
VACCINE TECHNICAL FIELD The present invention relates
to improved vaccine and immunogenic compositions and
their use in medicine. In particular the invention
relates to vaccine or immunogenic formulations
comprising an oil-in-water emulsion adjuvant and S.
aureus saccharide and/or protein and their use in
medicine, in particular their use in augmenting immune
responses, and to methods of preparation, wherein the
oil in water emulsion comprises a tocol, a
metabolisable oil and an emulsifying agent. TECHNICAL
BACKGROUND New compositions or vaccines with an
improved immunogenicity are always needed. As one
strategy, adjuvants have been used to try and improve
the immune response raised to any given antigen and/or
reduce reactogenicity/toxicity in the host. Oil in
water emulsions per se are well known in the art, and
have been suggested to be useful as adjuvant
compositions (EP 399843; WO 95/17210). WO95/17210
discloses oil in water emulsions comprising from 2 to
10% squalene, from 2 to 10% alpha tocopherol and from
0.3 to 3% tween 80 and their use alone or in
combination with QS21 and/or 3D-MPL. WO99/12565
discloses oil in water emulsion compositions
comprising a metabolisable oil, a saponin and a
sterol. The oil in water emulsions further comprise
3D-MPL. WO99/1 1241 discloses oil in water emulsions
comprising metabolisable oil and a saponin, wherein
the oil and saponin are present in a ratio of between
1: 1 and 200:1 . There is still a need for improved
vaccine and immunogenic compositions that provide a
suitable immune response and are less reactogenic in
the host. STATEMENT O F THE INVENTION The present
inventors have discovered vaccine or immunogenic
compositions comprising lower amounts of each
component of the oil in water emulsion may be used
whilst stillmaintaining a comparable immune response
against an antigen or antigenic composition within
said composition. This carries the advantage of
maintaining the level of immunogenicity against an
antigen whilst the reactogenicity within the host
recipient is reduced and is applicable for
compositions comprising a staphylococcal (e.g.
Staphyococcus aureus) saccharide or protein.
Accordingly, in the first aspect of the present
invention there is provided an immunogenic composition
comprising a staphylococcal saccharide and/or protein,
and an adjuvant composition comprising an oil-in-water
emulsion, wherein said oil-in-water emulsion comprises
0.5 - 10 mg metabolisable oil, 0.5 - 11 mg tocol and
0.4 - 4 mg emulsifying agent, per human dose. In
another aspect of the present invention, there is
provided a vaccine composition comprising a
staphylococcal saccharide or protein, and an adjuvant
composition comprising an oil-in-water emulsion,
wherein said oil-in-water emulsion comprises 0.5 - 10
mg metabolisable oil, 0.5 - 11 mg tocol and 0.4 - 4 mg
emulsifying agent, per human dose. In a further aspect
of the invention there is provided the use of a
vaccine or immunogenic composition comprising a
staphylococcal saccharide or protein, and an adjuvant
composition comprising an oil-in-water emulsion
wherein said oil-in-water emulsion comprises 0.5 - 10
mg metabolisable oil, 0.5 - 11 mg tocol and 0.4 - 4 mg
emulsifying agent in the manufacture of an immunogenic
composition for the prevention of infection and/or
disease. In a further aspect, there is provided a
method or use as hereinabove defined, for protection
against infection or disease caused by a pathogen
which is a variant of the pathogen from which the
antigen in the immunogenic composition is derived. In
another embodiment, there is provided a method or use
as hereinabove defined for protection against
infections or disease caused by a pathogen which
comprises an antigen which is a variant of that
antigen in the immunogenic composition. BRIEF
DESCRIPTION OF FIGURES Figure 1: Clinical trial:
geometric mean titers (GMTs) for anti-HA antibody at
different timepoints (ATP cohort for
immunogenicity).Figure 2 : Clinical trial:
seroprotection rate (SPR) for HI antibody titer with
95% confidence interval at day 0 and day 2 1 (ATP
cohort for immunogenicity). Figure 3 : Clinical trial:
seroconversion rate (SCR) for HI antibody titer with
95% confidence interval at day 2 1 (ATP cohort for
immunogenicity). Figure 4 : Clinical trial:
seroconversion factor (SCF) for HI antibody titer with
95% confidence interval at day 2 1 (ATP cohort for
immunogenicity). Figure 5 : Mice study: Haemagglutinin
Inhibition test (GMT +/- IC95) in BALB/c mice primed
with heterosubtypic strains (dose range AS03). Figure
5A: Anti-A/New Caledonia/20/99 HI titers; Figure 5B:
Anti-A/Panama/2007/99 HI titers. Figure 5C: Anti-
B/Shandong/7/97 HI titers. Figure 6 : Mice study:
Haemagglutinin Inhibition test (GMT +/- IC95) in
C57BI/6 mice primed with heterosubtypic strains (dose
range AS03). Figure 7 : Mice study: Cellular immune
response (CD4+ T cell) in PBMC from C57BI/6 mice
primed with heterosubtypic strains (dose range AS03).
Figure 8 : Mice study: Cellular immune response (CD4+
T cell) in PBMC from C57BI/6 mice primed with
heterosubtypic strains and immunized with low dose
antigen (0.5 mg) adjuvanted with dose range AS03.
Figure 9 : Mice study: H5N1-specific serum Ig ELISA
titers (A and B) and anti-H5N1 IgGI (C and D) and
lgG2b (E and F) isotypic responses on day 14
post-immunization (GMT +/- IC95) for two different
antigen dose: 1.5 mg (A, C and E) or 0.38 mg (B, D and
F) Figure 10: Mice study: Hemagglutination inhibition
test (GMT +/- IC95) on day 2 1 postimmunization (GMT
+/- IC95) for two different antigen dose: 1.5 mg (A)
or 0.38 mg (B). Figure 1 1 : Mice study: Cellular
immune response (CD4+ T cell) in nave C57BI/6 mice
immunized with different dose of H5N1 vaccine ( 1.5 or
0.38 mg) adjuvanted with dose range AS03: (A) 1.5 mg
HA Ag (antigen) or (B) 0.38 mg HA Ag (antigen). Figure
12: Pigs study. Haemagglutinin Inhibition test (GMT
+/- IC95) in pigs primed with homologous strains (dose
range AS03). DETAILED DESCRIPTION OF THE INVENTION The
terms "comprising", "comprise" and "comprises" herein
are intended by the inventors to be optionally
substitutable with the terms "consisting of", "consist
of" and "consists of", respectively, in every
instance.Embodiments herein relating to "vaccine
compositions" of the invention are also applicable to
embodiments relating to "immunogenic compositions" of
the invention, and vice versa. In one embodiment of
the invention there is provided a vaccine or
immunogenic composition comprising an antigen or
antigen composition and an adjuvant composition
consisting of an oil in water emulsion, wherein said
oil in water emulsion comprises 0.5 - 10 mg
metabolisable oil, 0.5 - 11 mg tocol and 0.4 - 4 mg
emulsifying agent, per human dose. In a further
embodiment of the invention there is provided a
vaccine or immunogenic composition comprising an
antigen or antigen composition and an adjuvant
composition comprising an oil in water emulsion,
wherein the oil in water emulsion comprises 0.5 - 10
mg metabolisable oil, (such as squalene), 0.5 - 11 mg
tocol (such as alpha-tocopherol and 0.4 - 4 mg
emulsifying agent (such as polyoxyethylene sorbitan
monooleate), per human dose. 011 in water emulsion
component The adjuvant composition of the invention
comprises an oil-in-water emulsion adjuvant,
preferably said emulsion comprises a metabolisable oil
in an amount of 0.5-1 Omg, a tocol in an amount of 0.5
- 11 mg and an emulsifying agent in an amount of 0.4 -
4 mg and having oil droplets of which at least 70% by
intensity have diameters of less than 1 mm. In order
for any oil in water composition to be suitable for
human administration, the oil phase of the emulsion
system has to comprise a metabolisable oil. The
meaning of the term metabolisable oil is well known in
the art. Metabolisable can be defined as 'being
capable of being transformed by metabolism' (Dorland's
Illustrated Medical Dictionary, W.B. Sanders Company,
25th edition (1974)). The oil may be any vegetable
oil, fish oil, animal oil or synthetic oil, which is
not toxic to the recipient and is capable of being
transformed by metabolism. Nuts, seeds, and grains are
common sources of vegetable oils. Synthetic oils are
also part of this invention and can include
commercially available oils such as NEOBEE(r) and
others. A particularly suitable metabolisable oil is
squalene. Squalene
(2,6,10,15,19,23-Hexamethyl-2,6,10,14,18,22-tetracosah
exaene) is an unsaturated oil which is found in large
quantities in shark-liver oil, and in lower quantities
in olive oil, wheat germ oil, rice bran oil, and
yeast, and is a particularly preferred oil foruse in
this invention. Squalene is a metabolisable oil by
virtue of the fact that it is an intermediate in the
biosynthesis of cholesterol (Merck index, 10th
Edition, entry no.861 9). Suitably the metabolisable
oil is present in the adjuvant composition in an
amount of 0.5- 10 mg, preferably 1-10, 2-10, 3-9, 4-8,
5-7, or 5-6 mg (e.g. 2-3, 5-6, or 9-1 Omg),
specifically 5.35 mg or 2.14 mg. In a further
embodiment of the invention, the metabolisable oil is
present in the vaccine (or immunogenic) composition in
an amount of 0.5-10 mg, preferably 1-10, 2-10, 3-9,
4-8, 5-7, or 5-6 mg (e.g. 2-3, 5-6, or 9-1 Omg),
specifically 5.35 mg or 2.14 mg. The amount of
metabolisable oil in vaccine or immunogenic
composition may be expressed as a percentage of the
total composition. Suitably the metabolisable oil is
present in the vaccine composition in an amount of
0.5% to 2%, preferably 0.25 - 2, or 0.25-1 .75, or
0.5-1 .65, or 0.6-1 .5, or 0.8 - 1.4 or 1-1 .25 %
(v/v) oil of the total composition volume. In another
specific embodiment, the metabolisable oil is present
in a final amount of about 1.25% of the total volume
of the vaccine (or immunogenic) composition. In
another specific embodiment, the metabolisable oil is
present in a final amount of 0.25% (v/v) of the total
composition volume. By way of clarification,
concentrations given in v/v can be converted into
concentration in w/v by applying the following
conversion factor: a 5% (v/v) squalene concentration
is equivalent to a 4.28% (w/v) squalene concentration.
The oil in water emulsion comprises a tocol. Tocols
are well known in the art and are described in
EP0382271 . Suitably the tocol is alpha-tocopherol or
a derivative thereof such as alpha-tocopherol
succinate (also known as vitamin E succinate). Said
tocol is suitably present in the adjuvant composition
in an amount of 0.5-1 1 mg, preferably 1-1 1, 2-10,
3-9, 4-8, 5-7, 5-6 (e.g. 10-1 1, 5-6, 2.5-3.5 or 1-3
mg). In a specific embodiment the tocol is present in
an amount of 5.94 mg or 2.38 mg. In a further
embodiment, said tocol is suitably present in the
vaccine (or immunogenic) composition in an amount of
0.5-1 1 mg, preferably 1-1 1, 2-10, 3-9, 4-8, 5-7, 5-6
(e.g. 10-1 1, 5-6, 2.5-3.5 or 1-3 mg). In a specific
embodiment the tocol is present in an amount of 5.94
mg or 2.38 mg.The amount of tocol may be expressed as
a percentage of the total vaccine or immunogenic
composition volume. Suitably tocol is present in the
vaccine composition in an amount 0.25% to 2% (v/v) of
the total volume of the immunogenic composition,
preferably at 0.25-2 comprises 0.25 - 2, or 0.25-1
.75, or 0.5-1 .65, or 0.6-1 .5, or 0.8 - 1.4 or 1-1
.25 % (v/v) tocol of the total volume. Preferably
tocol is present in an amount of between 0.2% and 2%
(v/v) of the total volume of the vaccine (or
immunogenic) composition, more preferably at an amount
of 1.25% (v/v) in a 0.5 ml dose volume. In a specific
embodiment, the tocol is present in a final amount of
about 1.25% of the total volume of the vaccine or
immunogenic composition. In another specific
embodiment, the 



tocol is present in a final amount of 0.25% (v/v) of
the total volume or 1.25% (v/v) in 0.5 ml dose volume
or 0.9% (v/v), in 0.7 ml dose volume, or 0.5% (v/v) in
0.5ml dose or 0.35- 0.37 %, preferably 0.36% in 0.7ml
vaccine or immunogenic dose. By way of clarification,
concentrations given in v/v can be converted into
concentration in w/v by applying the following
conversion factor: a 5% (v/v) alpha-tocopherol
concentration is equivalent to a 4.8% (w/v)
alpha-tocopherol concentration. The oil in water
emulsion further comprises an emulsifying agent. The
emulsifying agent may suitably be polyoxyethylene
sorbitan monooleate. In a particular embodiment the
emulsifying agent may be selected from the group
comprising: Polysorbate(r) 80 or Tween(r) 80. Said
emulsifying agent is suitably present in the adjuvant
composition in an amount of 0.1-5, 0.2-5, 0.3-4, 0.4-3
or 2-3 mg (e.g. 0.4-1 .2, 2-3 or 4-5 mg) emulsifying
agent. In a specific embodiment the emulsifying agent
is present in an amount of 0.97 mg or 2.425 mg.
Further, said emulsifying agent is suitably present in
the vaccine or immunogenic composition in an amount of
0.1-5, 0.2-5, 0.3-4, 0.4-3 or 2-3 mg (e.g. 0.4-1 .2,
2-3 or 4-5 mg) emulsifying agent. In a specific
embodiment the emulsifying agent is present in an
amount of 0.97 mg or 2.425 mg.The amount of
emulsifying agent may be expressed as a percentage of
the total vaccine or immunogenic composition volume.
Suitably the emulsifying agent is present in the
vaccine (or immunogenic) composition in an amount
0.125-0.8% (v/v) of the total volume of the
composition, preferably at 0.08-.05, or 0.1-0.7, or
0.2-0.6, or 0.25-0.55, or 0.3-0.52 or 0.4-0.5% (v/v)
of the total volume. In a specific embodiment the
emulsifying agent is present in an amount of 1%, 0.5%
or 0.2% (v/v) of the total vaccine or immunogenic
composition volume. By way of clarification,
concentrations given in v/v can be converted into
concentration in w/v by applying the following
conversion factor: a 1.8% (v/v) polysorbate 80
concentration is equivalent to a 1.91% (w/v)
polysorbate 80 concentration. In a specific
embodiment, a 0.5 ml vaccine or immunogenic dose
volume contains 0.45% (v/v) Tween 80, and a 0.7 ml
dose volume contains 0.315% (v/v) Tween 80. In another
specific embodiment a 0.5 ml dose contains 0.18% (v/v)
emulsifying agent and a 0.7 ml vaccine or immunogenic
composition dose contains 0.126% (v/v) emulsifying
agent. By the term "human dose" is meant a dose which
is in a volume suitable for human use. Generally this
is between 0.25 and 1.5 ml. In one embodiment, a human
dose is 0.5 ml. In a further embodiment, a human dose
is higher than 0.5 ml, for example 0.6, 0.7, 0.8, 0.9
or 1 ml. In a further embodiment, a human dose is
between 1 ml and 1.5 ml. In another embodiment, in
particular when the immunogenic composition is for the
paediatric population, a human dose may be less than
0.5 ml such as between 0.25 and 0.5 ml. The invention
is characterised in that each or all of the individual
components of the adjuvant within the immunogenic
composition is/are at a lower level than previously
thought useful and is/are typically as recited above.
Particularly suitable compositions comprise the
following adjuvant components in the following amounts
are in a final volume of human dose of 0.5 ml: Table
1Polysorbate 80 2.43 mg 1.94 mg 1.62 mg 1.21 mg 0.97
mg 0.61 mg 0.48 mg The invention further provides an
adjuvant composition comprising the individual
components as defined herein above and in the amount
defined above, for example but not exclusively as
illustrated in Table 1. Typically such an adjuvant
composition will be in a human dose suitable volume.
Where the adjuvant is in a liquid form to be combined
with a liquid form of an antigenic composition, the
adjuvant composition will be in a human dose suitable
volume which is a fraction of the intended final
volume of the human dose, such as for example
approximately half of the intended final volume of the
human dose, for example a 350 ml volume for an
intended human dose of 0.7ml, or a 250 ml volume for
an intended human dose of 0.5 ml. The adjuvant
composition is diluted when combined with the antigen
composition to provide the final human dose of
vaccine. The final volume of such dose will of course
vary dependent on the initial volume of the adjuvant
composition and the volume of antigen composition
added to the adjuvant composition. In an alternative
embodiment, liquid adjuvant is used to reconstitute a
lyophilised antigen composition. In this embodiment,
the human dose suitable volume of the adjuvant
composition is approximately equal to the final volume
of the human dose. The liquid adjuvant composition is
added to the vial containing the lyophilised antigen
composition. The final human dose can vary between 0.5
and 1.5 ml. The method of producing oil-in-water
emulsions is well known to the person skilled in the
art. Commonly, the method comprises mixing the
tocol-containing oil phase with a surfactant such as a
PBS/TWEEN80(tm) solution, followed by homogenisation
using a homogenizer, it would be clear to a man
skilled in the art that a method comprising passing
the mixture twice through a syringe needle would be
suitable for homogenising small volumes of liquid.
Equally, the emulsification process in microfluidiser
(M1 10S Microfluidics machine, maximum of 50 passes,
for a period of 2 minutes at maximum pressure input of
6 bar (output pressure of about 850 bar)) could be
adapted by the man skilled in the art to produce
smaller or larger volumes of emulsion. The adaptation
could be achieved by routine experimentation
comprising the measurement of the resultant emulsion
until a preparation was achieved with oil droplets of
the required diameter. In an oil in water emulsion,
the oil and emulsifier should be in an aqueous
carrier. The aqueous carrier may be, for example,
phosphate buffered saline.Preferably the oil-in-water
emulsion systems of the present invention have a small
oil droplet size in the sub-micron range. Suitably the
droplet sizes will be in the range 120 to 750 nm, more
preferably sizes from 120 to 600 nm in diameter. Most
preferably the oil-in water emulsion contains oil
droplets of which at least 70% by intensity are less
than 500 nm in diameter, more preferably at least 80%
by intensity are less than 300 nm in diameter, more
preferably at least 90% by intensity are in the range
of 120 to 200 nm in diameter. The oil droplet size,
i.e. diameter, according to the present invention is
given by intensity. There are several ways of
determining the diameter of the oil droplet size by
intensity. Intensity is measured by use of a sizing
instrument, suitably by dynamic light scattering such
as the Malvern Zetasizer 4000 or preferably the
Malvern Zetasizer 3000HS. A detailed procedure is
given in Example II.2. A first possibility is to
determine the z average diameter ZAD by dynamic light
scattering (PCS-Photon correlation spectroscopy); this
method additionally give the polydispersity index
(PDI), and both the ZAD and PDI are calculated with
the cumulants algorithm. These values do not require
the knowledge of the particle refractive index. A
second mean is to calculate the diameter of the oil
droplet by determining the whole particle size
distribution by another algorithm, either the Contin,
or NNLS, or the automatic "Malvern" one (the default
algorithm provided for by the sizing instrument). Most
of the time, as the particle refractive index of a
complex composition is unknown, only the intensity
distribution is taken into consideration, and if
necessary the intensity mean originating from this
distribution. Optional lmmunostimulants In a further
embodiment of the invention there is provided a
vaccine or immunogenic composition comprising an
antigen or antigen composition and an adjuvant
composition comprising an oil in water emulsion and
optionally one or more further immunostimulants,
wherein said oil in water emulsion comprises 0.5 - 10
mg metabolisable oil, 0.5 - 11 mg tocol and 0.4 - 4 mg
emulsifying agent. In one embodiment the adjuvant
composition comprises an oil and water emulsion as
described herein. In a further embodiment the adjuvant
composition may further comprise one or more
additional adjuvants or immunostimulants. In a further
embodiment the adjuvant composition optionally
comprises one or more additional adjuvants or
immunostimulants other than QS21 and/or MPL.The
optional additional adjuvant is selected from the
group: a saponin, lipid A or a derivative thereof, an
immunostimulatory oligonucleotide, an alkyl
glucosaminide phosphate, a metal salt, a toll-like
receptor agonist or combinations thereof. It is
preferred that the adjuvant is a Toll like receptor
agonist in particular an agonist of a Toll like
receptor 2, 3, 4, 7, 8 or 9, or a saponin. It is
further preferred that the adjuvant system comprises
two or more adjuvants from the above list.
Combinations preferably contain a saponin (in
particular QS21 ) adjuvant and/or a Toll like receptor
4 agonist such as 3DMPL or a Toll like recpetor 9
agonist such as a CpG containing immunostimulatory
oligonucleotide. Other preferred combinations comprise
a saponin (in particular QS21) and a Toll like
receptor 4 agonist such as a saponin (in particular
QS21 ) and a Toll like receptor 4 ligand such as
3D-MPL or an alkyl glucosaminide phosphate. In an
embodiment the additional adjuvant is a Toll like
receptor (TLR) 4 ligand, preferably an agonist such as
a lipid A derivative particularly monophosphoryl lipid
A or more particularly 3 Deacylated monophoshoryl
lipid A (3 D - MPL). 3D-MPL is available under the
trademark MPL(r) by GlaxoSmithKline Biologicals North
America and primarily promotes CD4+ T cell responses
with an IFN-g (Th1) phenotype. It can be produced
according to the methods disclosed in GB 2 220 2 11 A.
Chemically it is a mixture of 3-deacylated
monophosphoryl lipid A with 3, 4, 5 or 6 acylated
chains. Preferably in the compositions of the present
invention small particle 3 D- MPL is used. Small
particle 3 D -MPL has a particle size such that it may
be sterile-filtered through a 0.22mm filter. Such
preparations are described in International Patent
Application No. WO 94/21292. Synthetic derivatives of
lipid A are known and thought to be TLR 4 agonists
including, but not limited to: OM174
(2-deoxy-6-o-[2-deoxy-2-[(R)-3-dodecanoyloxytetra-deca
noylamino]-4-ophosphono-
b-D-glucopyranosyl]-2-[(R)-3-hydroxytetradecanoylamino
]- a-Dglucopyranosyldihydrogenphosphate), (WO
95/14026) OM 294 DP (3S, 9 R)
-3-[(R)-dodecanoyloxytetradecanoylamino]-4-oxo-5-aza-9
(R)-[(R)- 3-hydroxytetradecanoylamino]decan-1
,10-diol,1 ,10-bis(dihydrogenophosphate) (WO99 /64301
and WO 00/0462 )OM 197 MP-Ac DP ( 3S-, 9R) -3-[(R)
-dodecanoyloxytetradecanoylaminoH-oxo- -aza- -
[(R)-3-hydroxytetradecanoylamino]decan-1 ,10-diol,1
-dihydrogenophosphate 10-(6- aminohexanoate) (WO
01/46127) Other TLR4 ligands which may be used are
alkyl Glucosaminide phosphates (AGPs) such as those
disclosed in WO9850399 or US6303347 (processes for
preparation of AGPs are also disclosed), or
pharmaceutically acceptable salts of AGPs as disclosed
in US6764840. Some AGPs are TLR4 agonists, and some
are TLR4 antagonists. Both are thought to be useful as
adjuvants. Other suitable TLR-4 ligands, capable of
causing a signalling response through TLR-4 (Sabroe et
al, Jl 2003 p 1630-5) are, for example,
lipopolysaccharide from gram-negative bacteria and its
derivatives, or fragments thereof, in particular a
non-toxic derivative of LPS (such as 3D-MPL). Other
suitable TLR agonist are: heat shock protein (HSP) 10,
60, 65, 70, 75 or 90; surfactant Protein A, hyaluronan
oligosaccharides, heparan sulphate fragments,
fibronectin fragments, fibrinogen peptides and
b-defensin-2, muramyl dipeptide (MDP) or F protein of
respiratory syncitial virus. In one embodiment the TLR
agonist is HSP 60, 70 or 90. Toll-like receptors
(TLRs) are type I transmembrane receptors,
evolutionarily conserved between insects and humans.
Ten TLRs have so far been established (TLRs 1-10)
(Sabroe et al, Jl 2003 p 1630-5). Members of the TLR
family have similar extracellular and intracellular
domains; their extracellular domains have been shown
to have leucine - rich repeating sequences, and their
intracellular domains are similar to the intracellular
region 



of the interleukin - 1 receptor (IL-1 R). TLR cells
are expressed differentially among immune cells and
other cells (including vascular epithelial cells,
adipocytes, cardiac myocytes and intestinal epithelial
cells). The intracellular domain of the TLRs can
interact with the adaptor protein Myd88, which also
posses the IL-1 R domain in its cytoplasmic region,
leading to NF-KB activation of cytokines; this Myd88
pathway is one way by which cytokine release is
effected by TLR activation. The main expression of
TLRs is in cell types such as antigen presenting cells
(eg dendritic cells, macrophages etc). Activation of
dendritic cells by stimulation through the TLRs leads
to maturation of dendritic cells, and production of
inflammatory cytokines such as IL-12. Research carried
out so far has found that TLRs recognise different
types of agonists, although someagonists are common to
several TLRs. TLR agonists are predominantly derived
from bacteria or viruses, and include molecules such
as flagellin or bacterial lipopolysaccharide (LPS). By
"TLR agonist" it is meant a component which is capable
of causing a signalling response through a TLR
signalling pathway, either as a direct ligand or
indirectly through generation of endogenous or
exogenous ligand (Sabroe et al, Jl 2003 p 1630-5). In
another embodiment, other natural or synthetic
agonists of TLR molecules are used as optional
additional immunostimulants. These could include, but
are not limited to agonists for TLR2, TLR3, TLR7, TLR8
and TLR9. In one embodiment of the present invention,
a TLR agonist is used that is capable of causing a
signalling response through TLR-1 (Sabroe et al, Jl
2003 p 1630-5). Suitably, the TLR agonist capable of
causing a signalling response through TLR-1 is
selected from: Tri-acylated lipopeptides (LPs);
phenol-soluble modulin; Mycobacterium tuberculosis LP;
S-(2,3-bis(palmitoyloxy)-(2-RS)-propyl)-N-palmitoyl-(R
)-Cys-(S)-Ser-(S)-Lys(4)-OH, trihydrochloride
(Pam3Cys) LP which mimics the acetylated amino
terminus of a bacterial lipoprotein and OspA LP from
Borrelia burgdorfei. In an alternative embodiment, a
TLR agonist is used that is capable of causing a
signalling response through TLR-2 (Sabroe et al, Jl
2003 p 1630-5). Suitably, the TLR agonist capable of
causing a signalling response through TLR-2 is one or
more of a lipoprotein, a peptidoglycan, a bacterial
lipopeptide from M tuberculosis, B burgdorferi. T
pallidum; peptidoglycans from species including
Staphylococcus aureus; lipoteichoic acids, mannuronic
acids, Neisseria porins, bacterial fimbriae, Yersina
virulence factors, CMV virions, measles
haemagglutinin, and zymosan from yeast. In an
alternative embodiment, a TLR agonist is used that is
capable of causing a signalling response through TLR-3
(Sabroe et al, Jl 2003 p 1630-5). Suitably, the TLR
agonist capable of causing a signalling response
through TLR-3 is double stranded RNA (dsRNA), or
polyinosinic-polycytidylic acid (Poly IC), a molecular
nucleic acid pattern associated with viral
infection.In an alternative embodiment, a TLR agonist
is used that is capable of causing a signalling
response through TLR-5 (Sabroe et al, Jl 2003 p
1630-5). Suitably, the TLR agonist capable of causing
a signalling response through TLR-5 is bacterial
flagellin. In an alternative embodiment, a TLR agonist
is used that is capable of causing a signalling
response through TLR-6 (Sabroe et al, Jl 2003 p
1630-5). Suitably, the TLR agonist capable of causing
a signalling response through TLR-6 is mycobacterial
lipoprotein, di-acylated LP, and phenol-soluble
modulin. Further TLR6 agonists are described in
WO2003043572. In an alternative embodiment, a TLR
agonist is used that is capable of causing a
signalling response through TLR-7 (Sabroe et al, Jl
2003 p 1630-5). Suitably, the TLR agonist capable of
causing a signalling response through TLR-7 is a
single stranded RNA (ssRNA), loxoribine, a guanosine
analogue at positions N7 and C8, or an
imidazoquinoline compound, or derivative thereof. In
one embodiment, the TLR agonist is imiquimod. Further
TLR7 agonists are described in WO02085905. In an
alternative embodiment, a TLR agonist is used that is
capable of causing a signalling response through TLR-8
(Sabroe et al, Jl 2003 p 1630-5). Suitably, the TLR
agonist capable of causing a signalling response
through TLR-8 is a single stranded RNA (ssRNA), an
imidazoquinoline molecule with anti-viral activity,
for example resiquimod (R848); resiquimod is also
capable of recognition by TLR-7. Other TLR-8 agonists
which may be used include those described in
WO2004071459. lmmunostimulatory oligonucleotides or
any other Toll-like receptor (TLR) 9 agonist may also
be used. The preferred oligonucleotides for use in
adjuvants or vaccines or immunogenic compositions of
the present invention are CpG containing
oligonucleotides, preferably containing two or more
dinucleotide CpG motifs separated by at least three,
more preferably at least six or more nucleotides. A
CpG motif is a Cytosine nucleotide followed by a
Guanine nucleotide. The CpG oligonucleotides of the
present invention are typically deoxynucleotides. In a
preferred embodiment the internucleotide in the
oligonucleotide is phosphorodithioate, or more
preferably a phosphorothioate bond, although
phosphodiester and other internucleotide bonds are
within the scope of the invention. Also included
within the scope of the invention are oligonucleotides
with mixed internucleotide linkages. Methods for
producing phosphorothioate oligonucleotides or
phosphorodithioate are described in US5,666,153,
US5,278,302 and WO95/26204.Examples of preferred
oligonucleotides have the following sequences. The
sequences preferably contain phosphorothioate modified
internucleotide linkages. OLIGO 1(SEQ ID N0:1): TCC
ATG ACG TTC CTG ACG TT (CpG 1826) OLIGO 2 (SEQ ID
N0:2): TCT CCC AGC GTG CGC CAT (CpG 1758) OLIGO 3(SEQ
ID N0:3): ACC GAT GAC GTC GCC GGT GAC GGC ACC ACG
OLIGO 4 (SEQ ID N0:4): TCG TCG TTT TGT CGT TTT GTC GTT
(CpG 2006) OLIGO 5 (SEQ ID N0:5): TCC ATG ACG TTC CTG
ATG CT (CpG 1668) OLIGO 6 (SEQ ID N0:6): TCG ACG TTT
TCG GCG CGC GCC G (CpG 5456) Alternative CpG
oligonucleotides may comprise the preferred sequences
above in that they have inconsequential deletions or
additions thereto. The CpG oligonucleotides utilised
in the present invention may be synthesized by any
method known in the art (for example see EP 468520).
Conveniently, such oligonucleotides may be synthesized
utilising an automated synthesizer. Accordingly, in
another embodiment, the adjuvant composition further
comprises an additional immunostimulant which is
selected from the group consisting of: a TLR-1
agonist, a TLR-2 agonist, TLR-3 agonist, a TLR-4
agonist, TLR-5 agonist, a TLR-6 agonist, TLR-7
agonist, a TLR-8 agonist, TLR-9 agonist, or a
combination thereof. Another preferred
immunostimulants for use in the present invention is
Quil A and its derivatives. Quil A is a saponin
preparation isolated from the South American tree
Quilaja Saponaria Molina and was first described as
having adjuvant activity by Dalsgaard et al. in 1974
("Saponin adjuvants", Archiv. fur die gesamte
Virusforschung, Vol. 44, Springer Verlag, Berlin,
p243-254). Purified fragments of Quil A have been
isolated by HPLC which retain adjuvant activity
without the toxicity associated with Quil A (EP O362
278), for example QS7 and QS21 (also known as QA7 and
QA21). QS-21 is a natural saponin derived from the
bark of Quillaja saponaria Molina which induces CD8+
cytotoxic T cells (CTLs), Th1 cells and a predominant
lgG2a antibody response and is a preferred saponin in
the context of the present invention. Particular
formulations of QS21 have been described which are
particularly preferred, these formulations further
comprise a sterol (WO96/33739). Where squalene and a
saponin (optionally QS21 ) are included, it is of
benefit to also include a sterol (optionally
cholesterol) to the formulation as this allows a
reduction in the total level of oil in theemulsion.
This leads to a reduced cost of manufacture,
improvement of the overall comfort of the vaccination,
and also qualitative and quantitative improvements of
the resultant immune responses, such as improved IFN-g
production. Accordingly, the adjuvant system of the
present invention typically comprises a ratio of
metabolisable oihsaponin (w/w) in the range of 200:1
to 300:1 , also the present invention can be used in a
"low oil" form the optional range of which is 1: 1 to
200:1 , optionally 20:1 to 100:1 , or substantially
48:1 , this vaccine retains the beneficial adjuvant
properties of all of the components, with a much
reduced reactogenicity profile. Accordingly, some
embodiments have a ratio of squalene:QS21 (w/w) in the
range of 1: 1 to 250:1 , or 20:1 to 200:1 , or 20:1 to
100:1 , or substantially 48:1 . Optionally a sterol
(e.g. cholesterol) is also included present at a ratio
of saponin:sterol as described herein. Antigens and
antigen composition The vaccine or immunogenic
formulations will contain a staphylococcal saccharide
and/or protein capable of eliciting an immune response
against a human or animal pathogen. Polysaccharides
The immunogenic compositions of the invention
optionally comprise PNAG, 336 antigen and/or type 5
and/or 8 polysaccharides from S. aureus. PNAG It is
now clear that the various forms of staphylococcal
surface polysaccharides identified as PS/A, PIA and
SAA are the same chemical entity - PNAG (Maira-Litran
et al Vaccine 22; 872-879 (2004)). Therefore the term
PIA or PNAG encompasses all these polysaccharides or
oligosaccharides derived from them. PIA is a
polysaccharide intercellular adhesin and is composed
of a polymer of b-(1 ->6)- linked glucosamine
substituted with N-acetyl and O-succinyl constituents.
This polysaccharide is present in both S.aureus and S.
epidermidis and can be isolated from either source
(Joyce et al 2003, Carbohydrate Research 338; 903;
Maira-Litran et al 2002, Infect. Imun. 70; 4433). For
example, PNAG may be isolated from S. aureus strain
MN8m (WO 04/43407).PIA isolated from S. epidermidis is
a integral constituent of biofilm. It is responsible
for mediating cell-cell adhesion and probably also
functions to shield the growing colony from the host's
immune response. The polysaccharide previously known
as poly-N-succinyl- b-(1 ->6)-glucosamine (PNSG) was
recently shown not to have the expected structure
since the identification of Nsuccinylation was
incorrect (Maira-Litran et al 2002, Infect. Imun. 70;
4433). Therefore the polysaccharide formally known as
PNSG and now found to be PNAG is also encompassed by
the term PIA. PIA (or PNAG) may be of different sizes
varying from over 40OkDa to between 75 and 40OkDa to
between 10 and 75kDa to oligosaccharides composed of
up to 30 repeat units (of b-(1 ->6)-linked glucosamine
substituted with N-acetyl and O-succinyl
constituents). Any size of PIA polysaccharide or
oligosaccharide may be use in an immunogenic
composition of the invention, however a size of over
4OkDa is preferred. Sizing may be achieved by any
method known in the art, for instance by
microfluidisation, ultrasonic irradiation or by
chemical cleavage (WO 03/53462, EP497524, EP497525).
In an embodiment, the size ranges of PIA (PNAG) are
40-40OkDa, 50-35OkDa, 40- 30OkDa, 60-30OkDa, 50-25OkDa
and 60-20OkDa. PIA (PNAG) can have different degree of
acetylation due to substitution on the amino groups by
acetate. PIA produced in vitro is almost fully
substituted on amino groups (95- 100%). Alternatively,
a deacetylated PIA (PNAG) can be used having less than
60%, preferably less than 50%, 40%, 30%, 20%, 10%
acetylation. Use of a deacetylated PIA (PNAG) is
preferred since non-acetylated epitopes of PNAG are
efficient at mediating opsonic killing of Gram
positive bacteria, preferably S. aureus and/or S.
epidermidis. Most preferably, the PIA (PNAG) has a
size between 4OkDa and 30OkDa and is deacetylated so
that less than 60%, 50%, 40%, 30% or 20% of amino
groups are acetylated. The term deacetylated PNAG
(dPNAG) refers to a PNAG polysaccharide or
oligosaccharide in which less than 60%, 50%, 40%, 30%,
20% or 10% of the amino agroups are acetylated. 



In an embodiment, PNAG is a deaceylated to form dPNAG
by chemically treating the native polysaccharide. For
example, the native PNAG is treated with a basic
solution such that the pH rises to above 10. For
instance the PNAG is treated with 0.1 -5M, 0.2-4M,
0.3- 3M, 0.5-2M, 0.75-1 .5M or 1M NaOH , KOH or NH4OH.
Treatment is for at least 10 or 30 minutes, or 1, 2,
3, 4, 5, 10, 15 or 20 hours at a temperature of
20-100, 25-80, 30-60 or 30-50 or 35-45 C. dPNAG may be
prepared as described in WO 04/43405.The
polysaccharide(s) included in the immunogenic
composition of the invention are optionally conjugated
to a carrier protein as described below or
alternatively unconjugated. Type 5 and Type 8
polysaccharides from S.aureus Most strains of S.aureus
that cause infection in man contain either Type 5 or
Type 8 polysaccharides. Approximately 60% of human
strains are Type 8 and approximately 30% are Type 5.
The structures of Type 5 and Type 8 capsular
polysaccharide antigens are described in Moreau et al
Carbohydrate Res. 201 ; 285 (1990) and Fournier et al
Infect. Immun. 45; 87 (1984). Both have FucNAcp in
their repeat unit as well as ManNAcA which can be used
to introduce a sulfhydryl group. The structures were
reported as : Type 5 (r)4)-b-D-ManNAcA(3OAc)-(1
(r)4)-a-L-FucNAc(1 (r)3)-b-D-FucNAc-(1 (r) Type 8
(r)3)-b-D-ManNAcA(4OAc)-(1 (r)3)-a-L-FucNAc(1
(r)3)-b-D-FucNAc-(1 (r) Recently (Jones Carbohydrate
Research 340, 1097-1 106 (2005)) NMR spectroscopy
revised to structures to : Type 5 (r)4)-b-D-ManNAcA-(1
(r)4)-a-L-FucNAc(3OAc)-(1 (r)3)-b-D-FucNAc-(1 (r) Type
8 >3)-b-D-ManNAcA(4OAc)-(1 (r)3)-a-L-FucNAc(1
(r)3)-a-D-FucNAc(1 Polysaccharides may be extracted
from the appropriate strain of S. aureus using method
well known to the skilled man, for instance as
described in US6294177. For example, ATCC 12902 is a
Type 5 S. aureus strain and ATCC 12605 is a Type 8 S.
aureus strain. Polysaccharides are of native size or
alternatively may be sized, for instance by
microfluidisation, ultrasonic irradiation or by
chemical treatment. The invention also covers
oligosaccharides derived from the type 5 and 8
polysaccharides from S. aureus.The type 5 and 8
polysaccharides included in the immunogenic
composition of the invention are preferably conjugated
to a carrier protein as described below or are
alternatively unconjugated. The immunogenic
compositions of the invention alternatively contains
either type 5 or type 8 polysaccharide. S. aureus 336
antigen In an embodiment, the immunogenic composition
of the invention comprises the S. aureus 336 antigen
described in US6294177. The 336 antigen comprises
b-linked hexosamine, contains no O-acetyl groups and
specifically binds to antibodies to S. aureus Type 336
deposited under ATCC 55804. In an embodiment, the 336
antigen is a polysaccharide which is of native size or
alternatively may be sized, for instance by
microfluidisation, ultrasonic irradiation or by
chemical treatment. The invention also covers
oligosaccharides derived from the 336 antigen. The 336
antigen, where included in the immunogenic composition
of the invention is preferably conjugated to a carrier
protein as described below or is alternatively
unconjugated. Type I , Il and III polysaccharides from
S. epidermidis Strains ATCC-31432, SE-360 and SE-10 of
S. epidermidis are characteristic of three different
capsular types, I , Il and III respectively (lchiman
and Yoshida 1981 , J. Appl. Bacteriol. 5 1; 229).
Capsular polysaccharides extracted from each serotype
of S. epidermidis constitute Type I , Il and III
polysaccharides. Polysaccharides may be extracted by
serval methods including the method described in US41
97290 or as described in lchiman et al 1991 , J. Appl.
Bacteriol. 7 1; 176. In one embodiment of the
invention, the immunogenic composition comprises type
I and/or Il and/or III polysaccharides or
oligosaccharides from S. epidermidis. Polysaccharides
are of native size or alternatively may be sized, for
instance by microfluidisation, ultrasonic irradiation
or chemical cleavage. The invention also covers
oligosaccharides extracted from S. epidermidis
strains.These polysaccharides are unconjugated or are
preferably conjugated as described below. Conjugation
of saccharides Amongst the problems associated with
the use of polysaccharides in vaccination, is the fact
that polysaccharides per se are poor immunogens.
Strategies, which have been designed to overcome this
lack of immunogenicity, include the linking of the
polysaccharide to large protein carriers, which
provide bystander T-cell help. It is preferred that
the polysaccharides utilised in the invention are
linked to a protein carrier which provide bystander T
-cell help. Examples of these carriers which are
currently used for coupling to polysaccharide or
oligosaccharide immunogens include the Diphtheria and
Tetanus toxoids (DT, DT Crm197 and TT), Keyhole Limpet
Haemocyanin (KLH), Pseudomonas aeruginosa exoprotein A
(rEPA) and the purified protein derivative of
Tuberculin (PPD), protein D from Haemophilus
influenzae, pneumolysin or fragments of any of the
above. Fragments suitable for use include fragments
encompassing T-helper epitopes. In particular protein
D fragment will preferably contain the N-terminal 1/3
of the protein. Protein D is an IgD- binding protein
from Haemophilus influenzae (EP 0 594 610 B1). Despite
the common use of these carriers and their success in
the induction of anti polysaccharide antibody
responses they are associated with several drawbacks.
For example, it is known that antigen specific immune
responses may be suppressed by the presence of
pre-existing antibodies directed against the carrier,
in this case Tetanus toxin (Di John et al; Lancet,
December 16, 1989). In the population at large, a very
high percentage of people will have pre-existing
immunity to both DT and TT as people are routinely
vaccinated with these antigens. In the UK for example
95% of children receive the DTP vaccine comprising
both DT and TT. Other authors have described the
problem of epitope suppression to peptide vaccines in
animal models (Sad et al, Immunology, 1991 ;
74:223-227; Schutze e a/, J. Immunol. 135: 4, 1985;
2319-2322). KLH is known as potent immunogen and has
already been used as a carrier for IgE peptides in
human clinical trials. However, some adverse reactions
(DTH-like reactions or IgE sensitisation) as well as
antibody responses against antibody have been
observed.An alternative carrier protein to use in the
immunogenic composition of the invention is a single
staphylococcal protein or fragment thereof or a fusion
protein comprising at least or exactly 1, 2, 3 or 4 or
more of the staphylococcal proteins listed in the
section below or fragments thereof. A new carrier
protein that would be particularly advantageous to use
in the context of a staphylococcal vaccine is
staphylococcal alpha toxoid. The native form may be
conjugated to a polysaccharide since the process of
conjugation reduces toxicity. Preferably a genetically
detoxified alpha toxin such as the His35Leu or His 35
Arg variants are used as carriers since residual
toxicity is lower. Alternatively the alpha toxin is
chemically detoxified by treatment with a
cross-linking reagent, formaldehyde or glutaraldehyde.
A genetically detoxified alpha toxin is optionally
chemically detoxified, preferably by treatment with a
cross-linking reagent, formaldehyde or glutaraldehyde
to further reduce toxicity. Other staphylococcal
proteins or fragments thereof, particularly those
listed above may be used as a carrier protein for the
polysaccharides listed above. The carrier protein may
be a fusion protein comprising at least or exactly 1,
2, 3, 4 or 5 of the staphylococcal proteins listed
above. The polysaccharides may be linked to the
carrier protein(s) by any known method (for example,
by Likhite, U.S. Patent 4,372,945 by Armor et al.,
U.S. Patent 4,474,757, and Jennings et al., U.S.
Patent 4,356,170). Preferably, CDAP conjugation
chemistry is carried out (see WO95/08348). In CDAP,
the cyanylating reagent
1-cyano-dimethylaminopyridinium tetrafluoroborate
(CDAP) is preferably used for the synthesis of
polysaccharide-protein conjugates. The cyanilation
reaction can be performed under relatively mild
conditions, which avoids hydrolysis of the alkaline
sensitive polysaccharides. This synthesis allows
direct coupling to a carrier protein. The
polysaccharide may be solubilized in water or a saline
solution. CDAP may be dissolved in acetonitrile and
added immediately to the polysaccharide solution. The
CDAP reacts with the hydroxyl groups of the
polysaccharide to form a cyanate ester. After the
activation step, the carrier protein is added. Amino
groups of lysine react with the activated
polysaccharide to form an isourea covalent link. After
the coupling reaction, a large excess of glycine is
then added to quench residual activated functional
groups. The product is then passed through a gel
permeation column to remove unreacted carrier protein
and residual reagents.Proteins The immunogenic
composition of the invention optionally comprises a
staphylococcal protein, optionally a protein from S.
aureus or S. epidermidis. Some embodiments of the
invention contain proteins from both S.aureus and S.
epidermidis. The further aspects of the invention
involving the combination of HarA or MRPII and a
further staphylococcal protein may be combined with
the PNAG and/or capsular polysaccharides described
above. These aspects of the invention may comprise the
proteins or combinations of proteins described below.
The descriptions of proteins below apply to HarA and
MRPII as well as other proteins present within the
immunogenic compositions of the invention. In an
embodiment, the immunogenic compositions of the
invention comprise an isolated protein which comprises
an amino acid sequence which has at least 85%
identity, at least 90% identity, at least 95%
identity, at least 97-99% or exact identity, to that
of any sequence present in WO 06/32475 or WO 07/1
13222. Where a protein is specifically mentioned
herein, it is preferably a reference to a native or
recombinant , full-length protein or optionally a
mature protein in which any signal sequence has been
removed. The protein may be isolated directly from the
staphylococcal strain or produced by recombinant DNA
techniques. Immunogenic fragments of the protein may
be incorporated into the immunogenic composition of
the invention. These are fragments comprising at least
10 amino acids, preferably 20 amino acids, more
preferably 30 amino acids, more preferably 40 amino
acids or 50 amino acids, most preferably 100 amino
acids, taken contiguously from the amino acid sequence
of the protein. In addition, such immunogenic
fragments are immunologically reactive with antibodies
generated against the Staphylococcal proteins or with
antibodies generated by infection of a mammalian host
with Staphylococci. Immunogenic fragments also
includes fragments that when administered at an
effective dose, (either alone or as a hapten bound to
a carrier), elicit a protective immune response
against Staphylococcal infection, more preferably it
is protective against S. aureus and/or S. epidermidis
infection. Such an immunogenic fragment may include,
for example, the protein lacking an N-terminal leader
sequence, and/or a transmembrane domain and/or a
C-terminal anchor domain. In a preferred aspect the
immunogenic fragment according to the invention
comprises substantially all of the extracellular
domain of a protein which has at least 85% identity,
at least 90% identity, at least 95% identity, at least
97-99% identity, tothat a sequence present in WO
06/32475 or WO 07/1 13222 over the entire length of
the fragment sequence. 



Also included in immunogenic compositions of the
invention are recombinant fusion proteins of
Staphylococcal proteins, or fragments thereof. These
may combine different Staphylococcal proteins or
fragments thereof in the same protein. Alternatively,
the invention also includes individual fusion proteins
of Staphylococcal proteins or fragments thereof, as a
fusion protein with heterologous sequences such as a
provider of T-cell epitopes or purification tags, for
example: b-galactosidase, glutathione-S-transferase,
green fluorescent proteins (GFP), epitope tags such as
FLAG, myc tag, poly histidine, or viral surface
proteins such as influenza virus haemagglutinin, or
bacterial proteins such as tetanus toxoid, diphtheria
toxoid, CRM197. Proteins The immunogenic compositions
of the invention optionally comprise one or more of
the proteins mentioned below. Many of the proteins
fall into the categories of extracellular component
binding proteins, transporter proteins, toxins and
regulators of virulence or structural proteins. The
immunogenic composition of the invention optionally
further comprises a staphylococcal extracellular
component binding protein or a staphylococcal
transporter protein or a staphylococcal toxin or
regulator of virulence or a structural protein. The
immunogenic composition of the invention optionally
comprises 2, 3, 4, 5 or 6 staphylococcal proteins.
Table 1 The following table sets out the SEQ ID
numbers of preferred protein sequences and DNA
sequences that are found in WO 06/32475. SA indicates
a sequence from S. aureus and SE indicates a sequence
from S. epidermidis.Novel Estrogen Receptor Ligands
Field of Invention This invention relates to compounds
which are estrogen receptor ligands and are preferably
selective for the estrogen receptor b isoform, to
methods of preparing such compounds and to methods for
using such compounds in treatment of diseases related
to the estrogen receptor such as depressive disorders,
anxiety disorders, Alzheimer's disease, cognitive
disorders, osteoporosis, elevated blood triglyceride
levels, atherosclerosis, endometriosis, urinary
incontinence, autoimmune disease, and cancer of the
lung, colon, breast, uterus and prostate. Background
of Invention The estrogen receptor (ER) is a ligand
activated mammalian transcription factor involved in
the up and down regulation of gene expression. The
natural hormone for the estrogen receptor is
b-17-estradiol (E2) and closely related metabolites.
Binding of estradiol to the estrogen receptor causes a
dimerization of the receptor and the dimer in turn
binds to estrogen response elements (ERE' s) on DNA.
The ER/DNA complex recruits other transcription
factors responsible for the transcription of DNA
downstream from the ERE into mRNA which is eventually
translated into protein. Alternatively the interaction
of ER with DNA may be indirect through the
intermediacy of other transcription factors, most
notably fos and jun. Since the expression of a large
number of genes is regulated by the estrogen receptor
and since the estrogen receptor is expressed in many
cell types, modulation of the estrogen receptor
through binding of either natural hormones or
synthetic ER ligands can have profound effects on the
physiology and pathophysiology of the organism.
Historically it has been believed there was only one
estrogen receptor. However a second subtype (ER-b) has
been discovered. While both the "classical" ER-aand
the more recently discovered ER-b are widely
distributed in different tissues, they nevertheless
display markedly different cell type and tissue
distributions. Therefore synthetic ligands which are
either ER-aor ER-b selective may preserve the
beneficial effects of estrogen while reducing the risk
of undesirable side effects. Estrogens are critical
for sexual development in females. In addition,
estrogens play an important role in maintaining bone
density, regulation of blood lipid levels, and appear
to have neuroprotective effects. Consequently
decreased estrogen production in post-menopausal women
is associated with a number of diseases such as
osteoporosis, atherosclerosis, depression and
cognitive disorders. Conversely certain types of
proliferative diseases such as breast and uterine
cancer and endometriosis are stimulated by estrogens
and therefore antiestrogens (i.e., estrogen
antagonists) have utility in the prevention and
treatment of these types of disorders.The efficacy of
the natural estrogen, 17b-estradiol, for the treatment
of various forms of depressive illness has also been
demonstrated and it has been suggested that the
anti-depressant activity of estrogen may be mediated
via regulation of tryptophan hydroxylase activity and
subsequent serotonin synthesis (See, e.g., Lu N Z,
Shlaes T A, Cundlah C, Dziennis S E, LyIe R E, Bethea
C L, "Ovarian steroid action on tryptophan hydroxylase
protein and serotonin compared to localization of
ovarian steroid receptors in midbrain of guinea pigs."
Endocrine 11:257-267, 1999). The pleiotropic nature of
natural estrogen precludes its widespread, more
chronic use due to the increased risk of proliferative
effects on breast, uterine and ovarian tissues. The
identification of the estrogen receptor, ERb, has
provided a means by which to identify more selective
estrogen agents which have the desired anti-depressant
activity in the absence of the proliferative effects
which are mediated by ERa. Thus, it has been shown
that therapeutic agents having ERb-selectivity are
potentially effective in the treatment of depression.
What is needed in the art are compounds that can
produce the same positive responses as estrogen
replacement therapy without the negative side effects.
Also needed are estrogen-like compounds that exert
selective effects on different tissues of the body. WO
2006/019831 discloses certain indole derivatives
having utility in the prevention or treatment of
Hepatitis C viral infection. WO 2005/018636 discloses
certain indole derivative having estrogen receptor
modulator activity, all said indoles being oximes. The
compounds of the present invention are ligands for
estrogen receptors and as such may be useful for
treatment or prevention of a variety of conditions
related to estrogen functioning including bone loss,
bone fractures, osteoporosis, cartilage degeneration,
endometriosis, uterine fibroid disease, hot flashes,
increased levels of LDL cholesterol, cardiovascular
disease, impairment of cognitive functioning,
agerelated mild cognitive impairment, cerebral
degenerative disorders, restenosis, gynecomastia,
vascular smooth muscle cell proliferation, obesity,
incontinence, anxiety, depression, perimenopausal
depression, post-partum depression, premenstrual
syndrome, manic depression, dementia, obsessive
compulsive behavior, attention deficit disorder,
attention deficit hyperactivity disorder, sleep
disorders, irritability, impulsivity, anger
management, hearing disorders, multiple sclerosis,
Parkinson's disease, Alzheimer's disease, Huntington's
disease, amyotrophic lateral sclerosis, spinal cord
injury, stroke, autoimmune disease, inflammation, IBD,
IBS, sexual dysfunction, hypertension, retinal
degeneration, lung cancer, colon cancer, breast
cancer, uterus cancer, prostate cancer and
cholangiocarcinoma.Summary of the Invention This
invention provides a compound of formula (I) or a
pharmaceutically acceptable ester, amide, carbamate,
solvate or salt thereof, including a salt of such an
ester, amide or carbamate, and a solvate of such an
ester, amide, carbamate or salt, (I) wherein R1 is
selected from the group consisting of halogen, cyano,
nitro, ORL, N(RB)2, -C(O)Ci_4alkyl, -SO2CMalkyl,
C1-6alkyl, C2-6alkenyl, C2-6alkynyl, haloCi_6alkyl,
dihaloCi -6alkyl, trihaloCi_6alkyl, haloC2_ 6alkenyl,
dihaloC 2_6alkenyl, trihaloC 2-6alkenyl,
cyanoCi_6alkyl, Ci_4alkoxyCi. 6 alkyl, C3.gcycloalkyl,
C3_8cycloalkylCi. 6 alkyl, phenyl, benzyl, and 5-10
membered heterocyclyl, wherein said phenyl, benzyl or
heterocyclyl group can be either unsubstituted or
substituted with from 1 to 3 substituents, each
substituent being selected from the group consisting
of ORL, halogen, cyano, nitro, -C(O)C1 4alkyl, C -
alkyl, C2.6alkenyl, C2-6alkynyl, haloCi_ alkyl,
dihaloC^alkyl and trihaloCi_6alkyl; R2 is selected
from the group consisting of halogen, cyano, nitro,
ORA, N(RB)2, N(OH)2, -C(O)Ci_4alkyl optionally
substituted with from 1 to 3 halogens, -SO2CMalkyl,
-C(O)NH-OH, -C(NH2)=N-0H, -C(CO2H)=N-OH, -C(NH2)=NH,
-C(NH C alkyl)=NH, -C(O-C alkyl^NH, -C(NH2)=N-NH 2,
-NH-C(NH 2)=NH, -NH-C(O)NH 2, -N=C(-NH-CH 2CH2-NH-),
-S-CN, -S-C(NH2)=NH, -S-C(NH 2)=NOH, -CO2H, -CH2-CO2H,
-CH(OH)CO2H, -C(O)CO2H, SO3H, CH2SO3H, C^alkyl, haloCi
-6alkyl, dihaloCi_6alkyl, trihaloC^alkyl,
cyanoCi_6alkyl, Ci_4alkoxyCi. 6 alkyl, C2_6alkenyl,
C2_6alkynyl, C3 gcycloalkyl, C3_8cycloalkylCi 6 alkyl,
phenyl, benzyl and 5-10 membered heterocyclyl wherein
said phenyl, benzyl or heterocyclyl group can be
either unsubstituted or substituted with from 1 to 3
substituents each substituent being selected from the
group consisting of 0 RL, halogen, cyano, nitro,
Ci_6alkyl, C2-6alkenyl, C2.6alkynyl, haloCi_6alkyl,
dihaloC^alkyl and trihaloC^alkyl; provided that if one
of R1 and R2 represents halogen, the other must
represent a group other than halogen; each of R3, R4,
R5 and R6 is independently selected from the group
consisting of hydrogen, 0 RA, halogen, cyano, nitro,
Ci.6alkyl, C2.6alkenyl, C2.6alkynyl, haloCi_6alkyl,
dihaloCi_ alkyl and trihaloC^alkyl;each RA is
independently selected from the group consisting of
hydrogen, Ci_6alkyl, C2_6alkenyl, C2 alkynyl,
C3_8cycloalkyl, C3_8cycloalkylCi_6alkyl, C -ioaryl and
C6_io each optionally substituted by from 1 to 3
halogen atoms; and each RB is independently selected
from the group consisting of hydrogen, Ci_6alkyl,
C2_6alkenyl, C2. 6alkynyl, C _8cycloalkyl, C
_gcycloalkylCi_6alkyl, C -ioaryl and C640
arylCi_6alkyl, each optionally substituted by from 1
to 3 halogen atoms; with the proviso that the compound
of formula (I) is not
4-[3-(4,5-Dihydro-lH-imidazol-2-yl)-2-(3,5-dimethyl-is
oxazol-4-yl)-indol-l -yl]-phenol;
l-(4-Hydroxy-phenyl)-2-(4-methyl-imidazol-l-yl)-lH-ind
ole-3-carbonitrile; 1-(4-Hydroxy-phenyl)-2-(
1H-pyrazol-3 -yl)- 1H-indole-3-carbonitrile;
l-(3-Chloro-4-hydroxy-phenyl)-2-(l-methyl-lH-pyrazol-4
-yl)-lH-indole-3-carbonitrile;
l-(4-Hydroxy-phenyl)-2-prop-l-ynyl-lH-indole-3-carboxy
lic acid amide; or
1-(4-Hydroxy-phenyl)-2-thiazol-2-yl- 1H-indole-3
-carboxylic acid. Compounds of the invention have
surprisingly been found to be ligands of the estrogen
receptor. The compounds accordingly have use in the
treatment or prophylaxis of conditions associated with
estrogen receptor activity. Detailed Description of
Invention The compounds of the invention may contain
chiral (asymmetric) centers or the molecule as a whole
may be chiral. The individual stereoisomers
(enantiomers and diastereoisomers) and mixtures of
these are within the scope of the present invention.
The present invention provides compounds that are
estrogen receptor ligands. The term "estrogen receptor
ligand" as used herein is intended to cover any moiety
which binds to an estrogen receptor. The ligand may
act as an agonist, a partial agonist, an antagonist or
a partial antagonist. The ligand may be ERb selective
or display mixed ERa and ERb activity. For example,
the ligand may act both as an agonist or a partial
agonist of ERb and as an antagonist or a partial
antagonist of ERa. When R1 represents a heterocyclyl
group, this group may be saturated or unsaturated, and
may contain one or more O, N and/or S atoms. It is
preferably 5- or 6-membered. Suitable heterocyclyl
groups include furyl, thienyl, pyrrolyl, pyrrolinyl,
pyrrolidinyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, imidazolyl, imidazolinyl, imidazolidine,
pyrazoly, pyrazolinyl, pyrazolidinyl, pyridyl,
morpholinyl, and piperidyl, with isoxazolyl being a
particularly preferred heterocyclyl group. Preferred
substituents for aheterocyclyl group include 1 to 3,
for example 1 or 2, substituents, each substituent
being selected from the group consisting of ORA,
halogen, cyano, -C(O)C .4alkyl, CMalkyl, C2-4alkenyl,
C2.4alkynyl, haloC . 4alkyl, dihaloCi_4alkyl and
Especially preferred substituents are selected from
halogen, cyano, Ci_4alkyl (especially methyl),
-C(O)Ci_4alkyl, and ORA in which RA preferably
represents a hydrogen atom or a group. More especially
preferred substituents are selected from halogen,
cyano and C alkyl (especially methyl or ethyl).
Preferred substituents for a phenyl or benzyl group R
include those mentioned above for a heterocyclyl group
R1. When R2 represents a heterocyclyl group, this
group may for example be one of the preferred groups
mentioned above for R1. Preferred substituents for a
phenyl or benzyl group R2 include those mentioned
above for a heterocyclyl group R1. Unless otherwise
stated, each RA is preferably independently selected
from the group consisting of hydrogen, Ci_4alkyl,
C2-4alkenyl, C2_4alkynyl, C3_cycloalkyl, phenyl and
benzyl. Preferably each RA independently represents
hydrogen or Ci_4alkyl, especially methyl. Unless
otherwise stated, each RB is preferably independently
selected from the group consisting of hydrogen and
Ci_4alkyl. Preferably R1 is selected from the group
consisting of ORA, N(RB)2, -C(O)C , 4alkyl, C,.6alkyl,
C2. 6alkenyl, C2 6alkynyl, haloCMalkyl,
dihaloCi_4alkyl, trihaloCi_4alkyl, haloC2.4alkenyl,
dihaloC2 4alkenyl, 



trihaloC 2_4alkenyl, phenyl, and 5-6 membered
heterocyclyl, wherein said phenyl or heterocyclyl
group can either be unsubstituted or substituted as
above. More preferably, R1 is selected from the group
consisting of ORA, N(RB)2, -C(O)CMalkyl, C, 4alkyl, C2
4alkenyl, C2.4alkynyl, phenyl, and 5-6 membered
heterocyclyl, wherein said phenyl or heterocyclyl
group can either be unsubstituted or substituted as
above. R2 may for example be selected from one of the
preferred groups mentioned above for R1. In one
embodiment of the invention, R2 is selected from the
group consisting of halogen, cyano, nitro, ORA,
N(RB)2, N(OH)2, -C(O)CM alkyl optionally substituted
with from 1 to 3 halogens, -SO2C, 4alkyl, -C(O)NH-OH,
-C(NH2)=N-0H, -C(CO2H)=N-OH, -C(O-C Malkyl)=NH,
-C(NH2)=N- NH2, -NH-C(NH2)=NH, -NH-C(O)NH2,
-N=C(-NH-CH2CH2-NH-), -S-CN, -S-C(NH 2)=NH,
-S-C(NH2)=NOH, -CO2H, -CH2-CO2H, -CH(OH)CO2H,
-C(O)CO2H, SO3H, CH2SO3H, C,. alkyl,
haloC^alkyl,dihaloCi-6alkyl, trihaloCi_6alkyl,
cyanoCi-6alkyl, alkyl, C2-6alkenyl, C2_6alkynyl, C3
scycloalkyl, C3-scycloalkylCi_6 alkyl, phenyl, benzyl
and 5-10 membered heterocyclyl wherein said phenyl,
benzyl or heterocyclyl group can be either
unsubstituted or substituted with from 1 to 3
substituents each substituent being selected from the
group consisting of ORA, halogen, cyano, nitro,
Ci_6alkyl, C2_6alkenyl, C2_6alkynyl, haloCi_6alkyl, In
an alternative embodiment of the invention, R2 is
selected from the group consisting of halogen, nitro,
ORA, N(RB)2, -C(O)Ci -4alkyl optionally substituted
with from 1 to 3 halogens, -SO2CMalkyl, -C(O)NHOH,
-C(NH2)=N-0H, -C(NH2)=NH, -NH-C(NH2)=NH, -NH-C(O)NH 2,
-N=C^NH-CH 2CH2-NH-), -S-C(NH2)=NH, -CO2H, -CH2-CO2H,
SO3H, CH2SO3H, C,_6alkyl, haloCi. 6alkyl,
dihaloC^alkyl, trihaloC .6alkyl, cyanoCi_6alkyl,
Ci_4alkoxyCi_6 alkyl, C2-6alkenyl, C2.6alkynyl,
C3-gcycloalkyl, C3.8cycloalkylCi. 6 alkyl, phenyl,
benzyl and 5-10 membered heterocyclyl wherein said
phenyl, benzyl or heterocyclyl group can be either
unsubstituted or substituted with from 1 to 3
substituents each substituent being selected from the
group consisting of 0 RA, halogen, cyano, nitro,
C^alkyl, C2_6alkenyl, C2_6alkynyl, haloCi. 6alkyl,
dihaloCi_6alkyl and trihaloCi_6alkyl. In a preferred
embodiment of the invention, R2 is selected from the
group consisting of halogen, nitro, 0 RA, N(RB)2,
-C(O)Ci.4alkyl optionally substituted with from 1 to 3
halogens, -SO2C1-4alkyl, -C(O)NHOH, -C(NH2)=N-0H,
-NH-C(NH 2)=NH, -NH-C(O)NH 2, -N=C(-NH-CH 2CH2-NH-),
-S-C(NH2)=NH, -CO2H, -CH2-CO2H, C,_6alkyl,
haloC^alkyl, dihaloCi -6alkyl, trihaloCi -6alkyl,
cyanoCi. 6alkyl, Ci_4alkoxyCi_ alkyl, C2.6alkenyl, C2
6alkynyl, C3 8cycloalkyl, C3_8cycloalkylC 1.6 alkyl,
phenyl, benzyl and 5-10 membered heterocyclyl wherein
said phenyl, benzyl or heterocyclyl group can be
either unsubstituted or substituted with from 1 to 3
substituents each substituent being selected from the
group consisting of 0 RA, halogen, cyano, nitro,
Ci_6alkyl, C2_alkenyl, C2.ealkynyl, haloC _6alkyl,
dihaloCi_ alkyl and trihaloCi_6alkyl. More preferably,
R2 is selected from the group consisting of -C(O)C i
_4alkyl (especially -C(O)CH3), -C(NH2)=N-0H, -CO2H,
-CH2-CO2H, CMalkyl, C2.4alkenyl, C2.4alkynyl, and 5-6
membered heterocyclyl wherein said heterocyclyl group
can either be unsubstituted or substituted as above.
Most preferably, R2 is selected from the group
consisting of -C(O)CH3), -C(NH2)=N-0H, -CO2H, and
-CH2-CO2H, with -C(NH2)=N-0H being a particularly
preferred R2 group. Preferably each of R3, R4, R5 and
R6 is selected from the group consisting of hydrogen,
0 RL, halogen, cyano, Ci.4alkyl, for example methyl,
haloCi_4alkyl, for example chloro- or fiuoro-methyl,
dihaloCi. 4alkyl, for example dichloro- or
difluoromethyl, and trihaloCi_4alkyl, for example
trichloro- or trifluoromethyl. Preferably each of R3,
R4, R5 and R6 is selected from the group consisting of
hydrogen, OH, halogen, cyano, methyl, or
trifluoromethyl. Most preferably at least one of R3
and R4 is hydrogen. Most preferably each of R5 and R6
independently represents hydrogen and/or halogen,
especially fluorine.Accordingly, in one preferred
group of compounds of the invention, R1 is selected
from the group consisting of ORA, N(RB)2, -C(O)CM
alkyl, CI-6alkyl, C2.6alkenyl, C2.6alkynyl, haloCi
-4alkyl, dihaloQ. 4alkyl, haloC2-4alkenyl,
dihaloC2_4alkenyl, trihaloC 2 4alkenyl, phenyl, and
5-6 membered heterocyclyl, wherein said phenyl or
heterocyclyl group may be either unsubstituted or
substituted as above; more preferably, R1 is selected
from the group consisting of ORA, N(RB)2,
-C(O)Ci_4alkyl, Ci^alkyl, C2-4alkenyl, C2_4alkynyl,
phenyl, and 5-6 membered heterocyclyl, wherein said
phenyl or heterocyclyl group can either be
unsubstituted or substituted as above; R2 is selected
from the group consisting of -C(O)CMalkyl (especially
-C(O)CH3), -C(NH2)=N-0H, -CO2H, -CH2-CO2H, Ci_4alkyl,
C2_4alkenyl, C2_4alkynyl, and 5-6 membered
heterocyclyl wherein said heterocyclyl group can be
either unsubstituted or substituted as above; each of
R3, R4, R5 and R6 is selected from the group
consisting of hydrogen, 0 RA, halogen, cyano,
Ci_4alkyl, haloCi_4alkyl, dihaloCi. 4alkyl, and
trihaloCi_4alkyl, especially hydrogen, OH, halogen,
cyano, methyl, or trifluoromethyl; especially, each of
R5 and R6 represents hydrogen and/or halogen,
especially fluorine; each RA is preferably
independently selected from the group consisting of
hydrogen, C2_ 4alkenyl, C2 4alkynyl, C3_6cycloalkyl,
phenyl and benzyl, especially hydrogen and Ci_4alkyl,
especially methyl; and each RB is independently
selected from the group consisting of hydrogen and
C,_4alkyl. In a further embodiment,this invention
provides a compound of formula (I) or a
pharmaceutically acceptable ester, amide, solvate or
salt thereof, including a salt of such an ester or
amide, and a solvate of such an ester, amide or salt,
(I) wherein R1 is selected from the group consisting
of halogen, cyano, nitro, 0 RA, N(RB)2,
-C(O)Ci_4alkyl, -SO2C .4alkyl, Ci_6alkyl, C2-6alkenyl,
C2 6alkynyl, haloCi_&alkyl, dihaloCi_6alkyl,
trihaloCi_6alkyl, haloC26alkenyl, dihaloC 2-6alkenyl,
trihaloC 2-6alkenyl, cyanoCi_6alkyl, Ci_4alkoxyCi_6
alkyl, C^cycloalkyl, C3.8cycloalkylCi_6 alkyl, phenyl,
benzyl, and 5-10 membered heterocyclyl, wherein said
phenyl, benzyl or heterocyclyl group can be either
unsubstituted or substituted with from 1 to 3
substituents, each substituent being selected from the
group consisting of ORA, halogen, cyano, nitro,
Cialkyl, C2_6alkenyl, C2-6alkynyl, haloCi 6 alkyl,
dihaloC^alkyl and trihaloCi_6alkyl; R2 is selected
from the group consisting of halogen, cyano, nitro,
ORA, N(RB)2, -C(O)Ci.4alkyl optionally substituted
with from 1 to 3 halogens, -SO2CM alkyl, -C(O)NH-OH,
-C(NH2)=N-0H, -C(NH2)=NH, -NH-C(NH 2)=NH, -NH-C(O)NH
2, -N=C(-NH-CH 2CH2-NH-), -S-C(NH 2)=NH, -CO2H,
-CH2-CO2H, SO3H, CH2SO3H, Ci_6alkyl, haloCi -6alkyl,
dihaloCi -6alkyl, trihaloC ]-6alkyl, cyanoCi -6alkyl,
CM alkoxyCi -6 alkyl, C2-6alkenyl, C2 6alkynyl,
C3.8cycloalkyl, C3_cycloalkylCi. 6 alkyl, phenyl,
benzyl and 5-10 membered heterocyclyl wherein said
phenyl, benzyl or heterocyclyl group can be either
unsubstituted or substituted with from 1 to 3
substituents each substituent being selected from the
group consisting of 0 RA, halogen, cyano, nitro,
Ci_6alkyl, C2-6alkenyl, C2_6alkynyl, haloCi_6alkyl,
dihaloCi_ alkyl and trihaloC^alkyl; provided that if
one of R1 and R2 represents halogen, the other must
represent a group other than halogen; each of R3, R4,
R5 and R6 is independently selected from the group
consisting of hydrogen, 0 RA, halogen, cyano, nitro,
Ci_6alkyl, C2.6alkenyl, C2_6alkynyl, haloCi_6alkyl,
dihaloCi_6alkyl and trihaloCi_6alkyl; each RL is
independently selected from the group consisting of
hydrogen, C _6alkyl, C2.6alkenyl, C2. 6alkynyl,
C3_8cycloalkyl, C3_8cycloalkylCi_6alkyl, C -ioaryl and
C6_ioarylCi_6alkyl, each optionally substituted by
from 1 to 3 halogen atoms; and each RB is
independently selected from the group consisting of
hydrogen, Ci_6alkyl, C2.6alkenyl, C2. alkynyl,
C3_8cycloalkyl, Cv8cycloalkylC _6alkyl, C -ioaryl and
C6-ioarylCi_6alkyl, each optionally substituted by
from 1 to 3 halogen atoms; with the proviso that the
compound of formula (I) is not
4-[3-(4,5-Dihydro-lH-imidazol-2-yl)-2-(3,5-
dimethyl-isoxazol-4-yl)-indol-l -yl]-phenol. Compounds
of the formula I include, but are not limited to, the
compounds specifically named in the Examples herein.
In the Examples, the compound names were generated in
accordance with IUPAC by the ACD Labs 8.0/name
program, version 8.05 and/or with ISIS DRAW Autonom
2000 and/or ChemBioDraw Ultra version 11.0.Depending
upon the substituents present in compounds of the
formula I, the compounds may form esters, amides,
carbamates and/or salts. Salts and solvates of
compounds of formula (I) which are suitable for use in
medicine are those wherein a counterion or associated
solvent is pharmaceutically acceptable. However, salts
and solvates having non-pharmaceutically acceptable
counterions or associated solvents are within the
scope of the present invention, for example, for use
as intermediates in the preparation of the compounds
of formula (I) and their pharmaceutically acceptable
salts, solvates and physiologically functional
derivatives. By the term "physiologically functional
derivative" is meant a chemical derivative of a
compound of formula (I) having the same physiological
function as the free compound of formula (I), for
example, by being convertible in the body thereto.
Esters, amides and carbamates are examples of
physiologically functional derivatives. Suitable salts
according to the invention include those formed with
organic or inorganic acids or bases hi particular,
suitable salts formed with acids according to the
invention include those formed with mineral acids,
strong organic carboxylic acids, such as
alkanecarboxylic acids of 1 to 4 carbon atoms which
are unsubstituted or substituted, for example, by
halogen, such as saturated or unsaturated dicarboxylic
acids, such as hydroxycarboxylic acids, such as amino
acids, or with organic sulfonic acids, such as (C1-
C4)-alkyl- or aryl-sulfonic acids which are
unsubstituted or substituted, for example by halogen.
Pharmaceutically acceptable acid addition salts
include those formed from hydrochloric, hydrobromic,
sulphuric, nitric, citric, tartaric, acetic,
phosphoric, lactic, pyruvic, acetic, trifluoroacetic,
succinic, perchloric, fumaric, maleic, glycolic,
lactic, salicylic, oxaloacetic, methanesulfonic,
ethanesulfonic, ptoluenesulfonic, formic, benzoic,
malonic, naphthalene-2-sulfonic, benzenesulfonic,
isethionic, ascorbic, malic, phthalic, aspartic, and
glutamic acids, lysine and arginine. Other acids such
as oxalic, while not in themselves pharmaceutically
acceptable, may be useful as intermediates in
obtaining the compounds of the invention and their
pharmaceutical acceptable acid addition salts.
Pharmaceutically acceptable base salts include
ammonium salts, alkali metal salts, for example those
of potassium and sodium, alkaline earth metal salts,
for example those of calcium and magnesium, and salts
with organic bases, for example dicyclohexylamine,
N-methyl-D-glucomine, morpholine, thiomorpholine,
piperidine, pyrrolidine, a mono-, di- or tri-lower
alkylamine, for example ethyl-, tert-butyl-, diethyl-,
diisopropyl-, triethyl-, tributyl- or
dimethyl-propylamine, or a mono-, di- or trihydroxy
lower alkylamine, for example mono-, di- or
triethanolamine. Corresponding internal salts may
furthermore be formed. Compounds of formula (I) may
have an appropriate group converted to an ester, an
amide or a carbamate. Thus typical ester and amide
groups formed from an acid group in the compound of
the formula I include -COORB, -CONRB 2, -SO2.ORB, or
-SO2.NRB 2, while typical ester and amide and
carbamate groupsformed from an -OH or -NHRB group in
the compound of the formula I include -O.CO.RB,
-NRB.CO.RB, -NRB.CO2R -O.SO2RB, and -NRB SO2RB, where
RB has one of the meanings given above. Those skilled
in the art of organic chemistry will appreciate that
many organic compounds can form complexes with
solvents in which they are reacted or from which they
are precipitated or crystallized. These complexes are
known as "solvates". For example, a complex with water
is known as a "hydrate". A compound which, upon
administration to the recipient, is capable of being
converted into a compound of formula (I) as described
above, or an active metabolite or residue thereof, is
known as a "prodrug". A prodrug may, for example, be
converted within the body, e. g. by hydrolysis in the
blood, into its active form that has medical effects.
Pharmaceutical acceptable prodrugs are described in T.
Higuchi and V. Stella, Prodrugs as Novel Delivery
Systems, Vol. 14 of the A. C. S. Symposium Series
(1976); "Design of Prodrugs" ed. H. Bundgaard,
Elsevier, 1985; and in Edward B. Roche, ed.,
Bioreversible Carriers in Drug Design, American
Pharmaceutical Association and Pergamon Press, 1987,
which are incorporated herein by reference. The
following definitions apply to the terms as used
throughout this specification, unless otherwise
limited in specific instances. As used herein, the
term "alkyl" means both straight and branched chain
saturated hydrocarbon groups. Examples of alkyl groups
include methyl, ethyl, n-propyl, iso-propyl, n-butyl,
t-butyl, i-butyl, sec-butyl, pentyl and hexyl groups.
Among unbranched alkyl groups, there are preferred
methyl, ethyl, n-propyl, iso-propyl, n-butyl groups.
Among branched alkyl groups, there may be mentioned
t-butyl, i-butyl, 1- ethylpropyl and 1-ethylbutyl
groups. As used herein, the term "alkoxy" means the
group O-alkyl, where "alkyl" is used as described
above. Examples of alkoxy groups include methoxy and
ethoxy groups. Other examples include propoxy and
butoxy. As used herein, the term "alkenyl" means both
straight and branched chain unsaturated hydrocarbon
groups with at least one carbon carbon double bond.
Examples of alkenyl groups include ethenyl, 



propenyl, butenyl, pentenyl and hexenyl. Preferred
alkenyl groups include ethenyl, 1- propenyl and 2-
propenyl. As used herein, the term "alkynyl" means
both straight and branched chain unsaturated
hydrocarbon groups with at least one carbon carbon
triple bond. Examples of alkynyl groups include
ethynyl,propynyl, butynyl, pentynyl and hexynyl.
Preferred alkynyl groups include ethynyl 1- propynyl
and 2- propynyl. As used herein, the term "cycloalkyl"
means a saturated group in a ring system. A cycloalkyl
group can be monocyclic or bicyclic. A bicyclic group
may, for example, be fused or bridged. Examples of
monocyclic cycloalkyl groups include cyclopropyl,
cyclobutyl and cyclopentyl. Other examples of
monocyclic cycloalkyl groups are cyclohexyl,
cycloheptyl and cyclooctyl. Examples of bicyclic
cycloalkyl groups include bicyclo [2. 2.1]hept-2-yl.
Preferably, the cycloalkyl group is monocyclic. As
used herein, the term "aryl" means a monocyclic or
bicyclic aromatic carbocyclic group. Examples of aryl
groups include phenyl and naphthyl. A naphthyl group
may be attached through the 1 or the 2 position. In a
bicyclic aromatic group, one of the rings may, for
example, be partially saturated. Examples of such
groups include indanyl and tetrahydronaphthyl.
Specifically, the term C5-I0 aryl is used herein to
mean a group comprising from 5 to 10 carbon atoms in a
monocyclic or bicyclic aromatic group. A particularly
preferred C5-I0 aryl group is phenyl. As used herein,
the term "halogen" means fluorine, chlorine, bromine
or iodine. Fluorine, chlorine and bromine are
particularly preferred. As used herein, the term
"haloalkyl" means an alkyl group having a halogen
substituent, the terms "alkyl" and "halogen" being
understood to have the meanings outlined above.
Similarly, the term "dihaloalkyl" means an alkyl group
having two halogen substituents and the term
"trihaloalkyl" means an alkyl group having three
halogen substituents. Examples of haloalkyl groups
include fluoromethyl, chloromethyl, bromomethyl,
fluoromethyl, fluoropropyl and fluorobutyl groups;
examples of dihaloalkyl groups include difluoromethyl
and difluoroethyl groups; examples of triihaloalkyl
groups include trifluoromethyl and trifluoroethyl
groups. As used herein, the term "heterocyclyl" means
an aromatic or a non-aromatic cyclic group of carbon
atoms wherein from one to three of the carbon atoms
is/are replaced by one or more heteroatoms
independently selected from nitrogen, oxygen or
sulfur. A heterocyclyl group may, for example, be
monocyclic or bicyclic. In a bicyclic heterocyclyl
group there may be one or more heteroatoms in each
ring, or only in one of the rings. A heteroatom is
preferably O or N. Heterocyclyl groups containing a
suitable nitrogen atom include the corresponding
N-oxides. Examples of monocyclic non-aromatic
heterocyclyl groups (also referred to as monocyclic
heterocycioalkyl rings) include aziridinyl,
azetidinyl, pyrrolidinyl, imidazolidinyl,
pyrazolidinyl,piperidinyl, piperazinyl,
tetrahydrofuranyl, telrahydropyranyl, morpholinyl,
thiomorpholinyl and azepanyl. Examples of bicyclic
heterocyclyl groups in which one of the rings is
non-aromatic include dihydrobenzofuranyl, indanyl,
indolinyl, isoindolinyl, tetrahydroisoquinolinyl,
tetrahydroquinolyl and benkoazepanyl. Examples of
monocyclic aromatic heterocyclyl groups (also referred
to as monocyclic heteroaryl groups) include furanyl,
thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl,
oxadiazolyl, thiadiazolyl, pyridyl, triazolyl,
triazinyl, pyridazyl, isothiazolyl, isoxazolyl,
pyrazinyl, pyrazolyl and pyrimidinyl. Examples of
bicyclic aromatic heterocyclyl groups (also referred
to as bicyclic heteroaryl groups) include
quinoxalinyl, quinazolinyl, pyridopyrazinyl,
benzoxazolyl, benzothiophenyl, benzimidazolyl,
naphthyridinyl, quinolinyl, benzofuranyl, indolyl,
benzothiazolyl, oxazolyl[4,5-b]pyridiyl,
pyridopyrimidinyl, isoquinolinyl and benzodroxazole.
Examples of preferred heterocyclyl groups include
piperidinyl, tetrahydrofuranyl, tetrahydropyranyl,
pyridyl, pyrimidinyl and indolyl. Preferred
heterocyclyl groups also include thienyl, thiazolyl,
furanyl, pyrazolyl, pyrrolyl, isoxazolyl and
imidazolyl. As used herein the term "cycloalkylalkyl"
means a group cycloalkyl-alkyl- attached through the
alkyl group, "cycloalkyl" and "alkyl" being understood
to have the meanings outlined above. As mentioned
above, the compounds of the invention have activity as
estrogen receptor ligands. The compounds of the
invention have activity as estrogen receptor
modulators, and may be agonists, partial agonists,
antagonists, or partial antagonists of the estrogen
receptor. Particularly preferred compounds of the
invention have activity as an agonist or a partial
agonist of ERb. Preferred compounds of this type are
selective agonists of the estrogen receptor-beta (ERb)
. The compounds of the invention may thus be used in
the treatment of diseases or disorders associated with
estrogen receptor activity. In particular, the
compounds of the invention that are agonists or
partial agonists of the estrogen receptor may be used
in the treatment of diseases or disorders for which
selective agonists or partial agonists of the estrogen
receptor are indicated. The compounds of the invention
that are antagonists or partial antagonists of the
estrogen receptor may be used in the treatment of
diseases or disorders for which selective antagonists
or partial antagonists of the estrogen receptor are
indicated.Clinical conditions for which an agonist or
partial agonist is indicated include, but are not
limited to, bone loss, bone fractures, osteoporosis,
cartilage degeneration, endometriosis, uterine fibroid
disease, hot flashes, increased levels of LDL
cholesterol, cardiovascular disease, impairment of
cognitive functioning, cerebral degenerative
disorders, restenosis, gynecomastia, vascular smooth
muscle cell proliferation, obesity, incontinence,
anxiety, depression, autoimmune disease, inflammation,
IBD, IBS, sexual dysfunction, hypertension, retinal
degeneration, and lung, colon, breast, uterus, and
prostate cancer, and/or disorders related to estrogen
functioning. The compounds of the invention find
particular application in the treatment or prophylaxis
of the following: bone loss, bone fractures,
osteoporosis, cartilage degeneration, endometriosis,
uterine fibroid disease, hot flashes, increased levels
of LDL cholesterol, cardiovascular disease, impairment
of cognitive functioning, age-related mild cognitive
impairment, cerebral degenerative disorders,
restenosis, gynecomastia, vascular smooth muscle cell
proliferation, obesity, incontinence, anxiety,
depression, perimenopausal depression, post-partum
depression, premenstrual syndrome, manic depression,
dementia, obsessive compulsive behavior, attention
deficit disorder, attention deficit hyperactivity
disorder, sleep disorders, irritability, impulsivity,
anger management, hearing disorders, multiple
sclerosis, Parkinson's disease, Alzheimer's disease,
Huntington's disease, amyotrophic lateral sclerosis,
spinal cord injury, stroke, autoimmune disease,
inflammation, IBD, IBS, sexual dysfunction,
hypertension, retinal degeneration, lung cancer, colon
cancer, breast cancer, uterus cancer, prostate cancer
and the bile duct cancer form named
cholangiocarcinoma. In one embodiment of the
invention, the present compounds finds particular
application in the treatment or prophylaxis of
depression, perimenopausal depression, post-partum
depression, premenstrual syndrome and manic
depression. The treatment or prophylaxis of hot
flashes (or hot flushes) in males, is preferable for
patients that has had an androgen ablation for
treatment of prostate cancer. The phrase "depression"
includes but is not limited to, major depressive
disorder, dysthymic disorder, bipolar disorder,
cyclothymic disorder, mood disorder due to a general
medical condition, substanceinduced mood misorder,
seasonal affective disorder (SAD), postpartum
depression and premenstrual dysphoric disorder. The
invention also provides a method for the treatment or
prophylaxis of a condition in a mammal mediated by an
estrogen receptor, which comprises administering to
the mammal a therapeutically effective amount of a
compound according to the invention. Clinical
conditions mediated by an estrogen receptor that may
be treated by the method of the invention are
preferably those described above.The invention also
provides the use of a compound according to the
invention, for the manufacture of a medicament for the
treatment or prophylaxis of a condition mediated by an
estrogen receptor. Clinical conditions mediated by an
estrogen receptor that may be treated by the method of
the invention are preferably those described above.
The amount of active ingredient which is required to
achieve a therapeutic effect will, of course, vary
with the particular compound, the route of
administration, the subject under treatment, including
the type, species, age, weight, sex, and medical
condition of the subject and the renal and hepatic
function of the subject, and the particular disorder
or disease being treated, as well as its severity. An
ordinarily skilled physician, veterinarian or
clinician can readily determine and prescribe the
effective amount of the drug required to prevent,
counter or arrest the progress of the condition. Oral
dosages of the present invention, when used for the
indicated effects, will range between about 0.01 mg
per kg of body weight per day (mg/kg/day) to about 100
mg/kg/day, preferably 0.01 mg per kg of body weight
per day (mg/kg/day) to 10 mg/kg/day, and most
preferably 0.1 to 5.0 mg/kg/day, for adult humans. For
oral administration, the compositions are preferably
provided in the form of tablets or other forms of
presentation provided in discrete units containing
0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0,
50.0, 100, and 500 milligrams of the active ingredient
for the symptomatic adjustment of the dosage to the
patient to be treated. A medicament typically contains
from about 0.01 mg to about 500 mg of the active
ingredient, preferably from about 1mg to about 100 mg
of active ingredient. Intravenously, the most
preferred doses will range from about 0.1 to about 10
mg/kg/minute during a constant rate infusion.
Advantageously, compounds of the present invention may
be administered in a single daily dose, or the total
daily dosage may be administered in divided doses of
two, three or four times daily. Furthermore, preferred
compounds for the present invention can be
administered in intranasal form via topical use of
suitable intranasal vehicles, or via transdermal
routes, using those forms of transdermal skin patches
well known to those of ordinary skill in the art. To
be administered in the form of a transdermal delivery
system, the dosage administration will, of course, be
continuous rather than intermittent throughout the
dosage regimen. While it is possible for the active
ingredient to be administered alone, it is preferable
for it to be present in a pharmaceutical formulation
or composition. Accordingly, the invention provides a
pharmaceutical formulation comprising a compound
according to the invention, and a pharmaceutically
acceptable dilu ent, excipient or carrier
(collectively referred to herein as "carrier"
materials). Pharmaceutical compositions of the
invention may take the form of a pharmaceutical
formulation as described below.The pharmaceutical
formulations according to the invention include those
suitable for oral, parenteral (including subcutaneous,
intradermal, intramuscular, intravenous [bolus or
infusion], and intraarticular), inhalation (including
fine particle dusts or mists which may be generated by
means of various types of metered does pressurized
aerosols), nebulizers or insufflators, rectal,
intraperitoneal and topical (including dermal, buccal,
sublingual, and intraocular) administration, although
the most suitable route may depend upon, for example,
the condition and disorder of the recipient. 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. All methods include
the step of bringing the active ingredient into
association with the carrier which constitutes one or
more accessory ingredients. In general the
formulations are prepared by uniformly and intimately
bringing into association the active ingredient with
liquid carriers or finely divided solid carriers or
both and then, if necessary, shaping the product into
the desired formulation. Formulations of the present
invention suitable for oral administration may be
presented as discrete units such as capsules, cachets,
pills or tablets each containing a predetermined
amount of the active ingredient; as a powder or
granules; as a solution or a suspension in an aqueous
liquid or a non-aqueous liquid, for example as
elixirs, tinctures, suspensions or syrups; or as an
oil-in-water liquid emulsion or a water-in-oil liquid
emulsion. The active ingredient may also be presented
as a bolus, electuary or paste. A tablet may be made
by compression or moulding, optionally with one or
more accessory ingredients. Compressed tablets may be
prepared by compressing in a suitable machine the
active ingredient in a freeflowing form such as a
powder or granules, optionally mixed with a binder,
lubricant, inert diluent, lubricating, surface active
or dispersing agent. Moulded tablets may be made by
moulding in a suitable machine a mixture of the
powdered compound moistened with an inert liquid
diluent. The tablets may optionally be coated or
scored and may be formulated so as to provide slow or
controlled release of the active ingredient therein.
The present compounds can, for example, be
administered in a form suitable for immediate release
or extended release. Immediate release or extended
release can be achieved by the use of suitable
pharmaceutical compositions comprising the present
compounds, or, particularly in the case of extended
release, by the use of devices such as subcutaneous
implants or osmotic pumps. The present compounds can
also be administered liposomally. Exemplary
compositions for oral administration include
suspensions which can contain, for example,
microcrystalline cellulose for imparting bulk, alginic
acid or sodium alginate as a suspending agent,
methylcellulose as a viscosity enhancer, and
sweeteners or flavoring agents such as those known in
the art; and immediate release tablets which can
contain, for example, microcrystalline cellulose,
dicalcium 



phosphate, starch, magnesium stearate, calcium
sulfate, sorbitol, glucose and/or lactose and/or
otherexcipients, binders, extenders, disintegrants,
diluents and lubricants such as those known in the
art. Suitable binders include starch, gelatin, natural
sugars such as glucose or beta-lactose, corn
sweeteners, natural and synthetic gums such as acacia,
tragacanth or sodium alginate, carboxymethylcellulose,
poly ethylene glycol, waxes and the like.
Disintegrators include without limitation starch,
methylcellulose, agar, bentonite, xanthan gum and the
like. The compounds of formula (I) can also be
delivered through the oral cavity by sublingual and/or
buccal administration. Molded tablets, compressed
tablets or freezedried tablets are exemplary forms
which may be used. Exemplary compositions include
those formulating the present compound(s) with fast
dissolving diluents such as mannitol, lactose, sucrose
and/or cyclodextrins. Also included in such
formulations may be high molecular weight excipients
such as celluloses (avicel) or polyethylene glycols
(PEG). Such formulations can also include an excipient
to aid mucosal adhesion such as hydroxy propyl
cellulose (HPC), hydroxy propyl methyl cellulose
(HPMC), sodium carboxy methyl cellulose (SCMC), maleic
anhydride copolymer (e.g., Gantrez), and agents to
control release such as polyacrylic copolymer (e.g.
Carbopol 934). Lubricants, glidants, flavors, coloring
agents and stabilizers may also be added for ease of
fabrication and use. Lubricants used in these dosage
forms include sodium oleate, sodium stearate,
magnesium stearate, sodium benzoate, sodium acetate,
sodium chloride and the like. For oral administration
in liquid form, the oral drug components can be
combined with any oral, non-toxic, pharmaceutically
acceptable inert carrier such as ethanol, glycerol,
water, and the like. The compounds of the present
invention can also be administered in the form of
liposome delivery systems, such as small unilamellar
vesicles, large unilamellar vesicles and multilamellar
vesicles. Liposomes can be formed from a variety of
phospholipids, 1,2-dipalmitoylphosphatidylcholine,
phosphatidyl ethanolamine (cephaline) , or
phosphatidylcholine (lecithin). Formulations for
parenteral administration include aqueous and
non-aqueous sterile injection solutions which may
contain anti-oxidants, buffers, bacteriostats and
solutes which render the formulation isotonic with the
blood of the intended recipient; and aqueous and
non-aqueous sterile suspensions which may include
suspending agents and thickening agents. The
formulations may be presented in unit-dose or
multi-dose containers, for example sealed ampoules and
vials, and may be stored in a freeze-dried
(lyophilised) condition requiring only the addition of
the sterile liquid carrier, for example saline or
water-for-injection, immediately prior to use.
Extemporaneous injection solutions and suspensions may
be prepared from sterile powders, granules and tablets
of the kind previously described. Exemplary
compositions for parenteral administration include
injectable solutions or suspensions which can contain,
for example, suitable non-toxic, parenterally
acceptable diluents or solvents, such as mannitol,
1,3- butanediol, water, Ringer's solution, an isotonic
sodium chloride solution, or other suitable dispersing
or wetting and suspending agents, including synthetic
mono- or diglycerides, and fatty acids, including
oleic acid, or Cremaphor.Exemplary compositions for
nasal, aerosol or inhalation administration include
solutions in saline, which can contain, for example,
benzyl alcohol or other suitable preservatives,
absorption promoters to enhance bioavailability,
and/or other solubilizing or dispersing agents such as
those known in the art. Formulations for rectal
administration may be presented as a suppository with
the usual carriers such as cocoa butter, synthetic
glyceride esters or polyethylene glycol. Such carriers
are typically solid at ordinary temperatures, but
liquefy and/or dissolve in the rectal cavity to
release the drug. Formulations for topical
administration in the mouth, for example buccally or
sublingually, include lozenges comprising the active
ingredient in a flavoured basis such as sucrose and
acacia or tragacanth, and pastilles comprising the
active ingredient in a basis such as gelatin and
glycerine or sucrose and acacia. Exemplary
compositions for topical administration include a
topical carrier such as Plastibase (mineral oil gelled
with polyethylene). Preferred unit dosage formulations
are those containing an effective dose, as
hereinbefore recited, or an appropriate fraction
thereof, of the active ingredient. It should be
understood that in addition to the ingredients
particularly mentioned above, the formulations of this
invention may include other agents conventional in the
art having regard to the type of formulation in
question, for example those suitable for oral
administration may include flavouring agents. Whilst a
compound of the invention may be used as the sole
active ingredient in a medicament, it is also possible
for the compound to be used in combination with one or
more further active agents. Such further active agents
may be further compounds according to the invention,
or they may be different therapeutic agents, for
example an antidepressant, an anxiolytic, an
anti-psychotic, an agent useful in the prevention or
treatment of osteoporosis, an agent useful in the
prevention or treatment of cancer or other
pharmaceutically active material. For example, the
compounds of the instant invention may be effectively
administered in combination with effective amounts of
other agents such as an antidepressant, an anxiolytic,
an anti-psychotic, an organic bisphosphonate or a
cathepsin K inhibitor. In one preferred embodiment,
the compounds of the invention may be effectively
administered in combination with an effective amount
of an antidepressant. Nonlimiting examples of
antidepressants include noradrenaline reuptake
inhibitors (NRI), selective serotonin reuptake
inhibitors, monoamine oxidase inhibitors, tricyclic
antidepressants (TCA), dopamine reuptake inhibitors
(DRI), opioids, selective seretonic reuptake
enhancers, tetracyclic antidepressants, reversible
inhibitors of monoamine oxidase, melatonin agonists,
serotonin and noradrenaline reuptake inhibitors
(SNRI), corticotropin releasing factor antagonists, a-
adrenoreceptor antagonists, 5HTl areceptor agonists
and antagonists, lithium and atypical antipsychotics.
Examples of antidepressants of the SSRI class include
Fluoxetine and Sertraline; examples of antidepressants
of the SNRI class Venlafaxine, Citalopram, Paroxetine,
Escitalopram, Fluvoxamine; examples of antidepressants
of the SNRI class include Duloxetine; examples of
antidepressants of the DRI and NRI classes include
Bupropion; examples of antidepressants of the TCA
class include Amitriptyline and Dothiepin (Dosulepin).
Examples of atypical antipsychotics include:
Clozapine, Olanzapine, Risperidone, Quetiapine,
Ziprasidone and Dopamine partial agonists. Nonlimiting
examples of anxiolytics include benzodiazepines and
non-benzodiazapines. Examples of benzodiazepines
include lorazepam, alprazolam, and diazepam. Examples
of non-benzodiazapines include Buspirone (Buspar(r)),
barbiturates and meprobamate. One or more of those
further anti-depressants may be used in combination.
Examples of anti-cancer agents include tamoxifene or
an aromatase inhibitor, used in treatment of breast
cancer. In the event that hot flashes are induced by a
particular treatment, a compound of the invention may
be used in combination therapy with the agent of such
treatment. Nonlimiting examples of such combination
treatment therapies include: a compound of the
invention in combination with tamoxifene treatment of
breast cancer, a compound of the invention in
combination with aromatase inhibitor treatment of
breast cancer or a compound of the invention in
combination with raloxifene treatment of osteoporosis.
Nonlimiting examples of above-mentioned organic
bisphosphonates include adendronate, clodronate,
etidronate, ibandronate, incadronate, minodronate,
neridronate, risedronate, piridronate, pamidronate,
tiludronate, zoledronate, pharmaceutically acceptable
salts or esters thereof, and mixtures thereof.
Preferred organic biphosphonates include alendronate
and pharmaceutically acceptable salts and mixtures
thereof. Most preferred is alendronate monosodium
trihydrate. The precise dosage of the bisphosphonate
will vary with the dosing schedule, the oral potency
of the particular bisphosphonate chosen, the age,
size, sex and condition of the mammal or human, the
nature and severity of the disorder to be treated, and
other relevant medical and physical factors. Thus, a
precise pharmaceutically effective amount cannot be
specified in advance and can be readily determined by
the caregiver or clinician. An appropriate amount can
be determined by routine experimentation from animal
models and human clinical studies. Generally, an
appropriate amount of bisphosphonate is chosen to
obtain a bone resorption inhibiting effect, i.e. a
bone resorption inhibiting amount of the
bisphonsphonate is administered. For humans, an
effective oral dose of bisphosphonate is typically
from about 1.5 to about 6000 mg/kg of body weight and
preferably about 10 to about 2000 mg/kg of body
weight.For human oral compositions comprising
alendronate, pharmaceutically acceptable salts
thereof, or pharmaceutically acceptable derivatives
thereof, a unit dosage typically comprises from about
8.75 mg to about 140 mg of the alendronate compound,
on an alendronic acid active weight basis, i.e. on the
basis of the corresponding acid. The compounds of the
present invention can be used in combination with
other agents useful for treating estrogen-mediated
conditions. The individual components of such
combinations can be administered separately at
different times during the course of therapy or
concurrently in divided or single combination forms.
The present invention is therefore to be understood as
embracing all such regimes of simultaneous or
alternating treatment and the term "administering" is
to be interpreted accordingly. It will be understood
that the scope of combinations of the compounds of
this invention with other agents useful for treating
estrogen-mediated conditions includes in principle any
combination with any pharmaceutical composition useful
for treating disorders related to estrogen
functioning. The above other therapeutic agents, when
employed in combination with the compounds of the
present invention, may be used, for example, in those
amounts indicated in the Physicians' Desk Reference
(PDR) or as otherwise determined by one of ordinary
skill in the art. Where the compounds of the invention
are utilized in combination with one or more other
therapeutic agent(s), either concurrently or
sequentially, the following combination ratios and
dosage ranges are preferred: When combined with an
antidepressant, an anxiolytic, an anti-psychotic, an
organic bisphosphonate or a cathepsin K inhibitor, the
compounds of formula (I) may be employed in a weight
ratio to the additional agent within the range from
about 10:1 to about 1:10. The compounds of the
invention as described above also find use, optionally
in labelled form, as a diagnostic agent for the
diagnosis of conditions associated with malfunction of
the estrogen receptor. For example, such a compound
may be radioactively labelled. The compounds of the
invention as described above, optionally in labelled
form, also find use as a reference compound in methods
of discovering other agonists, partial agonists,
antagonists or partial antagonists of the estrogen
receptor. Thus, the invention provides a method of
discovering a ligand of the estrogen receptor which
comprises use of a compound of the invention or a
compound of the invention in labelled form, as a
reference compound. For example, such a method may
involve a competitive binding experiment in which
binding of a compound of the invention to the estrogen
receptor is reduced by thepresence of a further
compound which has estrogen receptor-binding
characteristics, for example stronger estrogen
receptor-binding characteristics than the compound of
the invention in question. Numerous synthetic routes
to the compounds of the present invention can be
devised by any person skilled in the art and the
possible synthetic routes described below do not limit
the invention. Many methods exist in the literature
for the synthesis of indoles, for example: Indoles
Part One, W. J . Houlihan (ed.), 1972; Indoles,
Sundberg, R. J., 1996; Heterocyclic Chemistry, Joule,
J. A.; Mills, K. 2000; Chem. Rev., 2005, 105,
2873-2920; Org. Lett. 2006, 8, 5919-5922; and Bioorg.
Med. Chem. Lett., 2007, 77, 902- 906. A number of
possible synthetic routes are shown schematically
below. Where appropriate, any initially produced
compound according to the invention can be converted
into another compound according to the invention by
known methods. General Method 1 (a) Aryliodide,
Potassium phosphate, N,N'-dimethylethylenediamine,
CuI, Toluene; (b) t-BuLi,
1,2-dibromotetrachloroethane, THF; (c) BBr3, DCM
General Method 1 as shown in the reaction scheme above
was used for the synthesis of the following Examples:
Examples 46-159 and 2 11 - full experimental details
of the individual steps of the general method
applicable for the synthesis of the final compounds of
Examples 46-159 and 2 11 are described in Examples
1-5, 16 and 38-40.  Examples 160-162 and 196-210 -
full experimental details of the individual steps of
the general method applicable for the synthesis of the
final compounds of Examples 160-162 and 196-210 are
described in Examples 1-4, 8, 16 and 38-40.  Examples
169 and 173-195 - full experimental details of the
individual steps of the general method applicable for
the synthesis of the final compounds of Examples 169
and 173-195 are described in Examples 1-4, 8, 10-13,
14-16, 20, 25, 38-40 and 45.  Examples 233-270 - full
experimental details of the individual steps of the
general method applicable for the synthesis of the
final compounds of Examples 233-270 are described in
Examples 1-4, 10-11, 14-16, 38-40 and 45.General
Method 2 (a) NaH, R1-alkylester, THF; (b) Aniline,
AcOH; (c) PIFA, CH2CI2, (d) BBr3, CH2CI2. 



General Method 2 as shown in the reaction scheme above
was used for the synthesis of Example 6. General
Method 3(a) Aryliodide, Potassium phosphate,
N,N'-dimethylethylenediamin, CuI, Toluene; (b)
Chlorosulphonyl isocyanate, 1,2-dichloorethane, THF;
(c) Phosphorus oxychloride; (d) t-BuLi,
1,2-dibromotetrachloroethane, THF; (e) BF3SMe2, DCM
General Method 3 as shown in the reaction scheme above
was used for the synthesis of Examples 212-232 and 271
. Full experimental details of the individual steps of
the general method applicable for the synthesis of the
final compounds of Examples 212-232 and 271 are
described in Examples 2-4, 8, 16, 24 and 38-40.
General Method 4(a)
2-(methylthio)isoindoline-1,3-dione, MgBr, DMA; (b)
NBS, DMF; (C) R-iboronic acid, Pd(PPh3)4, NaI, NaCO3,
DME, H2O (d) 2-Mercaptobenzoic acid, TFA; (e) NBS, DMF
General Method 4 as shown in the reaction scheme above
was used for the synthesis of Examples 163-168 and
170-172. Full experimental details of the individual
steps of the general method applicable for the
synthesis of the final compounds of Examples 163-168
and 170-172 are described in Examples 2-4, 9, 20-21.
General Method 5 General Method 5 as shown in the
reaction scheme above is also potentially applicable
for synthesising the compounds of the invention. An
appropriate 3-cyano-N-arylindole could be obtained
from an N-arylindole via formylation as shown in step
(a), for example by means of a Vilsmeier-Haack
reaction, followed by reaction of the aldehyde with
hydroxylamine hydrochloride and subsequent elimination
using acetic anhydride as shown in step (b). The
following Examples illustrate the invention.Example 1
2-Bromo-l-(4-hydroxy-phenyl)-lH-indole-3-carbonitrile
(El) Scheme 1 (a) 4-lodoanisole, Potassium phosphate,
N,N'-dimethylethylenediamine, CuI, Toluene; (b)
t-BuLi, 1,2-dibromotetrachloroethane, THF; (c) BBr3,
DCM Step (a): 1 eq 3-Cyanoindole, 2 eq 4-iodoanisole,
2.1 eq potassium phosphate, 4.5 eq
N,N'-dimethylethylenediamine and 0.2 eq copper(I)
iodide were mixed in an oven-dried vial and toluene
was added. The mixture was stirred under N2-atmosphere
at 110 0C over night. The reaction mixture was cooled
to rt, filtered and evaporated in vacuo. The crude
product was purified on silica using n-heptane: EtOAc
(4:1) as mobile phase. Step (b):
l-(4-Methoxy-phenyl)-lH-indole-3-carbonitrile was
dissolved in dry THF and cooled to -78 0C, 1.1 eq
MBuLi was added drop wise and the mixture was stirred
for one hour. A solution of 1.3 eq
1,2-dibromotetrachloroethane in dry THF was added and
the mixture was stirred for 4 hours while slowly
warming it up to rt and then quenched by addition
OfH2O. The reaction mixture was diluted with DCM,
phases were separated and the organic phase was
evaporated in vacuo. The crude product was purified on
silica using n-heptane: DCM (1:1) as mobile phase.
Step (c):
2-Bromo-l-(4-methoxy-phenyl)-lH-indole-3-carbonitrile
was dissolved in dry DCM and cooled to 0 0C. 5 eq BBr3
( 1.0 M solution in hexane) was added and the mixture
was stirred over night. Still at 0 0C, the reaction
was quenched with the addition of MeOH. The mixture
was diluted with H2O and the phases were partitioned.
The organic phase was concentrated and the crude
product purified on silica using n-heptane: EtOAc
(4:1) as mobile phase. ES/MS m/z: 313, 315 (M+H), 311,
313 (M-H); 1H NMR (acetone-d6, 500MHz): 7.69 (m, IH),
7.38-7.30 (m, 4H) and 7.16-7.10 (m, 3H). Example 2
l-(4-Hydroxy-phenyl)-2-thiophen-3-yl-lH-indole-3-carbo
nitrile (E2)Scheme 2 To
2-bromo-l-(4-hydroxy-phenyl)-lH-indole-3-carbonitrile
(Example 1) was added 2 eq 3-thiopheneboronic acid,
2.1 eq potassium carbonate and 10 mol %
tetrakis(triphenylphosphine) palladium. THF: EtOH: H2O
(4:1:0.5) was added and the vial was flushed with
nitrogen, sealed and stirred at 100 0C for 48 hours.
The reaction mixture was cooled to rt, diluted with
H2O, extracted with EtOAc and filtered through silica.
The organic phase was evaporated to dryness and the
crude product was subjected to reversed phase
preparative HPLC. Appropriate fractions were combined,
evaporated, and identified by 1H-NMR and LCMS. Purity
was determined by analytical HPLC. ES/MS m/z: 317.9
(M+H), 314.8 (M-H); 1H NMR (acetone-d6, 500MHz): 7.73
(m, IH), 7.62 (dd, IH, J=1.3, 2.9Hz), 7.54 (dd, IH,
J=2.9, 5.0Hz), 7.37-7.30 (m, 2H), 7.26 (m, 2H), 7.18
(m, IH), 7.15 (dd, IH, J=1.3, 5.0Hz) and 7.03 (m, 2H).
Example 3
2-(3-Cyano-furan-2-yl)-l-(4-hydroxy-phenyl)-lH-indole-
3-carbonitrile (E3) Scheme 3
2-Bromo-l-(4-hydroxy-phenyl)-lH-indole-3-carbonitrile
(Example 1, 40 mg, 0.13 mmol, 1 eq),
2-tributylstannanyl-furan-3-carbonitrile (63.5 mg,
0.17 mmol, 1.3 eq) and
dichlorobis(triphenylphosphine)palladium(II) (9 mg,
0.01 mmol, 0.1 eq) were weighed into a microwave vial.
Dioxane ( 1 ml) was added, the vial was flushed with
nitrogen and capped. The reaction mixture was
irradiated at 130 degrees for 30 min in the microwave
and then the solution was filtered. Saturatedaqueous
ammonium chloride solution (5 ml) was added and the
mixture was extracted several times with DCM. The
combined DCM phases were passed through a phase
separation membrane and evaporated. The crude product
was purified by a quick silica gel flash
chromatography, using n-heptane: ethyl acetate (7:3)
gradient, to remove the remaining tin reagent rests.
Appropriate fractions were collected and evaporated,
dissolved in acetonitrile ( 1 ml), and purified by
preparative HPLC to give 33 mg (79% yield) 99% pure
product, as determined by analytical HPLC. (Column:
Reprosil Pur 120 ODS-3 (Cl 8), 30x100 mm, 5mm. Mobile
phase A: Formic acid 0.05%, Mobile phase B: ACN.
Gradient 20% A-1 00% B. ES/MS m/z: 326.1 (M+H), 324.1
(M-H); 1HNMR (acetone-d6, 500MHz): 7.89 (d, IH,
J=2.2Hz), 7.85 (m, IH), 7.48-7.43 (m, 2H), 7.34 (m,
IH), 7.32 (m, 2H) and 7.04-7.01 (m, 3H). Example 4
l-(4-Hydroxy-phenyI)-2-pyrrol-l-yl-lH-indole-3-carboni
trile (E4) Scheme 4 Pyrrole, Cs2CO3, CuI, DMF
2-Bromo-l-(4-hydroxy-phenyl)-lH-indole-3-carbonitrile
(Example 1), 1.4 eq pyrrole, 2 eq cesium carbonate and
20 mol% copper(I) iodide was mixed in a oven-dried
vial, DMF was added and the mixture was flushed with
nitrogen. The vial was sealed and stirred at 120 C for
48 hours. The reaction-mixture was cooled to rt,
diluted with EtOAc and filtered through silica. The
crude mixture was evaporated to dryness and subjected
to reversed phase preparative HPLC. Appropriate
fractions were combined and evaporated, and identified
by 1H-NMR and LC/MS. Purity was determined by
analytical HPLC. ES/MS m/z: 300.2 (M+H), 298.3 (M-H);
1H NMR (acetone-d6, 500MHz): 7.74 (m, IH), 7.41-7.35
(m, 2H), 7.27 (m, 2H), 7.23 (m, IH), 6.98 (m, 2H),
6.95 (t, 2H, J=2.2Hz) and 6.23 (t, 2H, J=2.2Hz).
Example 5
2-Dimethylamino-l-(4-hydroxy-phenyl)-lH-indole-3-carbo
nitrile (E5) Scheme 5Dimethylamine, DMF
2-Bromo-l-(4-hydroxy-phenyl)-lH-indole-3-carbonitrile
(Example 1) was mixed with excess dimethylamine in DMF
(1:3) and the mixture was stirred in a sealed vial at
80 0C over night. The reaction-mixture was cooled to
rt, diluted with H2O and DCM and then the phases were
separated. The organic phase was evaporated to dryness
and subjected to reversed phase preparative HPLC.
Appropriate fractions were combined and evaporated,
and identified by 1H-NMR and LC/MS. Purity was
determined by analytical HPLC. ES/MS m/z: 278.1 (M+H),
276.1 (M-H); 1H NMR (acetone-d6, 500MHz): 7.42 (m,
IH), 7.33 (m, 2H), 7.17 (m, IH), 7.09-7.05 (m, 3H),
6.95 (m, IH) and 2.93 (s, 6H). Example 6
l-(4-Hydroxy-phenyl)-2-isopropyl-lH-indole-3-carbonitr
ile (E6) Scheme 6 (a) NaH, Ethyl isobutyrate, THF; (b)
4-Methoxyaniline, AcOH; (c) PIFA, CH2CI2; (d) BBr3,
CH2CI2 Step (a): Benzylcyanide (1500mg, 12.8mmol) was
dissolved in 150 ml dry THF and cooled down to 0 0C.
The solution was stirred at that temperature while NaH
(60% in mineral oil, 663mg) was added slowly. After
the addition was completed, the mixture was stirred at
0 0C for 30 min and then the ice bath was removed and
stirring continued at RT for 120 min. Ethyl
isobutyrate (1785 mg, 15.4 mmol) was added at once and
the reaction mixture heated at 60 0C for 2h. The THF
was removed in vacuo and the residue was then poured
into ice-water. HCl 6M was added with stirring until
neutral pH was reached. The mixture was extracted with
EtOAc, dried over MgSq 4 and concentrated in vacuo.
The compound was purified by flash chromatography
[silica; n-heptane-EtOAc (9:1)] to afford
4-methyl-3-oxo-2-phenylpentanenitrile (460 mg,
19%).Step (b): 4-Methyl-3-oxo-2 -phenyl-pentanenitrile
(lOOmg, 0.53mmol) and 4-methoxyaniline were dissolved
in AcOH 100% (ImI). The mixture was heated at 160 0C
during 30min in the microwave. The solvent was
co-evaporated with toluene in vacuo. The residue
dissolved in CH2CI2 and filtered through a silica
plug. The solvent was removed and the mixture obtained
was used directly in the next step without further
purification. Step (c): The mixture obtained from step
(b) (65mg) and PDPA (26mg) were dissolved in CH2Cl2
(dry, 1.5ml) and stirred at RT overnight. The mixture
was extracted in NaHCq 3/ CH2Cl2using a phase
separator. The mixture was purified by preparative
HPLC to afford the desired
2-isopropyl-l-(4-methoxyphenyl)- 1H-indole-3
-carbonitrile (3mg) . Step (d):
2-Isopropyl-l-(4-methoxy-phenyl)-l H-indole-3
-carbonitrile (3mg, 0.01 mmol) was dissolved in dry
CH2Cl2 (0.5 ml) and stirred at 0 0C. BBr3 (IM in
CH2Cl2, 50ml) was added and the mixture left in the
fridge with stirring overnight. Some drops of MeOH
were added and stirred. The solvent was removed in
vacuo and the mixture partitioned in H2O/ DCM. The
organic phase was separated using a phase separator.
The solvent was removed in vacuo and the mixture was
chromatographed using a prepacked silica column
(solvent: EtOAc:n-Heptane 3-7) to afford the desired
l-(4-hydroxy-phenyl)-2-isopropyllH-
indole-3-carbonitrile (1.1 mg, 39%). 1HNMR
(acetone-d6, 500MHz): 7.64 (m, IH), 7.32 (m, 2H), 7.28
(m, IH), 7.22 (m, IH), 7.11 (m, 2H), 6.98 (m, IH),
3.07 (m, IH) and 1.43 (d, 6H, J=7.0Hz). Example 7
2-Acetyl-l-(4-hydroxy-phenyl)-lH-indole-3-carbonitrile
(E7) The title compound was synthesized by hydrolysis
of 2-(l-Ethoxy-vinyl)-l-(4-hydroxy-phenyl)-lHindole- 3
-carbonitrile. ES/MS m/z: 277.1 (M+H), 275.1 (M-H); 1H
NMR (acetone-d6, 500MHz): 7.84 (d, IH, J=7.5Hz),
7.49-7.42 (m, 2H), 7.32 (m, 2H), 7.18 (m, IH,
J=8.0Hz), 7.06 (m, IH) and 2.46 (s, 3H). Example 8
2-(3,5-Dimethyl-isoxazol-4-yl)-l-(4-hydroxy-phenyl)-lH
-indole-3-carboxylic acid (E8) Scheme
72-(3,5-Dimethyl-isoxazol-4-yl)-l-(4-hydroxy-phenyl)-l
H-indole-3-carbonitrile (Example 51) was dissolved in
a 1:2 mixture of THF and LiOH (aq, 2 M) and run in a
microwave at 160 0C for one hour. The mixture was
diluted with H2O and DCM, acidified to pH 1 with HCl (
1 M) and the phases separated. The organic phase was
concentrated in vacuo and purified with Chromatotrone
using 5 % MeOH in DCM as mobile phase. ES/MS m/z:
349.4 (M+H), 347.2 (M-H); 1H NMR (acetone-d6 ;
500MHz): 8.31 (m, IH), 7.32-7.23 (m, 3H), 7.20 (m,
IH), 7.12 (br s, IH), 6.97 (m, 2H), 2.16 (s, 3H) and
2.05 (s, 3H). Example 9
1-[l-(4-Hydroxy-phenyl)-2-phenyl-lH-indol-3-yl]-ethano
ne (E9) (a) Ethyleneglycol monovinylether, Pd(OAc)2,
dppp, KOAc, tBuNH 3Br, toluene/H2O 1:1; (b) 3M HCI;
(c) BBr3, DCM Steps (a) and (b): 1 eq.
3-Bromo-l-(4-methoxy-phenyl)-2-phenyl-lH-indole
(synthesised from l-(4- methoxyphenyl)-lH-indole by a
method analogous to that used in steps (a), (b) and
(c) of Example 2 1 followed by steps (a) and (b) of
Example 22), 5 eq. ethylene glycol monovinyl ether, 5
mol% Pd(OAc)2, 10 mol% dppp, 1.3 eq. potassium
acetate, 5 mol% tetrabutylammonium bromide were mixed
with toluene/water in a microwave vial under nitrogen.
The reaction was run in a microwave reactor at 150 0C
for 20 min. 2 ml 3M HCl was added and the mixture was
stirred at RT for 30 min. Water and DCM were added and
the phases were separated. After evaporation of the
solvents, the residue was purified by flash
chromatography with heptane/EtOAc 9:1. Step (c): The
starting material was dissolved in dry DCM under
nitrogen and was cooled to 0 0C. BBr was added and the
temperature was allowed to reach RT for 2h. The
reaction was quenched with water and the phases were
separated. After evaporation of the solvents, the
residue was purified by preparative HPLC. ES/MS m/z:
328.16 (M+H), 326.2 (M-H); 1H NMR (DMSO-d6, 500MHz):
8.35 (m, IH), 7.43 (m, 



2H), 7.40-7.37 (m, 3H), 7.28 (m, IH), 7.24 (m, IH),
7.10 (m, 2H), 7.00 (m, IH), 6.73 (m, 2H) and 1.88 (s,
3H).Example 10
l-(4-Hydroxy-phenyl)-2-phenyl-lH-indole-3-carboxylic
acid amide (ElO) Scheme 9
l-(4-Hydroxy-phenyl)-2-phenyl-lH-indole-3-carbonitrile
(Example 46, 10 mg, 0.03 mmol) was dissolved in 1ml of
MeOH. H2O2 ( 1 ml, 35% by weight in H2O) and 2M KOH
(0.5 ml) were added and the reaction mixture was
heated to reflux over night. The mixture was acidified
with IM HCl and EtOAc was added. The phases were
separated and the organic solvents were evaporated.
The crude product was purified by reversed phase
preparative HPLC to give the title amide. ES/MS m/z:
329.1 (M+H), 327.13 (M-H); 1H NMR (acetone-d6,
500MHz): 8.34 (m, IH), 7.46 (m, 2H), 7.40-7.37 (m,
3H), 7.24-7.18 (m, 2H), 7.12 (m, 2H), 7.07 (m, IH) and
6.85 (m, 2H). Example 11
(Z)-2-(3,5-dimethylisoxazol-4-yl)-N'-hydroxy-l-(4-hydr
oxyphenyl)-lH-indole-3-carboximidamide (Ell) Scheme 10
Under nitrogen atmosphere, a solution of
2-(3,5-dimemyl-isoxazol-4-yl)-l-(4-hydroxy-phenyl)-lHi
ndole- 3-carbonitrile (Example 51), 12 eq
hydroxylamine hydrochloride and 12 eq triethylamine in
EtOH was heated at 100 0C for 24 hours. The reaction
mixture was cooled to rt, diluted with methanol,
precipitation filtered off and subjected to reversed
phase preparative HPLC. Appropriate fractions were
combined and evaporated, and identified by 1H-NMR and
LC/MS. Purity was determined by analyticalHPLC. ES/MS
nVz: 363.5 (M+H), 361.6 (M-H); 1HNMR (acetone-d6,
500MHz): 8.14-8.13 (s, OH), 8.08-8.04 (m, IH),
7.23-7.14 (m, 3H), 7.15-7.06 (m, 2H), 6.96-6.91 (m,
2H), 5.18-5.07 (m, 2H), 2.16 (s, 3H), 2.00 (s, 3H).
Examples 12 and 13
[2-(3,5-Dimethyl-isoxazol-4-yl)-l-(4-hydroxy-phenyl)-l
H-indol-3-yl]-carbamic acid tert-butyl ester (E12)
4-(3-Amino-2-(3,5-dimethylisoxazol-4-yl)-lH-indol-l-yl
)phenol (E13) Scheme 1 1 (a) Diphenylphosphoryl azide,
Et3N, tBuOH; (b) TFA, DCM Step (a): A mixture of
2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH-i
ndole-3-carboxylic acid(Example 8), diphenylphosphoryl
azide (1.1 eq) and triethyl amine (1.1 eq) in
tert-BuOH was heated in microwave reactor at 90 0C for
1 hour. After cooling, the mixture was subjected to
reversed phase preparative HPLC. Appropriate fractions
were combined and evaporated, to provide
[2-(3,5-dimethylisoxazol-
4-yl)-l-(4-hydroxy-phenyl)-lH-indol-3-yl]-carbamic
acid tert-buty] ester (E12). ES/MS m/z: 420.21 (M+H),
418.22 (M-H); 1HNMR (acetone-d6, 500MHz): 7.61 (m,
IH), 7.26-7.13 (m, 5H), 6.93 (m, 2H), 2.22 (s, 3H),
1.89 (s, 3H) and 1.44 (s, 9H). Step (b): At rt,
tert-butyl
2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH-i
ndol-3-ylcarbamate was dissolved in DCM and treated
with catalytic amount of TFA until the reaction was
complete. The mixture was concentrated in vacuo and
co-evaporated with MeOH.
4-(3-Amino-2-(3,5-dimethylisoxazol-
4-yl)-lH-indol-l-yl)phenol (El 3) was identified with
LC/MS and purity determined by analytical HPLC. ES/MS
m/z: 320.2 (M+H) and 3 8.2 (M-H). Example 14
(Z)-2-(3,5-Dimethylisoxazol-4-yl)-7-fluoro-N'-hydroxy-
l-(4-hydroxyphenyl)-lH-indole-3- carboximidamide
(E14)Scheme 12 (a) HCI (gas), Dioxane, MeOH; (b)
Hydroxylamine hydrochloride, NaHCO3, EtOH Step (a):
HCl gas was bubbled into a cooled (O0C) solution of
2-(3,5-dimethylisoxazol-4-yl)-7-fluoro-l-
(4-hydroxyphenyl)-lH-indole-3-carbonitrile (Example
230, 19 mg, 0.05 mmol) in dioxane ( 1.5ml) and MeOH
(0.5 ml) for 10 min. The tube was sealed, the
temperature was allowed to warm to RT and the mixture
was stirred over night. The solvents were evaporated
in vacuo. Step (b): To a stirring solution of
hydroxylamine hydrochloride (19 mg, 0.27 mmol) in
water, was added solid NaHCO3 (23 mg, 0.27 mmol) at
RT. The above amidate, dissolved in EtOH ( 1.5 ml),
was added, and the solution was stirred at 9O0C in a
sealed vial for Ih. The mixture was purified by
preparative HPLC to provide the title compound
(Z)-2-(3,5-dimethylisoxazol-4-yl)-7-fluoro-N'-hydroxy-
l-(4- hydroxyphenyl)-lH-indole-3-carboximidamide in
10% yield. ES/MS m/z: 381.1 (M+H), 279.2 (M-H); 1H NMR
(methanol-d4, 500MHz): 7.68 (dd, IH, J=8.1, 0.7Hz),
7.13 (m, IH), 7.08 (m, 2H), 6.93 (m, IH), 6.77 (m,
2H), 2.16 (s, 3H) and 2.00 (s, 3H). Example 15
(Z)-2-(5-chlorothiophen-2-yl)-N'-hydroxy-l-(4-hydroxyp
henyl)-lH-indoIe-3-carboximidamide (E15) Scheme 13 The
compound
2-(5-chlorothiophen-2-yl)-l-(4-hydroxyphenyl)-lH-indol
e-3-carbonitrile (Example 86) was dissolved in DMSO
(0.25 mL) and hydroxylamine (0.25 mL, 100 eq) was
added from a 2M stocksolution of
hydroxylainine*hydrochloride neutralized with sodium
hydroxide (pH = 7.01 as measured with pH-meter). The
mixture was stirred at 60 0C for 18 hours. The cooled
mixture was diluted with brine and extracted with
EtOAc and subjected to reversed phase preparative
HPLC. Appropriate fractions were combined and
evaporated, and identified by 1H-NMR and LC/MS. Purity
was determined by analytical HPLC. ES/MS m/z: 386.3
(M+H), 384.2(M-H); 1HNMR (acetone-d6, 500MHz): 7.89
(m, IH), 7.21-7.13 (m, 4H), 7.04 (m, IH), 7.00-6.97
(m, 3H) and 6.91 (d, IH, J=4.0Hz). Example 16
l-(2,3-Difluoro-4-hydroxyphenyl)-2-(3,5-dimethylisoxaz
ol-4-yl)-lII-indole-3-carbonitrile (E 16) Scheme 14 To
2-bromo-l-(2,3-difluoro-4-hydroxyphenyl)-lH-indole-3-c
arbonitrile (Example 103) was added 1.5 eq
3,5-dimethylisooxazole-4-boronic acid, 4 eq potassium
carbonate, 2 eq sodium iodide and 10 mol%
tetrakis(triphenylphosphine)palladium. DME:H2O (1:1)
was added and the vial was flushed with nitrogen,
sealed and stirred at 150 0C for 10 min. The reaction
mixture was cooled to it, diluted with H2O and
extracted with DCM. The organic phase was evaporated
to dryness and purified on silica column using 1:1
n-heptane:EtOAc as mobile phase. ES/MS m/z: 366.20
(M+H), 364.20 (M-H); 1H NMR (CDCl3, 500MHz): 7.84 (d,
IH), 7.39 (m, 2H), 7.19 (d, IH), 6.93 (broad m, 2H),
2.42 (s, 1.5H), 2.24 (s, 1.5 H), 2.19 (s, 1.5H), 2.01
(s, 1.5H) Example 17
2-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH-i
ndole-3 carbohydrazonamide (E 17) Scheme
152-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH
-indole-3-carbimidate (Example 184) was dissolved in
EtOH and 10 eq hydrazine was added. The resulting
mixture was stirred at 90 0C for 10 hours. The
reaction mixture was diluted with EtOAc and washed
with brine. The organic phase was evaporated to
dryness in vacuo and then purified using reversed
phase preparative HPLC. Fractions were combined,
concentrated and the final product was identified by
1H-NMR and LC/MS. Purity was determined by analytical
HPLC. ES/MS m/z: 362.21 (M+H), 360.28 (M-H); 1H NMR
(methanol-d3, 500MHz): 7.81 (m, IH), 7.36-7.32 (m,
3H), 7.08 (m, 2H), 6.90 (m, 2H), 2.16 (s, 3H) and 1.96
(s, 3H). Example 18
4-(2-(3,5-Dimethylisoxazol-4-yl)-3-(l,2,4-oxadiazol-3-
yl)-lH-indol-l-yl)phenol (E18) Scheme 16
(Z)-2-(3,5-Dimethylisoxazol-4-yl)-N'-hydroxy-l-(4-hydr
oxyphenyl)-lH-indole-3 carboximidamide (Example 11)
was dissolved in THF containing 4-A powdered molecular
sieves. The mixture was stirred for 30 min under N2.
NaH (60 % dispersion in mineral oil, 7.0 mg, 2.1 eq,)
was added and the mixture was stirred at 60 0C for 20
min. After cooling to room temperature, ethyl formate
(25.6 mg, 2.5 eq) in THF was added dropwise. The
resulting mixture was heated at reflux for Ih and then
cooled to room temperature. The mixture was filtered
and concentrated. The residue was filtered through
silica and then purified using reversed phase HPLC to
give
4-(2-(3,5-dimethylisoxazol-4-yl)-3-(l,2,4-oxadiazol-3-
yl)- lH-indol-l-yl)phenol as a white powder: ES/MS
m/z: 395.17 (M+H), 393.19 (M-H); 1H NMR (acetoned6,
500MHz): 9.21 (s, IH), 8.40 (m, IH), 7.37-7.31 (m,
2H), 7.26-7.22 (m, 3H), 6.98 (m, 2H), 2.17 (s, 3H) and
1.98 (s, 3H).Example 19 Methyl
2-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH-i
ndole-3-carboxylate (E 19) Scheme 17 (a) Thionyl
chloride, DMF; (b) Hydroxylamine, MeOH Step (a):
2-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH-i
ndole-3-carboxylic acid (Example 8, 6.0 mg, 0.02
nimol) was dissolved in 0.5 ml of thionyl chloride and
2 drops of DMF were added. The mixture was heated at
700C for Ih and was then evaporated carefully in
vacuo. Step (b): 2-(3,5-Dimethylisoxazol-4-yl)-l
-(4-hydroxyphenyl)-lH-indole-3-carbonyl chloride was
dissolved in 0.5 ml of dry MeOH and the mixture was
cooled on an ice-bath. Fresh hydroxylamine was
prepared by pouring a MeOH solution (0.3 ml) of
hydroxylamine hydrochloride (12 mg, 0.17 mmol) into a
MeOH solution (0.3 ml) of KOH (19 mg, 0.33 mmol). The
mixture was filtered through a syringe filter into the
cooled acid chloride solution. After 5 min, the
cooling bath was removed and the reaction was allowed
to warm to RT and was stirred for 10 min. Water, IM
HCl and EtOAc were added and the phases were
separated. After evaporation of the solvents, the
residue was purified by preparative HPLC to provide
methyl
2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH-i
ndole-3-carboxylate in 16% yield. ES/MS m/z: 363.11
(M+H), 361.13 (M-H); IHNMR (methanol-d 4, 500MHz):
8.21 (m, IH), 7.32- 7.26 (m, 2H), 7.20 (m, IH), 7.13
(br s, IH), 7.01 (br s, IH), 6.88 (m, 2H), 3.83 (s,
3H), 2.12 (s, 3H) and 2.03 (s, 3H). Example 20
2-(3,5-Dimethylisoxazol-4-yl)-N-hydroxy-l-(4-hydroxyph
enyl)-lH-indole-3-carboxamide (E20) Scheme 18(a)
Oxalyl dichloride, DMF, DCM; (b) Hydroxylamine, Et3N,
NMP Step (a): Oxalyl dichloride (75 ml, 0.86 mmol) and
a drop of DMF were added to a cooled (00C) solution of
2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH-i
ndole-3-carboxylic acid (Example 8, 30 mg, 0.09 mmol)
in dry DCM. The temperature was allowed to warm to RT
and stirred for 2h. The solvents were evaporated. Step
(b): A mixture of hydroxylamine hydrochloride (30 mg,
0.43 mmol) and triethylamine (60 ml, 0.43 mmol) in 3ml
of NMP was added to the crude product from step (a).
The mixture was stirred at RT for 15 min. Water and
EtOAc were added and the phases were separated. After
evaporation of the solvents, the residue was purified
by preparative HPLC to provide the title compound
2-(3,5-dimethylisoxazol-4-yl)-
N-hydroxy-l-(4-hydroxyphenyl)-lH-indole-3-carboxamide
in 32% yield. ES/MS m/z: 364.15 (M+H), 362.19 (M-H);
IHNMR (acetone-d6, 500MHz): 7.40 (m, IH), 6.80-6.70
(m, 3H), 6.62 (m, 2H), 6.39 (m, 2H), 1.65 (s, 3H) and
1.49 (s, 3H). Example 21
4-[2-(3,5-Dimethyl-isoxazol-4-yl)-3-methanesulfonyl-in
dol-l-yl]-phenol (E21) Scheme 19(a)
2-(methylthio)isoindoline-1 ,3-dione, MgBr, DMA; (b)
NBS, DMF; (c) -dimethylisoxazole^-ylboronic acid,
Pd(PPh3)4, NaI, NaCO3, DME, H2O (d) Oxone, H2O, MeOH;
(e) BBr3, DCM Step (a): l-(4-methoxyphenyl)-lH-indole
(synthesised from indole by an arylation process
analogous to that described in step (a) of Example 1
[arylation process also described in J. Org.Chem.
2008, 73 (14), 5529-5535], 1.0 g, 4.48 mmol),
2-(methylthio)isoindoline-l,3-dione (0.95 g, 4.93
mmol) and magnesium bromide (8 mg, 0.045 mmol) were
mixed in degassed DMA and stirred under an atmosphere
of nitrogen at 900C for 90 min. IM NaOH and EtOAc were
added. The phases were separated and the organic
solvents were evaporated. The residue was purified by
flash chromatography with heptane/EtAc 20: 1 to
provide l-(4-methoxyphenyl)-3-(methylthio)-lH-indole
in 80% yield. ES/MS m/z: 270.1 1 (M+H). Step (b): NBS
(529 mg, 2.97 mmol) was added to a cooled (00C)
solution of l-(4-methoxyphenyl)-3-
(methylthio)-lH-indole (800 mg, 2.97 mmol) in 10 ml of
DMF. The temperature was allowed to warm to RT and the
mixture was stirred at RT for 30 min. Water and DCM
were added and the phases were separated. After
evaporation of the solvents, the residue was purified
by flash chromatography with heptane/EtAc 20:1 to
provide
2-bromo-l-(4-methoxyphenyl)-3-(methylthio)-lH-indole
in 66% yield. ES/MS m/z: 348.04, 350.01 (M+H). Step
(c):
4-(l-(4-methoxyphenyl)-3-(methylthio)-lH-indol-2-yl)-3
,5-dimethylisoxazole was synthesized from the product
of step (b) using a procedure analogous to that
described in Example 16. Step (d): Oxone (152 mg, 0.25
mmol) was mixed with water ( 1 ml) and added to a
cooled (O0C) mixture of
4-(l-(4-methoxyphenyl)-3-(methylthio)-lH-indol-2-yl)-3
,5-dimethylisoxazole (30 mg, 0.08 mmol) in2 ml of
MeOH. The temperature was allowed to warm to RT and
the slurry was stirred at RT over night. 



IM HCl and EtOAc were added and the phases were
separated. The organic phase was concentrated. Step
(e):
4-(l-(4-Methoxyphenyl)-3-(methylsulfonyl)-lH-indol-2-y
l)-3,5-dimethylisoxazole was dissolved in 2 ml of dry
DCM and cooled to -78C under nitrogen. BBr3 (31 ml,
0.33 mmol) was added and the temperature was allowed
to warm to RT for 2h. Water and EtOAc were added and
the phases were separated. After evaporation of the
solvents, the residue was purified by preparative HPLC
to provide
4-[2-(3,5-dimethyl-isoxazol-4-yl)-3-methanesulfonyl-in
dol-l-yl]-phenol in 27% yield. ES/MS m/z: 383.11
(M+H), 381.13 (M-H); IHNMR (acetone-d6, 500MHz): 8.12
(m, IH), 7.39-7.34 (m, 2H), 7.25-7.19 (m, 3H), 6.98
(m, 2H), 3.06 (s, 3H), 2.30 (s, 3H) and 2.09 (s, 3H).
Example 22
l-(2-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3-yl)-2,2,2-trifluoroethanone (E22) Scheme 20
(a) 2-Mercaptobenzoic acid, TFA; (b) NBS, DMF; (c)
n-BuLi, 2,2,2- trifluoroacetic anhydride, THF; (d)
BBr3, DCM Step (a):
4-(l-(4-Methoxyphenyl)-3-(methylthio)-lH-indol-2-yl)-3
,5-dimethylisoxazole (the intermediate product of step
(c) from the synthesis of Example 21, 140 mg, 0.38
mmol) and 2-mercaptobenzoic acid ( 118 mg, 0.77 mmol)
were added to 5 ml of trifluoroacetic acid at RT. The
mixture was stirred as a slurry at RT under an
atmosphere of nitrogen over night. 2M NaOH and EtAc
were added and the phases were separated. The solvents
were evaporated and the residue was purified by flash
chromatography withheptane/EtAc 4:1 as eluent to
provide
4-(l-(4-methoxyphenyl)-lH-indol-2-yl)-3,5-dimethylisox
azole in 86% yield. ES/MS m/z: 319.1 (M+H) Step (b):
NBS (59 mg, 0.33 mmol) was added to a cooled (00C)
solution of 4-(l-(4-methoxyphenyl)-lHindol-
2-yl)-3,5-dimethylisoxazole (105 mg, 0.33 mmol) in 5
ml of DMF. The temperature was allowed to warm to RT
and the mixture was stirred at RT for 30 min. DMF was
evaporated. DCM and water were added and the phases
were separated. After evaporation of the solvents, the
residue was purified by flash chromatography with
heptane/EtOAc 9:1 to provide 4-(3-bromo-l
-(4-methoxyphenyl)-lH-indol-2-yl)-
3,5-dimethylisoxazole in 98% yield. ES/MS m/z: 365.14
(M+H), 363.30 (M-H). Step (c): n-BuLi (10 ml, 0.03
mmol) was added to a cooled (-780C) solution of
4-(3-bromo-l-(4-
methoxyphenyl)-lH-indol-2-yl)-3,5-dimethylisoxazole
(10 mg, 0.03 mmol) under an atmosphere of nitrogen.
After 5 min, 2,2,2-trifluoroacetic anhydride (7 ml,
0.05 mmol) was added. The temperature was allowed to
warm to RT and the mixture was stirred over night. IM
NaHCO3 and DCM were added, the phases were separated
and the solvents were evaporated. Step (d):
1-(2-(3,5-dimethylisoxazol-4-yl)-l
-(4-methoxyphenyl)-lH-indol-3-yl)-2,2,2-trifluoroethan
one was dissolved in dry DCM and the mixture was
cooled on an ice-bath under an atmosphere of nitrogen.
BBr (17 ml, 0.1 mmol) was added and the temperature
was allowed to warm to RT and the mixture was stirred
over night. Water, DCM and some dioxane were added,
the phases were separated and the solvents were
evaporated. The residue was passed through a short
plug of silica with EtOAc as eluent. The residue was
purified by preparative HPLC to provide the title
compound l-(2-(3,5-dimethylisoxazol-4-yl)-l-(4-
hydroxyphenyl)-lH-indol-3-yl)-2,2,2-trifluoroethanone
in 46% yield. ES/MS m/z: 401.1 (M+H), 399.1 (M-H);
lHNMR (methanol-d4, 500MHz): 8.26 (m, IH), 7.41-7.34
(m, 2H), 7.18 (m, IH), 7.11 (m, 2H), 6.89 (m, 2H),
2.19 (s, 3H) and 2.01 (s, 3H). Example 23
4-[3-bromo-2-(3,5-dimethylisoxazol-4-yl)-lH-indole-l-y
l]phenol (E23) Scheme 2 1At 00C, 10 eq of boron
trifluoride-dimethyl sulfide was added to
4-[3-bromo-l-(4-methoxyphenyl)-lHindol-
2-yl]-3,5-dimethylisoxazole (the intermediate product
of step (b) from the synthesis of Example 22),
dissolved in DCM and stirred at ambient temperature
over night. The mixture was diluted with EtOAc and
washed with brine, the organic phase was concentrated
and subjected to reversed phase preparative HPLC.
Appropriate fractions were combined and evaporated,
and identified by ES/MS m/z: 385.1 (M+H), 383.09 (M-H)
and 1HNMR (acetone-d6, 500MHz): 7.60 (m, IH),
7.31-7.23 (m, 3H), 7.17 (m, 2H), 6.95 (m, 2H), 2.28
(s, 3H) and 1.99 (s, 3H). Example 24
2-bromo-4-fluoro-l-(4-hydroxyphenyl)-lH-indole-3-carbo
nitrile (E24) Scheme 22 (a) Chlorosulfonyl isocyanate,
1,2-dichloroethane; (b) Phosphorus oxychloride; (c)
t-BuLi, 1,2-dibromotetrachloroethane,THF; (d) BF3SMe2,
DCM. Step (a): 4-Fluoro-l-(4-methoxyphenyl)-lH-indole
(synthesised from 4-fluoro-indole by an arylation
process analogous to that described in step (a) of
Example 1 [arylation process also described in J.
Org.Chem. 2008, 73 (14), 5529-5535]) was dissolved in
1,2-dichloroethane and 1.2 eq of chlorosulfonyl
isocyanate was added, and the mixture was stirred at
room temperature for 2 hours. To the mixture was added
water and the pH adjusted to neutral by addition of
NaOH (aq, IM), then the mixture was extracted with
EtOAc. The organic phase was washed with brine and
dried over Na2SO4.The crude product was purified on a
Silica column using 50 % EtOAc in ^-heptane as mobile
phase.Step (b): To
4-fluoro-l-(4-methoxyphenyl)-lH-indole-3-carboxamide
was added 50 eq of phosphorus oxychloride and the
reaction run neat at 60 0C for 2 hours. The mixture
was cooled to rt and co-evaporated with toluene. The
residue was diluted with EtOAc and washed first with
sat. NaHCO3, then brine, and the organic phase dried
over Na2SO4. The crude product was purified on a
Silica column using 10 % EtOAc in ^-heptane as mobile
phase. Step (c): The intermediate was synthesized from
the product of step (b) using a procedure analogous to
that described in step (b) of Example 1. Step (d): The
title compound
2-bromo-4-fluoro-l-(4-hydroxyphenyl)-lH-indole-3-carbo
nitrile was synthesized from the product of step (c)
using a procedure analogous to that described in
Example 23. ES/MS m/z: 333.04 (M+H), 331.04 (M-H);
1HNMR (acetone-d6, 500MHz): 7.44 (dd, IH, J=8.9,
2.6Hz), 7.39 (m, 2H), 7.18 (dd, IH, J=8.5, 4.2Hz) and
7.15-7.09 (m, 3H). Example 25
(Z)-2-(4-Fluorophenoxy)-N'-hydroxy-l-(4-hydroxyphenyl)
-lH-indole-3-carboximidamide (E25) Scheme 23 (a)
4-Fluorophenol, potassium carbonate, DMF; (b) BF3SMe2,
DCM; (c) 1.HCI (gas), Dioxane, MeOH 2 . Hydroxylamine
hydrochloride, NaHCO3, EtOH Step (a): A mixture of
2-bromo-l -(4-methoxyphenyl)-lH-indole-3-carbonitrile
(the intermediate product of step (b) from the
synthesis of Example 1), 5 eq 4-fluorophenol and 5 eq
potassium carbonate washeated at 200 0C for 20 minutes
in a microwave reactor under inert athmosphere. The
cooled mixture was diluted with water and extracted
with EtOAc, the combined organic phases were dried
over Na2SC>4 and concentrated. The crude product was
purified on a Silica column using 20 % EtOAc in
n-heptane as mobile phase. Step (b): The compound
2-bromo-4-fluoro-l-(4-hydroxyphenyl)-lH-indole-3-carbo
nitrile was synthesized from the product of step (a)
using a procedure analogous to that described in
Example 23. Step (c): The title compound
(Z)-N'-hydroxy-l-(4-hydroxyphenyl)-2-phenoxy-lH-indole
-3- carboximidamide was synthesized from the product
of step (b) using procedures analogous to those
described in Example 14. ES/MS m/z: 360.18 (M+H),
358.22 (M-H); 1HNMR (acetone-d6, 500MHz): 8.24 (m,
IH), 7.25-7.14 (m, 6H), 7.09 (m, IH), 7.00 (m, IH) and
6.90-6.85 (m, 4H). Example 26
4-(2-(3,5-Dimethylisoxazol-4-yl)-3-nitro-lH-indol-l-yl
)phenol (E26) Scheme 24 (a) Nitric acid, HOAc, DCM;
(b) BF3SMe2, DCM Step (a): To a solution of
4-(l-(4-methoxyphenyl)-lH-indol-2-yl)-3,5-dimethylisox
azole (the intermediate product of step (a) from the
synthesis of Example 22) in DCM was slowly added a
mixture of 2 eq nitric acid and 20 eq acetic acid.
After 1 hour stirring at rt, the mixture was diluted
with water and the phases partitioned. The organic
phase was concentrated and purified on a Silica column
using 30 % EtOAc in n-heptane as mobile phase. Step
(b): The title compound
4-(2-(3,5-dimethylisoxazol-4-yl)-3-nitro-lH-indol-l-yl
)phenol was synthesized from the product of step (a)
using a procedure analogous to that described in
Example 23. ES/MS m/z: 350.18 (M+H), 348.22 (M-H);
1HNMR (acetone-d6, 500MHz): 8.34 (m, IH), 7.50 (m,
IH), 7.44-7.40 (m, 2H), 7.29 (m, IH), 7.20 (m, IH),
7.01 (m, 2H), 2.22 (s, 3H) and 2.1 1 (s, 3H).Example
27
4-(3-(Dihydroxyamino)-2-(3,5-dimethylisoxazol-4-yl)-lH
-indol-l-yl)phenol (E27) Scheme 25 (a) Pd/C (10%),
EtOH; (b) BF3SMe2, DCM Step (a):
4-(l-(4-Methoxyphenyl)-3-nitro-lH-indol-2-yl)-3,5-dime
thylisoxazole (the intermediate product of step (a)
from the synthesis of Example 26) was dissolved in
EtOH (99 %), a catalytic amount of Pd/C (10 %) was
added and the mixture was stirred under 4 psi H2 over
night. The mixture was filtered through a plug of
Celite, concentrated and purified on a Silica column
using 45 % EtOAc in r-heptane as mobile phase. Step
(b): The title compound
4-(3-(dihydroxyamino)-2-(3,5-dimethylisoxazol-4-yl)-lH
-indol-l-yl)phenol was synthesized from the product of
step (a) using a procedure analogous to that described
in Example 23. ES/MS m/z: 351.13 (M+H), 350.18 (M-H);
1H NMR (acetone-d b, 500MHz): 8.31 (d, IH, J=8.2Hz),
7.44 (t, IH, J=7.4Hz), 7.36 (m, IH), 7.30 (m, 2H),
7.22 (d, IH, J=8.2Hz), 7.05 (m, 2H), 1.81 (s, 3H) and
1.80 (s, 3H). Example 28
N-(2-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3-yl)acetamide (E28) (a) NH4CI, Zn, DMF/H2O;
(b) Acetyl chloride, NaHCO3, Et2O; (c) BF3SMe2,
DCMStep (a): To a solution of
4-[l-(4-methyoxyphenyl)-3-nitro-l
H-indol-2-yl]-3,5-dimethylisoxazole (the intermediate
product of step (a) from the synthesis of Example 26)
in DMF / water (10:1) at 0 0C, was added ammonium
chloride (5 eq) and zinc (5 eq). The mixture was
stirred for 2 hours at that temperature and then
diluted with EtOAc, the formed precipitate was
filtered off and the organic phase washed with brine
and dried over Na2SO4. The mixture was concentrated
and used without further purification in the next
step. Step (b):
2-(3,5-Dimethylisoxazol-4-yl)-l-(4-methoxyphenyl)-l
H-indol-3-amine was dissolved in diethyl ether and
cooled to 0 0C, then was added NaHCO3 (2 eq) and
acetyl chloride (2 eq) as a solution in diethyl ether,
the mixture was kept at O0C and stirred for 1 hour.
The solvent was removed and the residue dissolved in
EtOAc and washed with water, then subsequently with
brine, then dried over Na2SO4. The mixture was
concentrated and used without further purification in
the next step. Step (c): The title compound
N-(2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3- yl)acetamide was synthesized from the
product of step (b) using a procedure anaologous to
that described in Example 23. ES/MS m/z: 361.21 (M+H),
360.17 (M-H); 1HNMR (acetone-d6, 500MHz): 7.58 (m,
IH), 7.21-7.11 (m, 5H), 6.93 (m, 2H), 2.20 (s, 3H),
2.07 (s, 3H) and 1.88 (s, 3H). Example 29
N-(2-(3,5-dimethyIisoxazoI-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3-yl)methanesulfonamide (E29) Scheme 27 (a)
Methanesulphonyl chloride, NaHCO3, Et2O; (b) BF3SMe2
Step (a):
2-(3,5-Dimethylisoxazol-4-yl)-l-(4-methoxyphenyl)-lH-i
ndol-3-amine (the intermediate product of step (a)
from the synthesis of Example 28) was dissolved in
diethyl ether and cooled to 0 0C, then was added
NaHCO3 (2 eq) and methanesulfonyl chloride (2 eq) as a
solution in diethyl ether, the mixture was kept at 0
0C and stirred for 1 hour, then at rt over weekend.
The solvent was removed and the residue dissolved in
EtOAc and washed with water, then subsequently with
brine, then dried over Na2SO . The mixture was
concentrated and used without further purification in
the next step.Step (b): The title compound
N-(2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3- yl)methanesulfonamide was synthesized from
the product of step (a) using a procedure analogous to
that described in Example 23. ES/MS m/z: 398.17 (M+H),
396.15 (M-H); 1H NMR (acetone-d6, 500MHz): 7.82 (m,
IH), 7.24-7.20 (m, 3H), 7.17 (m, 2H), 6.95 (m, 2H),
2.89 (s, 3H), 2.26 (s, 3H) and 1.96 (s, 3H). Example
30
l-(2-(3,5-DimethyIisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3-yl)urea (E30) Scheme 28 (a) lsocyanato
trimethylsilane, DMF; (b) HI Step (a): A degassed (N2)
mixture of
2-(3,5-dimethylisoxazol-4-yl)-l-(4-methoxyphenyl)-lH-m
dol-3- amine (the intermediate product of step (a)
from the synthesis of Example 28) and
isocyanatotrimethylsilane (6 eq) in DMF was heated in
a microwave reactor at 200 0C for 2 x 20 min. The
mixture was cooled and concentrated and used without
further purification in the next step. Step (b):
l-(2-(3,5-Dimethylisoxazol-4-yl)-l-(4-methoxyphenyl)-l
H-indol-3-yl)urea was heated neat in hydriodic acid
(aq, 57 %) at 100 0C for 3 hours. The reaction mixture
was cooled and concentrated, and 



co-evaporated with DCM and EtOAc. The residue was
subjected to reversed phase preparative HPLC.
Appropriate fractions were combined and evaporated,
and identified by 1H NMR. ES/MS m/z: 363.19 (M+H),
362.18 (M-H); 1H NMR (acetone-d , 500MHz): 7.65 (m,
IH), 7.22-7.09 (m, 5H), 6.93 (m, 2H), 2.25 (s, 3H) and
1.94 (s, 3H). Examples 31 and 32
4-(2-(3,5-Dimethylisoxazol-4-yl)-3-thiocyanato-lH-indo
l-l-yl)phenol (E31)
2-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH-i
ndol-3-yl N'-hydroxycarbamimidothioate (E32) Scheme
29(a) NH4SCN, Mn(OAc)3, HOAc; (b) BBr3, DCM; (c)
Hydroxylamine, NaHCO3 (aq), DMSO Step (a):
4-(l-(4-Methoxyphenyl)-lH-indol-2-yl)-3,5-dimethylisox
azole (the intermediate product of step (a) from the
synthesis of Example 22) was dissolved in AcOH and 1.2
eq ammonium thiocyanate was added. 3 eq Manganese
(III) acetate was then added and the reaction was
stirred at room temperature for 45 minutes after which
monitoring on TLC showed full consumption of the
starting material. Reaction mixture was diluted with
EtOAc and washed with Brine. The phases were
partitioned and the organic phase was washed with
NaHCO3 (aq). Organic phase was then evaporated to
dryness in vacuo and the crude product was used
without further purification. ES/MS m/z: 376.14 (M+H);
Step (b): The product of step (a) was subjected to
demethylation using BBr3 according to the process
described in step (c) of Example 9 to give
4-(2-(3,5-dimethylisoxazol-4-yl)-3-thiocyanato-lH-indo
l-lyl) phenol (E31). ES/MS m/z: 362.14 (M+H), 360.18
(M-H); 1HNMR (acetone-d6, 500MHz): 7.86 (m, IH),
7.43-7.37 (m, 2H), 7.31 (m, IH), 7.26 (m, 2H), 6.98
(m, 2H), 2.34 (s, 3H) and 2.03 (s, 3H). Step (c):
4-(2-(3,5-Dimethylisoxazol-4-yl)-3-thiocyanato-lH-indo
l-l-yl)phenol was dissolved in DMSO and 10 eq 2 M
hydroxylamine/NaHCO 3 (aq) stock solution was added.
The reaction was stirred at 65 0C overnight and then
diluted with H2O. A precipitation was formed after
stirring for 5 min. The mixture was diluted with EtOAc
and diethylether, washed with NH4Cl (aq) and phases
were partitioned. Organic phase was evaporated to
dryness in vacuo and subjected to purification on
reverse phase preparative HPLC to provide the title
compound
2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH-i
ndol-3-yl N'- hydroxycarbamimidothioate (E32). ES/MS
m/z: 395.17 (M+H), 393.19 (M-H); 1HNMR (acetone-d6,
500MHz): 8.88 (broad s, IH), 8.73 (broad s, IH), 7.80
- 7.78 (m, IH), 7.29 - 7.24 (m, 3H), 7.18 (d, 2H),
6.95 (d, 2H), 5.11 (broad s, 2H), 2.28 (s, 3H), 2.00
(s, 3H) Example 33
4-(3-benzyl-2-phenyl-lH-indol-l-yI)phenol (E33) Scheme
30(a) Benzaldehyde, TFA, Et3Si, DCM; (b) BBr3, DCM
Step (a): A mixture of 19ml TFA and 80ml Et3SiH in 0.5
ml dry DCM was added drop wise over 5 min. to a
mixture of 47 mg
l-(4-methoxyphenyl)-2-phenyl-lH-indole (synthesised
from 2-phenylindole by an arylation process as
described in J. Org.Chem. 2001, 66 (23), 7729-7737)
and 19ml benzaldehyde in 1ml dry DCM at O0C under
nitrogen. The mixture was allowed to reach room temp
over night after which the mixture was cooled to 00C
and 160 ml Et3SiH and 38 ml TFA dissolved in 1ml
CH2Cl2 was added. The mixture was stirred for 40 min
and then basif ed with NaOH 2M (~pH 13) followed by
addition of brine, extraction with dichloromethane
(x3) and evaporation. 0.2 g Solid supported TsNHNH was
added to the crude product together with 3 ml
dichloromethane. The mixture was stirred gently for Ih
20 min. The polymer was filtered off and the crude
product was filtered through a silica gel plug. The
product was obtained pure without need for further
purification. Step (b): The product of step (a) was
subjected to demethylation using BBr3 according to the
process described in step (c) of Example 9 to give
4-(3-benzyl-2-phenyl-lH-indol-l-yl) rhenol. ES/MS m/z:
376.4 (M+H), 374.2 (M-H); 1H NMR (acetone-d6, 500MHz):
7.86 (m, IH), 7.43-7.37 (m, 2H), 7.31 (m, IH), 7.26
(m, 2H), 6.98 (m, 2H), 2.34 (s, 3H) and 2.03 (s, 3H).
Examples 34 and 35
2-(2-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3-yl)-2-oxoacetamide(E34)
2-(2-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3-yl)-2-(hydroxyiniino)acetamide (E35) Scheme
3 1(a) BBr3, DCM; (b) Oxalyl chloride.DCM, NH3/Me0H,
(c) NH2OH, EtOH Step (a):
4-(2-(3,5-Dimethylisoxazol-4-yl)-lH-indol-l-yl)phenolw
as synthesized from 4-(l -(4-
methoxyphenyl)-lH-indol-2-yl)-3,5-dimethylisoxazole
(the intermediate product of step (a) from the
synthesis of Example 22) via an analogous process to
that described in step (c) of Example 1. Step (b):
4-(2-(3,5-Dimethylisoxazol-4-yl)-lH-indol-l-yl)phenol
was dissolved in 1 ml dry dichloromethane under
nitrogen and cooled to O0C. 4 ml Oxalyl chloride was
added and the mixture was stirred at 00C for 2 h 15
min. and then at room temp for Ih 15 min. The mixture
was concentrated under vacuum without heating and ImI
NIVMeOH (sat.) added. The mixture was stirred for Ih
and then concentrated. The crude product was purified
by flash chromatography (EtOAc/heptane; 4:6 to 8:2) to
provide
2-(2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3-yl)-2-oxoacetamide (E34). ES/MS m/z: 376.18
(M+H), 374.17 (M-H); 1HNMR (acetone-d6, 500MHz): 8.33
(m, IH), 7.37-7.15 (m, 5H), 6.98 (br s, 2H), 2.27 (s,
3H) and 2.00 (s, 3H). Step (c): 50 ml Pyridine was
added to 8.8 mg
2-(2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
Hindol- 3-yl)-2-oxoacetamide and 32.6 mg hydroxylamine
hydrochloride in 1.5 ml EtOH in a microwave vial. The
vial was sealed and flushed with nitrogen. The mixture
was heated to 1500C for 7.5 min. and then to 1500C for
5 min. in a Biotage Initiator microwave oven. The
mixture was concentrated in vacuo and purified by
preparative HPLC (formic acid buffer/acetonitrile).
2-(2-(3,5-dimethylisoxazol-4-yl)-l -
(4-hydroxyphenyl)-lH-indol-3-yl)-2(hydroxyimino)acetam
ide (E35) was obtained as a mixture of syn and anti
oxime isomers. ES/MS m/z: 391 .4 (M+H), 389.5 (M-H);
1H NMR (DMSO-d6, 500MHz): 7.37 (m, IH), 7.20-7.03 (m,
5H), 6.84 (m, 2H), 2.15 (s, 3H) and 1.77 (s, 3H).
Examples 36 and 37
2-(2-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3-yl)-2-hydroxyacetamide (E36)
2-(2-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3-yl)acetamide (E37) Scheme 32(a) NaBH4, EtOH;
(b) Et3Si, TFA, DCM Step (a): 9 mg
2-(2-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3-yl)-2-oxoacetamide (Example 34) was mixed
with 1ml EtOH, 1.8 mg OfNaBH4 was added and the
mixture was stirred for 1.5 h. The mixture was
evaporated, water was added, followed by extraction
with EtOAc. The crude product was purified by reversed
phase flash chromatography (acetonitrile/water) to
provide 2-(2-(3,5-
dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH-indol-3-
yl)-2-hydroxyacetamide (E36). ES/MS m/z: 376.3 (M-H);
1HNMR (acetone-d6, 500MHz): 7.78 (m, IH), 7.13-6.93
(m, 5H), 6.79 (m, 2H), 2.23, 2.21 (two s, 3H) and
1.93, 1.90 (two s, 3H). Step (b): 1 ml TFA and 19 ml
Et3SiH were added to
2-(2-(3,5-dimethylisoxazol-4-yl)-l-(4-
hydroxyphenyl)-lH-indol-3-yl)-2-hydroxyacetamide at
00C and the mixture was stirred for 60 min. The
solvent was evaporated without heating followed by
short silica gel purification (EtOAc/heptane; 1:9 to
8:2) to provide
2-(2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3-yl)acetamide (E37). ES/MS m/z: 362.3 (M+H);
1HNMR (methanol-d3, 500MHz): 8.98 m, IH), 8.46-8.35
(m, 5H), 8.16 (m, 2H), 4.78 (d, 2H, J=I .9Hz), 3.54
(s, 3H) and 3.19 (s, 3H). Example 38
2-((Z)-But-l-enyl)-l-(4-hydroxy-phenyl)-lH-indole-3-ca
rbonitrile (E38) Scheme 33(a) BuLi, tributyltin
chloride, THF; (b) (Z)-i-bromobutene, dipalladium
Tri-(1E,4E)-1,5-diphenylpenta-1,4-dien-3-one, tri
o-tolylphosphine, DMF; (C) BF3SMe2, DCM Step (a): To a
cooled solution of
2-bronio-l-(4-methoxyphenyl)-lH-indole-3-carbonitrile
(the intermediate product of step (b) from the
synthesis of Example 1) in dry THF at -78 0C, was
slowly added "-BuLi ( 1.6 M in hexane, 1.2 eq) and the
mixture stirred for 30 min. Tributyltin chloride ( 1.5
eq) was added and the mixture kept at -78 0C for 1
hour, then stirred at rt over night. The mixture was
quenched by addition of sat. NH4Cl and then
concentrated. The residue was taken up in EtOAc,
washed with brine, dried over Na2SO and purified on a
Silica column using 20 % EtOAc in r-heptane as mobile
phase. Step (b): A mixture of
l-(4-methoxyphenyl)-2-(tributylstannyl)-lH-indole-3-ca
rbonitrile, (Z)-Ibromobut- 1 -ene ( 1.2 eq), Pd2(dba)3
(3 %) and tri(o-tolyl)phosphine (17 %) in DMF was
degassed with N2 and heated at 80 0C over night. The
mixture was diluted with sat. NH4Cl and EtOAc and the
phases partitioned. The organic phase was washed with
brine, dried over Na2SO4 and subjected to reversed
phase preparative HPLC. Appropriate fractions were
combined and evaporated, and identified by 1H NMR.
Step (c): The title compound
2-((Z)-But-l-enyl)-l-(4-hydroxy-phenyl)-lH-indole-3-ca
rbonitrile was synthesized from the product of step
(b) using a procedure anaologous to that described in
Example 23. ES/MS m/z: 289.11 (M+H), 287.15 (M-H).
Example 39
2-(Isobut-l-enyl)-l-(4-hydroxyphenyl)-lH-indole-3-carb
onitrile (E61) Scheme 34(a) Hexabutylditin, palladium
di(triphenylphousphor)-dichloride, dioxane; (b)
1-Bromo-methylprop-1-ene, Pd(PPh3)4, NMP/dioxane Step
(a): 1 eqof
2-bromo-l-(4-hydroxyphenyl)-lH-indole-3-carbonitrile
(Example 1) was dissolved in 1,4-dioxan and stirred at
room temperature. 1.9 eq of hexabutylditin and 0.04 eq
of palladium di(triphenylphousphor)-dichloride were
added, degassed with nitrogen, and the mixture was
heated to 800C for 4 hours. The mixture was filtered
to remove catalyst, evaporated to remove most of
solvent, and the residue purified on a silica column
using 75:25 "-heptane:ethyl acetate as mobile phase
(yield 65%). Step (b): 1 eq of the stannyl reagent as
prepared in step (a) was dissolved in a mixed solvent
(l-methyl-2- pyrrolodinone and 1,4-dioxan, 2:1),
stirred at room temperature, 2 eq of
1-bromo-methylprop-1 -ene and 0.2% (w/w) of
tetrakis(triphenylphosphine) palladium were added,
degassed with nitrogen, the mixture was heated to 8O0C
overnight. The mixture was filtered to remove
catalyst, evaporated to remove most of the solvent,
and the residue purified with preparative HPLC. ES/MS
m/z: 289.1 1 (M+H), 287.15 (M-H); 1HNMR (chloroform-d,
500MHz): 7.76 (m, IH), 7.28 (m, IH), 7.23 (m, IH),
7.17 (m, 2H), 7.13 (m, IH), 6.98 (m, 2H), 5.86 (m,
IH), 1.98 (d, 3H, J=1.3Hz) and 1.89 (d, 3H, J=1.2Hz).
Example 40
l-(2,3-Difluoro-4-hydroxy-phenyl)-2-(2-methyl-allyl)-l
H-indole-3-carbonitrile (E40) Scheme 35 A mixture of
2-bromo-l-(2,3-difluoro-4-hydroxyphenyl)-lH-indole-3-c
arbonitrile (Example 103), methallyltri-n-butyltin (2
eq), Pd2(dba)3 (0.05 %) and tri(o-tolyl)phosphine (20
%) was dissolved in DMF,degassed with N2 and heated at
80 0C over night. The reaction mixture was quenched by
addition of sat. NH4Cl, diluted with EtOAc, and washed
with brine and then dried over Na2SO4. The residue was
subjected to reversed phase preparative HPLC.
Appropriate fractions were combined and evaporated,
and identified by 1H NMR. ES/MS m/z: 289.1 1 (M+H),
287.15 (M-H); 1H NMR (chloroform-d, 500MHz): 7.76 (m,
IH), 7.28 (m, IH), 7.23 (m, IH), 7.17 (m, 2H), 7.13
(m, IH), 6.98 (m, 2H), 5.86 (m, IH), 1.98 (d, 3H, J I
.3Hz) and 1.89 (d, 3H, J=I. 2Hz). Example 41
(Z)-2-(5-Ethyl-3-methylisoxazol-4-yl)-N'-hydroxy-l-(4-
hydroxyphenyl)-lH-indole-3- carboximidamide (E41)
Scheme 36 (a) n-BuLi, MeI, THF; (b) BBr3, DCM; (c)
NH2OH, Et3N, MeOH Step (a): 38 ml of n-butyllithium (
1.6M in hexanes) was added drop wise to
2-(3,5-dimethylisoxazol-4- yl)-l
-(4-methoxyphenyl)-lH-indole-3-carbonitrile
(synthesised by a coupling reaction of the
intermediate product from step (b) of Example 1 with
3,5-dimethylisooxazole-4-boronic acid, using a process
as described in Example 16) in 1ml dry THF under argon
at -78C. The mixture was stirred at -78C for 45 min.
34 ml of methyl iodide was added and the mixture was
allowed to reach room temp. After 4 h the mixture was
concentrated in vacuo and purified by silica gel
(EtOAc/heptane; 1:1). Step (b): The intermediate was
prepared from
4-(l-(4-methoxyphenyl)-3-phenyl-lH-indol-2-yl)-3,5-
dimethylisoxazole via a process anaologous to that
described in step (c) of Example 1.Step (c): The title
compound was prepared from
2-(5-ethyl-3-methylisoxazol-4-yl)-l-(4-hydroxyphenyl)-
lH-indole-3-carbonitrile via a process anaologous to
that described in Example 11. ES/MS m/z: 377.3 (M+H),
375.4 (M-H); 1H NMR (acetone-d6, 500MHz): 8.06 (m,
IH), 7.22-7.10 (m, 5H), 6.94 (m, 2H), 2.56 (m, 2H),
2.02 (s, 3H) and 1.03 (t, 3H, J=7.3Hz). Example 42
4-(2-(3,5-dimethylisoxazol-4-yl)-3-phenyl-lH-indol-l-y
l)phenol (E42) Scheme 37 (a) Phenylboronic acid,
Pd(PPh 3)4, K2CO3, NaI, DME/Dioxane (b) BBr3, DCM 



Step (a): A mixture of DME/dioxane (1:1) was degassed
by freeze-pump-thaw three times and then put under an
argon atmosphere. 10 mg of
4-(3-bromo-l-(4-methoxyphenyl)-lH-indol-2-yl)-3,5-
dimethylisoxazole (the intermediate product of step
(b) from the synthesis of Example 22), 6.1mg phenyl
boronic acid, 2.9 mg Pd(PPh 3)4, 2 1 mg potassium
carbonate and 7.6 mg NaI were put in a microwave vial
that was sealed and flushed with argon. 0.7 ml of the
DME/water solution was canulated to the microwave
vial. The mixture was degassed by freeze-pump-thaw
twice and then flushed with argon. The mixture was
heated to 150C/15 min. in a Biotage Initiator micro
wave oven. The crude product was filtered followed by
evaporation and filtration through a short silica gel
plug (EtOAc). Purification by flash chromatography
(EtOAc/heptane; 1:9 to 2:8) gave 22.2 mg as a mixture
of debrominated starting material and product plus a
small amount of unreacted starting material according
to LCMS. The compounds separated well on HPLC but only
one spot on TLC. The crude material was used directly
in the following demethylation step. Step (b): The
title compound was prepared from 4-(l
-(4-methoxyphenyl)-3 -phenyl- lH-indol-2-yl)-3, 5-
dimethylisoxazole via a process anaologous to that
described in step (c) of Example 1. ES/MS m/z: 381.2
(M+H); 1H NMR (acetone-d6, 500MHz): 7.78 (m, IH),
7.43-7.37 (m, 4H), 7.30-7.19 (m, 4H), 7.17 (m, 2H),
6.96 (m, 2H), 1.99 (s, 3H) and 1.77 (s, 3H).Example 43
4-(3-chloro-2-(3,5-dimethylisoxazol-4-yl)-lH-indol-l-y
l)phenol (E43) Scheme 38 (a) SO2CI2, DCM; (b) BF3Me2S,
DCM Step (a): To a solution of
4-(l-(4-methoxyphenyl)-lH-indol-2-yl)-3,5-dimethylisox
azole (the intermediate product of step (a) from the
synthesis of Example 22, 7.5 mg, 0.024mmol) in DCM was
added 1.5 equiv SO2CI2 and the mixture was stirred at
rt for 1.5 h. The solution was concentrated to give a
crude product, which was used directly in the next
step. Step (b): The title compound was prepared from
4-(l-(4-methoxyphenyl)-3-phenyl-lH-indol-2-yl)-3,5-
dimethylisoxazole via a process anaologous to that
described in Example 23. ES/MS m/z: 339.1 /341.1
(M+H), 337.2 /339.2 (M-H); 1H NMR (acetone-d6,
500MHz): 7.78 (m, IH), 7.43-7.37 (m, 4H), 7.30-7.19
(m, 4H), 7.17 (m, 2H), 6.96 (m, 2H), 1.99 (s, 3H) and
1.77 (s, 3H). Example 44
2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH-i
ndole-3-sulfonamide (E 44) Scheme 39 (a) HSO3CI, DCM;
(b) 1. SOCI2 2 . NH3, MeOH; (c) BF3MeS2, DCMStep (a):
To a solution of
4-(l-(4-methoxyphenyl)-lH-indol-2-yl)-3,5-dimethylisox
azole (the intermediate product of step (a) from the
synthesis of Example 22, 7.5 mg, 0.024mmol) in DCM was
added 1.0 equiv HSO3Cl at 00C and the mixture was
stirred at rt for 1 h. The solution was concentrated
to give a raw product, which was used in the following
step. Step (b): To a solution of the raw product from
step (a) in DCM was added 0.5 mL SOCl2 and the mixture
was stirred at 700C for 15 min. The solution was
concentrated and 2 mL saturated NH3 in MeOH was added
and the mixture was stirred overnight. The solution
was concentrated to give a raw product, which was used
directly in the next step. Step (c): The title
compound was prepared from the raw product of step (b)
using the process as described in Example 23. ES/MS
m/z: 384.2 (M+H), 382.2 (M-H); 1H NMR (acetone-d6,
500MHz): 8.13 (m, IH), 7.32-7.28 (m, 2H), 7.19-7.15
(m, 3H), 6.93 (m, 2H), 2.24 (s, 3H) and 2.05 (s, 3H).
Example 45
2-(3,5-Dimethylisoxazol-4-yl)-l-(2-fluoro-4-hydroxyphe
nyl)-lH-indole-3-carboximidamide (E45) 0.5 mmol
(Z)-2-(3,5-dimethylisoxazol-4-yl)-l-(2-fluoro-4-hydrox
yphenyl)-N'-hydroxy-lH-indole-3- carboximidamide
(Example 235) was dissolved in 5 ml acetic acid.
Acetic acid anhydride (4 eq) was slowly added and the
mixture was stirred over night. A Pd-C catalyst (10%
on carbon) was added and the mixture was placed in a
hydrogenation apparatus under 50 psi H2 over night.
The mixture was filtered through celite and
concentrated. The crude product was purified on HPLC:
(Column: Sunfire, 20 min acidic gradient: 5-50% MeCN.
ES/MS m/z: 365.15 (M+H), 363.18 (M-H); 1HNMR (MeOD,
500MHz): 7.86 (m, IH), 7.41-7.31 (m, 2.5H), 7.25-7.13
(m, 1.5H), 6.76 (m, IH), 6.67 (m, IH), 2.21, 2.15 (two
s, 3H) and 2.08, 2.06 (two s, 3H).Examples 46-95 The
following compounds were prepared according to General
Method 1 above. Full experimental details of the
individual steps of that general method are described
in Examples 1-5, 16 and 38-40 above. E 46
1-(4-Hydroxy-phenyl)-2 -phenyl- 1H-indole-3
-carbonitrile R1= phenyl ES/MS m/z: 311.1 (pos. M +
H), 309.11 (neg. M-H); 1HNMR (CDCl 3, 500MHz): 7.74
(m, IH), 7.31-7.15 (m, 8H), 7.00 (m, 2H) and 6.80 (m,
2H). E 47
l-(4-Hydroxy-phenyl)-2-methyl-lH-indole-3-carbonitrile
R1 methyl ES/MS m/z: 249.1 (pos. M + H), 247.3 (neg. M
- H); 1H NMR (acetone-d6 , 500MHz): 7.63 (m, IH), 7.33
(m, 2H), 7.27 (m, IH), 7.23 (m, IH), 7.10 (m, 2H),
7.08 (m, IH) and 2.43 (s, 3H). E 48 2-(3
-Cyano-thiophen-2-yl)- 1-(4-hydroxy-phenyl)-
1H-indole-3 -carbonitrile R = 3-cyano-thiophen-2-yl
ES/MS m/z: 342.1 (pos. M + H), 340.1 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 7.95 (d, IH, J=5.4Hz), 7.84
(m, IH), 7.52 (d, IH, J=5.4Hz), 7.46-7.42 (m, 2H),
7.32-7.28 (m, 3H) and 7.00 (m, 2H). E 49
l-(4-Hydroxy-phenyl)-2-((E)-propenyl)-lH-indole-3-carb
onitrile R = (E)-propenyl ES/MS m/z: 275.3 (pos. M +
H), 273.1 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.65 (m, IH), 7.32-7.23 (m, 4H), 7.10 (m, 2H), 7.06
(m, IH), 6.85 (m, IH), 6.26 (m, IH) and 1.91 (dd, 3H,
J=1.8, 6.9Hz). E 50
l-(4-Hydroxy-phenyl)-2-thiophen-2-yl-lH-indole-3-carbo
nitrileR1= thiophen-2-yl ES/MS m/z: 317.0 (pos. M +
H), 315.1 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.73 (m, IH), 7.65 (dd, IH, J=Ll, 5.0Hz), 7.54 (dd,
IH, J=Ll, 3.8Hz), 7.37-7.29 (m, 4H), 7.15 (dd, IH,
J=3.8, 5.0Hz), 7.11 (m, IH) and 7.06 (m, 2H). E 51
2-(3,5-Dimethyl-isoxazol-4-yl)-l-(4-hydroxy-phenyl)-lH
-indole-3-carbonitrile R = 3,5-dimethyl-isoxazol-4-yl
ES/MS m/z: 330.2 (pos. M + H), 328.3 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 7.78 (m, IH), 7.42-7.32 (m,
3H), 7.28 (m, 2H), 7.00 (m, 2H), 2.36 (s, 3H) and 2.02
(s, 3H). E 52
l-(4-Hydroxy-phenyl)-2-pyridin-4-yl-lH-indole-3-carbon
itrile R = pyridine-4-yl ES/MS m/z: 312.2 (pos. M +
H), 310.3 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
8.35 (m, 2H), 7.38 (m, IH), 7.20 (m, 2H), 6.98 (m,
2H), 6.82 (m, IH), 6.79 (m, 2H) and 6.44 (m, 2H). E 53
1-(4-Hydroxy-phenyl)-2-( 1-methyl-1 H-pyrrol-2-yl)-
1H-indole-3 -carbonitrile R.r1 _= 1-methyl-1
H-pyrrol-2-yl ES/MS m/z: 314.3 (pos. M + H), 312.1
(neg. M-H); 1H NMR (acetone-d6, 500MHz): 7.75 (m, IH),
7.38-7.32 (m, 2H), 7.29 (m, IH), 7.20 (m, 2H), 6.95
(m, 2H), 6.83 (dd, IH, J=I. 9, 2.5Hz), 6.24 (dd, IH,
J=I. 9, 3.8Hz), 6.09 (dd, IH, J=2.5, 3.8Hz) and 3.51
(s, 3H). E 54 l-(4-Hydroxy-phenyl)-2-(3 -methyl
-thiophen-2-yl)-l H-indole-3 -carbonitrile R =
3-methyl-thiophen-2-yl ES/MS m/z: 331.4 (pos. M + H),
329.2 (neg. M -H); 1HNMR (acetone-d6, 500MHz): 7.77
(m, IH), 7.56 (d, IH, J=5.1Hz), 7.40-7.34 (m, 2H),
7.27 (m, IH), 7.21 (m, 2H), 6.97 (d, IH, J=5.1Hz),
6.95 (m, 2H) and 2.21 (s, 3H). E 55
1-(4-Hydroxy-phenyl)-2-isopropylamino- 1H-indole-3
-carbonitrile R = isopropylamino ES/MS m/z: 292.1
(pos. M + H), 290.2 (neg. M -H); 'HNMR (acetone-d6,
500MHz): 7.34 (m, IH), 7.25 (m, 2H), 7.09 (m, IH),
7.06 (m, 2H), 6.95 (m, IH), 6.70 (m, IH), 4.33 (m, IH)
and 1.28 (d, 6H, J=6.5Hz).E 56 2-Ethylamino-
1-(4-hydroxy-phenyl)- 1H-indole-3-carbonitrile R =
ethylamino ES/MS m/z: 278.3 (pos. M + H), 276.1 (neg.
M - H); 1H NMR (acetone-d6, 500MHz): 7.33 (m, IH),
7.26 (m, 2H), 7.09 (m, IH), 7.06 (m, 2H), 6.95 (m,
IH), 6.70 (m, IH), 3.65 (q, 2H, J=7.4Hz) and 1.27 (t,
3H, J=7.4Hz). E 57 2-Butylamino-
1-(4-hydroxy-phenyl)-l H-indole-3 -carbonitrile R =
butylamino ES/MS m/z: 306.2 (pos. M + H), 304.3 (neg.
M - H); 1HNMR (acetone-d6, 500MHz): 7.33 (m, IH), 7.26
(m, 2H), 7.10-7.05 (m, 3H), 6.94 (m, IH), 6.69 (m,
IH), 3.61 (m, 2H), 1.68 (m, 2H), 1.41 (m, 2H) and 0.92
(t, 3H, J=7.4Hz). E 58
l-(4-Hydroxy-phenyl)-2-piperidin-l-yl-lH-indole-3-carb
onitrile R = piperidin-1-yl ES/MS m/z: 317.9 (pos. M +
H), 316.3 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.45 (m, IH), 7.36 (m, 2H), 7.18 (m, IH), 7.12-7.07
(m, 3H), 7.01 (m, IH), 3.27 (m, 4H), 1.54 (m, 2H) and
1.49 (m, 4H). E 59
l-(4-Hydroxy-phenyl)-2-pyrrolidin-l-yl-lH-indole-3-car
bonitrile R = pyrrolidin-1-yl ES/MS m/z: 304.4 (pos. M
+ H), 302.2 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.33-7.29 (m, 3H)1 7.1 1 (m, IH), 7.04 (m, 2H), 6.96
(m, IH), 6.73 (m, IH), 3.40 (m, 4H) and 1.87 (m, 4H).
E 60 l-(4-Hydroxy-phenyl)-2-mo f
holin-4-yl-lH-indole-3-carbonitrile R = morpholin-4-yl
ES/MS m/z: 320.3 (pos. M + H), 317.8 (neg. M H); 1H
NMR (acetone-d6, 500MHz): 7.49 (m, IH), 7.40 (m, 2H),
7.21 (m, IH), 7.14 (m, IH), 7.10 (m, 2H), 7.05 (m,
IH), 3.59 (m, 4H) and 3.28 (m, 4H). E 61
2-Diethylamino- 1-(4-hydroxy-phenyl)-
1H-indole-3-carbonitrile R = diethylaminoES/MS m/z:
306.2 (pos. M + H), 304.3 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.47 (m, IH), 7.31 (m, 2H), 7.19
(m, IH), 7.10 (m, IH), 7.08 (m, 2H), 6.96 (m, IH),
3.28 (q, 4H, J=6.9Hz) and 1.05 (t, 6H, J=6.9Hz). E 62
2-Ethynyl- 1-(4-hydroxy-phenyl)- 1H-indole-3
-carbonitrile R1= ethynyl ES/MS m/z: 259.1 (pos. M +
H), 257.0 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.74 (m, IH), 7.44-7.37 (m, 4H), 7.26 (m, IH), 7.10
(m, 2H) and 4.45 (s, IH). E 63 1-(4-Hydroxy-phenyl)-2
-vinyl- 1H-indole-3 -carbonitrile R1= vinyl ES/MS m/z:
261 .1 (pos. M + H), 259.0 (neg. M - H); H NMR
(acetone-d6, 500MHz): 7.70 (m, IH), 7.34-7.27 (m, 4H),
7.13-7.09 (m, 3H), 6.56 (dd, IH, J=17.6, 11.6Hz), 6.24
(dd, IH, J=17.6, 0.6Hz) and 5.69 (dd, IH, J=I 1.6,
0.6Hz). E 64
l-(4-Hydroxy-phenyl)-lH-indole-2,3-dicarbonitrile R =
cyano ES/MS m/z: 258.0 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.88 (m, IH), 7.59 (m, IH), 7.56
(m, 2H), 7.52 (m, IH), 7.42 (m, IH) and 7.15 (m, 2H).
E 66 1-(4-Hydroxy-phenyl)-2-pyridin-2-yl- 1H-indole-3
-carbonitrile R = pyridine-2-yl ES/MS m/z: 312.1 (pos.
M + H), 310.2 (neg. M - H)T; T1H NMR (acetone-d6,
500MHz): 8.63 (m, IH), 7.84-7.78 (m, 2H), 7.49 (m,
IH), 7.41-7.36 (m, 3H), 7.26 (m, IH), 7.22 (m, 2H) and
6.96 (m, 2H). E 67
l-(4-Hydroxy-phenyl)-2-(2-methyl-allyl)-l H-indole-3
-carbonitrile R = 2-methyl-allylES/MS m/z: 289.1 (pos.
M + H), 287.1 (neg. M - H); 1H NMR (acetone-d6,
500MHz): 7.67 (m, IH), 7.31-7.24 (m, 4H), 7.10-7.05
(m, 3H), 4.76 (s, IH), 4.41 (s, IH), 3.55 (s, 2H) and
1.66 (s, 3H). E 68
l-(4-Hydroxy-phenyl)-2-((Z)-propenyl)-lH-indole-3-carb
onitrile R1= (Z)-propenyl ES/MS m/z: 275.1 (pos. M +
H), 273.1 (neg. M - H); 1H NMR (acetone-d6, 500MHz) :
7.71 (m, IH), 7.33-7.27 (m, 4H), 7.17 (m, IH), 7.06
(m, 2H), 6.20-6.12 (m, 2H) and 1.94 (d, 3H, J=5 .3Hz)
E 69
2-(Butyl-methyl-amino)-l-(4-hydroxy-phenyl)-lH-indole-
3-carbonitrile R1= Butyl-methyl-amino 



ES/MS m/z: 320.3 (pos. M + H), 318.1 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 7.43 (m, IH), 7.31 (m, 2H),
7.17 (m, IH), 7.09-7.06 (m, 3H), 6.93 (m, IH), 3.15
(m, 2H), 3.00 (s, 3H), 1.45 (m, 2H), 1.20 (m, 2H) and
0.83 (t, 3H, J=7.4Hz). E 70
l-(4-Hydroxy-phenyl)-2-((Z)-l-methyl-propenyl)-lH-indo
le-3-carbonitrile R = (Z)-I -methyl -propenyl ES/MS
m/z: 289.2 (pos. M + H), 287.1 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.70 (m, IH), 7.33-7.27 (m, 4H),
7.22 (m, IH), 7.05 (m, 2H), 5.90 (m, IH), 1.78 (m, 3H)
and 1.66 (m, 3H). E 71
1-(4-Hydroxy-phenyl)-2-imidazol-l
-yl-lH-indole-3-carbonitrile R = imidazol-1-yl ES/MS
m/z: 301.1 (pos. M + H), 299.2 (neg. M -H); 1HNMR
(acetone-d6, 500MHz): 7.85 (t, IH, J=0.9Hz), 7.79 (m,
IH), 7.47-7.40 (m, 2H), 7.34-7.31 (m, 3H), 7.26 (m,
IH), 7.06 (dd, IH, J=0.9, 1.6Hz) and 6.99 (m, 2H). E
72
l-(4-Hydroxy-phenyl)-2-[l,2,4]triazol-l-yl-lH-indole-3
-carbonitrile R = [l,2,4]triazol-l-yl ES/MS m/z: 302.3
(pos. M + H), 300.4 (neg. M - H); 1H NMR (acetone-d6,
500MHz): 8.73 (s, IH), 8.15 (s, IH), 7.84 (m, IH),
7.49-7.46 (m, 2H), 7.33-7.28 (m, 3H) and 6.99 (m, 2H).
E 73
2-(3,5-Dimethyl-pyrazol-l-yl)-l-(4-hydroxy-phenyl)-lH-
indole-3-carbonitrile R =
3,5-dimethyl-pyrrazol-l-ylES/MS m/z: 329.3(pos. M +
H), 327.4 (neg. M - H); H NMR (acetone-d6, 500MHz):
7.81 (m, IH), 7.46-7.42 (m, 2H), 7.35 (m, IH), 7.21
(m, 2H), 6.93 (m, 2H), 5.98 (s, IH), 2.15 (s, 3H) and
2.12 (s, 3H). E 74 1-(4-Hydroxy-phenyl)-2-pyrazol-l
-yl-1H-indole-3 -carbonitrile R = pyrrazol-1-yl ES/MS
m/z: 301.4 (pos. M + H), 299.5 (neg. M - H);1 HNMR
(acetone-d6, 500MHz): 7.89 (d, IH, J=2.6Hz), 7.79 (m,
IH), 7.72 (d, IH, J I .8Hz), 7.45-7.39 (m, 2H),
7.29-7.23 (m, 3H), 6.97 (m, 2H) and 6.47 (dd, IH, J=I.
8, 2.6Hz). E 75
l-(4-Hydroxy-phenyl)-2-(5-methyl-imidazol-l-yl)-lH-ind
ole-3-carbonitrile R = 5-methyl-imidazol-l-yl ES/MS
m/z: 315.2 (pos. M + H), 313.3 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.82 (m, IH), 7.76 (d, IH,
J=0.9Hz), 7.47-7.43 (m, 2H), 7.33-7.27 (m, 3H), 6.97
(m, 2H), 6.76 (m, IH) and 2.13 (d, 3H, J=LlHz). E 76
1-(4-Hydroxy-phenyl)-2-(5 -methyl-pyrazol-
1-yl)-1H-indole-3 -carbonitrile R = 5-methyl
-pyrrazol-1-yl ES/MS m/z: 315.2 (pos. M + H), 313.3
(neg. M - H); 1H NMR (acetone-d6, 500MHz): 7.83 (m,
IH), 7.55 (d, IH, J=I. 3Hz), 7.47-7.44 (m, 2H), 7.37
(m, IH), 7.20 (m, 2H), 6.93 (m, 2H), 6.19 (m, IH) and
2.22 (s, 3H). E 77
l-(4-Hydroxy-phenyl)-2-(3-methyl-pyrazol-l-yl)-lH-indo
le-3-carbonitrile R = 3-methyl-pyrrazol-l-yl ES/MS
m/z: 315.2 (pos. M + H), 313.3 (pos. M + H); 1HNMR
(acetone-d6, 500MHz): 7.76 (m, IH), 7.69 (d, IH,
J=2.5Hz), 7.42-7.36 (m, 2H), 7.27-7.23 (m, 3H), 6.98
(m, 2H), 6.25 (d, IH, J=2.5Hz) and 2.21 (s, 3H). E 78
l-(4-Hydroxy-phenyl)-2-thiazol-2-yl-lH-indole-3-carbon
itrile R = thiazol-2-yl ES/MS m/z: 318.1 (pos. M + H),
316.1 (neg. M - H); 1H NMR (acetone-d6, 500MHz): 7.99
(d, IH, J=3.2Hz), 7.81 (m, IH), 7.76 (d, IH, J=3.2Hz),
7.42-7.37 (m, 4H) and 7.15-7.1 1 (m, 3H).E 79
l-(4-Hydroxy-phenyl)-2-(2-methoxy-thiazol-4-yl)-lH-ind
ole-3-carbonitrile R1= 2-methoxy-thiazol-4-yl ES/MS
m/z: 348.1 (pos. M + H), 346.1 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.75 (m, IH), 7.37-7.31 (m, 4H),
7.11 (m, IH), 7.07 (m, 2H), 6.68 (s, IH) and 4.04 (s,
3H). E 80
l-(4-Hydroxy-phenyl)-2-thiazol-4-yl-lH-indole-3-carbon
itrile R = thiazol-4-yl ES/MS m/z: 318.1 (pos. M + H),
316.1 (neg. M -H); 1H NMR (acetone-d6, 500MHz): 9.08
(d, IH, J=I. 9Hz), 7.78 (m, IH), 7.41 (d, IH, J=I.
9Hz), 7.39-7.33 (m, 2H), 7.29 (m, 2H), 7.17 (m, IH)
and 7.04 (m, 2H). E 81 1-(4-Hydroxy-phenyl)-2-(3
-methyl -but-2-enyl)- 1H-indole-3 -carbonitrile R' =
3-methyl-but-2-enyl ES/MS m/z: 303.1 (pos. M + H),
301.2 (neg. M - H); 1H NMR (acetone-d6, 500MHz): 7.64
(m, IH), 7.30 (m, 2H), 7.29-7.21 (m, 2H), 7.09 (m,
2H), 7.03 (m, IH), 5.11 (m, IH), 3.54 (m, 2H), 1.62
(m, 3H) and 1.48 (s, 3H). E 83
l-(4-Hydroxy-phenyl)-2-(5-methyl-thiophen-2-yl)-lH-ind
ole-3-carbonitrile R = 5-methyl-thiophen-2-yl ES/MS
m/z: 331.1 (pos. M + H), 329.2 (neg. M -H); 1HNMR
(acetone-d6, 500MHz): 7.70 (m, IH), 7.35-7.28 (m, 5H),
7.09-7.05 (m, 3H), 6.82 (m, IH) and 2.45 (s, 3H). E 84
2-(5-Acetyl-thiophen-2-yl)-l-(4-hydroxy-phenyl)-lH-ind
ole-3-carbonitrile R = 5-acetyl-thiophen-2-yl ES/MS
nVz: 359.3 (pos. M + H), 357.1 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.85 (d, IH, J=4.1Hz), 7.77 (m,
IH), 7.57 (d, IH, J=4.1Hz), 7.41-7.34 (m, 4H), 7.15
(m, IH), 7.08 (m, 2H) and 2.54E 85
1-(4-Hydroxy-phenyl)-2-( 1-methyl- 1H-pyrrazol-4-yl)-
1H-indole-3 -carbonitrile R = I -methyl-
1H-pyrrazol-4-yl ES/MS m/z: 315.2 (pos. M + H), 313.3
(neg. M - H); 1H NMR (acetone-d6, 500MHz): 7.73 (s,
IH), 7.67 (m, IH), 7.35 (s, IH), 7.32-7.28 (m, 3H),
7.26 (m, IH), 7.09 (m, 2H), 7.07 (m, IH) and 3.90 (s,
3H). E 86
2-(5-Chloro-thiophen-2-yl)-l-(4-hydroxy-phenyl)-lH-ind
ole-3-carbonitrile R = 5-chloro-thiophen-2-yl ES/MS
m/z: 351.2 (pos. M + H), 349.3 (neg. M - H); 1HNMR
(acetone-d , 500MHz): 7.74 (m, IH), 7.45 (d, IH,
J=4.1Hz), 7.39-7.32 (m, 4H) and 7.13-7.08 (m, 4H). E
87
l-(4-Hydroxy-phenyl)-2-(4-methyl-thiophen-3-yl)-lH-ind
ole-3-carbonitrile R1= 4-methyl-thiophen-3 -yl ES/MS
m/z: 331 .4 (pos. M + H), 329.2 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.76 (m, IH), 7.59 (d, IH,
J=3.2Hz), 7.39-7.33 (m, 2H), 7.29 (m, IH), 7.21 (m,
2H), 7.18 (m, IH), 6.93 (m, 2H) and 2.08 (d, 3H,
J=0.9Hz). E 88
l-(4-Hydroxy-phenyl)-2-(4-methyl-thiophen-2-yl)-l
H-indole-3 -carbonitrile R = 4-methyl-thiophen-2-yl
ES/MS m/z: 331.4 (pos. M + H), 329.2 (neg. M -H); 1H
NMR (acetone-d6, 500MHz): 7.71 (m, IH), 7.39 (d, IH,
J=I. 3Hz), 7.36-7.29 (m, 2H), 7.27 (m, 2H), 7.22 (m,
IH), 7.08 (m, IH), 7.04 (m, 2H) and 2.23 (d, 3H,
J=0.9Hz). E 89 2-(4-Cyano-thiophen-3
-yl)-1-(4-hydroxy-phenyl)- 1H-indole-3 -carbonitrile R
= 4-cyano-thiophen-3-yl ES/MS m/z: 342.2 (pos. M + H),
340.3 (neg. M - H); 1H NMR (acetone-d6, 500MHz): 8.49
(d, IH, J=3.1Hz), 7.98 (d, IH, J=3.1Hz), 7.81 (m, IH),
7.44-7.39 (m, 2H), 7.31 (m, IH), 7.26 (m, 2H) and 6.97
(m, 2H). E 90
l-(4-Hydroxy-phenyl)-2-(2-methyl-2H-pyrazol-3-yl)-lH-i
ndole-3-carbonitrileR = 2-methyl-2H-pyrrazol-3-yl
ES/MS m/z: 315.2 (pos. M + H), 313.3 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 7.80 (m, IH), 7.45 (d, IH,
J=2.0Hz), 7.43-7.39 (m, 2H), 7.32 (m, IH), 7.27 (m,
2H), 6.97 (m, 2H), 6.42 (d, IH, J=2.0Hz) and 3.77 (s,
3H). E 91
l-(4-Hydroxy-phenyl)-2-(l,3,5-trimethyl-lH-pyrrazol-4-
yl)-lH-indole-3-carbonitrile R1=
l,3,5-trimethyl-lH-pyrrazol-4-yl ES/MS m/z: 343.1
(pos. M + H), 341.2 (neg. M - H); 1H NMR (acetone-d6,
500MHz): 7.73 (m, IH), 7.36-7.30 (m, 3H), 7.17 (m,
2H), 6.94 (m, 2H), 3.69 (s, 3H), 2.11 (s, 3H) and 1.96
(s, 3H). E 92 2-(2-Acetyl-pyrrol- 1-yl)-l -(4-hydroxy
-phenyl)- 1H-indole-3 -carbonitrile R =
2-acetyl-pyrrol-l -yl ES/MS m/z: 342.2 (pos. M + H),
340.3 (neg. M - H); 1H NMR (acetone-d6, 500MHz): 7.76
(m, IH), 7.44 (dd, IH, J=1.6, 2.8Hz), 7.42-7.37 (m,
2H), 7.23 (m, IH), 7.13 (dd, IH, J=I .6, 3.9Hz), 7.09
(m, 2H), 6.88 (m, 2H), 6.41 (dd, IH, J=2.8, 3.9Hz) and
2.23 (s, 3H). E 93 2-(2 -Ethyl-pyrrol- 1-yl)-
1-(4-hydroxy-phenyl)-l H-indole-3 -carbonitrile R =
2-ethyl-pyrrol-l-yl ES/MS m/z: 328.4 (pos. M + H),
326.2 (neg. M - H); 1H NMR (acetone-d , 500MHz): 7.78
(m, IH), 7.44-7.39 (m >2H), 7.30 (m, IH), 7.22 (m,
2H), 6.93 (m, 2H), 6.88 (dd, IH, J=2.9, 1.6Hz), 6.1 1
(t, IH, J=3.2Hz), 5.95 (m, IH), 2.49 (m, IH), 2.37 (m,
IH) and 1.09 (t, 3H, J=7.5Hz). E 94
2-(2-Cyano-pyrrol-l-yl)-l-(4-hydroxy-phenyl)-lH-mdole-
3-carbonitrile R = 2-cyano-pyrrol-l-yl ES/MS m/z:
325.4 (pos. M + H), 323.5 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.85 (m, IH), 7.49-7.46 (m, 3H),
7.32 (m, IH), 7.28 (m, 2H), 7.11 (dd, IH, J=4.1,
1.6Hz), 6.99 (m, 2H) and 6.45 (dd, IH, J=4.1, 2.9Hz).
E 95
l-(4-Hydroxy-phenyl)-2-(2-methyl-pyrrol-l-yl)-lH-indol
e-3-carbonitrile R = 2-methyl -pyrrol- 1-yl ES/MS m/z:
314.3 (pos. M + H), 312.4 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.78 (m, IH), 7.44.7.39 (m 2H),
7.31 (m, IH), 7.22 (m, 2H), 6.94 (m, 2H), 6.85 (dd,
IH, J=3.0, 1.6Hz), 6.07 (t, IH,J=3.3Hz), 5.92 (m, IH)
and 2.12 (d, 3H, J=0.7Hz). Examples 96-159 The
following compounds were prepared according to General
Method 1 above. Full experimental details of the
individual steps of that general method are described
in Examples 1-5, 16 and 38-40 above. E 96 1-(3
-Chloro-5 -fluoro-4-hydroxy-phenyl)-2-phenyl-l
H-indole-3 -carbonitrile R'= phenyl R =
3-chloro-5-fiuoro-4-hydroxy-phenyl ES/MS m/z: 363.1
(pos. M + H), 361.1 (neg. M -H); 1HNMR (acetone-d ,
500MHz): 7.77 (m, IH), 7.56-7.53 (m, 2H), 7.50-7.45
(m, 3H), 7.41-7.34 (m, 4H) and 7.32 (dd, IH, J=10.8,
2.5Hz). E 97 l-(3-Chloro-5-fluoro-4-hydroxy-
rhenyl)-2-(3-cyano-thiophen-2-yl)-lH-indole-3-carbonit
rile R = 3-cyano-thiophen-2-yl R =
3-chloro-5-fluoro-4-hydroxy-phenyl ES/MS m/z: 392.0,
394.0 (neg. M - H); 1H NMR (acetone-d6, 500MHz): 8.00
(d, IH, J=5.4Hz), 7.84 (m, IH), 7.56 (d, IH, J=5.4Hz)
and 7.49-7.41 (m, 5H). E 98 1-(3 -Chloro-5
-fluoro-4-hydroxy-phenyl)-2-(3 -cyano-furan-2-yl)-
1H-indole-3 -carbonitrile R = 3-cyano-furan-2-yl R =
3-chloro-5 -fluoro-4-hydroxy-phenyl ES/MS m/z: 376.0,
378.0 (neg. M -H); 1H NMR (acetone-d6, 500MHz): 7.97
(d, IH, J=2.0Hz), 7.86 (m, IH), 7.52-7.44 (m, 5H) and
7.07 (d, IH, J=2.0Hz). E 99
2-Bromo-l-(3-chloro-5-fluoro-4-hydroxy-phenyl)-lH-indo
le-3-carbonitrile R = bromo R =
3-chloro-5-fluoro-4-hydroxy-phenyl ES/MS m/z: 362.0,
364.0, 366.0 (neg. M - H); 1H NMR (acetone-d ,
500MHz): 7.70 (m, IH), 7.54 (t, IH, J=2.5Hz), 7.50
(dd, IH, J=2.5, 10.7Hz), 7.39-7.34 (m, 2H) and 7.27
(m, IH).E lOO
2-Bromo-l-(2-fluoro-4-hydroxy-phenyl)-lH-indole-3-carb
onitrile = bromo R = 2-fluoro-4-hydroxy-phenyl ES/MS
m/z: 331.1, 333.2 (pos. M + H), 328.9, 331.1 (neg. M
-H); 1H NMR (acetone-d6, 500MHz): 7.71 (m, IH), 7.48
(m, IH), 7.38-7.33 (m, 2H), 7.14 (m, IH) and 6.98-6.93
(m, 2H). E lOl
l-(2-Fluoro-4-hydroxy-phenyl)-2-phenyl-lH-indole-3-car
bonitrile R1= phenyl R = 2-fluoro-4-hydroxy-phenyl
ES/MS m/z: 329.3 (pos. M + H), 327.1 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 7.78 (m, IH), 7.52-7.49 (m,
2H), 7.47-7.44 (m, 3H), 7.42-7.36 (m, 3H), 7.19 (m,
IH), 6.84 (m, IH) and 6.77 (dd, IH, J=2.7, 11.7Hz). E
102
2-Bromo-l-(3-fluoro-4-hydroxy-phenyl)-lH-indole-3-carb
onitrile R = bromo R = 3-fluoro-4-hydroxy-phenyl ES/MS
m/z: 331.1, 333.2 (pos. M + H), 329.2, 331.3 (neg. M -
H); 1H NMR (acetone-d6, 500MHz): 7.70 (m, IH), 7.46
(dd, IH, J=2.5, 11.4Hz), 7.38-7.32 (m, 2H), 7.31-7.25
(m, 2H) and 7.21 (m, IH). E 103 2-Bromo-
1-(2,3-difluoro-4-hydroxy-phenyl)- 1H-indole-3
-carbonitrile R = bromo R = 2,3
-difluoro-4-hydroxy-phenyl ES/MS m/z: 349.1, 351.2
(pos. M + H), 346.9, 349.0 (neg. M -H); 1HNMR
(acetone-d6, 500MHz): 7.72 (m, IH), 7.40-7.34 (m, 3H),
7.22 (m, IH) and 7.14 (m, IH). E 104
2-Bromo-l-(2,5-difluoro-4-hydroxy-phenyl)-lH-indole-3-
carbonitrile R = bromo R =
2,5-difluoro-4-hydroxy-phenyl ES/MS m/z: 349.1, 351.2
(pos. M + H), 346.9, 349.0 (neg. M -H); 1HNMR
(acetone-d6, 500MHz): 



7.73 (m, IH), 7.61 (dd, IH, J=7.2, 10.6Hz), 7.41-7.35
(m, 2H), 7.23 (m, IH) and 7.16 (dd, IH, J=7.6,
10.7Hz). E 105 2-Bromo-l-(3-chloro-4-hydroxy-
rhenyl)-lH-indole-3-carbonitrile R = bromo R =
3-chloro-4-hydroxy-phenyl ES/MS m/z: 347.0, 349.1,
(pos. M + H), 344.8, 347.2 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.70 (m, IH), 7.65 (d, IH,
J=2.5Hz), 7.39 (dd, IH, J=2.5, 8.5Hz), 7.38-7.32 (m,
2H), 7.30 (d, IH, J=8.5Hz) and 7.20 (m, IH).E 106
2-Bromo- 1-(3 ,5-difluoro-4-hydroxy-phenyl)-
1H-indole-3 -carbonitrile R = bromo R =
3,5-difluoro-4-hydroxy-phenyl ES/MS m/z: 349.1, 351.2
(pos. M + H), 347.2, 349.3 (neg. M -H)J 1HNMR
(acetone-d6, 500MHz): 7.70 (m, IH), 7.40-7.34 (m, 4H)
and 7.27 (m, IH). E 107
l-(3-Fluoro-4-hydroxy-phenyl)-2-
rhenyl-lH-indole-3-carbonitrile R = phenyl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 329.3 (pos. M +
H), 327.1 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.77 (m, IH), 7.51 (m, 2H), 7.46-7.43 (m 3H),
7.40-7.35 (m, 2H), 7.31-7.26 (m, 2H) and 7.14-7.07 (m,
2H). E 108 1-(3 ,5-Difluoro-4-hydroxy-phenyl)-2
-phenyl- 1H-indole-3 -carbonitrile R = phenyl R =
3,5-difluoro-4-hydroxy-phenyl ES/MS m/z: 347.2 (pos. M
+ H), 344.8 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.77 (m, IH), 7.53 (m, 2H), 7.49-7.46 (m, 3H),
7.42-7.35 (m, 3H) and 7.19 (m, 2H). E 109 1-(3
-Chloro-4-hydroxy-phenyl)-2 -phenyl- 1H-indole-3
-carbonitrile R1= phenyl R = 3-chloro-4-hydroxy-phenyl
ES/MS m/z: 344.9, 347.3 (pos. M + H), 343.0 (neg. M -
H); 1H NMR (acetone-d6, 500MHz): 7.77 (m, IH), 7.52
(m, 2H), 7.48 (d, IH, J=2.5Hz), 7.47-7.44 (m, 3H),
7.41-7.35 (m, 2H), 7.29 (m, IH), 7.22 (dd, IH, J=2.5,
8.8Hz) and 7.13 (d, IH, J=8.8Hz). E IlO
l-(2,3-Difluoro-4-hydroxy-phenyl)-2-phenyl-lH-indole-3
-carbonitrile R = phenyl R =
2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 347.2 (pos. M
+ H), 344.8 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.80 (m, IH), 7.52 (m, 2H), 7.49-7.46 (m, 3H),
7.43-7.38 (m, 2H), 7.29-7.25 (m, 2H) and 7.00 (m, IH).
E lIl
l-(2,5-Difluoro-4-hydroxy-phenyl)-2-phenyl-lH-indole-3
-carbonitrile R = phenyl R =
2,5-difluoro-4-hydroxy-phenyl ES/MS m/z: 347.3 (pos. M
+ H), 344.8 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.79 (m, IH), 7.54-7.51 (m, 3H), 7.50-7.46 (m, 3H),
7.43-7.37 (m, 2H), 7.27 (m, IH) and 6.96 (dd, IH,
J=I.6, 10.7Hz).E 112
1-(3,5-Difluoro-4-hydroxy-phenyl)-2-thiophen-3
-yl-1H-indole-3 -carbonitrile RJ = thiophen-3-yl R =
3,5-difluoro-4-hydroxy-phenyl ES/MS m/z: 353.0 (pos. M
+ H), 351.4 (neg. M -H); 1HNMR (acetone-d6, 500MHz):
7.74 (m, IH), 7.71 (dd, IH, J=I. 3, 2.9Hz), 7.59 (dd,
IH, J=2.9, 5.1Hz), 7.40-7.34 (m, 2H), 7.30 (m, IH) and
7.24-7.20 (m, 3H). E 113 1-(3,5
-Difluoro-4-hydroxy-phenyl)-2-thiophen-2~yl-
1H-indole-3 -carbonitrile R1= thiophen-2-yl R =
3,5-difluoro-4-hydroxy-phenyl ES/MS m/z: 353.0 (pos. M
+ H), 351.4 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.74 (m, IH), 7.71 (dd, IH, J=I. 2, 5.0Hz), 7.54 (dd,
IH, J=1.2, 3.8Hz), 7.40-7.34 (m, 2H), 7.30 (m, 2H),
7.25 (m, IH) and 7.19 (dd, IH, J=3.8, 5.0Hz). E 114
l-(3,5-Difluoro-4-hydroxy-phenyl)-2-(3,5-dimethyl-isox
azol-4-yl)-lH-indole-3-carbonitrile R =
3,5-dimethyl-isoxazol-4-yl R =
3,5-difluoro-4-hydroxy-phenyl ES/MS m/z: 366.2 (pos. M
+ H), 364.3 (neg. M H); 1H NMR (acetone-d6, 500MHz):
7.78 (m, IH), 7.45 (m, IH), 7.44-7.40 (m, 2H), 7.22
(m, 2H), 2.41 (s, 3H) and 2.09 (s, 3H). E 115 1-(3
,5-Difluoro-4-hydroxy-phenyl)-2-( 1-methyl-
1H-pyrrol-2-yl)- 1H-indole-3 -carbonitrile R =
1-methyl- 1H-pyrrol-2-yl R = 3,5-difluoro-4
-hydroxy-phenyl ES/MS m/z: 350.3 (pos. M + H), 348.1
(neg. M -H); 1HNMR (acetone-d , 500MHz): 7.76 (m, IH),
7.41-7.36 (m, 3H), 7.15 (m, 2H), 6.90 (dd, IH, J=I .8,
2.6Hz), 6.27 (dd, IH, J=1.8, 3.8Hz), 6.12 (dd, IH,
J=2.6, 3.8Hz) and 3.61 (s, 3H). E 116
l-(3,5-Difluoro-4-hydroxy-phenyl)-2-(3-methyl-thiophen
-2-yl)-lH-indole-3-carbonitrile R
3-methyl-thiophen-2-yl R =
3,5-difluoro-4-hydroxy-phenyl ES/MS m/z: 367.1 (pos. M
+ H), 365.2 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.77 (m, IH), 7.61 (d, IH, J=5.1Hz), 7.42-7.36 (m,
3H), 7.16 (m, 2H), 7.02 (d, IH, J=5.1Hz) and 2.26 (s,
3H). E 117
l-(3,5-Difluoro-4-hydroxy-phenyl)-2-(l-methyl-lH-pyraz
ol-4-yl)-lH-indole-3-carbonitrile R = 1-methyl-
lH-pyrrazol-4-yl R =
3,5-difluoro-4-hydroxy-phenylES/MS m/z: 351.5 (pos. M
+ H), 349.3 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.79 (s, IH), 7.68 (m, IH), 7.50 (s, IH), 7.35-7.28
(m, 2H), 7.25 (m, 2H), 7.18 (m, IH) and 3.91 (s, 3H).
E 118
l-(3,5-Difluoro-4-hydroxy-phenyl)-2-pyridm-4-yl-lH-ind
ole-3-carbonitrile R = pyridine-4-yl R =
3,5-difluoro4-hydroxy-phenyl ES/MS m/z: 348.2 (pos. M
+ H); 1H NMR (acetone-d6, 500MHz): 8.70 (m, 2H), 7.81
(m, IH), 7.49 (m, 2H), 7.45-7.39 (m, 3H) and 7.24 (m,
2H). E 119 1-(3-Chloro-4-hydroxy-phenyl)-2-thiophen-3
-yl-1H-indole-3 -carbonitrile R = thiophen-3-yl R =
3-chloro-4-hydroxy-phenyl ES/MS m/z: 351.2 (pos. M +
H), 349.3 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.74 (m, IH), 7.67 (dd, IH, J=I. 3, 2.8Hz), 7.57 (dd,
IH, J=2.8, 5.1Hz), 7.52 (d, IH, J=2.5Hz), 7.39-7.32
(m, 2H), 7.27 (dd, IH, J=2.5, 8.6Hz), 7.23 (m, IH),
7.20 (d, IH, J=8.6Hz) and 7.18 (dd, IH, J=1.3, 5.1Hz).
E 120
l-(3-Chloro-4-hydroxy-phenyl)-2-thiophen-2-yl-lH-indol
e-3-carbonitrile R = thiophen-2-yl R =
3-chloro-4-hydroxy-phenyl ES/MS m/z: 351 .2 (pos. M +
H), 349.3 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.74 (m, IH), 7.68 (dd, IH, J=1.3, 5.0Hz), 7.58 (d,
IH, J=2.5Hz), 7.56 (dd, IH, J=1.3, 3.8Hz), 7.39-7.31
(m, 3H), 7.24 (d, IH, J=8.5Hz) and 7.18-7.15 (m, 2H).
E 121
l-(3-Chloro-4-hydroxy-phenyl)-2-(3,5-dimethyl-isoxazol
-4-yl)-lH-indole-3-carbonitrile R =
3,5-dimethyl-isoxazol-4-yl R =
3-chloro-4-hydroxy-phenyl ES/MS m/z: 364.4 (pos. M +
H), 362.5 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.78 (m, IH), 7.53 (br s, IH), 7.43-7.36 (m, 3H), 7.27
(br d, IH, J=7.7Hz), 7.19 (d, IH, J=8.9Hz), 2.39 (s,
3H) and 2.06 (s, 3H). E 122 1-(3
-Chloro-4-hydroxy-phenyl)-2-( 1-methyl-
1H-pyrrol-2-yl)- 1H-indole-3 -carbonitrile R =
1-methyl- 1H-pyrrol-2-yl R = 3-chloro-4-hydroxy-phenyl
ES/MS m/z: 348.2 (pos. M + H), 346.0 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 7.75 (m, IH), 7.43 (d, IH,
J=2.5Hz), 7.40-7.35 (m, 2H), 7.32 (m, IH), 7.22 (dd,
IH, J=2.5, 8.7Hz), 7.14 (d, IH, J=8.7Hz), 6.87 (dd,
IH, J=I. 9, 2.8Hz), 6.25 (dd, IH, J=1.9, 3.8Hz), 6.10
(dd, IH, J=2.8, 3.8Hz) and 3.58 (s, 3H).E 123 1-(3
-Chloro-4-hydroxy-phenyl)-2-(3 -methyl
-thiophen-2-yl)- 1H-indole-3 -carbonitrile R1=
3-methyl-thiophen-2-yl R = 3-chloro-4-hydroxy-phenyl
ES/MS m/z: 365.0 (pos. M + H), 363.4 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 7.77 (m, IH), 7.59 (d, IH,
J=5.1Hz), 7.46 (d, IH, J=2.6Hz), 7.41-7.36 (m, 2H),
7.30 (m, IH), 7.22 (dd, IH, J=2.6, 8.5Hz), 7.14 (d,
IH, J=8.5Hz), 7.00 (d, IH, J=5.1Hz) and 2.24 (s, 3H).
E 124
l-(3-Chloro-4-hydroxy-phenyl)-2-pyridin-4-yl-lH-indole
-3-carbonitrile R = pyridine-4-yl R =
3-chloro-4-hydroxy-phenyl ES/MS m/z: 346.1 (pos. M +
H), 343.9 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
8.68 (m, 2H), 7.81 (m, IH), 7.55 (d, IH, J=2.5Hz),
7.47 (m, 2H), 7.44-7.41 (m, 2H), 7.34 (m, IH), 7.27
(dd, IH, J=2.5, 8.6Hz) and 7.16 (d, IH, J=8.6Hz). E
125
l-(3-Fluoro-4-hydroxy-phenyl)-2-thiophen-3-yl-lH-indol
e-3-carbonitrile R = thiophen-3-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 335.6 (pos. M +
H), 333.1 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.74 (m, IH), 7.67 (dd, IH, J=I. 3, 2.8Hz), 7.56 (dd,
IH, J=2.8, 5.0Hz), 7.38-7.30 (m, 3H), 7.24 (m, IH),
7.21-7.17 (m, 2H) and 7.13 (m, IH). E 126
l-(3-Fluoro-4-hydroxy-phenyl)-2-thiophen-2-yl-lH-indol
e-3-carbonitrile R = thiophen-2-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 335.6 (pos. M +
H), 333.1 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.73 (m, IH), 7.68 (dd, IH, J=1.3, 5.0Hz), 7.54 (dd,
IH, J=1.3, 3.8Hz), 7.39-7.32 (m, 3H) and 7.25-7.16 (m,
4H). E 127
2-(3,5-Dimethyl-isoxazol-4-yl)-l-(3-fluoro-4-hydroxy-p
henyl)-lH-indole-3-carbonitrile R =
3,5-Dimethyl-isoxazol-4-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 348.2 (pos. M +
H), 346.0 (neg. M H); 1H NMR (acetone-d6, 500MHz):
7.79 (m, IH), 7.43-7.39 (m, 3H), 7.32 (m, IH),
7.20-7.13 (m, 2H), 2.39 (s, 3H) and 2.05 (s, 3H). E
128 1-(3 -Fluoro-4-hydroxy-phenyl)-2-( 1-methyl-
1H-pyrrol-2-yl)- 1H-indole-3 -carbonitrile R =
l-methyl-lH-pyrrol-2-yl R = 3-fluoro-4-hydroxy-phenyl
ES/MS m/z: 332.3 (pos. M + H), 330.1 (neg. M - H); 1H
NMR (acetone-d , 500MHz): 7.75 (m, IH), 7.40-7.32 (m,
3H), 7.21 (dd, IH, J=2.1, 11.3Hz), 7.15-7.08 (m, 2H),
6.87 (dd, IH, J=1.8, 2.5Hz), 6.25E 129 1-(3
-Fluoro-4-hydroxy-phenyl)-2-(3 -methyl
-thiophen-2-yl)- 1H-indole-3 -carbonitrile R1=
3-methyl-thiophen-2-yl R = 3-fluoro-4-hydroxy-plienyl
ES/MS m/z: 349.4 (pos. M + H), 347.2 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 7.77 (m, IH), 7.59 (d, IH,
J=5.1Hz), 7.41-7.36 (m, 2H), 7.32 (m, IH), 7.25 (dd,
IH, J=2.4, 11.4Hz), 7.15-7.08 (m, 2H), 7.00 (d, IH,
J=5.1Hz) and 2.24 (s, 3H). E 130
l-(3-Fluoro-4-hydroxy-phenyl)-2-(l-methyl-lH-pyrrazol-
4-yl)-lH-indole-3-carbonitrile R = 1-methyl-
lH-pyrrazol-4-yl R = 3-fluoro-4-hydroxy-phenyl ES/MS
m/z: 333.2 (pos. M + H), 331 .3 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.76 (br s, IH), 7.68 (m, IH),
7.41 (d, IH, J=0.6Hz), 7.36-7.23 (m, 4H), 7.16 (m,
IH), 7.12 (m, IH) and 3.91 (s, 3H). E 131
l-(3-Fluoro-4-hydroxy-phenyl)-2-pyridin-4-yl-lH-indole
-3-carbonitrile R = pyridine-4-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 330.2 (pos. M +
H), 328.3 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
8.68 (m, 2H), 7.81 (m, IH), 7.47 (m, 2H), 7.44-7.40
(m, 2H), 7.37-7.33 (m, 2H) and 7.17-7.12 (m, 2H). E
132
2-Dimethylamino-l-(2-fluoro-4-hydroxy-phenyl)-lH-indol
e-3-carbonitrile R = dimethylamino R =
2-fluoro-4-hydroxy-phenyl ES/MS m/z: 296.3 (pos. M +
H), 294.1 (neg. M - H); 1H NMR (acetone-d , 500MHz):
7.45-7.41 (m, 2H), 7.19 (m, IH), 7.10 (m, IH),
6.69-6.85 (m, 3H) and 2.96 (s, 6H). E 133
2-(3,5-Dimethyl-isoxazol-4-yl)-l-(2-fluoro-4-hydroxy-p
henyl)-lH-indole-3-carbonitrile R =
3,5-dimethyl-isoxazol-4-yl R =
2-fTuoro-4-hydroxy-phenyl ES/MS m/z: 348.2 (pos. M +
H), 346.3 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.80 (m, IH), 7.47 (m, IH), 7.42 (m, IH), 7.27 (m,
IH), 6.88 (m, IH), 6.83 (m, IH), 2.34, 2.33 (2 s, 3H)
and 2.10, 2.09 (2 s, 3H). E 134
l-(3-Fluoro-4-hydroxy-phenyl)-2-((E)-propenyl)-lH-indo
le-3-carbonitrile R = (E)-prorenyl R =
3-fluoro-4-hydroxy-phenylES/MS m/z: 293.1(pos. M + H),
291.1 (neg. M - H); 1H NMR (acetone-d6, 500MHz): 7.66
(m, IH), 7.35-7.25 (m, 4H), 7.16 (m, IH), 7.11 (m,
IH), 6.86 (m, IH), 6.29 (m, IH) and 1.92 (dd, 3H, J=I.
9, 6.9 Hz). E 135
l-(3-Fluoro-4-hydroxy-phenyl)-2-((Z)-propenyl)-lH-indo
le-3-carbonitrile R = (Z)-propenyl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 293.1(pos. M H),
291.1 (neg. M -H); 1H NMR (acetone-d6, 500MHz): 7.71
(m, IH), 7.35-7.29 (m, 3H), 7.25-7.21 (m, 2H), 7.16
(m, IH), 6.23-6.16 (m, 2H) and 1.94 (m, 3H). E 136
1-(2,3 -Difluoro-4-hydroxy-phenyl)-2-((Z)-propenyl)-
1H-indole-3 -carbonitrile R = (Z)-propenyl R =
2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 311.0 (pos. M
+ H), 309.1 (neg. M-H); 1H NMR (CDCl3, 500MHz): 7.79
(m, IH), 7.35- 7.28 (m, 2H), 7.08 (m, IH), 7.05-6.96
(m, 2H), 6.17 (m, IH), 6.10 (m, IH) and 1.98 (dd, 3H,
J=1.5, 6.9Hz). E 137
l-(2,3-Difluoro-4-hydroxy-phenyl)-2-vinyl-lH-indole-3-
carbonitrile R = vinyl R =
2,3-difhioro-4-hydroxy-phenyl ES/MS m/z: 297.0 (pos. M
+ H), 295.1 (neg. M - H); 1H NMR (CDCl3, 500MHz): 7.78
(m, IH), 7.34- 7.27 (m, 2H), 7.08-6.99 (m, 3H), 6.46
(dd, IH, J=I 1.7, 17.8Hz), 6.31 (d, IH, J=17.8Hz) and
5.67 (d, IH, J=I 1.7Hz). E 138 1-(2,3
-Difluoro-4-hydroxy-phenyl)-2-thiophen-3
-yl-1H-indole-3 -carbonitrile R = thiophen-3-yl R =
2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 353.3 (pos. M
+ H), 351.4 (neg. M - H); 1HNMR (acetone-d , 500MHz):
7.77 (m, IH), 7.70 (dd, IH, J=I .3, 2.8Hz), 7.61 (dd,
IH, J=2.8, 5.0Hz), 7.41-7.35 (m, 2H), 7.31 (m, IH),
7.25 (dd, IH, J=I. 3, 5.0Hz), 7.23 (m, IH) and 7.06
(m, IH). 



E 139
l-(2,3-Difluoro-4-hydroxy-phenyl)-2-thiophen-2-yl-lH-i
ndole-3-carbonitrile R = thiophen-2-yl R =
2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 353.3 (pos. M
+ H), 351.4 (neg. M -H); 1H NMR (acetone-d6, 500MHz):
7.76 (m, IH), 7.71 (m, IH), 7.60 (m IH), 7.42-7.32 (m,
3H), 7.21-7.19 (m, 2H) and 7.10 (m, IH).E 140
l-(2,3-Difluoro-4-hydroxy-phenyl)-2-(3-methyl-thiophen
-2-yl)-lH-indole-3-carbonitrile R1=
3-methyl-thiophen-2-yl R =
2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 367.1 (pos. M
+ H), 365.2 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.80 (m, IH), 7.60 (d, IH, J=5.1Hz), 7.44-7.39 (m,
2H9, 7.27 (m, IH), 7.22 (m, IH), 7.02 (d, IH,
J=5.1Hz), 6.99 (m, IH) and 2.28 (s, 3H). E 141
l-(2,3-Difluoro-4-hydroxy-phenyl)-2-(l-methyl-lH-pyrro
l-2-yl)-lH-indole-3-carbonitrile R1=
l-methyl-lH-pyrrol-2-yl R =
2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 350.3 (pos. M
+ H), 348.1 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.78 (m, IH), 7.42-7.37 (m, 2H), 7.26-7.22 (m, 2H),
6.99 (m, IH), 6.93 (dd, IH, J=I. 5, 2.9Hz) 5 6.14 (dd,
IH, J=I .5, 3.8Hz), 6.08 (dd, IH, J=2.9, 3.8Hz) and
3.70 (s, 3H). E 142
2-(2-Acetyl-pyrrol-l-yl)-l-(3-fluoro-4-hydroxy-phenyl)
-lH-indole-3-carbonitrile R' = 2-acetyl- ryrrol-l-yl R
= 3-fluoro-4-hydroxy-phenyl ES/MS m/z: 360.2 (pos. M +
H), 358.2 (neg. M - H); 1H NMR (acetone-d , 500MHz):
8.31 (m, IH), 7.41 (d, IH, J=5.2Hz), 7.32-7.26 (m,
2H), 7.18 (m, IH), 7.16-6.96 (m, 3H), 6.85 (d, IH,
J=5.2Hz) and 2.09 (s, 3H). E 143 1-(3
-Fluoro-4-hydroxy-phenyl)-2-pyr tol- 1-yl- 1H-indole-3
-carbonitrile R = pyrrol- 1-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 317.9 (pos. M +
H), 316.3 (neg. M -H); 1H NMR (acetone-d6, 500MHz):
7.74 (m, IH), 7.43-7.37 (m, 2H), 7.31-7.29 (m, 2H),
7.16-7.14 (m, 2H), 6.97 (t, 2H, J=2.2Hz) and 6.26 (t,
2H, J=2.2Hz). E 144 1-(2,3
-Difluoro-4-hydroxy-phenyl)-2 -pyrrol- 1-yl-
1H-indole-3 -carbonitrile R = pyrrol- 1-yl R
2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 336.5 (pos. M
+ H), 334.3 (neg. M -H); 1H NMR (acetone-d6, 500MHz):
7.77 (m, IH), 7.46-7.40 (m, 2H), 7.31 (m, IH), 7.27
(m, IH), 7.02 (m, IH), 6.99 (t, 2H, J=2.2Hz) and 6.28
(t, 2H, J=2.2Hz). E 145
l-(2,3-Difluoro-4-hydroxy-phenyl)-2-prop-l-ynyl-lH-ind
ole-3-carbonitrile R = prop-1-ynyl R =
2,3-difluoro-4-hydroxy-phenylES/MS m/z: 309.1 (pos. M
+ H), 307.2 (neg. M-H); 1HNMR (CDCl3, 500MHz): 7.74
(m, IH), 7.34- 7.30 (m, 2H), 7.12 (m, IH), 7.05 (m,
IH), 6.98 (m, IH) and 2.08 (s, 3H). E 146
l-(3-Fluoro-4-hydroxy-phenyl)-2-(2-methyl-prop-l-enyl)
-lH-indole-3-carbonitrile R = 2-methyl-prop-l-enyl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 307.1 (pos. M +
H),305.2 (neg. M-H); 1HNMR (CDCl3, 500MHz): 7.76 (m,
IH), 7.40- 7.36 (m, 2H), 7.18-7.13 (m, 2H), 7.07 (m,
IH), 7.02 (m, IH), 5.86 (m, IH), 1.98 (d, 3H, J=I.
3Hz) and 1.91 (d, 3H, J=I .4Hz). E 147 1-(2,3
-Difluoro-4-hydroxy-phenyl)-2-(2 -methyl-prop-
1-enyl)-l H-indole-3 -carbonitrile R =
2-methyl-prop-l-enyl R = 2,3-difluoro-4-hydroxy-phenyl
ES/MS m/z: 325.1 (pos. M + H), 323.2 (neg. M-H); 1HNMR
(CDCl3, 500MHz): 7.77 (m, IH), 7.33- 7.25 (m, 2H),
7.05-7.01 (m, 2H), 6.96 (m, IH), 5.85 (m, IH), 1.96
(d, 3H, J=I. 2Hz) and 1.91 (d, 3H, J=I. 3Hz). E 148
2-(2-Acetyl-pyrrol-l-yl)-l-(2,3-difluoro-4-hydroxy-phe
nyl)-lH-indole-3-carbonitrile R = 2-acetyl-pyrrol-l-yl
R = 2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 378.2
(pos. M + H), 376.3 (neg. M - H); 1H NMR (acetone-d6,
500MHz): two conformations in ratio 2:1, 7.82-7.77 (m,
3H), 7.52 (dd, IH, J=2.9, 1.6Hz), 7.47-7.42 (m, 6H),
7.35-7.34 (m, 2H), 7.31 (m, IH), 7.27-7.25 (m, 2H),
7.20 (dd, 2H, J=4.1, 1.6Hz), 7.16 (dd, IH, J=4.0,
1.6Hz), 7.03-6.99 (m, 2H), 6.96-6.88 (m, 3H), 6.81 (m,
IH), 6.47 (dd, IH, J=4.0, 2.8Hz), 6.44 (dd, 2H, J=3.8,
2.8Hz), 2.29 (s, 6H) and 2.21 (s, 3H). E 149
l-(3-Fluoro-4-hydroxy-phenyl)-2-pyrazol-l-yl-lH-indole
-3-carbonitrile R = pyrrazol-1-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 319.1 (pos. M +
H), 317.2 (neg. M -H); 1H NMR (acetone-d6, 500MHz):
7.98 (dd, IH, 3=2.6, 0.6Hz), 7.79 (m, IH), 7.73 (d,
IH, J=I. 8Hz), 7.46-7.41 (m, 2H), 7.33 (m, IH), 7.28
(m, IH), 7.15-7.09 (m, 2H) and 6.51 (dd, IH, J=2.5,
1.7Hz). E 150 1-(2,3
-Difluoro-4-hydroxy-phenyl)-2-pyrazol- 1-yl-
1H-indole-3 -carbonitrile R = pyrrazol-1-yl R =
2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 337.4 (pos. M
+ H), 335.5 (neg. M -H); 1H NMR (acetone-d6, 500MHz):
8.14 (d, IH,J=2.6Hz), 7.82 (m, IH), 7.72 (d, IH, J=I.
6Hz), 7.48-7.43 (m, 2H), 7.31 (m, IH), 7.20 (m, IH),
6.96 (m, IH) and 6.56 (dd, IH, J=2.6, 1.6Hz). E 151
2-(2,5-Dimethyl-pyrrol- 1-yl)-l
-(3-fluoro-4-hydroxy-phenyl)- 1H-indole-3
-carbonitrile R = 2,5-dimethyl-pyrrol-l-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 346.1 (pos. M +
H), 344.2 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.82 (m, IH), 7.46-7.43 (m, 3H), 7.15-7.10 (m, 2H),
7.04 (m, IH), 5.83 (s, 2H) and 2.06 (s, 6H). E 152
2-(2-Ethyl-pyrrol-l -yl)-l
-(3-fluoro-4-hydroxy-phenyl)- 1H-indole-3
-carbonitrile R = 2-ethyl-pyrrol-l-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 346.1 (pos. M +
H), 344.2 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.79 (m, IH), 7.45-7.41 (m, 2H), 7.37 (m, IH), 7.22
(m, IH), 7.13-7.09 (m, 2H), 6.92 (dd, IH, J=2.9,
1.6Hz), 6.14 (t, IH, J=3.3Hz), 5.98 (m, IH), 2.50 (m,
IH), 2.40 (m, IH) and 1.10 (t, 3H, J=7.6Hz). E 153
2-(2-Cyano-pyrrol-l-yl)-l-(3-fluoro-4-hydroxy-phenyl)-
lH-indole-3-carbonitrile R = 2-cyano-pyrrol-l-yl R
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 343.1 (pos. M +
H), 341 .2 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.86 (m, IH), 7.52-7.48 (m, 3H), 7.39 (m, IH), 7.32
(m, IH), 7.19-7.12 (m, 3H) and 6.48 (dd, IH, J=3.9,
2.8Hz). E 154
l-(3-Fluoro-4-hydroxy-phenyl)-2-(2-methyl-pyrrol-l-yl)
-lH-mdole-3-carbonitrile R = 2-methyl-pyrrol-l-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 332.3 (pos. M +
H), 330.1 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.79 (m, IH), 7.45-7.41 (m, 2H), 7.37 (m, IH), 7.23
(m, IH), 7.14-7.09 (m, 2H), 6.88 (dd, IH, J=3.1,
1.7Hz), 6.09 (t, IH, J=3.1Hz), 5.95 (m, IH) and 2.14
(d, IH, J=0.9Hz). E 155
l-(2,3-Difluoro-4-hydroxy-phenyl)-2-(2-ethyl-pyrrol-l-
yl)-lH-indole-3-carbonitrile R = 2-ethyl-pyrrol-l-yl R
= 2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 364.4 (pos.
M + H), 362.5 (neg. M - H); 1H NMR (acetone-d6,
500MHz): two confopnations in ratio 1.5:1, 7.83-7.80
(m, 2.5H), 7.48-7.43 (m, 5H), 7.33-7.28 (m, 4H), 7.10
(m, IH), 6.99-6.90 (m, 4H), 6.73 (m, IH), 6.14-6.11
(m, 2.5H), 6.00-5.99 (m, 2.5H), 2.59-2.46 (m, 3.5H),
2.36 (m, 1.5H) and 1.17-1.13 (m, 7.5H).E 156
2-(2-Cyano-pyrrol-l-yl)-l-(2,3-difluoro-4-hydroxy-phen
yl)-lH-indole-3-carbonitrile R = 2-cyano-pyrrol-l-yl R
= 2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 361.4 (pos.
M + H), 359.2 (neg. M - H); 1H NMR (acetone-d6,
500MHz): 7.88 (m, IH), 7.55-7.50 (m, 2H), 7.46-7.33(m,
3H), 7.17 (dd, IH, J=4.0, 1.5Hz), 7.01 (m, IH), and
6.49 (dd, IH, J=3.8, 2.9Hz). E 157
l-(2,3-Difluoro-4-hydroxy-phenyl)-2-(2-methyl-pyrrol-l
-yl)-lH-mdole-3-carbonitrile R = 2-methyl-pyrrol-l-yl
R = 2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 350.3
(pos. M + H), 348.1 (neg. M - H); 1H NMR (acetone-d6,
500MHz): 7.82 (m, IH), 7.48-7.44 (m, 2H), 7.37 (m,
IH), 7.30 (m, IH), 7.09-6.85 (m, 2H), 6.08 (m, IH),
5.97 (m, IH) and 1.20 (s, 3H). E 158
l-(2-Fluoro-4-hydroxy-phenyl)-2-pyrrol-l-yl-lH-indole-
3-carbonitrile R = pyrrol- 1-yl R =
2-fluoro-4-hydroxy-phenyl ES/MS m/z: 317.9 (pos. M +
H), 316.3 (neg. M - H); 1H NMR (acetone-d , 500MHz):
7.76 (m, IH), 7.47 (t, IH, J=8.8Hz), 7.44-7.38 (m,
2H), 7.19 (m, IH), 6.96 (m, 2H), 6.86 (m, IH), 6.81
(dd, IH, J=I 1.5, 2.5Hz) and 6.27 (m, 2H). E 159
l-(2,3-difluoro-4-hydroxyphenyl)-2-(3-methylbut-2-enyl
)-lH-indole-3-carbonitrile R = 3-methylbut-2-enyl R =
2,3-difluoro-4-hydroxyphenyl ES/MS m/z: 317.9 (pos. M
+ H), 316.3 (neg. M - H); 1H NMR (acetone-d , 500MHz):
7.76 (m, IH), 7.47 (t, IH, J=8.8Hz), 7.44-7.38 (m,
2H), 7.19 (m, IH), 6.96 (m, 2H), 6.86 (m, IH), 6.81
(dd, IH, J=I 1.5, 2.5Hz) and 6.27 (m, 2H). Examples
160-195 Examples 160-162 below were prepared according
to General Method 1 above. Full experimental details
of the individual steps of that general method
applicable for the synthesis of Examples 160-162 are
described in Examples 1-4, 8, 16 and 38-40 above.
Examples 163-168 and 170-172 below were prepared
according to General Method 4 above. Full experimental
details of the individual steps of that general method
are described in Examples 2-4, 9, and 20-21
above.Examples 173-195 below were prepared according
to General Method 1 above. Full experimental details
of the individual steps of that general method
applicable for the synthesis of Examples 173-195 are
described in Examples 1-4, 10-11, 14-16, 38-40 and 45
above. E 160
[l-(4-Hydroxy-phenyl)-2-phenyl-lH-indol-3-yl]-acetonit
rile R1= phenyl R = cyanomethyl ES/MS m/z: 325.1 (pos.
M + H), 323.2 (neg. M - H); 1H NMR (acetone-d6,
500MHz): 7.81 (m, IH), 7.41-7.32 (m, 5H), 7.25-7.22
(m, 2H), 7.19 (m, IH), 7.11 (m, 2H), 6.88 (m, 2H) and
3.97 (s, 2H). E 161 [1-(4-Hydroxy-phenyl)-2 -phenyl-
1H-indol-3-yl] -acetic acid R = phenyl R2 =
carboxymethyl ES/MS m/z: 344.1 (pos. M + H), 342.2
(neg. M - H); 1H NMR (acetone-d6, 500MHz): 7.71 (m,
IH), 7.39-7.27 (m, 5H), 7.17.7.12 (m, 3H), 7.07 (m,
2H), 6.86 (m, 2H) and 3.74 (s, 2H). E 162
2-[l-(4-Hydroxy-phenyl)-2-phenyl-lH-indol-3-yl]-acetam
ide R1= phenyl R = carbamoyl ES/MS m/z: 313.1 (pos. M
+ H), 311.2 (neg. M -H); 1H NMR (CDCl3, 500MHz): 7.68
(m, IH), 7.32- 7-23 (m, 6H), 7.20-7.18 (m, 2H), 7.06
(m, 2H), 6.81 (m, 2H) and 3.77 (s, 2H). E 163
4-(3-Isopropenyl-2-phenyl-indol-l-yl)-phenol R' =
phenyl R = isopropenyl ES/MS m/z: 326.2 (pos. M + H),
324.2 (neg. M H); 1H NMR (acetone-d6, 500MHz): 7.72
(m, IH), 7.31-7.25 (m, 5H), 7.16-7.1 1 (m, 3H), 7.07
(m, 2H), 6.86 (m, 2H), 5.27 (m, IH), 5.15 (m, IH) and
1.83 (m, 3H). E 164
4-[3-(2-Methyl-2H-pyrazol-3-yl)-2-phenyl-indol-l-yl]-p
henol R = phenyl R2 = 2-Methyl-2H-pyrrazol-3-ylES/MS
m/z: 366.2 (pos. M + H), 364.2 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.47-7.45 (m, 2H), 7.24-7.13 (m,
10H), 6.92 (m, 2H), 6.32 (d, IH, J=1.9Hz) and 3.33 (s,
3H). E 165
4-(2-Phenyl-3-thiazol-4-yl-indol-l-yl)-phenol R1 =
phenyl R2 = thiazol-4-yl ES/MS m/z: 369.1 (pos. M +
H), 367.1 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
9.06 (d, IH, J=2.0Hz), 8.30 (m, IH), 7.35-7.31 (m,
5H), 7.22-7.18 (m, 2H), 7.16-7.12 (m, 3H), 6.87 (m,
2H) and 6.81 (d, IH, J=2.2Hz). E 166
4-(2-Phenyl-3-prop-l -ynyl-indol-1 -yl)-phenol R1 =
phenyl R = prop-l-ynyl ES/MS m/z: 324.2 (pos. M + H),
322.2 (neg. M - H); 1H NMR (acetone-d6, 500MHz): 7.70
(m, IH), 7.48-7.46 (m, 2H), 7.34-7.26 (m, 3H),
7.21-7.18 (m, 2H), 7.16 (m, IH), 7.11 (m, 2H), 6.91
(m, 2H) and 2.07 (s, 3H). E 167
1-(4-Hydroxy-phenyl)-2-((E)-propenyl)-lH-indole-3-carb
oxylic acid amide R1 = (E)-propenyl R = carbamoyl
ES/MS m/z: 293.1 (pos. M + H), 291 .2 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 7.99 (m, IH), 7.19 (m, 2H),
7.16-7.10 (m, 2H), 7.05 (m, 2H), 6.94 (m, IH), 6.73
(m, IH), 5.91 (m, IH) and 1.73 (dd, 3H, J=I. 3,
6.6Hz). E 168 1-(4-Hydroxy-phenyl)-2-(2-methyl-prop-l
-enyl)-lH-indole-3-carboxylic acid amide R =
2-methyl-prop-l-enyl R = carbamoyl ES/MS m/z: 307.2
(pos. M + H), 305.2 (neg. M - H); 1H NMR (acetone-d6,
500MHz): 8.36 (m, IH), 7.20 (m, 2H), 7.17-7.12 (m,
2H), 7.05 (m, IH), 7.01 (m, 2H), 6.17 (m, IH), 1.83
(d, 3H, J=I. 4Hz) and 1.65 (d, 3H, J=I. 2Hz). E 169
1-(4-Hydroxy-phenyl)-2-((Z)-l
-methyl-propenyl)-lH-indole-3-carboxylicacid amide R =
(Z)-I -methyl-propenyl R = carbamoyl ES/MS m/z: 307.1
(pos. M + H), 305.2 (neg. M - H); 1H NMR (acetone-d6,
500MHz): 8.41 (m, IH), 



7.23 (br s, 2H), 7.19-7.13 (m, 2H), 7.03-7.00 (m, 3H),
5.91 (m, IH), 1.89 (m, 3H) and 1.59 (m, 3H).E 170
4-(2-Phenyl-3-pyrrazol-l -yl-indol-1 -yl)-phenol R =
phenyl R2 = pyrrazol-1-yl ES/MS m/z: 352.1 (pos. M +
H), 350.2 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.68 (d, IH, J=I. 3Hz), 7.57 (m, IH), 7.51 (dd, IH,
J=0.6, 2.5Hz), 7.27-7.17 (m, 10H), 6.92 (m, 2H) and
6.34 (t, IH, J=2.1Hz). E 171 4-(3-Imidazol-l
-yl-2-phenyl-indol-l -yl)-phenol R1 = phenyl R2 =
imidazol-1-yl ES/MS m/z: 352.2 (pos. M + H), 350.2
(neg. M - H); 1H NMR (acetone-d6, 500MHz): 7.75 (br s,
1H), 7.53 (m, IH), 7.38-7.29 (m, 7H), 7.25-7.19 (m,
5H) and 6.91 (m, 2H). E 172
4-[3-(5-Methyl-pyrazol-l-yl)-2-phenyl-indol-l-yl]-phen
ol R = phenyl R = 5-Methyl-pyrrazol-l-yl ES/MS m/z:
366.1 (pos. M + H), 364.2 (neg. M -H); 1H NMR
(acetone-d6, 500MHz): 7.61 (m, IH), 7.34 (d, IH,
J=2.1Hz), 7.25-7.15 (m, 10H), 6.91 (m, 2H), 6.11 (d,
IH, J=2.1Hz) and 2.29 (s, 3H). E 173
2-Bromo-l-(4-hydroxy-phenyl)-lH-indole-3-carboxylic
acid amide R = bromo R2 = carbamoyl ES/MS m/z: 331.0,
333.0 (pos. M + H), 329.0, 331.0 (neg. M -H); 1H NMR
(acetone-d6, 500MHz): 8.22 (m, IH), 7.28 (m, 2H),
7.22-7.17 (m, 2H), 7.08 (m, 2H) and 7.00 (m, IH). E
174
l-(4-Hydroxy-phenyl)-2-((Z)-3,3,3-trifluoro-propenyl)-
lH-indole-3-carbonitrile R =
(Z)-3,3,3-trifluoro-propenyl R2 = CN ES/MS m/z: 329.1
(pos. M + H), 327.13 (neg. M -H); 1H NMR (acetone-d6,
500MHz): 7.75 (m, IH), 7.39-7.34 (m, 2H), 7.31 (m,
2H), 7.23 (m, IH), 7.08 (m, 2H), 7.03 (d, IH,
J=12.2Hz) and 6.43 (m, IH). E 175
(Z)-2-bromo-N'-hydroxy-l-(4-hydroxyphenyl)-lH-indole-3
-carboximidamide R = bromo R = N-Hydroxycarbamimidoyl
ES/MS m/z: 346.1, 347.9 (pos. M + H), 343.9, 346.0
(neg. M - H); 1H NMR (acetone-d6, 500MHz): 8.91-8.84
(s, OH), 7.98-7.95 (m, IH), 7.27-7.23 (m, 2H),
7.17-7.10 (m, 2H), 7.09-7.05 (m, 2H), 7.00- 6.97 (m,
IH), 5.49-5.38 (m, 2H).E 176 (Z)-N'-hydroxy-
1-(4-hydroxyphenyl)-2-(l H-pyrrol- 1-yl)-l H-indole-3
-carboximidamide R = pyrrol- 1-yl R =
N-Hydroxycarbamimidoyl ES/MS m/z: 333.2 (pos. M + H),
331.3 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
8.25-8.22 (m, IH), 8.14-8.12 (s, OH), 7.25-7.16 (m,
4H), 7.10-7.06 (m, IH), 6.92-6.90 (t, 2H), 6.90-6.86
(m, 2H), 6.16-6.14 (t, 2H), 4.71-4.53 (m, 2H). E 177
2-(3,5-Dimethyl-isoxazol-4-yl)-l
-(4-hydroxy-phenyl)-lH-indole-3-carboxylic acid amide
R = 3,5-Dimethyl-isoxazol-4-yl R = carbamoyl ES/MS
m/z: 348.2 (pos. M + H); 1H NMR (acetone-d6, 500MHz):
8.26 (m, IH), 7.27-7.23 (m, 2H), 7.21-7.08 (m, 3H),
6.95 (m, 2H), 2.20 (s, 3H) and 2.06 (s, 3H). E 178
(Z)-N'-hydroxy- 1-(4-hydroxyphenyl)-2-(2-methylprop-
1-enyl)- 1H-indole-3 -carboximidamide R1=
2-methyl-prop-l-enyl R = N-Hydroxycarbamimidoyl ES/MS
m/z: 322.4 (pos. M + H), 320.2 (neg. M H); 1H NMR
(acetone-d6, 500MHz): 8.14 (s, IH), 7.99 (m, IH), 7.29
(m, 2H), 7.13-7.05 (m, 5H) and 1.35 (s, 6H). E 179
1-(4-Hydroxy-phenyl)-2 -phenyl- 1H-indole-3
-carboxylic acid hydroxyamide R1= phenyl R =
hydroxycarbamoyl ES/MS m/z: 345.13 (pos. M + H),
343.13 (neg. M - H); 1H NMR (acetone-d6, 500MHz): 8.04
(m, IH), 7.38 (m, 2H), 7.34-7.31 (m, 3H), 7.23-7.20
(m, 2H), 7.13-7.08 (m, 3H) and 6.87 (m, 2H). E 180
(Z)-N'-hydroxy-l-(4-hydroxyphenyl)-2-phenyl-lH-indole-
3-carboximidamide R = phenyl R =
N-Hydroxycarbamimidoyl ES/MS m/z: 344 (pos. M + H),
342.4 (neg. M - H); 1H NMR (acetone-d6, 500MHz): 8.03
(m, IH), 7.39 (m, 2H), 7.31-7.28 (m, 3H), 7.18-7.13
(m, 2H), 7.09-7.06 (m, 3H) and 6.85 (m, 2H). E 181
1-(4-Hydroxy-phenyl)-2-pyrrol-l -yl-1 H-indole-3
-carboxylic acid amide R = pyrrol- 1-yl R = carbamoyl
ES/MS m/z: 318.15 (pos. M + H), 316.19 (neg. M -H); 1H
NMR (acetone-d6, 500MHz): 8.44 (m, IH), 7.29-7.23 (m,
4H), 7.10 (m, IH), 7.00 (t, 2H, J=2.1Hz), 6.90 (m, 2H)
and 6.24 (t, 2H, J=2.1Hz).E 182
[l-(4-Hydroxy-phenyl)-2-pyrrol-l-yl-lH-indol-3-yl]-car
bamic acid tert-butyl ester R = pyrrol- 1-yl R =
tr-butoxycarbonylamino ES/MS m/z: 390.16 (pos. M + H),
388.2 (neg. M - H); 1H NMR (acetone-d6, 500MHz): 7.59
(m, IH), 7.22-7.15 (m, 3H), 7.11 (m, 2H), 6.89 (m,
2H), 6.77 (m, 2H), 6.09 (m, 2H) and 1.45 (s, 9H). E
183
2-(3,5-Dimethyl-isoxazol-4-yl)-l-(4-hydroxy-phenyl)-N-
methyl-lH-indole-3-carboxamidine R =
3,5-Dimethyl-isoxazol-4-yl R = N-methylcarbamimidoyl
ES/MS m/z: 361 .2 (pos. M + H), 359.2 (neg. M - H); 1H
NMR (methanol-d4, 500MHz): 7.81 (m, IH), 7.38-7.34 (m,
3H), 7.07 (br s, 2H), 6.91 (m, 2H), 3.11 (s, 3H), 2.14
(s, 3H) and 1.96 (s, 3H). E 184 methyl 2-(3
,5-dimethylisoxazol-4-yl)- 1-(4-hydroxyphenyl)-
lH-indole-3 -carbimidate R =
3,5-Dimethyl-isoxazol-4-yl R2 = imino(methoxy)methyl
ES/MS m/z: 362.3 (pos. M + H), 360.4 (neg. M - H); 1H
NMR (acetone-d6, 500MHz):8.26 (m, IH), 7.27-7.04 (m,
5H), 6.96 (m, 2H), 3.04 (s, 3H), 2.21 (s, 3H) and 2.07
(s, 3H). E 185
N-((2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-
lH-indol-3- yl)(imino)methyl)acetamide R1=
3,5-Dimethyl-isoxazol-4-yl R2 = (imino)methylacetamide
ES/MS m/z: 1HNMR (acetone-d6, 500MHz): 8.38 (m, IH),
7.34-7.29 (m, 2H), 7.25-7.20 (m, 3H), 6.97 (m, 2H),
2.59 (s, 3H), 2.17 (s, 3H) and 1.97 (s, 3H). E 186
2-(5-ethyl-3-methylisoxazol-4-yl)-l-(4-hydroxy
rhenyl)-lH-indole-3-carboxamide R =
5-ethyl-3-methylisoxazol-4-yl R2 = carbamoyl ES/MS
m/z: 362.3 (pos. M + H), 360.4 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 8.27 (m, IH), 7.27-7.07 (m, 5H),
6.96 (m, 2H), 2.58 (m, 2H), 2.09 (s, 3H) and 1.04 (t,
3H, J=7.6Hz). E 187
(Z)-2-(2-ethyl-lH-pyrrol-l-yl)-N'-hydroxy-l-(4-hydroxy
phenyl)-lH-indole-3- carboximidamide R1=
2-ethyl-lH-pyrrol-l-yl R = N-Hydroxycarbamimidoyl
ES/MS m/z: 361 .23 (pos. M + H), 359.35 (neg. M - H);
1H NMR (acetone-d6, 500MHz): 8.34 (d, IH, J=7.9Hz),
7.24 (m, IH), 7.20-7.17 (m, 3H), 7.1 1 (m, IH),
6.91-6.87 (m, 3H), 6.13 (t, IH, J=3.2Hz), 5.91 (m,
IH), 2.35 (m, IH), 2.25 (m, IH) and 1.06 (t, 3H,
J=7.6Hz).E 188
(Z)-Nl-hydroxy-l-(4-hydroxyphenyl)-2-(2-methyl-lH-pyrr
ol-l-yl)-lH-indole-3- carboximidamide R =
2-methyl-lH-pyrrol-l-yl R = N-Hydroxycarbamimidoyl
ES/MS m/z: 347.18 (pos. M + H), 345.25 (neg. M - H);
1H NMR (acetone-d6, 500MHz): 8.33 (d, IH, J=7.8Hz),
7.24 (m, IH), 7.20-7.17 (m, 3H), 7.12 (m, IH),
6.91-6.87 (m, 3H), 6.08 (t, IH, J=3.0Hz), 5.88 (m, IH)
and 1.99 (s, 3H). E 189
l-(4-hydroxyphenyl)-2-(2-metliyl-lH-pyrrol-l-yl)-lH-in
dole-3-carboxamide R = 2-methyl-lH-pyrrol-l-yl R =
carbamoyl ES/MS m/z: 332.16 (pos. M + H), 330.21 (neg.
M - H); 1H NMR (acetone-d , 500MHz): 8.50 (m, IH),
7.31-7.27 (m, 2H), 7.25 (m, 2H), 7.14 (m, IH), 6.98
(m, IH), 6.93 (m, 2H), 6.16 (t, IH, J=3.4Hz), 5.96 (m,
IH) and 2.00 (s, 3H). E 190
4-(3-chloro-2-(3,5-dimethylisoxazol-4-yl)-lH-indol-l-y
l)phenol R = 3,5-dimethylisoxazol-4-yl R = C1 ES/MS
m/z: 339.1 /341.1 (pos. M + H), 337.2 /339.2 (neg. M -
H); 1H NMR (CDCl3, 500MHz): 7.72 (m, IH), 7.32-7.27
(m, 3H), 7.02 (m, 2H9, 6.86 (m, 2H), 2.24 (s, 3H) and
1.99 (s, 3H). E 191
(Z)-2-((Z)-but-2-en-2-yl)-N'-hydroxy-l-(4-hydroxypheny
l)-lH-indole-3-carboximidamide R = (Z)-but-2-en-2-yl
R2 = N-Hydroxycarbamimidoyl ES/MS m/z: 322.19 (pos. M
+ H), 320.27 (neg. M -H); 1H NMR (methanol-d3,
500MHz): 7.69 (m, IH), 7.30-7.24 (m, 2H), 7.19-7.10
(m, 3H), 6.94 (m, 2H), 5.85 (m, IH), 1.79 (t, 3H,
J=1.3Hz) and 1.57 (m, 3H). E 192 (Z)-N'-hydroxy-
1-(4-hydroxyphenyl)-2-(5 -methyl- 1H-pyrazol- 1-yl)-l
H-indole-3 - carboximidamide R =
5-methyl-lH-pyrazol-l-yl R2 = N-Hydroxycarbamimidoyl
ES/MS m/z: 348.22 (pos. M + H), 346.23 (neg. M - H);
1H NMR (methanol-d3, 500MHz): 8.10 (d, IH, J=8.1Hz),
7.59 (d, IH, J=I. 9Hz), 7.32-7.21 (m, 3H), 7.08 (m,
2H), 6.78 (m, 2H), 6.14 (m, IH) and 2.02 (s, 3H). E
193
(Z)-N'-hydroxy-l-(4-hydroxyphenyl)-2-(4-methyltliiopli
en-3-yl)-lH-indole-3- carboximidamideR =
4-methylthiophen-3-yl R = N-Hydroxycarbamimidoyl ES/MS
m/z: 364.17 (pos. M + H), 362.2 (neg. M - H); 1H NMR
(methanol-d3, 500MHz): 7.88 (m, IH), 7.33 (d, IH,
J=3.2Hz), 7.23-7.20 (m, 2H), 7.17 (m, IH), 7.02-6.99
(m, 3H), 6.78 (m, 2H) and 1.99 (s, 3H). E 194
(Z)-2-(2,5-dimethyl-lH-pyrrol-l-yl)-N'-hydroxy-l-(4-hy
droxyphenyl)-lH-indole-3- carboximidamide R =
2,5-dimethyl-lH-pyrrol-l-yl R = N-Hydroxycarbamimidoyl
ES/MS m/z: 361.4 (pos. M + H), 359.5 (neg. M -H);
1HNMR (acetone-d6, 500MHz): 8.38 (m, IH), 7.25 (m,
IH), 7.21-7.18 (m, 2H), 7.12 (m, 2H), 6.91 (m, 2H),
5.80 (s, 2H) and 2.00 (s, 6H). E 195
(Z)-N'-hydroxy-l-(4-hydroxyphenyl)-2-phenoxy-lH-indole
-3-carboximidamide R = phenoxy R =
N-Hydroxycarbamimidoyl ES/MS m/z: 360.18 (pos. M + H),
358.22 (neg. M -H); 1HNMR (acetone-d6, 500MHz): 8.24
(m, IH), 7.25-7.14 (m, 6H), 7.09 (m, IH), 7.00 (m, IH)
and 6.90-6.85 (m, 4H). Examples 196-210 Examples
196-210 below were prepared according to General
Method 1 above. Full experimental details of the
individual steps of that general method applicable for
the synthesis of Examples 196-210 are described in
Examples 1-4, 8, 16 and 38-40 above. E 196
1-(4-Hydroxy-phenyl)-2-phenyl-lH-indole-3-carboxylic
acid R = phenyl R = carboxy ES/MS m/z: 330.1 (pos. M +
H), 328.1 (neg. M -H); 'HNMR (acetone-d6, 500MHz):
8.31 (m, IH), 7.38-7.36 (m, 2H), 7.29-7.24 (m, 4H),
7.22 (m, IH), 7.11-7.08 (m, 3H) and 6.88 (m, 2H). E
197
2-(3,5-Dimethyl-isoxazol-4-yl)-l-(3-fluoro-4-hydroxy-p
henyl)-lH-indole-3-carboxylic acidR =
3,5-Dimethyl-isoxazol-4-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 367.1 (pos. M +
H), 365.2 (neg. M - H); 1HNMR (acetone-d6, 500MHz):
8.31 (m, IH), 7.33-7.28 (m, 2H), 7.23 (m, IH),
7.21-6.95 (m, 3H), 2.19 (s, 3H) and 2.07 (s, 3H). E
198
2-(3,5-Dimethyl-isoxazol-4-yl)-l-(2-fluoro-4-hydroxy-p
henyl)-lH-indole-3-carboxylic acid R =
3,5-Dimethyl-isoxazol-4-yl R =
2-fluoro-4-hydroxy-phenyl ES/MS m/z: 367.1 (pos. M +
H), 365.2 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
8.32 (d, IH, J=7.3Hz), 7.46 (t, IH, J=8.8Hz),
7.34-7.25 (m, 2H), 7.13 (m, IH), 6.89-6.77 (m, 2H),
2.16, 2.15 (2s, 3H) and 2.07, 2.06 (2s, 3H). E 199
l-(2,3-Difluoro-4-hydroxy-phenyl)-2-(3,5-dimethyl-isox
azol-4-yl)-lH-indole-3-carboxylic acid R =
3,5-Dimethyl-isoxazol-4-yl R =
2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 385.1 (pos. M
+ H), 383.2 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
8.32 (d, IH, J=7.6Hz), 7.36-7.28 (m, 3H), 7.17 (m,
IH), 7.03 (m, IH), 2.20, 2.17 (2s, 3H) and 2.08, 2.05
(2s, 3H). E 200
l-(4-Hydroxy-phenyl)-2-((Z)-propenyl)-lH-indole-3-carb
oxylic acid R = (Z)-propenyl R = 4-hydroxy-phenyl
ES/MS m/z: 294.1 (pos. M + H), 292.1 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 8.24 (m, IH), 7.25 (m, 2H),
7.23 (m, IH), 7.19 (m, IH), 7.14 (m, IH), 7.03 (m,
2H), 6.42 (m, IH), 5.86 (m, IH) and 1.46 (dd, 3H,
J=1.9, 7.1Hz). E 201
1-(4-Hydroxy-phenyl)-2-((E)-propenyl)- 1H-indole-3
-carboxylic acid R = (E)-propenyl R = 4-hydroxy-phenyl
ES/MS m/z: 294.1 (pos. M + H), 292.1 (neg. M H); 1H
NMR (acetone-d6, 500MHz): 8.20 (m, IH), 7.24 (m, 2H),
7.22-7.18 (m, 2H), 7.15 (m, IH), 7.08 (m, 2H), 6.94
(m, IH), 5.72 (m, IH) and 1.72 (dd, 3H, J=I. 8,
6.7Hz). E 202 l-(4-Hydroxy-phenyl)-2-(2 -methyl-prop-
l-enyl)-l H-indole-3 -carboxylic acid R =
2-methyl-prop-l-enyl R = 4-hydroxy-phenyl ES/MS m/z:
308.1 (pos. M + H), 306.2 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 8.23 (m, IH), 7.24-7.20 (m, 3H),
7.17 (m, IH), 7.12 (m, IH), 7.02 (m, 2H), 6.17 (m,
IH), 1.75 (d, 3H, J=1.3Hz) andE 203
l-(4-Hydroxy-phenyl)-2-(2-methyl-allyl)4H-indole-3-car
boxylic acid R1= 2-methyl-allyl R = 4-hydroxy-phenyl
ES/MS m/z: 308.1 (pos. M + H), 306.2 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 8.21 (m, IH), 



7.24 (m, 2H), 7.21 (m, IH), 7.15 (m, IH), 7.05 (m,
2H), 6.97 (m, IH), 4.65 (m, IH), 4.24 (m, IH), 3.83
(s, 2H) and 1.62 (s, 3H). E 204
1-(4-Hydroxy-phenyl)-2-((Z)-l
-methyl-propenyl)-lH-indole-3-carboxylic acid R =
(Z)-I -methyl -propenyl R = 4-hydroxy-phenyl ES/MS
m/z: 308.1 (pos. M + H), 306.2 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 8.24 (m, IH), 7.26-7.21 (m, 3H),
7.17 (m, IH), 7.05 (m, IH), 7.02 (m, 2H), 5.59 (m,
IH), 1.92 (m, 3H) and 1.39 (m, 3H). E 205 1-(3
-Fluoro-4-hydroxy-phenyl)-2-thiophen-3 -yl-1
H-indole-3 -carboxylic acid R = thiophen-3-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 354.2 (pos. M +
H), 352.3 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
8.29 (m, IH), 7.48 (dd, IH, J=1.3, 2.9Hz), 7.36 (dd,
IH, J=3.2, 5.1Hz), 7.28 (m, IH), 7.24 (m, IH),
7.17-7.12 (m, 3H), 7.08 (dd, IH, J=8.4, 9.3Hz) and
7.00 (m, IH). E 206 1-(3
-Fluoro-4-hydroxy-phenyl)-2-thiophen-2-yl- 1H-indole-3
-carboxylic acid R = thiophen-2-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 354.2 (pos. M +
H), 352.3 (neg. M - H); 1H NMR (acetone-d , 500MHz):
8.29 (m, IH), 7.54 (dd, IH, J=I .3, 5.0Hz), 7.31-7.25
(m, 2H), 7.22-7.19 (m, 2H), 7.13 (m, IH), 7.09 (m,
IH), 7.04 (m, IH) and 7.00 (dd, IH, J=3.5, 5.0Hz). E
207 1-(3-Fluoro-4-hydroxy-phenyl)-2-(l
-methyl-lH-pyrrol-2-yl)-lH-indole-3-carboxylic acid
R1= l-methyl-lH-pyrrol-2-yl R = 3-fluoro-4-hydroxy
-phenyl ES/MS m/z: 351.5 (pos. M + H), 349.3 (neg. M -
H); 1H NMR (acetone-d6, 500MHz): 8.30 (m, IH),
7.31-7.25 (m, 2H), 7.17 (m, IH), 7.16-6.93 (m, 3H),
6.75 (m, IH) and 5.96-5.93 (m, 2H). E 208
l-(3-Fluoro-4-hydroxy-phenyl)-2-(3-methyl-thiophen-2-y
l)-lH-indole-3-carboxylic acidR =
3-methyl-thiophen-2-yl R = 3-fluoro-4-hydroxy-phenyl
ES/MS m/z: 368.0 (pos. M + H), 366.1 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 8.31 (m, IH), 7.41 (d, IH,
J=5.1Hz), 7.32-7.26 (m, 2H), 7.18 (m, IH), 7.16-6.97
(m, 3H), 6.85 (d, IH, J=5.1Hz) and 2.09 (s, 3H). E 209
2-Bromo-l -(4-hydroxy-phenyl)-lH-indole-3-carboxylic
acid R = bromo R = 4-hydroxy-phenyl ES/MS m/z: 332.0,
334.0 (pos. M + H), 330.0, 332.0 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 8.22 (m, IH), 7.32-7.20 (m, 4H)
and 7.12-7.01 (m, 3H). E 210
1-(4-Hydroxy-phenyl)-2-pyrrol-l
-yl-lH-indole-3-carboxylic acid R = pyrrol- 1-yl R =
carboxy ES/MS m/z: 319.15 (pos. M + H), 317.16 (neg. M
- H); 1H NMR (acetone-d6, 500MHz): 8.03 (m, IH), 7.39
(m, 2H), 7.31-7.28 (m, 3H), 7.18-7.13 (m, 2H),
7.09-7.06 (m, 3H) and 6.85 (m, 2H). Example 211
Example 2 11 below was prepared according to General
Method 1 above. Full experimental details of the
individual steps of that general method applicable for
the synthesis of Example 211 are described in Examples
1-5, 16 and 38-40 above. Examples 212-228 Examples
212-228 below were prepared according to General
Method 2 above. Full experimental details of the
individual steps of that general method applicable for
the synthesis of Examples 212-228 are described in
Examples 2-4, 8, 16, 24 and 38-40 above.PYRIMIDINYL
PYRIDONE INHIBITORS OF JNK. This invention relates
generally to the fields of medicinal chemistry and
treatment of inflammatory disorders. More
particularly, the invention relates to pyrimidinyl
pyridone inhibitors of JNK, methods and formulations
for inhibiting JNK and treating JNK-mediated
disorders, and the like. JNK The c-Jun N-terminal
kinases (JNKs) are members of mitogen-activated
protein kinase family along with p38 and extracellular
signal-regulated kinases (ERKs). Three distinct genes
(jnkl, jnk2 and jnk3) encoding 10 splice variants have
been identified. JNKl and JNK2 are expressed in a wide
variety of tissues, whereas JNK3 is mainly expressed
in neurons, and to a lesser extent in heart and
testes. Members of JNK family are activated by
pro-inflammatory cytokines such as tumor necrosis
factor a (TNF-a) and interleukin-l b (ILl b), as well
as environmental stresses. The activation of JNKs is
mediated by its upstream kinases, MKK4 and MKK7, via
dual phosphorylation of Thr-183 and Tyr-185. It has
been shown that MKK4 and MKK7 can be activated by the
diverse upstream kinases, including MEKKl and MEKK4,
depending upon the external stimuli and cellular
context. The specificity of JNK signaling is achieved
by forming a JNK-specific signaling complex containing
multiple components of the kinase cascade by use of
scaffold proteins called JNKinteracting proteins. JNKs
have been shown to play important roles in
inflammation, T cell functions, apoptosis and cellular
survival by phosphorylating specific substrates,
including transcription factors such as c-Jun, the
component of activator protein- 1 (API) family, and
ATF2, as well as non-transcription factors such as
IRS-I and Bcl-2. Over-activation of JNK is believed to
be an important mechanism in autoimmune, inflammatory,
metabolic, neurological diseases as well as cancer.
Rheumatoid arthritis (RA) is a systemic autoimmune
disease characterized by chronic inflammation of the
joints. In addition to the joint swelling and pain
caused by the inflammatory process, most RA patients
ultimately develop debilitating joint damage and
deformation. Several lines of compelling
pharmacological and genetic evidence in cellular and
animal models strongly suggest the relevance and
importance of the activated JNK in the pathogenesis of
RA. First, abnormal activation of JNK was detected in
both human arthritic SJ/ 07.08.2008joints from RA
patients and rodent arthritic joints from animal
models of arthritis. In addition, inhibition of JNK
activation by selective JNK inhibitors blocked
proinflammatory cytokines and MMP production in human
synoviocytes, macrophages and lymphocytes.
Importantly, administration of the selective JNK
inhibitors in rats with adjuvant arthritis or in mice
with collagen-induced arthritis effectively protected
joints from destruction and significantly reduced paw
swelling by inhibiting cytokine and collagenase
expression. Asthma is a chronic inflammatory disease
of airways, characterized by the presence of a
cellular inflammatory process and by bronchial
hyper-responsiveness associated with structural
changes of the airways. This disorder has been shown
to be driven by many cell types in the airways,
including T lymphocytes, eosinophils, mast cells,
neutrophils and epithelial cells. JNKs have emerged as
promising therapeutic targets for asthma based upon
the recent proof-of-concept studies: it has been shown
that JNK inhibitors significantly blocked RANTES
production in activated human airway smooth cells.
More importantly, the JNK inhibitors showed good
efficacy in chronic rat and mouse models for their
abilities to reduce cellular infiltration,
inflammation, hyper-responsiveness, smooth muscle
proliferation, and IgE production. These observations
suggest important roles of JNKs in the allergic
inflammation, airway remodeling process associated
with hyper-responsiveness. Therefore, blockade of JNK
activity is expected to be beneficial for the
treatment of asthma. Type 2 diabetes is the most
serious and prevalent metabolic disease characterized
by insulin resistance and insulin secretion impairment
as a result of chronic low-level inflammation and
abnormal lipid metabolism associated with oxidative
stress. It has been reported that JNK activity is
abnormally elevated in various diabetic target tissues
under obese and diabetic conditions. Activation of the
JNK pathway by pro-inflammatory cytokines and
oxidative stresses negatively regulates insulin
signaling via phosphorylation of insulin receptor
substrate-1 (IRS-I) at Ser307 , therefore contributes
to insulin resistance and glucose tolerance.
Compelling genetic evidence came from elegant animal
model studies using jnk - - mice crossed with either
genetic (ob/ob) obese mice or dietary obese mice. Loss
of JNKl(JNKl -- /--), but not JNK2 functions (jnk2 ),
protected obese mice from body gains, increased
steadystate levels of blood glucose, and decreased
plasma insulin levels. These studies demonstrated the
potential utility of JNK inhibitor in the treatment of
obesity/type 2 diabetes. Neurodegenerative diseases,
such as Alzheimer's (AD), Parkinson's (PD) and Stroke
are CNS diseases characterized by synaptic loss,
neuronal atrophy and death. The JNK pathway leading to
c-Jun activation has been shown to play a causal role
in apoptosis of isolatedprimary embryonic neurons and
multiple neuronal cell lines upon induction of a
variety of stimuli. Over-activation of JNK was
observed in human brains from AD patients or rodent
brain sections derived from animal models of
neurodegenerative diseases. For example, increased
phospho-JNKs were detected in the post-mortem brains
from the AD patients. Administration of JNK inhibitory
peptide (JIP-I peptide) in the rodent model of AD
induced by b-amyloid peptide administration prevented
the impairment of synaptic plasticity. In the animal
models of PD (MPTP model), elevated phospho-MKK4 and
phospho-JNKs were observed concomitantly with the
neuronal cell death. Adenoviral gene transfer of JNK
inhibitory peptide (JIP-I peptide) into striatum of
mice attenuated behavioral impairment by inhibiting
MPTP-mediated JNK, c-Jun and caspase activation,
therefore blocking neuronal cell death in the
substantia nigra. In addition, in the animal model of
ischemic stroke induced by glutamate excitotoxicity,
mice deficient in JNK3, but not JNKl or JNK2, were
resistant to kainic acid (glutamate receptor
agonist)-mediated seizure or neuronal death. These
data suggest JNK3 was mainly responsible for glutamate
excitotoxicity, an important component in ischemic
conditions. Taken together, data has emerged
suggesting JNKs as attractive target for multiple CNS
diseases associated with neuronal cell death.
Uncontrolled cellular growth, proliferation and
migration along with de-regulated angiogenesis lead to
the formation of malignant tumors. The JNK signal
transduction pathway may not act exclusively in
apoptosis, sustained JNK activation leading to API
activation has recently been implicated to contribute
to the cellular survival of specific cancer types such
as glial tumors and BCL-ABL transformed B
lymphoblasts. In the case of glial tumors, enhanced
JNK/APl activity was seen in most of the primary brain
tumor samples. For the transformed B lymphoblasts,
BCL-ABL was shown to activate the JNK pathway which in
turn up-regulated expression of anti-apoptotic bcl-2
gene. Interestingly, the multidrug resistance and
hyper-proliferation seen in treatment-refractory AML
(acute myeloid leukemia) patients has been causally
linked to the sustained JNK activity present in these
AML samples. Activation of JNK in leukemic cells
resulted in induced expression of efflux pumps such as
mdrl and MRPl responsible for multidrug resistance.
Also, genes with a survival benefit in response to
oxidative stress including glutathione-S-transferase p
and g- glutamyl cysteine synthase were also
upregulated by the activated JNK pathway. Accordingly,
JNK modulators are useful in treating a variety of
diseases and/or conditions. The role of
cyclin-dependent kinases ("cdks") in the regulation of
cellular proliferation is well established. There is
an extensive body of literature validating the use of
compoundsthat inhibit targets in the Cdk4 , Cdk2 and
Cdkl pathways as anti-proliferative therapeutic
agents. See, e.g., J . Lukas et al, Nature (1995)
79:573-82; J.R. Nevins, Science (1992) 258:424-29; LK.
Lim et al., MoI Carcinogen (1998) 23:25-35; S.W. Tarn
et al., Oncogene (1994) 9:2663-74; B. Driscoll et al.,
Am. J. Physiol. (1997) 273 (Lung Cell. MoI. Physiol.)
L941-L949; and J . Sang et al., Chin. ScL Bull. (1999)
44:541-44. Inhibitors of cellular proliferation act as
reversible cytostatic agents that are useful in the
treatment of disease processes which feature abnormal
cellular growth, such as cancers and other cell
proliferative disorders including, for example
inflammation (e.g. benign prostate hyperplasia,
familial adenomauosis, polyposis, neuro-fibromatosis,
atherosclerosis, pulmonary fibrosis, arthritis,
psoriasis, inflammatory bowel disease, transplantation
rejections infections), viral infections (including,
without limitation, herpesvirus, poxvirus,
Epstein-Barr virus), autoimmune disease (e.g. lupus,
rheumatoid arthritis, psoriasis, inflammatory bowel
disease), neurodegenerative disorders (including,
without limitation, Alzheimer's disease), and
neurodegenerative diseases (e.g. Parkinson's disease,
amyotrophic lateral sclerosis, retinitis pigmentosa,
spinal muscular atrophy, and cerebral degeneration).
In one aspect, the application provides a compound of
formula I including enantiomers, diastereomers,
racemic mixtures and pharmaceutically acceptable salts
thereof, wherein: 



R1 is R1a Or R1b ; Rla is H, halo, acyl, lower alkyl,
lower haloalkyl, lower alkoxy, -CN, or -OH; Rlb is
cycloalkyl, heterocycloalkyl, or phenyl, optionally
substituted with one or more RIb' . each R, 1b' is
independently halo, -OH, lower alkoxy, amino, lower
alkyl or lower haloalkyl; R2 is lower alkyl, lower
heteroalkyl, lower alkoxy, cycloalkyl, phenyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more R2a; each R2a is
independently -OH, halo, lower alkyl, amino, lower
alkoxy, or R2b; R2b is cycloalkyl, heterocycloalkyl,
or phenyl, optionally substituted with one ormore R2b'
;each R2b is independently halo, -OH, lower alkoxy,
amino, lower alkyl or lower haloalkyl; R3 is halo,
amino, lower alkyl, lower alkoxy, or lower haloalkyl;
A is O or A'; A' is C(R5)(R5' ) orN(R 5b); R5 and R5'
are independently R5a or R5b ; R5a is -H, halo, -OH,
or A"; R5b is lower alkyl, A' ', or lower heteroalkyl,
optionally substituted with one or more R6a; R6a is
-OH, halo, lower alkyl, lower haloalkyl, lower alkoxy,
or amino; A" is -NHC(=O)R 7, -NHC(=O)OR 7,
-N(R9)S(=O)2R7, -S(=O)2R7, -C(=O)R 8,or- C(=O)OR7; R7
is lower alkyl or cycloalkyl; R8 is cycloalkyl,
cycloalkyl lower alkyl, heterocycloalkyl,
heterocycloalkyl lower alkyl, or lower alkyl, each of
which may be optionally substituted with halo, -OH,
lower alkoxy, amino, or lower alkyl; R9 is H or lower
alkyl; and m is Oto 4. In another embodiment, the
application provides a compound of formula I including
enantiomers, diastereomers, racemic mixtures and
pharmaceutically acceptable salts thereof, wherein: R1
s R1 Or R113 ; Rla is H, halo, lower alkyl, lower
haloalkyl, lower alkoxy, -CN, or -OH; Rlb is
cycloalkyl, heterocycloalkyl, or phenyl, optionally
substituted with one or more Rlb' ; each Rlb is
independently halo, -OH, lower alkoxy, amino, lower
alkyl or lower haloalkyl;R2 is lower alkyl, lower
heteroalkyl, lower alkoxy, cycloalkyl, phenyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more R2a; each R2a is
independently -OH, halo, lower alkyl, amino, lower
alkoxy, or R2b; R2b is cycloalkyl, heterocycloalkyl,
or phenyl, optionally substituted with one or more R2b
; each R2b is independently halo, -OH, lower alkoxy,
amino, lower alkyl or lower haloalkyl; R is halo,
amino, lower alkyl, lower alkoxy, or lower haloalkyl;
A is O or A'; A' is C(R5)(R5' ) orN(R 5b); R5 and R5'
are independently R5a or R5b ; R5a is -H, halo, -OH,
or A"; R5b is lower alkyl, A' ', or lower heteroalkyl,
optionally substituted with one or more R6a; R6a is
-OH, halo, lower alkyl, lower haloalkyl, lower alkoxy,
or amino; A" is -NHC(=O)R 7, -NHC(=O)OR 7,
-NHS(=O)2R7, -S(=O)2R7, -C(=O)R 8, or- C(=O)OR7; R7 is
lower alkyl or cycloalkyl; R8 is cycloalkyl,
cycloalkyl lower alkyl, heterocycloalkyl,
heterocycloalkyl lower alkyl, or lower alkyl, each of
which may be optionally substituted with halo, -OH,
lower alkoxy, amino, or lower alkyl; and m is Oto 4.
In certain embodiments, A is A' and A' is In certain
embodiments, R5 is R5a and R5a is H. In certain
embodiments, R2 is cycloalkyl, heterocycloalkyl,
phenyl, phenylalkyl, cycloalkyl alkyl, lower alkyl, or
lower heteroalkyl. In certain embodiments, R5 is R5a
and R5a is H.In certain embodiments, the compound is
selected from the group consisting of: In certain
embodiments, the compound is racemic
5-amino-2-cyclohexylamino-
((lR/lS,3R73S)-3-hydroxy-cyclopentyl)-8H-pyrido[2,3-d]
pyrimidin-7-one. In certain embodiments, R2 is
cycloalkyl. In certain embodiments, the cycloalkyl is
cyclobutyl. In certain embodiments, m is 1.In certain
embodiments, R is methyl. In certain embodiments, R3
is methyl. In one embodiment, the compound is racemic
5-amino-8-cyclobutyl-6-methyl-2-
((lR/lS,2S/2R)-(2-methyl-cyclohexylamino)-8H-pyrido[2,
3-d]pyrimidin-7-one. In one embodiment, the compound
is racemic 5-amino-8-cyclobutyl-6-methyl-2-
((lR/lS,2R/2S)-2-methyl-cyclohexylamino)-8H-pyrido[2,3
-d]pyrimidin-7-one. In one embodiment, the compound is
5-amino-8-cyclobutyl-6-methyl-2-((lR,2R)-2-methylcyclo
hexylamino)- 8H-pyrido[2,3-d]pyrimidin-7-one. In one
embodiment, the compound is
5-amino-8-cyclobutyl-6-methyl-2-((lS,2S)-2-methylcyclo
hexylamino)- 8H-pyrido[2,3-d]pyrimidin-7-one In
certain embodiments, R5 is R5a and R5a is -OH. In
certain embodiments, the compound is selected from the
group consisting of: In certain embodiments, R5' is
R5a , R5a is A", A" is -NHC(=0)R 7 or -NHC(=0)0R 7,
and R7 is lower alkyl. In certain embodiments, the
compound is selected from the group consisting of:In
one embodiment, the compound is racemic
2-(l-acetyl-piperidin-4-ylamino)-5-amino-8-
((lR/lS,3R/3S)-3-hydroxy-cyclopentyl)-8H-pyrido[2,3-d]
pyrimidin-7-one. In certain embodiments, R5' is R5a
,R5 a,Ra is A", A" is-C(=O)R , and R is
heterocycloalkyl. In certain embodiments, the compound
is selected from the group consisting of:In certain
embodiments, A is N(R5b), R5b is A", A" is -S(=O)2R7,
and R7 is lower alkyl. In certain embodiments, the
compound is selected from the group consisting of: In
certain embodiments, R5' is R5a , R5a is A", A" is
-NHS(=O)2R7, and R7 is lower alkyl.In certain
embodiments, the compound is selected from the group
consisting of: In certain embodiments, wherein A is O.
In certain embodiments, the compound is selected from
the group consisting of: In certain embodiments, A is
A', A' is N(R5b), R5b is A", A" is -C(=O)R 8or
-C(=O)OR 7 and R7 and R8 are lower alkyl. In certain
embodiments, the compound is selected from the group
consisting of:In one embodiment, the compound is
racemic 2-(l-acetyl-piperidin-4-ylamino)-5-amino-
((lR/lS,3R/3S)-3-hydroxy-cyclopentyl)-8H-pyrido[2,3-d]
pyrimidin-7-one. In certain embodiments, both R5 and
R5 are F. In certain embodiments, the compound is
selected from the group consisting of: In certain
embodiments, R5 is lower heteroalkyl. In one
embodiment, the compound is: In one aspect, the
application provides a compound of formula II
including enantiomers, diastereomers, racemic mixtures
and pharmaceutically acceptable salts thereof,
wherein: R1 is R1a Or R1b ; Rla is H, halo, lower
alkyl, lower haloalkyl, lower alkoxy, -CN, or -OH; R,
1b is cycloalkyl, heterocycloalkyl, or phenyl,
optionally substituted with one or more Rlb' ;each Rlb
is independently halo, -OH, lower alkoxy, amino, lower
alkyl or lower haloalkyl; R2 is lower alkyl, lower
heteroalkyl, alkoxy, cycloalkyl, phenyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more R2a; each R2a is
independently -OH, halo, lower alkyl, amino, lower
alkoxy, or R2b; R2b is cycloalkyl, heterocycloalkyl,
or phenyl, optionally substituted with one or more R2b
; each R2b is independently halo, -OH, lower alkoxy,
amino, lower alkyl or lower haloalkyl; R3 is H, halo,
amino, lower alkyl, lower alkoxy, or lower haloalkyl;
and m is 0-5. In certain embodiments, the compound is
selected from the group consisting of: In one aspect,
the application provides a compound of formula III
including enantiomers, diastereomers, racemic mixtures
and pharmaceutically acceptable salts thereof,
wherein: R1 is R1a Or R1b.; Rla is H, halo, lower
alkyl, lower haloalkyl, lower alkoxy, -CN, or -OH; Rlb
is cycloalkyl, heterocycloalkyl, or phenyl, optionally
substituted with one or more RIb' . each Rlb is
independently halo, -OH, lower alkoxy, amino, lower
alkyl or lower haloalkyl;R2 is lower alkyl, lower
heteroalkyl, lower alkoxy, cycloalkyl, phenyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more R2a; each R2a is
independently -OH, halo, lower alkyl, amino, lower
alkoxy, or R2b; R2b is cycloalkyl, heterocycloalkyl,
or phenyl, optionally substituted with one or more R2b
; each R, 2b' is independently halo, -OH, lower
alkoxy, amino, lower alkyl or lower haloalkyl; R is
halo, amino, lower alkyl, lower alkoxy, or lower
haloalkyl; and m is Oto 3. In one embodiment, the
compound has the structure: In one aspect, the
application provides a method of treating a
JNK-mediated disorder in a subject having a
JNK-mediated disorder, said method comprising
administering to a subject in need thereof a
therapeutically effective amount of any of the above
compounds. In certain embodiments of the method of
treating a JNK-mediated disorder, the JNKmediated
disorder is characterized by cellular proliferation.
In certain embodiments of the method of treating a
JNK-mediated disorder, the JNKmediated disorder is
arthritis. In certain embodiments of the method of
treating a JNK-mediated disorder, the arthritis is
rheumatoid arthritis. In certain embodiments of the
method of treating a JNK-mediated disorder, the
JNKmediated disorder is asthma. In certain embodiments
of the method of treating a JNK-mediated disorder, the
JNKmediated disorder is diabetes.In certain
embodiments of the method of treating a JNK-mediated
disorder, the JNKmediated disorder is Alzheimer's
disease. In certain embodiments of the method of
treating a JNK-mediated disorder, the JNKmediated 



disorder is Parkinson's disease. In certain
embodiments of the method of treating a JNK-mediated
disorder, the JNKmediated disorder is ischemic stroke.
In certain embodiments of the method of treating a
JNK-mediated disorder, the JNKmediated disorder is
cancer. In certain embodiments of the method for
treating a JNK-mediated disorder, wherein the
JNK-mediated disorder is cancer, the cancer is brain
cancer. In certain embodiments of the method for
treating a JNK-mediated disorder, wherein the
JNK-mediated disorder is cancer, the cancer is
leukemia. In one aspect, the application provides a
method of treating a JNK-mediated disorder in a
subject having a JNK-mediated disorder such as
cellular proliferation, arthritis, asthma, diabetes,
Alzheimer's disease, Parkinson's disease, ischemic
stroke or cancer, said method comprising administering
to a subject in need thereof a therapeutically
effective amount of any of the above compounds. In one
aspect, the application provides a pharmaceutical
composition comprising the compound of any one of the
above embodiments, admixed with at least one
pharmaceutically acceptable carrier, excipient or
diluent. All publications cited in this disclosure are
incorporated herein by reference in their entirety.
Unless otherwise stated, the following terms used in
this Application, including the specification and
claims, have the definitions given below. It must be
noted that, as used in the specification and the
appended claims, the singular forms "a", "an," and
"the" include plural referents unless the context
clearly dictates otherwise. Thus, the phrase '"a" or
"an" entity' as used herein refers to one or more of
that entity; for example, a compound refers to one or
more compounds or at least one compound. As such, the
terms "a" (or "an"), "one or more", and "at least one"
can be used interchangeably herein.As used in this
specification, whether in a transitional phrase or in
the body of the claim, the terms "comprise(s)" and
"comprising" are to be interpreted as having an
open-ended meaning. That is, the terms are to be
interpreted synonymously with the phrases "having at
least" or "including at least". When used in the
context of a process, the term "comprising" means that
the process includes at least the recited steps, but
may include additional steps. When used in the context
of a compound or composition, the term "comprising"
means that the compound or composition includes at
least the recited features or components, but may also
include additional features or components. As used
herein, unless specifically indicated otherwise, the
word "or" is used in the "inclusive" sense of "and/or"
and not the "exclusive" sense of "either/or". The term
"independently" is used herein to indicate that a
variable is applied in any one instance without regard
to the presence or absence of a variable having that
same or a different definition within the same
compound. Thus, in a compound in which R" appears
twice and is defined as "independently carbon or
nitrogen", both R"s can be carbon, both R"s can be
nitrogen, or one R" can be carbon and the other
nitrogen. When any variable (e.g., m, n, R, R1, R2,
R2a, R2b,R3, R4, R5, R5a, R6, R6a, R7, R8, R9, A, A'
and A") occurs more than one time in any moiety or
formula depicting and describing compounds employed or
claimed in the present invention, its definition on
each occurrence is independent of its definition at
every other occurrence. Also, combinations of
substituents and/or variables are permissible only if
such compounds result in stable compounds. The symbols
"*" at the end of a bond or " " drawn through a bond
each refer to the point of attachment of a functional
group or other chemical moiety to the rest of the
molecule of which it is a part. Thus, for example: A
bond drawn into ring system (as opposed to connected
at a distinct vertex) indicates that the bond may be
attached to any of the suitable ring atoms. The term
"optional" or "optionally" as used herein means that a
subsequently described event or circumstance may, but
need not, occur, and that the description includes
instances wherethe event or circumstance occurs and
instances in which it does not. For example,
"optionally substituted" means that the optionally
substituted moiety may incorporate a hydrogen or a
substituent. The phrase "optional bond" means that the
bond may or may not be present, and that the
description includes single, double, or triple bonds.
If a substituent is designated to be a "bond" or
"absent", the atoms linked to the substituents are
then directly connected. The term "about" is used
herein to mean approximately, in the region of,
roughly, or around. When the term "about" is used in
conjunction with a numerical range, it modifies that
range by extending the boundaries above and below the
numerical values set forth. In general, the term
"about" is used herein to modify a numerical value
above and below the stated value by a variance of 20%.
Certain compounds of the invention may exhibit
tautomerism. Tautomeric compounds can exist as two or
more interconvertable species. Prototropic tautomers
result from the migration of a covalently bonded
hydrogen atom between two atoms. Tautomers generally
exist in equilibrium and attempts to isolate an
individual tautomers usually produce a mixture whose
chemical and physical properties are consistent with a
mixture of compounds. The position of the equilibrium
is dependent on chemical features within the molecule.
For example, in many aliphatic aldehydes and ketones,
such as acetaldehyde, the keto form predominates
while; in phenols, the enol form predominates. Common
prototropic tautomers include keto/enol amide/imidic
acid and amidine tautomers. The latter two are
particularly common in heteroaryl and heterocyclic
rings and the present invention encompasses all
tautomeric forms of the compounds. Technical and
scientific terms used herein have the meaning commonly
understood by one of skill in the art to which the
present invention pertains, unless otherwise defined.
Reference is made herein to various methodologies and
materials known to those of skill in the art. Standard
reference works setting forth the general principles
of pharmacology include Goodman and Gilman's The
Pharmacological Basis of Therapeutics, 10th Ed.,
McGraw Hill Companies Inc., New York (2001). Any
suitable materials and/or methods known to those of
skill can be utilized in carrying out the present
invention. However, preferred materials andmethods are
described. Materials, reagents and the like to which
reference are made in the following description and
examples are obtainable from commercial sources,
unless otherwise noted. The definitions described
herein may be appended to form chemically-relevant
combinations, such as "heteroalkylaryl,"
"haloalkylheteroaryl," "arylalkylheterocyclyl,"
"alkylcarbonyl," "alkoxyalkyl," and the like. When the
term "alkyl" is used as a suffix following another
term, as in "phenylalkyl," or "hydroxyalkyl," this is
intended to refer to an alkyl group, as defined above,
being substituted with one to two substituents
selected from the other specificallynamed group. Thus,
for example, "phenylalkyl" refers to an alkyl group
having one to two phenyl substituents, and thus
includes benzyl, phenylethyl, and biphenyl. An
"alkylaminoalkyl" is an alkyl group having one to two
alkylamino substituents. "Hydroxyalkyl" includes
2-hydroxyethyl, 2-hydroxypropyl, l-(hydroxymethyl)-2-
methylpropyl, 2-hydroxybutyl, 2,3-dihydroxybutyl,
2-(hydroxymethyl), 3-hydroxypropyl, and so forth.
Accordingly, as used herein, the term "hydroxyalkyl"
is used to define a subset of heteroalkyl groups
defined below. The term -(ar)alkyl refers to either an
unsubstituted alkyl or an aralkyl group. The term
(hetero)aryl or (het)aryl refers to either an aryl or
a heteroaryl group. The term "acyl" as used herein
denotes a group of formula -C(=O)R wherein R is
hydrogen or lower alkyl as defined herein. The term or
"alkylcarbonyl" as used herein denotes a group of
formula C(=O)R wherein R is alkyl as defined herein.
The term C1-6 acyl refers to a group -C(=O)R contain 6
carbon atoms. The term "arylcarbonyl" as used herein
means a group of formula C(=O)R wherein R is an aryl
group; the term "benzoyl" as used herein an
"arylcarbonyl" group wherein R is phenyl. The term
"alkyl" as used herein denotes an unbranched or
branched chain, saturated, monovalent hydrocarbon
residue containing 1 to 10 carbon atoms. The term
"lower alkyl" denotes a straight or branched chain
hydrocarbon residue containing 1 to 6 carbon atoms.
"C1-10 alkyl" as used herein refers to an alkyl
composed of 1 to 10 carbons. Examples of alkyl groups
include, but are not limited to, lower alkyl groups
include methyl, ethyl, propyl, i-propyl, n-butyl,
i-butyl, t-butyl or pentyl, isopentyl, neopentyl,
hexyl, heptyl, and octyl.When the term "alkyl" is used
as a suffix following another term, as in
"phenylalkyl," or "hydroxyalkyl," this is intended to
refer to an alkyl group, as defined above, being
substituted with one to two substituents selected from
the other specifically-named group. Thus, for example,
"phenylalkyl" denotes the radical R'R"-, wherein R' is
a phenyl radical, and R" is an alkylene radical as
defined herein with the understanding that the
attachment point of the phenylalkyl moiety will be on
the alkylene radical. Examples of arylalkyl radicals
include, but are not limited to, benzyl, phenylethyl,
3-phenylpropyl. The terms "arylalkyl" or "aralkyl" are
interpreted similarly except R' is an aryl radical.
The terms "(het)arylalkyl" or "(het)aralkyl" are
interpreted similarly except R' is optionally an aryl
or a heteroaryl radical. The term "alkylene" as used
herein denotes a divalent saturated linear hydrocarbon
radical of 1 to 10 carbon atoms (e.g., (CH2)n)or a
branched saturated divalent hydrocarbon radical of 2
to 10 carbon atoms (e.g., -CHMe- or -CH2CH(i-Pr)CH2-),
unless otherwise indicated. Except in the case of
methylene, the open valences of an alkylene group are
not attached to the same atom. Examples of alkylene
radicals include, but are not limited to, methylene,
ethylene, propylene, 2-methyl-propylene,
1,1-dimethyl-ethylene, butylene, 2-ethylbutylene. The
term "alkoxy" as used herein means an -O-alkyl group,
wherein alkyl is as defined above such as methoxy,
ethoxy, n-propyloxy, i-propyloxy, n-butyloxy,
i-butyloxy, t-butyloxy, pentyloxy, hexyloxy, including
their isomers. "Lower alkoxy" as used herein denotes
an alkoxy group with a "lower alkyl" group as
previously defined. "C1- K alkoxy" as used herein
refers to an-O-alkyl wherein alkyl is C1-10 . The term
"alkoxyalkyl" as used herein refers to the radical
R'R"-, wherein R' is an alkoxy radical as defined
herein, and R" is an alkylene radical as defined
herein with the understanding that the attachment
point of the alkoxyalkyl moiety will be on the
alkylene radical. C1-6 alkoxyalkyl denotes a group
wherein the alkyl portion is comprised of 1-6 carbon
atoms exclusive of carbon atoms in the alkoxy portion
of the group. C1-3 alkoxy-C 1-6 alkyl denotes a group
wherein the alkyl portion is comprised of 1-6 carbon
atoms and the alkoxy group is 1-3 carbons. Examples
are methoxymethyl, methoxyethyl, methoxypropyl,
ethoxymethyl, ethoxyethyl, ethoxypropyl,
propyloxypropyl, methoxybutyl, ethoxybutyl,
propyloxybutyl, butyloxybutyl, t-butyloxybutyl,
methoxypentyl, ethoxypentyl, propyloxypentyl including
their isomers.The term "alkylthio" or "alkylsulfanyl"
refers to an -S-alkyl group, wherein alkyl is as
defined above such as meththio, ethylthio,
"-propylthio, z-propylthio, "-butylthio, hexylthio,
including their isomers. "Lower alkylthio" as used
herein denotes an alkylthio group with a "lower alkyl"
group as previously defined. "C1- K alkylthio" as used
herein refers to an-Salkyl wherein alkyl is C1-10 .
"Phenylthio" is an "arylthio" moiety wherein aryl is
phenyl. The terms "alkylcarbonylamino" and
"arylcarbonylamino"as used herein refers to a group of
formula -NC(=O)R wherein R is alkyl or aryl
respectively and alkyl and aryl are as defined herein.
The terms "alkylsulfinyl" and "arylsulfinyl" as used
herein refers to a group of formula - S(=O)R wherein R
is alkyl or aryl respectively and alkyl and aryl are
as defined herein The terms "alkylsulfonyl" and
"arylsulfonyl" as used herein refers to a group of
formula - SC=O)2R wherein R is alkyl or aryl
respectively and alkyl and aryl are as defined herein.
The term "heteroalkylsulfonyl" as used herein refers
herein denotes a group of formula -S(=O) 2R wherein R
is "heteroalkyl" as defined herein. The terms
"alkylsulfonylamino" and "arylsulfonylamino"as used
herein refers to a group of formula -NR'S(=O)2R
wherein R is alkyl or aryl respectively, R' is
hydrogen or C1-3 alkyl, 



and alkyl and aryl are as defined herein. "Aryl" means
a monovalent cyclic aromatic hydrocarbon moiety
consisting of a mono-, bi- or tricyclic aromatic ring.
The aryl group can be optionally substituted as
defined herein. Examples of aryl moieties include, but
are not limited to, optionally substituted phenyl,
naphthyl, phenanthryl, fluorenyl, indenyl, pentalenyl,
azulenyl, oxydiphenyl, biphenyl, methylenediphenyl,
aminodiphenyl, diphenylsulfidyl, diphenylsulfonyl,
diphenylisopropylidenyl, benzodioxanyl, benzofuranyl,
benzodioxylyl, benzopyranyl, benzoxazinyl,
benzoxazinonyl, benzopiperadinyl, benzopiperazinyl,
benzopyrrolidinyl, benzomorpholinyl,
methylenedioxyphenyl, ethylenedioxyphenyl, and the
like, including partially hydrogenated derivatives
thereof. "Cycloalkyl" means a monovalent saturated
carbocyclic moiety consisting of mono- or bicyclic
rings. Cycloalkyl can optionally be substituted with
one or more substituents, wherein each substituent is
independently hydroxy, alkyl, alkoxy, halo, haloalkyl,
amino,monoalkylamino, or dialkylamino, unless
otherwise specifically indicated. Examples of
cycloalkyl moieties include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, and the like, including partially
unsaturated derivatives thereof. "Cycloalkylalkyl"
mean a moiety of the formula - Ra- Rb, where Ra is
alkylene and Rb is cycloalkyl as defined herein. The
term "heteroalkoxy" as used herein means an
-O-(heteroalkyl) group wherein heteroalkyl is defined
herein. C1-10 heteroalkoxy" as used herein refers to
an-O-(heteroalkyl) wherein alkyl is C1-10.
Representative examples include, but are not limited
to, 2- dimethylaminoethoxy and
3-sulfonamido-1-propoxy. The term "heteroalkyl" as
used herein refers to an alkyl radical as defined
herein wherein one, two or three hydrogen atoms have
been replaced with a substituent independently
selected from the group consisting of -ORa, -NRbRc,
and -S(O)nRd (where n is an integer from 0 to 2), with
the understanding that the point of attachment of the
heteroalkyl radical is through a carbon atom, wherein
Ra is hydrogen, acyl, alkyl, cycloalkyl, or
cycloalkylalkyl; Rb and Rc are independently of each
other hydrogen, acyl, alkyl, cycloalkyl, or
cycloalkylalkyl; and when n is 0, Rd is hydrogen,
alkyl, cycloalkyl, or cycloalkylalkyl, and when n is 1
or 2, Rd is alkyl, cycloalkyl, cycloalkylalkyl, amino,
acylamino, or alkylamino. Representative examples
include, but are not limited to, 2-hydroxyethyl,
3-hydroxypropyl, 2-hydroxy-1- hydroxymethylethyl,
2,3-dihydroxypropyl, 1-hydroxymethylethyl,
3-hydroxybutyl, 2,3- dihydroxybutyl,
2-hydroxy-1-methylpropyl, 2-aminoethyl, 3-aminopropyl,
2- methylsulfonylethyl, aminosulfonylmethyl,
aminosulfonylethyl, aminosulfonylpropyl,
methylaminosulfonylmethyl, methylaminosulfonylethyl,
methylaminosulfonylpropyl, and the like. The term
"heteroaryl" or "heteroaromatic" as used herein means
a monocyclic or bicyclic radical of 5 to 12 ring atoms
having at least one aromatic ring containing four to
eight atoms per ring, incorporating one or more N, O,
or S heteroatoms, the remaining ring atoms being
carbon, with the understanding that the attachment
point of the heteroaryl radical will be on an aromatic
ring. As well known to those skilled in the art,
heteroaryl rings have less aromatic character than
their all-carbon counterparts. Thus, for the purposes
of the invention, a heteroaryl group need only have
some degree of aromatic character. Examples
ofheteroaryl moieties include monocyclic aromatic
heterocycles having 5 to 6 ring atoms and 1 to 3
heteroatoms include, but is not limited to, pyridinyl,
pyrimidinyl, pyrazinyl, pyrrolyl, pyrazolyl,
imidazolyl, oxazol, isoxazole, thiazole, isothiazole,
triazoline, thiadiazole and oxadiaxoline which can
optionally be substituted with one or more, preferably
one or two substituents selected from hydroxy, cyano,
alkyl, alkoxy, thio, lower haloalkoxy, alkylthio,
halo, haloalkyl, alkylsulfinyl, alkylsulfonyl,
halogen, amino, alkylamino,dialkylamino, aminoalkyl,
alkylaminoalkyl, and dialkylaminoalkyl, nitro,
alkoxycarbonyl and carbamoyl, alkylcarbamoyl,
dialkylcarbamoyl, arylcarbamoyl, alkylcarbonylamino
and arylcarbonylamino. Examples of bicyclic moieties
include, but are not limited to, quinolinyl,
isoquinolinyl, benzofuryl, benzothiophenyl,
benzoxazole, benzisoxazole, benzothiazole and
benzisothiazole. Bicyclic moieties can be optionally
substituted on either ring; however the point of
attachment is on a ring containing a heteroatom. The
term "heterocyclyl", "heterocycle", or
"heterocycloalkyl" as used herein denotes a monovalent
saturated cyclic radical, consisting of one or more
rings, preferably one to two rings, of three to eight
atoms per ring, incorporating one or more ring
heteroatoms (chosen from N,0 or S(0)o-2), and which
can optionally be independently substituted with one
or more, preferably one or two substituents selected
from hydroxy, oxo, cyano, lower alkyl, lower alkoxy,
lower haloalkoxy, alkylthio, halo, haloalkyl,
hydroxyalkyl, nitro, alkoxycarbonyl, amino,
alkylamino, alkylsulfonyl, arylsulfonyl,
alkylaminosulfonyl, arylaminosulfonyl,
alkylsulfonylamino, arylsulfonylamino,
alkylaminocarbonyl, arylaminocarbonyl,
alkylcarbonylamino, arylcarbonylamino, unless
otherwise indicated. Examples of heterocyclic radicals
include, but are not limited to, azetidinyl,
pyrrolidinyl, hexahydroazepinyl, oxetanyl,
tetrahydrofuranyl, tetrahydrothiophenyl, oxazolidinyl,
thiazolidinyl, isoxazolidinyl, morpholinyl,
piperazinyl, piperidinyl, tetrahydropyranyl,
thiomorpholinyl, quinuclidinyl and imidazolinyl.
Preferrably "heterocyclyl", "heterocycle", or
"heterocycloalkyl" is a morpholinyl, pyrrolidinyl,
piperidinyl or tetrahydrofuranyl. The term
"hydroxyalkyl" as used herein denotes an alkyl radical
as herein defined wherein one to three hydrogen atoms
on different carbon atoms is/are replaced by hydroxyl
groups. Commonly used abbreviations include: acetyl
(Ac), azo- -isobutyrylnitrile (AIBN), atmospheres
(Arm), 9-borabicyclo[3.3.1]nonane (9-BBN or BBN),
tert-butoxycarbonyl (Boc), di-tert-buty\ pyrocarbonate
or boc anhydride (BOC O), benzyl (Bn), butyl (Bu),
Chemical Abstracts Registration Number (CASRN),
benzyloxycarbonyl (CBZ or Z), carbonyldiimidazole
(CDI), 1,4-diazabicyclo[2.2.2]octane (DABCO),
diethylaminosulfur trifluoride (DAST),
dibenzylideneacetone (dba),
1,5-diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU),
N,N'-dicyclohexylcarbodiimide (DCC), 1,2-
dichloroethane (DCE), dichloromethane (DCM), diethyl
azodicarboxylate (DEAD), di-isopropylazodicarboxylate
(DIAD), di-i s -butylaluminumhydride (DIBAL or
DIBAL-H), diiso- propylethylamine (DIPEA), N,N-di-m-
ethyl acetamide (DMA), 4-N,Ndimethylaminopyridine
(DMAP), N,N-dimethylformamide (DMF), dimethyl
sulfoxide (DMSO), l,l'- d-(diphenylphosphino)ethane
(dppe), l ,r -bi -(diphenylphosphino)ferrocene (dppf),
l-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDCI), ethyl (Et), ethyl acetate
(EtOAc), ethanol (EtOH), 2-ethoxy-2
H-quinoline-1-carboxylic acid ethyl ester (EEDQ),
diethyl ether (Et 2O), O-(7-azabenzotriazole-1-yl)-N,
N,N'N'-tetramethyluronium hexafluorophosphate acetic
acid (HATU), acetic acid (HO Ac),
1-N-hydroxybenzotriazole (HOBt), high pressure liquid
chromatography (HPLC), i s -propanol (IPA), lithium
hexamethyl disilazane (LiHMDS), methanol (MeOH),
melting point (mp), MeSO 2- (mesyl or Ms), , methyl
(Me), acetonitrile (MeCN), m-chloroperbenzoic acid
(MCPBA), mass spectrum (ms), methyl ^-butyl ether
(MTBE), N-bromosuccinimide (NBS), N-carboxyanhydride
(NCA), N-chlorosuccinimide (NCS), N-methylmorpholine
(NMM), N-methylpyrrolidone (NMP), pyridinium
chlorochromate (PCC), pyridinium dichromate (PDC),
phenyl (Ph), propyl (Pr), i s -propyl (/-Pr), pounds
per square inch (psi), pyridine (pyr), room
temperature (rt or RT), tert-butyldimethylsilyl or
^-BuMe 2Si (TBDMS), triethylamine (TEA or Et3N),
2,2,6,6-tetramethylpiperidine 1-oxyl (TEMPO), triflate
or CF3SO2- (Tf), trifluoroacetic acid (TFA),
l,l'-bis-2,2,6,6-tetramethylheptane-2,6-dione (TMHD),
O-benzotriazol-1-yl- N,N,N',N'-tetramethyluronium
tetrafluoroborate (TBTU), thin layer chromatography
(TLC), tetrahydrofuran (THF), trimethylsilyl or Me3Si
(TMS), p -toluenesulfonic acid monohydrate (TsOH or
pTsOH), 4-Me-C 6H4SO2- or tosyl (Ts),
N-urethane-N-carboxyanhydride (UNCA),. Conventional
nomenclature including the prefixes normal (n), iso
(i-), secondary (sec-), tertiary (tert-) and neo have
their customary meaning when used with an alkyl
moiety. (J. Rigaudy and D. P . Klesney, Nomenclature
in Organic Chemistry, IUPAC 1979 Pergamon Press,
Oxford.). "Heteroalkyl" means an alkyl moiety as
defined herein, including a branched C4-C7 alkyl,
wherein one, two or three hydrogen atoms have been
replaced with a substituent independently selected
from the group consisting of -0R a, -NR bRc, and -S(O)
nRd (where n isan integer from Oto 2), with the
understanding that the point of attachment of the
heteroalkyl radical is through a carbon atom, wherein
Ra is hydrogen, acyl, alkyl, cycloalkyl, or
cycloalkylalkyl; Rb and Rc are independently of each
other hydrogen, acyl, alkyl, cycloalkyl, or
cycloalkylalkyl; and when n is 0, Rd is hydrogen,
alkyl, cycloalkyl, or cycloalkylalkyl; when n is 1, Rd
is alkyl, cycloalkyl, or cycloalkylalkyl; and when n
is 2, Rd is alkyl, cycloalkyl, cycloalkylalkyl, amino,
acylamino, monoalkylamino, or dialkylamino.
Representative examples include, but are not limited
to, 2-hydroxyethyl, 3-hydroxypropyl, 2-
hydroxy-1-hydroxymethylethyl, 2,3-dihydroxypropyl,
1-hydroxymethylethyl, 3- hydroxybutyl,
2,3-dihydroxybutyl, 2-hydroxy-1-methylpropyl,
2-aminoethyl, 3-aminopropyl, 2-methylsulfonylethyl,
aminosulfonylmethyl, aminosulfonylethyl,
aminosulfonylpropyl, methylaminosulfonylmethyl,
methylaminosulfonylethyl, methylaminosulfonylpropyl,
and the like. "Heteroaryl" means a monocyclic or
bicyclic moiety of 5 to 12 ring atoms having at least
one aromatic ring containing one, two, or three ring
heteroatoms selected from N, O, or S, the remaining
ring atoms being C, with the understanding that the
attachment point of the heteroaryl radical will be on
an aromatic ring. The heteroaryl ring may be
optionally substituted as defined herein. Examples of
heteroaryl moieties include, but are not limited to,
optionally substituted imidazolyl, oxazolyl,
isoxazolyl, thiazolyl, isothiazolyl, oxadiazolyl,
thiadiazolyl, pyrazinyl, thienyl, thiophenyl, furanyl,
pyranyl, pyridinyl, pyrrolyl, pyrazolyl, pyrimidyl,
pyridazinyl, quinolinyl, isoquinolinyl, benzofuryl,
benzofuranyl, benzothiophenyl, benzothiopyranyl,
benzimidazolyl, benzoxazolyl, benzooxadiazolyl,
benzothiazolyl, benzothiadiazolyl, benzopyranyl,
indolyl, isoindolyl, indazolyl, triazolyl, friazinyl,
quinoxalinyl, purinyl, quinazolinyl, quinolizinyl,
naphthyridinyl, pteridinyl, carbazolyl, azepinyl,
diazepinyl, acridinyl and the like, including
partially hydrogenated derivatives thereof. The terms
"halo," "halogen," and "halide" are used
interchangeably herein and refer to fluoro, chloro,
bromo, and iodo. "Haloalkyl" means alkyl as defined
herein in which one or more hydrogen has been replaced
with same or different halogen. Exemplary haloalkyls
include -CH 2Cl, -CH 2CF3, - CH2CCl3, -CF 2CF3, -CF 3,
and the like."Heterocyclyl" or "heterocycloalkyl"
means a monovalent saturated moiety, consisting of one
to two rings, incorporating one, two, or three or four
heteroatoms (chosen from nitrogen, oxygen or sulfur).
The heterocyclyl ring may be optionally substituted as
defined herein. Examples of heterocyclyl moieties
include, but are not limited to, optionally
substituted piperidinyl, piperazinyl, homopiperazinyl,
azepinyl, pyrrolidinyl, pyrazolidinyl, imidazolinyl,
imidazolidinyl, pyridinyl, pyridazinyl, pyrimidinyl,
oxazolidinyl, isoxazolidinyl, morpholinyl,
thiazolidinyl, isothiazolidinyl, quinuclidinyl,
quinolinyl, isoquinolinyl, benzimidazolyl,
thiadiazolylidinyl, benzothiazolidinyl,
benzoazolylidinyl, dihydrofuryl, tetrahydrofuryl,
dihydropyranyl, tetrahydropyranyl, thiamorpholinyl,
thiamorpholinylsulfoxide, thiamorpholinylsulfone,
dihydroquinolinyl, dihydroisoquinolinyl,
tetrahydroquinolinyl, tetrahydrisoquinolinyl, and the
like. "Optionally substituted" means a substituent
which is substituted independently with zero to three
substituents selected from lower alkyl, halo, OH,
cyano, amino, nitro, lower alkoxy, or halo-lower
alkyl. "Leaving group" means a group with the meaning
conventionally associated with it in synthetic organic
chemistry, i.e., an atom or group displaceable under
substitution reaction conditions. Examples of leaving
groups include, but are not limited to, halogen,
alkane- or arylenesulfonyloxy, such as
methanesulfonyloxy, ethanesulfonyloxy, thiomethyl,
benzenesulfonyloxy, tosyloxy, and thienyloxy,
dihalophosphinoyloxy, optionally substituted
benzyloxy, isopropyloxy, acyloxy, and the like. 



"Optional" or "optionally" means that the subsequently
described event or circumstance may but need not
occur, and that the description includes instances
where the event or circumstance occurs and instances
in which it does not. "Agonist" refers to a compound
that enhances the activity of another compound or
receptor site. "Antagonist" refers to a compound that
diminishes or prevents the action of another compound
or receptor site.The term "drug candidate" refers to a
compound or preparation which is to be tested for
possible effect in the treatment of a disease state in
an animal, regardless of whether said drug candidate
has any known biological activity. The term
"homologous" as used herein refers to a protein that
performs substantially the same function in another
subject species and shares substantial sequence
identity, to the extent that they are recognized in
the art as being different versions of the same
protein, differing primarily in the species in which
they are found. Thus, for example, human ERG, mouse
ERG, and rat ERG are all considered homologous to each
other. "Modulator" means a molecule that interacts
with a target. The interactions include, but are not
limited to, agonist, antagonist, and the like, as
defined herein. "Disease" and "Disease state" means
any disease, condition, symptom, disorder or
indication. The term "cell line" refers to a clone of
immortalized mammalian cells. A "stable" cell line is
a cell line that exhibits substantially consistent
characteristics overtime (e.g., with each doubling). A
stable cell line within the scope of this invention
provides a substantial proportion of cells that are
capable of providing a seal resistance of greater than
about 50 MOhm, a current amplitude of greater than
about 200 pA, and provide a current amplitude that
does not vary by more than approximately 20% over one
hour under control conditions. "Pharmaceutically
acceptable salts" of a compound means salts that are
pharmaceutically acceptable, as defined herein, and
that possess the desired pharmacological activity of
the parent compound. Such salts include: (1) acid
addition salts formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, sulfuric acid,
nitric acid, phosphoric acid, and the like; or formed
with organic acids such as acetic acid,
benzenesulfonic acid, benzoic, camphorsulfonic acid,
citric acid, ethanesulfonic acid, fumaric acid,
glucoheptonic acid, gluconic acid, glutamic acid,
glycolic acid, hydroxynaphtoic acid,
2-hydroxyethanesulfonic acid, lactic acid, maleic
acid, malic acid, malonic acid, mandelic acid,
methanesulfonic acid, muconic acid, 2-
naphthalenesulfonic acid, propionic acid, salicylic
acid, succinic acid, tartaric acid, ptoluenesulfonic
acid, trimethylacetic acid, and the like; or (2) salts
formed when an acidic proton present in the parent
compound either is replaced by a metal ion, e.g., an
alkali metal ion, an alkaline earth ion, or an
aluminum ion; orcoordinates with an organic or
inorganic base. Acceptable organic bases include
diethanolamine, ethanolamine, N-methylgluc amine,
triethanolamine, tromethamine, and the like.
Acceptable inorganic bases include aluminum hydroxide,
calcium hydroxide, potassium hydroxide, sodium
carbonate and sodium hydroxide. It should be
understood that all references to pharmaceutically
acceptable salts include solvent addition forms
(solvates) or crystal forms (polymorphs) as defined
herein, of the same acid addition salt. The preferred
pharmaceutically acceptable salts are the salts formed
from acetic acid, hydrochloric acid, sulphuric acid,
methanesulfonic acid, maleic acid, phosphoric acid,
tartaric acid, citric acid, sodium, potassium,
calcium, zinc, and magnesium. "Solvates" means solvent
additions forms that contain either stoichiometric or
non stoichiometric amounts of solvent. Some compounds
have a tendency to trap a fixed molar ratio of solvent
molecules in the crystalline solid state, thus forming
a solvate. If the solvent is water the solvate formed
is a hydrate, when the solvent is alcohol, the solvate
formed is an alcoholate. Hydrates are formed by the
combination of one or more molecules of water with one
of the substances in which the water retains its
molecular state as H O, such combination being able to
form one or more hydrate. "Subject" includes mammals
and birds. "Mammals" means any member of the mammalia
class including, but not limited to, humans; non-human
primates such as chimpanzees and other apes and monkey
species; farm animals such as cattle, horses, sheep,
goats, and swine; domestic animals such as rabbits,
dogs, and cats; laboratory animals including rodents,
such as rats, mice, and guinea pigs; and the like. The
term "subject" does not denote a particular age or
sex. "Therapeutically effective amount" means an
amount of a compound that, when administered to a
subject for treating a disease state, is sufficient to
effect such treatment for the disease state. The
"therapeutically effective amount" will vary depending
on the compound, disease state being treated, the
severity or the disease treated, the age and relative
health of the subject, the route and form of
administration, the judgement of the attending medical
or veterinary practitioner, and other
factors."Pharmacological effect" as used herein
encompasses effects produced in the subject that
achieve the intended purpose of a therapy. For
example, a pharmacological effect would be one that
results in the prevention, alleviation or reduction of
urinary incontinence in a treated subject. "Disease
state" means any disease, condition, symptom, or
indication. "Treating" or "treatment" of a disease
state includes (i) preventing the disease state, i.e.
causing the clinical symptoms of the disease state not
to develop in a subject that may be exposed to or
predisposed to the disease state, but does not yet
experience or display symptoms of the disease state;
(ii) inhibiting the disease state, i.e., arresting the
development of the disease state or its clinical
symptoms; or (iii) relieving the disease state , i.e.,
causing temporary or permanent regression of the
disease state or its clinical symptoms. All patents
and publications identified herein are incorporated
herein by reference in their entirety. Examples of
representative compounds encompassed by the present
invention and within the scope of the invention are
provided in the following Table. These examples and
preparations which follow are provided to enable those
skilled in the art to more clearly understand and to
practice the present invention. They should not be
considered as limiting the scope of the invention, but
merely as being illustrative and representative
thereof. In general, the nomenclature used in this
Application is based on AUTONOMTM v.4.0, a Beilstein
Institute computerized system for the generation of
IUPAC systematic nomenclature. If there is a
discrepancy between a depicted structure and a name
given that structure, the depicted structure is to be
accorded more weight. In addition, if the
stereochemistry of a structure or a portion of a
structure is not indicated with, for example, bold or
dashed lines, the structure or portion of the
structure is to be interpreted as encompassing all
stereoisomers of it. The invention provides compounds
and compositions for treating inflammatory disorders,
and methods of treating disorders mediated by JNK. The
starting materials and the intermediates of the
synthetic reaction schemes can be isolated and
purified if desired using conventional techniques,
including but not limited to, filtration,distillation,
crystallization, chromatography, and the like. Such
materials can be characterized using conventional
means, including physical constants and spectral data.
Unless specified to the contrary, the reaction
described herein preferably are conducted under inert
atmosphere, at atmospheric pressure, at a reaction
temperature range of from about -78C to about 18OC,
and most preferably and conveniently at room (or
ambient) temperature, e.g., about 2OC. In the
following schemes are depicted some of the possible
synthetic routes leading to the compounds object of
the invention. The radicals R1, R2, R3, R5, R6, and R7
are as defined above unless specified otherwise. Step
A: Ac2O, Pyridine, 8OC; Step B: NaH, R2X, DMSO; Step
C: LiHMDS, THF; Step D: NaH, R2X, DMSO, 5OC; Step E :
MeMgBr, Ac2O, Toluene, Reflux. In Step A
4-amino-2-methylsulfanyl-pyrimidine-5-carbonitrile can
be acetylated by heating at about 8OC in presence of
acetic anhydride and pyridine. The acetyl amide formed
in this way can be alkylated in the presence of a
strong inorganic base such as sodium hydride and an
alkylating agent such as methyl iodide in a polar
solvent such as DMSO, as described in Step B.
Alternatively
4-amino-2-methylsulfanyl-pyrimidine-5-carbonitrile can
firstly be alkylated in the same manner as described
in Step B and then can be acylated by treatment with
methyl magnesium bromide and acetic anhydride in a
apolar aprotic solvent such as toluene (Step D and
Step E). The amide of generic formula I can cyclize to
form the corresponding
5-amino-8H-pyrido[2,3-d]pyrimidin-7-one in the
presence of a strong base such as lithium
bis(trimethylsilyl)amide in a polar solvent such as
THF as shown in Step C.Step A: R2NH2, DCM; Step B:
NaOH, EtOH, Reflux; Step C: Benzotriazole, EDCI, DCM;
Step D: LDA, EtOAc, THF, -78C; or 1) NaH, t-BuOCOCH
2COOEt, DMF, OC, 2) TFA, Reflux; Step E : DIPEA, DBU,
Heat In Step A,
4-chloro-2-methylsulfanyl-pyrimidine-5-carboxylic acid
ethyl ester undergoes an SNAGreaction with an
appropriate primary amine R2NH in an apolar solvent
such as DCM, to give the corresponding aniline of
general formula II. Aniline II can then be hydrolyzed
to the corresponding acid III by heating in a polar
protic solvent, such as EtOH at reflux, in presence of
water and a strong inorganic base such as NaOH. The
acid III can be converted to the corresponding
activated ester IV by reacting with benzotriazole in
an apolar solvent such as DCM in presence of a
coupling agent such as EDCI, as described in Step C.
The activated ester IV can be converted to the
corresponding malonate V by reaction, at -78C, in a
polar aprotic solvent such as tetrahydrofuran, with
the lithium enolate of ethyl acetate generated in situ
with lithium diisopropylamide as illustrated in Step
D. Alternatively IV can react with tert-butyl ethyl
malonate at OC in presence of a strong base such as
NaH in a polar solvent such as DMF, and the coupled
product can then be hydrolyzed and decarboxylated by
heating at reflux in presence of TFA to give the
malonate V. The malonate V, by heating in the presence
of 2 strong organic bases such as DIEPA and DBU, can
be converted in the corresponding
5-hydroxy-2-methylsulfanyl-8
H-pyrido[2,3-d]pyrimidin-7-one VI as showed in Step E
. SCHEME IIIStep A: POBr3, DCE, 10OC; Step B:NaN3,
DMF, 9OC, MW; Step C: PPh3, THF, 35C OrH2, Pd(OH) 2/C,
AcOH. In Step A, the 5-hydroxy-2-methylsulfanyl-8
H-pyrido[2,3-d]pyrimidin-7-one of formula I can be
brominated by heating under microwave conditions at
10OC with phosphorus oxybromide in an apolar solvent
such as dichloro ethane. The bromide of formula I I
can undergo an SN reaction by heating under microwave
conditions at 9OC with sodium azide in a polar solvent
such as DMF, as described in Step B. The azide of
formula III can then be reduced to the corresponding
amine IV, Step C, by reaction with a reducing agent
such as triphenylphosphine at 35C in a polar solvent
such as THF in presence of aqueous HCl. Alternatively,
the azide III can be reduced by hydrogenation using a
catalyst such as palladium hydroxide on carbon and a
polar protic solvent such as acetic acid. SCHEME IV Ry
is PMB or H. Step A: 1) Tf2O, TEA, DCM, - 78C; 2)
NH(PMB) 2, 100C, MW; Step B: 1) OXONE(tm),
acetone/water or m-CPBA, CH2C12; 2) Base, R1R4Cy,
heating; 



Step C: HClO4, DCM.In Step A, the
5-hydroxy-2-methylsulfanyl-8H-pyrido[2,3-d]pyrimidin-7
-one of formula I can react with
trifluoromethanesulfonic anhydride, at -78C, in an
apolar solvent such as DCM, in the presence of an
organic base such as Et3N, and the leaving group can
then be displaced by reaction with
bis-(4-methoxybenzyl)-amine by heating at 100C under 5
microwave conditions to give the amine of general
formula II. The thiomethyl moiety of compound of
generic formula II can be oxidized by reaction with
oxidizers such as OXONE(tm) in a mixture of acetone
and water or with 3-chloroperoxybenzoic acid in DCM to
give the corresponding sulfone or sulfoxide, or a
mixture of the above. The leaving group created in
this way can then be displaced by a substituted
cyclohexylamine by heating in THF, 10 with or without
a base such as Et3N or DIPEA, as described in Step B.
The amine of generic formula III, when R9 is PMB, can
then be deprotected as shown in Step C, by reaction
with perchloric acid in DCM.IMPROVED FORMULATIONS FOR
POORLY PERMEABLE ACTIVE PHARMACEUTICAL INGREDIENTS
[001] The present invention relates to formulations
for poorly permeable active pharmaceutical
ingredients, to thermostable solid formulations
containing at least one permeability improving
substance embedded in a water soluble carrier and to
thermostable formulations which show an improved
bioavailability or can be used to improve
bioavailability. [002] The invention also relates to a
pharmaceutical oral dosage form containing at least
one poorly permeable active pharmaceutical ingredient
and at least one permeability improving substance,
which is thermostably embedded in a water-soluble
matrix of a water soluble carrier, such as a
pharmaceutically acceptable carrier by employing an
atomization technique together with a drying step.
BACKGROUND OF THE INVENTION [003] Many active
pharmaceutical ingredients (APIs) show poor
bioavailability after oral administration. Numerous
examples are given in the literature of how oral
bioavailability can be improved when APIs have poor
aqueous solubility but good permeability. These
compounds are referred to as BCS Class Il compounds
according to the biopharmaceutics classification
system (BCS system (G. L . Amidon, H. Lennernas, V. P.
Shah, and J. R. Crison. A theoretical basis for a
biopharmaceutics drug classification: the correlation
of in vitro drug product dissolution and in vivo
bioavailability. Pharm. Res. 12:413-420 (1995)). In
contrast to this, the literature describing techniques
to improve the oral bioavailability of poorly
permeable active pharmaceutical ingredients, often
referred to as BCS Class III or BCS Class IV
compounds, is relatively rare. The patent literature
is replete with examples of permeation enhancers which
effectively increase the parenteral permeability of
drugs, e.g., in transdermal drug delivery systems. The
examples for orally administered compounds are
distinctly lower. [004] According to the
biopharmaceutics classification system, APIs belonging
to BCS Class III possess good aqueous solubility but
poor permeability to biological membranes. Poorly
permeable active pharmaceutical ingredients are often
poorly absorbed through oral and other mucosa due to
the limitations of their physicochemical properties.
Somephysicochemical properties that have been
associated with poor membrane permeability are low
octanol/aqueous partitioning (log P), the presence of
strongly charged functional groups, high molecular
weight, a substantial number of hydrogen-bonding
functional groups, and high polar surface area. For
some compounds, permeation through the intestinal
epithelium is hindered by their active transport from
the enterocyte back into the intestinal lumen. The
secretory transporters involved may include
P-glycoprotein (Pgp), (belonging to the ATP Binding
Cassette (ABC) superfamily), the family of multidrug
resistance-associated proteins (MRP), and possibly
others. For substrates and modifiers of these
secretory transporters, inhibiting secretory transport
can increase permeation in the absorptive direction.
(BJ. Aungst, J. of Pharm. Sci. 2000, 89(4), 429- 44).
The active pharmaceutical ingredients may benefit most
from intestinal absorptionenhancing formulations.
[005] In order to address the problem of poor
permeability the literature suggests many permeability
improving substances, like mucoadhesive polymers, pH
modifiers, permeation enhancer and efflux inhibitors.
[006] The term bioadhesion refers to any bond formed
between two biological surfaces or a bond between a
biological and a synthetic surface. In the instance in
which bonds form between mucus (e.g. in the
gastrointestinal tract) and polymer, the term
mucoadhesion is used synonymously with bioadhesion
(D.E. Chickering, E. Mathiowitz, Definitions,
Mechanisms, and Theories of Bioadhesion. In: E.
Mathiowitz, D.E. Chickering, C-M. Lehr (Eds.)
Bioadhesive drug delivery systems. Fundamentals, novel
approaches, and development. Marcel Dekker Inc., New
York). Mucoadhesive polymers are used to prolong the
gastrointestinal residence time, and therefore lead to
a better absorption of the poorly permeable active
pharmaceutical ingredient. [007] Permeation enhancers
increase the permeability of a mucosal barrier and
facilitate the diffusion of an active pharmaceutical
ingredient across the mucosal barrier by disrupting
the mucosal barrier either by opening tight-junctions
between adjacent epithelial cells (paracellular
pathway) or by fluidizing phospholipid membranes to
allow better diffusion of the active drug across the
bilayer (transcellular pathway)(B.J. Aungst, J. of
Pharm. Sci. 2000, 89(4), 429-44; J. Hochman et al.,
"Mechanisms of absorption enhancement and tight
junction regulation", J . Control. ReI.
29:253-267).[008] Efflux inhibitors are substances
capable of enhancing the permeability of active
pharmaceutical ingredients which are hindered by their
active transport from the enterocyte back into the
intestinal lumen via secretory transporters such as
Pglycoprotein (Pgp), the family of multidrug
resistance-associated proteins (MRP), and possibly
others. Efflux inhibitors are substrates or modifiers
of these secretory transporters, by inhibiting or
modifying the secretory transport the permeation in
the absorptive direction can be increased. In the
framework of the present invention, efflux inhibitors
are regarded as permeability improving substances.
[009] US patent application publication 20050244502
describes a composition which enhances bioavailability
of therapeutic agents which may be poorly absorbed,
which composition contains a mucoadhesive and an
absorption enhancer, and has surprisingly reduced
toxicity as compared to previously known absorption
enhancing compositions, a method for improving
bioavailability of poorly absorbable therapeutic
agents via oral or topical delivery to mucosal
membranes employing such composition, and a method for
reducing cytotoxic effects of an absorption enhancer
(employed to improve bioavailability of poorly
absorbed therapeutic agents) thereby providing more
tolerable delivery to mucosal membranes, employing a
special mucoadhesive in combination with the
absorption enhancer. In order to obtain a solid
formulation according to this invention, the
mucoadhesive polymer and absorption enhancers are
mixed with the remaining ingredients. For example,
example 3 of this invention shows that high shear
granulation/mixing was applied therefore. The
composition is not referred to as thermostable. [010]
US Patent No. 6,793,934 describes an immediate-release
pharmaceutical composition comprising a liquid drug,
drug solutions, and oral absorption enhancer solution
or liquid oral absorption enhancers in the form of a
free-flowing powder. The invention uses powdered
solution technology, i.e., a carrier is used for
turning a liquid agent into a dry, non-adherent,
free-flowing compressible powder, when the
administration of an active agent in a liquid
formulation would be disadvantageous. A powder
according to this invention can be considered free
flowing if it meets the processing characteristics
such that in the process of making tablets, the
resulting tablet weights are uniform, or in the
process of filling capsules, the resulting capsule
weight is uniform. Drug-containing liquids are blended
with either the granulated dibasic calciumphosphate or
magnesium aluminometasilicate or in combination in a
V-shaped blender to form a free-flowing, dry powder.
The blending process also can be carried out in a
planetary mixer, high shear granulator, fluid-bed
granulator, or by a simple mixing using a spatter or
other mixing methods known to one skilled in the art.
Subsequently, the resulting powdered solution can be
further blended with other pharmaceutical processing
aids, such as bulking agent, disintegrant, glidant,
and lubricant, then compressed into tablets on a
rotary press using appropriate tooling. The
formulation technique of this invention does not lead
to a thermostable composition. [01 1] US patent
application publication 2007292512 describes a
pharmaceutical composition, particularly oral dosage
forms, comprising a DAC inhibitor in combination with
an enhancer to promote absorption of the DAC inhibitor
at the GIT cell lining. The enhancer is a medium chain
fatty acid or derivative thereof having a carbon chain
length of from 6 to 20 carbon atoms. In certain
embodiments, the solid oral dosage form is a
controlled release dosage form, such as a delayed
release dosage form. Blend or granulates containing
permeation enhancers according to this invention were
produced by a simple mixing step, either in a Kenwood
Chef mixer or a high shear mixer (Gral 10). The
formulation technique of this invention does not lead
to a thermostable composition. [012] US Patent No.
6,692,771 describes novel emulsion compositions which
improve the rate and/or extent of absorption of drugs.
The emulsion compositions in this patent include
drug-containing emulsions adsorbed onto solid
particles which may be further formulated into solid
dosage forms, methods of preparing such emulsion
compositions and their uses thereof. The emulsion
compositions and their dosage forms improve the
drug-load and the bioavailability of a wide range of
drugs, including drugs that are known or suspected of
having poor bioavailability by the utilization of
several different mechanisms. This invention again
applies the powdered solution technology by simple
adsorption of the emulsion composition onto solid
particle adsorbent selected from the group consisting
of kaolin, bentonite, hectorite, colloidal magnesium
aluminum silicate, silicon dioxide, magnesium
trisilicate, aluminum hydroxide, magnesium hydroxide,
magnesium oxide and talc. The resulting compositions
are therefore not thermostable. [013] International
patent application publication WO 2008/046905
describes a thermostable solid composition comprising
nanosized micelles, the micelles containing a poorly
soluble chemical substance.[014] The prior art
describes compositions where especially the liquid or
semi-solid permeability improving substances are
either simply mixed with other excipients to obtain a
freely flowable powder, or the liquid or semi-solid
permeability improving substances are adsorbed to a
solid carrier. This requires normally high excipient
amounts and leads either to a relatively low amount of
permeability improving substances or a relatively
large oral solid dosage form. The resulting solid
dosage forms are also not thermostable, which means
that e.g., liquid or semi-solid permeation enhancers
or efflux inhibitors will leak out of the adsorbent
when these solid dosage forms are exposed to elevated
temperature where the liquid or semi solid permeation
enhancers or efflux inhibitors exist in liquid state.
[015] It is an objective of the present invention to
provide further and improved formulations for water
soluble but poorly permeable active pharmaceutical
ingredients (BCS III compounds) that can be prepared
by using commercially available materials and standard
processes and equipment. These formulations are
especially useful for active pharmaceutically
ingredients with an even lower permeability than the
normal BCSIII type compounds, which are defined below
as compounds having a bad permeability. A further aim
is to provide thermostable formulations which also
show an improved bioavailability. DETAILED DESCRIPTION
OF THE INVENTION [016] The present invention relates
to compositions containing at least one permeability 



improving substance that can be used to improve the
bioavailability of a poorly permeable active
pharmaceutical ingredient and to pharmaceutical oral
dosage forms containing a water soluble but poorly
permeable active pharmaceutical ingredient and at
least one permeability improving substance. Preferably
the permeability improving substance is neither a
mucoadhesive polymer nor a pH modifier. The
permeability improving substance can be thermostably
embedded in a water-soluble matrix of a water soluble
carrier, such as a pharmaceutically acceptable
carrier, by employing an atomization technique
together with a drying step. [017] It is known, that
it is difficult to incorporate liquid or semi-solid
materials, such as surfactants or oils, for example,
polysorbates (Tween 20, 40, 60, 80),
polyglycolizedglycerides (Labrasol), and vegetable
oil, etc., into a solid dosage form, especially in a
tablet dosage form. In order to produce a conventional
solid dosage form from a liquid poorly soluble drug
the production of "powdered solutions" was suggested
by Spireas et al. (Spireas et al., Powdered solution
technology: principles and mechanisms, Pharm. Res.
1992, 9(10) , 1351-1358). The "powdered solution" was
produced by admixing the liquid drugs or drug
solutions with a selected carrier. The product
obtained by this technology is a physical mixture or
blend of a drug/surfactant solution and the selected
carrier. Examples of these kind of formulations are
disclosed in WO 2005/041929, WO 2006/1 13631 and WO
2006/135480. However, a typical drawback of the
resulting powder is its' poor flowability, especially
its poor thermostability and poor compressability.
[018] In the framework of the present invention it was
surprisingly found that a permeability improving
substance or mixture of permeability improving
substances can be embedded into a water-soluble matrix
of a water soluble carrier or a mixture of water
soluble carriers by using atomization techniques
together with drying techniques. According to the
present invention the permeability improving substance
is thermostably embedded in a matrix of a
pharmaceutically acceptable carrier by using an
atomization technique together with a drying
technique, like spray-drying, spray-coating,
spraylayering, spray-granulation of an aqueous
solution of a pharmaceutically acceptable carrier
together with an aqueous solution, or an aqueous
micellar solution or an aqueous nanoemulsion, or an
aqueous microemulsion or aqueous emulsion of the
permeability improving substance. The above mentioned
composition does not contain an active pharmaceutical
ingredient, but can be used to improve the
permeability of a poorly permeable active
pharmaceutical ingredient. [019] The above mentioned
composition according to the present invention
comprises at least 10% of a permeability improving
substance or at least 15%, at least 20%, at least 25%,
at least 30%, at least 35%, at least 40%, at least
45%, at least 50% or at least 60% and may comprise up
to 75% or 80% of a permeability improving substance.
[020] The ratio between permeability improving
substance and water soluble polymer can be 10:1 , 8:1
, 6:1 , 5:1 , 4:1 , 2:1 , 1 : 1 or 0.5:1 or 0.1 : 1 ,
or all ratios between the indicated fixed ratios, such
as between 10:1 and 8:1 , between 8:1 and 6:1, between
6:1 and 5:1 , between 5:1 and 4:1 , between 4:1 and
2:1 , between 2:1 and 1:1, between 1:1and 0.5:1 and
between 0.5:1 and 0.1 : 1 , depending on the specific
permeability improving substance and the specific
water soluble polymer. [021] As used herein the term
water soluble matrix means a matrix of a water soluble
carrier or a mixture of water soluble carriers. The
matrix forming material is defined as at least one
water soluble carrier which is used to prepare the
water soluble matrix. [022] The sum of the
permeability improving substance and the water soluble
matrix in the composition according to the present
invention is at least 80% w/w, or at least 85% w/w, or
at least 90% w/w, or at least 95% w/w, or at least 99%
w/w of the total dry material in the composition. The
term total dry material is the same as the term total
dry substance as commonly used in the art. [023] In
prior art formulations, compounds which can be used as
permeability improving substances are often used as
surfactants, as most permeability improving substances
have also surfactant properties. In these prior art
formulations said compounds are used in amounts
considerably lower than the amounts used in the
present invention as they are not aimed to improve the
permeability of the active pharmaceutical ingredient,
rather they are aimed to act as a wetting agent,
solubility enhancing agent or plasticizer. [024]
Permeability improving substances according to the
present invention include, but are not limited to, the
following: polyethylene glycol, propylene glycol,
glycerin, vegetable oil, cotton seed oil, corn oil,
peanut oil, sesame oil, mineral oil, glycofurol,
propylene glycol dicaprylate/dicaprate, glyceryl
capryl ate/cap rate, oleic acid, ethoxydiglycol, and
poloxamer block copolymers, polysorbates, sorbitan
esters, poloxamer block copolymers, PEG-35 castor oil,
PEG-40 hydrogenated castor oil, caprylocaproyl
macrogol-8 glycerides, sodium lauryl sulfate, dioctyl
sulfosuccinate, polyethylene lauryl ether,
ethoxydiglycol, propylene glycol monocaprylate,
propylene glycol mono-di-caprylate, propylene glycol
dicarpylate/dicparate, glyceryl monocaprylate,
glyceryl mono-dicaprylate, caprylocaproyl
macrogolglycerides (such as PEG caprylic/capric
glycerides), glyceryl fatty acids (C8 -C18 )
ethoxylated, oleic acid, linoleic acid, glyceryl
monooleate, glyceryl monolaurate, caprylic/capric
triglycerides, ethoxylated nonylphenols, PEG-(8-50)
stearates, olive oil PEG-6 esters, triolein PEG-6
esters, lecithin, d-alpha tocopherylpolyethylene
glycol 1,000 succinate. In addition, a combination of
oral absorption enhancers can be used to improve the
absorption further. [025] Preferred permeability
improving substances according to the present
invention are: d-alpha tocopheryl polyethylene glycol
1,000 succinate (Vit E TPGS), PEG-32 glyceryl laurate
(e.g. Gelucire(r) 44/14), caprylic/capric acid
triglyceride (e.g. Captex(r) 8000), glyceryl
monocaprylate (e.g. Capmul(r) MCM C8), glyceryl
mono-di-caprylate, polyethoxylated castor oil (e.g.
Cremophor(r) EL), polyglycolyzed glycerides and
polyoxyethylene esters of 12-hydroxystearic acid,
medium chain triglycerides, caprylocaproyl macrogol-8
glycerides, polyoxyethylene-20 sorbitanmonooleate,
macrogol-15 hydroxystearate , propylene
glycol-monocaprylate (e.g. Capryol(r) 90 or Capryol(r)
PGMC), propylene gycol-caprylcaprate (e.g. Labrafac(r)
PG) and propylene glycol-monolaurate (e.g.
Lauroglycol(r) 90 or Lauroglycol(r) FCC). [026] Even
more preferred in the framework of the present
invention are the specific permeability improving
substances Labrasol(r), Solutol(r) HS 15, Capmul(r)
MCM C8, Captex(r) 8000, Vitamin E TPGS, Gelucire(r)
44/14, Cremophor(r) EL, Tween(r) 80, Miglyol(r) 812,
Capryol(r) 90, Capryol(r) PGMC, Labrafac(r) PG,
Lauroglycol(r) 90 and Lauroglycol(r) FCC. [027] In the
framework of the present invention the term
thermostable means that the composition remains a free
flowing stable powder when heated above the melting
point of the main permeability improving substance. If
produced as a powder, the thermostable composition
remains a free flowing stable powder when heated 50C,
1O0C, 15 0C, 2O 0C, 25 0C, 30 0C or 40 0C above the
melting point of the main permeability improving
substance. For example, Vitamin E TPGS
(d-alpha-tocopheryl polyethylene glycol 1000
succinate) has a melting point of 360C (Reference:
Eastman, Material Safety Data Sheet of Vit E TPGS NF
Grade). A person skilled in the art would assume that
if Vitamin E TPGS is the main component of a
composition according to the present invention, this
composition would show at least partial melting when
exposed to a temperature far above 360C, for instance
8O0C. However, if the Vitamin E TPGS is used as a
permeability improving substance for the present
invention, that means that Vitamin E TPGS is embedded
in a water-soluble matrix material with a melting
point above 360C, the resulting powder will not show a
major change in powder morphology and flowability.It
remains a stable, free-flowing powder even if exposed
to temperatures 20 to 4O0C above the melting point of
the permeability improving substance. [028] The
thermostable composition comprising a permeability
improving substance embedded in a water soluble
carrier according to the present invention can be used
to improve the bioavailability of a poorly permeable
active pharmaceutical ingredient by mixing said
thermostable composition with a powder, a granule, a
pellet or microspheres comprising said poorly
permeable active pharmaceutical ingredient or by
applying a coating comprising said thermostable
composition on a tablet core or a granule, a pellet or
microspheres comprising said poorly permeable active
pharmaceutical ingredient. The thermostable
composition itself can be a powder, but may also be
formulated into a granule, a pellet, a tablet or
microspheres. [029] The present invention therefore
also relates to a pharmaceutical composition
comprising at least two different phases, wherein the
first phase a) comprises an active pharmaceutical
ingredient formulated into a powder, a granule, a
pellet, a microsphere or a tablet; and the second
phase b) comprises a thermostable solid composition as
described above, and wherein said active
pharmaceutical ingredient is a water soluble substance
having a bad permeability. [030] In the framework of
the present invention a water soluble substance means
that at least one gram of the substance is soluble in
10 to 30 grams of water, or in 1 to 10 grams of water
or in less than 1 gram of water (resp. soluble, freely
soluble and very soluble according to the definition
of the European Pharmacopeia 6.3) [031] According to
the literature (Rautio et al., Nature Reviews Drug
Discovery 2008, 7 , 255-70) low or poorly permeable
compounds (BCS class III) have a permeability when
tested in Caco-2 cell lines of equal to or lower than
5x10~6cm/sec. Therefore, in the framework of the
present invention a poor permeability means a
permeability when tested in Caco-2 cell lines
according to Xin He et al. (Int. J . of Pharmaceutics
2003, 263, 35-44) of equal to or lower than
5x10~6cm/sec. In the framework of the present
invention a bad permeability means a permeability when
tested in Caco-2 cell lines according to Xin He et al.
of equal to or lower than 0.5x1 0 6 cm/sec preferably
equal to or lower than 0.2x1 0~6cm/sec or equal to or
lower than 1x1 0 7cm/sec and an absolute oral
bioavailability in humans lower than 20%, or even
lower than 15%, and even lower than 10%, when
formulated without using a permeability improving
substance. [032] The poorly permeable active
pharmaceutical ingredient to be processed according to
this invention can be liquid, semi-solid, solid
amorphous or solid crystalline. [033] The poorly
permeable compound to be processed according to this
invention preferably a pharmaceuticaly active agent
and can be chosen from analgesics, antiarrhythmic
agents, anti-asthma agents, anti-biotic agents,
anti-helminthics, ant i inflammatory agents,
anti-viral agents, anti-coagulants, anti-depressants,
anti-diabetics, anti-epileptics, anti-erectile
dysfunction agents, anti-fungal agents, anti-gout
agents, ant i hypertensive agents, anti-malarials,
anti-migraine agents, anti-muscarinic agents, ant i
neoplastic agents, anti-obesity agents,
anti-parkinsonian agents, anti-protozoal agents,
anti-thyroid agents, anti-tussives, anxiolytics,
beta-blockers, hypnotics, immunosuppressants,
neuroleptics, cannabinoid receptor agonists and
antagonists, cardie inotropic agents, cell adhesion
inhibitors, corticosteroids, cytokine receptor
activity modulators, diuretics, gastro-intestinal
agents, histamine H-receptor antagonists,
keratolytics, lipid regulating agents, muscle
relaxants, nitrates and other anti-anginal agents,
non-steroid anti-asthma agents, opioid analgesics,
sedatives, sex hormones and stimulants. [034] A
preferred class of poorly soluble compounds are poorly
soluble (3S)-3-[[[1-[2-
(2S)-carboxy-4-[[3-(dimethylamino)propyl]methylamino]-
4-oxobutyl]cyclopentyl]carbonyl]
amino]-2,3,4,5-tetrahydro-2-oxo-1 H-1-benzazepine-1
-acetic acid, 4-[2-[[[(2S)-1-[(4'- fluoro[1
,1'-biphenyl]-4-yl)sulfonyl]-2,3-dihydro-1
H-indol-2-yl]carbonyl]amino]ethoxy]- benzoic acid,
4-[[[[(2S)-2,3-dihydro-1-[[2',4'-difluoro[1
,1'-biphenyl]-4-yl]sulfonyl]-1 H-indol-
2-yl]carbonyl]amino]methyl]benzeneacetic acid and the
like. [035] A water soluble carrier according to the
present invention should be 



pharmaceutically acceptable. The pharmaceutically
acceptable carrier should preferably be chosen from
alkylcelluloses, such as methylcellulose;
hydroxyalkylcelluloses, such as
hydroxymethylcellulose, hydroxyethylcellulose,
hydroxypropylcellulose and hydroxybutylcellulose;
hydroxyalkyl alkylcelluloses, such as hydroxyethyl
methylcellulose and hydroxypropyl-methylcellulose; -
carboxyalkylcelluloses, such as
carboxymethylcellulose; alkali metal salts of
carboxyalkylcelluloses, such as sodium
carboxymethylcellulose; carboxyalkylalkylcelluloses,
such as carboxymethylethylcellulose;
carboxyalkylcellulose esters; - starches; pectines,
such as sodium carboxymethylamylopectine; chitin
derivates, such as chitosan; polysaccharides, such as
alginic acid, alkali metal and ammonium salts thereof,
carrageenans, galactomannans, tragacanth, agar-agar,
gummi arabicum, guar gummi and xanthan gummi;
polyacrylic acids and the salts thereof;
polymethacrylic acids and the salts thereof,
methacrylate copolymers; polyvinylalcohol;
polyvinylpyrrolidone, copolymers of
polyvinylpyrrolidone with vinyl acetate; and -
polyalkylene oxides, such as polyethylene oxide and
polypropylene oxide and copolymers of ethylene oxide
and propylene oxide. The water soluble carrier is
normally soluble in water at room temperature but
sometimes forms a dispersion when contacted with water
at higher temperature and dissolves totally when the
temperature is decreased to room temperature.
Therefore when referring to a mixture containing a
water soluble carrier this mixture can be a dispersion
or a solution. [036] Non-enumerated polymers which are
pharmaceutically acceptable and have appropriate
physico-chemical properties as defined hereinbefore
are equally suited as a carrier in the present
invention for pharmaceutical compositions. [037]
Preferred water-soluble polymers are
hydroxypropylmethylcelluloses (HPMC). Said HPMC
contains sufficient hydroxypropyl and methoxy groups
to render it water-soluble. HPM's having a methoxy
degree of substitution from about 0.8 to about 2.5 and
ahydroxypropyl molar substitution from about 0.05 to
about 3.0 are generally water soluble. Methoxy degree
of substitution refers to the average number of methyl
ether groups present per anhydroglucose unit of the
cellulose molecule. Hydroxy-propyl molar substitution
refers to the average number of moles of propylene
oxide which have reacted with each anhydroglucose unit
of the cellulose molecule. Hydroxypropyl
methylcellulose is the United States Adopted Name for
hypromellose. [038] The composition according to the
present invention may include one or more other
auxiliary materials. In the case of a pharmaceutical
composition these auxiliary materials should be
pharmaceutically acceptable additives such as
flavoring agents, colorants, binders, fillers,
filler-binders, lubricants, disintegration aids and/or
other pharmaceutically acceptable additives. In the
framework of the present invention auxiliary materials
does not include a significant amount of volatile
organic solvents. Volatile organic solvents are
defined as organic solvents having a vapor pressure
higher than 0.50 mm Hg at 250C. A significant amount
is an amount higher than 1% w/w. Preferably the
auxiliary materials contain less than 0.5% volatile
organic solvents, more preferably less than 0.3%, more
preferably less than 0.1% and most preferably less
than 0.01% w/w. PREPARATION [039] The preparation of a
matrix composition according to the present invention
involves the preparation of an aqueous solution,
aqueous micellar solution, an aqueous emulsion,
aqueous microemulsion or aqueous nanoemulsion of a
permeation enhancing substance followed by a drying
step to embed the micelles, emulsion, microemulsion or
nanoemulsion in a water-soluble matrix of a carrier,
such as a pharmaceutically acceptable carrier. [040]
In a first aspect, the invention relates to a process
of preparing a solid thermostable pharmaceutical
composition as described above, comprising a)
dissolving or dispersing at least one permeability
improving substance in water to form a mixture; b)
dissolving water soluble matrix forming material in
the mixture obtained in a) or adding a solution of
water soluble matrix forming material in water to the
mixture obtained in a);c) optionally adding one or
more additional auxiliary materials to the mixture
obtained in a) or b); and d) drying the mixture
obtained in b or c); [041] In a further aspect, the
invention relates to a process of preparing a solid
thermostable pharmaceutical composition as described
above, comprising the following steps: a) dissolving
or dispersing water soluble matrix forming material in
water to form a solution; b) dissolving or dispersing
at least one permeability improving substance in the
solution obtained in a) or adding a solution or
dispersion of the at least one permeability improving
substance in water to the solution obtained in a); c)
optionally adding one or more additional auxiliary
materials to the mixture obtained in a) or b); and d)
drying the mixture obtained in b or c) [042] The
thermostable composition obtained via the methods
indicated above can be further processed to a final
dosage in the form of a mixture with the active
pharmaceutical ingredient which may separately be
formulated into a powder, granules, pellets or
microspheres. [043] In a further aspect, the invention
relates to a process of preparing a solid
pharmaceutical composition comprising a water soluble
active pharmaceutical ingredient having a bad
permeability as described above, comprising the
following steps: a) dissolving or dispersing water
soluble matrix forming material in water to form a
mixture; b) dissolving or dispersing the at least one
permeability improving substance in the solution
obtained in a) or adding a solution or dispersion of
the at least one permeability improving substance in
water to the mixture obtained in a); c) optionally
adding one or more additional auxiliary materials to
the mixture obtained in a or b); andd) spraying the
mixture obtained under b) or c) in the form of a
thermostable coating layer onto drug particles of the
poorly permeable API, or onto tablets, pellets,
granules or capsules containing the poorly permeable
API. [044] In a further aspect, the invention relates
to a process of preparing a solid pharmaceutical
composition comprising a water soluble active
pharmaceutical ingredient having a bad permeability as
described above, comprising the following steps: a)
dissolving or dispersing at least one permeability
improving substance in water to form a mixture; b)
dissolving water soluble matrix forming material in
the mixture obtained in a) or adding a solution of
water soluble matrix forming material in water to the
mixture obtained in a); c) optionally adding one or
more additional auxiliary materials to the mixture
obtained in a) or b); and d) spraying the mixture
obtained under b) or c) in the form of a thermostable
coating layer onto drug particles of the poorly
permeable API, or onto tablets, pellets, granules or
capsules containing the poorly permeable API. [045]
Processes comparable to the processes described above
can also be used to prepare a product comprising an
API, a permeation enhancer and a water soluble carrier
in a single drying step. Therefore, in a further
aspect, the invention also relates to a process of
preparing a pharmaceutical composition comprising a
water soluble active pharmaceutical ingredient having
a bad permeability, said process comprising the steps
for preparing a thermostable pharmaceutical
composition as described above, wherein said active
pharmaceutical ingredient is separately dissolved and
mixed, before the total mixture is dried, with: i) the
solution of the water soluble matrix forming material
in water; or ii) the solution or dispersion of the at
least one permeability improving substance in water;
or iii) one or more additional auxiliary materials; or
wherein said active pharmaceutical ingredient is
dissolved in the solution i) or mixture ii) defined
above, or in the solution of the one or more
additional auxiliary materials; and wherein the
aqueous mixture obtained is dried.[046] The final
formulation formed by applying one of the processes
described above is physically stable and remains
stable when heated above the melting temperature of
the main permeation improving substance and even when
the ratio between the matrix forming material and the
permeability improving substance is very low, such as
lower than 50%, even lower than 30%, even lower than
20%, or even when 10%. [047] The following examples
are only intended to further illustrate the invention,
in more detail, and therefore these examples provided
herein are not deemed to restrict the scope of the
invention in any way [048] EXAMPLE 1: Preparation of a
P-gp inhibiting formulation system (Permeability
improving substance is Labrasol (polyglycolyzed
glycerides)) [049] Formulation per capsule: API:
Poorly permeable active pharmaceutical ingredient:
(3S)-3-[[[1-[2-(2S)-carboxy-4-[[3-(dimethylamino)propy
l]methylamino]^-
oxobutylJcyclopentylJcarbonylJaminoJ^.SAS-tetrahydro^-
oxo-I H-i-benzazepine-iacetic acid 150.0 mg [050]
Further Ingredients: Monobasic sodium phosphate : 17.0
mg Disodium hydrogen phosphate: 6 1.5 mg Carbopol(r)
971 P (Polymer of 2-propenoic acid) : 12.5 mg Sodium
hydroxide: 6.0 mg Labrasol(r) (polyglycolyzed
glycerides): 50.0 mg HPMC E6: 50.0 mg Water [051]
Monobasic sodium phosphate and disodium hydrogen
phosphate were dissolved in water to obtain a pH of
7.5. Carbopol(r) 971 P was added to the buffer
solution and dissolved.
(3S)-3-[[[1-[2-(2S)-carboxy-4-[[3-(dimethylamino)propy
l]methylamino]-4-oxobutyl]
cyclopentyl]carbonyl]amino]-2,3,4,5-tetrahydro-2-oxo-1
H-1-benzazepine-1-acetic acid was dissolved in the
buffer/Carbopol(r) 971 P solution while adding sodium
hydroxide 2M solution, keeping the pH above 6.0. This
final solution was freeze dried (T = - 800C, p= 0.002
mbar) for 60 hours. The powder was compressed into a
plug, using a die with a diameter of 5.5 mm at a
pressure of 0.8 ton (8000 psi) for 1 second. The plug
was removed and grinded into small granules. A capsule
size 2 was filled with the granules 



and closed. A solution of 10 % m/m of HPMC E6 was
prepared by heating water to a temperature of
approximately 65C. HPMC E6 was added to the heated
water and stirred until a homogeneous suspension was
formed. The suspension was left cooling and resulted
in a clear solution of HPMC E6 (10% m/m) in water.
[052] Labrasol(r) was dispersed in the aqueous HPMC E6
solution and spray dried (INLET temperature = 145C,
OUTLET temperature = 88C) to obtain a powder where
Labrasol(r) is thermostable embedded in a HPMC E6
matrix. A capsule size 00 was filled with a size 2
capsule containing the granulate containing
(3S)-3-[[[1-[2-(2S)-carboxy-4-
[[3-(dimethylamino)propyl]methylamino]-4-oxobutyl]cycl
opentyl]carbonyl]amino]-2, 3,4,5- tetrahydro-2-oxo-1
H-1-benzazepine-1 -acetic acid and Carbopol(r) 971 P,
furthermore the powder containing the thermostable
embedded Labrasol(r) was added to this external
capsule. [053] EXAMPLE 2 : Preparation of a P-gp
inhibiting formulation system (Permeability improving
substance is Tween 80 (Polyoxyethylene (20) sorbitan
monooleate)) [054]Formulation per batch: Ingredients:
Tween(r) 80: 45 g HPMC E6: 45 g Water: 405 ml [055]
Tween(r) 80 was dissolved in water while heating to a
temperature of approximately 65C. HPMC E6 was added to
the heated solution and stirred until a homogeneous
dispersion was formed. The dispersion was left cooling
and spray dried (INLET temperature = 145C, OUTLET
temperature = 900C) to obtain a powder where Tween(r)
80 is thermostable embedded in a HPMC E6 matrix.[056]
The obtained powder can be mixed with regular
excipients and at least one poorly permeable active
pharmaceutical ingredient to obtain a final oral
dosage form with P-gp inhibiting capacities. [057]
EXAMPLE 3 : Preparation of a P-gp inhibiting
formulation system (Permeability improving substance
is TPGS (d-alpha-tocopheryl polyethylene glycol 1000
succinate)) [058] Formulation per tablet: [059] API:
Poorly permeable active pharmaceutical ingredient:
(3S)-3-[[[1-[2-(2S)-carboxy-4-[[3-(dimethylamino)propy
l]methylamino]^-
oxobutylJcyclopentylJcarbonylJaminoJ^.SAS-tetrahydro^-
oxo-I H-i-benzazepine-iacetic acid 300.0 mg [060]
Further Ingredients: TPGS: 12.5 mg HPMC E6: 12.5 mg
Microcrystalline cellulose: 102.6 mg Primojel(r)
(sodium starch glycolate): 102.6 mg Aerosil(r) 200V
(amorphous anhydrous colloidal silicon dioxide): 2.6
mg PRUV(r) (sodium stearyl fumarate): 5.1 mg Water
[061] TPGS was dispersed in water while heating to a
temperature of approximately 65C. HPMC E6 was added to
the heated solution and stirred until a homogeneous
suspension was formed. The suspension was left cooling
and a homogeneous dispersion was obtained. [062]
(3S)-3-[[[1
-[2-(2S)-carboxy-4-[[3-(dimethylamino)propyl]methylami
noH-oxobutyl]-
cyclopentyl]carbonyl]amino]-2,3,4,5-tetrahydro-2-oxo-1
H-1 -benzazepine-1 -acetic acid was mixed together
with microcrystalline cellulose, Primojel(r),
Aerosil(r) and PRUV(r).A tablet was pressed using the
powder mixture, containing
(3S)-3-[[[1-[2-(2S)-carboxy-4-
[[3-(dimethylamino)propyl]methylamino]-4-oxobutyl]cycl
opentyl]-carbonyl]amino]-2,3,4,5- tetrahydro-2-oxo-1
H-1-benzazepine-1 -acetic acid. [063] The obtained
dispersion of TPGS and HPMC E6 was heated to
approximately 600C and sprayed in the form of a
coating layer onto the core tablets containing (3S)-3-
[[[1 -[2-(2S)-ca
rboxy-4-[[3-(dimethylamino)propyl]methylamino]-4-oxobu
tyl]cyclopentyl]- carbonyljamino^.S -tetrahydro^-oxo-I
H-i-benzazepine-i-acetic acid, resulting in a coating
where TPGS is thermostable and embedded in a HPMC E6
matrix. [064] EXAMPLE 4 : Preparation of a P-gp
inhibiting formulation system (Permeability improving
substance is Solutol(r) HS 15 (polyoxyethylene esters
of 12-hydroxystearic acid)) [065] Formulation per
batch: Ingredients: Solutol(r) HS 15: 45 g HPMC E6: 45
g Water: 810 ml [066] A solution of 10 % m/m of
Solutol(r) HS 15 was prepared by dissolving the
Solutol(r) HS 15 in water. A solution of 10 % m/m of
HPMC E6 was prepared by heating water to a temperature
of approximately 65C. HPMC E6 was added to the heated
water and stirred until a homogeneous suspension was
formed. The suspension was left cooling, and resulted
in a clear solution of HPMC E6 (10% m/m) in water.
Both solutions were mixed together and spray dried
(INLET temperature = 145C, OUTLET temperature = 900C)
to obtain a powder where Solutol(r) HS 15 is
thermostable embedded in a HPMC E6 matrix. [067] The
obtained powder was mixed with regular excipients and
at least one poorly permeable active pharmaceutical
ingredient to obtain a final oral dosage form with
P-gp inhibiting capacities.[068] EXAMPLE 5 :
Preparation of a P-gp inhibiting formulation system
(Permeability improving substance is Gelucire(r) 44/14
(PEG-32 glyceryl laurate)) [069] Formulation per
batch: Ingredients: Gelucire(r) 44/14: 45 g HPMC E6:
45 g Water: 405 ml [070] A solution of 10 % m/m of
HPMC E6 was prepared by heating water to a temperature
of approximately 65C. HPMC E6 was added to the heated
water and stirred until a homogeneous suspension was
formed. The suspension was left cooling, and resulted
in a clear solution of HPMC E6 (10% m/m) in water. The
obtained HPMC E6 solution was heated up to
approximately 65C and Gelucire(r) 44/14 was dispersed
in this aqueous solution. The dispersion was left
cooling and spray dried (INLET temperature = 145C,
OUTLET temperature = 900C) to obtain a powder where
Gelucire(r) 44/14 was thermostable and embedded in a
HPMC E6 matrix. [071] The obtained powder was mixed
with regular excipients and at least one poorly
permeable active pharmaceutical ingredient to obtain a
final oral dosage form with P-gp inhibiting
capacities. [072] EXAMPLE 6 : Preparation of a P-gp
inhibiting formulation system (Permeability improving
substance is TPGS (d-alpha-tocopheryl polyethylene
glycol 1000 succinate)) [073] Formulation per tablet:
API: Poorly permeable active pharmaceutical
ingredient: (3S)-3-[[[1-[2-(2S)-carboxy-4-
[[3-(dimethylamino)propyl]methylamino]-4-oxobutyl]cycl
opentyl]carbonyl]amino]-2, 3,4,5- tetrahydro-2-oxo-1
H-1-benzazepine-1 -acetic acid 300.0 mg [074] Further
Ingredients: TGPS: 12.5 mg HPMC E6: 12.5
mgMicrocrystalline cellulose: 102.6 mg Primojel(r)
(sodium starch glycolate): 102.6 mg Aerosil(r) 200V
(amorphous anhydrous colloidal silicon dioxide): 2.6
mg PRUV(r) (sodium stearyl fumarate): 5.1 mg Water
[075] A solution of 10 % m/m of HPMC E6 was prepared
by heating water to a temperature of approximately
65C. HPMC E6 was added to the heated water and stirred
until forming a homogeneous suspension was formed. The
suspension was left cooling, and resulted in a clear
solution of HPMC E6 (10% m/m) in water. The obtained
HPMC E6 solution was heated up to approximately 65C
and TPGS was dispersed in this aqueous solution. The
dispersion was left cooling. [076]
(3S)-3-[[[1-[2-(2S)-carboxy-4-[[3-(dimethylamino)propy
l]methylamino]^-oxobutyl]-
cyclopentylJcarbonylJamino^.SAS-tetrahydro^-oxo-i H-1
-benzazepine-1 -acetic acid was mixed together with
microcrystalline cellulose, Primojel(r), Aerosil(r)
and PRUV(r). A tablet was pressed using the powder
mixture, containing (3S)-3-[[[1-[2-(2S)-carboxy-4-
[[3-(dimethylamino)propyl]methylamino]-4-oxobutyl]cycl
opentyl]carbonyl]amino]-2, 3,4,5- tetrahydro-2-oxo-1
H-1 -benzazepine-1 -acetic acid. [077] The obtained
dispersion of TPGS and HPMC E6 was heated up to
approximately 600C and was sprayed to form a coating
layer onto the core tablets containing(3S)-3-[[[1-
[2-(2S)-carboxy-4-[[3-(dimethylamino)propyl]methylamin
o]-4-oxobutyl]cyclopentyl]-carbonyl]
amino]-2,3,4,5-tetrahydro-2-oxo-1 H-1 -benzazepine-1
-acetic acid, resulting in a coating where TPGS is
thermostable embedded in a HPMC E6 matrix. [078]
EXAMPLE 7 : Preparation of a P-gp inhibiting
formulation system (Permeability improving substance
is Labrasol(r) (polyglycolyzed glycerides)) [079]
Formulation per tablet: API: Poorly permeable active
pharmaceutical ingredient:
(3S)-3-[[[1-[2-(2S)-carboxy-4-
[[3-(dimethylamino)propyl]methylamino]-4-oxobutyl]cycl
opentyl]carbonyl]amino]-2, 3,4,5- tetrahydro-2-oxo-1
H-1 -benzazepine-1 -acetic acid 300.0 mg[080] Further
Ingredients: Labrasol(r): 12.5 mg HPMC E6: 12.5 mg
Microcrystalline cellulose: 102.6 mg Primojel(r)
(sodium starch glycolate): 102.6 mg Aerosil(r) 200V
(amorphous anhydrous colloidal silicon dioxide): 2.6
mg PRUV(r) (sodium stearyl fumarate): 5.1 mg Water
[081] A dispersion of 10 % m/m of Labrasol(r) was
prepared by dispersing the Labrasol(r) in water. A
solution of 10 % m/m of HPMC E6 was prepared by
heating water to a temperature of approximately 65C.
HPMC E6 was added to the heated water and stirred
until a homogeneous suspension was formed. The
suspension was left cooling, and resulted in a clear
solution of HPMC E6 (10% m/m) in water. Both solutions
were mixed together. [082]
(3S)-3-[[[1-[2-(2S)-carboxy-4-[[3-(dimethylamino)propy
l]methylamino]^-oxobutyl]-
cyclopentyl]carbonyl]amino]-2,3,4,5-tetrahydro-2-oxo-1
H-1 -benzazepine-1 -acetic acid was mixed together
with microcrystalline cellulose, Primojel(r),
Aerosil(r) and PRUV(r). A tablet was pressed using the
powder mixture, containing
(3S)-3-[[[1-[2-(2S)-carboxy-4-
[[3-(dimethylamino)propyl]methylamino]-4-oxobutyl]cycl
opentyl]carbonyl]amino]-2, 3,4,5- tetrahydro-2-oxo-1
H-1 -benzazepine-1 -acetic acid. [083] The obtained
dispersion of Labrasol(r) and HPMC E6 was sprayed to
form a coating layer onto the core tablets containing
(3S)-3-[[[1-[2-(2S)-carboxy-4-[[3-(dimethylamino)
propyl]methylamino]-4-oxobutyl]cyclopentyl]carbonyl]am
ino]-2,3,4,5-tetrahydro-2- 



oxo-1 H-1 -benzazepine-1 -acetic acid, which resulted
in a coating where Labrasol(r) was thermostable
embedded in a HPMC E6 matrix.[084] EXAMPLE 8 :
Preparation of a formulation where the active
pharmaceutical ingredient is spray-dried together with
the permeability improving substance [085] API: Poorly
permeable active pharmaceutical ingredient:
(3S)-3-[[[1-[2-(2S)-
carboxy-4-[[3-(dimethylamino)propyl]methylamino]-4-oxo
butyl]cyclopentyl]carbonyl]-
amino]-2,3,4,5-tetrahydro-2-oxo-1 H-1-benzazepine-1
-acetic acid [086] Step 1) Preparation of a mixture
containing various permeability improving substances.
Approximately 50 g of sodium caprylate was weighed
into a glass plasma flacon (250 ml) and dissolved in
approximately 150 g of caprylic acid (Part A).
Approximately 90 g of Capmul MCM C8 was weighed into a
glass plasma flacon (500 ml) and approximately 180 g
of Captex 8000 was added and homogenised (Part B).
Approximately 200 g of Solution A was added to
Solution B and homogenised. The resulting mixture
contained therefore various permeability improving
substances in the form of a microemulsion system.
[087] Step 2 ) Preparation of a thermostable powder
formulation containing a n active pharmaceutical
ingredient and a various permeability improving
substances A 2.2 % m/m HPMC E50LV solution was made up
by dissolving 100 g of HPMC E50LV in 1487 g of
purified water at approximately 70 0C . Sodium
hydrogen phosphate. 2H2O (7.6832 g), sodium dihydrogen
phosphate. H2O ( 1 .0513 g ) and sodium hydroxide
(0.5980 g ) were added to this solution. 100 g of API
was dissolved in this solution and a n additional
amount of purified water (1327 g ) at approximately
68C was added and cooled to room temperature under
continuous stirring. The spraying solution was
prepared by adding 100 g of the mixture containing
various permeability improving substances (prepared in
step 1) to this HPMC E50LV solution and homogenised.
[088] This solution was sprayed, using a Bchi B-191
mini spray-dryer: T 1n : 140 0C Tout: 80 0C Aspirator:
90 % Flow: 600 L/h Nozzle: 0.7 mm Application rate: 2
5 % DPfHte,-:  - 2 0 mbarThe resulting thermostable
powder contained an active pharmaceutical ingredient
and various permeability improving substances. [089]
Step 3) Compression to tablets The powder produced in
step 2 was further processed to tablets. Therefore a
blend was made by weighing approximately 465 mg of the
powder produced in step 2 together with 143 mg
microcrystalline cellulose PH200, 143 mg Primojel and
mixed. Tablets were compressed using a hydraulic
press: P: 200 bar t : ~ 2 s 0 : 19 x 8.4 mm oblong,
double concave. Mass: 750 mgClaims 1. A thermostable
solid composition comprising at least one permeability
improving substance embedded in a water soluble
matrix, wherein the sum of the amount of said
permeability improving substance or mixture of
permeability improving substances and said water
soluble matrix is at least 80% w/w of the total dry
material in the composition, with the proviso that
said thermostable solid composition does not contain
an active pharmaceutical ingredient. 2 . The
thermostable solid composition according to claim 1,
wherein the at least one permeability improving
substance is chosen from d-alpha tocopheryl
polyethylene glycol 1,000 succinate (Vit E TPGS),
PEG-32 glyceryl laurate, caprylic/capric acid
triglyceride, glyceryl monocaprylate, glyceryl
mono-di-caprylate, polyethoxylated castor oil,
polyglycolyzed glycerides and polyoxyethylene esters
of 12-hydroxystearic acid, medium chain triglycerides,
caprylocaproyl macrogol-8 glycerides,
polyoxyethylene-20 sorbitanmonooleate, macrogol-15
hydroxystearate, propylene glycol-monocaprylate,
propylene gycol-capryl caprate, and propylene
glycolmonolaurate. 3 . The thermostable solid
composition according to claim 2 , wherein the at
least one permeability improving substance is
Labrasol(r), Solutol(r) HS 15, Capmul(r) MCM C8,
Captex(r) 8000, Vitamin E TPGS, Gelucire(r) 44/14,
Cremophor(r) EL, Tween(r) 80, Miglyol(r) 812,
Capryol(r) 90, Capryol(r) PGMC, Labrafac(r) PG,
Lauroglycol(r) 90 or Lauroglycol(r) FCC. 4 . A
pharmaceutical composition comprising at least two
phases, wherein the first phase a) comprises an active
pharmaceutical ingredient formulated into a powder,
granules, pellets, microspheres or a tablet, and the
second phase b) comprises a thermostable solid
composition according to any of claims 1-3, wherein
said active pharmaceutical ingredient is a poorly
permeable water soluble substance (BCS III compound).5
. The pharmaceutical composition according to claim 4
, wherein the at least two phases are mixed and
packaged in a capsule. 6 . The pharmaceutical
composition according to claim 4 , wherein the second
phase is applied as a coating on the first phase. 7 .
A pharmaceutical composition according to any of
claims 4-6, wherein the active pharmaceutical
ingredient has a bad permeability. 8 . A process of
preparing a thermostable solid composition comprising
at least one permeability improving substance embedded
in a water soluble matrix, said process comprising: a)
dissolving or dispersing at least one permeability
improving substance in water to form a mixture; b)
dissolving water soluble matrix forming material in
the mixture obtained in a) or adding a solution of
water soluble matrix forming material in water to the
mixture obtained in a); c) optionally adding one or
more auxiliary materials to the mixture obtained in a)
or b); and d) drying the mixture obtained in b) or c);
wherein the sum of the amount of said permeability
improving substance or mixture of permeability
improving substances and said water soluble matrix is
at least 80% w/w of the total dry material of the
composition. 9 . A process of preparing a thermostable
solid composition comprising at least one permeability
improving substance embedded in a water soluble
matrix, said process comprising: a) dissolving or
dispersing water soluble matrix forming material in
water to form a mixture; b) dissolving or dispersing
at least one permeability improving substance in the
mixture obtained in a), or adding a solution or
dispersion of the at least one permeability improving
substance in water to the mixture obtained in a); c)
optionally adding one or more auxiliary materials to
the mixture obtained in a or b); andd) drying the
mixture obtained in b or c); wherein the sum of the
amount of said permeability improving substance or
mixture of permeability improving substances and said
water soluble matrix is at least 80% w/w of the total
dry material of the composition. 10. A process of
preparing a pharmaceutical composition comprising a
water soluble active pharmaceutical ingredient having
a bad permeability, said process comprising the steps
of claims 8 to 9 , wherein said active pharmaceutical
ingredient is separately dissolved and mixed, before
the total mixture is dried, with: i) the solution of
the water soluble matrix forming material in water; or
ii) the solution or dispersion of the at least one
permeability improving substance in water; or iii) one
or more auxiliary materials; or wherein said active
pharmaceutical ingredient is dissolved in the solution
i) or mixture ii) defined above, or in the solution of
the one or more additional auxiliary materials; and
wherein the aqueous mixture obtained is dried; and
wherein the sum of the water soluble matrix forming
material and the at least one permeability improving
substance is at least 80% w/w of the dry material,
excluding the active pharmaceutical ingredient. 11.
The process according to any of claims 8-10, wherein
the drying is chosen from spray-drying, spray-coating,
spray-layering, spray-granulation, freeze-drying, and
spray freeze-drying. 12. A process of preparing a
pharmaceutical composition according to claim 4 ,
comprising the mixing of an active pharmaceutical
ingredient formulated into a powder, granules, pellets
or microspheres with a thermostable solid composition
according to any of claims 1-3. 13. A process of
preparing a pharmaceutical composition according to
claim 4 , comprising the spraying of an aqueous
solution of a thermostable solid composition according
to claims 1-3 onto an active pharmaceutical ingredient
formulated as granules, pellets, microspheres or as a
tablet.14. A method of improving the bioavailability
of an active pharmaceutical ingredient, comprising a)
mixing a thermostable solid composition according to
any of claims 1-3 with an active pharmaceutical
ingredient formulated as a powder, granules, a pellets
or microspheres; or b) spraying a thermostable solid
composition according to any of claims 1-3 on an
active pharmaceutical ingredient formulated as
granules, pellets, microspheres or as a tablet. 15. A
product comprising a water soluble active
pharmaceutical ingredient having a bad permeability,
said product prepared according to the method
described in any of claims 7-12, wherein said water
soluble active pharmaceutical ingredient is chosen
from
(3S)-3-[[[1-[2-(2S)-carboxy-4-[[3-(dimethylamino)propy
l]-methylamino]^-
oxobutylJcyclopentylJcarbonylJaminoJ^.S
-tetrahydro^-oxo-I H-i-benzazepine-iacetic acid and
4-[2-[[[(2S)-1-[(4'-fluoro[1
,1'-biphenyl]-4-yl)sulfonyl]-2,3-dihydro-1 Hindol-
2-yl]carbonyl]amino]ethoxy]benzoic acid and
4-[[[[(2S)-2,3-dihydro-1-[[2',4'- difluoro[1
,1'-biphenyl]-4-yl]sulfonyl]-1
H-indol-2-yl]carbonyl]amino]methyl]- benzeneacetic
acid. 16. A pharmaceutical composition according to
any of claims 4-7, wherein said active pharmaceutical
ingredient is chosen from
(3S)-3-[[[1-[2-(2S)-carboxy-4-[[3-
(dimethylamino)propyl]methylamino]-4-oxobutyl]cyclopen
tyl]carbonyl]amino]-2,3,4,5- tetrahydro-2-oxo-1
H-1-benzazepine-1 -acetic acid and
4-[2-[[[(2S)-1-[(4'-fluoro[1 ,1'-
biphenylH-yOsulfonyl^.S-dihydro-I
H-indol^-yllcarbonyllaminolethoxylbenzoic acid and
4-[[[[(2S)-2,3-dihydro-1-[[2',4'-difluoro[1
,1'-biphenyl]-4-yl]sulfonyl]-1 H-indol-2-
yl]carbonyl]amino]methyl]benzeneacetic acid. 


