, 4 H), 7.38-7.27 (m,
4 H), 7.12-7.06 (m, s 1 H), 7.05-7.02 (m, 1H)5
6.93-6.88 (m, 1 H), 3.84 (s, 3 H), 3.35 (s, 3 H); MS
(ESI) m/z 537 [MfI] +. Example 20
4-[2-Amino-4-(3'-methoxybiphenyl-3-yl)-l
-methyI-5-oxo-4,5-dihydro-l Hr-imidazol-4- o yl]phenyl
trifluoromethanesulfonate The title compound was
synthesized from
4-[4-(3'-methoxybiphenyl-3-yl)-l-methyl-5-oxo- 2
thioxoimidazolidin-4-yl]phenyl
trifluoromethanesulfonate as described for Example 4,
s except that purification was done by flash
chromatography (heptane:ethyl acetate gradient
elution) to give 23 mg (24% yield) of the title
compound. 1H NMR (CDCl3) d 7.70-7.64 (m, 3 H),
7.53-7.48 (m, 1 H), 7.46-7.41 (m, 1 H), 7.41-7.30 (m,
2 H), 7.23-7.18 (m, 2 H), 7.15-7.10 (m, 1 H),
7.09-7.06 (m, 1 H), 6.91-6.86 (m, 1 H), 5.08 (br s, 2
H), 3.83 (s, 3 H), 3.11 (s, 3 H); MS (ESI) m/z 520
[M+l] +. 0 Example 21
4-[2-Amino-4-(3'-methoxybiphenyl-3-yI)-l-methyI-5-oxo-
4,5-dihydro-lH r-imidazol-4- yljphenyl
trifluoromethanesulfonate hydrochlorideThe title
compound was synthesized in 86% yield as described for
Example 6 starting from
4-[2-amino-4-(3'-methoxybiphenyl-3-yl)-l-methyl-5-oxo-
4,5-dihydro-l -imidazol-4- yl]phenyl
trifluoromethanesulfonate. MS (ESI) m/z 520 [M+l] +.
Example 22 2-Amino-5-(3
f-hydroxybiphenyl-3-yl)-3-methyl-5-phenyl-3,5-dihydro-
4 -imidazol-4- one The title compound was synthesized
as described for Example 5 starting from 2-amino-5-
(3-bromo-phenyl)-3-methyl-5-phenyl-3,5-dihydro-imidazo
l-4-one and 3-(4,4,5,5-
tetramethyl-l,3,2-dioxaborolan-2-yl)phenol. After the
reaction the solvents were evaporated and the residue
was purified by flash chromatography using a gradient
of dichloromethane/methanol as eluent, to give 19%
yield of the title compound. MS (ESI) Example 23
3'-(2-Amino-l-methyl-5-oxo-4-phenyl-4,5-dihydro-l
r-imidazol-4-yl)biplienyl-3-yl
trifluoromethanesulfonate
hydrochloride2-Amino-5-(3'-hydroxybiphenyl-3-yl)-3-met
liyl-5-phenyl-3,5-dihydro-4 H-imidazol-4-one (76 mg,
0.21 mmol), iV-phenyl-bis(trifluoromethanesulfonimide)
(76 mg, 0.21mmol), 5 anhydrous potassium carbonate
(178 mg, 1.29 mmol) and tetrahydrofuran ( 1 mL) were
mixed and microwave irradiated to 120 0C for 6 min.
The mixture was filtrated, the solvent was evaporated
and the residue was purified by flash chromatography
using a gradient of dichloromethane/methanol as
eluent, to give 80 mg of the base. The base was
dissolved in dichloromethane (3 mL) and hydrochloric
acid (IM in diethyl ether, 0.36 mL). The I0 mixture
was stirred at room temperature for 5 min and the
solvent was evaporated to give 86 mg (77% yield) of
the title compound. 1H NMR (DMSOd 6) d 11.62 (br s, 1
H), 9.59 (br s, 2 H)5 7.78 (m, 2 H), 7.74-7.67 (m, 3
H), 7.59 (t, J=7.8 Hz, 1 H), 7.53 (m, 1 H), 7.48- 7.41
(m, 3 H), 7.41-7.37 (m, 3 H), 3.21 (s, 3 H); MS (ESI)
m/z 490 [M+l] +. is Example 24
4-Methoxy-2-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-
yl)phenol The title compound was synthesized as
described for Example 2 using 2-bromo-4- methoxyphenol
as starting material. The product was used in the next
step without 20 purification.Example 25 2-Amino-5-(2
l-hydroxy-5'-methoxybiphenyI-3-yl)-3-methyl-5-phenyl-3
,5-dihydro-4JTimidazol- 4-one Synthesized as described
for Example 5, using
4-methoxy-2-(4,4,5,5-tetramethyl-l,3,2~
dioxaborolan-2-yl)phenol as the starting material, to
give 43% yield of the title compound. Example 26
3'-(2-Amino-l-methyl-S-oxo-4-phenyl-4,5-dihydro-li?-im
idazol-4-yl)-5- methoxybiphenyl-2-yl
trifluoromethanesulfonate hydrochloride Synthesized as
described for Example 23 using
2-amino-5-(2'-hydroxy-5'-
methoxybiphenyl-3-yl)-3-methyl-5-phenyl-3,5-dihydro-4
H-imidazol-4-one as the starting material to give 47%
yield of the title compound. 1H NMR (DMSO-d6) d 11.44
(br s, 1 H), 9.55 (br s, 2 H), 7.63-7.54 (m, 2 H),
7.51-7.46 (m, 3 H), 7.46-7.40 (m, 3 H), 7.38-7.32 (m,
2 H), 7.12 (dd, J=9.3, 3.0 Hz 1 H), 7.05 (d, J=3.3 Hz,
1H)53.84 (s, 3 H)53.18 (s, 3 H);Example 27
l-(3-Hydroxyphenyl)-2-phenylethane-l,2-dione A
solution of 3-(phenylethynyl)phenol (1.80 g, 9.27
mmol, described in Mohamed Ahmed, M. S.; Mori, A.
Tetrahedron2004, 60, 9977.) and palladium(II) chloride
(0.176 g, 0.992 mmol) in dimethyl sulfoxide (25 mL)
was heated at 140 C for 5 h. The solvent was
evaporated and the residue was purified by flash
chromatography using a gradient of heptane/ethyl
acetate as eluent, to give 1.057 g (50% yield) of the
title compound. 1H NMR (DMSOd 6) d 10.08 (br s, 1H)5
7.90 (d, J=7.3 Hz52 H)5 7.80 (m, 1 H), 7.63 (m, 2 H),
7.43 (m, 1 H), 7.30 (m, 2 H), 7.17 (m, 1 H); MS (ESI)
m/z 225 [M-I] . Example 28
5-(3-Hydroxyphenyl)-3-methyl-5-phenyl-2-thioxoimidazol
idin-4-one Synthesized as described for Example 3
using l-(3-hydroxyphenyl)-2-phenylethane-l,2- dione as
starting material, to give 99% yield of the title
compound. 1H NMR (DMSO-d6) d 11.56 (br S5 1H)5 9.60
(br s, 1 H), 7.45-7.36 (m5 3 H)5 7.34 (m, 2 H), 7.20
(m, 1H)5 6.73 (m, 3 H), 3.17 (s, 3 H); MS (ESI) m/z
297 [M-I] ". Example 29
3-(l-Methyl-5-oxo-4-phenyl-2-thioxoimidazolidin-4-yl)p
lieiiyl methanesulfonateTriethylamine (0.38 mL, 2.73
mmol) was added to a cooled (0 C) solution of 5-(3-
hydroxyphenyl)-3-methyl-5-phenyl-2-thioxoimidazolidin-
4-one (0.165 g, 0.55 mmol) in dichloromethane (4 mL),
followed by addition of methanesulfonyl chloride
(0.050 mL, 0.65 mmol). The resulting mixture was
stirred at 0 C for 1.5 h and was the allowed to warm
up to ambient temperature. Dichloromethane was added
and the organic phase was washed with aqueous
hydrochloric acid (2M) and water, dried over magnesium
sulfate and concentrated in vacuo to give the title
compound that was used in the next without
purification. MS (ESI) m/z 375 [M-I] . Example 30
3-(2-Amino-l-methyl-5-oxo-4-phenyl-4,5-dihydro-l
JHr-imidazol-4-yl)phenyl methanesulfonate
hydrochloride > Synthesized as described for Example 4
using 3-(l -methyl-5-oxo-4-phenyl-2-
thioxoimidazolidin-4-yl )phenyl methanesulfonate as
the starting material, to give 79 mg, 40% yield of the
base. The base was dissolved in dichloromethane,
hydrochloric acid (IM in diethyl ether, 0.44 mL) was
added, and the resulting mixture was stirred at
ambient temperature for 10 min. The solvents were
evaporated to give 87 mg (100% yield) of the title
compound. 1H NMR (DMSOd 6) d 11.73 (br s, 1H)5 9.69
(br s, 2 H), 7.59 (t, J=8.0Hz5 1H)5 7.50-7.40 (m, 5 H)
7.39-7.32 (m, 3 H), 3.41 (s, 3 H)5 3.20 (s, 3 H); MS
(ESI) m/z 360.0 [M+l] +. Example 31
2-Amino-5-(3-hydroxyphenyI)-3-methyl-5-phenyI-3,5-dihy
dro-4 JHr-imidazol-4-one Synthesized as described for
Example 4 using
5-(3-hydroxyphenyl)-3-methyl-5-phenyl-2-
thioxoimidazolidin-4-one as starting material to give
80% yield of the title compound. 1H NMR (DMSO-d 6) d
10.73 (br s, 1H)5 9.29 (br s, 2 H)5 7.42 (m, 2 H)5
7.28 (m, 2 H)5 7.22 (m, 1H)5 7.06 (m, 1 H), 6.85 (m, 2
H)5 6.59 (m, 1 H)5 2.97 (s, 3 H); MS (ESI) m/z 282
[MH-I]+. Example 32
3-(2-Amino-l-methyl-5-oxo-4-phenyl-4,5-dihydro-lJ3-imi
dazol-4-yl)phenyl trifluoromethanesulfonate
hydrochloride Synthesized as described for Example 23
using 2-amino-5-(3-hydroxyphenyl)-3-methyl-5-
phenyl-3,5-dihydro-4 H-imidazol-4-one as the starting
material to give 35% yield of the title compound. 1H
NMR (DMSOd 6) d 11.70 (br s5 1H)5 9.72 (br S52 H)5
7.69 (t, J = 8.0 Hz5 1 H)5 7.61 (m, 1 H)5 7.56 (m, 1
H)5 7.50-7.42 (m, 4 H)5 7.34 (m, 2 H)5 3.20 (s, 3 H);
MS (ESI) m/z 414 [M+lf.Example 33
3-Bromo-4-{[fe/tf-butyl(diphenyl)silyl]
oxy}benzaldehyde 3-Bromo-4-hydroxybenzaldehyde (505
mg, 2.51 mmol) and imidazole (342 mg, 5.02 mmol) were
dissolved in dimethyl formamide (15 mL) under a
nitrogen atmosphere tert- Butyl(chloro)diphenylsilane
(898 mg, 3.27 mmol) was added. The resulting reaction
mixture was stirred at ambient temperature for 3 h.
Dichloromethane and water was added and the phases
separated. The organic phase was dried over sodium
sulfate and concentrated in vacuo. The crude product
was purified by flash chromatography (heptane :ethyl
acetate gradient elution) to yield 501 mg (45% yield)
of the title compound. 1H NMR (CDCl3) d ppm 9.76 (s, 1
H), 8.1 1 (d, J=2.0 Hz, 1 H), 7.73 (m, 4 H), 7.51-7.37
(m, 7 H), 6.54 (d, J=8.3 Hz, 1 H), 1.17 (s, 9 H); MS
(ESI) m/z 439 and 441 [M+l] +. Example 34
3-Bromo-4-{[tert-butyl(diphenyl)silyl]oxy}phenyl)(2-ph
enyl-l,3-dithian-2-yl)methanol The title compound was
synthesized as described for Example 13 starting from
2-phenyl- 1,3-dithiane (213 mg, 1.08 mmol) and
3-hxomo-A-{[tertbutyl( diphenyl)silyl]oxy}benzaldehyde
(500 mg, 1.14 mmol). The crude product was purified by
flash chromatography (heptane: ethyl acetate gradient
elution) to yield 633 mg (92% yield) of the title
compound. 1H NMR (DMSO-^6) d ppm 7.65 (m, 4 H),
7.54-7.42 (m, 8 H), 7.25-7.21 (m, 3 H), 6.84 (d, J=2.0
Hz, 1 H), 6.40 (dd, J=8.4, 2.1 Hz, 1 H), 6.15 (d,
J=8.3 Hz, 1 H), 5.94 (br s, 1 H), 4.77 (s, 1 H), 2.70
(m, 2 H), 2.47-2.3 1 (m, 2 H), 1.82 (m, 1 H), 1.67 (m,
1 H), 1.06 (s, 9 H); MS (ESI) m/z 617 and 619
[M+l-water] +.Example 35
l-(3-Bromo-4-{[teri'-butyl(diphenyl)silyl]oxy}phenyl)-
2-phenylethane-l,2-dione The title compound was
synthesized as described for Example 14 starting from
3-bromo-4- {[t r
-butyl(diphenyl)silyl]oxy}phenyl)(2-phenyl-l,3-dithian
-2-yl)methanol. The crude product was purified by
flash chromatography (heptane :ethyl acetate gradient
elution) to yield 80% of the title compound. 1H NMR
(DMSO-J 6) d 8.19 (d, J=2.3 Hz, 1H) 7.92-7.86 (m, 2
H)3 7.80- 7.73 (m, 1 H), 7.71-7.66 (m, 4 H)37.64-7.56
(m, 3 H)3 7.55-7.44 (m, 5 H)3 7.41-7.36 (m, 1 H), 6.55
(d, J=8.5 Hz3 1 H) 1.09 (s, 9 H); MS (ESI) m/z 543 and
545 [M+l] +. Example 36
5-(3-Bromo-4-hydroxyphenyI)-3-methyl-5-phenyl-2-thioxo
imidazolidin-4-one The title compound was synthesized
as described for Example 3 starting from l-(3-bromo-
4-{[ er
-butyl(diphenyl)silyl]oxy}phenyl)-2-phenylethane-l,2-d
ione, except that the product was extracted with
dichloromethane from the water phase after the
acidification, dried over magnesium sulfate,
concentrated in vacuo and then purified by flash
chromatography (heptane: ethyl acetate gradient
elution) to yield 67% of the title compound. 1H NMR
(DMSO-^6) d 11.54 (s, 1H)3 10.58 (br S3 1H)3 7.44-7.35
(m, 4 H), 7.29 (m, 2 H) 7.16 (dd, J=8.532.3 Hz3 1H)3
6.98 (d, J=8.8 Hz, 1H)3 3.17 (s, 3 H); MS (ESI) m/z
377 and 379 [M+l] +.Example 37
2-Ammo-5-(3-bromo-4-hydroxyphenyl)-3-methyI-5-phenyl-3
,5-dihydro-4 H-imidazol- 4-one The title compound was
synthesized as described for Example 4 starting from
5-(3-bromo-
4-hydroxyphenyl)-3-methyl-5-phenyl-2-thioxoimidazolidi
n-4-one, except that the reaction mixture was stirred
at 35 C until judged complete by HPLC. The crude
product was 



purified by flash chromatography (gradient elution
dichloromethane: methanol with 1% aqueous ammonia) to
yield 80% of the title compound. 1H NMR (DMSO-J6) d
7.50 (d, J=1.5 Hz, 1H)5 7.38 (d, J=7.5 Hz, 2 H),
7.31-7.19 (m, 4 H), 6.87 (d, J=8.5 Hz, 1 H), 2.97 (s,
3 H); MS (ESI) m/z 360 and 362 [M+l]+. Example 38
2-Amino-5-(6-hydroxy-3'-methoxybiphenyI-3-yI)-3-methyl
-5-phenyl-3,5-dihydro-4 - imidazol-4-one The title
compound was synthesized as described for Example 5
starting from 2-amino-5-
(3-bromo-4-hydroxyphenyl)-3-methyl-5-phenyl-3,5-dihydr
o-4 -imidazol-4-one and (3- methoxyphenyl)boronic
acid. The crude product was purified by flash
chromatography (gradient elution dichloromethane:
methanol with 1% aqueous ammonia) to yield 27% of the
title compound. MS (ESI) m/z 388 [M+l] +.Example 39
5-(2-Ammo-l-methyl-5-oxo-4-phenyl-4,5-dihydro-l
-imidazol-4-yl)-3'- methoxybiphenyI-2-yl
trifluoromethanesulfonate
2-amino-5-(6-hydroxy-3'-methoxybiphenyl-3-yl)-3-methyl
-5-phenyl-3,5-dihydro-4 Himidazol- 4-one (14 mg, 0.036
mmol), -phenyl-bis(trifluoromethanesulfonimide) (20
nig, 0.054 mmol), anhydrous potassium carbonate (30
mg, 0.216 mmol) and tetrahydrofuran (1.5 mL) were
mixed and microwave irradiated to 120 C for 18 min.
Another portion of
-phenyl-bis(trifluoromethanesulfonimide) (40 mg, 0.01
8 mmol) was added and the reaction mixture was
microwave irradiated to 120 C for 18 min to ensure
complete conversion. Dichloromethane was added and the
mixture was filtrated. The filtrate was concentrated
in vacuo and the residue was purified by flash
chromatography (gradient elution dichloromethane:
methanol with 1% aqueous ammonia) followed by
preparative HPLC to yield 4 mg (21% yield) of the
title compound. 1H NMR (CDCl3) d 7.66 (d, J=2.3 Hz, 1
H), 7.58 (dd, J=8.7, 2.4 Hz, 1H)5 7.50-7.45 (m, 2 H),
7.37-7.29 (m, 5 H), 7.03 (m, 1 H), 6.99 (m, 1 H), 6.94
(ddd, J=8.3, 2.6, 1.0 Hz, 1 H), 3.84 (s, 3 H)5 3.13
(s, 3 H); MS Example 40
2-(3'-MethoxybiphenyI-3-yl)-l,3-dithianeBoron
trifluoride-diethyl etherate (14 mL, 110 mmol) was
added dropwise to a cooled (0 0C) solution of
3'-methoxybiphenyl-3-carbaldehyde (5.95 g, 28.0 mmol,
described in Mor, M. et al. J Med. Chem. 2004, 47,
4998.), and 1,3-propanedithiol (2.8 mL, 28 mmol) in
dichloromethane (80 mL). The resulting mixture was
stirred at 0 C for 1 h. Saturated aqueous sodium
bicarbonate was added and the aqueous phase was
extracted with dichloromethane. The combined organic
phases were washed with water, aqueous potassium
hydroxide (10%), and water, dried over magnesium
sulfate, and concentrated in vacuo to give 8.36 g (99%
yield) of the title compound. 1HNMR (DMSO d6) d 7.68
(s, 1 H), 7.62 (m, 1 H), 7.49-7.35 (m, 3 H), 7.19 (t,
J=7.8 Hz, 1 H), 7.15 (m, 1 H), 6.96 (m, 1 H), 5.47 (s,
1 H), 3.83 (s, 3 H), 3.10 (m, 2 H), 2.91 (m, 2 H),
2.14 (m, 1 H), 1.75 (m, 1 H); MS (ESI) m/z 303 [M+l]
+. Example 41
(3-{[ter/-ButyI(diphenyl)silyl]oxy}phenyl)[2-(3'-metho
xybiphenyl-3-yI)-l,3-dithian-2- yl]methanol The title
compound was synthesized as described for Example 13
starting from 2-(3'-
methoxybiphenyl-3-yl)-l,3-dithiane and 3-{[ r
-butyl(diphenyl)silyl]oxy} benzaldehyde (described in:
Makela, T. et al. Tetrahedron 2000, 56, 1873.) The
crude product was purified by flash chromatography
using cyclohexane/ethyl acetate, (20:1) as eluent, to
give 39% yield of the title compound. 1H NMR (DMSOd 6)
d 7.73 (br s, 1 H), 7.68 (d, J =7.8Hz, 1H)5 7.62-7.56
(m, 4 H), 7.51 (d, J=7.8 Hz, 1 H), 7.47-7.29 (m, 8 H)5
7.02 (d, J=7.8 Hz5 1H)5 6.95-6.90 (m, 2 H)5 6.81
(t5J=7.8 Hz5 1 H)5 6.45-6.39 (m52 H), 6.34 (d, J=7.8
Hz, 1H)5 5.93 (d5J =4.3 Hz, 1 H), 4.78 (d, J=3.8 Hz,
1H)5 3.75 (s, 3 H)52.76-2.62 (m, 2 H), 2.49-2.35 (m52
H)5 1.88-1.79 (m, 1H)5 1.73-1.60 (m, 1H)5 0.96 (s, 9
H). Example 42
l-(3-{[tert-Butyl(diphenyl)silyI]oxy}phenyI)-2-(3'-met
hoxybiphenyl-3-yl)ethane-l,2- dione The title compound
was synthesized as described for Example 14 starting
from (3-{[t -
butylCdiphenyOsilylJoxyjpheny^p-CS'-methoxybiphenyl-S-
y^-^S-dithian^-yljmethanol. The crude product was
purified by flash chromatography with diisopropylether
as eluent, to give 1 g (73% yield) of the title
compound. 1H NMR (DMSOd 6) d 8.1 1-8.06 (m, 1H)5
7.98-7.94 (m5 1H)5 7.73-7.64 (m, 2 H)57.60 (dd, J
=7.8, 1.5 Hz, 4 H)57.50-7.33 (m, 9 H)5 7.25-7.18 (m, 3
H), 7.17-7.15 (m, 1 H), 7.02 (dd, J =8.0, 2.3 Hz5 1H)5
3.84 (s, 3 H)5 1.04 (S5 9 H). Example 43
5-(3-Hydroxyphenyl)-5-(3
f-methoxybiphenyl-3-yI)-3-methyl-2-thioxoimidazolidin-
4- oneThe title compound was synthesized as described
for Example 15 starting from l-(3- {[tertbutyl(
diphenyl)silyl]oxy}phenyl)-2-(3'-methoxybiphenyl-3-yl)
ethane-l,2-dione, except that the product was used
without purification. The product was dried at 35 C in
a vacuum-cabinet over night, to afford 77% yield of
the title compound. 1H NMR (DMSOd b) d 11.63 (s, 1 H),
9.61 (s, 1 H), 7.71-7.66 (m, 1 H), 7.64- 7.61 (m, 1
H), 7.52 (t, J = 7.8 Hz, 1 H), 7.43-7.36 (m, 2 H),
7.24-7.12 (m, 3 H), 6.97 (dd, J =7.9, 2.1 Hz, 1 H),
6.77-6.72 (m, 3 H)5 3.81 (s, 3 H), 3.19 (s, 3 H); MS
(ESI) m/z 403 [M-I] . Example 44
3-[4-(3'-Methoxybiphenyl-3-yl)-l
-methyl-5-oxo-2-thioxoimidazoIidin-4-yl] phenyl
trifluoromethanesulfonate A mixture of
5-(3-hydroxyphenyl)-5-(3'-methoxybiphenyl-3-yl)-3-meth
yl-2- thioxoimidazolidin-4-one (0.1 g, 0.24 mmol),
1,1,1-trifluoro-iV-phenyl-iV-
[(trifluoromethyl)sulfonyl] methanesulfonamide (0.088
g, 0.24 mmol), aqueous potassium carbonate (0.21g,
1.50 mmol) in anhydrous tetrahydrofuran (3 mL) was
heated in a microwave reactor at 12O0C for 6 minutes.
The mixture was evaporated, ethyl acetate was added
and undissolved material was removed by filtration.
The solution was evaporated to give 125 mg (yield 97%)
of the title compound. 1H NMR (CDCl3, 600 MHz) d 8.07
(s, 1H)5 7.61 (d, J=I. 1 Hz5 1 H), 7.53-7.44 (m, 4 H)5
7.37-7.30 (m, 3 H), 7.28-7.25 (m, 1 H), 7.09 (d, J
=7.7 Hz5 1H)5 7.05-7.02 (m, 1H)5 6.91 (dd, J =8.3 52.6
Hz5 1H)53.85 (s, 3 H)5 3.36 (s5 3 H); MS (ESI) m/z
535.0 [M-I] ". Example 45 3-[2-Amino-4-(3
t-methoxybiphenyl-3-yl)-l-methyl-5-oxo-4,5-dihydro-l
-imidazol-4- yl]phenyl trifluoromethanesulfonate
hydrochloride HCl -Butylhydroperoxide (70% in water,
0.40 mL) was added to a solution of 3-[4-(3'-
methoxybiphenyl-3-yl)-l-methyl-5-oxo-2-thioxoimidazoli
din-4-yl]phenyl trifluoromethanesulfonate (160 mg,
0.30 mmol) in ethanol (5 mL) and aqueous ammonia (25%,
2.5 mL). The resulting mixture was stirred at 35 C
over night and then poured into water (5 mL) and
extracted with dichloromethane. The combined organic
extracts were dried over magnesium sulfate, and the
solvents were removed in vacuo. The residue was
purified by flash chromatography with
acetonitril/triethylamine (90:10), as eluent to give
35 mg of the base. The base was dissolved in
dichloromethane and treated with hydrochloric acid in
diethyl ether (4 M). The mixture was concentrated in
vacuo and the residue was dried at 45 C in a
vacuum-cabinet over night to afford 45 mg (27% yield)
of the title compound. 1H NMR (DMSOd 6) d 11.79 (br s,
1H)5 9.73 (br s, 2 H)5 7.74 (d, J =8.0 Hz5 1H)5 7.68
(d, J =8.3 Hz5 1H)5 7.63-7.58 (m53 H)5 7.56-7.52 (m, 2
H)5 7.42-7.34 (m, 2 H)5 7.19-7.13 (m, 2 H)5 6.97 (dd,
J =8.2 5 1.9 Hz5 1H)5 3.81 (s, 3 H)5 3.20 (s, 3 H); MS
(ESI) m/z 518 [M-I] ".Example 46
3-[4-(3'-Methoxybiphenyl-3-yl)-l-methyl-5-oxo-2-thioxo
imidazolidin-4-yl]phenyl methanesulfonate The title
compound was synthesized in 95% yield as described for
Example 29 starting jErom
5-(3-hydroxyphenyl)-5-(3'-methoxybiphenyl-3-yl)-3-niet
hyl-2-thioxoimidazolidin-4- one. 1H NMR (CDCl 3, 600
MHz) d 7.96 (br s, 1 H) 7.60 (d, J =7.7 Hz, 1 H),
7.49-7.45 (m, 3 H), 7.40 (d, J =8.3 Hz, 1 H),
7.37-7.33 (m, 2 H), 7.32-7.30 (m, 1 H), 7.30-7.27 (m,
1 H), 7.10 (d, J=7.7 Hz, 1 H), 7.06-7.03 (m, 1 H),
6.91 (dd, .7=8.0, 2.0 Hz, 1 H), 3.85 (s, 3 H), 3.36
(s, 3 H), 3.15 (s, 3 H); MS (ESI) m/z 481 [M-I] ".
Example 47
3-[2-Ammo-4-(3'-methoxybiphenyl-3-yl)-l-methyl-5-oxo-4
,5-dihydro-lJ -imidazol-4- yl]phenyl methanesulfonate
hydrochloride The title compound was synthesized as
described in Example 45 starting from 3-[4-(3'-
methoxybiphenyl-3-yl)-l-methyl-5-oxo-2-thioxoimidazoli
din-4-yl]phenyl methanesulfonate, except that the
formed hydrochloride salt was precipitated by addition
of diethyl ether and the product was collected by
filtration, yield 35%. 1H NMR (DMSOd ) d 11.71 (br s,
1 H), 9.67 (br s, 2 H), 7.73 (d, J=7.8 Hz, 1 H),
7.65-7.57 (m, 2 H), 7.54 (t, J=7.9 Hz, 1 H), 7.48-7.42
(m, 2 H), 7.42-7.35 (m, 3 H), 7.20-7.14 (m, 2 H), 6.97
(dd, . /=8.0, 2.3 Hz, 1 H), 3.81 (s, 3 H), 3.41 (s, 3
H), 3.20 (s, 3 H); MS (ESI) m/z 464.0 [M-I] . Example
48
5-(4,4,5,5-Tetramethyl-l,3,2-dioxaborolan-2-yl)-2,3-di
hydro-l-benzofuran The title compound was synthesized
as described for Example 2 in 99 % yield starting from
5-bromo-2,3-dihydro-l-benzofuran. 1H-NMR (DMSOd ) : d
7.52 (s, 1 H), 7.40-7.45 (m, 1 H), 6.75 (d, J=7.8 Hz,
1 H), 4.53 (t, J=8.8 Hz, 2 H), 3.16 (t, J-8.8 Hz, 2
H), 1.26 (s, 6 H), 1.16 (s, 6 H); MS (CI) m/z 247
[M+l] +. Example 49
2-Amino-5-[3-(2,3-dihydro-l-benzofuran-5-yl)plienyl]-3
-methyl-5-phenyl-3,5- dihydro-4 -imidazol-4-one The
title compound was synthesized as described for
Example 5 in 20% yield starting from
2-amino-5-(3-bromo-phenyl)-3-methyl-5-phenyl-3,5-dihyd
ro-imidazol-4-one and 5-
(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)-2,3-dihy
dro-l-benzofuran. MS (ESI) m/z 384 [M+lf.Example 50
2-Amino-5-[3-(2,3-dihydro-l-benzofuran-5-yl)phenyl]-3-
methyI-5-phenyl-3,5- dihydro-4i  -imidazol-4-one
hydrochloride The title compound was synthesized as
described for Example 6 in 99% yield starting from
2-Amino-5-[3-(2,3-dihydro-l-benzofuran-5-yl)phenyl]-3-
methyl-5-phenyl-3,5-dihydro- 4H-imidazol-4-one. 1H NMR
(DMSO- 6) d 11.61 (s, 1 H), 9.61 (s, 2 H)5 7.27-7.66
(m, 1 1 H)5 6.85 (d, J=8.3 Hz5 1H)54.56 (t, J=8.8 Hz52
H)5 3.23 (t, J=8.8 Hz52 H5 obscured by signal at
3.21), 3.21 (s, 3 H); MS (ESI) m/z 384 [M+l] +.
Example 51
2,3-Dihydro-l-benzofuran-5-yl(2-phenyl-l,3-dithian-2-y
l)methanol The title compound was synthesized as
described for Example 13 starting from 2-Phenyl-
[l,3]-dithiane and
2,3-dihydro-bensofuran-5-carbaldehyde. The product was
purified by flash chromatography ( -heptane/ethyl
acetate). This gave 82% yield of the title compound.
1H NMR (CDCl3) d 7.73 (ddd, J=6.38, 1.71, 1.52 Hz5 2
H), 7.28-7.36 (m, 3 H)5 6.71 (s, 1H)5 6.51-6.60 (m, 2
H)54.94 (s, 1 H), 4.53 (t, J=8.84 Hz52 H)53.08
(t5J=8.72 Hz, 2 H)5 2.65-2.77 (m, 4 H)5 1.89-2.00 (m,
2 H). Example 52
l-(2,3-Dihydro-l-benzofuran-5-yl)-2-phenylethane-l,2-d
ioneThe title compound was synthesized in 65% yield as
described for Example 14 starting from
(2,3-Dihydro-benzofuran-5-yl)-(2-phenyl-[l,3]dithian-2
-yl)-methanol. 1H NMR (CDCl 3) d 7.96-8.02 (m, 2 H),
7.87 (d, J =I.52 Hz, 1H) 7.81 (dd, J=8.46, 1.89 Hz, 1
H), 1.62-1.69 (m, 1 H), 7.48-7.55 (m, 2 H), 6.86 (d,
J=8.34 Hz, 1 H), 4.70 (t, J=8.84 Hz, 2 H), 3.27 (t,
J=8.72 Hz, 2 H); MS (CI) m/z 253 [MH-I]+. Example 53
5-(2,3-Dihydro-l-benzofuran-5-yl)-3-methyl-5-phenyl-2-
thioxoimidazoIidin-4-one The title compound was
synthesized as described in Example 3 starting from
l-(2,3-
dihydro-l-benzofuran-5-yl)-2-phenylethane-l,2-dione,
except that the workup was different: Water (30 mL)
was added and pH adjusted to 5 with concentrated
hydrochloric acid . The product was extracted with
dichloromethane (3x30 mL). The combined organic phases
were concentrated in vacuo and the product was
purified by flash chromatography (ra-heptane/ethyl
acetate) to give 71% yield of the title compound. 1H
NMR (CDCl3) d 7.46 (s, 1 H), 7.33-7.42 (m, 5 H), 7.11
(s, 1 H), 7.02 (dd, J=8.34, 2.27 Hz, 1 H), 6.76 (d,
J=8.59 Hz3 1 H), 4.60 (t, J=8.72 Hz, 2 H), 3.34 (s, 3
H), 3.19 (t, J=8.72 Hz, 2 H); MS (ESI) m/z 323 [M-I]-.
Example 54
2-Amino-5-(2,3-dihydro-l-benzofuran-5-yl)-3-methyl-5-p
henyl-3,5-dihydro-4 - imidazol-4-oneThe title compound
was synthesized as described for Example 4 starting
from 5-(2,3-
dihydro-l-benzofuran-5-yl)-3-methyl-5-phenyl-2-thioxoi
midazolidin-4-one, except that the reaction was run
for 3 h. The product was purified by flash
chromatography (n- 5 heptane/ethyl acetate). This gave
84% yield of the title compound. 1H NMR (CDCl3) d ppm
7.43-7.49 (m, 2 H)37.28-7.36 (m, 3 H) 7.24 (s, 1 H),
7.18 (dd, J =8.34, 2.02 Hz, 1 H), 6.72 (d, J=8.59 Hz5
1H)5 4.55 (t, J=8.72 Hz 2 H)5 3.16 (t, 2 H)5 3.14 (s5
3H); MS (ESI) io Example 55
2-Amino-5-(2,3-dihydro-l-benzofuran-5-yl)-3-methyI-5-p
henyl-3,5-dihydro-4i  - imidazol-4-one hydrochloride
I5 The title compound was synthesized as described for
Example 6 starting from 2-amino-5-
(253-dihydro-l-benzofuran-5-yl)-3-methyl-5-phenyl-3
55-dihydro-4 -imidazol-4-one Examples 56 and 57 (R)
and (S)
4-[2-amino-4-(3'-methoxybiphenyl-3-yl)-l-methyl-5-oxo-
4,5-dihydro-li  - 20 imidazol-4-yl] phenyl
methanesulfonate hydrochloride Chromatographic
separation of the enantiomers of
4-[2-amino-4-(3'-methoxybiphenyl-3- yl)-
1-methyl-5-oxo-4,5-dihydro- l -imidazol-4-yl]phenyl
methanesulfonate
hydrochloride4-[2-amino-4-(3'-methoxybiphenyl-3-yl)-l-
methyl-5-oxo-4,5-dihydro-l H-imidazol-4- yl]phenyl
methanesulfonate hydrochloride (50 mg) was dissolved
in ethanol (7 mL) and the resulting solution was
divided into two equal portions. Chiral HPLC
separation was carried out on a Chiralpak AD column
(21 .2 x 250 mm), using heptane:ethanol (70:30) as
eluent at a flow rate of 12 mL/min. Detection was
monitored at 254 ran and the two isomers were
collected and concentrated in vacuo. Isomer 1, Example
56, the first enantiomer to elute (23 mg, 50 mmol),
was dissolved in chloroform ( 1 mL) and treated with
hydrochloric acid (1.0 M in diethyl ether, 50 mL, 50
mmol) to generate the hydrochloric salt. The resulting
mixture was concentrated to dryness to give 23 mg of
(S)
4-[2-amino-4-(3'-methoxybiphenyl-3-yl)-l-methyl-5-oxo-
4,5-dihydrol/ i-imidazol-4-yl]phenyl methanesulfonate
hydrochloride. 1H NMR (CDCl3) d 7.71 (t, J=I. 8 Hz5 1
H)5 7.64-7.61 (m, 2 H), 7.53-7.45 (m, 2 H), 7.42-7.32
(m, 2 H), 7.27-7.23 (m, 2 H), 7.16-7.13 (m, 1 H),
7.10-7.08 (m, 1 H), 6.91-6.88 (m, 1 H), 3.86 (s, 3 H),
3.15 (s, 3 H)5 3.12 (s, 3 H); MS (ESI) m/z 466 [M+l]
+. Isomer 2, Example 57, the last enantiomer to elute,
(25 mg, 55 mmol) was treated in the same manner as
isomer 1 to generate 25 mg of (R)
4-[2-amino-4-(3'-methoxybiphenyl-3-
yl)-l-methyl-5-oxo-4,5-dihydro-l
H-imidazol-4-yl]phenyl methanesulfonate hydrochloride.
1HNMR (CDCl3) d 7.72 (t, J=I. 6 Hz5 1 H), 7.65-7.60
(m, 2 H)5 7.54-7.45 (m52 H)5 7.42- 7.31 (m, 2 H)5
7.27-7.23 (m, 2 H)5 7.17-7.13 (m, 1H)5 7.10-7.08 (m,
1H)5 6.92-6.87 (m5 1 H), 3.86 (S53 H)53.14 (s, 3 H)5
3.12 (s, 3 H); MS (ESI) m/z 466 [M+lf. Example 58
2-Amino-3-methyl-5-[3-(4-methyl-3,4-dihydro-2i?-l,4-be
nzoxazin-7-yl)phenyI]-5-
phenyl-3,5-dihydro-4jff-imidazol-4-oneThe title
compound was synthesized as described for Example 5
starting from 2-amino-5-
(3-bromophenyl)-3-methyl-5-phenyl-3,5-dihydro-4H-imida
zol-4-one and 4-methyl-7-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-dihy
dro-2/f- 1,4-benzoxazine. The crude product was
subjected to flash chromatography using a gradient of
dichloromethane and methanol with 1% aqueous ammonia
giving the title compound in 19% yield. 1H NMR 



(DMSCW6) d 7.62 (s, 1 H), 7.48 - 7.19 (m, 8 H), 7.00 -
6.95 (m, 1H) 6.85 - 6.83 (m, 1 H), 6.75 (d, J=8.28 Hz,
1 H), 4.28 - 4.22 (m, 2 H), 3.27 - 3.23 (m, 2 H), 2.99
(s, 3 H), 2.85 (s, 3 H). MS (ESI) m/z 413 [M+l] +.
Example 59
2-Amino-3-methyl-5-[3-(4-methyl-3,4-dihydro-2
--l,4-benzoxazin-7-yI)phenyl]-5- phenyl-3,5-dihydro-4
-imidazoI-4-one hydrochlorideThe title compound was
synthesized as described for Example 6 in 99% yield
starting from 2-amino-3 -methyl-5 -[3-(4-methyl-3
,4-dihydro-2H-1,4-benzoxazin-7-yl)phenyl] -5-phenyl-
3,5-dihydro-4H-imidazol-4-one. 1H NMR (DMSCW6) d ppm
11.64 (s, 1H)59.63 (s, 2 H), 7.60 (d, J=7.78 Hz, 1 H),
7.55 - 7.51 (m, 1 H), 7.48 - 7.36 (m, 6 H), 7.25 (d,
J=8.78 Hz, 1 H), 7.06 (dd, J=8.28, 2.26 Hz, 1 H), 6.95
(d, J=2.26 Hz, 1 H), 6.76 (d, J =8.28 Hz, 1 H), 4.27 -
4.20 (m, 2 H), 3.29 - 3.24 (m, 2 H), 3.21 (s, 3 H),
2.86 (s, 3 H). MS (ESI) m/z 413 [M+l] +. Example 60
2-Acetyl-5-chIoro-l ,2,3,4-tetrahy droisoquinoline The
title compound was synthesized as described for
Example 1 in 100% yield starting from
5-chloro-l,2,3,4-tetrahydroisoquinoline. 1H NMR
(DMSO-cfe) d ppm 7.32 (d, J-7.03 Hz, 1 H), 7.26 - 7.17
(m, 2 H), 4.67 - 4.61 (m, 2 H), 3.70 (td, J=6.02, 2.51
Hz, 2 H), 2.86 (t, J=6.02 Hz, 1 H), 2.74 (t, J=6.02
Hz, 1 H), 2.10 - 2.07 (m, 3 H). MS (ESI) m/z 210
Example 61
2-Acetyl-5-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-y
l)-l,2,3,4-
tetrahydroisoquinolineTris(dibenzylideneacetone)dipall
adium (0) chloroform adduct (21 mg, 0.02 mmol) and
tricyclohexylphosphine (26 mg, 0.09 mmol) was
dissolved in 1,2-dimethoxyethan (4 mL) and stirred at
ambient temperature for 30 min. 2-acetyl-5-chloro-l,
2,3,4- tetrahydroisoquinoline (140 mg, 0.67 mmol),
4,4,4',4l,5,5,5',5'-octamethyl-2,2'-bi-l,3,2-
dioxaborolane ( 188 mg, 0.74 mmol) and potassium
acetate (99 mg, 1.01 mmol) was added and the resulting
mixture was irradiated in a microwave at 150 C for 2
h. When cooled to ambient temperature the mixture was
diluted with water (4 mL) and extracted with diethyl
ether (3 x 5 mL). The combined organic extracts were
passed through a silica pad. The product fractions
were collected and concentrated to yield the title
compound, 96 mg (32% yield). MS (ESI) m/z 302 [M+lf.
Example 62
5-[3-(2-Acetyl-l,2,3,4-tetrahydroisoquinolin-5-yI)phen
yl]-2-amino-3-methyl-5-phenyI- 3,5-dihydro-4
--imidazol-4-one The title compound was synthesized as
described for Example 5 in 23% yield starting from
2-amino-5-(3-bromophenyl)-3-methyl-5-phenyl-3,5-dihydr
o-4/f-imidazol-4-one and 2-
acetyl-5-(4,4,555-tetramethyl-l,3,2-dioxaborolan-2-yl)
-l,2,3,4-tetrahydroisoquinoline. 1H NMR (CDCl3) d ppm
7.54 - 7.07 (m, 12 H), 4.77 - 4.59 (m, 2 H), 3.76 -
3.43 (m, 2 H), 3.16 - 3.06 (m, 3 H), 2.82 - 2.60 (m, 2
H), 2.22 - 2.08 (m, 3 H). MS (ESI) m/z 439
[M+lf.Example 63
5-[3-(2-Acetyl-l,2,3,4-tetrahydroisoquinolin-5-yI)phen
yl]-2-amino-3-methyl-5-phenyl- 3,5-dihydro-4
~imidazol-4-one hydrochloride The title compound was
synthesized as described for Example 6 in 89% yield
starting from
5-[3-(2-acetyl-l,2,3,4-tetrahydroisoquinolin-5-yl)phen
yl]-2-amino-3-methyl-5-phenyl-3,5-
dihydro-4H-imidazol-4-one. MS (ESI) m/z 439 [M+lf.
Examples 64 and 65 (R) and (S)
4-[2-amino-4-(3'-methoxybiphenyl-3-yl)-l-methyl-5-oxo-
4,5-dihydro-lJ - imidazol-4-yl]phenyl
trifluoromethanesulfonate hydrochloride
Chromatographic separation of the enantiomers of
4-[2-amino-4-(3'-methoxybiphenyl-3-
yl)-l-methyl~5-oxo-4,5-dihydro-l
H-imidazol-4-yl]phenyl trifluoromethanesulfonate
hydrochloride4-[2-amino-4-(3'-methoxybiphenyl-3-yl)-l-
methyl-5-oxo-4,5-dihydro-l -imidazol-4- yl]phenyl
trifluoromethanesulfonate hydrochloride (16 mg) was
dissolved in a mixture of isopropyl alcohol (2 mL) and
heptane (2 mL). Chiral HPLC separation was carried out
on a Chiralpak AD column (21.2 x 250 mm), using
heptanedsopropyl alcohol (90:10) as eluent 5 at a flow
rate of 12 mL/rnin. Detection was monitored at 254 nm
and the two isomers were collected and concentrated in
vacuo. Isomer I 5Example 64, the first enantiomer to
elute: 4.4 mg. 1H NMR (CDCl3) d 7.70 - 7.64 (m, 3 H),
7.53 - 7.49 (m, 1 H), 7.46 - 7.36 (m, 2 H), 7.36 -
7.31 (m, 1 H), 7.25 - 7.20 (m, 2 H), 7.15 - 7.10 (m, 1
H), 7.09 - 7.06 (m, 1 H), 6.91 - 6.86 (m, 1 H), 3.84
(s, 3 H), I0 3.15 (s, 3 H); MS (ESI) m/z 520 [M+l] +.
Isomer 2, Example 65, the last enantiomer to elute:
4.5 mg. 1H NMR (CDCl3) d 7.71 - 7.64 (m, 3 H), 7.53 -
7.48 (m, 1 H), 7.45 - 7.38 (m, 2 H), 7.37 - 7.31 (m, 1
H), 7.25 - 7.19 (m, 2 H)3 7.15 - 7.10 (m, 1H)3 7.09 -
7.05 (m, 1 H), 6.92 - 6.86 (m, 1H) 3.84 (s, 3 H)3 3.13
(s, 3 H); MS (ESI) m/z 520 [M+lf. is Example 66
(4-MethyI-3,4-dihydro-2J
-l,4-beiizoxazm-7-yl)(2-phenyl-l,3-dithian-2-yI)methai
iol 20 2-Phenyl-[l,3]-dithiane (527 mg, 2,69 mmol) was
dissolved in 15 mL dry tetrahydrofuran under nitrogen
and cooled to -78C. H-Butyllithium (1,18 mL, 2,5 M)
was added dropwise via syringe. The solution was
stirred at -780C for 20 min and was then treated with
4- methyl-3,4-dihydro-2
-l,4-benzoxazine-7-carbaldehyde (500 mg, 2,82 mmol)
via syringe. 25 The reaction was stirred for another
20 min and was then allowed to reach room temperature.
After one hour 20 mL ammonium chloride (saturated) was
added to the reaction and it was then extracted with
2x20 mL dichloromethane. The combined organicphases
were concentrated in vacuo and the product was
isolated using flash chromatography (ethyl
acetate/n-Heptane). This gave 290 mg of the title
which was used in the next step without further
purification. Yield: 14%; MS (ESI): m/z 374 [M+l] +.
Example 67 l-(4-Methyl-3,4-dihydro-2 J
r-l,4-benzoxazin-7-yl)-2-phenylethane-l,2-dione
(4-Methyl-3,4-dihydro-2H-1,4-benzoxazin-7-yl)(2-phenyl
- 1,3-dithian-2-yl)methanol (590 mg, 0,79 mmol) from
the step above was dissolved in 20 mL dichloromethane
together with tert-butanol (204 mg, 2,76 mmol) under
nitrogen. l,l,l-Tris(acetyloxy)-l l5,2-
benziodoxol-3(lH)-one (755 mg, 1,78 mmol) was added to
the solution and the reaction was stirred over night.
The reaction was quenched with 10 mL aqueous sodium
thiosulphate (IM) and 10 mL sodium bicarbonate
(saturated) and diluted with dichloromethane. The
layers were separated and the organic phase
concentrated in vacuo. Purification using flash
chromatography (ethyl acetate/n-Heptane) gave 150 mg
of the title compound. Yield: 34%; MS (CI): m/z 282
[M+l] +. Example 68
3-Methyl-5-(4-methyl-3,4-dihydro-2J3
r-l,4-benzoxazm-7-yl)-5-phenyl-2-
thioxoimidazolidm-4-onel-(4-Methyl-3
34-dihydro-2H-l,4-benzoxazin-7-yl)-2-phenylethane-l,2-
dione (150 mg, 0,267 mmol) and N-methylthiourea (48,1
mg, 0,533 mmol) were dissolved in 7 mL
dimethylsulphoxide and heated to 100C. Aqueous
potassium hydroxide (455 ml, 1,2 M) was added slowly
to the solution via syringe. The reaction was stirred
at 100C for 5 minutes and was then allowed to cool to
ambient temperature. The solution was diluted with 30
mL water and carefully acidified to pH 5 with
concentrated hydrochloric acid and was then extracted
3x30 mL dichloromethane. The combined organic phases
were concentrated in vacuo and the product was
isolated using preparative preparative HPLC. The
collected fractions were made basic using 10 mL 2M
sodium hydroxide and extracted with 20 mL
dichloromethane. This gave 33 mg of the title
compound. Yield: 24%; MS (ESI): m/z 354 [M+l] +.
Example 69 2-Amino-3-methyl-5-(4-methyl-3,4-dihydro-2
-l ,4-benzoxazin-7-yl)-5-phenyl-3,5- dihydro-4
H-imidazoI-4-one acetic acid
salt3-Methyl-5-(4-methyl-3,4-dihydro-2
H-l,4-benzoxazin-7-yl)-5-phenyl-2-
thioxoimidazolidin-4-one (22.1 mg, 0,0623 mmol) was
diluted in 40 mL of 3:1 methanol/ ammonium hydroxide
and was then treated with tert-bntyl hydroperoxide
(84,7mg, 0,94 mmol). The mixture was stirred at room
temperature over night and was then placed in vacuo
and concentrated until approximately 50% of the volume
remained. The mixture was diluted with 30 mL water and
40 mL dichloromethane. The layers were separated and
the organic phase was concentrated in vacuo and the
product isolated using preparative HPLC. This gave 4
mg of the title product as the acetic acid salt.
Yield: 16%; MS (ESI): m/z 337 [M+l] +; 1H NMR (CDCl3)
d ppm 7.54 - 7.45 (m, 2 H), 7.36 - 7.28 (m, 3 H), 6.86
- 6.80 (m, 2 H), 6.59 (d, J=8.34 Hz, 1 H), 4.27 - 4.17
(m, 2 H), 3.28 - 3.19 (m, 2 H), 3.15 (s, 3 H), 2.85
(s, 3 H). Example 70
6-Iodo-l,2,3,4-tetrahydronaphthalene
1,2,3,4-Tetrahydronaphthalene (500 mg, 3,79 mmol) and
iodine (961 mg, 3,79 mmol) was dissolved in 50 mL
dichloromethane and was cooled to 0C. Silver nitrate
(644 mg, 3,79 0 mmol) was added in portions to the
solution while stirring. The reaction was allowed to
reach room temperature and was stirred for 3 days. A
yellow precipitate was filtered off and the filtrate
was washed with 3x30 mL sodium bicarbonate
(saturated). The organic phase was concentrated in
vacuo and the remaining liquid was purified using
kugelrohr distillation to give 538mg of the title
compound. Yield: 33%; MS (CI): m/z 258 [MH] +; S IHNMR
(CDCl3) d ppm 7.41 (s, 1H)3 7.39 - 7.37 (d, 1 H), 6.81
- 6.78 (d, 1 H), 2.76 - 2.64 (m, 4 H)5 1.78 - 1.72 (m,
4 H). Example 71
6-(Phenylethynyl)-l,2,3,4-tetrahydronaphthalene6-Iodo~
l,2,3,4-tetrahydronaphthalene (1,2 g, 2,79 mmol),
ethynylbenzene (475 mg, 4,65 mg), bis
(triphenylphosphine) palladium (II) dichloride (16 mg,
0,023 mmol) and copper (I) iodide (4,4 mg, 0.023 mmol)
were dissolved in 15 mL dry tetrahydrofuran and 15 mL
dry triethylamine and flushed with nitrogen. The
reaction was stirred at room temperature over night
under a nitrogen atmosphere. The reaction was quenched
by addition of 30 mL 2M hydrochloric acid and 30 mL
dichloromethane and the layers were separated- The
organic phase was concentrated in vacuo, diluted with
dimethylsulphoxide and split into 7 fractions of 1750
ml which were purified using preparative HPLC to give
540 mg of the title compound. Yield 68%; MS (CI): m/z
233 [MH-I]+. Example 72
l-Phenyl-2-(5,6,7,8-tetrahydronaphthalen-2-yl)ethane-l
,2-dione
6-(Phenylethynyl)-l,2,3,4-tetrahydronaphthalene (540
mg, 2,32 mmol) and palladium (II) dichloride (41 mg,
0,23 mmol) were dissolved in 20 mL dimethylsulphoxide,
heated to 14O0C and stirred over night. The reaction
was allowed to cool to room temperature and was
quenched with 50 mL water and 30 mL dichloromethane.
The layers were separated and the organic phase was
washed with 2x50 mL water and then concentrated in
vacuo. The product was isolated using flash
chromatography (ethyl acetate/n-Heptane) to give 337mg
of the title compound. Yield: 55%; MS (CI): m/z 263
[M-I] ; IH NMR (CDCl 3) dppm 8.03 - 7.95 (d, 2 H),
7.72 - 7.63 (m, 3 H), 7.51 (t, J=7.83 Hz, 2 H) 7.20
(d, J=7.83 Hz, 1 H), 2.88 - 2.78 (m, 4 H), 1.82 (dt,
J=6.57, 3.28 Hz, 4 H). Example 73
3-MethyI-5-phenyl-5-(5,6,7,8-tetrahydronaphthalen-2-yl
)-2-thioxoimidazolidin-4-one
l-Phenyl-2-(5,6,7,8-tetrahydronaphthalen-2-yl)ethane-l
,2-dione (337 mg, 1,27 mmol) and and JV-methylthiourea
(230 mg, 2,55 mmol) were dissolved in 10 mL
dimethylsulphoxide and heated to 100C. Aqueous
potassium hydroxide (2,18 mL, 1,2 M) was added slowly
to the solution drop wise via syringe. The reaction
was stirred at 100C for 5 min and was then allowed to
cool to room temperature. The solution was diluted
with 30 mL water and carefully acidified to pH 5 with
concentrated hydrochloric acid and was then extracted
with 3x30 mL dichloromethane and washed with 2x20 mL
water. The organic phase was concentrated in vacuo.
This gave 496 mg of the title compound. MS (ESI): m/z
337 [M+l] +; IH NMR (CDCl3) d ppm 7.40 - 7.32 (m, 5
H), 7.07 - 7.05 (d, 1 H), 7.01 - 6.97 (m, 2 H), 3.33
(s, 4 H), 2.74 (dd, J =6.44, 3.66 Hz, 4 H), 1.79 (ddd,
J=6.44, 3.41, 3.28 Hz, 4 H) Example 74
2-Amino-3-methyl-5-phenyl-5-(5,6,7,8-tetr ahydr
onaphthalen-2-yl)-3,5-dihydr o-4Hrimidazol- 4-one
hydrochloride3-Methyl-5-phenyl-5-(5,6,7,8-tetrahydrona
phthalen-2-yl)-2-thioxoimidazolidin-4-one (250 mg,
0,743 mmol) was diluted in 40 niL of 3:1
methanol/ammonium hydroxide and was then treated with
tert-bntyl hydroperoxide (1 g, 11,15 mmol). The
mixture was stirred at room temperature over night and
was then placed in vacuo and concentrated until
approximately 50% of the volume remained. The mixture
was diluted with 30 mL water and 40 mL
dichloromethane. The layers were separated and the
organic phase was concentrated in vacuo and the
product isolated using flash chromatography ( 1:9 33%
ammoniumhydroxide/methanol). This gave 208 mg of a
solid. The product was further purified using
preparative HPLC to give 90 mg of the product which
was dissolved in 263 ml IM HCl in ether to finally
give 93 mg as the hydrochloride. Yield: 35%; MS (ESI):
m/z 320 [M+l] +; IH NMR (DMSO-J 6) d ppm 7.46 - 7.35
(d, 2 H), 7.28 (t, J=7.45 Hz, 2 H), 7.21 (d, J=7.07
Hz, 1 H), 7.16 - 7.09 (m, 2 H), 6.95 (d, J=8.59 Hz, 1
H), 2.96 (s, 3 H), 2.64 (m, 4 H), 1.75 - 1.65 (m, 4
H). Example 75 l-Acetyl-5-iodoindoline
l-Acetyl-5-bromoindoline (250 mg, 1,04 mmol), sodium
iodide (624 mg, 4,16 mmol) and copper (I) iodide (40
mg, 0,208 mmol) were dissolved in 30 mL dry dioxane
and 500 ml triethylamine.
z^V-Dimethylethane-l,2-diamine (37 mg, 0,416 mmol) was
added and thereaction was refluxed for 3 days. The
solution was filtered through a short silica-plug and
concentrated. The crude was diluted with 30 mL
dichloromethane and 30 niL water and the layers were
separated. The organic phase was concentrated in vacuo
and this gave 247 mg product. Yield: 62%; MS (CI): m/z
288 [M+l] +. Example 76
l-Acetyl-5-(phenylethynyl)indoline The title compound
was synthesized as described for Example 7 1 starting
from l-acetyl-5- iodoindoline, with the exception that
the product was purified using flash chromatography
(ethyl acetate/n-Heptane) instead of preparative HPLC.
Yield: 70%; MS (ESI): m/z 262 [M+l] +. Example 77
l-(l-Acetyl-2
-dihydro-ll/-mdol-5-yI)-2-pheiiylethaiie-l,2-dioneThe
title compound was synthesized as described for
Example 72 starting from l-acetyl-5-
(phenylethynyl)indoline. This gave a product which was
used in the next step without further purification. MS
(ESI): m/z 293 [M+l] +. Example 78
5-(l-AcetyI-2,3-dihydro-li
-indol-5-yl)-3-methyl-5-phenyI-2-thioxoimidazolidin-4-
one The title compound was synthesized as described
for Example 73 starting from l-(l-acetyl-
2,3-dihydro-l/f-indol-5-yl)-2-phenylethane-l,2-dione.
This gave 80 mg of the product. Yield: 55%; MS (ESI):
m/z 366 [M+lf. Example 79 5-(l-Acetyl-2,3-dihydro-l
H-indol-5-yI)-2-amino-3-methyl-5-phenyI-3,5-dihydro-4i
- imidazol-4-one hydrochlorideThe title compound was
synthesised as described for Example 74 starting from
5-(l-acetyl- 2,3-dihydro-l
H-indol-5-yl)-3-methyl-5-phenyl-2-thioxoimidazolidin-4
-one. This gave 23 mg of the product as the
hydrochloride salt. Yield: 29% MS (ESI): m/z 349
[M+lf; 1H NMR (CDCl3) d ppm 8.1 1 (d, 1H), 7.46 - 7.40
(d, 2 H), 7.33 - 7.22 (m, 5 H), 4.02 (t, J=8.59 Hz, 2
H), 3.14 - 3.09 (m, 5 H), 2.20 (s, 3 H) Example 80
l-AcetyI-4-(4,4,5,5-tetramethyl-l,3,2-dioxaboroIan-2-y
l)indoIine The title compound was synthesized as
described for Example 2 in 70% yield starting from 



l-acetyl-4-bromoindoline (described in in Berrier, C.
et al. New Journal of Chemistry 1987, 11(8-9), 605-9).
Purified on silica gel column using acetonitrile as
the eluent. 1HNMR (DMSO-J ) : d 8.16 (d, J = 7.8 Hz, 1
H), 7.27 (dd, J = 7.5, 1.0 Hz, 1 H), 7.14 (t, J = 7.6
Hz, 1 H), 4.05 (t, J = 8.5 Hz, 2 H), 3.25 (t, J = 8.5
Hz, 2 H), 2.15 (s, 3 H)3 1.29 (s, 12 H); MS (ESI) m/z
288 [M+l] +. Example 81 5-[3-(l-Acetyl-2,3-dihydro-li
-indol-4-yl)phenyl]-2-amino-3-methyl-5-phenyl-3,5-
dihydro-4/ -imidazol-4-one hydrochlorideThe title
compound was synthesized as described for Example 5
and the salt of the base was prepared as described in
Example 6 in 40% yield starting from
2-amino-5-(3-bromophenyl)-
3-methyl-5-phenyl-3,5-dihydro-imidazol-4-one and
l-acetyl-4-(4 ,4,5,5-
tetramethyl-l,3,2-dioxaborolan-2-yl)indoline. The
crude product was purified on flash chromatography
using acetonitrile/triethylamine, (95/5), as eluent.
The formed hydrochloride salt precipitated after
addition of diethyl ether. 1H-NMR (DMSO- ) : d 11.62
(br s, 1 H), 9.58 (br s, 2 H), 8.10 (d, J = 8.0 Hz, 1
H), 7.56-7.52 (m, 2 H), 7.50-7.36 ( m, 7 H), 7.26 (t,
J = 7.9 Hz, 1 H), 7.00 (d, J = 7.5 Hz, 1 H), 4.06 (t,
J = 8.3 Hz, 2 H), 3.20 (s, 3 H), 3.14-3.06 (m, 2 H),
2.17 (s, 3 H); MS (ESI) m/z 425 [M+lf. Example 82
8-(4,4,5,5-Tetramethyl-l,3,2-dioxaboroIan-2-yl)chroman
e The title compound was synthesized as described for
Example 2 in 56% yield starting from 8-bromochromane
(described in Gerard H. Thomas et al. Tetrahedron
Letters, 1998, 39, 2219-2222). Purification was on a
silica gel column using dichloromethane/methanol,
(95/5), as the eluent. 1H-NMR (DMSO-J ) : d 7.32 (dd,
J = 7.3, 1.5 Hz, 1 H), 7.12 (dd, J = 7.4, 1.6 Hz, 1
H), 6.76 (t, J = 7.4 Hz, 1 H), 4.12 (t, J = 5.0 Hz, 2
H), 2.71 (t, J = 6.5 Hz, 2 H), 1.92-1.84 (m, 2 H)3
1.25 (s, 12 H).Example 83 2-Amino-5-[3-(3,4-dihydro-2
-chromen-8-yI)phenyl]-3-methyl-5-phenyl-3,5-dihydro-
4H-imidazol-4-one acetic acid salt The title compound
was synthesized as described for Example 5 starting
from 2-amino-5-
(3-bromo-phenyl)-3-methyl-5-phenyl-3,5-dihydro-imidazo
l-4-one and 8-(4,4,5,5-
tetramethyl-l,3,2-dioxaborolan-2-yl)chromane. The
crude product was subjected to acid/base-extraction
followed by flash chromatography using
acetonitrile/triethylamine, (95/5), as eluent, and
then by preparative HPLC giving the title compound in
8% yield after freeze drying. 1H-NMR (600 MHz,
DMSO-Je): d 7.54 (s, 1 H), 7.49 (d, J 7.4 Hz, 2 H),
7.37 (d, J = 7.7 Hz, 1 H), 7.33-7.26 (m, 4 H),
7.24-7.20 (m, 1 H), 7.03 (d, J = 7.4 Hz, 1 H), 6.96
(d, J = 6.6 Hz, 1 H), 6.86 (t, J 7.5 Hz, 1 H), 4.06
(t, J = 5.0 Hz, 2 H), 2.98 (s, 3 H), 2.78 (t, J = 6.4
Hz, 2 H), 1.93-1.88 (m, 4 H); MS (ESI) m/z 398 [M+lf.
Example 84
3-Methoxy-5-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-
yl)phenol 3-Chloro-5-methoxyphenol (1.59 g, 10.0
mmol), bis(pinacolato)diboron (2.79 g, 11.0 mmol),
tris(dibenzylideneacetone)dipalladium (0.28 g, 0.30
mmol), potassium acetate (1.47 g, 15.0 mmol),
tricyclohexylphosphine (0.33 g, 1.2 mmol) and
1,2-dimethoxyethane (12 mL) was irradiated in a
microwave at 150 C for 2 h. The reaction was performed
three times, the combined reaction mixtures was poured
into water and extracted with diethylether, the
organic phase was dried over magnesium sulfate and
concentrated. Purification by column chromatography
using a gradient of methanol in chloroform (0-3%) gave
6.61 g (88% yield) of the title compound. 1H NMR
(CDCl3) d 6.85 (d, J = 2.02 Hz5 1H)5 6.78 (d, J = 2.27
Hz, 1 H)5 6.45 (t, J = 2.40 Hz5 1H)5 4.59 (br S5 1H)5
3.73 (s, 3 H)5 1.27 (s, 12 H); MS (ES) w/z 251
[MH-I]+. Example 85
3'-Hydroxy-5'-metb.()xybipb.eiiyl-3-carbaldehyde
3-Bromobenzaldehyde (1.22 g, 6.6 mrnol),
3-methoxy-5-(4 54,5 55-tetramethyl-l 53,2-
dioxaborolan-2-yl)phenol (1.50 g5 6.0 mmol), [l
5l'-bis(diphenylphosphino)ferrocene]- palladium(II)
chloride dichloromethane adduct (0.25 g, 0.30 mmol),
cesium carbonate (3.91 g5 12.0 mmol),
1,2-dimethoxyethane (9 mL), water (4.5 niL) and
ethanol (1.5 mL) was irradiated in a microwave at 150
C for 40 min. The reaction was performed three times,
to the combined reaction mixtures was saturated
ammonium chloride solution and water added. The
mixture was extracted with dichloromethane, the
organic phase was dried over magnesium sulfate and
concentrated. Purification by column chromatography
using heptane/ethyl acetate 3/1 afforded 2.47 g (60%
yield) of the title compound. 1HNMR (CDCl 3) d 10.01
(s, 1 H), 8.00 (t, J = 1.64 Hz5 1 H), 7.72 - 7.83 (m,
2 H)5 7.53 (t5J = 7.58 Hz5 1 H)5 6.66 - 6.69 (m, 1H)5
6.61 - 6.64 (m, 1 H), 6.38 (t5J = 2.27 Hz, 1H)5 4.81
(br s, 1 H)5 3.78 (S5 3 H); MS (ES) m/z 227 [M-I] .
Example 86 3'-{[ /
-Butyl(diphenyl)silyl]oxy}-5'-methoxybiphenyl-3-car
baldehydeA solution of
S'-hydroxy-S'-methoxybiphenyl-S-carbaldehyde (2.46 g,
10.8 mmol), triethylamine (1.7 mL, 11.9 mmol),
4-dimethylaminopyridine (0.066 g, 0.54 mmol) and
fert-butyl(chloro)diphenylsilane (3.1 mL, 11.9 mmol)
in dichloromethane (50 mL) was s stirred overnight.
Dichloromethane was added and the organic phase was
washed with water, dried over magnesium sulfate and
concentrated. The residue was purified by column
chromatography using a stepwise gradient of
heptane/ethyl acetate 9/1-6/1 to give 4.44 g (88%
yield) of the title compound. 1H NMR (CDCl3) d 10.02
(s, 1 H), 7.73 - 7.84 (m, 6 H), 7.58 - 7.63 (m, 1 H),
7.39 - 7.54 (m, 7 H), 6.69 - 6.72 (m, 1 H), 6.57 -
6.60 (m, 1 H), 6.39 I0 (t, J 2.15 Hz, 1 H), 3.68 (s, 3
H), 1.17 (s, 9 H); MS (ES) m/z 467 [M+l] +. Example 87
teri'-Butyl{[3'-(l,3-dithian-2-yI)-5-methoxybiphenyl-3
-yl]oxy}diphenylsiIane 15 Boron trifluoride-diethyl
etherate (4.8 mL, 38.0 mmol) was added dropwise to a
mixture of
3'-{[fr/-butyl(diphenyl)silyl]oxy}-5'-methoxybiphenyl-
3-carbaldehyde (4.44 g, 9.5 mmol), 1,3-propanedithiol
(0.91 mL, 9.0 mmol), 4A molecular sieves (8 g) in
dichloromethane (50 mL) at 0 C. After stirring the
reaction for 1.5 h at 0C a saturated sodium
bicarbonate solution was added, the mixture was
extracted with dichloromethane 20 and the organic
phase was washed consecutively with water, 10%
potassium hydroxide solution and water, dried over
magnesium sulfate and concentrated. Purification by
column chromatography using heptane/ethyl acetate 6/1
afforded 4.52 g (85% yield) of the titlecompound. 1H
NMR (CDCl3) d 7.64 - 7.71 (m, 4 H), 7.28 - 7.41 (m, 8
H), 7.23 (t, J = 7.58 Hz, 1 H), 7.14 - 7.19 (m, 1 H),
6.56 - 6.60 (m, 1 H), 6.51 - 6.54 (m, 1 H), 6.20 (t, J
= 2.27 Hz, 1 H), 5.09 (s, 1 H), 3.54 (s, 3 H), 2.95 -
3.06 (m, 2 H), 2.83 -2.89 (m, 2 H), 2.08 - 2.16 (m, 1
H), 1.82 - 1.95 (m, 1 H)3 1.06 (s, 9 H); MS (ES) m/z
557 [M+l] +. Example 88
[2-(3'-{[te^-Butyl(diphenyl)silyl]oxy}-5'-methoxybiphe
nyl-3-yl)-l,3-dithian-2- yl](py ridin-4-yl)methanol I0
7?~Butyllithiupi (1.6 M in hexane, 3.3 mL, 5.3 mmol)
was added to a -78 0C solution of r
-butyl{[3'-(l,3-dithian-2-yl)-5-metlioxybiphenyl-3-yl]
oxy}diphenylsilane (2.68 g, 4.8 mmol) in
tetrahydrofuran. After 40 min a solution of
4-pyridinecarboxaldehyde (0.51 mL, 5.3 mmol) in
tetrahydrofuran (5 mL) was added and the reaction was
stirred at -78 0C for 40 min and at room temperature
for 1 h. The reaction was partitioned between water
and is dichloromethane, the organic phase was dried
over magnesium sulfate and concentrated. Purification
by column chromatography using chloroform gave 1.09 g
(34% yield) of the title compound. 1H NMR (CDCl 3) d
8.1 1 - 8.18 (m, J = 6.57 Hz, 2 H), 7.58 - 7.63 (m, 1
H), 7.50 - 7.58 (m, J = 6.57 Hz, 5 H), 7.11 - 7.28 (m,
9 H), 6.97 - 7.02 (m, 1 H), 6.36 - 6.41 (m, 1H)3 6.28
- 6.32 (m, 1 H), 6.19 (t, J = 2.15 Hz, 1 H), 4.86 (s,
1 H), 3.46 (s, 3 H), 2.39 - 20 2.65 (m, 4 H), 1.68 -
1.78 (m, 2 H), 0.92 (s, 9 H); MS (ES) m/z 664 [M+l] +.
Example 89 l-(3 t-{[ /
'-Butyl(diphenyl)silyl]oxy}-5'-methoxybiphenyl-3-yl)-2
-pyridm-4-ylethane- 1,2-dioneA mixture of [2-(3'-{[ter
-butyl(diphenyl)silyl]oxy}-5'-methoxybiphenyl-3-yl)-l,
3-dithian- 2-yl](pyridin-4-yl)methanol (1.09 g, 1.6
mmol), tert-bntanol (0.39 mL, 4.1 mmol), Dess- Martin
periodinane (1.73 g, 4.1 mmol) was stirred overnight,
saturated solutions of sodium bicarbonate and sodium
tbiosulfate was added. After 0.5 h the mixture was
extracted with chloroform, the organic phase was dried
over magnesium sulfate and concentrated. Purification
by column chromatography using chloroform/methanol
99/1 afforded 0.27 g (29% yield) of the title
compound. 1H NMR (CDCl3) d 8.86 - 8.94 (m, 2 H) 7.36 -
8.05 (m, 16 H), 6.64 - 6.68 (m, 1 H), 6.56 - 6.59 (m,
1 H), 6.37 (t, J = 2.27 Hz, 1 H), 3.65 (s, 3 H), 1.16
(s, 9 H); MS (ES) m/z 572 [M+l] +. Example 90
5-(3'-Hydroxy-5'-methoxybiphenyl-3-yl)-3-methyl-5-pyri
din-4-yl-2- thioxoimidazolidin-4-one 1-(3'-{[ r
-Butyl(diphenyl)silyl] oxy}-5'-methoxybiphenyl-3
-yl)-2-pyridin-4-ylethane- 1,2- dione (0.27 g, 0.47
mmol), iV-methylthiourea (0.085 g, 0.94 mmol) and
dimethyl sulfoxide (2 mL) was kept at 100 C for 5 min,
a solution of potassium hydroxide ( 1 M, 0.99 mL) was
added and the mixture was kept at 100 C for an
additional 5 minutes. Water was added followed by
neutralization with hydrochloric acid ( 1 M). The
mixture was extracted with dichloromethane, the
organic phase was dried over magnesium sulfate and the
solvent was evaporated. Purification by column
chromatography using chloroform/methanol 98/2 afforded
0.16 g (85% yield) of the title compound. 1HNMR
(CDCl3) d 8.81 (br s, 1 H),8.50 - 8.55 (m, 2 H), 7.44
- 7.49 (m, 1 H), 7.33 - 7.37 (m, 2 H)5 7.28 - 7.31 (m,
2 H), 7.20 - 7.24 (m, 1 H), 6.48 - 6.52 (m, 1H)5 6.45
- 6.47 (m, 1H)5 6.32 (t, J = 2.15 Hz5 1H)5 3.70 (s, 3
H)5 3.24 (s, 3 H); MS (ES) m/z 406 [M+l] +. Example 91
5-Methoxy-3'-(l-methyl-5-oxo-4-pyridin-4-yI-2-thioxoim
idazolidin-4-yl)biphenyl-3-yl methanesulfonate
Methanesulfonyl chloride (0.034 niL, 0.44 mmol) was
added to a 0 C solution of 5-(3'-
hydroxy-5'-methoxybiphenyl-3-yl)-3-methyl-5-pyridin-4-
yl-2-thioxoimidazolidin-4-one (0.16 g, 0.40 mmol) and
triethylamine (0.073 niL, 0.52 mmol) in
dichloromethane (3 mL). After 2 h at 0 C, water was
added and the mixture was extracted with
dichloromethane, the organic phase was dried over
magnesium sulfate and concentrated. This gave the
title compound which was used without further
purification. MS (ES) m/z 484 [M+l] +. Example 92
3'-(2-Amino-l-methyl-5-oxo-4-pyridin-4-yl-4,5-dihydro-
l -imidazol-4-yl)-5- methoxybiphenyl-3-yl
methanesulfonate A mixture of 5-methoxy-3
l-(l-methyl-5-oxo-4-pyridin-4-yl-2-thioxoimidazolidin-
4- yl)biphenyl-3-yl methanesulfonate, methanol (3 mL),
ammonium hydroxide (25%, 0.4 mL) and r -butyl
hydroperoxide (70% in water, 0.58 mL, 6.0 mmol) was
stirredovernight, water (5 mL) was added and the
mixture was extracted with dichloromethane, dried over
magnesium sulfate and evaporated. Purification by
column chromatography using a stepwise gradient of
chloroform/methanol 95/5-85/15 gave 0.069 g (37%
yield) of the title compound. 1H NMR (CDCl3) d 8.50 -
8.54 (m, 2 H), 7.70 (t, J = 1.64 Hz3 1 H), 7.53 - 7.59
(m, 1 H), 7.45 - 7.51 (m. 3 H), 7.39 (t, J = 7.71 Hz,
1H)5 7.01 - 7.07 (m, 2 H), 6.78 (t, J = 2.15 Hz, 1 H),
5.43 (br s, 2 H), 3.82 (s, 3 H), 3.13 (s, 3 H), 3.12
(s, 3 H); MS (ES) m/z 467 [M+l] +. Example 93
[2-(3>-{[i'^-Butyl(diphenyl)silyl]oxy}-5
l-inethoxybiphenyl-3-yl)-l,3-dithiaii-2-
yl](pyridin-2-y l)methanol The title compound was
synthesized as described for Example 88 in 27% yield
using pyridine-2-carboxaldehyde as the starting
material. 1H NMR (CDCl3) d 8.37 - 8.44 (m, 1 H), 7.70
- 7.81 (m, 5 H), 7.58 - 7.63 (m, 1 H), 7.36 - 7.51 (m,
7 H), 7.27 - 7.35 (m, 1 H), 7.20 - 7.25 (m, 1 H), 7.11
- 7.17 (m, 1 H), 6.76 - 6.83 (m, 1 H), 6.49 - 6.52 (m,
1 H), 6.42 6.47 (m, 1 H), 6.31 (t, J = 2.15 Hz, 1 H),
5.15 (br s, 1 H), 3.63 (s, 3 H), 2.55 - 2.89 (m, 4 H),
1.85 - 2.04 (m, 2 H), 1.15 (s, 9 H); MS (ES) m/z 664
[M+lf. Example 94
l-(3'-{[tert-Butyl(diphenyl)silyl]oxy}-5'-methoxybiphe
nyl-3-yl)-2-pyridin-2-yletIiaiie- 1,2-dioneThe title
compound was synthesized as described for Example 89
in 57% yield starting from [2-(3'-{[
-butyl(diphenyl)silyl]oxy}-5'-methoxybiphenyl-3-yl)-l,
3-dithian-2- yl](pyridin-2-yl)methanol. MS (ES) m/z
572 [M+l] +. Example 95
5-(3'-Hydroxy-5'-methoxybiphenyI-3-yI)-3-methyl-5-pyri
din-2-yl-2- thioxoimidazolidin-4-one The title
compound was synthesized as described for Example 90
in 76% yield starting from l-(3'-{[ r
-butyl(diphenyl)silyl]oxy}-5'-methoxybiphenyl-3-yl)-2-
pyridin-2- ylethane-l,2-dione. MS (ES) m/z 406 [M+lf.
Example 96
5-Methoxy-3'-(l-methyl-5-oxo-4-pyridm-2-yl-2-thioxoimi
dazolidin-4-yl)biphenyl-3-yl methanesulfonate The
title compound was synthesized as described for
Example 9 1 starting from 5-(3'-
hydroxy-5'-methoxybiphenyl-3-yl)-3-methyl-5-pyridin-2-
yl-2-thioxoimidazolidin-4-one.Example 97
3'-(2-Amino-l-methyl-5-oxo-4-pyridin-2-yl-4,5-dihydro-
lJ3 r-imidazol-4-yl)-5- methoxybiphenyl-3-yl
methanesulfonate s The title compound was synthesized
as described for Example 92 in 6% yield starting from
5-methoxy-3
l-(l-methyl-5-oxo-4-pyridin-2-yl-2-thioxoimidazolidm-4
-yl)biphenyl-3-yl methanesulfonate. 1H NMR (CDCl3) d
8.44 - 8.51 (m, 1 H), 7.69 - 7.76 (m, 1 H), 7.49 -
7.65 (m, 3 H), 7.37 - 7.43 (m, 1 H), 7.33 (t, J = 7.71
Hz, 1 H), 7.1 1 - 7.17 (m, 1 H), 6.92 - 6.98 (m, 2 H),
6.74 (t, J = 2.15 Hz, 1 H), 3.77 (s, 3 H), 3.08 (s, 3
H), 3.07 (s, 3 H); MS o (ES) m/z 467 [M+l] +. Example
98
[2-(3'-{[te^-Butyl(diphenyl)silyl]oxy}-5'-methoxybiphe
nyl-3-yl)-l,3-dithian-2-yl](3- furyl)methanol The
title compound was synthesized as described for
Example 88 in 84% yield using 3- furaldehyde as the
starting material. 1H NMR (CDCl3) d 7.64 - 7.74 (m, 6
H), 7.28 - 7.40 (m, 6 H), 7.24 (t, J = 7.71 Hz5 1 H),
7.14 - 7.19 (m, 1 H), 7.04 (t, J = 1.64 Hz, 1 H), 6.98
- 7.01 (m, 1 H), 6.49 - 6.52 (m, 1 H), 6.44 - 6.46 (m,
1 H), 6.24 (t, J = 2.15 Hz, 1H) 5.72 - 0 5.75 (m, 1
H), 4.85 (d, J = 3.79 Hz, 1 H), 3.56 (s, 3 H)52.53 -
2.71 (m, 4 H), 1.80 - 1.88 (m52 H)5 1.06 (s, 9 H); MS
(ES) m/z 653 [M+lf.Example 99
l^S'-fltert-ButylCdiphenyOsilylloxyJ-S'-methoxybipheny
l-S-y^^-CS-furyOethane-l^- dione The title compound
was synthesized as described for Example 89 in 67%
yield starting from [2-(3'-{ [ r
-butyl(diphenyl)silyl]oxy}-5'-methoxybiphenyl-3-yl)-l
,3-dithian-2-yl](3- furyl)methanol. 1H NMR (CDCl3) d
8.21 - 8.24 (m, 1 H), 8.07 (t, J = 1.52 Hz, 1 H), 7.93
- 7.98 (m, 1 H), 7.73 - 7.80 (m, 4 H), 7.53 - 7.63 (m,
2 H), 7.37 - 7.52 (m, 7 H), 6.96 - 6.99 (m, 1 H), 6.66
- 6.70 (m, 1 H), 6.58 - 6.62 (m, 1 H), 6.35 (t, J
=2.15 Hz, 1 H), 3.65 (s, 3 H), 1.16 (s, 9 H); MS (ES)
m/z 561 [M+lf. Example 100
5-(3-Furyl)-5-(3'-hydroxy-5'-methoxybipheiiyl-3-yI)-3-
methyl-2-thioxoimidazolidiii-4- one The title compound
was synthesized as described for Example 90 in 84%
yield starting from l-(3'-{[ r
t-butyl(diphenyl)silyl]oxy}-5
l-methoxybiphenyl-3-yl)-2-(3-furyl)ethane- 1,2-dione.
1H NMR (CDCl3) d 7.55 - 7.61 (m, 2 H), 7.44 - 7.52 (m,
3 H), 7.39 - 7.43 (m, 1 H), 6.65 - 6.69 (m, 1 H), 6.58
- 6.61 (m, 1 H), 6.44 (t, J 2.15 Hz, 1 H), 6.36 (dd, J
1.89, 0.88 Hz5 1 H), 4.81 (s, 1 H), 3.85 (s, 3 H),
3.36 (s, 3 H); MS (ES) m/z 393 [M-l]\Example 101
3'-[4-(3-FuryI)-l-methyl-5-oxo-2-thioxoimidazolidin-4-
yl]-5-methoxybiphenyl-3-yl methanesulfonate The title
compound was synthesized as described for Example 9 1
starting from 5-(3-furyl)-
5-(3'-hydroxy-5'-methoxybiphenyl-3-yl)-3-methyl-2-thio
xoimidazolidin-4-one. 



MS (ES) m/z All [M-I] . Example 102
3'-[2-Amino-4-(3-furyl)-l-methyl-5-oxo-4,5-dihydro-l
-imidazol-4-yl]-5- methoxybiphenyl-3-yl
methanesulfonate The title compound was synthesized as
described for Example 92 in 59% yield starting from
3'-[4-(3-furyl)-l-methyl-5-oxo-2-thioxoimidazolidin-4-
yl]-5-methoxybiphenyl-3-yl methanesulfonate. 1H NMR
(CDCl3) d 7.76 (t, J = 1.64 Hz, 1 H), 7.58 - 7.64 (m,
1H)3 7.44 - 7.52 (m, 2 H), 7.34 - 7.42 (m, 2 H), 7.04
(d, J = 2.02 Hz, 2 H), 6.78 (t, J = 2.15 Hz, 1 H),
6.41 (dd, J = 1.77, 0.76 Hz, 1 H), 5.83 (br s, 2 H),
3.82 (s, 3 H), 3.12 (s, 3 H), 3.09 (s, 3 H); MS (ES)
456 [MH] +. Example 103
[2-(3'-{[te/-/-Butyl(diphenyl)silyl]oxy}-5'-methoxybip
henyl-3-yl)-l,3-dithian-2-yl](l,3-
thiazol-5-yl)methanolThe title compound was
synthesized as described for Example 88 in 54% yield
using thiazole-5-carboxaldehyde as the starting
material. 1H NMR (CDCl3) d 9.05 (s, 1H)5 7.71 7.82 (m,
5 H), 7.30 - 7.55 (m, 10 H)3 6.62 - 6.65 (m, 1H) 6.48
- 6.51 (m, 1H)5 6.41 (t, J = 2.15 Hz5 1H)5 5.36 (s,
1H)5 3.70 (s, 3 H)5 2.66 - 2.95 (m54 H), 1.94 - 2.06
(m, 2 H)5 1.15 (S5 9 H); MS (ES) m/z 670 [M+l] +.
Example 104
l-(3'-{[ter/-Butyl(diphenyl)silyl]oxy}-5'-methoxybiphe
nyl-3-yl)-2-(l,3-thiazol-5- yl)ethane-l,2-dione The
title compound was synthesized as described for
Example 89 in 58% yield starting from [2-(3'-{[t
-butyl(diphenyl)silyl]oxy}-5'-me1i
ioxybiphenyl-3-yl)-l 53-dithian-2- yl](l
53-thiazol-5-yl)methanol. 1HNMR (CDCl3) d 9.17 (s, 1
H)5 8.64 (s, 1H)5 8.09 (t, J = 1.77 Hz5 1H)5 7.96 -
8.02 (m, 1H)5 7.74 - 7.80 (m, 4 H)5 7.60 - 7.66 (m,
1H)5 7.38 - 7.54 (m, 7 H)5 6.66 - 6.70 (m, 1H)5 6.58 -
6.62 (m, 1H)5 6.36 (t5J = 2.15 Hz5 1H)5 3.65 (s, 3 H)5
1.16 (s, 9 H); MS (ES) m/z 578 [MH-I]+. Example 105
5-(3t-Hydroxy-5'-methoxybiphenyl-3-yl)-3-methyl-5-(l,3
-thiazol-5-yl)-2- thioxoimidazolidin-4-oneThe title
compound was synthesized as described for Example 90
in 65% yield starting from l-(3'-{[ r
-butyl(diphenyl)silyl]oxy}-5'-methoxybiphenyl-3-yl)-2-
(l,3-thiazol-5- yl)ethane-l,2-dione. MS (ES) m/z 412
[M+l] +. Example 106
5-Methoxy-3'-[l-methyl-5-oxo-4-(l,3-thiazol-5-yl)-2-th
ioxoimidazolidin-4-yl]biphenyl- 3-yl methanesulfonate
The title compound was synthesized as described for
Example 9 1 starting from 5-(3'-
hydroxy-5'-methoxybiphenyl-3-yl)-3-methyl-5-(l,3-thiaz
ol-5-yl)-2-thioxoimidazolidin-4- one. MS (ES) m/z 490
[MH-I]+. Example 107
3'-[2-Amino-l-methyI-5-oxo-4-(l,3-thiazol-5-yl)-4,5-di
hydro-l fiT-imidazol-4-yl]-5- methoxybiphenyl-3-yl
methanesulfonateThe title compound was synthesized as
described for Example 92 in 22% yield starting fi-om
5-methoxy-3'-[l-methyl-5-oxo-4-(l,3-thiazol-5-yl)-2-th
ioxoimidazolidin-4- yl]biphenyl-3-yl methanesulfonate.
1H NMR (DMSO-J ) d 8.98 (s, 1 H), 7.89 (s, 1 H), 7.75
- 7.81 (m, 1 H), 7.57 - 7.65 (m, 2 H)5 7.46 (t, J
=7.71 Hz, 1 H), 7.05 - 7.13 (m, 2 H), 6.98 (t, J =
2.15 Hz, 1 H), 6.94 (s, 2 H), 3.86 (s, 3 H), 3.44 (s,
3 H), 3.00 (s, 3 H); MS (ES) w/z473 [M+l] +. Example
108 [2-(3'-{ [ter/-Butyl(diphenyl)siIyl]
oxy}-5'-methoxybiphenyl-3-yl)-l ,3-dithian-2-yl] (1,3-
thiazol-4-yl)methanol The title compound was
synthesized as described for Example 88 in 66% yield
using thiazole-4-carboxaldehyde as the starting
material. MS (ES) m/z 670 [M+l] +. Example 109
l-(3'-{[te^-Butyl(diphenyl)silyl]oxy}-5'-methoxybiphen
yl-3-yl)-2-(l,3-thiazol-4- yl)ethane-l,2-dione The
title compound was synthesized as described for
Example 89 in 63% yield starting fi:om [2-(3'-{[t r
-butyl(diphenyl)silyl]oxy}-5'-methoxybiphenyl-3-yl)-l,
3-dithian-2- yl](l,3-thiazol-4-yl)methanol. MS (ES)
m/z 578 [MfI] +.Example 110
5-(3'-Hydroxy-5'-methoxybiphenyl-3-yl)-3-methyl-5-(l,3
-thiazol-4-yl)-2- thioxoimidazolidin-4-one 5 The title
compound was synthesized as described for Example 90
in 93% yield starting from
1-(3'-{[tert-butyl(diphenyl)silyl]oxy}
-5'-methoxybiphenyl-3-yl)-2-(l ,3-thiazol-4-
yl)ethane-l,2-dione. 1HNMR (CDCl3) d 8.92 (d, J =2.02
Hz, 1 H), 8.32 (s, 1 H), 7.69 (d, J = 2.02 Hz, 1 H),
7.62 - 7.59 (m, 1 H), 7.57 - 7.53 (m, 1 H), 7.47 -
7.43 (m, 1 H), 6.68 - 6.65 (m, 1 H), 6.61 - 6.58 (m, 1
H), 6.43 (t, J = 2.27 Hz, 1 H), 3.84 (s, 3 H), 3.35
(s, 3 H); MS io (ES) m/z 412 [M+l] +. Example 111
5-Methoxy-3'-[l-methyI-5-oxo-4-(l,3-thiazol-4-yl)-2-th
ioxoimidazoIidiii-4-yI]biphenyl- 3-yl methanesulfonate
The title compound was synthesized as described for
Example 9 1 starting from 5-(3'-
hydroxy-5'-methoxybiphenyl-3-yl)-3-methyl-5-(l,3-thiaz
ol-4-yl)-2-thioxoimidazolidin-4- one. MS (ES) m/z 490
[M+lf. 20 Example 112
3'-p-Amino-l-methyl-5-oxo-4-(l,3-thiazol-4-yl)-4,5-dih
ydro-l Hr-imidazol-4-yl]-5- methoxybiphenyl-3-yl
methanesulfonateThe title compound was synthesized as
described for Example 92 in 49% yield starting from
5-methoxy-3 '-[1-methyl-5-oxo-4-(
1,3-thiazol-4-yl)-2-thioxoimidazolidin-4-
yl]biphenyl-3-yl methanesulfonate. 1H NMR (CDCl3) d
8.75 (d, J =2.02 Hz, 1H)5 7.93 - 7.86 (m, 1 H), 7.72 -
7.64 (m, 1 H), 7.51 - 7.45 (m, 1 H), 7.41 - 7.31 (m, 2
H), 7.04 - 7.00 (m, 2 H), 6.76 (t, J =2.15 Hz, 1 H),
6.10 (br S3 2 H), 3.79 (s, 3 H), 3.11 (s, 3 H), 3.10
(s, 3 H); MS (ES) m/z 473 [M+l] +. Example 113
4-Bromo-l-fluoro-2-methoxybenzene Aqueous hydrobromic
acid (48%, 2.41 mL) was added to
4-fluoro-3-methoxyaniline (1.0 g, 7.1 mmol) in water
(10 mL) and the resulting mixture was cooled to 0 C in
an ice bath. A solution of sodium nitrite (538 mg, 7.8
mmol) in water (5 mL) was added dropwise during 15 min
while maintaining the temperature between 0-5 0C. The
resulting diazoniumsalt solution was added to a
suspension of copper(I) bromide (1.12 g, 7.8 mmol) in
water (5 mL) which had been pre-heated to 75 C. The
mixture was shaken thoroughly, aqueous hydrobromic
acid (48%, 12.07 mL) was added and the solution was
stirred at ambient temperature for 16 h. Excess water
was added and the product was extracted with diethyl
ether and the combined organic extracts were washed
with aqueous saturated sodium chloride, dried over
magnesium sulfate, filtered and the solvent was
evaporated in vacuo to give 1.02 g (70% yield) of the
title compound.: 1H-NMR (DMSO-J ) : d 7.36 (dd, J =
7.78, 2.26 Hz, 1 H), 7.23-7.17 (m, 1 H), 7.14-7.09 (m,
1 H), 3.86 (s, 3 H); MS (EI) (m/z, %) 204,206 (100),
189,191 (23), 161,163 (45)Example 114
2-(4-Fluoro-3-methoxyphenyl)-4,4,5,5-tetramethyl-l,3,2
-dioxaborolane Anhydrous 1,2-dimethoxyethane (12 mL)
was added to 4-bromo-l-fluoro-2- methoxybenzene (1.02
g, 5.0 mmol), tris(dibenzylideneaceton)dipalladium (0)
(228 mg, 0.25 mmol), tricyclohexylphosphine (209 mg,
0.75 mmol), potassium acetate (732 mg, 7.5 mmol) and
4,4,4',4',5,5,5',5'-octamethyl-2,2'-bi-l,3,2-dioxaboro
lane (1.14 g, 4.5 mmol), and the mixture was
irradiated under an atmosphere of argon in a microwave
at 150 0C for 1 h. When cooled to ambient temperature
the mixture was filtered and the solvent was
evaporated in vacuo to give the title compound as an
oil: MS (EI) (m/z, %) 252 (81), 237 (44), 166 (78),
152 (100) Example 115 4-[(3-Bromophenyl)ethynyl]phenol
A solution of l-bromo-3-ethynylbenzene (14.85 g, 82
mmol) in anhydrous tetrahydrofuran (34 mL) was added
dropwise to a solution of 4-iodophenol (14.43 g, 65.6
mmol), copper(I) iodide (94 mg, 0.49 mmol) and
bis(triphenylphosphine)palladium(II) dichloride (345
mg, 0.49 mmol) in a 2:1 mixture of
tetrahydrofuran/triethylamine (230 mL). The reaction
was stirred at ambient temperature under an atmosphere
of argon for 16 h. More 4-iodophenol (541 mg, 2.5
mmol) was added and the mixture was stirred for
another 3 h to force the reaction to completion. The
reaction mixture was filtered and the solvent was
evaporated in vacuo. The crude product was slurried in
water (400 mL) and the product was extractedwith ethyl
acetate. The combined organic extracts were washed
with aqueous saturated sodium chloride, dried over
magnesium sulfate, filtered and the solvent was
evaporated in vacuo. Purification by column
chromatography, using 25-50% ethyl acetate in heptane
as the eluent. The final product was dried at 40 C in
a vacuum-cabinet overnight to afford 15.25 g (68%
yield) of the title compound: MS (ES) m/z 271 ,273
[M-H] . Example 116
l-(3-Bromophenyl)-2-(4-hydroxyphenyl)ethane-l,2-dione
A solution of 4-[(3-bromophenyl)ethynyl]phenol (972
mg, 3.6 mmol) and palladium(II) chloride (68 mg, 0.38
mmol) in anhydrous dimethyl sulfoxide (10 niL) was
heated in an oil bath at 140 C for 3 h. The warm
reaction mixture was poured into water/diethyl ether
and the aqueous phase was extracted with diethyl
ether. The combined organic extracts were washed with
water, aqueous saturated sodium chloride, dried over
magnesium sulfate, filtered and the solvent was
evaporated in vacuo. The solid was purified by column
chromatography, using 5-40% ethyl acetate in heptane
as the eluent, to give 469 mg (43% yield) of the title
compound: 1H-NMR (DMSO-J 5 ) : d 10.93 (br s, 1 H),
8.02 (t, J = 1.63 Hz, 1 H), 8.00-7.97 (m, 1 H),
7.88-7.84 (m, 1 H), 7.83-7.79 (m, 2 H), 7.57 (t, J =
7.91 Hz, 1 H), 6.97-6.92 (m, 2 H); MS (ES) m/z 303,305
[M-H]". Example 117
5-(3-Bromophenyl)-5-(4-hydroxyphenyl)-3-methyl-2-thiox
oimidazolidin-4-oiie
l-(3-Bromophenyl)-2-(4-hydroxyphenyl)ethane-l,2-dione
(10.20 g, 33.4 mmol) and-methylthiourea (6.03 g, 66.9
mmol) were divided equally into 11 microwave vials.
Dimethyl sulphoxide (10 mL) and an aqueous solution of
potassium hydroxide (5.2 mL, 1,2 M) was added to each
vial. The vials were capped and irradiated in a
microwave at 100 C for 9 min. When cooled to ambient
temperature the reaction mixtures were pooled, water
(50 mL) and chloroform (60 mL) were added and pH was
adjusted to pH 5 with a 2 M aqueous solution of
hydrochloric acid. The aqueous phase was extracted
with chloroform and the combined organic extracts were
washed with aqueous saturated sodium chloride, dried
over magnesium sulfate, filtered and the solvent was
reduced in vacuo. Water was added and the extractive
work up was repeated with diethyl ether instead of
chloroform. The resulting crude product was purified
by column chromatography, using 35% ethyl acetate in
heptane as the eluent. Methanol was added and the
solution was heated until the product started to
crystallize. The slurry was filtered, the crystalline
product was rinsed with methanol and finally dried at
ambient temperature in a vacuumcabinet overnight to
afford 10.95 g (87% yield) of the title compound:
1H-NMR (CDCl3) : d 7.78 (br s, 1 H), 7.55-7.50 (m, 2
H), 7.32-7.28 (m, 2 H), 7.17-7.12 (m, 2 H), 6.86-6.82
(m, 2 H), 5.31 (br s, 1 H), 3.35 (s, 3 H); MS (ES) m/z
375,377 [M-H] . Example 118
4-[4-(3-Bromophenyl)-l-methyI-5-oxo-2-thioxoimidazolid
in-4-yl]phenyl methanesulfonate A solution of
5-(3-bromophenyl)-5-(4-hydroxyphenyl)-3-methyl-2-thiox
oimidazolidin-4- one (88 mg, 0.23 mmol) and
triethylamine (71 mg, 0.70 mmol) purged with argon was
cooled to 0 0C. Methanesulfonyl chloride (27 mg, 0.23
mmol) was added and the reaction mixture was stirred
at 0 C for 30 min and then at ambient temperature
overnight. More methanesulfonyl chloride (13 mg, 0.12
mmol) and triethylamine (35 mg, 0.35 mmol) were added
the following day. The mixture was stirred for 30 min
resulting in full conversion toproduct. The solvent
was evaporated in vacuo and the resulting crude
product was purified by column chromatography, using
2-80% ethyl acetate in heptane as the eluent, to give
74 mg (70% yield) of the title compound: 1H-NMR
(DMSO-^): d 11.71 (s, 1 H), 7.65-7.61 (m, 1H) 7.54 (t,
J = 1.77 Hz, 1 H), 7.46-7.37 (m, 6 H), 3.41 (s, 3 H),
3.18 (s, 3 H); MS (ES) m/z 453,455 [M-H]". Example 119
4-[2-Amino-4-(3-bromophenyl)-l-methyl-5-oxo-4,5-dihydr
o-l JfiT-imidazol-4-yl]phenyI methanesulfonate The
title compound was synthesized as described for
Example 4 in 63% yield starting from
4-[4-(3-bromophenyl)-l-methyl-5-oxo-2-thioxoimidazolid
in-4-yl]phenyl methanesulfonate. Purification by
column chromatography, using a mixture of ethyl
acetate :aqueous ammonium hydroxide (33%):methanol,
94%:1%:5% respectively as the eluent: 1H-NMR (DMSO-J )
: d 7.64 (t, J - 1.76 Hz, 1 H), 7.56-7.5 1 (m, 2 H)
overlapping with 7.51-7.43 (m, 2 H), 7.33-7.26 (m, 3
H), 6.78 (br s, 2 H), 3.35 (s, 3 H), 3.00 (s, 3 H); MS
(ES) m/z 436,438 [M-H]". Example 120
4-[2-Amino-l-methyl-5-oxo-4-(3-pyridin-3-ylphenyl)-4,5
-dihydro-li  -imidazol-4- yljphenyl methanesulfonate
0.25 acetateA mixture of
4-[2-amino-4-(3-bromophenyl)-l-methyl-5-oxoimidazolidi
n-4-yl]phenyl methanesulfonate (64 mg, 0.15 mmol),
pyridin-3-ylboronic acid (23 mg, 0.19 mmol), [1,1'-
bis(diphenylphosphino)ferrocene]palladium(II) chloride
dichloromethane adduct (12 mg, 0.015 mmol), potassium
carbonate (121 mg, 0.88 mmol) in anhydrous
tetrahydrofuran (3 mL) was irradiated under an
atmosphere of argon in a microwave at 150 C for 2 h.
When cooled to ambient temperature the mixture was
filtered and dimethyl sulfoxide (500 mL) was added.
The solution was concentrated in vacuo to remove
tetrahydrofuran and purified by preparative HPLC to
give 10 mg (12% yield) of the title compound: 1H-NMR
(DMSOd 6) : d 8.77 (d, J = 2.26 Hz, 1 H), 8.57 (dd, J
= 4.77, 1.51 Hz, 1 H), 7.97-7.93 (m, 1 H), 7.79-7.77
(m, 1 H), 7.63-7.57 (m, 3 H), 7.54 (d, J = 8.28 Hz, 1
H), 7.51-7.41 (m, 2 H), 7.29 (d, J = 8.53 Hz, 2 H),
3.35 (s, 3 H), 3.00 (s, 3 H), 1.90 (s, 0.67 H); MS
(ES) m/z 435 [M-H]-. Example 121
4-[4-(3-Bromophenyl)-l-methyI-5-oxo-2-thioxoimidazolid
in-4-yI]phenyl2- methoxyethanesulfonate The title
compound was synthesized as described for Example 118
in 71% yield starting from
5-(3-bromophenyl)-5-(4-hydroxyphenyl)-3-methyl-2-thiox
oimidazolidin-4-one and2-methoxyethanesulfonyl
chloride) (described in: Matlack A. S. J. Org. Chem.
1958, 23, 729-731). Purification by column
chromatography, using 40% ethyl acetate in heptane as
the eluent: 1H-NMR (DMSO-d ) : d 11.69 (s, 1 H),
7.65-7.61 (m, 1 H), 7.56-7.52 (m, 1 H), 7.45-7.37 (m,
6 H), 3.85-3.76 (m, 4 H), 3.28 (s, 3 H), 3.18 (s, 3
H); MS (ES) m/z 497,499 s [M-H]-. Example 122
4-[2-Amino-4-(3-bromophenyl)-l-methyl-5-oxo-4,5-dihydr
o-l -imidazol-4-yl]phenyl 2-methoxyethanesulfonate The
title compound was synthesized as described for
Example 4 in 52% yield starting from
4-[4-(3-bromophenyl)-l-methyl-5-oxo-2-thioxoimidazolid
in-4-yl]phenyl 2- methoxyethanesulfonate. Purification
by column chromatography, using a mixture of ethyl
acetate:triethylamine:methanol, 94%:1%:5% respectively
as the eluent: 1H-NMR (DMSOs d6) : d 7.63 (s, 1 H),
7.55-7.43 (m, 4 H), 7.32-7.24 (m, 3 H), 6.78 (br s, 2
H), 3.77 (s, 4 H), 3.28 (s, 3 H), 2.99 (s, 3 H); MS
(ES) m/z 480,482 [M-H]-. Example 123 



4-[4-(3-Bromophenyl)-l-methyl-5-oxo-2-thioxoimidazolid
in-4-yl]phenyl propane-l- 0 sulfonateThe title
compound was synthesized as described for Example 118
in 86% yield starting from 5-(3-bromophenyl)-5 -(4-hy
droxyphenyl)-3 -methyl-2-thioxoimidazolidin-4-one and
propane- 1-sulfonyl chloride. Purification by column
chromatography, using 5% acetonitrile in
dichloromethane as the eluent: 1H-NMR (DMSO- d6) : d
11.70 (s, 1 H), 7.65- 7.60 (m, 1H)5 7.55-7.51 (m, 1 H)
7.46-7.36 (m, 6 H), 3.55-3.48 (m, 2 H)5 3.18 (s, 3 H),
1.89-1.77 (m, 2 H), 1.03 (t, J = 7.40 Hz5 3 H); MS
(ES) m/z 481,483 [M-Hp. Example 124
4-[2-Amino-4-(3-bromophenyl)-l-methyl-5-oxo-4,5-dihydr
o-l Hr-imidazol-4-yl]phenyl propane-1-sulfonate The
title compound was synthesized as described for
Example 4 in 65% yield starting from
4-[4-(3-bromophenyl)-
1-methyl-5-oxo-2-thioxoimidazolidin-4-yl]phenyl
propane- 1- sulfonate. Purification by column
chromatography, using 5% triethylamine in acetonitrile
as the eluent: 1H-NMR (DMSO-fifc): d 7.64-7.62 (m, 1
H), 7.55-7.43 (m, 4 H), 7.32-7.24 (m, 3 H)5 6.79 (tar
s, 2 H)5 3.50-3.44 (s, 2 H)5 2.99 (s, 3 H)5 1.88-1.77
(m, 2 H)5 1.02 (t, J = 7.40 Hz, 3 H); MS (ES) m/z
466,468 [M+H]+. Examples 125-169Table 1.
Representative examples synthesized as described for
4-[2-Amino-l-methyl-5-
oxo-4~(3-pyridin-3-ylphenyl)-4,5-dihydro-l/f-
imidazol-4-yl]phenyl methanesulfonate 0.25
acetateSYSTEM AND METHOD FOR DETECTING ROAD TRAFFIC
VIOLATIONS Field of the Invention This invention
relates to a system and method for detecting road
traffic violations. Background of the Invention One
major cause of traffic accidents is due to sudden lane
change activity. To improve traffic safety conditions,
traffic planners and enforcers have identified areas
of concern, such as approaches to traffic
intersections, bridge crossings or tunnel crossings
and merging traffic coming onto or off freeways . Lane
change activities in these areas is usually regulated
by line markings on the roadway such as a double white
line, to indicate to a driver that it is illegal to
change lanes at these regulated areas. Unlike
enforcement of other traffic violation activities,
such as speed and red light violations, which rely
mostly on automatic enforcement, the enforcement of
illegal lane change activity has always relied on
visual detection by a patrol duty officer such as a
policeman. Whilst technology does exist for detecting
red light violations and speed violations, the
technology generally relies on detecting vehicles at a
point or within a very small confined region so that
images of the vehicle can be obtained, and also an
indication of the violation recorded. However, in view
of the area over which lane change activity may be
illegal, existing traffic violation systems are not
adequate to properly provide a means of automatic
enforcement. Summary of the InventionThe object of a
first aspect of the invention is to provide an
automatic enforcement system suitable for determining
whether vehicles have changed lanes in a restricted
area. The invention provides a system for detecting
traffic lane change violation, comprising: a first
detection system for monitoring a first location of a
roadway having multiple lanes; a second detection
system spaced from the first system for monitoring a
second location of the roadway, with the length of
roadway between the first and second locations being
marked to show that lane change is not permitted; and
a processor for receiving images from the first and
second detection systems for identifying a vehicle and
the lane in which the vehicle is travelling at the
first location and for comparing that lane with the
lane in which the identified vehicle is travelling at
the second location to determine whether the vehicle
has changed lanes, and therefore committed a lane
change violation. Since the invention utilises the two
detection systems which are spaced apart from one
another along the length of the roadway and identifies
the lanes in which vehicles are travelling so that the
vehicles and the lanes in which they are travelling
can be compared at the first and second locations, an
automatic system for determining lane change
violations is provided. Preferably the image of the
vehicle at the first location and the image of the
vehicle at the second location is used to provide
evidence of a lane change violation, should a
violation occur.Preferably the first detection system
comprises a plurality of cameras, each for monitoring
a respective one of the lanes of the roadway.
Preferably the second detection system comprises a
plurality of cameras, each for monitoring one of the
lanes of the roadway. Preferably a vehicle is
identified by an image recognition technique for
identifying the licence plate of the vehicle.
Preferably the processor records the lane in which the
identified vehicle is travelling and associates a
reference to that lane and compares the lane reference
the vehicle is travelling in, as captured by the first
and second detection systems to identify whether the
vehicle has changed lanes. Preferably the vehicle
identity and lane change reference captured by the
first detection system is compared to the data for the
identified vehicle and lane captured by the second
detection system to determine whether the vehicle has
changed lanes . Preferably the matching of a vehicle
identified by the first detection system with a
vehicle identified by the second detection system
takes place over a predetermined time period from when
the vehicle is identified by the first detection
system. The invention provides a method for detecting
traffic lane change violation, comprising: monitoring
a first location of a roadway having multiple lanes
with a first detection system; monitoring a second
location of the roadwayspaced from the first location
with a second detection system, with the length of
roadway between the first and second locations being
marked to show that lane change is not permitted; and
identifying a vehicle and the lane in which the
vehicle is travelling at the first location, from an
image captured at the first location and comparing the
lane in which the identified vehicle is travelling
with the lane in which the vehicle is travelling at
the second location, from an image at the second
location to determine whether the vehicle has changed
lanes, and therefore committed a lane change
violation. Preferably the image of the vehicle at the
first location and the image of the vehicle at the
second location is used to provide evidence of a lane
change violation, should a violation occur. Preferably
the first detection system comprises a plurality of
cameras, each for monitoring a respective one of the
lanes of the roadway. Preferably the second detection
system comprises a plurality of cameras, each for
monitoring a respective one of the lanes of the
roadway. Preferably a vehicle is identified by an
image recognition technique for identifying the
licence plate of the vehicle. Preferably the method
records the lane in which the identified vehicle is
travelling and associates a reference to that lane and
compares the lane reference the vehicle is travelling
in, as captured by the first and second detection
systems to identify whether the vehicle has changed
lanes .Preferably the vehicle identity and lane change
reference captured by the first detection system is
compared to the data for the identified vehicle and
lane captured by the second detection system to
determine whether the vehicle has changed lanes .
Preferably the matching of a vehicle identified by the
first detection system with a vehicle identified by
the second detection system takes place over a
predetermined time period from when the vehicle is
identified by the first detection system. The
invention in a second aspect also provides a system
for detecting a traffic overtaking violation,
comprising: a first detection system for monitoring a
first location of a roadway; a second detection system
spaced from the first system for monitoring a second
location of the roadway, with the length of roadway
between the first and second detection systems being
such that overtaking is prohibited; and a processor
for receiving images from the first detection system
and for identifying the order in which vehicles pass
the first detection system, and from the second
detection system to identify the order in which the
vehicles pass the second detection system, to
determine whether the order has changed at the second
detection system to thereby determine that an
overtaking violation has occurred. Preferably the
image of the vehicle at the first location and the
image of the vehicle at the second location is used to
provide evidence of an overtaking violation, should a
violation occur.Preferably the first detection system
comprises a plurality of cameras, each for monitoring
a respective one of the lanes of the roadway.
Preferably the second detection system comprises a
plurality of cameras, each for monitoring one of the
lanes of the roadway. Preferably a vehicle is
identified by an image recognition technique for
identifying the licence plate of the vehicle.
Preferably the vehicle identity and lane change
reference captured by the first detection system is
compared to the data for the identified vehicle and
lane captured by the second detection system to
determine whether the vehicle has changed lanes.
Preferably the matching of a vehicle identified by the
first detection system with a vehicle identified by
the second detection system takes place over a
predetermined time period from when the vehicle is
identified by the first detection system. The
invention also provides a method of detecting a
traffic overtaking violation, comprising: monitoring a
first location of a roadway with a first detection
system; monitoring a second location of the roadway
spaced from the first location with a second detection
system, with the length of roadway between the first
and second detection systems being such that
overtaking is prohibited; and identifying the order in
which the vehicles pass the first detection system and
the second detectionsystem from images captured by the
first and second detection systems to determine
whether the order has changed at the second detection
system to thereby determine that an overtaking
violation has occurred. Preferably the image of the
vehicle at the first location and the image of the
vehicle at the second 



location is used to provide evidence of a lane change
violation, should a violation occur. Preferably the
first detection system comprises a plurality of
cameras, each for monitoring a respective one of the
lanes of the roadway. Preferably the second detection
system comprises a plurality of cameras, each for
monitoring one of the lanes of the roadway. Preferably
a vehicle is identified by an image recognition
technique for identifying the licence plate of the
vehicle. Preferably the vehicle identity and lane
change reference captured by the first detection
system is compared to the data for the identified
vehicle and lane captured by the second detection
system to determine whether the vehicle has changed
lanes . Preferably the matching of a vehicle
identified by the first detection system with a
vehicle identified by the second detection system
takes place over a predetermined time period from when
the vehicle is identified by the detection camera
system. Brief Description of the Drawings A preferred
embodiment of the invention will bedescribed, by way
of example, with reference to the accompanying
drawings, in which: Figure 1 is a schematic view of a
system according to the preferred embodiment of the
invention; Figure 2 is a block diagram of the system
components of the preferred embodiment of the
invention; Figure 3 is a diagram illustrating image
capture and identification in accordance with the
preferred embodiment of the invention; and Figure 4 is
a flowchart explaining operation of the preferred
embodiment of the invention. Detailed Description of
the Preferred Embodiment With reference to Figure 1 ,
a system for detecting a lane change violation is
shown. A roadway 10 is marked with a double white line
12 to identify that vehicles travelling in the
direction of the arrows A are not able to change lane
. The system comprises a first camera system for
monitoring a first location Ll of the roadway 10 and a
second camera system 16 spaced from the first system
14 for monitoring location L2 of the roadway 10. The
roadway between the locations Ll and L2, as explained
above, is marked with double white lines 12 to show
that vehicles are not allowed to change lane over the
length of the roadway between the locations Ll and L2
. The marking of the roadway may be by methods other
than by double white lines, such as sign posting or
the like. Each camera system 14 and 16 comprises a
camera for monitoring one of the multiple lanes 1 and
2 of the roadway 10. Thus, the environment shown in
Figure 1 , the camera system 14 comprises a first
camera 14a and the second camera 14b. The second
camera system 16comprises a first camera 16a and a
second camera 16b. The cameras 14a and 16a monitor
lane 1 of the roadway 10 and the cameras 14b and 16b
monitor lane 2 of the roadway 10. The cameras 14 and
16 are connected to a processor 20 which comprises a
first processing unit 22 to which the cameras 14a and
14b are coupled and a second processing unit 24 to
which the cameras 16a and 16b are coupled. Images of
vehicles travelling passed the location Ll, such as
vehicle V in Figure 1 is captured by the camera 14a
which monitors lane 1 of the roadway 10. The image
data is supplied to the processing unit 22 which
analyses the image data by image recognition software
to identify the licence plate of the vehicle V . The
time the vehicle passed the location Ll, the licence
plate number of the vehicle and the lane in which the
vehicle was travelling (such as lane 1 ) is recorded
against the vehicle. Thus, vehicle V is identified by
its licence plate number and against that licence
plate number is recorded the time the vehicle was
detected at location Ll and the lane in which the
vehicle is travelling. Whilst in the preferred
embodiment of the invention, the vehicle is recognised
by its licence plate number, the vehicle could be
recognised by other features, such as vehicle type or
other characterising markings or shape of the vehicle
which is sufficient to accurately identify the
vehicle, given the circumstances in which the system
is being used. In the embodiment shown in Figure 1 ,
the vehicle V has changed lanes between locations Ll
and L2 so that the vehicle V at location L2 is now in
lane 2 . Thus, the vehicle has committed a lane change
violation.When the vehicle arrives at location L2, it
is detected by camera 16b which monitors lane 2 of the
roadway 10 . Again, the vehicle is identified by its
licence plate number and the time of arrival at
location L2 and the lane in which the vehicle is
travelling is recorded by the processing unit 22 . The
data received from the processing unit 22 is
transferred to the processing unit 24 by link 30 so
that the data captured by the camera 16b can be
compared with the data relating to the same vehicle
captured by the system 14. If the data identifies the
vehicle V in a different lane to that captured by the
system 14, then a violation has occurred. Figure 3
shows a typical example of how the vehicle is
identified. The roadway shown in Figure 3 is the same
as that in Figure 1 . As shown in Figure 3 , the
vehicle at location Ll is identified by its
registration number, which is simply given as VX in
Figure 3 and the time Tl at which the vehicle arrived
at location Ll is recorded, as is the lane number
(lane 1 ) . The image of the vehicle and the time is
also recorded to provide evidence of which lane the
vehicle is in. At location L2, the same data is
recorded which identifies the vehicle by its licence
plate number, the time of arrival at location L2 and
the lane, which in this case is lane 2 . The two
captured images shown in Figure 3 therefore provide
evidence of the violation which can be used in any
official proceedings as evidence of the violation so
that the appropriate penalty is given to the
driver.Thus, when it is established that a violation
has occurred, images of the vehicles VX at locations L
l and L2 are produced and saved to provide evidence. I
f no violation o f a vehicle is recorded in a
particular time period, the images relating to those
vehicles can b e deleted or recorded over. When a
vehicle is identified at location L2, the system will
search through the list o f identified vehicles
captured at point Ll by camera system 14. In order to
optimise and limit the search process, the system will
limit the search to within a specified interval o f
time using the following calculation: Distance between
camera point A and B = L2 Maximum speed between A and
B = Vmax Hence, minimum travel time from A to B , i a
= LAB /Vmax Minimum speed between A and B = Vmin
Hence, maximum travel time from A to B , TmaxAB TmaxRB
= L B /Vmin Therefore, given an identified vehicle Vx,
captured at time T2 at camera point B , the system
will only search through the list of identified
vehicle o f point A within the following interval o f
time, T1 : ( T2 + TminAB ) < T1 < ( T2 + TmaxAB ) It
will also b e apparent that since the detection o f
the vehicles at locations Ll and L2 records the time o
f the vehicles at those locations, the average speed o
f thevehicle between the locations Ll and L2 can be
calculated. This can also be used to identify if a
vehicle is speeding, regardless of whether the vehicle
changes lanes or not. Figure 4 is a flowchart
illustrating operation of the system according to the
preferred embodiment. At step 401 image sequence
captured by all the cameras at location Ll are
transferred to processor unit 22 where vehicle
detection takes place at step 402. If a vehicle is
detected at step 403, the number plate is recognised
by image recognition software at step 404 and
extracted. The vehicle is then labelled at step 405 to
identify the vehicle. The system then returns to step
401. This continues while the system is operating. The
list of all identified vehicles is transferred at step
406 to the unit 24. At step 401' the image sequence of
captured images from the camera 16 is transferred to
unit 24, and at step 402' a vehicle detection routine
takes place. If a vehicle is detected, as per step 403
', the number plate details are extracted at step
404'. The vehicle is labelled at step 405. The
labelling of steps 405 and 405" comprise identifying
the vehicle, the time at which the vehicle passed the
respective locations Ll and L2 and the lane in which
the vehicle was travelling. At step 407 the data
transferred at step 406 is compared to the data at
step 405". At step 408 a determination as to whether a
match has been found takes place and, if so, the
processor 24 determines whether a lane change has
occurred at step 409. As explained above, this is done
by matching the lane data of the identified vehicle at
locations Ll and L2 to determine whether the lane data
is the same orwhether there is a change. A decision is
then made at step 410 as to whether a violation has
occurred and, if so, the images of the violation at
locations Ll and L2 is saved at step 411 for use as
evidence. The system can also be used to identify
illegal overtaking along a length of roadway
independent of whether a vehicle changes lane or not.
This is achieved by taking the same images at location
Ll as described above, and the same images at location
L2 as described above. However, in this embodiment,
the order in which the vehicles pass through the
locations Ll and L2 is determined. Thus, if the length
of roadway between locations Ll and L2 does allow for
lane change but prevents one vehicle from overtaking
another vehicle along that length of roadway, the
illegal overtaking can be determined by comparing the
order of the vehicles at locations Ll and L2 . For
example, at location Ll, if vehicle X passes through
the location after vehicle Y and at camera location L2
vehicle X passes through the location before vehicle Y
, the change in order indicates that vehicle X
overtook vehicle Y between the two camera locations.
When using the system for determining illegal
overtaking violation enforcement, both sets of
captured images of vehicle X and Y at the camera
locations Ll and L2 will be needed as the image
evidence to prove the occurrence of the illegal
overtaking activity. This embodiment of the invention
has application to roadways which are single lane
roadways or multiple lane roadways, but obviously is
more relevant for single lane roadways because that is
more likely the environment where overtaking is not
allowed. Thus, lane identification need not take place
in this embodiment 



and the order of the vehicles is that which is
beingconsidered. Since modifications within the spirit
and scope of the invention may readily be effected by
persons skilled within the art, it is to be understood
that this invention is not limited to the particular
embodiment described by way of example hereinabove. In
the claims which follow and in the preceding
description of the invention, except where the context
requires otherwise due to express language or
necessary implication, the word "comprise", or
variations such as "comprises" or "comprising" , is
used in an inclusive sense, i.e. to specify the
presence of the stated features but not to preclude
the presence or addition of further features in
various embodiments of the invention.CLAIMS 1 . A
system for detecting traffic lane change violation,
comprising: a first detection system for monitoring a
first location of a roadway having multiple lanes; a
second detection system spaced from the first system
for monitoring a second location of the roadway, with
the length of roadway between the first and second
locations being marked to show that lane change is not
permitted; and a processor for receiving images from
the first and second detection systems for identifying
a vehicle and the lane in which the vehicle is
travelling at the first location and for comparing
that lane with the lane in which the identified
vehicle is travelling at the second location to
determine whether the vehicle has changed lanes, and
therefore committed a lane change violation. 2 . The
system of claim 1 wherein the image of the vehicle at
the first location and the image of the vehicle at the
second location is used to provide evidence of a lane
change violation, should a violation occur. 3 . The
system of claim 1 wherein the first detection system
comprises a plurality of cameras, each for monitoring
a respective one of the lanes of the roadway. 4 . The
system of claim 3 wherein the second detection system
comprises a plurality of cameras, each for monitoring
one of the lanes of the roadway.5 . The system of
claim 4 wherein a vehicle is identified by an image
recognition technique for identifying the licence
plate of the vehicle. 6 . The system of claim 1
wherein the processor records the lane in which the
identified vehicle is travelling and associates a
reference to that lane and compares the lane reference
the vehicle is travelling in, as captured by the first
and second detection systems to identify whether the
vehicle has changed lanes . 7 . The system of claim 6
wherein the vehicle identity and lane change reference
captured by the first detection system is compared to
the data for the identified vehicle and lane captured
by the second detection system to determine whether
the vehicle has changed lanes . 8 . The system of
claim 1 wherein the matching of a vehicle identified
by the first detection system with a vehicle
identified by the second detection system takes place
over a predetermined time period from when the vehicle
is identified by the first detection system. 9. A
method for detecting traffic lane change violation,
comprising: monitoring a first location of a roadway
having multiple lanes with a first detection system;
monitoring a second location of the roadway spaced
from the first location with a second detection
system, with the length of roadway between the first
and second locations being marked to show that lane
change is not permitted; and identifying a vehicle and
the lane in whichthe vehicle is travelling at the
first location, from an image captured at the first
location and comparing the lane in which the
identified vehicle is travelling with the lane in
which the vehicle is travelling at the second
location, from an image at the second location to
determine whether the vehicle has changed lanes, and
therefore committed a lane change violation. 10 . The
method of claim 9 wherein the image of the vehicle at
the first location and the image of the vehicle at the
second location is used to provide evidence of a lane
change violation, should a violation occur. 11. The
method of claim 9 wherein the first detection system
comprises a plurality of cameras, each for monitoring
a respective one of the lanes of the roadway. 12. The
method of claim 10 wherein the second detection system
comprises a plurality of cameras, each for monitoring
a respective one of the lanes of the roadway. 13 . The
method of claim 10 wherein a vehicle is identified by
an image recognition technique for identifying the
licence plate of the vehicle. 14 . The method of claim
9 wherein the method records the lane in which the
identified vehicle is travelling and associates a
reference to that lane and compares the lane reference
the vehicle is travelling in, as captured by the first
and second detection systems to identify whether the
vehicle has changed lanes.15 . The method of claim 9
wherein the vehicle identity and lane change reference
captured by the first detection system is compared to
the data for the identified vehicle and lane captured
by the second detection system to determine whether
the vehicle has changed lanes . 16. The method of
claim 9 wherein the matching of a vehicle identified
by the first detection system with a vehicle
identified by the second detection system takes place
over a predetermined time period from when the vehicle
is identified by the first detection system. 17 . A
system for detecting a traffic overtaking violation,
comprising: a first detection system for monitoring a
first location of a roadway; a second detection system
spaced from the first system for monitoring a second
location of the roadway, with the length of roadway
between the first and second detection systems being
such that overtaking is prohibited; and a processor
for receiving images from the first detection system
and for identifying the order in which vehicles pass
the first detection system, and from the second
detection system to identify the order in which the
vehicles pass the second detection system, to
determine whether the order has changed at the second
detection system to thereby determine that an
overtaking violation has occurred. 18. The system of
claim 17 wherein the image of the vehicle at the first
location and the image of the vehicle at the second
location is used to provide evidence of a lane change
violation, should a violation occur.19 . The system of
claim 17 wherein the first detection system comprises
a plurality of cameras, each for monitoring a
respective one of the lanes of the roadway . 20. The
system of claim 18 wherein the second detection system
comprises a plurality of cameras, each for monitoring
one of the lanes of the roadway. 21. The system of
claim 17 wherein a vehicle is identified by an image
recognition technique for identifying the licence
plate of the vehicle. 22 . The system of claim 17
wherein the vehicle identity and lane change reference
captured by the first detection system is compared to
the data for the identified vehicle and lane captured
by the second detection system to determine whether
the vehicle has changed lanes. 23. The system of claim
17 wherein the matching of a vehicle identified by the
first detection system with a vehicle identified by
the second detection system takes place over a
predetermined time period from when the vehicle is
identified by the first detection system. 24. A method
of detecting a traffic overtaking violation,
comprising: monitoring a first location of a roadway
with a first detection system; monitoring a second
location of the roadway spaced from the first location
with a second detection system, with the length of
roadway between the first and second detection systems
being such that overtaking is prohibited;
andidentifying the order in which the vehicles pass
the first detection system and the second detection
system from images captured by the first and second
detection systems to determine whether the order has
changed at the second detection system to thereby
determine that an overtaking violation has occurred.
25. The method of claim 24 wherein the image of the
vehicle at the first location and the image of the
vehicle at the second location is used to provide
evidence of a lane change violation, should a
violation occur. 26. The method of claim 24 wherein
the first detection system comprises a plurality of
cameras, each for monitoring a respective one of the
lanes of the roadway . 27. The method of claim 26
wherein the second detection system comprises a
plurality of cameras, each for monitoring one of the
lanes of the roadway. 28. The method of claim 24
wherein a vehicle is identified by an image
recognition technique for identifying the licence
plate of the vehicle. 29. The method of claim 24
wherein the vehicle identity and lane change reference
captured by the first detection system is compared to
the data for the identified vehicle and lane captured
by the second detection system to determine whether
the vehicle has changed lanes . 30. The method of
claim 24 wherein the matching of a vehicle identified
by the first detection system with a vehicle
identified by the second detection systemtakes place
over a predetermined time period from when the vehicle
is identified by the detection camera system. 


