
[1, 2, 4] TRIAZOLO [1, 5 -A] PYRIDINES AS KINASE INHIBITORS The invention
is directed to certain novel compounds, methods for producing them and
methods for treating or ameliorating a disorder involving tyrosine kinase
dysregulation such as disorder associated with increased vascular
permeability or angiogenesis. More particularly, this invention is directed
to substituted triazolopyridine compounds useful as selective kinase
inhibitors, methods for producing such compounds and methods for treating
or ameliorating a kinase-mediated disorder. I n particular, the methods
relate to treating or ameliorating a disorder involving tyrosine kinase
dysregulation including cardiovascular diseases, diabetes,
diabetes-associated disorders, inflammatory diseases, immunological
disorders, cancer and diseases of the eye such as retinopathies or macular
degeneration or other vitreoretinal diseases, and the like. Passage of
fluid and cells out of blood vessels is a significant contributing factor
to inflammation, tissue injury, oedema and death in a variety of
circumstances. These include ischemic injury, toxic shock, burns, trauma,
allergic and immune reactions. Vascular permeability is regulated in part
by cell-cell adhesions between endothelial cells. The endothelial cell
monolayer lining the vasculature forms a barrier that maintains the
integrity of the blood fluid compartment, but permits passage of soluble
factors and leukocytes in a regulated manner. Dysregulation of this process
results in vascular leakage into surrounding tissues, which accompanies the
inflammation associated with pathological oedematous conditions. Vascular
permeability is a finely-tuned function that can positively contribute to
protective immune responses and wound healing; however, in a number of
pathological situations, massive and/or chronic leakage of fluid as well as
migration of immune cells into tissues can have serious, and sometimes,
life-threatening consequences. Abnormal retinal vascular permeability
leading to oedema in the area of the macula is the leading cause of vision
loss in diseases such as diabetic retinopathy, exudative macular
degeneration, retinal vascular occlusions, and inflammatory and neoplastic
conditions. Although a variety of disease processes may lead to increased
vascular permeability through different mechanisms, the cytokine VEGF is
known to playa major role as inducer of vascular leakage. VEGF was first
described as a potent vascular permeability factor (VPF) secreted by tumour
cells that stimulated a rapid and reversible increase in microvascular
permeability (Senger et al., 1983, Science., 25, 219, 983-5). Increased
vascular permeability in ischemic retinopathies and possibly also in
exudative macular degeneration and uveitis, for example, correlated with
VEGF levels (Fine et al., 2001, Am. J. Ophthalmol., 132, 794-796 ; Boyd et
al., 2002, Arch Ophthalmol. , 120, 1644-1650) and VEGF antagonists have
been successfully used to reduce retinal/macular oedema in neovascular eye
diseases such as age-related macular degeneration leading to stabilization
or even improvement of visual acuity in a subset of affected patients. The
way by which VEGF induces vascular permeability has recently been
unravelled (Gavard and Gutkmd, 2006, Nat Cell Biol., 8, 1223-1234) and it
has been shown that VEGF-induced vascular leakage is mediated by
cytoplasmic protein kinase members of the Src proto oncogene family.
Protein kinases play a central role in the regulation and maintenance of a
wide variety of cellular processes and cellular functions. For example,
kinase activity acts as a molecular switch regulating cell proliferation,
activation, and/or differentiation. It is now widely accepted that many
diseases result from abnormal cellular responses triggered by overactive
protein kinase-mediated pathways. Src kinases form a family of
membrane-attached non receptor-dependent tyrosine kinases encompassing
eight members in mammals Src, Fyn, Yes, Fgr, Lyn, Hck, Lck, and BIk (Bolen
et al , 1997, Annu. Rev Immunol, 15, 371) which have important roles in
receptor signalling and cellular communication (Thomas and Brugge, 1997,
Annu Rev Cell Dev Biol , 13, 513-609) While most Src kinases are broadly
expressed ( i e. Src, Fyn, Yes), certain members of the family such as Hck,
BIk or Lck exhibit a restricted expression. Src kinases play a pivotal role
as membrane-attached molecular switches that link a variety of
extracellular cues to intracellular signalling pathways This is the basis
for the involvement of Src kinases in cell proliferation and
differentiation as well as 



cell adhesion and migration (Thomas SM and JS Brugge, 1997, supra). It has
been well-documented that Src protein levels and Src kinase activity are
significantly elevated in human cancers including breast cancers, colon
cancers, pancreatic cancers, certain B-cell leukemias and lymphomas,
gastrointestinal cancer, non-small cell lung cancers, bladder cancer,
prostate and ovarian cancers, melanoma and sarcoma (Summy and Gallick,
2003, Cancer Metastasis Rev, 22, 337-58) Thus, it has been anticipated that
blocking signalling through the inhibition of the kinase activity of Src
will be an effective means of modulating aberrant pathways that drive
oncologic transformation of cells (Abram et al., 2000, Exp. Cell Res., 254,
1; Russi et al, 2006, JPET, 318, 161-172; JaIIaI et al., 2007, Cancer
Research, 67, 1580-1588).Similarly, it is well documented that Src-family
kinases are also important for signalling downstream of immune cell
receptors. Fyn, like Lck, is involved in TCR signalling in T cells (Appleby
et al., 1992, Cell, 70, 751). Hck and Fgr are involved in Fey receptor
signalling leading to neutrophil activation (Vicentini et al , 2002, J.
Immunol , 168, 6446). Lyn and Src also participate in Fey receptor
signaling leading to release of histamine and other allergic mediators
(Turner and Kinet, 1999, Nature, 402, B24) These findings suggest that Src
family kinase inhibitors may be useful in treating allergic diseases and
asthma. In accordance with the effect of VEGF on vascular permeability,
several reports support a role of Src kinase in the development of oedema.
For instance, Src but not Fyn deficiency or blockade of Src reduced brain
oedema by about 55% following permanent cerebral ischemia in mice (Paul et
al., 2001, Nat Med. , 7(2):222-7). Recently, PPl, a Src tyrosine kinase
inhibitor was found to decrease oedema, to decrease breakdown of the
brain-blood barrier (BBB), to reduce expression of VEGF (Jadhav et al.,
2007, J Neurosurg , 106, 680-686). Similarly, Scheppke et al. (2008, J CIm
Invest., 118, 2337- 2346) have shown that Src kinases are critical
mediators of VEGF- and ischemia-induced retinal vascular leakage.
Furthermore, Src tyrosine kinases fully mediate VEGF receptor signalling in
vascular endothelial cells Thus, activation of Src kinases resulting from
stimulation of VEGF receptor or other growth factor located on endothelial
cells or progenitors triggers angiogenesis, a response which can be
deleterious in retinal and corneal diseases and which markedly contributes
to tumor development and metastasis migration Several classes of compounds
have been disclosed that modulate or, more specifically, inhibit kinase
activity as potential treatments of kinase-mediated disorders, particularly
cancer. For example, WO2001038315 describes aminoquinazolines as inhibitors
of cyclmdependent kinases WO2008068507 describes pyridinylqumazolines as
Raf serine/threonine kinase inhibitors for treating cancer. WO2008079988
describes quinazolines as PDKl kinase inhibitors for treating proliferative
diseases such as cancer WO2006118256 describes quinazoline derivatives as
p38MAPK inhibitors for inhalation and for treating various inflammatory
diseases and cancer WO2006039718 describes aryl nitrogen-containing
bicyclic compounds for use in treating protein kinase-mediated disease,
including inflammation, cancer and related conditions.WO2005037285
describes 2,6-d isubst ituted bicyclic heterocycles as Raf serine/threonine
kinase inhibitors for treating disorders such as cancer. WO2004065378
describes 2-am inopyr idines as cdk4 inhibitors for treating cell
proliferative disorders such as cancer, atherosclerosis and restenosis.
Interestingly, WO2006024034 describes heterocycl c compounds derived from
benzotpazine, triazines, tpazoles and oxadiazoles, such as benzotpazine
compounds (WO2005096784) or pyrimidine compounds (WO2006101977) which are
capable of inhibiting kinases, such as members of the Src kinase family.
Nevertheless, these drugs while they are claimed as potentially useful as
for treatment of various ophthalmological diseases (e.g. age-related
macular degeneration, diabetic retinopathy, diabetic macular oedema,
cancer, and glaucoma) are lipophilic and water insoluble (see
WO2006133411). 



According to the inventors of WO2006133411, these specific properties are
particularly advantageous, particularly for ophthalmic uses, since these
drugs being insoluble in water (water solubility of less than about 0.1
mg/ml_ at a pH range of 4-8) possess high efficiency of loading and
negligible leakage due to high partitioning of the drug into the liposome
used for delivering them compared to the water. All the patents and
publications mentioned above and throughout are incorporated in their
entirety by reference herein. The eye is a tightly protected organ In this
respect, treating diseases of the backof- the-eye is probably the most
difficult and challenging task of drug discovery as evidenced by the
paucity of therapeutic options. One of the most convenient and safest form
of drug delivery to the eye is eye drops, since it is non invasive, does
not require medical assistance and requires small volumes of drug solution.
However, in order to be suitable for topical instillation, molecules have
to be potent enough towards their molecular target, to present
physico-chemical properties allowing crossing of ce" membranes, and to be
sufficiently soluble in aqueous medium to be applied as solution onto the
cornea I n addition, it is crucial that such drug molecules are as
colourless as possible to prevent staining of ocular tissue which
ultimately may interfer with vision Furthermore, patients enrolled in
clinical trials must not be aware of the nature of their treatment, which
is obviously biaised when the preparation of the active ingredient is
highly coloured. Additionally, due to the multiple cross reactivity between
kinases, it is highly desirable that said drug molecules inhibit the
targeted kinases with a high degree of selectivity. Another feature of the
present invention is to provide novel compounds which have increased water
solubility compared to competitors.Another feature of the present invention
is to provide compounds that are highly potent, particularly towards src
and lyn kinase inhibitors. Another feature of the present invention is to
provide compounds which are useful for treating a disorder, including an
ophthalmic disorder, involving tyrosine kinase dysregulation such as
disorder associated with increased vascular permeability or angiogenesis.
Another feature of the present invention is to provide compounds which are
colourless or almost colourless, especially in solution. Additional
features and advantages of the present invention will be set forth in part
in the description that follows, and in part will be apparent from the
description, or may be learned by practice of the present invention. The
objectives and other advantages of the present invention will be realized
and attained by means of the elements and combinations particularly pointed
out in the description and appended claims. According to one embodiment,
the invention concerns compounds having the structure (I) as well as a
pharmaceutically acceptable salt, hydrate or solvate thereof : (I) wherein
: A1 and A2 is N or C, with the proviso that one of A1 or A2 is N and one
of Al or A2 is carbon, Rl and R2 are hydrogen, C1-C4 alkyl, aryl,
heteroaryl, -CN, -halogen, -CF3, -OR4, R3 is hydrogen, C1-C4 alkyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl, -CN, -CF3, - OR4,-OCOR4
-COR4, -NR4R5, -NR4COR5, -NR4COOR5, -(C1-C4 alkyl)OR4, -(C1-C4 alkyl)COR4,
-(C1-C4 alkyl) NR4R5, -(C1-C4 alkyl)NR4COR5, -(C1-C4 alkyl)NR4COOR5, X is a
bond, or (CH2)aW(CH2)b, (CH2)aW(CH2)bY(CH2)c or-[(CH 2)aW(CH2)b]m-(Z)e-[(
CH2)cY(CH2)d]n wherein : a, b, c and d are independently 0, 1, 2 or 3,e is
0, 1 or 2, and n and m are independently 0 or 1, and W is -00-,-0-,-SO 2-,-
CH - ,-CHOH-, -NR6-, NR7CONR8 or NR7SO2NR8, , and Y is -CO-, -0-,-SO 2-
,-CH2-,-CHOH-or-NR -, NR7CONR8 or NR7SO2NR8 and Z is selected from the
group consisting of cycloalkyl, heterocycloalkyl, aryl 



and heteroaryl, and when e is 2, then each Z moiety is selected
independently from one another R4, R5 and R6 are independently hydrogen,
C1-C4 alkyl and where R4 and R5 together can form a 5-7 membered ring , R7
and R8 are independently hydrogen, C1-C4 alkyl and where R7 and R8 together
can form a 5-7 membered ring. As used herein throughout the entire
application, the terms "a" and "an" are used in the sense that they mean
"at least one", "at least a first", "one or more" or "a plurality" of the
referenced compounds or steps, unless the context dictates otherwise. More
specifically, "at least one" and "one or more" means a number which is one
or greater than one, with a special preference for one, two or three. The
term "and/or" wherever used herein includes the meaning of "and", "or" and
"all or any other combination of the elements connected by said term" The
term "about" or "approximately" as used herein means within 20%, preferably
within 10%, and more preferably within 5% of a given value or range. As
used herein, the term "comprising", "containing" when used to define
products, compositions and methods, is ntended to mean that the products,
compositions and methods include the referenced compounds or steps, but not
excluding others. As used herein, the term "halogen" as a group or part of
a group is generic for fluoro, chloro, bromo or iodo. The term "cycloalkyl"
means a saturated monocyclic carbocycle containing from 3 to 7 carbon
atoms, more preferably from to 5 carbon atoms. Examples of monocyclic
cycloalkyl radicals include cyclopropyl, cyclobutyl, cyclopentyl and the
like The term "heterocycloalkyl" means a saturated mono- or bicyclic
heterocycle having from 3 to 14 ring members, preferably from 5 to 10 ring
members and more preferably from 5 to 6 ring members, which contains one or
more heteroatom ring members selected from nitrogen, oxygen and sulphur and
which is optionally substitutedwith R9 and/or RlO moities. Examples of
heterocycloalkyl are pyrrolidine, piperidine, piperazine, morpholine and
the like. The term "aryl" includes mono- and bicyclic aromatic carbocycles,
optionally substituted with R9 and/or RlO moities. Examples of aryl include
phenyl, 1-naphthyl, 2- naphthyl. The term "heteroaryl" means an aromatic
mono- or bicyclic heterocycle having from 5 to 10 ring members, preferably
from 5 to 6 ring members, which contains one or more heteroatom ring
members selected from nitrogen, oxygen and sulphur and which is optionally
substituted with R9 and/or RlO moities. Examples of heteroaryl are
pyridine, indole, benzofuran, oxazole, t pazole, pyrimidine and the like.
R9/R10 are independently selected from hydrogen, C1-C4 alkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, -CN, -halogen, -CF3, =0, -OR4, -NR4R5,
-NR4COR5, - NR4COOR5, -(C1-C4 alkyl)0R4, -(C1-C4 alkyl) NR4R5, -(C1-C4
alkyl)NR4COR5, -(C1-C4 alkyl)NR4COOR5, -COOH, COOR4 with R4 and R5 as
defined above. The compounds of the invention may contain one or more
chiral centres, because of the presence of asymmetric carbon atoms, and
they may therefore exist as a number of diastereoisomers with R or S
stereochemistry at each chiral centre. The invention includes all such
diastereoisomers and mixtures thereof. Prodrug forms of the compounds of
Formula I are also part of the present invention. A prodrug may be a
pharmacologically inactive derivative of a biologically active substance
(the "parent drug" or "parent molecule") that requires transformation
within the body in order to release the active drug, and that has improved
delivery properties over the parent drug molecule. The transformation in
vivo may be, for example, as the result of some metabolic process, such as
chemical or enzymatic hydrolysis of a carboxylic, phosphoric or sulphate
ester, or reduction or oxidation of a susceptible functionality. The term
"compound" herein is in general referring to compounds of formula I , or
pharmaceutically acceptable salt, hydrate, solvate, crystal form,
individual diastereomers and prodrugs thereof. 



For use in accordance with the invention, the following structural
characteristics are currently preferred, in any compatible combination, in
the compounds (I); Rl is preferably an aryl, more preferably a phenyl. Rl
is preferably substituted with R9 and RlO wherein R9/R10 is C1-C4 alkyl
(preferably CH3), halogen (preferably -Cl), or -OH. Rl is preferably a
phenyl and is substituted with R9 and RlO in positions 2, 5 or 6.R2 is
preferably hydrogen or R2 is preferably C1-C4 alkyl (preferably CH3) . X is
preferably (CH2)aW(CH2)b with a is 0, b is 2, W is -O-. Alternatively X is
preferably (CH2)aW(CH2)bY(CH2)c with a is 0, b is 1 and c is 0, W is -O-
and Y is -CO-. Alternatively X is preferably -[( CH2)aW(CH2)b]m-Z-[(
CH2)cY(CH2)d]n with m is 0, n is 1, c is 0, d is 0 or 2, Y is -CO- or is
absent and Z is imidazolme-2-one or a piperazine. R3 is preferably a
heterocycloalkyl, preferably a pyrrolidine. R3 is preferably substituted
with R9 wherein R9 is preferably -COOH , -N[CH3] 2 or -COOR4 wherein R4 is
preferably C1-C4 alkyl. Alternatively R3 is preferably an heteroaryl,
preferably a pyridine. Compounds of the invention include those of the
Examples herein, in particular the following, and their salt, hydrate,
solvate : 4-Chloro-3-{2-[4-(2-pyrrol idin-l-yl-ethoxy)-phenylam
ino]-[l,2,4]t pazolo[l,5- a]py pdin-6-yl}-phenol, hydrochloride
2-{4-[6-(2-Chloro-5-hydroxy-phenyl)-[l,2,4]tnazolo[l,5-a]pyridin-2-ylamino]
- phenoxy}-l-((R)-3-d imethylam ino-pyrrol idin-l-yl)-ethanone,
hydrochloride 1-{4- [6- (2-Chloro- 5- hydroxy-phenyl)- [1,2, 4]t
pazolo[l,5-a] pypdin-2-yla mino]- phenyl }-3-(2-pyrrol idin-l-yl-ethyl)-
imidazol idin-2-one (S)-l-(2-{4-[6-(2-Chloro-5-hydroxy-phenyl)-[l,2,4]t
pazolo[l,5-a]py pdin-2- ylamino]-phenoxy}-acetyl)-pyrrolid ine-2-carboxyl
ic acid 4-Chloro-3-{8-methyl-2-[4-(2- pyrrol idin-l-yl-ethoxy)-phenyla
mino]- [l,2,4]t pazolo[l,5-a]py pdin-6-yl}-phenol, hydrochloride
4-Chloro-3-{2-[4-(2-pyrrol idin-l-yl-ethoxy)-phenylam ino]-[l,2,4]t
pazolo[l,5- a]py pdin-7-yl}- phenol, hydrochloride
4-Chloro-3-{2-[4-(2-morphol in-4-yl-ethoxy)-phenylam ino]-[l,2,4]t
pazolo[l,5- a]py pdin-6-yl}- phenol 4-Chloro-3-{2-[3-(2-morphol
in-4-yl-ethoxy)-phenylam ino]-[l,2,4]t pazolo[l,5- a]py pdtn-6-y!}-pheno!
4-Chloro-3-[2-(3-pyrazol-l-yl-phenylam ino)-[l,2,4]tr iazolo[l,5-a]pyr
idin-6-yl]- phenol 4-Chloro-3-{2-[4-(2-d imethylam
ino-ethoxy)-phenylammo]~[l,2,4]t pazolo[l,5- a]py
pdin-6-yl}-phenol4-Chloro-3-{2-[3-(2-d
imethylamino-ethoxy)-phenylamino]-[l,2,4]triazolo[l,5- a]py
pdin-6-yl}-phenol 4~Chloro-3-{2-[3-(2-pyrrol
idin-l-yl-ethoxy)-phenylammo]-[l,2,4]t pazolo[l,5- a]pyr idm-6-yl}-phenol
4-Chloro-3-[2-(4-hydroxymethyl-phenylam ino)-[l,2,4]t pazolo[l,5-a]py
pdin-6- yl]-phenol 4-Chloro-3-[2-(3-hydroxymethyl-phenyIam ino)-[l,2,4]t
pazolo[l,5-a]py pdin-6- yl]-phenol
4-[6-(2-Chloro-5-hydroxy-phenyl)-[l,2,4]tr iazolo[l,5-a]pyr idin-2-ylam
ino]- benzenesulfonamide 4-Chloro-3-{2-[4-(2-hydroxy-ethoxy)-phenylam
ino]-[l,2,4]tr iazolo[l,5-a]py pdin- 6-yl}-phenol
l-{4-[6-(2-Chloro-5-hydroxy-phenyl)-[l,2,4]tr iazolo[l,5-a]py pdin-2-ylam
ino]- phenyl}- imidazol idin-2-one
3-[6-(2-Chloro-5-hydroxy-phenyl)-[l,2,4]t pazolo[l,5-a]pyr idin-2-ylam
ino]- benzenesulfonamide 2-{4-[6-(2-Chloro-5-hydroxy-phenyl)-[l,2,4]t
pazolo[l,5-a]py pdin-2-ylam ino]- 



phenoxy}-acetam ide 2-{3-[6-(2-Chloro-5-hydroxy-phenyl)-[l,2,4]tr
iazolo[l,5-a]pyr idin-2-ylam ino]- phenoxy}-acetamide 4-Chloro-3-[2-(4-t
pfluoromethoxy-phenylamino)-[l,2,4]t pazolo[l,5-a]pyr idin-6- yl]-phenol
4-Chloro-3-[2-(4-phenoxy-phenylam ino)-[l,2,4]t pazolo[l,5-a]py pdin-6-yl]-
phenol 4-Chloro-3-[2-(4-methanesulfonyl-phenylam ino)-[l,2,4]t
pazolo[l,5-a]py pdip-6- y!]-phenol 3-[2-(4-Benzyloxy-phenylam
ino)-[l,2,4]tr iazolo[l,5-a]py pdin-6-yl]-4-chlorophenol
l-{4-[6-(2-Chloro-5-hydroxy-phenyl)-[l,2,4]t pazolo[l,5-a]pyr idin-2-ylam
ino]- phenyl }-3-( 2- pyrrol idin-l-yl-ethyl)- imidazolidin-2-one 5-
[6-(2-Chloro-5-hydroxy- phenyl)- [1,2, 4]t pazolo[l,5-a] pyridin-2-y
lamino]- benzofuran-2-carboxylic acid
l-{4-[6-(2-Chloro-5-hydroxy-phenyl)-[l,2,4]tr iazolo[l,5-a]pyr idin-2-ylam
ino]- phenyl}-3-methyl- imidazol idin-2-one
l-{4-[6-(2-Chloro-5-hydroxy-phenyl)-[l,2,4]t pazolo[l,5-a]py pdin-2-ylam
ino]- phenyl}-3-(2-methoxy-ethyl)- imidazol idin-2-one
1-[(4-{[6-(2-chloro-5-hydroxy phenyl)- [l,2,4]tr iazolo[ l,5-a]py rid in-2-
yl]am
ino}benzene)sulfony[]-3-ethylureal-(4-{4-[6-(2-Chloro-5-hydroxy-phenyl)-[l,
2,4]triazolo[l,5-a]pyridin-2- ylamino] -phenyl
}-piperazin-l-yI)-2-methoxy-ethanone (4-{4- [6- (2-Chloro-5-
hydroxy-phenyl)- [1,2, 4]triazolo[l,5-a ]pyridin-2-yIami no] -
phenyl}-piperazin-l-yl)-pyridin-4-yl-methanone
l-{4-[6-(2-Chloro-5-hydroxy-phenyl)-[l,2,4]triazolo[l,5-a]pyrid
in-2-ylamino]- phenyl}-3-(2-pyrrolidin-l-yl-ethyl)-urea
4-Chloro-3-{2-[4-(2-piperazin-l-yl-ethoxy)-phenylamino]-[l,2,4]triazolo[l,5
- a]pyrid in-6-yl}-phenol According to one embodiment, the compound of the
Invention is a salt of compound of formula I . According to one preferred
embodiment, the compounds of the Invention have a water solubility over 0,1
mg/ml at a pH range of 4-8, preferably pH range of 5-7, such as over about
0,5 mg/ml at a pH range of 5-7, for example over about 1 mg/ml at a pH
range of 5-7. According to one embodiment, the compounds of the Invention
have a limited colour, preferably they are uncoloured or pale yellow.
Preferred compounds of the present invention act primarily on src and/or
lyn kinase. According to one embodiment, the compounds of the Invention are
src and/or lyn kinase inhibitors. According to one embodiment, the
compounds of the Invention have an IC50 towards Src of less than about 15
nM, advantageously less than about 10 nlM, more preferably less than about
1 nM, advantageously less than about 0,9 nM, more preferably less than
about 0,5 nM. According to one embodiment, the compounds of the Invention
have an IC50 towards Lyn of less than about 15 nM, advantageously less than
about 11 nM, more preferably less than about 4 nM, advantageously less than
about 3 nM, more preferably less than about 1 nM. According to one
embodiment, there are provided compositions including one or more compound
of the Invention and a pharmaceutically acceptable carrier or aqueous
medium. As used herein, the term "pharmaceutically acceptable" refers to
carriers that do not produce an adverse, allergic or other unwanted
reaction when administered to an animal, or human, as appropriate. As used
herein, "pharmaceutically acceptable carrier" includes any and all
solvents, dispersion media, coatings, antibacterial and antifungalagents,
isotonic and absorption delaying agents and the like. The use of such
carriers for pharmaceutical active substances is well known n the art.
Examples of suitable 



pharmaceutical carriers are described in "Remington's Pharmaceutical
Sciences" by E. W. Martin. In a preferred embodiment, the compounds of the
Invention are formulated in accordance with routine procedures as a
pharmaceutical composition adapted for administration to the eye.
Supplementary active ingredients, such as anti-inflammatory agent,
chemotherapeutic agent, anti-cancer agent, immunomodulatory agent,
genebased therapeutic vaccine, immunotherapy product, therapeutic antibody
and/or protein kinase inhibitors can also be incorporated into the
compositions. According to one embodiment, the compounds of the present
invention will be formulated for parenteral administration, e.g.,
formulated for injection via the intravenous, intramuscular, subcutaneous,
or even intraperitoneal routes. The preparation of an aqueous composition
that contains a compound or compounds of the Invention will be within the
skill of those in the art, in light of the present disclosure. Typically,
such compositions can be prepared as injectables, either as liquid
solutions or suspensions; solid forms suitable for using to prepare
solutions or suspensions upon the addition of a liquid prior to injection
can also be prepared; and the preparations can also be emulsified.
According to another embodiment, the compounds of the present invention
will be formulated for topical administration of the compounds of the
Invention, especially for the treatment of ophthalmic disorders. The
preparation of a composition that contains a compound or compounds of the
Invention will be within the skill of those in the art, in light of the
present disclosure. Typically, such compositions for topical administration
can be prepared as ointment, gel or eye drops. The topical ophthalmic
composition may further be an in situ gel formulation. Such a formulation
comprises a gelling agent in a concentration effective to promote gelling
upon contact with the eye or with lacrimal fluid in the exterior of the
eye. Suitable gelling agents include, but are not limited to, thermosetting
polymers such as tetra-substituted ethylene diamine block copolymers of
ethylene oxide and propylene oxide (e g., poloxamme); polycarbophil; and
polysaccharides such as geilan, carrageenan (e.g., kappa-carrageenan and
iotacarrageenan), chitosan and alginate gums. The phrase 1Vn situ gellable"
as used herein embraces not only liquids of low viscosity that form gels
upon contact with the eye or with lacrimal fluid in the exterior of the
eye, but also more viscous liquids such as semi fluid and thixotropic gels
that exhibit substantially increased viscosity or gel stiffness upon
administration to the eye. According to another embodiment, the compounds
of the present invention will be formulated for oral administration of the
compounds of the Invention. The preparationof a composition that contains a
compound or compounds of the Invention will be within the skill of those in
the art, in light of the present disclosure. Typically, such compositions
for oral administration can be prepared as liquid solutions or suspensions,
tablets, time release capsules and other solids for oral administration,
According to another embodiment, the compounds of the present invention
will be formulated for intratumoral administration of the compounds of the
Invention. The preparation of a composition that contains a compound or
compounds of the Invention will be within the skill of those in the art, in
light of the present disclosure. Typically, such compositions for
intratumoral administration can be prepared as disclosed above for the
other routes of administration. According to another embodiment, the
compounds of the present invention will be formulated for inhaled
administration of the compounds of the Invention. The preparation of a
composition that contains a compound or compounds of the Invention will be
within the skill of those in the art, in light of the present disclosure.
Typically, such compositions for inhalation can be prepared as disclosed
above for the other routes of administration According to another
embodiment, the compounds of the present invention will be combined with
ophthalmologically acceptable preservatives, viscosity enhancers,
penetration enhancers, buffers, sodium chloride, and water to form an
aqueous, sterile ophthalmic suspension or solution. Ophthalmic solution
formulations may be prepared by dissolving a compound in a physiologically
acceptable isotonic aqueous buffer. Further, the ophthalmic solution may
include an ophthalmologically acceptable surfactant to assist 



in dissolving the compound Furthermore, the ophthalmic solution may contain
an agent to increase viscosity, such as hydroxymethyicellulose,
hydroxyethylcellulose, hydroxypropylmethylcellulose, methylcellulose,
polyvinylpyrrolidone, or the like, to improve the retention of the
formulation in the conjunctival sac. Gelling agents can also be used,
including, but not limited to, gellan and xanthan gum. In order to prepare
sterile ophthalmic ointment formulations, the active ingredient is combined
with a preservative in an appropriate vehicle, such as, mineral oil, liquid
lanolin, or white petrolatum. The compounds are preferably formulated as
topical ophthalmic suspensions or solutions, with a pH of about 5 to 8, and
more preferably from about 6 5 to about 7 5. The compounds will normally be
contained in these formulations in an amount 0 001% to 5% by weight, but
preferably in an amount of 0.025% to 2% by weight. Thus, for topical
presentation 1 to 2 drops of these formulations would be delivered to the
surface of the eye 1 to 4 times per day according to the discretion of a
skilled clinician. In another embodiment, there are provided methods of
treating a disorder involving tyrosine kinase dysregulation such as
disorder associated with increased vascular permeability or angiogenesis,
including the administration of a therapeuticallyeffective amount of one or
more compound of the Invention to a subject in need of such treatment. As
used herein, the term "treatment" or "treating" encompasses prophylaxis
and/or therapy. Accordingly the compositions and methods of the present
invention are not limited to therapeutic applications and can be used in
prophylaxis ones. Therefore "treating" or "treatment" of a state, disorder
or condition includes (i) preventing or delaying the appearance of clinical
symptoms of the state, disorder or condition developing in a subject that
may be afflicted with or predisposed to the state, disorder or condition
but does not yet experience or display clinical or subclinical symptoms of
the state, disorder or condition, (i i) inhibiting the state, disorder or
condition, i.e., arresting or reducing the development of the disease or at
least one clinical or subclinical symptom thereof, or (in) relieving the
disease, i e. causing regression of the state, disorder or condition or at
least one of its clinical or subclinical symptoms. As used herein, the
terms "patient" "subject in need thereof" are meant any animal; preferably,
the animal is a vertebrate; more particularly a member of the mammalian
species and includes, but is not limited to, domestic animals (e.g. cows,
hogs, sheep, horses, dogs, and cats), primates including humans. The terms
"patient" "subject in need thereof" are in no way limited to a special
disease status, it encompasses both patients who have already developed a
disease of interest and patients who are not sick. As used herein, the
terms "therapeutically effective amount" are meant any amount of compound
or composition that will elicit the biological response of a tissue,
animal, or human, cell, organ According to one embodiment, the said
disorder involving tyrosine kinase dysregulation is a disorder associated
with increased vascular permeability According to another embodiment, the
said disorder involving tyrosine kinase dysregulation is a disorder
associated with angiogenesis In preferred embodiment, the disorder
involving tyrosine kinase dysregulation is a disorder associated with a src
and/or lyn kinase dysregulation According to one embodiment, the said
disorder involving tyrosine kinase dysregulation is selected in the group
consisting of myocardial infarction, stroke, congestive heart failure, an
ischemia or reperfusion injury, trauma, cancer, oedema, arthritis or other
arthropathy, retinopathy or vitreoretinal disease, diabetic retinopathy,
macular oedema, including diabetic macular oedema, macular degeneration,
glaucoma, autoimmune disease, vascular leakage syndrome, inflammatory
disease, oedema, transplant rejection, burn, or acute or adult respiratory
distress syndrome (ARDS).In another embodiment, there are provided methods
of treating an ophthalmic disorder associated with increased vascular
permeability , including the administration of a therapeutically effective
amount of one or more compound of the Invention to a subject in need of
such t reatment I n another embodiment, there are provided methods of
treating a subject having 



or at risk of having cancer including administering to the subject a
therapeutically effective amount of one or more compound of the Invention
thereby treating the subject. I n another embodiment, there are provided
methods of treating a subject having or at risk of having oedema and/or
angiogenesis including administering to the subject a therapeutically
effective amount of one or more compound of the Invention, thereby treating
the subject. I n another embodiment, there are provided methods of treating
a subject having or at risk of having macular degeneration including
administering to the subject a therapeutically effective amount of one or
more compound of the Invention, thereby treating the subject. I n another
embodiment, there are provided methods of treating a subject having or at
risk of having diabetic retinopathy including administering to the subject
a therapeutically effective amount of one or more compound of the
Invention, thereby treating the subject. In another embodiment, there are
provided methods of treating a subject having or at risk of having macular
oedema, including diabetic macular oedema, including administering to the
subject a therapeutically effective amount of one or more compound of the
Invention, thereby treating the subject. I n another embodiment, there are
provided methods of treating a subject having or at risk of having glaucoma
including administering to the subject a therapeutically effective amount
of one or more compound of the Invention, thereby treating the subject. I n
another embodiment, there are provided methods of treating a subject having
or at risk of having retinopathy including administering to the subject a
therapeutically effective amount of one or more compound of the Invention,
thereby treating the subject In another embodiment, there are provided
methods of treating a subject having or at risk of having vitreoretinal
disease including administering to the subject a therapeutically effective
amount of one or more compound of the Invention, thereby treating the
subject.I n another embodiment, there are provided methods of treating a
subject having or at risk of having inflammatory disease, including
administering to the subject a therapeutically effective amount of one or
more compound of the Invention, thereby treating the subject. I n yet
another embodiment, there are provided methods of treating a disorder,
including an ophthalmic disorder and cancer, associated with compromised
vascular permeability including the administration of a therapeutically
effective amount of one or more compound of the Invention in combination
with an anti-inflammatory agent, chemotherapeutic agent, antitumoral agent,
immunomodulatory agent, gene-based therapeutic vaccine, immunotherapy
product, therapeutic antibody and/or a kinase inhibitor, to a subject in
need of such treatment. Administration of the compounds of the Invention,
especially for ophthalmic applications, is preferably by topical
administration. However, the invention is not limited to topical delivery
in that it also includes for example intraocular and periocular injection,
systemic delivery (e.g. oral or other parenteral route such as for example
subcutaneous, intramuscular, intravenous administrations) or intratumoral
delivery. I n yet another embodiment, there are provided methods of
delivering a compound of the Invention to the back of the eye, the method
including preparing a composition including a pharmaceutically effective
amount of at least one compound of the Invention and delivering said
composition to the eye of a subject in need of such delivery. I n yet
another embodiment, there are provided methods of delivering a compound of
the Invention intratumoraly, the method including preparing a composition
including a pharmaceutically effective amount of at least one compound of
the Invention and delivering said composition to the tumor of a subject in
need of such delivery. To prepare a composition of the Invention, and more
specifically an ophthalmic composition or antitumoral composition, a
therapeutically effective amount of one or 



more compound of the Invention is placed in a vehicle as is known in the
art. For example, topical ophthalmic formulations containing steroids are
disclosed in US 5,041,434, whilst sustained release ophthalmic formulations
of an ophthalmic drug and a high molecular weight polymer to form a highly
viscous gel have been described in US 4,271,143 and US 4,407,792. Further
GB 2007091 describes an ophthalmic composition in the form of a gel
comprising an aqueous solution of a carboxyvinyl polymer, a watersoluble
basic substance and an ophthalmic drug. Alternatively, US 4,615,697,
discloses a controlled release composition and method of use based on a
bioadhesive and a treating agent, such as an anti- inflammatory agent.The
amount of the compounds of the Invention to be administered and its
concentration in the compositions used in the method of the Invention
depend upon the selected dissolving agent, delivery system or device,
clinical condition of the patient, side effects and stability of the
compound within the composition. Thus, the physician employs the
appropriate preparation containing the appropriate concentration of the
compounds of the Invention and selects the amount of formulation
administered, depending upon clinical experience with a given patient or
with similar types of patients. In another embodiment, there are provided
processes for making one or more compound of the Invention or its
pharmaceutically acceptable salt, hydrate, solvate, crystal form salt and
individual diastereomers thereof. There are multiple synthetic routes for
the preparation of the compounds of the invention, but all rely on
chemistry known to the synthetic organic chemist. Thus, compounds
represented by Formula I can be synthesized according to procedures
described in the literature and are well-known to one skilled in the art.
Typical literature sources are "Advanced organic chemistry", 4th Edition
(Wiley), J March, "Comprehensive Organic Transformation", 2nd Edition
(Wiley), R. C. Larock, "Handbook of Heterocyclic Chemistry", 2nd Edition
(Pergamon), A. R. Katptzky), review articles such as found in "Synthesis",
"Ace. Chem. Res.", "Chem. Rev", or primary literature sources identified by
standard literature searches online or from secondary sources such as
"Chemical Abstracts" or "Beilstein". Compounds of the invention can be
synthesized by methods analogous to those exemplified in the Examples
herein for certain representative compounds. Using the procedures described
in the Examples section, and well known procedures, one skilled in the art
can prepare the compounds disclosed herein I n another embodiment, there
are provided kit including packaging material and a composition contained
within the packaging material, wherein the packaging material includes a
label which indicates that the composition can be used for treatment of
disorders associated with compromised vascular permeability and wherein the
composition includes one or more compound of the Invention. In another
embodiment, there are provided kit including packaging material and a
composition contained within the packaging material, wherein the packaging
materia! includes a label which indicates that the composition can be used
for treatment of disorders associated with compromised vascular
permeability and selected from myocardial infarction, stroke, congestive
heart failure, an ischemia or reperfusion injury, cancer, arthritis or
other arthropathy, retinopathy or vitreoretinal disease, macular
degeneration, autoimmune disease, vascular leakage syndrome, inflammatory
disease, edema, transplant rejection, burn, or acute or adult respiratory
distress syndrome (ARDS) and wherein the composition includes one or more
compound of the Invention.I n one preferred embodiment, there are provided
kit including packaging material and a composition contained within the
packaging material, wherein the packaging material includes a label which
indicates that the composition can be used for treatment of ophthalmic
disorders associated with compromised vascular permeability and wherein the
composition includes one or more compound of the Invention or its
pharmaceutically acceptable salt, hydrate, solvate, crystal form salt and
individual diastereomers thereof . Those skilled in the art will appreciate
that the invention described herein is susceptible to variations and
modifications other than those specifically described. The invention
includes all such variation and modifications. The invention also includes
all of the steps, features, formulations and compounds referred to or
indicated in the specification, individually or collectively and any and
all combinations or any two o r more 



of the steps or features. Each document, reference, patent application or
patent cited in this text is expressly incorporated herein in their
entirety by reference, which means that it should be read and considered by
the reader as part of this text. That the document, reference, patent
application or patent cited in this text is not repeated in this text is
merely for reasons of conciseness. The present invention is not to be
limited in scope by the specific embodiments described herein, which are
intended for the purpose of exemplification only. Functionally equivalent
products, formulations and methods are clearly within the scope of the
invention as described herein The invention described herein may include
one or more range of values (eg size, concentration etc) A range of values
will be understood to include all values within the range, including the
values defining the range, and values adjacent to the range which lead t o
the same or substantially the same outcome aV rhe> values immediately
adjacent to that value which defines the boundary to the range The
following examples are given to illustrate the preparation of compounds
that are the subject of this invention but should not be construed as
implying any limitations to the claims The proton magnetic resonance
spectrum of each compound of the Examples was consistent with the assigned
structure. EXAMPLES I - SYMTHESIS OF COMPOUNDS OF GENERAL FORMULA (I) 1.1 .
General method Step A - Coupling of 7-Bromo-[l,2,4]tr
azolo[l,5-a]pyricfin-2-ylamine o r
6-Bromo-[l,2,4]triazolo[l,5-a]pyridin-2-y!attiIne t o 1 eq of
optionallysubstituted Bl,B2-phenyl boronic acid in a polar solvent at -100
t o 30q C, most preferably 50-150 0C Step B - Coupling of 3 or
4-substituted bromo-phenyl t o 1 eq of optionaiiy substituted Bl,B2-7 or
6-phenyS-[l,2 4]triazoio[l,5-a]pyrid  n-2- yiamine in a polar solvent at
-100 0C to 300 0C, most preferably 50-150 0C The compounds of the formula I
and also the starting materials for their preparation, are prepared by
methods as described in the examples or by methods known per se, as
described in the literature (for example in standard works, such as
Houben-Weyl, Methoden der Organischen Chemie [Methods of Organic
Chemistry], Georg Thierne Verlag, Stuttgart; Organic Reactions, John Wiley
& Sons, Inc., New York), to be precise under reaction conditions which are
known and suitable for the said reactions. Use can also be made here of
variants which are known per se, but are not mentioned here in greater
detail The starting materials for the claimed process may, if desired, also
be formed in situ by not isolating them from the reaction mixture, but
instead immediately converting them further into the compounds of the
formula I . On the other hand, it is possible to carry out the reaction
stepwise. Preferably, the reaction of the compounds is carried out in the
presence of a suitable solvent, which is preferably inert under the
respective reaction conditions. Examples of suitable solvents are
hydrocarbons, such as hexane, petroleum ether, benzene, toluene or xylene;
chlorinated hydrocarbons, such as trichlorethylene, 1,2- dichloroethane,
tetrachloromethane, chloroform or dichloromethane; alcohols, such as
methanol, ethanol, isopropanol, n-propanol, n-butanol or tert-butanol;
ethers, such asdiethyl ether, dusopropyl ether, tetrahydrofuran (THF) or
dioxane; glycol ethers, such as ethylene glycol monomethyl or monoethyl
ether or ethylene glycol dimethyl ether (diglyme); ketones, such as acetone
or butanone; amides, such as acetamide, dimethylacetamide,
dimethylformamide (DMF) or N-methyl pyrrolidinone (NMP); nit ples, such as
acetonit ple; sulfoxides, such as dimethyl sulfoxide (DMSO); nitro
compounds, such as nitromethane or nitrobenzene; esters, such as ethyl
acetate, or mixtures of the said solvents or mixtures with water. Polar
solvents are in general preferred. Examples for suitable polar solvents are
chlorinated hydrocarbons, alcohols, glycol ethers, nit ples, amides and
sulfoxides or mixtures thereof. More preferred are amides, especially
dimethylformamide (DMF). 



As stated above, the reaction temperature is between about -100 0C and 300
0C, depending on the reaction step and the conditions used. Reaction times
are generally in the range between some minutes and several days, depending
on the reactivity of the respective compounds and the respective reaction
conditions. Suitable reaction times are readily determinable by methods
known in the art, for example reaction monitoring. Based on the reaction
temperatures given above, suitable reaction times generally lie in the
range between 10 mm and 48 hrs. Every reaction step described herein can
optionally be followed by one or more working up procedures and/or
isolating procedures Suitab'e such procedures are known in the art, for
example from standard works, such as Houben-Weyl, Methoden der organischen
Chemie [Methods of Organic Chemistry], Georg-Thieme-Verlag, Stuttgart)
Examples for such procedures include, but are not limited to evaporating a
solvent, distilling, crystallization, fractionised crystallization,
extraction procedures, washing procedures, digesting procedures, filtration
procedures, chromatography, chromatography by HPLC and drying procedures,
especially drying procedures in vacuo and/or elevated temperature List of
Abbreviations and Acronyms: AcOH acetic acid, anh anhydrous, atm
atmosphere(s), BOC tert-butoxycarbonyl CDI l,l'-carbonyl diimidazole, cone
concentrated, d day(s), dec decomposition, DMAC NN-dimethylacetamide, DMPU
l,3-d imethyl-3,4,5,6-tetrahydro-2(IH)-pyr imidinone / DMF
NIM-dimethylformamide, DMSO dimethylsulfoxide, DPPA diphenylphosphoryl
azide, EDCI l-(3-d imethylam inopropyl)-3-ethylcarbodnmide, EtOAc ethyl
acetate, EtOH ethanol (100%), Et 2O diethyl ether, Et 3N tpethylamine, h
hour(s), MeOH methanol, pet. ether petroleum ether (boiling range 30-60
0C), temp, temperature, THF tetrahydrofuran, TFA t pfluoroAcOH, Tf
trifluoromethanesulfonyl.The compounds of general formula I of the present
invention can be prepared according to the procedures of the following
Steps A and B above disclosed and the examples. In all preparative methods,
all starting material is known or may easily be prepared from known
starting materials. 1.2. Intermediates I n all preparative methods, all
starting materials are known or may be prepared from known starting
materials by the following general methods: The compounds can be prepared
by the general method, following procedures depicted in WO2007/095588
(Novartis). Synthesis of intermediate 1; 6-(2-ChIoro-S-methoxy-phenyI)-
[l,2 f4]triazolo[l,5-a]pyridin-2-ylamine To a solution of
2-Ch!oro-5-methoxy-phenylboronic acid (3.38g, 22.5 mmol, 1.5eq), 6-
Bromo-[l,2,4]triazolo[l,5-a]pyridin-2-ylamine (3.2g, 15 mmol, leq) and
Na2CO3 (6.36g, 60 mmol, 4eq) in a mixture of 40ml DMF/10ml EtOH/lOml H2O,
was added 1.733g (1.5 mmol, 0.1 eq) of tetrakis(triphenylphospine)
palladium. The reaction was refluxed for 2 hours under argon. It was then
cooled off to room temperature and the product was precipitated by water,
filtered, rinsed with water, ether and pentane to give a pale yellow powder
(3.21 g, 13 mmol, 90% yield).Intermediate 2 i
7-(2-Chloro-5-methoxy-phenyf)-[l,2,4]triazoSo[i,5- a]pyr din-2-y!amine has
been synthesized according to the method disclosed for Intermediate 1
starting from 7-Bromo-[l,2,4]triazoio[l,5-a]pyridin-2-ylamine. Synthesis of
intermediate 3 : 3- ( 2-Amfr O- [ l ,2 43triazoSo[I,5-a]pyridin-
6-yl)-4-chloro-phenol To a suspension of 5.56Og (20.24 mmol, leq) of
6-(2-Chloro-5-methoxyphenyl)-[ l,2,4]triazolo[l,5-a]pyridin~2-ylamine in 90
ml of dichloromethane cooled to 00C was added carefully 60 ml of a I M
solution of I M BBr3. The solution is stirred for 2hrs. The pH is then
adjusted to pH8 by adding a sturated solution of NaHCO3. The precipitated
product is filtered and washed with ether and dried to give 4.856g (19
mmol, 92%) of a white powder. Intermediate 4 : 3-(2-Amin
a-[l,2,4]triazolo[l,5-a]pyridin-7-yl)-4- chSoro-phenoS has been synthesized
according to the method disclosed for Intermediate 3 starting from
7-(2-Chloro-5-methoxy-phenyl)-[l,2,4]triazolo[l,5-a]pyrid in-2-ylarnine. 



1.3. Compounds of the Invention Synthesis of compound of the Invention M5
To 54mg (0.06 mmol, 0.03eq) of Pd 2(dba) 3, 18 mg (0 04 mmol, 0.02eq) of 5-
(Di-tert-butyl-phosphanyl)-^3\5'-triphenyl-l H -[l,4']bipyrazolyl and 265
mg (4.73 mmol, 2.15 eq) of KOH, was added 3 ml tertamylacohol and 400ml of
water and the suspension is stirred for 10 minutes. 573 mg (2.20 mmol, leq)
of 6-(2-Chloro-5- methoxy-phenyl)-[l,2,4]triazolo[l,5-a]pyridin-2-ylamine
and 713 mg (2.64 mmol,1.2eq) of l-[2-(4-Bromo-phenoxy)-ethyl]-pyrrolidine
are then added, followed by another 3ml of tertamyl alcohol and 400 ml of
water and the mixture is stirred at 800C under argon for 3 hours. The
compound is extracted by 3 times Ethyl acetate, washed with brine. The
organic layers are then dried over Na2SO4, filtered and evaporated. The
compound is then dissolved in methanol and HCI I M in ether is added. The
precipitated compound is then filtered, washed with ethyl acetate and ether
to give 549 mg (1.13 mmol, 51%) of a white powder.
l-[2-(4-Bromo-phenoxy)-ethyl]-pyrroiidine could be purchased from Sigma-
Aldrich. Other derivatives could be synthetically obtained using classical
methods of organic synthesis. Some compounds could also be purified by prep
HPLC. We have used an Agilent 1200 series semi-prep with UV detector
monitoring at 254 nm. Compounds were purified on a ZORBAX, SB-C18 column
(21,2mmxl00mm, 5mm). The gradient was typically performed using a
H2O/Acetonitrile gradient (from a range starting from 5 to 50% water to 95%
acetonitrile) at a flow rate of 50ml/mn during 15 min. The following
compounds of the Invention were made in a similar way as described above
:SGLT-2 INHIBITOR FOR TREATING TYPE 1 DIABETES MELLITUS, TYPE 2 DIABETE
MELLITUS, IMPAIRED GLUCOSE TOLERANCE OR HYPERGLYCEMIA Technical Field of
the Invention The invention relates to a pharmaceutical composition
comprising an SGLT2-inhibitor as described hereinafter which is suitable in
the treatment or prevention of one or more conditions selected from type 1
diabetes mellitus, type 2 diabetes mellitus, impaired glucose tolerance,
impaired fasting blood glucose and hyperglycemia inter alia. Furthermore
the invention relates to methods - for preventing, slowing progression of,
delaying, or treating a metabolic disorder; - for improving glycemic
control and/or for reducing of fasting plasma glucose, of postprandial
plasma glucose and/or of glycosylated hemoglobin HbAIc; - for preventing,
slowing, delaying or reversing progression from impaired glucose tolerance,
impaired fasting blood glucose, insulin resistance and/or from metabolic
syndrome to type 2 diabetes mellitus; - for preventing, slowing progression
of, delaying or treating of a condition or disorder selected from the group
consisting of complications of diabetes mellitus; - for reducing body
weight and/or body fat, or preventing an increase in body weight and/or
body fat, or facilitating a reduction in body weight and/or body fat; - for
preventing or treating the degeneration of pancreatic beta cells and/or for
improving and/or restoring the functionality of pancreatic beta cells
and/or restoring the functionality of pancreatic insulin secretion; - for
preventing, slowing, delaying or treating diseases or conditions attributed
to an abnormal accumulation of ectopic fat; - maintaining and/or improving
the insulin sensitivity and/or for treating or preventing hyperinsulinemia
and/or insulin resistance; - for preventing, slowing progression of,
delaying, or treating new onset diabetes after transplantation (NODAT)
and/or post-transplant metabolic syndrome (PTMS); - for preventing,
delaying, or reducing NODAT and/or PTMS associated complications including
micro- and macrovascular diseases and events, graft rejection, infection,
and death; - for treating hyperuricemia and hyperuricemia associated
conditions; - for treating or preventing kidney stones; - for treating
hyponatremia; 



in patients in need thereof characterized in that a pharmaceutical
composition comprising an SGLT2 inhibitor as defined hereinafter is
administered.In addition the present invention relates to the use of an
SGLT2 inhibitor for the manufacture of a medicament for use in a method as
described hereinbefore and hereinafter. The invention also relates to a use
of a pharmaceutical composition according to this invention for the
manufacture of a medicament for use in a method as described hereinbefore
and hereinafter. Background of the Invention Type 2 diabetes is an
increasingly prevalent disease that due to a high frequency of
complications leads to a significant reduction of life expectancy. Because
of diabetesassociated microvascular complications, type 2 diabetes is
currently the most frequent cause of adult-onset loss of vision, renal
failure, and amputations in the industrialized world. In addition, the
presence of type 2 diabetes is associated with a two to five fold increase
in cardiovascular disease risk. After long duration of disease, most
patients with type 2 diabetes will eventually fail on oral therapy and
become insulin dependent with the necessity for daily injections and
multiple daily glucose measurements. The UKPDS (United Kingdom Prospective
Diabetes Study) demonstrated that intensive treatment with metformin,
sulfonylureas or insulin resulted in only a limited improvement of glycemic
control (difference in HbAIc -0.9%). In addition, even in patients within
the intensive treatment arm glycemic control deteriorated significantly
over time and this was attributed to deterioration of b-cell function.
Importantly, intensive treatment was not associated with a significant
reduction in macrovascular complications, i.e. cardiovascular events.
Therefore many patients with type 2 diabetes remain inadequately treated,
partly because of limitations in long term efficacy, tolerability and
dosing inconvenience of existing antihyperglycemic therapies. Oral
antidiabetic drugs conventionally used in therapy (such as e.g. first- or
second-line, and/or mono- or (initial or add-on) combination therapy)
include, without being restricted thereto, metformin, sulphonylureas,
thiazolidinediones, glinides and a-glucosidase inhibitors. The high
incidence of therapeutic failure is a major contributor to the high rate of
long-term hyperglycemia-associated complications or chronic damages
(including micro- andmacrovascular complications such as e.g. diabetic
nephrophathy, retinopathy or neuropathy, or cardiovascular complications)
in patients with type 2 diabetes. Therefore, there is an unmet medical need
for methods, medicaments and pharmaceutical compositions with a good
efficacy with regard to glycemic control, with regard to diseasemodifying
properties and with regard to reduction of cardiovascular morbidity and
mortality while at the same time showing an improved safety profile. SGLT2
inhibitors inhibitors represent a novel class of agents that are being
developed for the treatment or improvement in glycemic control in patients
with type 2 diabetes. Glucopyranosyl-substituted benzene derivative are
described in the prior art as SGLT2 inhibitors, for example in WO 01/27128,
WO 03/099836, WO 2005/092877, WO 2006/034489, WO 2006/064033, WO 2006/1
17359, WO 2006/1 17360, WO 2007/025943, WO 2007/028814, WO 2007/031548, WO
2007/093610, WO 2007/128749, WO 2008/049923, WO 2008/055870, WO
2008/055940. The glucopyranosyl-substituted benzene derivatives are
proposed as inducers of urinary sugar excretion and as medicaments in the
treatment of diabetes. Renal filtration and reuptake of glucose
contributes, among other mechanisms, to the steady state plasma glucose
concentration and can therefore serve as an antidiabetic target. Reuptake
of filtered glucose across epithelial cells of the kidney proceeds via
sodiumdependent glucose cotransporters (SGLTs) located in the brush-border
membranes in the tubuli along the sodium gradient. There are at least 3
SGLT isoforms that differ in their expression pattern as well as in their
physico-chemical properties. SGLT2 is exclusively expressed in the kidney,
whereas SGLT1 is expressed additionally in other tissues like intestine,
colon, skeletal and cardiac muscle. SGLT3 has been found to be a glucose
sensor in interstitial cells of the intestine without any transport
function. Potentially, other related, but not yet characterized genes, may
contribute further to renal glucose reuptake. Under normoglycemia, glucose
is completely reabsorbed by SGLTs in the kidney, whereas the 



reuptake capacity of the kidney is saturated at glucose concentrations
higher than 1OmM, resulting in glucosuria ("diabetes mellitus"). This
threshold concentration can be decreased by SGLT2-inhibition. It has been
shown in experiments with the SGLT inhibitor phlorizin that SGLT-inhibition
will partially inhibit the reuptake of glucose from the glomerular filtrate
into the blood leading to a decrease in blood glucose concentrations and to
glucosuria.Aim of the present invention The aim of the present invention is
to provide a pharmaceutical composition and method for preventing, slowing
progression of, delaying or treating a metabolic disorder, in particular of
type 2 diabetes mellitus. A further aim of the present invention is to
provide a pharmaceutical composition and method for improving glycemic
control in a patient in need thereof, in particular in patients with type 2
diabetes mellitus. Another aim of the present invention is to provide a
pharmaceutical composition and method for improving glycemic control in a
patient with insufficient glycemic control. Another aim of the present
invention is to provide a pharmaceutical composition and method for
preventing, slowing or delaying progression from impaired glucose tolerance
(IGT), impaired fasting blood glucose (IFG), insulin resistance and/or
metabolic syndrome to type 2 diabetes mellitus. Yet another aim of the
present invention is to provide a pharmaceutical composition and method for
preventing, slowing progression of, delaying or treating of a condition or
disorder from the group consisting of complications of diabetes mellitus. A
further aim of the present invention is to provide a pharmaceutical
composition and method for reducing the weight or preventing an increase of
the weight in a patient in need thereof. Another aim of the present
invention is to provide a pharmaceutical composition with a high efficacy
for the treatment of metabolic disorders, in particular of diabetes
mellitus, impaired glucose tolerance (IGT), impaired fasting blood glucose
(IFG), and/or hyperglycemia, which has good to very good pharmacological
and/or pharmacokinetic and/or physicochemical properties. Further aims of
the present invention become apparent to the one skilled in the art by
description hereinbefore and in the following and by the examples. Summary
of the Invention Within the scope of the present invention it has now
surprisingly been found that a pharmaceutical composition comprising a
SGLT2 inhibitor as defined hereinafter can advantageously be used for
preventing, slowing progression of, delaying or treating ametabolic
disorder, in particular for improving glycemic control in patients. This
opens up new therapeutic possibilities in the treatment and prevention of
type 2 diabetes mellitus, overweight, obesity, complications of diabetes
mellitus and of neighboring disease states. Therefore, in a first aspect
the present invention provides a method for preventing, slowing the
progression of, delaying or treating a metabolic disorder selected from the
group consisting of type 1 diabetes mellitus, type 2 diabetes mellitus,
impaired glucose tolerance (IGT), impaired fasting blood glucose (IFG),
hyperglycemia, postprandial hyperglycemia, overweight, obesity, metabolic
syndrome and gestational diabetes in a patient in need thereof
characterized in that an SGLT2 inhibitor as defined hereinbefore and
hereinafter is administered to the patient. According to another aspect of
the invention, there is provided a method for improving glycemic control
and/or for reducing of fasting plasma glucose, of postprandial plasma
glucose and/or of glycosylated hemoglobin HbA1 c in a patient in need
thereof characterized in that an SGLT2 inhibitor as defined hereinbefore
and hereinafter is administered to the patient. The pharmaceutical
composition according to this invention may also have valuable
diseasemodifying properties with respect to diseases or conditions related
to impaired glucose tolerance (IGT), impaired fasting blood glucose (IFG),
insulin resistance and/or metabolic syndrome. According to another aspect
of the invention, there is provided a method for preventing, slowing,
delaying or reversing progression from impaired glucose tolerance (IGT),
impaired fasting blood glucose (IFG), insulin resistance and/or from
metabolic syndrome to type 2 diabetes mellitus in a patient in need thereof
characterized in that an SGLT2 inhibitor as 



defined hereinbefore and hereinafter is administered to the patient. As by
the use of a pharmaceutical composition according to this invention, an
improvement of the glycemic control in patients in need thereof is
obtainable, also those conditions and/or diseases related to or caused by
an increased blood glucose level may be treated. According to another
aspect of the invention, there is provided a method for preventing, slowing
the progression of, delaying or treating of a condition or disorder
selected from the group consisting of complications of diabetes mellitus
such as cataracts and micro- and macrovascular diseases, such as
nephropathy, retinopathy, neuropathy, tissue ischaemia,diabetic foot,
arteriosclerosis, myocardial infarction, accute coronary syndrome, unstable
angina pectoris, stable angina pectoris, stroke, peripheral arterial
occlusive disease, cardiomyopathy, heart failure, heart rhythm disorders
and vascular restenosis, in a patient in need thereof characterized in that
an SGLT2 inhibitor as defined hereinbefore and hereinafter is administered
to the patient. In particular one or more aspects of diabetic nephropathy
such as hyperperfusion, proteinuria and albuminuria may be treated, their
progression slowed or their onset delayed or prevented. The term "tissue
ischaemia" particularly comprises diabetic macroangiopathy, diabetic
microangiopathy, impaired wound healing and diabetic ulcer. The terms
"micro- and macrovascular diseases" and "micro- and macrovascular
complications" are used interchangeably in this application. By the
administration of a pharmaceutical composition according to this invention
and due to the activity of the SGLT2 inhibitor excessive blood glucose
levels are not converted to insoluble storage forms, like fat, but excreted
through the urine of the patient. In animal models it can be seen that loss
of fat accounts for the majority of the observed weight loss whereas no
significant changes in body water or protein content are observed.
Therefore, no gain in weight or even a reduction in body weight is the
result. According to another aspect of the invention, there is provided a
method for reducing body weight and/or body fat, or preventing an increase
in body weight and/or body fat, or facilitating a reduction in body weight
and/or body fat, in a patient in need thereof characterized in that an
SGLT2 inhibitor as defined hereinbefore and hereinafter is administered to
the patient. The pharmacological effect of the SGLT2 inhibitor in the
pharmaceutical composition according to this invention is independent of
insulin. Therefore, an improvement of the glycemic control is possible
without an additional strain on the pancreatic beta cells. By an
administration of a pharmaceutical composition according to this invention
a beta-cell degeneration and a decline of beta-cell functionality such as
for example apoptosis or necrosis of pancreatic beta cells can be delayed
or prevented. Furthermore, the functionality of pancreatic cells can be
improved or restored, and the number and size of pancreatic beta cells
increased. It may be shown that the differentiation status and hyperplasia
of pancreatic beta-cells disturbed by hyperglycemia can be normalized by
treatment with a pharmaceutical composition according to this invention.
According to another aspect of the invention, there is provided a method
for preventing, slowing, delaying or treating the degeneration of
pancreatic beta cells and/or the decline ofthe functionality of pancreatic
beta cells and/or for improving and/or restoring the functionality of
pancreatic beta cells and/or restoring the functionality of pancreatic
insulin secretion in a patient in need thereof characterized in that an
SGLT2 inhibitor as defined hereinbefore and hereinafter is administered to
the patient. By the administration of a pharmaceutical composition
according to the present invention, an abnormal accumulation of ectopic
fat, in particular of the liver, may be reduced or inhibited. Therefore,
according to another aspect of the present invention, there is provided a
method for preventing, slowing, delaying or treating diseases or conditions
attributed to an abnormal accumulation of ectopic fat, in particular liver
fat, in a patient in need thereof characterized in that an SGLT2 inhibitor
as defined hereinbefore and hereinafter is administered to the patient.
Diseases or conditions which are attributed to an abnormal accumulation of
liver fat are particularly selected from the group consisting of general
fatty liver, non-alcoholic fatty liver (NAFL), non-alcoholic
steatohepatitis (NASH), hyperalimentation-induced fatty liver, diabetic
fatty liver, alcoholic-induced fatty liver or toxic fatty liver. As a
result thereof, another aspect of the invention provides a method for
maintaining and/or improving the insulin sensitivity and/or for treating or
preventing hyperinsulinemia and/or 



insulin resistance in a patient in need thereof characterized in that an
SGLT2 inhibitor as defined hereinbefore and hereinafter is administered to
the patient. According to another aspect of the invention, there is
provided a method for preventing, slowing progression of, delaying, or
treating new onset diabetes after transplantation (NODAT) and/or
post-transplant metabolic syndrome (PTMS). According to a further aspect of
the invention, there is provided a method for preventing, delaying, or
reducing NODAT and/or PTMS associated complications including micro- and
macrovascular diseases and events, graft rejection, infection, and death.
The pharmaceutical composition according to the invention is capable of
facilitating the lowering of serum total urate levels in the patient.
Therefore according to another aspect of the invention, there is provided a
method for treating hyperuricemia and hyperuricemiaassociated conditions,
such as for example gout, hypertension and renal failure, in a patient in
need thereof. The patient may be a diabetic or non-diabetic patient. The
administration of a pharmaceutical composition increases the urine
excretion of glucose. This increase in osmotic excretion and water release
and the lowering of urate levels arebeneficial as a treatment or prevention
for kidney stones. Therefore in a further aspect of the invention, there is
provided a method for treating or preventing kidney stones. According to a
further aspect of the invention, there is provided a method for treating
hyponatremia, water retention and water intoxication. By the administration
of the pharmaceutical composition according to this invention it may be
possible to reverse the effects of hyponatremia, water retention and water
intoxication by acting on the kidney to reverse water retention and
electrolyte imbalances associated with these diseases and disorders.
According to another aspect of the invention there is provided the use of
an SGLT2 inhibitor for the manufacture of a medicament for - preventing,
slowing the progression of, delaying or treating a metabolic disorder
selected from the group consisting of type 1 diabetes mellitus, type 2
diabetes mellitus, impaired glucose tolerance (IGT), impaired fasting blood
glucose (IFG), hyperglycemia, postprandial hyperglycemia, overweight,
obesity, metabolic syndrome and gestational diabetes; or - improving
glycemic control and/or for reducing of fasting plasma glucose, of
postprandial plasma glucose and/or of glycosylated hemoglobin HbAIc; or -
preventing, slowing, delaying or reversing progression from impaired
glucose tolerance (IGT), impaired fasting blood glucose (IFG), insulin
resistance and/or from metabolic syndrome to type 2 diabetes mellitus; or -
preventing, slowing the progression of, delaying or treating of a condition
or disorder selected from the group consisting of complications of diabetes
mellitus such as cataracts and micro- and macrovascular diseases, such as
nephropathy, retinopathy, neuropathy, tissue ischaemia, diabetic foot,
arteriosclerosis, myocardial infarction, accute coronary syndrome, unstable
angina pectoris, stable angina pectoris, stroke, peripheral arterial
occlusive disease, cardiomyopathy, heart failure, heart rhythm disorders
and vascular restenosis,; or - reducing body weight and/or body fat, or
preventing an increase in body weight and/or body fat, or facilitating a
reduction in body weight and/or body fat; or - preventing, slowing,
delaying or treating the degeneration of pancreatic beta cells and/or the
decline of the functionality of pancreatic beta cells and/or for improving
and/or restoring the functionality of pancreatic beta cells and/or
restoring the functionality of pancreatic insulin secretion; or -
preventing, slowing, delaying or treating diseases or conditions attributed
to an abnormal accumulation of ectopic fat; or- maintaining and/or
improving the insulin sensitivity and/or for treating or preventing
hyperinsulinemia and/or insulin resistance; - preventing, slowing
progression of, delaying, or treating new onset diabetes after
transplantation (NODAT) and/or post-transplant metabolic syndrome (PTMS); -
preventing, delaying, or reducing NODAT and/or PTMS associated
complications including micro- and macrovascular diseases and events, graft
rejection, infection, and death; 



- treating hyperuricemia and hyperuricemia associated conditions; -
treating or prevention kidney stones; - treating hyponatremia; in a patient
in need thereof characterized in that the SGLT2 inhibitor is administered,
as defined hereinbefore and hereinafter. According to another aspect of the
invention, there is provided the use of a pharmaceutical composition
according to the present invention for the manufacture of a medicament for
a therapeutic and preventive method as described hereinbefore and
hereinafter. Definitions The term "active ingredient" of a pharmaceutical
composition according to the present invention means the SGLT2 inhibitor
according to the present invention. An "active ingredient is also sometimes
referred to herein as an "active substance". The term "body mass index" or
"BMI" of a human patient is defined as the weight in kilograms divided by
the square of the height in meters, such that BMI has units of kg/m2. The
term "overweight" is defined as the condition wherein the individual has a
BMI greater than or 25 kg/m2 and less than 30 kg/m2. The terms "overweight"
and "pre-obese" are used interchangeably. The term "obesity" is defined as
the condition wherein the individual has a BMI equal to or greater than 30
kg/m2. According to a WHO definition the term obesity may be categorized as
follows: the term "class I obesity" is the condition wherein the BMI is
equal to or greater than 30 kg/m2 but lower than 35 kg/m2; the term "class
Il obesity" is the condition wherein the BMI is equal to or greater than 35
kg/m2 but lower than 40 kg/m2; the term "class III obesity" is the
condition wherein the BMI is equal to or greater than 40 kg/m2.The term
"visceral obesity" is defined as the condition wherein a waist-to-hip ratio
of greater than or equal to 1.0 in men and 0.8 in women is measured. It
defines the risk for insulin resistance and the development of
pre-diabetes. The term "abdominal obesity" is usually defined as the
condition wherein the waist circumference is > 40 inches or 102 cm in men,
and is > 35 inches or 94 cm in women. With regard to a Japanese ethnicity
or Japanese patients abdominal obesity may be defined as waist
circumference  85 cm in men and  90 cm in women (see e.g. investigating
committee for the diagnosis of metabolic syndrome in Japan). The term
"euglycemia" is defined as the condition in which a subject has a fasting
blood glucose concentration within the normal range, greater than 70 mg/dL
(3.89 mmol/L) and less than 100 mg/dL (5.6 mmol/L). The word "fasting" has
the usual meaning as a medical term. The term "hyperglycemia" is defined as
the condition in which a subject has a fasting blood glucose concentration
above the normal range, greater than 100 mg/dL (5.6 mmol/L). The word
"fasting" has the usual meaning as a medical term. The term "hypoglycemia"
is defined as the condition in which a subject has a blood glucose
concentration below the normal range, in particular below 70 mg/dL (3.89
mmol/L). The term "postprandial hyperglycemia" is defined as the condition
in which a subject has a 2 hour postprandial blood glucose or serum glucose
concentration greater than 200 mg/dL ( 1 1. 1 1 mmol/L). The term "impaired
fasting blood glucose" or "IFG" is defined as the condition in which a
subject has a fasting blood glucose concentration or fasting serum glucose
concentration in a range from 100 to 125 mg/dl (i.e. from 5.6 to 6.9
mmol/l), in particular greater than 110 mg/dL and less than 126 mg/dl (7.00
mmol/L). A subject with "normal fasting glucose" has a fasting glucose
concentration smaller than 100 mg/dl, i.e. smaller than 5.6 mmol/l. The
term "impaired glucose tolerance" or "IGT" is defined as the condition in
which a subject has a 2 hour postprandial blood glucose or serum glucose
concentration greater than 140 mg/dl (7.78 mmol/L) and less than 200 mg/dL
( 1 1. 1 1 mmol/L). The abnormal glucose tolerance, i.e. the 2 hour
postprandial blood glucose or serum glucose concentration can bemeasured as
the blood sugar level in mg of glucose per dl_ of plasma 2 hours after
taking 75 g of glucose after a fast. A subject with "normal glucose
tolerance" has a 2 hour postprandial blood glucose or serum glucose
concentration smaller than 140 mg/dl (7.78 mmol/L). 



The term "hyperinsulinemia" is defined as the condition in which a subject
with insulin resistance, with or without euglycemia, has fasting or
postprandial serum or plasma insulin concentration elevated above that of
normal, lean individuals without insulin resistance, having a waist-to-hip
ratio < 1.0 (for men) or < 0.8 (for women). The terms
"insulin-sensitizing", "insulin resistance-improving" or "insulin
resistance-lowering" are synonymous and used interchangeably. The term
"insulin resistance" is defined as a state in which circulating insulin
levels in excess of the normal response to a glucose load are required to
maintain the euglycemic state (Ford ES, et al. JAMA. (2002) 287:356-9). A
method of determining insulin resistance is the
euglycaemic-hyperinsulinaemic clamp test. The ratio of insulin to glucose
is determined within the scope of a combined insulin-glucose infusion
technique. There is found to be insulin resistance if the glucose
absorption is below the 25th percentile of the background population
investigated (WHO definition). Rather less laborious than the clamp test
are so called minimal models in which, during an intravenous glucose
tolerance test, the insulin and glucose concentrations in the blood are
measured at fixed time intervals and from these the insulin resistance is
calculated. With this method, it is not possible to distinguish between
hepatic and peripheral insulin resistance. Furthermore, insulin resistance,
the response of a patient with insulin resistance to therapy, insulin
sensitivity and hyperinsulinemia may be quantified by assessing the
"homeostasis model assessment to insulin resistance (HOMA-IR)" score, a
reliable indicator of insulin resistance (Katsuki A, et al. Diabetes Care
2001 ; 24: 362-5). Further reference is made to methods for the
determination of the HOMA-index for insulin sensitivity (Matthews et al.,
Diabetologia 1985, 28: 412-19), of the ratio of intact proinsulin to
insulin (Forst et al., Diabetes 2003, 52(Suppl.1): A459) and to an
euglycemic clamp study. In addition, plasma adiponectin levels can be
monitored as a potential surrogate of insulin sensitivity. The estimate of
insulin resistance by the homeostasis assessment model (HOMA)-IR score is
calculated with the formula (Galvin P, et al. Diabet Med 1992;9:921-8):
HOMA-IR = [fasting serum insulin (mU/mL)] x [fasting plasma
glucose(mmol/L)/22.5]As a rule, other parameters are used in everyday
clinical practice to assess insulin resistance. Preferably, the patient's
triglyceride concentration is used, for example, as increased triglyceride
levels correlate significantly with the presence of insulin resistance.
Patients with a predisposition for the development of IGT or IFG or type 2
diabetes are those having euglycemia with hyperinsulinemia and are by
definition, insulin resistant. A typical patient with insulin resistance is
usually overweight or obese. If insulin resistance can be detected, this is
a particularly strong indication of the presence of pre-diabetes. Thus, it
may be that in order to maintain glucose homoeostasis a person needs 2-3
times as much insulin as a healthy person, without this resulting in any
clinical symptoms. The methods to investigate the function of pancreatic
beta-cells are similar to the above methods with regard to insulin
sensitivity, hyperinsulinemia or insulin resistance: An improvement of
beta-cell function can be measured for example by determining a HOMAindex
for beta-cell function (Matthews et al., Diabetologia 1985, 28: 412-19),
the ratio of intact proinsulin to insulin (Forst et al., Diabetes 2003,
52(Suppl.1): A459), the insulin/Cpeptide secretion after an oral glucose
tolerance test or a meal tolerance test, or by employing a hyperglycemic
clamp study and/or minimal modeling after a frequently sampled intravenous
glucose tolerance test (Stumvoll et al., Eur J Clin Invest 2001, 31:
380-81). The term "pre-diabetes" is the condition wherein an individual is
pre-disposed to the development of type 2 diabetes. Pre-diabetes extends
the definition of impaired glucose tolerance to include individuals with a
fasting blood glucose within the high normal range  100 mg/dL (J. B. Meigs,
et al. Diabetes 2003; 52:1475-1484) and fasting hyperinsulinemia (elevated
plasma insulin concentration). The scientific and medical basis for
identifying pre diabetes as a serious health threat is laid out in a
Position Statement entitled "The Prevention or Delay of Type 2 Diabetes"
issued jointly by the American Diabetes Association and the National
Institute of Diabetes and Digestive and Kidney Diseases (Diabetes Care
2002; 25:742-749). Individuals likely to have insulin resistance are those
who have two or more of the following attributes: 1) overweight or obese,
2) high blood pressure, 3) hyperlipidemia, 4) one or more 



1st degree relative with a diagnosis of IGT or IFG or type 2 diabetes.
Insulin resistance can be confirmed in these individuals by calculating the
HOMA-IR score. For the purpose of this invention, insulin resistance is
defined as the clinical condition in which an individual has a HOMA-IR
score > 4.0 or a HOMA-IR score above the upper limit of normal as defined
for the laboratory performing the glucose and insulin assays.The term "type
2 diabetes" is defined as the condition in which a subject has a fasting
blood glucose or serum glucose concentration greater than 125 mg/dL (6.94
mmol/L). The measurement of blood glucose values is a standard procedure in
routine medical analysis. If a glucose tolerance test is carried out, the
blood sugar level of a diabetic will be in excess of 200 mg of glucose per
dl_ ( 1 1. 1 mmol/l) of plasma 2 hours after 75 g of glucose have been
taken on an empty stomach. In a glucose tolerance test 75 g of glucose are
administered orally to the patient being tested after 10-12 hours of
fasting and the blood sugar level is recorded immediately before taking the
glucose and 1 and 2 hours after taking it. In a healthy subject, the blood
sugar level before taking the glucose will be between 60 and 110 mg per dl_
of plasma, less than 200 mg per dl_ 1 hour after taking the glucose and
less than 140 mg per dl_ after 2 hours. If after 2 hours the value is
between 140 and 200 mg, this is regarded as abnormal glucose tolerance. The
term "late stage type 2 diabetes mellitus" includes patients with a
secondary drug failure, indication for insulin therapy and progression to
micro- and macrovascular complications e.g. diabetic nephropathy, or
coronary heart disease (CHD). The term "HbAIc" refers to the product of a
non-enzymatic glycation of the haemoglobin B chain. Its determination is
well known to one skilled in the art. In monitoring the treatment of
diabetes mellitus the HbAIc value is of exceptional importance. As its
production depends essentially on the blood sugar level and the life of the
erythrocytes, the HbAIc in the sense of a "blood sugar memory" reflects the
average blood sugar levels of the preceding 4-6 weeks. Diabetic patients
whose HbAIc value is consistently well adjusted by intensive diabetes
treatment (i.e. < 6.5 % of the total haemoglobin in the sample), are
significantly better protected against diabetic microangiopathy. For
example, metformin on its own achieves an average improvement in the HbA1 c
value in the diabetic of the order of 1.0 - 1.5 %. This reduction of the
HbAIC value is not sufficient in all diabetics to achieve the desired
target range of < 6.5 % and preferably < 6 % HbAIc. The term "insufficient
glycemic control" or "inadequate glycemic control" in the scope of the
present invention means a condition wherein patients show HbAIc values
above 6.5 %, in particular above 7.0 %, even more preferably above 7.5 %,
especially above 8 %. The "metabolic syndrome", also called "syndrome X"
(when used in the context of a metabolic disorder), also called the
"dysmetabolic syndrome" is a syndrome complex with the cardinal feature
being insulin resistance (Laaksonen DE, et al. Am J Epidemiol2002;
156:1070-7). According to the ATP III/NCEP guidelines (Executive Summary of
the Third Report of the National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel III) JAMA: Journal of the
American Medical Association (2001 ) 285:2486-2497), diagnosis of the
metabolic syndrome is made when three or more of the following risk factors
are present: 1. Abdominal obesity, defined as waist circumference > 40
inches or 102 cm in men, and > 35 inches or 94 cm in women; or with regard
to a Japanese ethnicity or Japanese patients defined as waist circumference
85 cm in men and  90 cm in women; 2. Triglycerides:  150 mg/dL 3.
HDL-cholesterol < 40 mg/dL in men 4. Blood pressure  130/85 mm Hg (SBP  130
or DBP  85) 5. Fasting blood glucose  100 mg/dL The NCEP definitions have
been validated (Laaksonen DE, et al. Am J Epidemiol. (2002) 156:1070-7).
Triglycerides and HDL cholesterol in the blood can also be determined by
standard methods in medical analysis and are described for example in
Thomas L (Editor): "Labor und Diagnose", TH-Books Verlagsgesellschaft mbH,
Frankfurt/Main, 2000. According to a commonly used definition, hypertension
is diagnosed if the systolic blood pressure (SBP) exceeds a value of 140 mm
Hg and diastolic blood pressure (DBP) exceeds 



a value of 90 mm Hg. If a patient is suffering from manifest diabetes it is
currently recommended that the systolic blood pressure be reduced to a
level below 130 mm Hg and the diastolic blood pressure be lowered to below
80 mm Hg. The definitions of NODAT (new onset diabetes after
transplantation) and PTMS (posttransplant metabolic syndrome) follow
closely that of the American Diabetes Association diagnostic criteria for
type 2 diabetes, and that of the International Diabetes Federation (IDF)
and the American Heart Association/National Heart, Lung, and Blood
Institute, for the metabolic syndrome. NODAT and/or PTMS are associated
with an increased risk of microand macrovascular disease and events, graft
rejection, infection, and death. A number of predictors have been
identified as potential risk factors related to NODAT and/or PTMS including
a higher age at transplant, male gender, the pre-transplant body mass
index, pretransplant diabetes, and immunosuppression.The term "gestational
diabetes" (diabetes of pregnancy) denotes a form of the diabetes which
develops during pregnancy and usually ceases again immediately after the
birth. Gestational diabetes is diagnosed by a screening test which is
carried out between the 24th and 28th weeks of pregnancy. It is usually a
simple test in which the blood sugar level is measured one hour after the
administration of 50 g of glucose solution. If this 1 h level is above 140
mg/dl, gestational diabetes is suspected. Final confirmation may be
obtained by a standard glucose tolerance test, for example with 75 g of
glucose. The term "hyperuricemia" denotes a condition of high serum total
urate levels. In human blood, uric acid concentrations between 3.6 mg/dL
(ca. 214 mmol/L) and 8.3 mg/dL (ca. 494 mmol/L) are considered normal by
the American Medical Association. High serum total urate levels, or
hyperuricemia, are often associated with several maladies. For example,
high serum total urate levels can lead to a type of arthritis in the joints
kown as gout. Gout is a condition created by a build up of monosodium urate
or uric acid crystals on the articular cartilage of joints, tendons and
surrounding tissues due to elevated concentrations of total urate levels in
the blood stream. The build up of urate or uric acid on these tissues
provokes an inflammatory reaction of these tissues. Saturation levels of
uric acid in urine may result in kidney stone formation when the uric acid
or urate crystallizes in the kidney. Additionally, high serum total urate
levels are often associated with the so-called metabolic syndrome,
including cardiovascular disease and hypertension. The term "hyponatremia"
denotes a condition of a positive balance of water with or without a
deficit of sodium, which is recognized when the plasma sodium falls below
the level of 135 mml/L. Hyponatremia is a condition which can occur in
isolation in individuals that overconsume water; however, more often
hyponatremia is a complication of medication or other underlying medical
condition that leas to a diminished excretion of water. Hyponatremia may
lead to water intoxication, which occurs when the normal tonicity of
extracellular fluid falls below the safe limit, due to retention of excess
water. Water intoxication is a potentially fatal disturbance in brain
function. Typical symptoms of water intoxication include nausea, vomiting,
headache and malaise. The term "SGLT2 inhibitor" in the scope of the
present invention relates to compounds, in particular to
glucopyranosyl-derivatives, i.e. compounds having a glucopyranosyl-moiety,
which show an inhibitory effect on the sodium-glucose transporter 2
(SGLT2), in particular the human SGLT2. The inhibitory effect on hSGLT2
measured as IC50 is prerably below 1000 nM, even more preferably below 100
nM, most preferably below 50 nM. The inhibitory effect on hSGLT2 can be
determined by methods known in the literature, in particular asdescribed in
the application WO 2005/092877 or WO 2007/093610 (pages 23/24), which are
incorporated herein by reference in its entirety. The term "SGLT2
inhibitor" also comprises any pharmaceutically acceptable salts thereof,
hydrates and solvates thereof, including the respective crystalline forms.
The terms "treatment" and "treating" comprise therapeutic treatment of
patients having already developed said condition, in particular in manifest
form. Therapeutic treatment may be symptomatic treatment in order to
relieve the symptoms of the specific indication or causal treatment in
order to reverse or partially reverse the conditions of the indication or
to stop or slow down progression of the disease. Thus the compositions and
methods of the present invention may be used for instance as therapeutic
treatment over a period of time as well as for chronic therapy. 



The terms "prophylactically treating", "preventivally treating" and
"preventing" are used interchangeably and comprise a treatment of patients
at risk to develop a condition mentioned hereinbefore, thus reducing said
risk. The term "tablet" comprises tablets without a coating and tablets
with one or more coatings. Furthermore the "term" tablet comprises tablets
having one, two, three or even more layers and press-coated tablets,
wherein each of the beforementioned types of tablets may be without or with
one or more coatings. The term "tablet" also comprises mini, melt,
chewable, effervescent and orally disintegrating tablets. The terms
"pharmacopoe" and "pharmacopoeias" refer to standard pharmacopoeias such as
the "USP 31-NF 26 through Second Supplement" (United States Pharmacopeial
Convention) or the "European Pharmacopoeia 6.3" (European Directorate for
the Quality of Medicines and Health Care, 2000-2009). Brief Description of
the Figures Figure 1 shows an X-ray powder diffractogram of the crystalline
form (1.9X) of the compound (I.9). Figure 2 shows the thermoanalysis and
determination of the melting point via DSC of the crystalline form (I9.X)
of the compound (1.9). Figures 3A and 3 B show the blood glucose level and
blood glucose AUC results of the administration of a compound of the
invention to ZDF rats.Figure 4A shows the results of the body weight
analysis in the administration of a compound of the invention to Wistar
rats. Figure 4B shows the results of the body fat content analysis in the
administration of a compound of the invention to Wistar rats. Detailed
Description The aspects according to the present invention, in particular
the pharmaceutical compositions, methods and uses, refer to SGLT2
inhibitors as defined hereinbefore and hereinafter. Preferably the SGLT2
inhibitor is selected from a glucopyranosyl-substituted benzene derivative
of the formula (I) wherein R1 denotes Cl, methyl or cyano; R2 denotes H,
methyl, methoxy or hydroxy and R3 denotes ethyl, cyclopropyl, ethynyl,
ethoxy, fR^-tetrahydrofuran-3-yloxy or (S)- tetrahydrofuran-3-yloxy; or a
prodrug of one of the beforementioned SGLT2 inhibitors. Compounds of the
formula (I) and methods of their synthesis are described for example in the
following patent applications: WO 2005/092877, WO 2006/1 17360, WO 2006/1
17359, WO 2006/120208, WO 2006/064033, WO 2007/031548, WO 2007/093610, WO
2008/02001 1,WO 2008/055870. In the above glucopyranosyl-substituted
benzene derivatives of the formula (I) the following definitions of the
substituents are preferred. Preferably R1 denotes chloro or cyano; in
particular chloro. Preferably R2 denotes H. Preferably R3 denotes ethyl,
cyclopropyl, ethynyl, f/^-tetrahydrofuran-3-yloxy or (S)-
tetrahydrofuran-3-yloxy. Even more preferably R3 denotes cyclopropyl,
ethynyl, (R)- tetrahydrofuran-3-yloxy or (SJ-tetrahydrofuran-3-yloxy. Most
preferably R3 denotes ethynyl, (T^Metrahydrofuran-3-yloxy or
(SJ-tetrahydrofuran-3-yloxy.Preferred glucopyranosyl-substituted benzene
derivatives of the formula (I) are selected from the group of compounds
(1.1 ) to (1.1 1) :PHARMACEUTICAL COMPOSITION COMPRISING A SGLT2 INHIBITOR,
A DPP-IV INHIBITOR AND OPTIONALLY A FURTHER ANTIDIABETIC AGENT AND USES
THEREOF Technical Field of the Invention 5 The invention relates to a
pharmaceutical composition comprising an SGLT2-inhibitor, a DPPIV inhibitor
and a third antidiabetic agent selected from the group G3 as described
hereinafter which is suitable in the treatment or prevention of one or more
conditions selected from type 1 diabetes mellitus, type 2 diabetes
mellitus, impaired glucose tolerance, impaired fasting blood glucose and
hyperglycemia inter alia. 10 Furthermore the invention relates to methods -
for preventing, slowing progression of, delaying, or treating a metabolic
disorder; - for improving glycemic control and/or for reducing of fasting
plasma glucose, of 



postprandial plasma glucose and/or of glycosylated hemoglobin HbAIc; 15 -
for preventing, slowing, delaying or reversing progression from impaired
glucose tolerance, impaired fasting blood glucose, insulin resistance
and/or from metabolic syndrome to type 2 diabetes mellitus; - for
preventing, slowing progression of, delaying or treating of a condition or
disorder selected from the group consisting of complications of diabetes
mellitus; 20 - for reducing body weight and/or body fat or preventing an
increase in body weight and/or body fat or facilitating a reduction in body
weight and/or body fat; - for preventing or treating the degeneration of
pancreatic beta cells and/or for improving and/or restoring the
functionality of pancreatic beta cells and/or restoring the functionality
of pancreatic insulin secretion; 25 - for preventing, slowing, delaying or
treating diseases or conditions attributed to an abnormal accumulation of
ectopic fat; - maintaining and/or improving the insulin sensitivity and/or
for treating or preventing hyperinsulinemia and/or insulin resistance, -
for preventing, slowing progression of, delaying, or treating new onset
diabetes after 30 transplantation (NODAT) and/or post-transplant metabolic
syndrome (PTMS); - for preventing, delaying, or reducing NODAT and/or PTMS
associated complications including micro- and macrovascular diseases and
events, graft rejection, infection, and death; - for treating hyperuricemia
and hyperuricemia associated conditions; 35 - for treating or preventing
kidney stones; - for treating hyponatremia;in patients in need thereof
characterized in that an SGLT2 inhibitor, a DPPIV inhibitor and optionally
a third antidiabetic agent as defined hereinafter is administered in
combination or alternation. In addition the present invention relates to
the use of an SGLT2 inhibitor for the manufacture of a medicament for use
in a method as described hereinbefore and hereinafter. In addition, the
present invention relates to the use of a DPP IV inhibitor for the
manufacture of a medicament for use in a method as described hereinbefore
and hereinafter. In addition, the present invention relates to the use of a
third antidiabetic agent as defined hereinafter for the manufacture of a
medicament for use in a method as described hereinbefore and hereinafter.
The invention also relates to a use of a pharmaceutical composition
according to this invention for the manufacture of a medicament for use in
a method as described hereinbefore and hereinafter. Background of the
Invention Type 2 diabetes is an increasingly prevalent disease that due to
a high frequency of complications leads to a significant reduction of life
expectancy. Because of diabetesassociated microvascular complications, type
2 diabetes is currently the most frequent cause of adult-onset loss of
vision, renal failure, and amputations in the industrialized world. In
addition, the presence of type 2 diabetes is associated with a two to five
fold increase in cardiovascular disease risk. After long duration of
disease, most patients with type 2 diabetes will eventually fail on oral
therapy and become insulin dependent with the necessity for daily
injections and multiple daily glucose measurements. The UKPDS (United
Kingdom Prospective Diabetes Study) demonstrated that intensive treatment
with metformin, sulfonylureas or insulin resulted in only a limited
improvement of glycemic control (difference in HbAIc -0.9%). In addition,
even in patients within the intensive treatment arm glycemic control
deteriorated significantly over time and this was attributed to
deterioration of b-cell function. Importantly, intensive treatment was not
associated with a significant reduction in macrovascular complications,
i.e. cardiovascularevents. Therefore many patients with type 2 diabetes
remain inadequately treated, partly because of limitations in long term
efficacy, tolerability and dosing inconvenience of existing
antihyperglycemic therapies. Oral antidiabetic drugs conventionally used in
therapy (such as e.g. first- or second-line, and/or mono- or (initial or
add-on) combination therapy) include, without being restricted 



thereto, metformin, sulphonylureas, thiazolidinediones, glinides and
a-glucosidase inhibitors. The high incidence of therapeutic failure is a
major contributor to the high rate of long-term hyperglycemia-associated
complications or chronic damages (including micro- and macrovascular
complications such as e.g. diabetic nephrophathy, retinopathy or
neuropathy, or cardiovascular complications) in patients with type 2
diabetes. Therefore, there is an unmet medical need for methods,
medicaments and pharmaceutical compositions with a good efficacy with
regard to glycemic control, with regard to diseasemodifying properties and
with regard to reduction of cardiovascular morbidity and mortality while at
the same time showing an improved safety profile. SGLT2 inhibitors
inhibitors represent a novel class of agents that are being developed for
the treatment or improvement in glycemic control in patients with type 2
diabetes. Glucopyranosyl-substituted benzene derivative are described in
the prior art as SGLT2 inhibitors, for example in WO 01/27128, WO
03/099836, WO 2005/092877, WO 2006/034489, WO 2006/064033, WO 2006/1 17359,
WO 2006/1 17360, WO 2007/025943, WO 2007/028814, WO 2007/031548, WO
2007/093610, WO 2007/128749, WO 2008/049923, WO 2008/055870, WO
2008/055940. The glucopyranosyl-substituted benzene derivatives are
proposed as inducers of urinary sugar excretion and as medicaments in the
treatment of diabetes. Renal filtration and reuptake of glucose
contributes, among other mechanisms, to the steady state plasma glucose
concentration and can therefore serve as an antidiabetic target. Reuptake
of filtered glucose across epithelial cells of the kidney proceeds via
sodiumdependent glucose cotransporters (SGLTs) located in the brush-border
membranes in the tubuli along the sodium gradient. There are at least 3
SGLT isoforms that differ in their expression pattern as well as in their
physico-chemical properties. SGLT2 is exclusively expressed in the kidney,
whereas SGLT1 is expressed additionally in other tissues like intestine,
colon, skeletal and cardiac muscle. SGLT3 has been found to be a glucose
sensorin interstitial cells of the intestine without any transport
function. Potentially, other related, but not yet characterized genes, may
contribute further to renal glucose reuptake. Under normoglycemia, glucose
is completely reabsorbed by SGLTs in the kidney, whereas the reuptake
capacity of the kidney is saturated at glucose concentrations higher than
1OmM, resulting in glucosuria ("diabetes mellitus"). This threshold
concentration can be decreased by SGLT2-inhibition. It has been shown in
experiments with the SGLT inhibitor phlorizin that SGLT-inhibition will
partially inhibit the reuptake of glucose from the glomerular filtrate into
the blood leading to a decrease in blood glucose concentrations and to
glucosuria. DPP IV inhibitors represent another novel class of agents that
are being developed for the treatment or improvement in glycemic control in
patients with type 2 diabetes. For example, DPP IV inhibitors and their
uses are disclosed in WO 2002/068420, WO 2004/018467, WO 2004/018468, WO
2004/018469, WO 2004/041820, WO 2004/046148, WO 2005/051 950, WO
2005/082906, WO 2005/063750, WO 2005/085246, WO 2006/027204, WO
2006/029769, WO2007/014886; WO 2004/050658, WO 2004/1 11051 , WO
2005/058901 ,WO 2005/097798; WO 2006/068163, WO 2007/071738, WO
2008/017670; WO 2007/054201 ,WO 2007/128721 orWO 2007/128761 . Aim of the
present invention The aim of the present invention is to provide a
pharmaceutical composition and method for preventing, slowing progression
of, delaying or treating a metabolic disorder, in particular of type 2
diabetes mellitus. A further aim of the present invention is to provide a
pharmaceutical composition and method for improving glycemic control in a
patient in need thereof, in particular in patients with type 2 diabetes
mellitus. Another aim of the present invention is to provide a
pharmaceutical composition and method for improving glycemic control in a
patient with insufficient glycemic control despite monotherapy with an
antidiabetic drug, for example metformin, or despite combination therapy
with two antidiabetic drugs. Another aim of the present invention is to
provide a pharmaceutical composition and method for preventing, slowing or
delaying progression from impaired glucose tolerance (IGT),impaired fasting
blood glucose (IFG), insulin resistance and/or metabolic syndrome to type 2
diabetes mellitus. 



Yet another aim of the present invention is to provide a pharmaceutical
composition and method for preventing, slowing progression of, delaying or
treating of a condition or disorder from the group consisting of
complications of diabetes mellitus. A further aim of the present invention
is to provide a pharmaceutical composition and method for reducing the
weight or preventing an increase of the weight in a patient in need
thereof. Another aim of the present invention is to provide a new
pharmaceutical composition with a high efficacy for the treatment of
metabolic disorders, in particular of diabetes mellitus, impaired glucose
tolerance (IGT), impaired fasting blood glucose (IFG), and/or
hyperglycemia, which has good to very good pharmacological and/or
pharmacokinetic and/or physicochemical properties. Further aims of the
present invention become apparent to the one skilled in the art by
description hereinbefore and in the following and by the examples. Summary
of the Invention Within the scope of the present invention it has now
surprisingly been found that a pharmaceutical composition comprising a
SGLT2 inhibitor and a DPP IV inhibitor and a third antidiabetic agent
selected from the group G3 as defined hereinafter can advantageously be
used for preventing, slowing progression of, delaying or treating a
metabolic disorder, in particular for improving glycemic control in
patients. This opens up new therapeutic possibilities in the treatment and
prevention of type 2 diabetes mellitus, overweight, obesity, complications
of diabetes mellitus and of neighboring disease states. Therefore, in a
first aspect the present invention provides a pharmaceutical composition
comprising (a) an SGLT2 inhibitor, and (b) a DPPIV inhibitor, and (c) a
third antidiabetic agent selected from the group G3 consisting of
biguanides, thiazolidindiones, sulfonylureas, glinides, inhibitors of
alpha-glucosidase, GLP-1 analogues or a pharmaceutically acceptable salt
thereof.According to another aspect of the invention, there is provided a
method for preventing, slowing the progression of, delaying or treating a
metabolic disorder selected from the group consisting of type 1 diabetes
mellitus, type 2 diabetes mellitus, impaired glucose tolerance (IGT),
impaired fasting blood glucose (IFG), hyperglycemia, postprandial
hyperglycemia, overweight, obesity, metabolic syndrome and gestational
diabetes in a patient in need thereof characterized in that an SGLT2
inhibitor, a DPPIV inhibitor and optionally a third antidiabetic agent as
defined hereinbefore and hereinafter are administered, for example in
combination or alternation, to the patient. According to another aspect of
the invention, there is provided a method for improving glycemic control
and/or for reducing of fasting plasma glucose, of postprandial plasma
glucose and/or of glycosylated hemoglobin HbAIc in a patient in need
thereof characterized in that an SGLT2 inhibitor, a DPPIV inhibitor and
optionally a third antidiabetic agent as defined hereinbefore and
hereinafter are administered, for example in combination or alternation, to
the patient. The pharmaceutical composition according to this invention may
also have valuable diseasemodifying properties with respect to diseases or
conditions related to impaired glucose tolerance (IGT), impaired fasting
blood glucose (IFG), insulin resistance and/or metabolic syndrome.
According to another aspect of the invention, there is provided a method
for preventing, slowing, delaying or reversing progression from impaired
glucose tolerance (IGT), impaired fasting blood glucose (IFG), insulin
resistance and/or from metabolic syndrome to type 2 diabetes mellitus in a
patient in need thereof characterized in that an SGLT2 inhibitor, a DPPIV
inhibitor and optionally a third antidiabetic agent as defined hereinbefore
and hereinafter are administered, for example in combination or
alternation, to the patient. As by the use of a pharmaceutical composition
according to this invention, an improvement of the glycemic control in
patients in need thereof is obtainable, also those conditions and/or
diseases related to or caused by an increased blood glucose level may be
treated. According to another aspect of the invention, there is provided a
method for preventing, slowing the progression of, delaying or treating of
a condition or disorder selected from the 



group consisting of complications of diabetes mellitus such as cataracts
and micro- and macrovascular diseases, such as nephropathy, retinopathy,
neuropathy, tissue ischaemia,diabetic foot, arteriosclerosis, myocardial
infarction, accute coronary syndrome, unstable angina pectoris, stable
angina pectoris, stroke, peripheral arterial occlusive disease,
cardiomyopathy, heart failure, heart rhythm disorders and vascular
restenosis, in a patient in need thereof characterized in that an SGLT2
inhibitor, a DPPIV inhibitor and optionally a third antidiabetic agent as
defined hereinbefore and hereinafter are administered, for example in
combination or alternation, to the patient. In particular one or more
aspects of diabetic nephropathy such as hyperperfusion, proteinuria and
albuminuria may be treated, their progression slowed or their onset delayed
or prevented. The term "tissue ischaemia" particularly comprises diabetic
macroangiopathy, diabetic microangiopathy, impaired wound healing and
diabetic ulcer. The terms "micro- and macrovascular diseases" and "micro-
and macrovascular complications" are used interchangeably in this
application. By the administration of a pharmaceutical composition
according to this invention and due to the activity of the SGLT2 inhibitor
excessive blood glucose levels are not converted to insoluble storage
forms, like fat, but excreted through the urine of the patient. In animal
models using a SGLT2 inhibitor it can be seen that loss of fat accounts for
the majority of the observed weight loss whereas no significant changes in
body water or protein content are observed. Therefore, no gain in weight or
even a reduction in body weight is the result. According to another aspect
of the invention, there is provided a method for reducing body weight
and/or body fat or preventing an increase in body weight and/or body fat or
facilitating a reduction in body weight and/or body fat in a patient in
need thereof characterized in that an SGLT2 inhibitor, a DPPIV inhibitor
and optionally a third antidiabetic agent as defined hereinbefore and
hereinafter are administered, for example in combination or alternation, to
the patient. The pharmacological effect of the SGLT2 inhibitor in the
pharmaceutical composition according to this invention is independent of
insulin. Therefore, an improvement of the glycemic control is possible
without an additional strain on the pancreatic beta cells. By an
administration of a pharmaceutical composition according to this invention
a beta-cell degeneration and a decline of beta-cell functionality such as
for example apoptosis or necrosis of pancreatic beta cells can be delayed
or prevented. Furthermore, the functionality of pancreatic cells can be
improved or restored, and the number and size of pancreatic beta cells
increased. It may be shown that the differentiation status and hyperplasia
of pancreatic beta-cells disturbed by hyperglycemia can be normalized by
treatment with a pharmaceutical composition according to this
invention.According to another aspect of the invention, there is provided a
method for preventing, slowing, delaying or treating the degeneration of
pancreatic beta cells and/or the decline of the functionality of pancreatic
beta cells and/or for improving and/or restoring the functionality of
pancreatic beta cells and/or restoring the functionality of pancreatic
insulin secretion in a patient in need thereof characterized in that an
SGLT2 inhibitor, a DPPIV inhibitor and optionally a third antidiabetic
agent as defined hereinbefore and hereinafter are administered, for example
in combination or alternation, to the patient. By the administration of a
combination or pharmaceutical composition according to the present
invention, an abnormal accumulation of ectopic fat, in particular of the
liver, may be reduced or inhibited. Therefore, according to another aspect
of the present invention, there is provided a method for preventing,
slowing, delaying or treating diseases or conditions attributed to an
abnormal accumulation of ectopic fat, in particular of the liver, in a
patient in need thereof characterized in that an SGLT2 inhibitor, a DPPIV
inhibitor and optionally a third antidiabetic agent as defined hereinbefore
and hereinafter are administered, for example in combination or
alternation, to the patient. Diseases or conditions which are attributed to
an abnormal accumulation of liver fat are particularly selected from the
group consisting of general fatty liver, non-alcoholic fatty liver (NAFL),
non-alcoholic steatohepatitis (NASH), hyperalimentation-induced fatty
liver, diabetic fatty liver, alcoholic-induced fatty liver or toxic fatty
liver. As a result thereof, another aspect of the invention provides a
method for maintaining and/or improving the insulin sensitivity and/or for
treating or preventing hyperinsulinemia and/or insulin resistance in a
patient in need thereof characterized in that an SGLT2 inhibitor, a 



DPPIV inhibitor and optionally a third antidiabetic agent as defined
hereinbefore and hereinafter are administered, for example in combination
or alternation, to the patient. According to another aspect of the
invention, there is provided a method for preventing, slowing progression
of, delaying, or treating new onset diabetes after transplantation (NODAT)
and/or post-transplant metabolic syndrome (PTMS) in a patient in need
thereof characterized in that an SGLT2 inhibitor, a DPPIV inhibitor and
optionally a third antidiabetic agent as defined hereinbefore and
hereinafter are administered, for example in combination or alternation, to
the patient.According to a further aspect of the invention, there is
provided a method for preventing, delaying, or reducing NODAT and/or PTMS
associated complications including micro- and macrovascular diseases and
events, graft rejection, infection, and death in a patient in need thereof
characterized in that an SGLT2 inhibitor, a DPPIV inhibitor and optionally
a third antidiabetic agent as defined hereinbefore and hereinafter are
administered, for example in combination or alternation, to the patient.
The pharmaceutical composition according to the invention is capable of
facilitating the lowering of serum total urate levels in the patient.
Therefore according to another aspect of the invention, there is provided a
method for treating hyperuricemia and hyperuricemiaassociated conditions,
such as for example gout, hypertension and renal failure, in a patient in
need thereof characterized in that an SGLT2 inhibitor, a DPPIV inhibitor
and optionally a third antidiabetic agent as defined hereinbefore and
hereinafter are administered, for example in combination or alternation, to
the patient. The patient may be a diabetic or nondiabetic patient. The
administration of a pharmaceutical composition increases the urine
excretion of glucose. This increase in osmotic excretion and water release
and the lowering of urate levels are beneficial as a treatment or
prevention for kidney stones. Therefore in a further aspect of the
invention, there is provided a method for treating or preventing kidney
stones in a patient in need thereof characterized in that an SGLT2
inhibitor, a DPPIV inhibitor and optionally a third antidiabetic agent as
defined hereinbefore and hereinafter are administered, for example in
combination or alternation, to the patient. According to a further aspect
of the invention, there is provided a method for treating hyponatremia,
water retention and water intoxication in a patient in need thereof
characterized in that an SGLT2 inhibitor, a DPPIV inhibitor and optionally
a third antidiabetic agent as defined hereinbefore and hereinafter are
administered, for example in combination or alternation, to the patient. By
the administration of the pharmaceutical composition according to this
invention it may be possible to reverse the effects of hyponatremia, water
retention and water intoxication by acting on the kidney to reverse water
retention and electrolyte imbalances associated with these diseases and
disorders. According to another aspect of the invention there is provided
the use of an SGLT2 inhibitor for the manufacture of a medicament for-
preventing, slowing the progression of, delaying or treating a metabolic
disorder selected from the group consisting of type 1 diabetes mellitus,
type 2 diabetes mellitus, impaired glucose tolerance (IGT), impaired
fasting blood glucose (IFG), hyperglycemia, postprandial hyperglycemia,
overweight, obesity, metabolic syndrome and gestational diabetes; or -
improving glycemic control and/or for reducing of fasting plasma glucose,
of postprandial plasma glucose and/or of glycosylated hemoglobin HbAIc; or
- preventing, slowing, delaying or reversing progression from impaired
glucose tolerance (IGT), impaired fasting blood glucose (IFG), insulin
resistance and/or from metabolic syndrome to type 2 diabetes mellitus; or -
preventing, slowing the progression of, delaying or treating of a condition
or disorder selected from the group consisting of complications of diabetes
mellitus such as cataracts and micro- and macrovascular diseases, such as
nephropathy, retinopathy, neuropathy, tissue ischaemia, arteriosclerosis,
myocardial infarction, stroke and peripheral arterial occlusive disease; or
- reducing body weight and/or body fat or preventing an increase in body
weight and/or body fat or facilitating a reduction in body weight and/or
body fat; or - preventing, slowing, delaying or treating the degeneration
of pancreatic beta cells and/or 



the decline of the functionality of pancreatic beta cells and/or for
improving and/or restoring the functionality of pancreatic beta cells
and/or restoring the functionality of pancreatic insulin secretion; or -
preventing, slowing, delaying or treating diseases or conditions attributed
to an abnormal accumulation of ectopic fat; or - maintaining and/or
improving the insulin sensitivity and/or for treating or preventing
hyperinsulinemia and/or insulin resistance; - preventing, slowing
progression of, delaying, or treating new onset diabetes after
transplantation (NODAT) and/or post-transplant metabolic syndrome (PTMS); -
preventing, delaying, or reducing NODAT and/or PTMS associated
complications including micro- and macrovascular diseases and events, graft
rejection, infection, and death; - treating hyperuricemia and hyperuricemia
associated conditions; - treating or prevention kidney stones; - treating
hyponatremia; in a patient in need thereof characterized in that the SGLT2
inhibitor is administered, for example in combination or alternation, with
a DPP IV inhibitor and optionally a third antidiabetic agent as defined
hereinbefore and hereinafter.According to another aspect of the invention,
there is provided the use of a DPP IV inhibitor as defined hereinbefore and
hereinafter for the manufacture of a medicament for - preventing, slowing
the progression of, delaying or treating a metabolic disorder selected from
the group consisting of type 1 diabetes mellitus, type 2 diabetes mellitus,
impaired glucose tolerance (IGT), impaired fasting blood glucose (IFG),
hyperglycemia, postprandial hyperglycemia, overweight, obesity and
metabolic syndrome; or - improving glycemic control and/or for reducing of
fasting plasma glucose, of postprandial plasma glucose and/or of
glycosylated hemoglobin HbAIc; or - preventing, slowing, delaying or
reversing progression from impaired glucose tolerance (IGT), impaired
fasting blood glucose (IFG), insulin resistance and/or from metabolic
syndrome to type 2 diabetes mellitus; or - preventing, slowing the
progression of, delaying or treating of a condition or disorder selected
from the group consisting of complications of diabetes mellitus such as
cataracts and micro- and macrovascular diseases, such as nephropathy,
retinopathy, neuropathy, tissue ischaemia, arteriosclerosis, myocardial
infarction, stroke and peripheral arterial occlusive disease; or - reducing
body weight and/or body fat or preventing an increase in body weight and/or
body fat or facilitating a reduction in body weight and/or body fat; or -
preventing, slowing, delaying or treating the degeneration of pancreatic
beta cells and/or the decline of the functionality of pancreatic beta cells
and/or for improving and/or restoring the functionality of pancreatic beta
cells and/or restoring the functionality of pancreatic insulin secretion;
or - preventing, slowing, delaying or treating diseases or conditions
attributed to an abnormal accumulation of liver fat; or - maintaining
and/or improving the insulin sensitivity and/or for treating or preventing
hyperinsulinemia and/or insulin resistance; in a patient in need thereof
characterized in that the DPP IV inhibitor is administered, for example in
combination or alternation, with an SGLT2 inhibitor and optionally a third
antidiabetic agent as defined hereinbefore and hereinafter. According to
another aspect of the invention, there is provided the use of a third
antidiabetic agent as defined hereinbefore and hereinafter for the
manufacture of a medicament for - preventing, slowing the progression of,
delaying or treating a metabolic disorder selected from the group
consisting of type 1 diabetes mellitus, type 2 diabetes mellitus,
impairedglucose tolerance (IGT), impaired fasting blood glucose (IFG),
hyperglycemia, postprandial hyperglycemia, overweight, obesity and
metabolic syndrome; or - improving glycemic control and/or for reducing of
fasting plasma glucose, of postprandial plasma glucose and/or of
glycosylated hemoglobin HbAIc; or - preventing, slowing, delaying or
reversing progression from impaired glucose tolerance (IGT), impaired
fasting blood glucose (IFG), insulin resistance and/or from metabolic 



syndrome to type 2 diabetes mellitus; or - preventing, slowing the
progression of, delaying or treating of a condition or disorder selected
from the group consisting of complications of diabetes mellitus such as
cataracts and micro- and macrovascular diseases, such as nephropathy,
retinopathy, neuropathy, tissue ischaemia, arteriosclerosis, myocardial
infarction, stroke and peripheral arterial occlusive disease; or - reducing
body weight and/or body fat or preventing an increase in body weight and/or
body fat or facilitating a reduction in body weight and/or body fat; or -
preventing, slowing, delaying or treating the degeneration of pancreatic
beta cells and/or the decline of the functionality of pancreatic beta cells
and/or for improving and/or restoring the functionality of pancreatic beta
cells and/or restoring the functionality of pancreatic insulin secretion;
or - preventing, slowing, delaying or treating diseases or conditions
attributed to an abnormal accumulation of liver fat; or - maintaining
and/or improving the insulin sensitivity and/or for treating or preventing
hyperinsulinemia and/or insulin resistance; in a patient in need thereof
characterized in that the third antidiabetic agent is administered, for
example in combination or alternation, with an SGLT2 inhibitor and a DPPIV
inhibitor as defined hereinbefore and hereinafter. According to another
aspect of the invention, there is provided the use of a pharmaceutical
composition according to the present invention for the manufacture of a
medicament for a therapeutic and preventive method as described
hereinbefore and hereinafter. Definitions The term "active ingredient" of a
pharmaceutical composition according to the present invention means the
SGLT2 inhibitor and/or the DPP IV inhibitor according to the present
invention.The term "body mass index" or "BMI" of a human patient is defined
as the weight in kilograms divided by the square of the height in meters,
such that BMI has units of kg/m2. The term "overweight" is defined as the
condition wherein the individual has a BMI greater than or 25 kg/m2 and
less than 30 kg/m2. The terms "overweight" and "pre-obese" are used
interchangeably. The term "obesity" is defined as the condition wherein the
individual has a BMI equal to or greater than 30 kg/m2. According to a WHO
definition the term obesity may be categorized as follows: the term "class
I obesity" is the condition wherein the BMI is equal to or greater than 30
kg/m2 but lower than 35 kg/m2; the term "class Il obesity" is the condition
wherein the BMI is equal to or greater than 35 kg/m2 but lower than 40
kg/m2; the term "class III obesity" is the condition wherein the BMI is
equal to or greater than 40 kg/m2. The term "visceral obesity" is defined
as the condition wherein a waist-to-hip ratio of greater than or equal to
1.0 in men and 0.8 in women is measured. It defines the risk for insulin
resistance and the development of pre-diabetes. The term "abdominal
obesity" is usually defined as the condition wherein the waist
circumference is > 40 inches or 102 cm in men, and is > 35 inches or 94 cm
in women. With regard to a Japanese ethnicity or Japanese patients
abdominal obesity may be defined as waist circumference  85 cm in men and
90 cm in women (see e.g. investigating committee for the diagnosis of
metabolic syndrome in Japan). The term "euglycemia" is defined as the
condition in which a subject has a fasting blood glucose concentration
within the normal range, greater than 70 mg/dL (3.89 mmol/L) and less than
100 mg/dL (5.6 mmol/L). The word "fasting" has the usual meaning as a
medical term. The term "hyperglycemia" is defined as the condition in which
a subject has a fasting blood glucose concentration above the normal range,
greater than 100 mg/dL (5.6 mmol/L). The word "fasting" has the usual
meaning as a medical term. The term "hypoglycemia" is defined as the
condition in which a subject has a blood glucose concentration below the
normal range, in particular below 70 mg/dL (3.89 mmol/L).The term
"postprandial hyperglycemia" is defined as the condition in which a subject
has a 2 hour postprandial blood glucose or serum glucose concentration
greater than 200 mg/dL 



( 1 1. 1 1 mmol/L). The term "impaired fasting blood glucose" or "IFG" is
defined as the condition in which a subject has a fasting blood glucose
concentration or fasting serum glucose concentration in a range from 100 to
125 mg/dl (i.e. from 5.6 to 6.9 mmol/l), in particular greater than 110
mg/dL and less than 126 mg/dl (7.00 mmol/L). A subject with "normal fasting
glucose" has a fasting glucose concentration smaller than 100 mg/dl, i.e.
smaller than 5.6 mmol/l. The term "impaired glucose tolerance" or "IGT" is
defined as the condition in which a subject has a 2 hour postprandial blood
glucose or serum glucose concentration greater than 140 mg/dl (7.78 mmol/L)
and less than 200 mg/dL ( 1 1. 1 1 mmol/L). The abnormal glucose tolerance,
i.e. the 2 hour postprandial blood glucose or serum glucose concentration
can be measured as the blood sugar level in mg of glucose per dL of plasma
2 hours after taking 75 g of glucose after a fast. A subject with "normal
glucose tolerance" has a 2 hour postprandial blood glucose or serum glucose
concentration smaller than 140 mg/dl (7.78 mmol/L). The term
"hyperinsulinemia" is defined as the condition in which a subject with
insulin resistance, with or without euglycemia, has fasting or postprandial
serum or plasma insulin concentration elevated above that of normal, lean
individuals without insulin resistance, having a waist-to-hip ratio < 1.0
(for men) or < 0.8 (for women). The terms "insulin-sensitizing", "insulin
resistance-improving" or "insulin resistance-lowering" are synonymous and
used interchangeably. The term "insulin resistance" is defined as a state
in which circulating insulin levels in excess of the normal response to a
glucose load are required to maintain the euglycemic state (Ford ES, et al.
JAMA. (2002) 287:356-9). A method of determining insulin resistance is the
euglycaemic-hyperinsulinaemic clamp test. The ratio of insulin to glucose
is determined within the scope of a combined insulin-glucose infusion
technique. There is found to be insulin resistance if the glucose
absorption is below the 25th percentile of the background population
investigated (WHO definition). Rather less laborious than the clamp test
are so called minimal models in which, during an intravenous glucose
tolerance test, the insulin and glucose concentrations in the blood are
measured at fixed time intervals and from these theinsulin resistance is
calculated. With this method, it is not possible to distinguish between
hepatic and peripheral insulin resistance. Furthermore, insulin resistance,
the response of a patient with insulin resistance to therapy, insulin
sensitivity and hyperinsulinemia may be quantified by assessing the
"homeostasis model assessment to insulin resistance (HOMA-IR)" score, a
reliable indicator of insulin resistance (Katsuki A, et al. Diabetes Care
2001 ; 24: 362-5). Further reference is made to methods for the
determination of the HOMA-index for insulin sensitivity (Matthews et ai,
Diabetologia 1985, 28: 412-19), of the ratio of intact proinsulin to
insulin (Forst et al., Diabetes 2003, 52(Suppl.1): A459) and to an
euglycemic clamp study. In addition, plasma adiponectin levels can be
monitored as a potential surrogate of insulin sensitivity. The estimate of
insulin resistance by the homeostasis assessment model (HOMA)-IR score is
calculated with the formula (Galvin P, et al. Diabet Med 1992;9:921-8):
HOMA-IR = [fasting serum insulin (mll/mL)] x [fasting plasma
glucose(mmol/L)/22.5] As a rule, other parameters are used in everyday
clinical practice to assess insulin resistance. Preferably, the patient's
triglyceride concentration is used, for example, as increased triglyceride
levels correlate significantly with the presence of insulin resistance.
Patients with a predisposition for the development of IGT or IFG or type 2
diabetes are those having euglycemia with hyperinsulinemia and are by
definition, insulin resistant. A typical patient with insulin resistance is
usually overweight or obese. If insulin resistance can be detected, this is
a particularly strong indication of the presence of pre-diabetes. Thus, it
may be that in order to maintain glucose homoeostasis a person needs 2-3
times as much insulin as a healthy person, without this resulting in any
clinical symptoms. The methods to investigate the function of pancreatic
beta-cells are similar to the above methods with regard to insulin
sensitivity, hyperinsulinemia or insulin resistance: An improvement of
beta-cell function can be measured for example by determining a HOMAindex
for beta-cell function (Matthews et al., Diabetologia 1985, 28: 412-19),
the ratio of intact proinsulin to insulin (Forst et al., Diabetes 2003,
52(Suppl. 1): A459), the insulin/Cpeptide secretion after an oral glucose
tolerance test or a meal tolerance test, or by 



employing a hyperglycemic clamp study and/or minimal modeling after a
frequently sampled intravenous glucose tolerance test (Stumvoll et al., Eur
J Clin Invest 2001, 31: 380-81).The term "pre-diabetes" is the condition
wherein an individual is pre-disposed to the development of type 2
diabetes. Pre-diabetes extends the definition of impaired glucose tolerance
to include individuals with a fasting blood glucose within the high normal
range  100 mg/dL (J. B. Meigs, et al. Diabetes 2003; 52:1475-1484) and
fasting hyperinsulinemia (elevated plasma insulin concentration). The
scientific and medical basis for identifying pre diabetes as a serious
health threat is laid out in a Position Statement entitled "The Prevention
or Delay of Type 2 Diabetes" issued jointly by the American Diabetes
Association and the National Institute of Diabetes and Digestive and Kidney
Diseases (Diabetes Care 2002; 25:742-749). Individuals likely to have
insulin resistance are those who have two or more of the following
attributes: 1) overweight or obese, 2) high blood pressure, 3)
hyperlipidemia, 4) one or more 1st degree relative with a diagnosis of IGT
or IFG or type 2 diabetes. Insulin resistance can be confirmed in these
individuals by calculating the HOMA-IR score. For the purpose of this
invention, insulin resistance is defined as the clinical condition in which
an individual has a HOMA-IR score > 4.0 or a HOMA-IR score above the upper
limit of normal as defined for the laboratory performing the glucose and
insulin assays. The term "type 2 diabetes" is defined as the condition in
which a subject has a fasting blood glucose or serum glucose concentration
greater than 125 mg/dL (6.94 mmol/L). The measurement of blood glucose
values is a standard procedure in routine medical analysis. If a glucose
tolerance test is carried out, the blood sugar level of a diabetic will be
in excess of 200 mg of glucose per dl_ ( 1 1. 1 mmol/l) of plasma 2 hours
after 75 g of glucose have been taken on an empty stomach. In a glucose
tolerance test 75 g of glucose are administered orally to the patient being
tested after 10-12 hours of fasting and the blood sugar level is recorded
immediately before taking the glucose and 1 and 2 hours after taking it. In
a healthy subject, the blood sugar level before taking the glucose will be
between 60 and 110 mg per dl_ of plasma, less than 200 mg per dl_ 1 hour
after taking the glucose and less than 140 mg per dl_ after 2 hours. If
after 2 hours the value is between 140 and 200 mg, this is regarded as
abnormal glucose tolerance. The term "late stage type 2 diabetes mellitus"
includes patients with a secondary drug failure, indication for insulin
therapy and progression to micro- and macrovascular complications e.g.
diabetic nephropathy, or coronary heart disease (CHD).The term "HbAIc"
refers to the product of a non-enzymatic glycation of the haemoglobin B
chain. Its determination is well known to one skilled in the art. In
monitoring the treatment of diabetes mellitus the HbAIc value is of
exceptional importance. As its production depends essentially on the blood
sugar level and the life of the erythrocytes, the HbAIc in the sense of a
"blood sugar memory" reflects the average blood sugar levels of the
preceding 4-6 weeks. Diabetic patients whose HbAIc value is consistently
well adjusted by intensive diabetes treatment (i.e. < 6.5 % of the total
haemoglobin in the sample), are significantly better protected against
diabetic microangiopathy. For example, metformin on its own achieves an
average improvement in the HbA1 c value in the diabetic of the order of 1.0
- 1.5 %. This reduction of the HbA1 C value is not sufficient in all
diabetics to achieve the desired target range of < 6.5 % and preferably < 6
% HbAIc. The term "insufficient glycemic control" or "inadequate glycemic
control" in the scope of the present invention means a condition wherein
patients show HbAIc values above 6.5 %, in particular above 7.0 %, even
more preferably above 7.5 %, especially above 8 %. The "metabolic
syndrome", also called "syndrome X" (when used in the context of a
metabolic disorder), also called the "dysmetabolic syndrome" is a syndrome
complex with the cardinal feature being insulin resistance (Laaksonen DE,
et al. Am J Epidemiol 2002;156:1070-7). According to the ATP III/NCEP
guidelines (Executive Summary of the Third Report of the National
Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation,
and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel
III) JAMA: Journal of the American Medical Association (2001 )
285:2486-2497), diagnosis of the metabolic syndrome is made when three or
more of the following risk factors are present: 1. Abdominal obesity,
defined as waist circumference > 40 inches or 102 cm in 



men, and > 35 inches or 94 cm in women; or with regard to a Japanese
ethnicity or Japanese patients defined as waist circumference  85 cm in men
and  90 cm in women; 2. Triglycerides:  150 mg/dL 3. HDL-cholesterol < 40
mg/dL in men 4. Blood pressure  130/85 mm Hg (SBP  130 or DBP  85) 5.
Fasting blood glucose  100 mg/dL The NCEP definitions have been validated
(Laaksonen DE, et al. Am J Epidemiol. (2002) 156:1070-7). Triglycerides and
HDL cholesterol in the blood can also be determined bystandard methods in
medical analysis and are described for example in Thomas L (Editor): "Labor
und Diagnose", TH-Books Verlagsgesellschaft mbH, Frankfurt/Main, 2000.
According to a commonly used definition, hypertension is diagnosed if the
systolic blood pressure (SBP) exceeds a value of 140 mm Hg and diastolic
blood pressure (DBP) exceeds a value of 90 mm Hg. If a patient is suffering
from manifest diabetes it is currently recommended that the systolic blood
pressure be reduced to a level below 130 mm Hg and the diastolic blood
pressure be lowered to below 80 mm Hg. The definitions of NODAT (new onset
diabetes after transplantation) and PTMS (posttransplant metabolic
syndrome) follow closely that of the American Diabetes Association
diagnostic criteria for type 2 diabetes, and that of the International
Diabetes Federation (IDF) and the American Heart Association/National
Heart, Lung, and Blood Institute, for the metabolic syndrome. NODAT and/or
PTMS are associated with an increased risk of microand macrovascular
disease and events, graft rejection, infection, and death. A number of
predictors have been identified as potential risk factors related to NODAT
and/or PTMS including a higher age at transplant, male gender, the
pre-transplant body mass index, pretransplant diabetes, and
immunosuppression. The term "gestational diabetes" (diabetes of pregnancy)
denotes a form of the diabetes which develops during pregnancy and usually
ceases again immediately after the birth. Gestational diabetes is diagnosed
by a screening test which is carried out between the 24th and 28th weeks of
pregnancy. It is usually a simple test in which the blood sugar level is
measured one hour after the administration of 50 g of glucose solution. If
this 1 h level is above 140 mg/dl, gestational diabetes is suspected. Final
confirmation may be obtained by a standard glucose tolerance test, for
example with 75 g of glucose. The term "hyperuricemia" denotes a condition
of high serum total urate levels. In human blood, uric acid concentrations
between 3.6 mg/dL (ca. 214 mmol/L) and 8.3 mg/dL (ca. 494 mmol/L) are
considered normal by the American Medical Association. High serum total
urate levels, or hyperuricemia, are often associated with several maladies.
For example, high serum total urate levels can lead to a type of arthritis
in the joints kown as gout. Gout is a condition created by a build up of
monosodium urate or uric acid crystals on the articular cartilage of
joints, tendons and surrounding tissues due to elevated concentrations of
total urate levels in the blood stream. The build up of urate or uric acid
on these tissues provokes an inflammatory reaction of these tissues.
Saturation levels of uric acid in urine may result inkidney stone formation
when the uric acid or urate crystallizes in the kidney. Additionally, high
serum total urate levels are often associated with the so-called metabolic
syndrome, including cardiovascular disease and hypertension. The term
"hyponatremia" denotes a condition of a positive balance of water with or
without a deficit of sodium, which is recognized when the plasma sodium
falls below the level of 135 mml/L. Hyponatremia is a condition which can
occur in isolation in individuals that overconsume water; however, more
often hyponatremia is a complication of medication or other underlying
medical condition that leas to a diminished excretion of water.
Hyponatremia may lead to water intoxication, which occurs when the normal
tonicity of extracellular fluid falls below the safe limit, due to
retention of excess water. Water intoxication is a potentially fatal
disturbance in brain function. Typical symptoms of water intoxication
include nausea, vomiting, headache and malaise. The term "SGLT2 inhibitor"
in the scope of the present invention relates to a compound, in particular
to a glucopyranosyl-derivative, i.e. compound having a
glucopyranosyl-moiety, which shows an inhibitory effect on the
sodium-glucose transporter 2 (SGLT2), in particular the human SGLT2. The
inhibitory effect on hSGLT2 measured as IC50 is prerably below 



1000 nM, even more preferably below 100 nM, most preferably below 50 nM.
IC50 values of SGLT2 inhibitors are usually above 0.01 nM, or even equal to
or above 0.1 nM. The inhibitory effect on hSGLT2 can be determined by
methods known in the literature, in particular as described in the
application WO 2005/092877 or WO 2007/09361 0 (pages 23/24), which are
incorporated herein by reference in its entirety. The term "SGLT2
inhibitor" also comprises any pharmaceutically acceptable salts thereof,
hydrates and solvates thereof, including the respective crystalline forms.
The term "DPPIV inhibitor" in the scope of the present invention relates to
a compound that exhibits inhibitory activity on the enzyme dipeptidyl
peptidase IV. Such inhibitory activity can be characterised by the IC50
value. A DPPIV inhibitor preferably exhibits an IC50 value below 10000 nM,
preferably below 1000 nM. Certain DPPIV inhibitors exhibit an IC50 value
below 100 nM, or even < 50 nM. IC50 values of DPPIV inhibitors are usually
above 0.01 nM, or even above 0.1 nM. DPPIV inhibitors may include biologic
and non-biologic, in particular non-peptidic compounds. The inhibitory
effect on DPPIV can be determined by methods known in the literature, in
particular as described in the application WO 02/068420 or WO 2004/018468
(page 34), which are incorporated herein by reference in its entirety. The
term"DPPIV inhibitor" also comprises any pharmaceutically acceptable salts
thereof, hydrates and solvates thereof, including the respective
crystalline forms. The terms "treatment" and "treating" comprise
therapeutic treatment of patients having already developed said condition,
in particular in manifest form. Therapeutic treatment may be symptomatic
treatment in order to relieve the symptoms of the specific indication or
causal treatment in order to reverse or partially reverse the conditions of
the indication or to stop or slow down progression of the disease. Thus the
compositions and methods of the present invention may be used for instance
as therapeutic treatment over a period of time as well as for chronic
therapy. The terms "prophylactically treating", "preventivally treating"
and "preventing" are used interchangeably and comprise a treatment of
patients at risk to develop a condition mentioned hereinbefore, thus
reducing said risk. Brief Description of the Figures The Figure 1 shows the
glucose excursion as glucose AUC in Zucker rats to which an SGLT2 inhibitor
(A), a DPPIV inhibitor (B), metformin (Met) and combinations thereof
(A+Met, B+Met, A+B, A+B+Met) were administered. Detailed Description The
aspects according to the present invention, in particular the
pharmaceutical compositions, methods and uses, refer to SGLT2 inhibitors,
DPPIV inhibitors and third antidiabetic agents as defined hereinbefore and
hereinafter. In the methods and uses according to this invention a third
antidiabetic agent is optionally administered, i.e. the SGLT2 inhibitor and
the DPPIV inhibitor are administered in combination with a third
antidiabetic agent or without a third antidiabetic agent. Preferably in the
methods and uses according to this invention the SGLT2 inhibitor and the
DPPIV inhibitor are administered in combination with a third antidiabetic
agent. Preferably the SGLT2 inhibitor is selected from the group G 1
consisting of dapagliflozin, canagliflozin, atigliflozin, remogliflozin,
sergliflozin and glucopyranosyl-substituted benzene derivatives of the
formula (I)wherein R1 denotes Cl, methyl or cyano; R2 denotes H, methyl,
methoxy or hydroxy and R3 denotes ethyl, cyclopropyl, ethynyl, ethoxy,
(T^-tetrahydrofuran-3-yloxy or (S)- tetrahydrofuran-3-yloxy; or a prodrug
of one of the beforementioned SGLT2 inhibitors. Compounds of the formula
(I) and methods of their synthesis are described for example in the
following patent applications: WO 2005/092877, WO 2006/1 17360, WO 2006/1
17359, WO 2006/120208, WO 2006/064033, WO 2007/031548, WO 2007/093610, WO
2008/02001 1,WO 2008/055870. In the above glucopyranosyl-substituted
benzene derivatives of the formula (I) the following definitions of the
substituents are preferred. Preferably R1 denotes chloro or cyano; in
particular chloro. Preferably R2 denotes H. Preferably R3 denotes ethyl,
cyclopropyl, ethynyl, (T^-tetrahydrofuran-3-yloxy or (S)-
tetrahydrofuran-3-yloxy. Even more preferably R3 denotes cyclopropyl,
ethynyl, (R)- 



tetrahydrofuran-3-yloxy or (SJ-tetrahydrofuran-3-yloxy. Most preferably R3
denotes ethynyl, (T^-tetrahydrofuran-3-yloxy or
(SJ-tetrahydrofuran-3-yloxy. Preferred glucopyranosyl-substituted benzene
derivatives of the formula (I) are selected from the group of compounds
(1.1 ) to (1.1 1) :3, 3' -SPIROINDOLINONE DERIVATIVES AS ANTICANCER AGENTS
The present invention relates to analogues of spiroindolinones having the
formula I or a pharmaceutically acceptable salt or esterthereof wherein X,
Y, R1, R2 are as herein described. The compounds have utility as
antiproliferative agents, especially, as anticancer agents. Background of
the Invention p53 is a tumor suppresser protein that plays a central role
in protection against development of cancer. It guards cellular integrity
and prevents the propagation of permanently damaged clones of cells by the
induction of growth arrest or apoptosis. At the molecular level, p53 is a
transcription factor that can activate a panel of genes implicated in the
regulation of cell cycle and apoptosis. p53 is a potent cell cycle
inhibitor which is tightly regulated by MDM2 at the cellular level. MDM2
and p53 form a feedback control loop. MDM2 can bind p53 and inhibit its
ability to transactivate p53-regulated genes. In addition, MDM2 mediates
the ubiquitindependent degradation of p53. p53 can activate the expression
of the MDM2 gene, thus raising the cellular level of MDM2 protein. This
feedback control loop insures that both MDM2 and p53 are kept at a low
level in normal proliferating cells. MDM2 is also a cofactor for E2F, which
plays a central role in cell cycle regulation. The ratio of MDM2 to p53
(E2F) is dysregulated in many cancers. Frequently occurring molecular
defects in the pl6INK4/pl9ARF locus, for instance, have been shown to
affect MDM2 protein degradation. Inhibition of MDM2-p53 interaction in
tumor cells with wild-type p53 should lead to accumulation of p53, cell
cycle arrest and/or apoptosis. MDM2 antagonists, therefore, can offer a
novel approach to cancer therapy as single agents or in combination with
abroad spectrum of other antitumor therapies. The feasibility of this
strategy has been shown by the use of different macromolecular tools for
inhibition of MDM2-p53 interaction (e.g. antibodies, antisense
oligonucleotides, peptides). MDM2 also binds E2F through a conserved
binding region as p53 and activates E2F-dependent transcription of cyclin
A, suggesting that MDM2 antagonists might have effects in p53 mutant cells.
A series of spiroindolinone as antagonists of MDM2 has previously been
disclosed in J . Am Chem. Soc, 2005, 127, 10130 and also in
US-2007-0213341-Al published September 13, 2007. The present invention
provides spiroindolinone derivatives which are small molecule inhibitors of
the MDM2-p53 interaction. In cell-free and cell-based assays, compounds of
the present invention are shown to inhibit the interaction of MDM2 protein
with a p53-like peptide. In cell-based assays, these compounds demonstrate
mechanistic activity. Incubation of cancer cells with wild-type p53 leads
to accumulation of p53 protein, induction of p53-regulated p21 gene, and
cell cycle arrest in Gl and G2 phase, resulting in potent antiproliferative
activity against wild-type p53 cells in vitro. In contrast, these
activities were not observed in cancer cells with mutant p53 at comparable
compound concentrations. Therefore, the activity of MDM2 antagonists is
likely linked to its mechanism of action. These compounds can be potent and
selective anticancer agents. Detailed Description of the Invention The
present invention relates to spiroindolinones of the formula whereinX is
selected from the group consisting of hydrogen, halogen, cyano, nitro,
ethynyl, cyclopropyl, methyl, ethyl, isopropyl, methoxy and vinyl, Y is
hydrogen, hydroxyl, or fluorine, R1 is selected from the group consisting
of lower alkenyl, substituted lower alkenyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, cycloalkenyl and substituted
cycloalkenyl and R2 is selected from the group consisting of aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocycle,
substituted heterocycle, cycloalkenyl and substituted cycloalkenyl or a
pharmaceutically acceptable salt or ester thereof. Preferred are compounds
of formula I having a stereochemical structure as shown as formula II
wherein 



X is selected from the group consisting of hydrogen, halogen, cyano, nitro,
ethynyl, cyclopropyl, methyl, ethyl, isopropyl, methoxy, and vinyl, Y is
hydrogen, hydroxyl, or fluorine, R1 is selected from the group consisting
of lower alkenyl, substituted lower alkenyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, cycloalkenyl and substituted
cycloalkenyl and R2 is selected from the group consisting of aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocycle,
substituted heterocycle, cycloalkenyl and substituted cycloalkenyl or a
pharmaceutically acceptable salt or ester thereof. Further preferred are
compounds of formula II wherein X is Cl, F or Br Y is hydrogen, R2 is a
substituted phenyl or substituted heteroaryl with the substituted phenyl or
substituted heteroaryl selected from group consisting of:-Aand R is
selected from the group consisting of lower alkenyl, substituted lower
alkenyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
cycloalkenyl and substituted cycloalkenyl or a pharmaceutically acceptable
salt or ester thereof. Most preferred compounds are those of the formula:
racemic
(2'R,3R)-6-chloro-4'-(3-chloro-phenyl)-2'-(5-fluoro-2-methyl-phenyl)-r,3'-
dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione; chiral
(2'R,3R)-6-chloro-4'-(3-chloro-phenyl)-2'-(5-fiuoro-2-methyl-phenyl)-l
',3'- dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione; racemic
(2'R,3R)-6-chloro-4'-(3-chloro-phenyl)-2'-(5-fluoro-2-methyl-phenyl)-5-hydr
oxyl', 3'-dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione;
racemic (2'R,
3R)-6-chloro-4'-(3-chloro-phenyl)-2'-[5-chloro-2-(tetrahydro-pyran-4-
yloxy)-phenyl]-r,3'-dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)-dione;
racemic (2'R,
3R)-6-chloro-2'-[5-chloro-2-(tetrahydro-pyran-4-yloxy)-phenyl]-4'-(3-
fluoro-phenyl)-r,3'-dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)-dione;
racemic (2'R,
3R)-6-chloro-2'-[5-chloro-2-(2-hydroxy-ethoxy)-phenyl]-4'-(5-fluoro-2-
methyl-phenyl)-r,3'-dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)-dione;
racemic (2'R, 3R)-6-chloro-4'-(3-chloro-phenyl)-2'-isopropenyl-l
',3'-dihydrospiro[3Hindole- 3,3'-pyridine]-2,6'(lH)-dione; racemic
(2'R,3R)-6-chloro-4'-(3-chloro-phenyl)-5-fluoro-2'-(5-fluoro-2-methyl-pheny
l)- l',3'-dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione;
racemic
(2'R,3R)-6-chloro-2'-(5-fluoro-2-methyl-phenyl)-4'-(furan-3-yl)-r,3'-
dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione; racemic
(2'R,3R)-6-chloro-2'-(5-fluoro-2-methyl-phenyl)-4'-(thiophen-3-yl)-l',3 '-
dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione;racemic
(2'R,3R)-6-chloro-2'-(5-fluoro-2-methyl-phenyl)-4'-(pyridin-3-yl)-l',3'-
dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione; racemic (2'R,
3R)-6-chloro-4'-(3-chloro-phenyl)-2'-[5-iodo-2-(tetrahydro-pyran-4-yloxy)-
phenyl]-r,3'-dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)-dione; racemic
(2'R,
3R)-6-chloro-4'-(3-chloro-phenyl)-2'-[5-ethynyl-2-(tetrahydro-pyran-4-
yloxy)-phenyl]-r,3'-dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)-dione;
racemic (2'S,
3R)-6-chloro-4'-(3-chloro-phenyl)-2'-[5-ethynyl-2-(tetrahydro-pyran-4-
yloxy)-phenyl]-r,3'-dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)-dione;
racemic
(2'R,3R)-6-chloro-4'-(5-chloro-furan-2-ylmethylene)-2'-(5-fluoro-2-methylph
enyl)- l',3'-dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione;
racemic
(2'R,3R)-6-chloro-4'-(cyclopent-l-enyl)-2'-(5-fluoro-2-methyl-phenyl)-r,3'-
dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione and racemic (2'S,
3S)-6-chloro-2'-[5-chloro-2-(2-hydroxycarbonyl-l-methyl-ethoxy)-phenyl]-
4'-(5-fluoro-2-methyl-phenyl)-l
',3'-dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)-dione. In the
specification where indicated the various groups may be substituted by 1-5
or, preferably, 1-3 substituents independently selected from the group
consisting of lower alkyl, lower-alkenyl, lower-alkynyl,
dioxo-lower-alkylene (forming e.g. a benzodioxyl group), halogen, hydroxy,
CN, CF3, NH , N(H, lower-alkyl), N(lower-alkyl)2, aminocarbonyl, carboxy,
NO , lower-alkoxy, thio-lower-alkoxy, lower-alkylsufonyl, aminosulfonyl,
lower-alkylcarbonyl, 



lower-alkylcarbonyloxy, lower-alkoxycarbonyl, lower-alkyl-carbonyl-NH,
fluoro-lower-alkyl, fluoro-lower-alkoxy,
lower-alkoxy-carbonyl-lower-alkoxy, carboxy-lower-alkoxy, carbamoyllower-
alkoxy, hydroxy-lower-alkoxy, NH2-lower-alkoxy, N(H,
lower-alkyl)-lower-alkoxy, N(lower-alkyl) 2-lower-alkoxy,
benzyloxy-lower-alkoxy, mono- or di-lower alkyl substituted amino-sulfonyl
and lower-alkyl which can optionally be substituted with halogen, hydroxy,
NH2, N(H, lower-alkyl) or N(lower-alkyl) 2.. Preferred substituents for the
aryl, heteroaryl and heterocycle rings are halogen, lower alkoxy, lower
alkyl and amino. If alkyl, alkenyl, alkynyl or similar groups are linked
with both ends to the same moiety, cyclic structures may result, where two
hydrogens of said moiety are being replaced by the two ends of the alkyl,
alkenyl, alkynyl or similar group, thus creating cyclic structures, such
as, tetralin, macrocycles or spiro compounds.The term "alkyl" refers to
straight- or branched-chain saturated hydrocarbon groups having from 1 to
about 20 carbon atoms.In certain embodiments, alkyl substituents may be
lower alkyl substituents. The term "lower alkyl" refers to alkyl groups
having from 1 to 8 carbon atoms, and in certain embodiments from 1 to 4
carbon atoms. Examples of alkyl groups include, but are not limited to,
methyl, ethyl, n-propyl, i-propyl, n-butyl, s-butyl, t-butyl, n-pentyl, and
s-pentyl. As used herein, "cycloalkyl" is intended to refer to any stable
monocyclic or polycyclic system which consists of carbon atoms only, any
ring of which being saturated, and the term "cycloalkenyl" is intended to
refer to any stable monocyclic or polycyclic system which consists of
carbon atoms only, with at least one ring thereof being partially
unsaturated. Examples of cycloalkyls include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, adamantyl,
cyclooctyl, bicycloalkyls, including bicyclooctanes such as
[2.2.2]bicyclooctane or [3.3.0]bicyclooctane, bicyclononanes such as
[4.3.0]bicyclononane, and bicyclodecanes such as [4.4.0]bicyclodecane
(decalin), or spiro compounds. Examples of cycloalkenyls include, but are
not limited to, cyclopentenyl or cyclohexenyl. The term "alkenyl" as used
herein means an unsaturated straight-chain or branched aliphatic
hydrocarbon group containing one double bond and having 2 to 8, preferably
2 to 6 carbon atoms. Examples of such "alkenyl group" are vinyl (ethenyl),
allyl, isopropenyl, 1- propenyl, 2-methyl-l-propenyl, 1-butenyl, 2-butenyl,
3-butenyl, 2-ethyl-l-butenyl, 3-methyl-2- butenyl, 1-pentenyl, 2-pentenyl,
3-pentenyl, 4-pentenyl, 4-methyl-3-pentenyl, 1-hexenyl, 2- hexenyl,
3-hexenyl, 4-hexenyl and 5-hexenyl. The term "alkynyl" as used herein means
an unsaturated straight-chain or branched aliphatic hydrocarbon group
containing one triple bond and having 2 to 6, preferably 2 to 4 carbon
atoms. Examples of such "alkynyl group" are ethynyl, 1-propynyl,
2-propynyl, 1-butynyl, 2-butynyl, 3-butynyl, 1-pentynyl, 2-pentynyl,
3-pentynyl, 4-pentynyl, 1-hexynyl, 2-hexynyl, 3- hexynyl, 4-hexynyl and
5-hexynyl. The term "halogen" as used in the definitions means fluorine,
chlorine, iodine or bromine, preferably fluorine and chlorine."Aryl" means
a monovalent, monocyclic or bicyclic, aromatic carbocyclic hydrocarbon
radical, preferably a 6-10 member aromatic ring system. Preferred aryl
groups include, but are not limited to, phenyl, naphthyl, tolyl, and xylyl.
"Heteroaryl" means an aromatic heterocyclic ring system containing up to
two rings. Preferred heteroaryl groups include, but are not limited to,
thienyl, furyl, indolyl, pyrrolyl, pyridinyl, pyrazinyl, oxazolyl,
thiaxolyl, quinolinyl, pyrimidinyl, imidazole and tetrazolyl. In the case
of aryl or heteroaryl which are bicyclic it should be understood that one
ring may be aryl while the other is heteroaryl and both being substituted
or unsubstituted. "Heterocycle" means a substituted or unsubstituted 5 to 8
membered, mono- or bicyclic, aromatic or non-aromatic hydrocarbon, wherein
1 to 3 carbon atoms are replaced by a hetero atom selected from
nitrogen,oxygen or sulfur atom. Examples include pyrrolidin-2-yl;
pyrrolidin-3-yl; piperidinyl; morpholin-4-yl and the like. "Hetero atom"
means an atom selected from N, O and S. "Alkoxy, alkoxyl or lower alkoxy"
refers to any of the above lower alkyl groups attached to an oxygen atom.
Typical lower alkoxy groups include methoxy, ethoxy, isopropoxy or propoxy,
butyloxy and the like. Further included within the meaning of alkoxy are
multiple alkoxy side chains, e.g. ethoxy ethoxy, methoxy ethoxy, methoxy
ethoxy ethoxy and the like and substituted alkoxy side chains,e.g.,
dimethylamino ethoxy, diethylamino ethoxy, dimethoxyphosphoryl methoxy and
the like. 



"Pharmaceutically acceptable," such as pharmaceutically acceptable carrier,
excipient, etc., means pharmacologically acceptable and substantially
non-toxic to the subject to which the particular compound is administered.
"Pharmaceutically acceptable salt" refers to conventional acid-addition
salts or baseaddition salts that retain the biological effectiveness and
properties of the compounds of the present invention and are formed from
suitable non-toxic organic or inorganic acids or organic or inorganic
bases. Sample acid-addition salts include those derived from inorganic
acids such ashydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric
acid, sulfamic acid, phosphoric acid and nitric acid, and those derived
from organic acids such as p-toluenesulfonic acid, salicylic acid,
methanesulfonic acid, oxalic acid, succinic acid, citric acid, malic acid,
lactic acid, fumaric acid, trifluoro acetic acid and the like. Sample
base-addition salts include those derived from ammonium, potassium, sodium
and, quaternary ammonium hydroxides, such as for example,
tetramethylammonium hydroxide. Chemical modification of a pharmaceutical
compound (i.e. drug) into a salt is a technique well known to
pharmaceutical chemists to obtain improved physical and chemical stability,
hygroscopicity, flowability and solubility of compounds. See, e.g., Ansel
et ah, Pharmaceutical Dosage Forms and Drug Delivery Systems (6th Ed. 1995)
at pp. 196 and 1456-1457. The compounds of formula I as well as their salts
have at least one asymmetric carbon atom and therefore may be present as
racemic mixtures or different stereoisomers. The various isomers can be
isolated by known separation methods, e.g., chromatography. The invention
includes all stereoisomers. The compounds of the present invention are
useful in the treatment or control of cell proliferative disorders, in
particular oncological disorders. These compounds and formulations
containing said compounds may be useful in the treatment or control of
solid tumors, such as, for example, breast, colon, lung and prostate
tumors. A therapeutically effective amount of a compound in accordance with
this invention means an amount of compound that is effective to prevent,
alleviate or ameliorate symptoms of disease or prolong the survival of the
subject being treated. Determination of a therapeutically effective amount
is within the skill in the art. The therapeutically effective amount or
dosage of a compound according to this invention can vary within wide
limits and may be determined in a manner known in the art. Such dosage will
be adjusted to the individual requirements in each particular case
including the specific compound(s) being administered, the route of
administration, the condition being treated, as well as the patient being
treated. In general, in the case of oral or parenteral administration to
adult humans weighing approximately 70 Kg, a daily dosage of about 10 mg to
about 10,000 mg, preferably from about 200 mg to about 1,000 mg, should be
appropriate, although the upper limitmay be exceeded when indicated. The
daily dosage can be administered as a single dose or in divided doses, or
for parenteral administration, it may be given as continuous infusion.
Formulations of the present invention include those suitable for oral,
nasal, topical (including buccal and sublingual), rectal, vaginal and/or
parenteral administration. The formulations may conveniently be presented
in unit dosage form and may be prepared by any methods well known in the
art of pharmacy. The amount of active ingredient which can be combined with
a carrier material to produce a single dosage form will vary depending upon
the host being treated, as well as the particular mode of administration.
The amount of active ingredient which can be combined with a carrier
material to produce a single dosage form will generally be that amount of a
formula I or II or III compound which produces a therapeutic effect.
Generally, out of one hundred percent, this amount will range from about 1
percent to about ninety-nine percent of active ingredient, preferably from
about 5 percent to about 70 percent, most preferably from about 10 percent
to about 30 percent. Methods of preparing these formulations or
compositions include the step of bringing into association a compound of
the present invention with the carrier and, optionally, one or more
accessory ingredients. In general, the formulations are prepared by
uniformly and intimately bringing into association a compound of the
present invention with liquid carriers, or finely divided solid carriers,
or both, and then, if necessary, shaping the product. Formulations of the
invention suitable for oral administration may be in the form of capsules,
cachets, sachets, pills, tablets, lozenges (using a flavored basis, usually
sucrose and acacia or tragacanth), powders, granules, or as a solution or a
suspension in an aqueous or nonaqueous 



liquid, or as an oil-in-water or water-in-oil liquid emulsion, or as an
elixir or syrup, or as pastilles (using an inert base, such as gelatin and
glycerin, or sucrose and acacia) and/or as mouth washes and the like, each
containing a predetermined amount of a compound of the present invention as
an active ingredient. A compound of the present invention may also be
administered as a bolus, electuary or paste. "Effective amount" means an
amount that is effective to prevent, alleviate or ameliorate symptoms of
disease or prolong the survival of the subject being treated."IC50" refers
to the concentration of a particular compound required to inhibit 50% of a
specific measured activity. IC50 can be measured, inter alia, as is
described subsequently. "Pharmaceutically acceptable ester" refers to a
conventionally esterif ed compound of formula I having a carboxyl group or
hydroxy group, which esters retain the biological effectiveness and
properties of the compound of formula I and are cleaved in vivo (in the
organism) to the corresponding active carboxylic acid or alcohol
respectively. Synthesis Compounds of this invention in formula I or II can
be synthesized according to the following general schemes. It will be
readily apparent to those of ordinary skill in the art that compounds in
formula I-III can be prepared by substitution of the reagents or agents in
the general synthesis routes. The starting materials are either
commercially available or can be synthesized by well-established literature
methods known to those of ordinary skill in the art. Using purification by
chiral chromatography, compounds in formula II can be obtained as an
optically pure or enriched enantiomers. Scheme 1 I In general an
appropriately selected aldehyde I can be reacted with lithium
hexamethyldisilamide, chlorotrialkylsilane and a chloroacyl chloride in a
one-pot, multi-steps manner to generate 2-aza-l,3-butadiene II (Scheme I)
and were used as a crude product. Ghosez, L. and others have reported the
preparation of 2-aza-l,3-butadienes and their use in aza Diels- Alder
reaction to form heterocycle (Ref: Tetrahedron 1995, 11021; J. Am. Chem.
Soc. 1999, 2617; and literatures cited there). The appropriately selected
aldehyde I are either commercially available or can be synthesized by
well-established multiple literature methods.Scheme 2 V M vir Vl Vl racemic
mixture racemic mixture 6-substituted or 5,6-disubstituted oxindole III
starting materials are either commercially available or prepared according
to literature methods, for examples, from the corresponding 4- substituted
2-nitro-fluoro or chlorobenzene according to Kraynack, E. A.; Dalgard, J .
E.; Gaeta, F. C. A. TetrahedronLetters, 1998, 39, 7679 - 7682, or EP153818
for S-fiuro- -chlorooxindole. Oxindole III can be reacted with an
appropriately substituted aldehyde in the presence of base under heated
condition in either a protic solvent to give intermediate IV. The commonly
used base is either pyrrolidine or piperidine. Intermediate IV can be
converted to intermediate V via a protection reaction using di-tert-butyl
dicarbonate and 4-dimethylpyridine or 4- dimethylpyridine and triethylamine
combines as the base(s). Intermediate V can then be reacted with
2-aza-l,3-butadiene II in toluene or xylene under heating from 110 0C to
160 0C and anhydrous condition followed by treatment with trifluoro acetic
acid in dichloromethane at room temperature to afford a racemic mixture of
siproindolinone VI and VI'. Finally a racemic mixture of VI and VF can be
reacted with l,8-diazabicylo[5.4.0]undec-7-ene (DBU) in toluene under
heated conditions ( 110 0C) to afford racemic mixture of VII and VII'
(Scheme 2). Compounds VII and VII' can be readily resolved into two chiral
enantiomers by chiral SuperFluid Chromatography (SFC) or chiral HPLC or
chiral column chromatography separation to give the two chiral enantiomers
. A further embodiment of the present invention relates to a process for
the synthesis of a compound of formula (I) according to general schemes 1
to 2. The following examples and references are provided to aid the
understanding of the present invention, the true scope of which is set
forth in the appended claims.Example 1 Preparation of intermediate
E/Z-6-chloro-3-(3-chloro-benzylidene)- 1,3-dihydro-indol-2-one To the
mixture of 6-chlorooxindole (16.2 g, 92 mmol) (Crescent) and
3-chloro-benzaldehyde (12.9 g, 92 mmol) (Aldrich) in methanol (109 mL) was
added pyrrolidine (6.55 g, 92 mmol) (Aldrich) dropwise. The mixture was
then heated at 70 0C for 3 h. After cooled to 4 0C, the 



mixture was filtered and resulting precipitate was collected, dried to give
a mixture of E/Z-6- chloro-3-(3-chloro-benzylidene)-l,3-dihydro-indol-2-one
as a bright yellow solid (Yield 25.2 g, 95 %). Example 2 Preparation of
intermediate
E/Z-6-chloro-3-(3-chloro-benzylidene)-2-oxo-2,3-dihydro-indole- 1-
carboxylic acid tert-butyi ester M.W. 390.27 C20Hi7Cl2NO3 To a solution of
E/Z-6-chloro-3-(3-chloro-benzylidene)-l,3-dihydro-indol-2-one prepared in
example 4a ( 1 g, 3.4 mmol) in dichloromethane (50 mL) at room temperature
was added Dite/ t-butyl-dicarbonate (1.5 g, 6.9 mmol) (Aldrich), followed
by the addition of 4- dimethylaminopyridine ( 1 g, 8.2 mmol). The reaction
mixture was stirred at room temperature for 1 h. The mixture was then
concentrated and the residue was purified by chromatography togive
E/Z-6-chloro-3-(3-chloro-benzylidene)-2-oxo-2,3-dihydro-indole-l-carboxylic
acid tertbutyl ester as an orange solid (Yield 1.3 g, 96%). Example 3
Preparation of intermediate 4-chloro-
1-(5-fluoro-2-methyl-phenyl)-3-trimethylsilyoxy-2-aza- 1,3- butadiene M.W.
285.82 Ci3Hi7ClFNOSi To 1,1,1, 3,3,3-hexamethyldisilazane (6.54 mL, 31.5
mmol) (Aldrich) under nitrogen at room temperature was added n-butyllithium
(2.5 M, 12.6 mL, 31.5 mmol) (Aldrich). The reaction mixture was stirred at
room temperature for 10 minutes. Then dry tetrahydrofuran (50 mL) was
added, followed by the addition of 5-fluoro-2-methyl-benzaldehyde (4.35 g,
10.5 mmol) (Platte). After the mixture was stirred at room temperature for
0.5 h, trimethylsilyl chloride (4.1 1 mL, 31.5 mmol) (Aldrich) was added
dropwise. Then the temperature of the mixture was lowered to 0 0C on a
cooling ice bath. To this mixture was added triethylamine (5.86 mL, 4 1
mmol) in one portion, followed by the dropwise addition of a solution of
chloro acetyl chloride (3.35 mL, 4 1 mmol) (Aldrich) in diethyl ether (120
mL). The cooling bath was removed, and the mixture was stirred at room
temperature for 1 h. The mixture was quickly filtered on celite under
nitrogen, and filtrate was concentrated under reduced pressure to give
crude 4-chloro-l-(5-fluoro-2-
methyl-phenyl)-3-trimethylsilyoxy-2-aza-l,3-butadiene as a yellow gum and
used for the next step without further purification. Example 4 Preparation
of intermediate racemic (2'R, 3R, 4'S,
5'S)-5',6-dichloro-4'-(3-chloro-phenyl)-2'- (5-fluoro-2-methyl-phenyl)
spiro[3H-indole-3,3'-piperidine]-2,6'(lH)-dioneM.W. 503.79 C25Hi8Cl3FN2O2
To a solution of
4-chloro-l-(5-fluoro-2-methyl-phenyl)-3-trimethylsilyoxy-2-aza-l,3-butadien
e (31.5 mmol) in toluene (50 mL) was added
E/Z-6-chloro-3-(3-chlorobenzylidene)-2-oxo-2,3- dihydro-indole-1-carboxylic
acid tert-butyl ester prepared in Example 2 (1.53 g, 3.93 mmol). The
reaction mixture was stirred in a sealed tube under nitrogen at 145 0C for
45 min. After the solution was cooled to room temperature, methanol (10 mL)
was added. The reaction mixture was filtered through a short pad of celite
gel and washed with ethyl acetate. The filtrate was concentrated. The
residue was dissolved in dichloromethane (10 mL) and trifluoroactic acid
(10 mL) was added. After the reaction mixture was stirred at room
temperature for 1 h, the mixture was concentrated. The residue was
partitioned between saturated NaHCO solution and ethyl acetate. The aqueous
layer was extracted with ethyl acetate. The combined extracts were dried
over Na2SO and concentrated. The residue was purified by chromatography
(EtOAc:hexanes =1;4, 1:2) to give racemic (2'R, 3R, 4'S,
5'S)-5',6-dichloro-4'-(3-chloro-phenyl)-2'-(5-fluoro-2- methyl-phenyl)
spiro[3H-indole-3,3'-piperidine]-2,6'(lH)-dione as an off-white solid
(Yield 0.5 g, 25%). Example 5 Preparation of racemic
(2'R,3R)-6-chloro-4'-(3-chloro-phenyl)-2'-(5-fluoro-2-methyl-phenyl)-
l',3'-dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione M.W. 467.33
C25Hi7Cl2FN2O2 To a solution of racemic (2'R, 3R, 4'S,
5'S)-5',6-dichloro-4'-(3-chloro-phenyl)-2'-(5-fiuoro-2- methyl-phenyl)
spiro[3H-indole-3,3'-piperidine]-2,6'(lH)-dione (0.5 g, 0.99 mmol) in
toluene(50 mL) was added l,8-diazabicyclo[5.4.0]-undec-7-ene (DBU, Aldrich)
(1.48 mL, 9.9 mmol). The reaction mixture was heated and stirred at 120 0C
for 4 h. After cooled to room temperature, the mixture was concentrated.
The residue was partitioned between water solution and ethyl 



acetate. The aqueous layer was extracted with ethyl acetate. The combined
extracts were washed with water, brine, then dried over Na SO and
concentrated. The residue was purified by chromatography (EtOAc:hexanes =1;
1, 2:1) to give racemic (2'R,3R)-6-chloro-4'-(3-chlorophenyl)-
2'-(5-fiuoro-2-methyl-phenyl)-l',3'-dihydrospiro[3H-indole-3,3'(2'H)-pyridi
ne]- 2,6'(lH)-dione as an off-white solid (Yield 0.17 g, 37%). HRMS(ES+)
m/z Calcd C25Hi7Cl2FN2O2+ H [(M+H)+] : 467.0724. Found: 467.0723. Example 6
Preparation of chiral
(2'R,3R)-6-chloro-4'-(3-chloro-phenyl)-2'-(5-fluoro-2-methyl-phenyl)-
l',3'-dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione M.W. 467.33
C25Hi7Cl2FN2O2 Separation of the two enantiomers from racemic
(2'R,3R)-6-chloro-4'-(3-chloro-phenyl)-2'-(5- fluoro-2-methyl-phenyl)-l
',3'-dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione (90 mg) was
conducted by chiral SFC to provide chiral
(2'R,3R)-6-chloro-4'-(3-chloro-phenyl)-2'-
(5-fluoro-2-methyl-phenyl)-r,3'-dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-
2,6'(lH)-dione as an off white solid (28.5 mg, 32%) and chiral
(2'S,3S)-6-chloro-4'-(3-chloro-phenyl)-2'-(5- fluoro-2-methyl-phenyl)-l
',3'-dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione as an off
white solid (28.6 mg, 32%). Example 7 Preparation of racemic
(2'R,3R)-6-chloro-4'-(3-chloro-phenyl)-2'-(5-fluoro-2-methyl-phenyl)-5-
hydroxy-l
',3'-dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dioneM.W. 483.32
C25Hi7Cl2FN2O3 To a solution of racemic
(2'R,3R)-6-chloro-4'-(3-chloro-phenyl)-2'-(5-fluoro-2-methyl-phenyl)-
r,3'-dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione prepared in
Example 5 (0.15 g, 0.32 mmol) in methanol (30 mL) was added K2CO3 (0.12 g,
0.87 mmol) and aqueous H2O2 (30%, 2 mL, 0.89 mmol). The reaction mixture
was stirred at room temperature for 4 h. Aqueous Na2SO solution was added
to the reaction mixture, the mixture was then concentrated to a small
volume. The mixture was partitioned between water solution and ethyl
acetate. The aqueous layer was extracted with ethyl acetate. The combined
extracts were washed with water, brine, then dried over Na2SO and
concentrated to give racemic (2'R,3R)-6-chloro-4'-(3-chlorophenyl)-
2'-(5-fiuoro-2-methyl-phenyl)-5-hydroxy- 1',3 '-dihydrospiro[3H-indole-3,3
'(2'H)- pyridine]-2,6'(lH)-dione as a white solid (Yield 0.13 g, 84%).
HRMS(ES+) m/z Calcd C25Hi7Cl2FN2O3+ H [(M+H)+] : 483.0673. Found: 483.0674
Example 8 Preparation of intermediate methanesulfonic acid
tetrahydropyran-4-yl ester To a solution of 4-hydroxytetrahydropyran (4.5
g, 44 mmol) (Aldrich) in dichloromethane (90 mL) at 0 0C was added
triethylamine (5.4 g, 53 mmol), and methanesulfonyl chloride (3.73 mL, 48
mmol, Aldrich). The reaction mixture was stirred at 0 0C for 1 h, then at
room temperature for 1.5 h. The mixture was poured into water, extracted
with dichloromethane. The organic layerwas separated, washed with water,
brine, dried over MgSO , and concentrated to give crude methanesulfonic
acid tetrahydropyran-4-yl ester as a white solid (Yield 8 g, 100%). Similar
transformation has been described by Suto, M.J. et al in J. Med. Chem,
1991, 2484. Example 9 Preparation of intermediate
5-chloro-2-(tetrahydro-pyran-4-yloxy)-benzaldehyde To a solution of
chlorosalicylaldehyde (2.18 g, 13.8 mmol) (Aldrich) in
N,N-dimethylformamide (50 mL) was added anhydrous Cs CO (13.58 g, 42 mmol),
and 4-(toluene-4-sulfonyloxy)- piperidine-1-carboxylic acid tert-butyl
ester (4.5 g, 20.8 mmol). The reaction mixture was heated at 140 0C for 1
h. The mixture was cooled to room temperature, diluted with ethyl acetate,
washed with water. The organic layer was separated, the aqueous layer was
extracted with ethyl acetate. The organic layers were combined, washed with
water, brine, dried over MgSO , and concentrated to give crude
5-chloro-2-(tetrahydro-pyran-4-yloxy)-benzaldehyde as a yellow solid (Yield
3.2 g, 95%). Example 10 Preparation of intermediate 4-chloro-
1-[5-chloro-2-(tetrahydro-pyran-4-yloxy)-phenyl]-3- trimethylsilyoxy-2-aza-
1,3-butadiene M.W. 388.37 Ci7H23Cl2NO3SiIn a manner similar to the method
described in Example 3, 5-chloro-2-(tetrahydro-pyran-4- yloxy)-benzaldehyde
(1.6 g, 6.44 mmol) was reacted with 1,1,1,3,3,3-hexamethyldisilazane (1.38
mL, 6.44 mmol), rc-butyllithium (2.5 M, 2.6 mL, 6.44 mmol), trimethylsilyl
chloride (0.85 



mL, 6.44 mmol), triethylamine (1.2 mL, 8.37 mmol) and chloroacetyl chloride
(0.69 mL, 8.37 mmol) to give crude 4-chloro-l-[5-chloro-4-
2-(tetrahydro-pyran-4-yloxy)-phenyl]-3-
trimethylsilyoxy-2-aza-l,3-butadiene as a yellow gum and used for the next
step without further purification. Example 11 Preparation of intermediate
racemic (2'R, 3R, 4'S, 5'S)-5',6-dichloro-2'-[5-chloro-2-(tetrahydropyran-
4-yloxy)-phenyl]-4'-(3-chlorophenyl)
spiro[3H-indole-3,3'-piperidine]-2,6'(lH)-dione M.W. 606.34 C29H24Cl4N2O4
In a manner similar to the method described in Example 4,
E/Z-6-chloro-3-(3-chlorobenzylidene)- 2-oxo-2,3-dihydro-indole-l-carboxylic
acid tert-butyi ester prepared in Example 2 (0.31 g, 0.8 mmol) was reacted
with 4-chloro-l-[5-chloro-2-(tetrahydro-pyran-4-yloxy)-phenyl]-
3-trimethylsilyoxy-2-aza-l,3-butadiene (6.44 mmol) in toluene, then treated
with trifluoro acetic acid in dichloromethane to give racemic (2'R, 3R,
4'S, 5'S)-5',6-dichloro-2'-[5-chloro-2-
(tetrahydro-pyran-4-yloxy)-phenyl]-4'-(3-chlorophenyl)
spiro[3H-indole-3,3'-piperidine]- 2,6'(lH)-dione as a yellow solid (Yield
0.25 g, 52%). Example 12 Preparation of racemic (2'R,
3R)-6-chloro-4'-(3-chloro-phenyl)-2'-[5-chloro-2-(tetrahydropyran-
4-yloxy)-phenyl]-r,3'-dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)-dioneM
.W. 569.87 C29H23Cl3N2O4 In a manner similar to the method described in
Example 5, racemic (2'R, 3R, 4'S, 5'S)-5',6- dichloro-2
'-[5-chloro-2-(tetrahydro-pyran-4-yloxy)-phenyl] ]-4'-(3-chlorophenyl)
spiro [3Hindole- 3,3'-piperidine]-2,6'(lH)-dione in Example 10 (0.25 g,
0.41 mmol) was heated with DBU in toluene to give racemic (2'R,
3R)-6-chloro-4'-(3-chloro-phenyl)-2'-[5-chloro-2-(tetrahydropyran-
4-yloxy)-phenyl]-r,3'-dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)-dione
as a yellow solid (Yield 25 mg, 11%). HRMS(ES+) m/z Calcd C29H23Cl3N2O4+ H
[(M+H)+] : 569.0796. Found: 569.0800. Example 13 Preparation of
intermediate
6-chloro-3-[l-(3-fluoro-phenyl)-methylidene]-l,3-dihydro-indol-2- one M.W
237.7 Ci5H9ClFNO In a manner similar to the method described in Example 1,
6-chlorooxindole (3.61 g, 21.5 mmol) was reacted with 3-fluoro-benzaldehyde
(Aldrich, 2.26 mL, 21.5 mmol) and piperdine (2.12 mL, 21.5 mmol) in
methanol to give
6-chloro-3-[l-(3-fluoro-phenyl)-methylidene]-l,3-dihydroindol- 2-one as a
yellow solid (Yield 4.5 g, 76%).Example 14 Preparation of intermediate
E/Z-6-chloro-3-[ 1-(3-fluoro-phenyl)-methylidene]-2-oxo-2,3-
dihydro-indole-1-carboxylic acid tert-butyl ester M.W 373.8 C20H I7CIFNO 3
In a manner similar to the method described in Example 2,
E/Z-6-chloro-3-[l-(3-fluoro-phenyl)- methylidene]-l,3-dihydro-indol-2-one
(4.5 g, 16.4 mmol) was reacted with di-tert-buty\- dicarbonate (3.94 g, 18
mmol) and 4-dimethylaminopyridine (80 mg) in dichloromethane to give
E/Z-6-chloro-3-[ 1-(3-fluoro-phenyl)-methylidene]-2-oxo-2,3-dihydro-indole-
1-carboxylic acid tert-butyl ester as a yellow solid (Yield 5.8 g, 94%).
Example 15 Preparation of intermediate racemic (2'R, 3R, 4'S,
5'S)-5',6-dichloro-2'-[5-chloro-2-(tetrahydropyran-
4-yloxy)-phenyl]]-4'-(3-fluoro-phenyl)
spiro[3H-indole-3,3'-piperidine]-2,6'(lH)-dione M.W. 589.88 C29H24Cl3FN2O4
In a manner similar to the method described in Example 4,
E/Z-6-chloro-3-[l-(3-fluoro-phenyl)-
methylidene]-2-oxo-2,3-dihydro-indole-l -carboxylic acid tert-butyl ester
prepared in Example 14 (0.3 g, 0.8 mmol) was reacted with
4-chloro-l-[5-chloro-2-(tetrahydro-pyran-4-yloxy)-phenyl]-3-trimethylsilyox
y-2-aza-l,3-butadiene prepared in Example 10 (6.44 mmol) in toluene, then
treated with trifluoro acetic acid in dichloromethane to give racemic (2'R,
3R, 4'S, 5'S)-
5',6-dichloro-2'-[5-chloro-2-(tetrahydro-pyran-4-yloxy)-phenyl]]-4'-(3-fluo
ro-phenyl) spiro[3Hindole- 3,3'-piperidine]-2,6'(lH)-dione as a yellow
solid (Yield 0.15 g, 32%) Example 16 Preparation of racemic (2'R,
3R)-6-chloro-2'-[5-chloro-2-(tetrahydro-pyran-4-yloxy)-phenyl]-
4'-(3-fiuoro-phenyl)-l',3'-dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)-d
ione M.W. 553.42 C29H23Cl2FN2O4 



In a manner similar to the method described in Example 5, racemic (2'R, 3R,
4'S, 5'S)-5',6-
dichloro-2'-[5-chloro-2-(tetrahydro-pyran-4-yloxy)-phenyl]]-4'-(3-fluoro-ph
enyl) spiro[3Hindole- 3,3'-piperidine]-2,6'(lH)-dione in Example 16 (0.15
g, 0.25 mmol) was heated with DBU in toluene to give racemic (2'R,
3R)-6-chloro-2'-[5-chloro-2-(tetrahydro-pyran-4-yloxy)-
phenyl]-4'-(3-fluoro-phenyl)-l
',3'-dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)-dione as a yellow solid
(Yield 50 mg, 36%). HRMS(ES+) m/z Calcd C29H23Cl2FN2O4+ H [(M+H)+] :
553.1092. Found: 553.1093 Example 17 Preparation of intermediate
2-[2-(tert-butyl-dimethyl-silanyloxy)-ethoxy]-5-chloro-benzaldehyde M.W.
314.89 Ci5H23ClO3SiTo a solution of 5-chlorosalicylaldehyde (5 g, 32 mmol)
(Aldrich) in N,N-dimethylformamide (40 mL) was added K2CO3 (20 g, 145 mmo),
and (2-bromo-ethoxy)-tert-butyl-dimethyl-silane (10 g, 42 mmol, Aldrich).
The reaction mixture was heated at 60 0C for 18 h. The crude was cooled to
room temperature, diluted with ethyl acetate, washed with water, brine. The
organic layer was separated, concentrated, and the residue was purified by
chromatography (EtOAc: Hexanes= 1:8, then 1:4) to give
2-[2-(tert-butyl-dimethyl-silanyloxy)-ethoxy]-5-chlorobenzaldehyde as a
white solid (Yield 1O g, 99%). Example 18 Preparation of intermediate
E/Z-3- {2-[2-(tert-butyl-dimethyl-silanyloxy)-ethoxy]-5-chlorobenzylidene}
-6-chloro- 1,3-dihydro-indol-2-one M.W 464.47 C23H27Cl2NO3Si In a manner
similar to the method described in Example 1, 6-chlorooxindole (2.37 g,
12.7 mmol) was reacted with
2-[2-(tert-butyl-dimethyl-silanyloxy)-ethoxy]-5-chloro-benzaldehyde
prepared in Example 18 (4 g, 12.7 mmol) and piperdine (1.25 mL, 12.7 mmol)
in methanol to give E/Z-3-
{2-[2-(tert-butyl-dimethyl-silanyloxy)-ethoxy]-5-chloro-benzylidene}
-6-chloro- 1,3-dihydroindol- 2-one as a yellow solid (Yield 5.46 g, 92%).
Example 19 Preparation of intermediate E/Z-3-
{2-[2-(tert-butyl-dimethyl-silanyloxy)-ethoxy]-5-chlorobenzylidene}-
6-chloro-2-oxo-2,3-dihydro-indole-l-carboxylic acid tert-butyl esterM.W
564. 59 C28H35Cl2NO5Si In a manner similar to the method described in
Example 2, E/Z-3-{2-[2-(tert-butyl-dimethylsilanyloxy)-
ethoxy]-5-chloro-benzylidene}-6-chloro-l,3-dihydro-indol-2-one (5.46 g, 12
mmol) was reacted with di-tt-butyl-dicarbonate (3.33 g, 15.3 mmol),
triethylamine (6.54 mL, 47 mmol), and 4-dimethylaminopyridine (57 mg) in
dichloromethane to give E/Z-3-{2-[2-(tertbutyl-
dimethyl-silanyloxy)-ethoxy]-5-chloro-benzylidene} -6-chloro-2-o
xo-2,3-dihydro-indo Ie-Icarboxylic acid tert-butyl ester as a yellow solid
(Yield 4.8 g, 72.7%). Example 20 Preparation of intermediate racemic (2'R,
3R, 4'S, 5'S)-5',6-dichloro-4'-[5-chloro-2-(2- hydroxy-ethoxy)-phenyl] -2
'-(5-fluoro-2-methyl-phenyl) spiro [3H-indole-3 ,3 '-piperidine] -
2,6'(lH)-dione M.W. 563.84 C27H22Cl3FN2O4 In a manner similar to the method
described in Example 4, E/Z-3-{2-[2-(tert-butyl-dimethylsilanyloxy)-
ethoxy]-5-chloro-benzylidene} -6-chloro-2-oxo-2,3-dihydro-indole-
1-carboxylic acid tert-butyl ester prepared in Example 19 (1.48 g, 2.62
mmol) was reacted with 4-chloro-l-(5-
fluoro-2-methyl-phenyl)-3-trimethylsilyoxy-2-aza-l,3-butadiene prepared in
Example 3 (21 mmol) in toluene, then treated with trifluoro acetic acid in
dichloromethane to give racemic (2'R, 3R, 4'S, 5'S)-5
',6-dichloro-4'-[5-chloro-2-(2-hydroxy-ethoxy)-phenyl]-2'-(5-fiuoro-2-methy
lphenyl) spiro[3H-indole-3,3'-piperidine]-2,6'(lH)-dione as a yellow solid
(Yield 0.2 g, 14%).Example 21 Preparation of racemic (2'R,
3R)-6-chloro-2'-[5-chloro-2-(2-hydroxy-ethoxy)-phenyl]-4'-(5-
fluoro-2-methyl-phenyl)-r,3'-dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)
-dione M.W. 527.38 C27H2ICl2FN2O4 In a manner similar to the method
described in Example 5, racemic (2'R, 3R, 4'S, 5'S)-5',6-
dichloro-4'-[5-chloro-2-(2-hydroxy-ethoxy)-phenyl]-2'-(5-fluoro-2-methyl-ph
enyl) spiro[3Hindole- 3,3'-piperidine]-2,6'(lH)-dione in Example 20 (0.2 g,
0.35 mmol) was heated with DBU in toluene to give racemic (2'R,
3R)-6-chloro-2'-[5-chloro-2-(2-hydroxy-ethoxy)-phenyl]-4'-(5-
fluoro-2-methyl-phenyl)-r,3'-dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)
-dione as a light yellow solid (Yield 30 mg, 16%). 



MS(ES+) m/z Calcd C27H2ICl2FN2O4+ H [(M+H)+] : 527. Found: 527 Example 22
Preparation of intermediate 4-chloro-l-
isopropenyl-3-trimethylsilyoxy-2-aza-l,3-butadiene M.W. 217.77 C9Hi6ClNOSi
In a manner similar to the method described in Example 3, 2-methacrolein
(0.81 g, 10.5 mmol) (Acros) was reacted with
1,1,1,3,3,3-hexamethyldisilazane (2.18 mL, 10.5 mmol), n-butyllithium (2.5
M, 4.2 mL, 10.5 mmol), trimethylsilyl chloride (1.33 mL, 10.5 mmol),
triethylamine (1.89 mL, 14 mmol) and chloroacetyl chloride (1.09 mL, 14
mmol) to give crude
4-chloro-lisopropenyl-3-trimethylsilyoxy-2-aza-l,3-butadiene as a yellow
gum and used for the next step without further purification. Example 23
Preparation of intermediate racemic (2'R, 3R, 4'S,
5'S)-5',6-dichloro-4'-(3-chloro-phenyl)-2'- isopropenyl spiro[3H-indole-3,3
'-piperidine]-2,6'(lH)-dione M.W. 435.74 C2IHi7Cl3N2O2 In a manner similar
to the method described in Example 4, E/Z-6-chloro-3-(3-chlorobenzylidene)-
2-oxo-2,3-dihydro-indole-l-carboxylic acid tert-butyl ester prepared in
Example 2 (0.51 g, 1.31 mmol) was reacted with 4-chloro-l-
isopropenyl-3-trimethylsilyoxy-2-aza-l, 3- butadiene (10.5 mmol) in
toluene, then treated with trifluoro acetic acid in dichloromethane to give
racemic (2'R, 3R, 4'S,
5'S)-5',6-dichloro-4'-(3-chloro-phenyl)-2'-isopropenyl spiro[3Hindole-
3,3'-piperidine]-2,6'(lH)-dione as a yellow solid (Yield 0.3 g, 52%)
Example 24 Preparation of racemic (2'R,
3R)-6-chloro-4'-(3-chloro-phenyl)-2'-isopropenyl-l',3'-
dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)-dione M.W. 399.28
C2IHi6Cl2N2O2 In a manner similar to the method described in Example 5,
racemic (2'R, 3R, 4'S, 5'S)-5',6-
dichloro-4'-(3-chloro-phenyl)-2'-isopropenyl spiro[3H-indole-3,3
'-piperidine]-2,6'(lH)-dione inExample 24 (0.52 g, 0.69 mmol) was heated
with DBU in toluene to give racemic (2'R, 3R)-6-
chloro-4'-(3-chloro-phenyl)-2'-isopropenyl-r,3'-dihydrospiro[3H-indole-3,3
'-pyridine]- 2,6'(lH)-dione as a yellow solid (Yield 50 mg, 18%). HRMS(ES
+) m/z Calcd C2IHi6Cl2N2O2+ H [(M+H)+] : 399.0662. Found: 399.0663. Example
25 Preparation of intermediate
E/Z-6-chloro-3-(3-chloro-benzylidene)-5-fluoro- 1,3-dihydro-indol- 2-one M.
W. 308.14 Ci5H8Cl2FNO In a manner similar to the method described in
Example 1, 6-chloro-5-fluoro-l,3-dihydro-indol- 2-one (0.25 g, 1.35 mmol)
(CGENETECH) was reacted with 3-chloro-benzaldehyde (0.34 g, 2.44 mmol) and
pyrolidine (0.19 g, 2.68 mmol) in methanol to give a mixture of E-and Z-6-
chloro-3-(3-chloro-benzylidene)-5-fluoro-l,3-dihydro-indol-2-one as a
yellow solid. Example 26 Preparation of intermediate
E/Z-6-chloro-3-(3-chloro-benzylidene)-5-fluoro-2-oxo-2,3-dihydroindole-
1-carboxylic acid tert-butyl ester M.W. 408.26 C20Hi6Cl2FNO3 In a manner
similar to the method described in Example 2,
E/Z-6-chloro-3-(3-chlorobenzylidene)- 5-fluoro-l,3-dihydro-indol-2-one
(0.45 g, 1.46 mmol) was reacted with di-tertbutyl-dicarbonate (0.4 g, 1.83
mmol) (Aldrich), triethyl amine (0.5 g, 4.95 mmol) and 4-
dimethylaminopyridine (5 mg) in dichloromethane (30 mL) to give
E/Z-6-chloro-3-(3-chlorobenzylidene)-
5-fluoro-2-oxo-2,3-dihydro-indole-l-carboxylic acid tert-butyi ester as a
yellow solid (Yield: 0.6 g, 100%). Example 27 Preparation of intermediate
racemic (2'R, 3R, 4'S, 5'S)-5',6-dichloro-4'-(3-chloro-phenyl)-5-
fluoro-2'-(5-fluoro-2-methyl-phenyl)
spiro[3H-indole-3,3'-piperidine]-2,6'(lH)-dione M.W. 521.78 C25Hi7Cl3F2N2O2
In a manner similar to the method described in Example 4,
E/Z-6-chloro-3-(3-chlorobenzylidene)-
5-fluoro-2-oxo-2,3-dihydro-indole-l-carboxylic acid tert-butyi ester
prepared in Example 26 (0.53 g, 1.31 mmol) was reacted with
4-chloro-l-(5-fluoro-2-methyl-phenyl)-3-
trimethylsilyoxy-2-aza-l,3-butadiene prepared in Example 3 (10.5 mmol) in
toluene, then treated with trifluoro acetic acid in dichloromethane to give
racemic (2'R, 3R, 4'S, 5'S)-5',6-dichloro-4'-
(3-chloro-phenyl)-5-fluoro-2'-(5-fluoro-2-methyl-phenyl)
spiro[3H-indole-3,3'-piperidine]- 



2,6'(lH)-dione as a yellow solid (Yield 0.14 g, 20%). Example 28
Preparation of racemic
(2'R,3R)-6-chloro-4'-(3-chloro-phenyl)-5-fluoro-2'-(5-fluoro-2-methylphenyl
)- l',3'-dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione M.W.
485.32 C25Hi6Cl2F2N2O2 In a manner similar to the method described in
Example 5, racemic (2'R, 3R, 4'S, 5'S)-5',6-
dichloro-4'-(3-chloro-phenyl)-5-fluoro-2'-(5-fluoro-2-methyl-phenyl)
spiro[3H-indole-3,3'-piperidine]-2,6'(lH)-dione in Example 27 (0.6 g, 1.14
mmol) was heated with DBU in toluene to give racemic
(2'R,3R)-6-chloro-4'-(3-chloro-phenyl)-5-fluoro-2'-(5-fluoro-2-methyl-pheny
l)- l',3'-dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione as a
yellow solid (Yield 40 mg, 7%). HRMS(ES +) m/z Calcd C25Hi6Cl2F2N2O2+ H
[(M+H)+] : 485.0630. Found: 485.0629. Example 29 Preparation of
intermediate E/Z-6-chloro-3-furan-3-ylmethylene- 1,3-dihydro-indol-2-one In
a manner similar to the method described in Example 1, 6-chlorooxindole (2
g, 11.9 mmol) (Alfa) was reacted with 3-furaldehyde ( 1.04 mL, 11.9 mmol)
and piperidine (1.18 mL, 11.9 mmol) in methanol to give
E/Z-6-chloro-3-furan-3-ylmethylene-l,3-dihydro-indol-2-one as a yellow
solid (Yield 1.45 g, 55%). Example 30 Preparation of intermediate
E/Z-6-chloro-3-furan-3-ylmethylene-2-oxo-2,3-dihydro-indole- 1 carboxylic
acid tert-butyl ester M.W. 345.79 Ci8Hi6ClNO4 In a manner similar to the
method described in Example 2, E/Z-6-chloro-3-furan-3-ylmethylenel,
3-dihydro-indol-2-one (1.45 g, 5.9 mmol) was reacted with
di-tt-butyl-dicarbonate (1.54 g, 7.08 mmol) (Aldrich), and
4-dimethylaminopyridine (25 mg) in dichloromethane to give
E/Z-6-chloro-S-furan-S-ylmethylene-l-oxo-l^-dihydro-indole-l-carboxylic
acid tert-butyl ester as a yellow solid (Yield: 1.6 g, 79%). Example 31
Preparation of intermediate racemic (2'R, 3R, 4'S,
5'S)-5',6-dichloro-2'-(5-fluoro-2-methylphenyl)- 4'-(furan-3-yl)
spiro[3H-indole-3,3'-piperidine]-2,6'(lH)-dione M.W. 459.31 C23Hi7Cl2FN2O3
In a manner similar to the method described in Example 4,
E/Z-6-chloro-3-furan-3-ylmethylene- 2-oxo-2,3-dihydro-indole-l-carboxylic
acid tert-butyl ester prepared in Example 30 (0.91 g, 2.62 mmol) was
reacted with
4-chloro-l-(5-fluoro-2-methyl-phenyl)-3-trimethylsilyoxy-2-aza-l,3-
butadiene prepared in Example 3 (21 mmol) in toluene, then treated with
trifluoro acetic acid in dichloromethane to give racemic (2'R, 3R, 4'S,
5'S)-5',6-dichloro-2'-(5-fluoro-2-methylphenyl)- 4'-(furan-3-yl)
spiro[3H-indole-3,3'-piperidine]-2,6'(lH)-dione as a yellow solid (Yield
0.25 g, 21%). Example 32 Preparation of racemic
(2'R,3R)-6-chloro-2'-(5-fluoro-2-methyl-phenyl)-4'-(furan-3-yl)-l ',3'-
dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione M.W. 422.84
C23Hi6ClFN2O3 In a manner similar to the method described in Example 5,
racemic (2'R, 3R, 4'S, 5'S)-5',6-
dichloro-2'-(5-fluoro-2-methyl-phenyl)-4'-(furan-3-yl)
spiro[3H-indole-3,3'-piperidine]- 2,6'(lH)-dione in Example 3 1 (0.25 g,
0.54 mmol) was heated with DBU in toluene to giveracemic
(2'R,3R)-6-chloro-2'-(5-fluoro-2-methyl-phenyl)-4'-(furan-3-yl)-l',3'-dihyd
rospiro[3Hindole- 3,3'(2'H)-pyridine]-2,6'(lH)-dione as a yellow solid
(Yield 40 mg, 18%). HRMS(ES+) m/z Calcd C23Hi6ClFN2O3+ H [(M+H)+] :
423.0906. Found: 423.0906. Example 33 Preparation of intermediate
E/Z-6-chloro-3-thiophen-3-ylmethylene- 1,3-dihydro-indol-2-one M.W. 261.73
Ci3H8ClNOS In a manner similar to the method described in Example 1,
6-chlorooxindole (2 g, 11.9 mmol) (Alfa) was reacted with
3-thiophenecarboxaldehyde (1.09 mL, 11.9 mmol) (Aldrich) and piperidine
(1.18 mL, 11.9 mmol) in methanol to give
E/Z-6-chloro-3-thiophen-3-ylmethylenel, 3-dihydro-indol-2-one as a yellow
solid (Yield 2.4 g, 77%). Example 34 Preparation of intermediate
E/Z-6-chloro-2-oxo-3-thiophen-3-ylmethylene-2,3-dihydro-indole- 1
carboxylic acid tert-butyl ester 



M.W. 361.85 Ci8Hi6ClNO3S In a manner similar to the method described in
Example 2, E/Z-6-chloro-3-thiophen-3- ylmethylene-l,3-dihydro-indol-2-one
(2.4 g, 9.17 mmol) was reacted with di-tert-buty\- dicarbonate (2.4 g, 11
mmol) (Aldrich), and 4-dimethylaminopyridine (45 mg) indichloromethane to
give E/Z-6-chloro-2-o xo-3-thiophen-3-ylmethylene-2,3-dihydro-indo
Ie-Icarboxylic acid tert-butyl ester as a yellow solid (Yield: 2 g, 60% ) .
Example 35 Preparation of intermediate racemic (2'R, 3R, 4'S,
5'S)-5',6-dichloro-2'-(5-fluoro-2-methylphenyl)- 4'-(thiophen-3-yl)
spiro[3H-indole-3,3'-piperidine]-2,6'(lH)-dione M.W. 475.37 C23Hi7Cl2FN2O2S
In a manner similar to the method described in Example 4,
E/Z-6-chloro-2-oxo-3-thiophen-3-
ylmethylene-2,3-dihydro-indole-l-carboxylic acid tert-butyl ester prepared
in Example 34 (0.95 g, 2.6 mmol) was reacted with
4-chloro-l-(5-fluoro-2-methyl-phenyl)-3-trimethylsilyoxy-2-aza-
1,3-butadiene prepared in Example 3 (21 mmol) in toluene, then treated with
trifluoro acetic acid in dichloromethane to give racemic (2'R, 3R, 4'S,
5'S)-5',6-dichloro-2'-(5-fluoro-2-methylphenyl)- 4'-(thiophen-3-yl)
spiro[3H-indole-3,3'-piperidine]-2,6'(lH)-dione as a yellow solid (Yield
0.3 g, 24%). Example 36 Preparation of racemic
(2'R,3R)-6-chloro-2'-(5-fluoro-2-methyl-phenyl)-4'-(thiophen-3-yl)-
l',3'-dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione M.W. 438.91
C23Hi6ClFN2O2S In a manner similar to the method described in Example 5,
racemic (2'R, 3R, 4'S, 5'S)-5',6- dichloro-2 '-(5-fluoro-2-methyl-phenyl)-4
'-(thiophen-3 -yl) spiro [3H-indole-3 ,3 '-piperidine] - 2,6'(lH)-dione in
Example 35 (0.3 g, 0.63 mmol) was heated with DBU in toluene to give
racemic
(2'R,3R)-6-chloro-2'-(5-fiuoro-2-methyl-phenyl)-4'-(thiophen-3-yl)-l ',3
'-dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione as a yellow
solid (Yield 80 mg, 29%). HRMS(ES+) m/z Calcd C23Hi6ClFN2O2S + H [(M+H)+] :
439.0678. Found: 439.0676. Example 37 Preparation of intermediate
E/Z-6-chloro-3-pyridin-3-ylmethylene- 1,3-dihydro-indol-2-one In a manner
similar to the method described in Example 1, 6-chlorooxindole (2 g, 11.9
mmol) (Alfa) was reacted with nicotinaldehyde (1.13 mL, 11.9 mmol)
(Aldrich) and piperidine (1.18 mL, 11.9 mmol) in methanol to give
E/Z-6-chloro-3-pyridin-3-ylmethylene-l,3-dihydro-indol-2- one as a yellow
solid (Yield 2.3 g, 75%). Example 38 Preparation of intermediate
E/Z-6-chloro-2-oxo-3-pyridin-3-ylmethylene-2,3-dihydro-indole- 1-
carboxylic acid tert-butyl ester M.W. 356.81 Ci9Hi7ClN2O3 In a manner
similar to the method described in Example 2, E/Z-6-chloro-3-pyridin-3-
ylmethylene-l,3-dihydro-indol-2-one (2.3 g, 8.96 mmol) was reacted with
di-tt-butyldicarbonate (2.34 g, 10.7 mmol) (Aldrich), and
4-dimethylaminopyridine (44 mg) indichloromethane to give E/Z-6-chloro-2-o
xo-3-pyridin-3-ylmethylene-2,3-dihydro-indo Ie-Icarboxylic acid tert-butyl
ester as a yellow solid (Yield: 2 g, 60% ) . Example 39 Preparation of
intermediate racemic (2'R, 3R, 4'S,
5'S)-5',6-dichloro-2'-(5-fluoro-2-methylphenyl)- 4'-(pyridin-3-yl)
spiro[3H-indole-3,3'-piperidine]-2,6'(lH)-dione M.W. 470.33 C24Hi8Cl2FN3O
In a manner similar to the method described in Example 4,
E/Z-6-chloro-2-oxo-3-pyridin-3- ylmethylene-2,3-dihydro-indole-l-carboxylic
acid tert-butyl ester prepared in Example 38 (0.94 g, 2.63 mmol) was
reacted with 4-chloro-l-(5-fluoro-2-methyl-phenyl)-3-trimethylsilyoxy-2-
aza- 1,3-butadiene prepared in Example 3 (21 mmol) in toluene, then treated
with trifluoro acetic acid in dichloromethane to give racemic (2'R, 3R,
4'S, 5'S)-5',6-dichloro-2'-(5-fluoro-2-methylphenyl)- 4'-(pyridin-3-yl)
spiro[3H-indole-3,3'-piperidine]-2,6'(lH)-dione as a yellow solid (Yield
0.45 g, 36%). Example 40 Preparation of racemic
(2'R,3R)-6-chloro-2'-(5-fluoro-2-methyl-phenyl)-4'-(pyridin-3-yl)-l ',3'-
dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione M.W. 433.87
C24Hi7ClFN3O2 



In a manner similar to the method described in Example 5, racemic (2'R, 3R,
4'S, 5'S)-5',6- dichloro-2'-(5-fluoro-2-methyl-phenyl)-4'-(pyridin-3-yl)
spiro[3H-indole-3,3'-piperidine]- 2,6'(lH)-dione in Example 39 (0.45 g,
0.96 mmol) was heated with DBU in toluene to giveracemic
(2'R,3R)-6-chloro-2'-(5-fluoro-2-methyl-phenyl)-4'-(pyridin-3-yl)-l',3'-
dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione as a white solid
(Yield 70 mg, 17%). HRMS(ES +) m/z Calcd C24Hi7ClFN3O2+ H [(M+H)+] :
434.1066. Found: 434.1065. Example 41 Preparation of intermediate
5-iodo-2-(tetrahydro-pyran-4-yloxy)-benzaldehyde In a manner similar to the
method described in Example 9, 5-iodosalicylaldehyde (3 g, 12.1 mmol)
(Aldrich) reacted with methanesulfonic acid tetrahydropyran-4-yl ester (4
g, 22 mmol) and K2CO3 in N,N-dimethylformamide to give
5-iodo-2-(tetrahydro-pyran-4-yloxy)- benzaldehyde as a yellow solid (Yield
3.4 g, 85%). Example 42 Preparation of intermediate 4-chloro-
1-[5-iodo-2-(tetrahydro-pyran-4-yloxy)-phenyl]-3- trimethylsilyoxy-2-aza-
1,3-butadiene M.W. 479.82 Ci7H23CUNO3Si In a manner similar to the method
described in Example 3, 5-iodo-2-(tetrahydro-pyran-4-yloxy)- benzaldehyde
(6.97 g, 2 1 mmol) was reacted with 1,1,1,3,3,3-hexamethyldisilazane (4.38
mL, 2 1 mmol), n-butyllithium (2.5 M, 8.4 mL, 2 1 mmol), trimethylsilyl
chloride (2.66 mL, 2 1 mmol), triethylamine (3.78 mL, 27 mmol) and
chloroacetyl chloride (2.18 mL, 27 mmol) to give crude4-chloro-
1-[5-iodo-4- 2-(tetrahydro-pyran-4-yloxy)-phenyl]-3-trimethylsilyoxy-2-aza-
1,3- butadiene as a yellow gum and used for the next step without further
purification. Example 43 Preparation of intermediate racemic (2'R, 3R, 4'S,
5'S)-5',6-dichloro-4'-(3-chloro-phenyl)-2'-
[5-iodo-2-(tetrahydro-pyran-4-yloxy)-phenyl]
spiro[3H-indole-3,3'-piperidine]-2,6'(lH)-dione M.W. 697.79 C29H24Cl3IN2O4
In a manner similar to the method described in Example 4,
E/Z-6-chloro-3-(3-chlorobenzylidene)- 2-oxo-2,3-dihydro-indole-l-carboxylic
acid tert-butyi ester prepared in Example 2 (1.02 g, 2.63 mmol) was reacted
with 4-chloro-l-[5-iodo-2-(tetrahydro-pyran-4-yloxy)-phenyl]-
3-trimethylsilyoxy-2-aza-l,3-butadiene (21 mmol) in toluene, then treated
with trifluoro acetic acid in dichloromethane to give racemic (2'R, 3R,
4'S, 5'S)-5',6-dichloro-4'-(3-chloro-phenyl)-
2'-[5-iodo-2-(tetrahydro-pyran-4-yloxy)-phenyl]
spiro[3H-indole-3,3'-piperidine]-2,6'(lH)- dione as a yellow solid (Yield
0.3 g, 16%). Example 44 Preparation of racemic (2'R,
3R)-6-chloro-4'-(3-chloro-phenyl)-2'-[5-iodo-2-(tetrahydro-pyran-
4-yloxy)-phenyl]-r,3'-dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)-dione
M.W. 661.32 C29H23Cl3IN2O4In a manner similar to the method described in
Example 5, racemic (2'R, 3R, 4'S, 5'S)-5',6- dichloro-2
'-[5-chloro-2-(tetrahydro-pyran-4-yloxy)-phenyl] ]-4'-(3-chlorophenyl)
spiro [3Hindole- 3,3'-piperidine]-2,6'(lH)-dione in Example 43 (0.3 g, 0.43
mmol) was heated with DBU in toluene to give racemic (2'R, 3R, 4'S,
5'S)-5',6-dichloro-4'-(3-chloro-phenyl)-2'-[5-iodo-2-
(tetrahydro-pyran-4-yloxy)-phenyl]
spiro[3H-indole-3,3'-piperidine]-2,6'(lH)-dione as a yellow solid (Yield
140 mg, 43%). HRMS(ES+) m/z Calcd C29H23Cl3IN2O4+ H [(M+H)+] : 661.0153.
Found: 661.0156. Example 45 Preparation of racemic (2'R,
3R)-6-chloro-4'-(3-chloro-phenyl)-2'-[5-ethynyl-2-(tetrahydropyran-
4-yloxy)-phenyl]-r,3'-dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)-dione
M.W. 559.45 C3IH24Cl2N2O4 A solution of racemic (2'R, 3R, 4'S,
5'S)-5',6-dichloro-4'-(3-chloro-phenyl)-2'-[5-iodo-2-
(tetrahydro-pyran-4-yloxy)-phenyl]
spiro[3H-indole-3,3'-piperidine]-2,6'(lH)-dione (0.1 g, 0.15 mmol) prepared
in Example 44 in anhydrous N,N-dimethylformamide (3 mL) was added
trimethylsilyl acetylene (0.15 g, 1.5 mmol) (Aldrich), CuI (3 mg) (Aldrich)
and triethylamine (0.63 mL, 4.5 mmol). The mixture was degassed under
nitrogen for 5 min, then dichlorobis(triphenylphosphine) palladium(0) (8.4
mg, 0.012 mmol) (Strem) was added and the reaction mixture was heated at 80
0C under nitrogen for 40 min. The reaction mixture was partitioned between
ethyl acetate and water. The organic layer was separated, washed with water
twice, dried over MgSO4, and concentrated. To the residue was added
methanol (2 mL) and aqueous NaOH solution (2 N, 2 mL). The mixture was
stirred at room temperature for 1 h, then 



partitioned between ethyl acetate and water. The organic layer was
separated, and the aqueous layer was extracted with ethyl acetate. The
organic layers were combined, washed with water, brine, dried over MgSO4
and concentrated to give racemic (2'R,
3R)-6-chloro-4'-(3-chlorophenyl)-2'-[5-ethynyl-2-(tetrahydro-pyran-4-yloxy)
-phenyl]-r,3'-dihydrospiro[3H-indole-3,3'- pyridine]-2,6'(lH)-dione as a
yellow solid (Yield 24 mg, 30 %). HRMS(ES+) m/z Calcd for C3IH24Cl2N2O4+ H
[(M+H)+] : 559.1 186. Found: 559.1 186. Example 46 Preparation of
intermediate racemic (2'S, 3R, 4'S,
5'S)-5',6-dichloro-4'-(3-chloro-phenyl)-2'-[5-
iodo-2-(tetrahydro-pyran-4-yloxy)-phenyl]
spiro[3H-indole-3,3'-piperidine]-2,6'(lH)-dione M.W. 697.79 C29H24Cl3IN2O4
In the preparation of racemic (2'R, 3R, 4'S,
5'S)-5',6-dichloro-4'-(3-chloro-phenyl)-2'-[5-iodo-
2-(tetrahydro-pyran-4-yloxy)-phenyl] spiro[3H-indole-3,3
'-piperidine]-2,6'(lH)-dione in Example 43, racemic (2'S, 3R, 4'S,
5'S)-5',6-dichloro-4'-(3-chloro-phenyl)-2'-[5-iodo-2-
(tetrahydro-pyran-4-yloxy)-phenyl]
spiro[3H-indole-3,3'-piperidine]-2,6'(lH)-dione was obtained as the second
product: a yellow solid (Yield 0.15 g, 8%). Example 47 Preparation of
intermediate racemic (2'S, 3R)-6-chloro-4'-(3-chloro-phenyl)-2'-[5-iodo-2-
(tetrahydro-pyran-4-yloxy)-phenyl]-r,3'-dihydrospiro[3H-indole-3,3'-pyridin
e]-2,6'(lH)-dione M.W. 661.32 C29H23Cl3IN2O4 In a manner similar to the
method described in Example 44, racemic (2'S, 3R, 4'S, 5'S)-5',6-
dichloro-2 '-[5-chloro-2-(tetrahydro-pyran-4-yloxy)-phenyl]
]-4'-(3-chlorophenyl) spiro [3Hindole-3,3'-piperidine]-2,6'(lH)-dione in
Example 46 (0.15 g, 0.22 mmol) was heated with DBU in toluene to give
racemic (2'R, 3R, 4'S,
5'S)-5',6-dichloro-4'-(3-chloro-phenyl)-2'-[5-iodo-2-
(tetrahydro-pyran-4-yloxy)-phenyl]
spiro[3H-indole-3,3'-piperidine]-2,6'(lH)-dione as a yellow solid (Yield 29
mg, 20%). Example 48 Preparation of racemic (2'S,
3R)-6-chloro-4'-(3-chloro-phenyl)-2'-[5-ethynyl-2-(tetrahydropyran-
4-yloxy)-phenyl]-r,3'-dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)-dione
M.W. 559.45 C3IH24Cl2N2O4 In a manner similar to the method described in
Example 45, racemic (2'S, 3R, 4'S)-6-chloro-4'-
(3-chlorophenyl)-2'-[5-Iodo-2-(tetrahydro-pyran-4-yloxy)-phenyl]
spiro[3H-indole-3,3'- piperidine]-2,6'(lH)-dione (29 mg, 0.043 mmol) was
reacted with trimethylsilyl acetylene (43 mg, 0.43 mmol), CuI (8 mg, 0.043
mmol), triethylamine (44 uL, 0.043 mmol) and
dichlorobis(triphenylphosphine) palladium(0) (6 mg, 0.08 mmol), then
treated with aqueous NaOH solution in methanol to give racemic (2'S,
3R)-6-chloro-4'-(3-chloro-phenyl)-2'-[5-
ethynyl-2-(tetrahydro-pyran-4-yloxy)-phenyl]-l ',3
'-dihydrospiro[3H-indole-3, 3'-pyridine]- 2,6'(lH)-dione as an off white
solid (Yield 12 mg, 50%). HRMS(ES +) m/z Calcd for C3IH24Cl2N2O4+ H
[(M+H)+] : 559.1 186. Found: 559.1 183. Example 49 Preparation of
intermediate E/Z-6-chloro-3-(5-chloro-furan-2-ylmethylene)-
1,3-dihydro-indol-2- oneM. W. 280.1 1 Ci3H7Cl2NO2 In a manner similar to
the method described in Example 1, 6-chlorooxindole (3.2 g, 19.1 mmol)
(Alfa) was reacted with 5-chloro-2-furaldehyde (2.5 g, 19.1 mmol) (Aldrich)
and piperidine (1.89 mL, 19.1 mmol) in methanol to give
E/Z-6-chloro-3-(5-chloro-furan-2-ylmethylene)-l,3- dihydro-indol-2-one as a
yellow solid (Yield 5.2 g, 97%). Example 50 Preparation of intermediate
E/Z-6-chloro-3-(5-chloro-furan-2-ylmethylene)-2-oxo-2,3-dihydroindole-
1-carboxylic acid tert-butyl ester M.W. 380.23 Ci8Hi6Cl2NO4 In a manner
similar to the method described in Example 2,
E/Z-6-chloro-3-(5-chloro-furan-2- ylmethylene)-l,3-dihydro-indol-2-one (5.2
g, 22.3 mmol) was reacted with di-tert-buty{- dicarbonate (4.86 g, 22.2
mmol) (Aldrich), and 4-dimethylaminopyridine (91 mg) in dichloromethane to
give E/Z-6-chloro-3-(5-chloro-furan-2-ylmethylene)-2-oxo-2,3-dihydroindole-
1-carboxylic acid tert-butyl ester as a yellow solid (Yield: 6.1 g, 87%).
Example 51 Preparation of intermediate racemic (2'R, 3R, 4'S,
5'S)-5',6-dichloro-4'-(5-chloro-furan-2-
ylmethylene)-2'-(5-fluoro-2-methyl-phenyl)
spiro[3H-indole-3,3'-piperidine]-2,6'(lH)-dioneM.W. 493.75 C23Hi6Cl3FN2O3 



In a manner similar to the method described in Example 4,
E/Z-6-chloro-3-(5-chloro-furan-2-
ylmethylene)-2-oxo-2,3-dihydro-indole-l-carboxylic acid tert-butyl ester
prepared in Example 50 (1.33 g, 3.5 mmol) was reacted with
4-chloro-l-(5-fluoro-2-methyl-phenyl)-3-
trimethylsilyoxy-2-aza-l,3-butadiene prepared in Example 3 (21 mmol) in
toluene, then treated with trifluoro acetic acid in dichloromethane to give
racemic (2'R, 3R, 4'S, 5'S)-5',6-dichloro-4'-
(5-chloro-furan-2-ylmethylene)-2'-(5-fluoro-2-methyl-phenyl)
spiro[3H-indole-3,3'-piperidine]- 2,6'(lH)-dione as a yellow solid (Yield
0.3 g, 17%). Example 52 Preparation of racemic
(2'R,3R)-6-chloro-4'-(5-chloro-furan-2-ylmethylene)-2'-(5-fluoro-2-
methyl-phenyl)-l',3'-dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-di
one M.W. 457.29 C23Hi5Cl2FN2O3 In a manner similar to the method described
in Example 5, racemic (2'R, 3R, 4'S, 5'S)-5',6-
dichloro-4'-(5-chloro-furan-2-ylmethylene)-2'-(5-fluoro-2-methyl-phenyl)
spiro[3H-indole-3,3'- piperidine]-2,6'(lH)-dione in Example 5 1 (0.3 g, 0.6
mmol) was heated with DBU in toluene to give racemic
(2'R,3R)-6-chloro-4'-(5-chloro-furan-2-ylmethylene)-2'-(5-fluoro-2-methylph
enyl)- l',3'-dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione as a
yellow solid (Yield 65 mg, 24%). HRMS(ES+) m/z Calcd C23Hi5Cl2FN2O3+ H
[(M+H)+] : 320.1493. Found: 320.1493.Example 53 Preparation of intermediate
cyclopent-l-enecarbaldehyde M.W. 96.13 C6H8O To an acidic solution of
sodium periodate (28.3 g, 0.13 mol) (Aldrich) in water (250 mL) was added
the solution of 1,2-cycohexanediol (12 g, 0.10 mol) (Acros) in ethyl ether
(150 mL). The mixture was stirred vigorously for 0.5 h at room temperature.
After addition of KOH aqueous solution (20%, 38.4 mL), the reaction mixture
was stirred for an additional 1 h. The mixture was extracted with ethyl
ether. The organic layers were combined and dried. The solvent was removed
to give cyclopent-l-enecarbaldehyde as yellow oil (Yield: 7.2 g, 75% )
Example 54 Preparation of intermediate E/Z-6-hloro-3-cyclopent-
1-enylmethylene- 1,3-dihydro-indol-2-one In a manner similar to the method
described in Example 1, 6-chlorooxindole (2.51 g, 15 mmol) (Alfa) was
reacted with cyclopent-l-enecarbaldehyde (1.45 g, 15 mmol) (Aldrich) and
piperidine (1.49 mL, 15 mmol) in methanol to give E/Z-6-hloro-3-cyclopent-l
-enylmethylene- 1,3-dihydroindol- 2-one as a yellow solid (Yield 1.13 g,
30%). Example 55 Preparation of intermediate E/Z-
6-Chloro-3-cyclopent-l-enylmethylene-2-oxo-2,3-dihydroindole- 1-carboxylic
acid tert-butyl esterM.W. 345.83 Ci9H20CINO3 In a manner similar to the
method described in Example 2, E/Z-6-hloro-3-cyclopent-lenylmethylene-
l,3-dihydro-indol-2-one (1.13 g, 4.6 mmol) was reacted with di-tert-buty\-
dicarbonate (1.1 g, 5.1 mmol) (Aldrich), and 4-dimethylaminopyridine (23
mg) in dichloromethane to give E/Z-
6-Chloro-3-cyclopent-l-enylmethylene-2-oxo-2,3-dihydro-indole- 1-carboxylic
acid tert-butyl ester ester as a yellow solid (Yield: 1.5 g, 94%). Example
56 Preparation of intermediate racemic (2'R, 3R, 4'S,
5'S)-5',6-dichloro-4'-(cyclopent-l-enyl)-2'- (5-fluoro-2-methyl-phenyl)
spiro[3H-indole-3,3'-piperidine]-2,6'(lH)-dione M.W. 459.35 C24H2ICl2FN2O2
In a manner similar to the method described in Example 4, E/Z-
6-Chloro-3-cyclopent-lenylmethylene- 2-oxo-2,3-dihydro-indole-l-carboxylic
acid tert-butyl ester ester prepared in Example 55(1.21 g, 3.5 mmol) was
reacted with 4-chloro-l-(5-fluoro-2-methyl-phenyl)-3-
trimethylsilyoxy-2-aza-l,3-butadiene prepared in Example 3 (21 mmol) in
toluene, then treated with trifluoro acetic acid in dichloromethane to give
racemic (2'R, 3R, 4'S, 5'S)-5',6-dichloro-4'-
(cyclopent-l-enyl)-2'-(5-fluoro-2-methyl-phenyl)
spiro[3H-indole-3,3'-piperidine]-2,6'(lH)- dione as a yellow solid (Yield
0.3 g, 19%). Example 57 Preparation of racemic
(2'R,3R)-6-chloro-4'-(cyclopent-l-enyl)-2'-(5-fluoro-2-methyl-phenyl)-
l',3'-dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dioneM.W. 422.89
C24H20ClFN2O2 In a manner similar to the method described in Example 5,
racemic (2'R, 3R, 4'S, 5'S)-5',6- 



dichloro-4'-(cyclopent-l-enyl)-2'-(5-fluoro-2-methyl-phenyl)
spiro[3H-indole-3,3'-piperidine]- 2,6'(lH)-dione in Example 56 (0.3 g, 0.65
mmol) was heated with DBU in toluene to give racemic
(2'R,3R)-6-chloro-4'-(cyclopent-l-enyl)-2'-(5-fluoro-2-methyl-phenyl)-l
',3'- dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione as a yellow
solid (Yield 25 mg, 9%). HRMS(ES+) m/z Calcd C24H20ClFN2O2+ H [(M+H)+] :
551.1279. Found: 551.1278. Example 58 Preparation of intermediate
2-(4-chloro-2-formyl-phenoxy)-2-methyl-propionic acid tert-butyl ester To a
solution of 5-chlorosalicylaldehyde (5 g, 32 mmol) in N,N-dimethylformamide
(100 mL) was added 2-bromo-2-methyl-propionic acid tert-butyl ester (10.7
g, 48 mmol), Cs2COs (3.1 g, 95 mmol). The reaction mixture was heated at
140 0C for 18 h. The mixture was partitioned between ethyl acetate and
water. The organic layer was separated, and aqueous layer was extracted
with ethyl acetate. The organic layers were combined, washed with water,
brine, dried over Na2SO4 and concentrated to give
2-(4-chloro-2-formyl-phenoxy)-2-methyl-propionic acid tert-butyl ester as a
pale yellow solid (Yield 5.2 g, 54%).Example 59 Preparation of intermediate
E/Z-2-[4-chloro-2-(6-chloro-2-oxo- 1,2-dihydro-indol-3-
ylidenemethyl)-phenoxy]-2-methyl-propionic acid tert-butyl ester M.W.
448.55 C23H23Cl2NO4 To a mixture of
2-(4-chloro-2-formyl-phenoxy)-2-methyl-propionic acid tert-butyl ester
(5.17 g, 17.3 mmol) and 6-chlorooxindole (2.89 g, 17.3 mmol) were anhydrous
methanol (100 mL) at room temperature was slowly added piperidine ( 1.7 mL,
17.3 mmol). The reaction mixture was heated at 70 0C for 0.5 h. Then the
mixture was cooled to room temperature and filtered. The precipitate was
dried and collected to give
E/Z-2-[4-chloro-2-(6-chloro-2-oxo-l,2-dihydro-indol-
3-ylidenemethyl)-phenoxy]-2-methyl-propionic acid tert-butyl ester as a
yellow solid (Yield 6.5 g, 84%). Example 60 Preparation of intermediate
E/Z-3-[2-(l -tert-butoxycarbonyl- 1-methyl-ethoxy)-5-chlorobenzylidene]-
6-chloro-2-oxo-2,3-dihydro-indole-l-carboxylic acid tert-butyl ester M.W
533.43 C27H28Cl2NO6 In a manner similar to the method described in Example
2, E/Z-2-[4-chloro-2-(6-chloro-2-oxol,
2-dihydro-indol-3-ylidenemethyl)-phenoxy]-2-methyl-propionic acid
tert-butyl ester (6.5 g, 14.5 mmol) was reacted with
di-tt-butyl-dicarbonate (3.79 g, 17.4 mmol) (Aldrich), and
4-dimethylaminopyridine (71 mg) in dichloromethane to give
/Z-3-[2-(l-tert-butoxycarbonyl-lmethyl-
ethoxy)-5-chloro-benzylidene]-6-chloro-2-oxo-2,3-dihydro-indole-
1-carboxylic acid tertbutyl ester as a yellow solid (Yield: 6.9 g, 87%).
Example 61 Preparation of intermediate racemic (2'S, 3S, 4'R,
5'R)-4'-[2-(l-tert-butoxycarbonyl-l-methylethoxy)- 5-chloro-phenyl]-5
',6-dichloro-2'-(5-fluoro-2-methyl-phenyl) spiro[3H-indole-3,3 '-
piperidine]-2,6'(lH)-dione M.W. 661.99 C33H32Cl3FN2O5 To a solution of
4-chloro-l-(5-fluoro-2-methyl-phenyl)-3-trimethylsilyoxy-2-aza-l,3-butadien
e prepared in Example 3 (21 mmol) in toluene (30 mL) was added
E/Z-3-[2-(l-tertbutoxycarbonyl-
1-methyl-ethoxy)-5-chloro-benzylidene]-6-chloro-2-oxo-2,3-dihydro-indole-
1- carboxylic acid tert-butyl ester prepared in Example 60 (1.92 g, 3.5
mmol). The reaction mixture was stirred in a sealed tube under nitrogen at
140 0C for Ih, then 120 0C for 4h. After the solution was cooled to room
temperature, methanol (10 mL) was added. The reaction mixture was
concentrated. The residue was purified by chromatography (EtOACiCH Cl =I
;19, 1:9) to give racemic (2'S, 3S, 4'R,
5'R)-4'-[2-(l-tert-butoxycarbonyl-l-methyl-ethoxy)-5-chlorophenyl]- 5
',6-dichloro-2'-(5-fluoro-2-methyl-phenyl) spiro[3H-indole-3,3
'-piperidine]-2,6'(lH)- dione as an off-white solid (Yield 0.4 g, 17%).
Example 62 Preparation of racemic (2'S,
3S)-6-chloro-2'-[5-chloro-2-(2-hydroxycarbonyl-l-methyl-ethoxy)-
phenyl]-4'-(5-fiuoro-2-methyl-phenyl)-l',3'-dihydrospiro[3H-indole-3,3'-pyr
idine]-2,6'(lH)- dioneM.W. 569.41 C29H23Cl2FN2O5 To a solution of racemic
(2'S, 3S, 4'R, 5'R)-4'-[2-(l-tert-butoxycarbonyl-l-methyl-ethoxy)-5-
chloro-phenyl]-5 ',6-dichloro-2'-(5-fluoro-2-methyl-phenyl)
spiro[3H-indole-3,3 '-piperidine]- 



2,6'(lH)-dione (0.4 g, 0.6 mmol) in toluene (20 mL) was added
l,8-diazabicyclo[5.4.0]-undec-7- ene (DBU, Aldrich) (1.8 mL, 12 mmol). The
reaction mixture was heated and stirred at 120 0C for 4 h. After cooled to
room temperature, the mixture was concentrated. The residue was partitioned
between water solution and ethyl acetate. The aqueous layer was extracted
with ethyl acetate. The combined extracts were washed with water, brine,
then dried over Na2SO and concentrated. The residue was purified by
chromatography (EtOAc:CH2Cl2=l;19, 1:9) The product was dissolved in
dichloromethane (5 mL) and trifluoroactic acid ( 1 mL) was added. After the
reaction mixture was stirred at room temperature for 20 h, the mixture was
concentrated, and the residue was triturated with ethyl ether, hexanes to
give racemic (2'S, 3S)- 6-chloro-2 '-[5-chloro-2-(2-hydroxycarbonyl-
1-methyl-ethoxy)-phenyl] -4'-(5-fluoro-2-methylphenyl)-
r,3'-dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)-dione as an off-white
solid (Yield 40 mg, 12%). MS(ES+) m/z Calcd C29H23Cl2FN2O5+ H [(M+H)+] :
569.1041. Found: 569.1044 Example 63 In Vitro Activity Assay The ability of
the compounds to inhibit the interaction between p53 and MDM2 proteins was
measured by an HTRF (homogeneous time-resolved fluorescence) assay in which
recombinant GST-tagged MDM2 binds to a peptide that resembles the
MDM2-interacting region of p53 (Lane et al). Binding of GST-MDM2 protein
and p53-peptide (biotinylated on its N-terminal end) is registered by the
FRET (fluorescence resonance energy transfer) between Europium (Eu)-labeled
anti-GST antibody and streptavidin-conjugated Allophycocyanin (APC).Test is
performed in black flat-bottom 384-well plates (Costar) in a total volume
of 40 uL containing:90 nM biotinylate peptide, 160 ng/ml GST-MDM2, 20 nM
streptavidin-APC (PerkinElmerWallac), 2 nM Eu-labeled anti-GST-antibody
(PerkinElmerWallac), 0.2% bovine serum albumin (BSA), 1 mM dithiothreitol
(DTT) and 20 mM Tris-borate saline (TBS) buffer as follows: Add 10 uL of
GST-MDM2 (640 ng/ml working solution) in reaction buffer to each well. Add
10 uL diluted compounds (1:5 dilution in reaction buffer) to each well, mix
by shaking. Add 20 uL biotinylated p53 peptide (180 nM working solution) in
reaction buffer to each well and mix on shaker. Incubate at 37C for 1 h.
Add 20 uL streptavidin-APC and Euanti- GST antibody mixture (6 nM
Eu-anti-GST and 60 nM streptavidin-APC working solution) in TBS buffer with
0.2% BSA, shake at room temperature for 30 minutes and read using a
TRFcapable plate reader at 665 and 615 nm (Victor 5, Perkin ElmerWallac).
If not specified, the reagents were purchased from Sigma Chemical Co.
IC5o's showing the biological activity o f this invention exhibit
activities less than about 1OuJVl. Representative values are, for example:
Example 1C(tm) (mM. 0.02%BSA) 6 0.066 12 0.273 16 0.482 32 5.299 40
6.415Claims 1. A compound of the formula wherein X is selected from the
group consisting of hydrogen, halogen, cyano, nitro, ethynyl, cyclopropyl,
methyl, ethyl, isopropyl, methoxy and vinyl, Y is hydrogen, hydroxyl, or
fluorine, R1 is selected from the group consisting of lower alkenyl,
substituted lower alkenyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, cycloalkenyl and substituted cycloalkenyl and R2 is selected
from the group consisting of aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocycle, substituted heterocycle, cycloalkenyl
and substituted cycloalkenyl or a pharmaceutically acceptable salt or ester
thereof. 2. The compound of claim 1 having the formula wherein X is
selected from the group consisting of hydrogen, halogen, cyano, nitro,
ethynyl, cyclopropyl, methyl, ethyl, isopropyl, methoxy, and vinyl, Y is
hydrogen, hydroxyl, or fluorine, 



R1 is selected from the group consisting of lower alkenyl, substituted
lower alkenyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
cycloalkenyl and substituted cycloalkenyl andR2 is selected from the group
consisting of aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocycle, substituted heterocycle, cycloalkenyl and substituted
cycloalkenyl or a pharmaceutically acceptable salt or ester thereof. 3. The
compound of claim 2 wherein X is Cl, F or Br Y is hydrogen, R2 is a
substituted phenyl or substituted heteroaryl with the substituted phenyl or
substituted heteroaryl selected from group consisting of: and R1 is
selected from the group consisting of lower alkenyl, substituted lower
alkenyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
cycloalkenyl and substituted cycloalkenyl or a pharmaceutically acceptable
salt or ester thereof. 4. A compound of claim 1 selected from the group
consisting of racemic
(2'R,3R)-6-chloro-4'-(3-chloro-phenyl)-2'-(5-fluoro-2-methyl-phenyl)-r,3'-
dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione; chiral
(2'R,3R)-6-chloro-4'-(3-chloro-phenyl)-2'-(5-fiuoro-2-methyl-phenyl)-l
',3'- dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione; racemic
(2'R,3R)-6-chloro-4'-(3-chloro-phenyl)-2'-(5-fluoro-2-methyl-phenyl)-5-
hydroxy-l ',3'-dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione;
racemic (2'R,
3R)-6-chloro-4'-(3-chloro-phenyl)-2'-[5-chloro-2-(tetrahydro-pyran-4-
yloxy)-phenyl]-r,3'-dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)-dione;
racemic (2'R,
3R)-6-chloro-2'-[5-chloro-2-(tetrahydro-pyran-4-yloxy)-phenyl]-4'-(3-
fluoro-phenyl)-r,3'-dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)-dione;
racemic (2'R,
3R)-6-chloro-2'-[5-chloro-2-(2-hydroxy-ethoxy)-phenyl]-4'-(5-fluoro-2-
methyl-phenyl)-r,3'-dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)-dione;
racemic (2'R,
3R)-6-chloro-4'-(3-chloro-phenyl)-2'-isopropenyl-r,3'-dihydrospiro[3Hindole
- 3,3'-pyridine]-2,6'(lH)-dione; racemic
(2'R,3R)-6-chloro-4'-(3-chloro-phenyl)-5-fluoro-2'-(5-fluoro-2-methyl-pheny
l)- l',3'-dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione;
racemic (2'R,3R)-6-chloro-2'-(5-fluoro-2-methyl-phenyl)-4'-(furan-3-yl)-l
',3'- dihydrospiro[3H-indole-3,3 '(2'H)-pyridine]-2,6'(lH)-dione and
racemic
(2'R,3R)-6-chloro-2'-(5-fluoro-2-methyl-phenyl)-4'-(thiophen-3-yl)-l ',3 '-
dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione. 5. A compound of
claim 1 selected from the group consisting of racemic
(2'R,3R)-6-chloro-2'-(5-fiuoro-2-methyl-phenyl)-4'-(pyridin-3-yl)-l ',3'-
dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione; racemic (2'R,
3R)-6-chloro-4'-(3-chloro-phenyl)-2'-[5-iodo-2-(tetrahydro-pyran-4-
yloxy)-phenyl]-r,3'-dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)-dione;
racemic (2'R,
3R)-6-chloro-4'-(3-chloro-phenyl)-2'-[5-ethynyl-2-(tetrahydro-pyran-4-
yloxy)-phenyl]-r,3'-dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)-dione;
racemic (2'S,
3R)-6-chloro-4'-(3-chloro-phenyl)-2'-[5-ethynyl-2-(tetrahydro-pyran-4-
yloxy)-phenyl]-r,3'-dihydrospiro[3H-indole-3,3'-pyridine]-2,6'(lH)-dione;
racemic
(2'R,3R)-6-chloro-4'-(5-chloro-furan-2-ylmethylene)-2'-(5-fluoro-2-methylph
enyl)- l',3'-dihydrospiro[3H-indole-3,3'(2'H)-pyridine]-2,6'(lH)-dione;
racemic
(2'R,3R)-6-chloro-4'-(cyclopent-l-enyl)-2'-(5-fluoro-2-methyl-phenyl)-l
',3'- dihydrospiro[3H-indole-3,3 '(2'H)-pyridine]-2,6'(lH)-dione and
racemic (2'S,
3S)-6-chloro-2'-[5-chloro-2-(2-hydroxycarbonyl-l-methyl-ethoxy)-
phenyl]-4'-(5-fiuoro-2-methyl-phenyl)-l',3'-dihydrospiro[3H-indole-3,3'-pyr
idine]-2,6'(lH)- dione. 6. A pharmaceutical composition comprising a
compound of the formulawherein X is selected from the group consisting of
hydrogen, halogen, cyano, nitro, ethynyl, cyclopropyl, methyl, ethyl,
isopropyl, methoxy and vinyl, Y is hydrogen, hydroxyl, or fluorine, R1 is
selected from the group consisting of lower alkenyl, substituted lower
alkenyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
cycloalkenyl and substituted cycloalkenyl and 



R2 is selected from the group consisting of aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocycle, substituted heterocycle,
cycloalkenyl and substituted cycloalkenyl or a pharmaceutically acceptable
salt or ester thereof together with a pharmaceutically acceptable excipient
or carrier. 7. The pharmaceutical composition of claim 6 for the treatment
or control of cancer, in particular solid tumors, more particularly breast,
colon, lung and prostate tumors. 8. A compound of any one of claims 1 to 5
for the use as medicament. 9. A compound according to any one of claims 1
to 5 for the treatment or control of cancer, in particular solid tumors,
more particularly breast, colon, lung and prostate tumors. 10. The use of a
compound of any one of claims 1 to 5 for the manufacture of medicaments for
the treatment or control of cancer, in particular solid tumors, more
particularly breast, colon, lung and prostate tumors. 


