
Novel Estrogen Receptor Ligands Field of Invention
This invention relates to compounds which are estrogen
receptor ligands and are preferably selective for the
estrogen receptor b isoform, to methods of preparing
such compounds and to methods for using such compounds
in treatment of diseases related to the estrogen
receptor such as depressive disorders, anxiety
disorders, Alzheimer's disease, cognitive disorders,
osteoporosis, elevated blood triglyceride levels,
atherosclerosis, endometriosis, urinary incontinence,
autoimmune disease, and cancer of the lung, colon,
breast, uterus and prostate. Background of Invention
The estrogen receptor (ER) is a ligand activated
mammalian transcription factor involved in the up and
down regulation of gene expression. The natural
hormone for the estrogen receptor is b-17-estradiol
(E2) and closely related metabolites. Binding of
estradiol to the estrogen receptor causes a
dimerization of the receptor and the dimer in turn
binds to estrogen response elements (ERE' s) on DNA.
The ER/DNA complex recruits other transcription
factors responsible for the transcription of DNA
downstream from the ERE into mRNA which is eventually
translated into protein. Alternatively the interaction
of ER with DNA may be indirect through the
intermediacy of other transcription factors, most
notably fos and jun. Since the expression of a large
number of genes is regulated by the estrogen receptor
and since the estrogen receptor is expressed in many
cell types, modulation of the estrogen receptor
through binding of either natural hormones or
synthetic ER ligands can have profound effects on the
physiology and pathophysiology of the organism.
Historically it has been believed there was only one
estrogen receptor. However a second subtype (ER-b) has
been discovered. While both the "classical" ER-aand
the more recently discovered ER-b are widely
distributed in different tissues, they nevertheless
display markedly different cell type and tissue
distributions. Therefore synthetic ligands which are
either ER-aor ER-b selective may preserve the
beneficial effects of estrogen while reducing the risk
of undesirable side effects. Estrogens are critical
for sexual development in females. In addition,
estrogens play an important role in maintaining bone
density, regulation of blood lipid levels, and appear
to have neuroprotective effects. Consequently
decreased estrogen production in post-menopausal women
is associated with a number of diseases such as
osteoporosis, atherosclerosis, depression and
cognitive disorders. Conversely certain types of
proliferative diseases such as breast and uterine
cancer and endometriosis are stimulated by estrogens
and therefore antiestrogens (i.e., estrogen
antagonists) have utility in the prevention and
treatment of these types of disorders.The efficacy of
the natural estrogen, 17b-estradiol, for the treatment
of various forms of depressive illness has also been
demonstrated and it has been suggested that the
anti-depressant activity of estrogen may be mediated
via regulation of tryptophan hydroxylase activity and
subsequent serotonin synthesis (See, e.g., Lu N Z,
Shlaes T A, Cundlah C, Dziennis S E, LyIe R E, Bethea
C L, "Ovarian steroid action on tryptophan hydroxylase
protein and serotonin compared to localization of
ovarian steroid receptors in midbrain of guinea pigs."
Endocrine 11:257-267, 1999). The pleiotropic nature of
natural estrogen precludes its widespread, more
chronic use due to the increased risk of proliferative
effects on breast, uterine and ovarian tissues. The
identification of the estrogen receptor, ERb, has
provided a means by which to identify more selective
estrogen agents which have the desired anti-depressant
activity in the absence of the proliferative effects
which are mediated by ERa. Thus, it has been shown
that therapeutic agents having ERb-selectivity are
potentially effective in the treatment of depression.
What is needed in the art are compounds that can
produce the same positive responses as estrogen
replacement therapy without the negative side effects.
Also needed are estrogen-like compounds that exert
selective effects on different tissues of the body. WO
2006/019831 discloses certain indole derivatives
having utility in the prevention or treatment of
Hepatitis C viral infection. WO 2005/018636 discloses
certain indole derivative having estrogen receptor
modulator activity, all said indoles being oximes. The
compounds of the present invention are ligands for
estrogen receptors and as such may be useful for
treatment or prevention of a variety of conditions
related to estrogen functioning including bone loss,
bone fractures, osteoporosis, cartilage degeneration,
endometriosis, uterine fibroid disease, hot flashes,
increased levels of LDL cholesterol, cardiovascular
disease, impairment of cognitive functioning,
agerelated mild cognitive impairment, cerebral
degenerative disorders, restenosis, gynecomastia,
vascular smooth muscle cell proliferation, obesity,
incontinence, anxiety, depression, perimenopausal
depression, post-partum depression, premenstrual
syndrome, manic depression, dementia, obsessive
compulsive behavior, attention deficit disorder,
attention deficit hyperactivity disorder, sleep
disorders, irritability, impulsivity, anger
management, hearing disorders, multiple sclerosis,
Parkinson's disease, Alzheimer's disease, Huntington's
disease, amyotrophic lateral sclerosis, spinal cord
injury, stroke, autoimmune disease, inflammation, IBD,
IBS, sexual dysfunction, hypertension, retinal
degeneration, lung cancer, colon cancer, breast
cancer, uterus cancer, prostate cancer and
cholangiocarcinoma.Summary of the Invention 



This invention provides a compound of formula (I) or a
pharmaceutically acceptable ester, amide, carbamate,
solvate or salt thereof, including a salt of such an
ester, amide or carbamate, and a solvate of such an
ester, amide, carbamate or salt, (I) wherein R1 is
selected from the group consisting of halogen, cyano,
nitro, ORL, N(RB)2, -C(O)Ci_4alkyl, -SO2CMalkyl,
C1-6alkyl, C2-6alkenyl, C2-6alkynyl, haloCi_6alkyl,
dihaloCi -6alkyl, trihaloCi_6alkyl, haloC2_ 6alkenyl,
dihaloC 2_6alkenyl, trihaloC 2-6alkenyl,
cyanoCi_6alkyl, Ci_4alkoxyCi. 6 alkyl, C3.gcycloalkyl,
C3_8cycloalkylCi. 6 alkyl, phenyl, benzyl, and 5-10
membered heterocyclyl, wherein said phenyl, benzyl or
heterocyclyl group can be either unsubstituted or
substituted with from 1 to 3 substituents, each
substituent being selected from the group consisting
of ORL, halogen, cyano, nitro, -C(O)C1 4alkyl, C -
alkyl, C2.6alkenyl, C2-6alkynyl, haloCi_ alkyl,
dihaloC^alkyl and trihaloCi_6alkyl; R2 is selected
from the group consisting of halogen, cyano, nitro,
ORA, N(RB)2, N(OH)2, -C(O)Ci_4alkyl optionally
substituted with from 1 to 3 halogens, -SO2CMalkyl,
-C(O)NH-OH, -C(NH2)=N-0H, -C(CO2H)=N-OH, -C(NH2)=NH,
-C(NH C alkyl)=NH, -C(O-C alkyl^NH, -C(NH2)=N-NH 2,
-NH-C(NH 2)=NH, -NH-C(O)NH 2, -N=C(-NH-CH 2CH2-NH-),
-S-CN, -S-C(NH2)=NH, -S-C(NH 2)=NOH, -CO2H, -CH2-CO2H,
-CH(OH)CO2H, -C(O)CO2H, SO3H, CH2SO3H, C^alkyl, haloCi
-6alkyl, dihaloCi_6alkyl, trihaloC^alkyl,
cyanoCi_6alkyl, Ci_4alkoxyCi. 6 alkyl, C2_6alkenyl,
C2_6alkynyl, C3 gcycloalkyl, C3_8cycloalkylCi 6 alkyl,
phenyl, benzyl and 5-10 membered heterocyclyl wherein
said phenyl, benzyl or heterocyclyl group can be
either unsubstituted or substituted with from 1 to 3
substituents each substituent being selected from the
group consisting of 0 RL, halogen, cyano, nitro,
Ci_6alkyl, C2-6alkenyl, C2.6alkynyl, haloCi_6alkyl,
dihaloC^alkyl and trihaloC^alkyl; provided that if one
of R1 and R2 represents halogen, the other must
represent a group other than halogen; each of R3, R4,
R5 and R6 is independently selected from the group
consisting of hydrogen, 0 RA, halogen, cyano, nitro,
Ci.6alkyl, C2.6alkenyl, C2.6alkynyl, haloCi_6alkyl,
dihaloCi_ alkyl and trihaloC^alkyl;each RA is
independently selected from the group consisting of
hydrogen, Ci_6alkyl, C2_6alkenyl, C2 alkynyl,
C3_8cycloalkyl, C3_8cycloalkylCi_6alkyl, C -ioaryl and
C6_io each optionally substituted by from 1 to 3
halogen atoms; and each RB is independently selected
from the group consisting of hydrogen, Ci_6alkyl,
C2_6alkenyl, C2. 6alkynyl, C _8cycloalkyl, C
_gcycloalkylCi_6alkyl, C -ioaryl and C640
arylCi_6alkyl, each optionally substituted by from 1
to 3 halogen atoms; with the proviso that the compound
of formula (I) is not
4-[3-(4,5-Dihydro-lH-imidazol-2-yl)-2-(3,5-dimethyl-is
oxazol-4-yl)-indol-l -yl]-phenol;
l-(4-Hydroxy-phenyl)-2-(4-methyl-imidazol-l-yl)-lH-ind
ole-3-carbonitrile; 1-(4-Hydroxy-phenyl)-2-(
1H-pyrazol-3 -yl)- 1H-indole-3-carbonitrile;
l-(3-Chloro-4-hydroxy-phenyl)-2-(l-methyl-lH-pyrazol-4
-yl)-lH-indole-3-carbonitrile;
l-(4-Hydroxy-phenyl)-2-prop-l-ynyl-lH-indole-3-carboxy
lic acid amide; or
1-(4-Hydroxy-phenyl)-2-thiazol-2-yl- 1H-indole-3
-carboxylic acid. Compounds of the invention have
surprisingly been found to be ligands of the estrogen
receptor. The compounds accordingly have use in the
treatment or prophylaxis of conditions associated with
estrogen receptor activity. Detailed Description of
Invention The compounds of the invention may contain
chiral (asymmetric) centers or the molecule as a whole
may be chiral. The individual stereoisomers
(enantiomers and diastereoisomers) and mixtures of
these are within the scope of the present invention.
The present invention provides compounds that are
estrogen receptor ligands. The term "estrogen receptor
ligand" as used herein is intended to cover any moiety
which binds to an estrogen receptor. The ligand may
act as an agonist, a partial agonist, an antagonist or
a partial antagonist. The ligand may be ERb selective
or display mixed ERa and ERb activity. For example,
the ligand may act both as an agonist or a partial
agonist of ERb and as an antagonist or a partial
antagonist of ERa. When R1 represents a heterocyclyl
group, this group may be saturated or unsaturated, and
may contain one or more O, N and/or S atoms. It is
preferably 5- or 6-membered. Suitable heterocyclyl
groups include furyl, thienyl, pyrrolyl, pyrrolinyl,
pyrrolidinyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, imidazolyl, imidazolinyl, imidazolidine,
pyrazoly, pyrazolinyl, pyrazolidinyl, pyridyl,
morpholinyl, and piperidyl, with isoxazolyl being a
particularly preferred heterocyclyl group. Preferred
substituents for aheterocyclyl group include 1 to 3,
for example 1 or 2, substituents, each substituent
being selected from the group consisting of ORA,
halogen, cyano, -C(O)C .4alkyl, CMalkyl, C2-4alkenyl,
C2.4alkynyl, haloC . 4alkyl, dihaloCi_4alkyl and
Especially preferred substituents are selected from
halogen, cyano, Ci_4alkyl (especially methyl),
-C(O)Ci_4alkyl, and ORA in which RA preferably
represents a hydrogen atom or a group. More especially
preferred substituents are selected from halogen,
cyano and C alkyl (especially methyl or ethyl).
Preferred substituents for a phenyl or benzyl group R
include those mentioned above for a heterocyclyl group
R1. 



When R2 represents a heterocyclyl group, this group
may for example be one of the preferred groups
mentioned above for R1. Preferred substituents for a
phenyl or benzyl group R2 include those mentioned
above for a heterocyclyl group R1. Unless otherwise
stated, each RA is preferably independently selected
from the group consisting of hydrogen, Ci_4alkyl,
C2-4alkenyl, C2_4alkynyl, C3_cycloalkyl, phenyl and
benzyl. Preferably each RA independently represents
hydrogen or Ci_4alkyl, especially methyl. Unless
otherwise stated, each RB is preferably independently
selected from the group consisting of hydrogen and
Ci_4alkyl. Preferably R1 is selected from the group
consisting of ORA, N(RB)2, -C(O)C , 4alkyl, C,.6alkyl,
C2. 6alkenyl, C2 6alkynyl, haloCMalkyl,
dihaloCi_4alkyl, trihaloCi_4alkyl, haloC2.4alkenyl,
dihaloC2 4alkenyl, trihaloC 2_4alkenyl, phenyl, and
5-6 membered heterocyclyl, wherein said phenyl or
heterocyclyl group can either be unsubstituted or
substituted as above. More preferably, R1 is selected
from the group consisting of ORA, N(RB)2,
-C(O)CMalkyl, C, 4alkyl, C2 4alkenyl, C2.4alkynyl,
phenyl, and 5-6 membered heterocyclyl, wherein said
phenyl or heterocyclyl group can either be
unsubstituted or substituted as above. R2 may for
example be selected from one of the preferred groups
mentioned above for R1. In one embodiment of the
invention, R2 is selected from the group consisting of
halogen, cyano, nitro, ORA, N(RB)2, N(OH)2, -C(O)CM
alkyl optionally substituted with from 1 to 3
halogens, -SO2C, 4alkyl, -C(O)NH-OH, -C(NH2)=N-0H,
-C(CO2H)=N-OH, -C(O-C Malkyl)=NH, -C(NH2)=N- NH2,
-NH-C(NH2)=NH, -NH-C(O)NH2, -N=C(-NH-CH2CH2-NH-),
-S-CN, -S-C(NH 2)=NH, -S-C(NH2)=NOH, -CO2H, -CH2-CO2H,
-CH(OH)CO2H, -C(O)CO2H, SO3H, CH2SO3H, C,. alkyl,
haloC^alkyl,dihaloCi-6alkyl, trihaloCi_6alkyl,
cyanoCi-6alkyl, alkyl, C2-6alkenyl, C2_6alkynyl, C3
scycloalkyl, C3-scycloalkylCi_6 alkyl, phenyl, benzyl
and 5-10 membered heterocyclyl wherein said phenyl,
benzyl or heterocyclyl group can be either
unsubstituted or substituted with from 1 to 3
substituents each substituent being selected from the
group consisting of ORA, halogen, cyano, nitro,
Ci_6alkyl, C2_6alkenyl, C2_6alkynyl, haloCi_6alkyl, In
an alternative embodiment of the invention, R2 is
selected from the group consisting of halogen, nitro,
ORA, N(RB)2, -C(O)Ci -4alkyl optionally substituted
with from 1 to 3 halogens, -SO2CMalkyl, -C(O)NHOH,
-C(NH2)=N-0H, -C(NH2)=NH, -NH-C(NH2)=NH, -NH-C(O)NH 2,
-N=C^NH-CH 2CH2-NH-), -S-C(NH2)=NH, -CO2H, -CH2-CO2H,
SO3H, CH2SO3H, C,_6alkyl, haloCi. 6alkyl,
dihaloC^alkyl, trihaloC .6alkyl, cyanoCi_6alkyl,
Ci_4alkoxyCi_6 alkyl, C2-6alkenyl, C2.6alkynyl,
C3-gcycloalkyl, C3.8cycloalkylCi. 6 alkyl, phenyl,
benzyl and 5-10 membered heterocyclyl wherein said
phenyl, benzyl or heterocyclyl group can be either
unsubstituted or substituted with from 1 to 3
substituents each substituent being selected from the
group consisting of 0 RA, halogen, cyano, nitro,
C^alkyl, C2_6alkenyl, C2_6alkynyl, haloCi. 6alkyl,
dihaloCi_6alkyl and trihaloCi_6alkyl. In a preferred
embodiment of the invention, R2 is selected from the
group consisting of halogen, nitro, 0 RA, N(RB)2,
-C(O)Ci.4alkyl optionally substituted with from 1 to 3
halogens, -SO2C1-4alkyl, -C(O)NHOH, -C(NH2)=N-0H,
-NH-C(NH 2)=NH, -NH-C(O)NH 2, -N=C(-NH-CH 2CH2-NH-),
-S-C(NH2)=NH, -CO2H, -CH2-CO2H, C,_6alkyl,
haloC^alkyl, dihaloCi -6alkyl, trihaloCi -6alkyl,
cyanoCi. 6alkyl, Ci_4alkoxyCi_ alkyl, C2.6alkenyl, C2
6alkynyl, C3 8cycloalkyl, C3_8cycloalkylC 1.6 alkyl,
phenyl, benzyl and 5-10 membered heterocyclyl wherein
said phenyl, benzyl or heterocyclyl group can be
either unsubstituted or substituted with from 1 to 3
substituents each substituent being selected from the
group consisting of 0 RA, halogen, cyano, nitro,
Ci_6alkyl, C2_alkenyl, C2.ealkynyl, haloC _6alkyl,
dihaloCi_ alkyl and trihaloCi_6alkyl. More preferably,
R2 is selected from the group consisting of -C(O)C i
_4alkyl (especially -C(O)CH3), -C(NH2)=N-0H, -CO2H,
-CH2-CO2H, CMalkyl, C2.4alkenyl, C2.4alkynyl, and 5-6
membered heterocyclyl wherein said heterocyclyl group
can either be unsubstituted or substituted as above.
Most preferably, R2 is selected from the group
consisting of -C(O)CH3), -C(NH2)=N-0H, -CO2H, and
-CH2-CO2H, with -C(NH2)=N-0H being a particularly
preferred R2 group. Preferably each of R3, R4, R5 and
R6 is selected from the group consisting of hydrogen,
0 RL, halogen, cyano, Ci.4alkyl, for example methyl,
haloCi_4alkyl, for example chloro- or fiuoro-methyl,
dihaloCi. 4alkyl, for example dichloro- or
difluoromethyl, and trihaloCi_4alkyl, for example
trichloro- or trifluoromethyl. Preferably each of R3,
R4, R5 and R6 is selected from the group consisting of
hydrogen, OH, halogen, cyano, methyl, or
trifluoromethyl. Most preferably at least one of R3
and R4 is hydrogen. Most preferably each of R5 and R6
independently represents hydrogen and/or halogen,
especially fluorine.Accordingly, in one preferred
group of compounds of the invention, R1 is selected
from the group consisting of ORA, N(RB)2, -C(O)CM
alkyl, CI-6alkyl, C2.6alkenyl, C2.6alkynyl, haloCi
-4alkyl, dihaloQ. 4alkyl, haloC2-4alkenyl,
dihaloC2_4alkenyl, trihaloC 2 4alkenyl, phenyl, and
5-6 membered heterocyclyl, wherein said phenyl or
heterocyclyl group may be either unsubstituted or
substituted as above; more preferably, R1 is selected
from the group consisting of ORA, N(RB)2,
-C(O)Ci_4alkyl, Ci^alkyl, C2-4alkenyl, C2_4alkynyl,
phenyl, and 5-6 membered heterocyclyl, wherein said
phenyl or heterocyclyl group can either be
unsubstituted or substituted as above; 



R2 is selected from the group consisting of
-C(O)CMalkyl (especially -C(O)CH3), -C(NH2)=N-0H,
-CO2H, -CH2-CO2H, Ci_4alkyl, C2_4alkenyl, C2_4alkynyl,
and 5-6 membered heterocyclyl wherein said
heterocyclyl group can be either unsubstituted or
substituted as above; each of R3, R4, R5 and R6 is
selected from the group consisting of hydrogen, 0 RA,
halogen, cyano, Ci_4alkyl, haloCi_4alkyl, dihaloCi.
4alkyl, and trihaloCi_4alkyl, especially hydrogen, OH,
halogen, cyano, methyl, or trifluoromethyl;
especially, each of R5 and R6 represents hydrogen
and/or halogen, especially fluorine; each RA is
preferably independently selected from the group
consisting of hydrogen, C2_ 4alkenyl, C2 4alkynyl,
C3_6cycloalkyl, phenyl and benzyl, especially hydrogen
and Ci_4alkyl, especially methyl; and each RB is
independently selected from the group consisting of
hydrogen and C,_4alkyl. In a further embodiment,this
invention provides a compound of formula (I) or a
pharmaceutically acceptable ester, amide, solvate or
salt thereof, including a salt of such an ester or
amide, and a solvate of such an ester, amide or salt,
(I) wherein R1 is selected from the group consisting
of halogen, cyano, nitro, 0 RA, N(RB)2,
-C(O)Ci_4alkyl, -SO2C .4alkyl, Ci_6alkyl, C2-6alkenyl,
C2 6alkynyl, haloCi_&alkyl, dihaloCi_6alkyl,
trihaloCi_6alkyl, haloC26alkenyl, dihaloC 2-6alkenyl,
trihaloC 2-6alkenyl, cyanoCi_6alkyl, Ci_4alkoxyCi_6
alkyl, C^cycloalkyl, C3.8cycloalkylCi_6 alkyl, phenyl,
benzyl, and 5-10 membered heterocyclyl, wherein said
phenyl, benzyl or heterocyclyl group can be either
unsubstituted or substituted with from 1 to 3
substituents, each substituent being selected from the
group consisting of ORA, halogen, cyano, nitro,
Cialkyl, C2_6alkenyl, C2-6alkynyl, haloCi 6 alkyl,
dihaloC^alkyl and trihaloCi_6alkyl; R2 is selected
from the group consisting of halogen, cyano, nitro,
ORA, N(RB)2, -C(O)Ci.4alkyl optionally substituted
with from 1 to 3 halogens, -SO2CM alkyl, -C(O)NH-OH,
-C(NH2)=N-0H, -C(NH2)=NH, -NH-C(NH 2)=NH, -NH-C(O)NH
2, -N=C(-NH-CH 2CH2-NH-), -S-C(NH 2)=NH, -CO2H,
-CH2-CO2H, SO3H, CH2SO3H, Ci_6alkyl, haloCi -6alkyl,
dihaloCi -6alkyl, trihaloC ]-6alkyl, cyanoCi -6alkyl,
CM alkoxyCi -6 alkyl, C2-6alkenyl, C2 6alkynyl,
C3.8cycloalkyl, C3_cycloalkylCi. 6 alkyl, phenyl,
benzyl and 5-10 membered heterocyclyl wherein said
phenyl, benzyl or heterocyclyl group can be either
unsubstituted or substituted with from 1 to 3
substituents each substituent being selected from the
group consisting of 0 RA, halogen, cyano, nitro,
Ci_6alkyl, C2-6alkenyl, C2_6alkynyl, haloCi_6alkyl,
dihaloCi_ alkyl and trihaloC^alkyl; provided that if
one of R1 and R2 represents halogen, the other must
represent a group other than halogen; each of R3, R4,
R5 and R6 is independently selected from the group
consisting of hydrogen, 0 RA, halogen, cyano, nitro,
Ci_6alkyl, C2.6alkenyl, C2_6alkynyl, haloCi_6alkyl,
dihaloCi_6alkyl and trihaloCi_6alkyl; each RL is
independently selected from the group consisting of
hydrogen, C _6alkyl, C2.6alkenyl, C2. 6alkynyl,
C3_8cycloalkyl, C3_8cycloalkylCi_6alkyl, C -ioaryl and
C6_ioarylCi_6alkyl, each optionally substituted by
from 1 to 3 halogen atoms; and each RB is
independently selected from the group consisting of
hydrogen, Ci_6alkyl, C2.6alkenyl, C2. alkynyl,
C3_8cycloalkyl, Cv8cycloalkylC _6alkyl, C -ioaryl and
C6-ioarylCi_6alkyl, each optionally substituted by
from 1 to 3 halogen atoms; with the proviso that the
compound of formula (I) is not
4-[3-(4,5-Dihydro-lH-imidazol-2-yl)-2-(3,5-
dimethyl-isoxazol-4-yl)-indol-l -yl]-phenol. Compounds
of the formula I include, but are not limited to, the
compounds specifically named in the Examples herein.
In the Examples, the compound names were generated in
accordance with IUPAC by the ACD Labs 8.0/name
program, version 8.05 and/or with ISIS DRAW Autonom
2000 and/or ChemBioDraw Ultra version 11.0.Depending
upon the substituents present in compounds of the
formula I, the compounds may form esters, amides,
carbamates and/or salts. Salts and solvates of
compounds of formula (I) which are suitable for use in
medicine are those wherein a counterion or associated
solvent is pharmaceutically acceptable. However, salts
and solvates having non-pharmaceutically acceptable
counterions or associated solvents are within the
scope of the present invention, for example, for use
as intermediates in the preparation of the compounds
of formula (I) and their pharmaceutically acceptable
salts, solvates and physiologically functional
derivatives. By the term "physiologically functional
derivative" is meant a chemical derivative of a
compound of formula (I) having the same physiological
function as the free compound of formula (I), for
example, by being convertible in the body thereto.
Esters, amides and carbamates are examples of
physiologically functional derivatives. Suitable salts
according to the invention include those formed with
organic or inorganic acids or bases hi particular,
suitable salts formed with acids according to the
invention include those formed with mineral acids,
strong organic carboxylic acids, such as
alkanecarboxylic acids of 1 to 4 carbon atoms which
are unsubstituted or substituted, for example, by
halogen, such as saturated or unsaturated dicarboxylic
acids, such as hydroxycarboxylic acids, such as amino
acids, or with organic sulfonic acids, such as (C1-
C4)-alkyl- or aryl-sulfonic acids which are
unsubstituted or substituted, for example by halogen. 



Pharmaceutically acceptable acid addition salts
include those formed from hydrochloric, hydrobromic,
sulphuric, nitric, citric, tartaric, acetic,
phosphoric, lactic, pyruvic, acetic, trifluoroacetic,
succinic, perchloric, fumaric, maleic, glycolic,
lactic, salicylic, oxaloacetic, methanesulfonic,
ethanesulfonic, ptoluenesulfonic, formic, benzoic,
malonic, naphthalene-2-sulfonic, benzenesulfonic,
isethionic, ascorbic, malic, phthalic, aspartic, and
glutamic acids, lysine and arginine. Other acids such
as oxalic, while not in themselves pharmaceutically
acceptable, may be useful as intermediates in
obtaining the compounds of the invention and their
pharmaceutical acceptable acid addition salts.
Pharmaceutically acceptable base salts include
ammonium salts, alkali metal salts, for example those
of potassium and sodium, alkaline earth metal salts,
for example those of calcium and magnesium, and salts
with organic bases, for example dicyclohexylamine,
N-methyl-D-glucomine, morpholine, thiomorpholine,
piperidine, pyrrolidine, a mono-, di- or tri-lower
alkylamine, for example ethyl-, tert-butyl-, diethyl-,
diisopropyl-, triethyl-, tributyl- or
dimethyl-propylamine, or a mono-, di- or trihydroxy
lower alkylamine, for example mono-, di- or
triethanolamine. Corresponding internal salts may
furthermore be formed. Compounds of formula (I) may
have an appropriate group converted to an ester, an
amide or a carbamate. Thus typical ester and amide
groups formed from an acid group in the compound of
the formula I include -COORB, -CONRB 2, -SO2.ORB, or
-SO2.NRB 2, while typical ester and amide and
carbamate groupsformed from an -OH or -NHRB group in
the compound of the formula I include -O.CO.RB,
-NRB.CO.RB, -NRB.CO2R -O.SO2RB, and -NRB SO2RB, where
RB has one of the meanings given above. Those skilled
in the art of organic chemistry will appreciate that
many organic compounds can form complexes with
solvents in which they are reacted or from which they
are precipitated or crystallized. These complexes are
known as "solvates". For example, a complex with water
is known as a "hydrate". A compound which, upon
administration to the recipient, is capable of being
converted into a compound of formula (I) as described
above, or an active metabolite or residue thereof, is
known as a "prodrug". A prodrug may, for example, be
converted within the body, e. g. by hydrolysis in the
blood, into its active form that has medical effects.
Pharmaceutical acceptable prodrugs are described in T.
Higuchi and V. Stella, Prodrugs as Novel Delivery
Systems, Vol. 14 of the A. C. S. Symposium Series
(1976); "Design of Prodrugs" ed. H. Bundgaard,
Elsevier, 1985; and in Edward B. Roche, ed.,
Bioreversible Carriers in Drug Design, American
Pharmaceutical Association and Pergamon Press, 1987,
which are incorporated herein by reference. The
following definitions apply to the terms as used
throughout this specification, unless otherwise
limited in specific instances. As used herein, the
term "alkyl" means both straight and branched chain
saturated hydrocarbon groups. Examples of alkyl groups
include methyl, ethyl, n-propyl, iso-propyl, n-butyl,
t-butyl, i-butyl, sec-butyl, pentyl and hexyl groups.
Among unbranched alkyl groups, there are preferred
methyl, ethyl, n-propyl, iso-propyl, n-butyl groups.
Among branched alkyl groups, there may be mentioned
t-butyl, i-butyl, 1- ethylpropyl and 1-ethylbutyl
groups. As used herein, the term "alkoxy" means the
group O-alkyl, where "alkyl" is used as described
above. Examples of alkoxy groups include methoxy and
ethoxy groups. Other examples include propoxy and
butoxy. As used herein, the term "alkenyl" means both
straight and branched chain unsaturated hydrocarbon
groups with at least one carbon carbon double bond.
Examples of alkenyl groups include ethenyl, propenyl,
butenyl, pentenyl and hexenyl. Preferred alkenyl
groups include ethenyl, 1- propenyl and 2- propenyl.
As used herein, the term "alkynyl" means both straight
and branched chain unsaturated hydrocarbon groups with
at least one carbon carbon triple bond. Examples of
alkynyl groups include ethynyl,propynyl, butynyl,
pentynyl and hexynyl. Preferred alkynyl groups include
ethynyl 1- propynyl and 2- propynyl. As used herein,
the term "cycloalkyl" means a saturated group in a
ring system. A cycloalkyl group can be monocyclic or
bicyclic. A bicyclic group may, for example, be fused
or bridged. Examples of monocyclic cycloalkyl groups
include cyclopropyl, cyclobutyl and cyclopentyl. Other
examples of monocyclic cycloalkyl groups are
cyclohexyl, cycloheptyl and cyclooctyl. Examples of
bicyclic cycloalkyl groups include bicyclo [2.
2.1]hept-2-yl. Preferably, the cycloalkyl group is
monocyclic. As used herein, the term "aryl" means a
monocyclic or bicyclic aromatic carbocyclic group.
Examples of aryl groups include phenyl and naphthyl. A
naphthyl group may be attached through the 1 or the 2
position. In a bicyclic aromatic group, one of the
rings may, for example, be partially saturated.
Examples of such groups include indanyl and
tetrahydronaphthyl. Specifically, the term C5-I0 aryl
is used herein to mean a group comprising from 5 to 10
carbon atoms in a monocyclic or bicyclic aromatic
group. A particularly preferred C5-I0 aryl group is
phenyl. As used herein, the term "halogen" means
fluorine, chlorine, bromine or iodine. Fluorine,
chlorine and 



bromine are particularly preferred. As used herein,
the term "haloalkyl" means an alkyl group having a
halogen substituent, the terms "alkyl" and "halogen"
being understood to have the meanings outlined above.
Similarly, the term "dihaloalkyl" means an alkyl group
having two halogen substituents and the term
"trihaloalkyl" means an alkyl group having three
halogen substituents. Examples of haloalkyl groups
include fluoromethyl, chloromethyl, bromomethyl,
fluoromethyl, fluoropropyl and fluorobutyl groups;
examples of dihaloalkyl groups include difluoromethyl
and difluoroethyl groups; examples of triihaloalkyl
groups include trifluoromethyl and trifluoroethyl
groups. As used herein, the term "heterocyclyl" means
an aromatic or a non-aromatic cyclic group of carbon
atoms wherein from one to three of the carbon atoms
is/are replaced by one or more heteroatoms
independently selected from nitrogen, oxygen or
sulfur. A heterocyclyl group may, for example, be
monocyclic or bicyclic. In a bicyclic heterocyclyl
group there may be one or more heteroatoms in each
ring, or only in one of the rings. A heteroatom is
preferably O or N. Heterocyclyl groups containing a
suitable nitrogen atom include the corresponding
N-oxides. Examples of monocyclic non-aromatic
heterocyclyl groups (also referred to as monocyclic
heterocycioalkyl rings) include aziridinyl,
azetidinyl, pyrrolidinyl, imidazolidinyl,
pyrazolidinyl,piperidinyl, piperazinyl,
tetrahydrofuranyl, telrahydropyranyl, morpholinyl,
thiomorpholinyl and azepanyl. Examples of bicyclic
heterocyclyl groups in which one of the rings is
non-aromatic include dihydrobenzofuranyl, indanyl,
indolinyl, isoindolinyl, tetrahydroisoquinolinyl,
tetrahydroquinolyl and benkoazepanyl. Examples of
monocyclic aromatic heterocyclyl groups (also referred
to as monocyclic heteroaryl groups) include furanyl,
thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl,
oxadiazolyl, thiadiazolyl, pyridyl, triazolyl,
triazinyl, pyridazyl, isothiazolyl, isoxazolyl,
pyrazinyl, pyrazolyl and pyrimidinyl. Examples of
bicyclic aromatic heterocyclyl groups (also referred
to as bicyclic heteroaryl groups) include
quinoxalinyl, quinazolinyl, pyridopyrazinyl,
benzoxazolyl, benzothiophenyl, benzimidazolyl,
naphthyridinyl, quinolinyl, benzofuranyl, indolyl,
benzothiazolyl, oxazolyl[4,5-b]pyridiyl,
pyridopyrimidinyl, isoquinolinyl and benzodroxazole.
Examples of preferred heterocyclyl groups include
piperidinyl, tetrahydrofuranyl, tetrahydropyranyl,
pyridyl, pyrimidinyl and indolyl. Preferred
heterocyclyl groups also include thienyl, thiazolyl,
furanyl, pyrazolyl, pyrrolyl, isoxazolyl and
imidazolyl. As used herein the term "cycloalkylalkyl"
means a group cycloalkyl-alkyl- attached through the
alkyl group, "cycloalkyl" and "alkyl" being understood
to have the meanings outlined above. As mentioned
above, the compounds of the invention have activity as
estrogen receptor ligands. The compounds of the
invention have activity as estrogen receptor
modulators, and may be agonists, partial agonists,
antagonists, or partial antagonists of the estrogen
receptor. Particularly preferred compounds of the
invention have activity as an agonist or a partial
agonist of ERb. Preferred compounds of this type are
selective agonists of the estrogen receptor-beta (ERb)
. The compounds of the invention may thus be used in
the treatment of diseases or disorders associated with
estrogen receptor activity. In particular, the
compounds of the invention that are agonists or
partial agonists of the estrogen receptor may be used
in the treatment of diseases or disorders for which
selective agonists or partial agonists of the estrogen
receptor are indicated. The compounds of the invention
that are antagonists or partial antagonists of the
estrogen receptor may be used in the treatment of
diseases or disorders for which selective antagonists
or partial antagonists of the estrogen receptor are
indicated.Clinical conditions for which an agonist or
partial agonist is indicated include, but are not
limited to, bone loss, bone fractures, osteoporosis,
cartilage degeneration, endometriosis, uterine fibroid
disease, hot flashes, increased levels of LDL
cholesterol, cardiovascular disease, impairment of
cognitive functioning, cerebral degenerative
disorders, restenosis, gynecomastia, vascular smooth
muscle cell proliferation, obesity, incontinence,
anxiety, depression, autoimmune disease, inflammation,
IBD, IBS, sexual dysfunction, hypertension, retinal
degeneration, and lung, colon, breast, uterus, and
prostate cancer, and/or disorders related to estrogen
functioning. The compounds of the invention find
particular application in the treatment or prophylaxis
of the following: bone loss, bone fractures,
osteoporosis, cartilage degeneration, endometriosis,
uterine fibroid disease, hot flashes, increased levels
of LDL cholesterol, cardiovascular disease, impairment
of cognitive functioning, age-related mild cognitive
impairment, cerebral degenerative disorders,
restenosis, gynecomastia, vascular smooth muscle cell
proliferation, obesity, incontinence, anxiety,
depression, perimenopausal depression, post-partum
depression, premenstrual syndrome, manic depression,
dementia, obsessive compulsive behavior, attention
deficit disorder, attention deficit hyperactivity
disorder, sleep disorders, irritability, impulsivity,
anger management, hearing disorders, multiple
sclerosis, Parkinson's disease, Alzheimer's disease,
Huntington's disease, amyotrophic lateral sclerosis,
spinal cord injury, stroke, autoimmune disease,
inflammation, IBD, IBS, sexual dysfunction,
hypertension, retinal degeneration, lung cancer, colon
cancer, breast cancer, uterus cancer, prostate cancer
and the bile duct 



cancer form named cholangiocarcinoma. In one
embodiment of the invention, the present compounds
finds particular application in the treatment or
prophylaxis of depression, perimenopausal depression,
post-partum depression, premenstrual syndrome and
manic depression. The treatment or prophylaxis of hot
flashes (or hot flushes) in males, is preferable for
patients that has had an androgen ablation for
treatment of prostate cancer. The phrase "depression"
includes but is not limited to, major depressive
disorder, dysthymic disorder, bipolar disorder,
cyclothymic disorder, mood disorder due to a general
medical condition, substanceinduced mood misorder,
seasonal affective disorder (SAD), postpartum
depression and premenstrual dysphoric disorder. The
invention also provides a method for the treatment or
prophylaxis of a condition in a mammal mediated by an
estrogen receptor, which comprises administering to
the mammal a therapeutically effective amount of a
compound according to the invention. Clinical
conditions mediated by an estrogen receptor that may
be treated by the method of the invention are
preferably those described above.The invention also
provides the use of a compound according to the
invention, for the manufacture of a medicament for the
treatment or prophylaxis of a condition mediated by an
estrogen receptor. Clinical conditions mediated by an
estrogen receptor that may be treated by the method of
the invention are preferably those described above.
The amount of active ingredient which is required to
achieve a therapeutic effect will, of course, vary
with the particular compound, the route of
administration, the subject under treatment, including
the type, species, age, weight, sex, and medical
condition of the subject and the renal and hepatic
function of the subject, and the particular disorder
or disease being treated, as well as its severity. An
ordinarily skilled physician, veterinarian or
clinician can readily determine and prescribe the
effective amount of the drug required to prevent,
counter or arrest the progress of the condition. Oral
dosages of the present invention, when used for the
indicated effects, will range between about 0.01 mg
per kg of body weight per day (mg/kg/day) to about 100
mg/kg/day, preferably 0.01 mg per kg of body weight
per day (mg/kg/day) to 10 mg/kg/day, and most
preferably 0.1 to 5.0 mg/kg/day, for adult humans. For
oral administration, the compositions are preferably
provided in the form of tablets or other forms of
presentation provided in discrete units containing
0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0,
50.0, 100, and 500 milligrams of the active ingredient
for the symptomatic adjustment of the dosage to the
patient to be treated. A medicament typically contains
from about 0.01 mg to about 500 mg of the active
ingredient, preferably from about 1mg to about 100 mg
of active ingredient. Intravenously, the most
preferred doses will range from about 0.1 to about 10
mg/kg/minute during a constant rate infusion.
Advantageously, compounds of the present invention may
be administered in a single daily dose, or the total
daily dosage may be administered in divided doses of
two, three or four times daily. Furthermore, preferred
compounds for the present invention can be
administered in intranasal form via topical use of
suitable intranasal vehicles, or via transdermal
routes, using those forms of transdermal skin patches
well known to those of ordinary skill in the art. To
be administered in the form of a transdermal delivery
system, the dosage administration will, of course, be
continuous rather than intermittent throughout the
dosage regimen. While it is possible for the active
ingredient to be administered alone, it is preferable
for it to be present in a pharmaceutical formulation
or composition. Accordingly, the invention provides a
pharmaceutical formulation comprising a compound
according to the invention, and a pharmaceutically
acceptable dilu ent, excipient or carrier
(collectively referred to herein as "carrier"
materials). Pharmaceutical compositions of the
invention may take the form of a pharmaceutical
formulation as described below.The pharmaceutical
formulations according to the invention include those
suitable for oral, parenteral (including subcutaneous,
intradermal, intramuscular, intravenous [bolus or
infusion], and intraarticular), inhalation (including
fine particle dusts or mists which may be generated by
means of various types of metered does pressurized
aerosols), nebulizers or insufflators, rectal,
intraperitoneal and topical (including dermal, buccal,
sublingual, and intraocular) administration, although
the most suitable route may depend upon, for example,
the condition and disorder of the recipient. The
formulations may conveniently be presented in unit
dosage form and may be prepared by any of the methods
well known in the art of pharmacy. All methods include
the step of bringing the active ingredient into
association with the carrier which constitutes one or
more accessory ingredients. In general the
formulations are prepared by uniformly and intimately
bringing into association the active ingredient with
liquid carriers or finely divided solid carriers or
both and then, if necessary, shaping the product into
the desired formulation. Formulations of the present
invention suitable for oral administration may be
presented as discrete units such as capsules, cachets,
pills or tablets each containing a predetermined
amount of the active ingredient; as a powder or
granules; as a solution or a suspension in an aqueous
liquid or a non-aqueous liquid, for example as
elixirs, tinctures, suspensions or syrups; or as an
oil-in-water liquid emulsion or a water-in-oil liquid
emulsion. The active ingredient may also be presented
as a bolus, electuary or paste. 



A tablet may be made by compression or moulding,
optionally with one or more accessory ingredients.
Compressed tablets may be prepared by compressing in a
suitable machine the active ingredient in a
freeflowing form such as a powder or granules,
optionally mixed with a binder, lubricant, inert
diluent, lubricating, surface active or dispersing
agent. Moulded tablets may be made by moulding in a
suitable machine a mixture of the powdered compound
moistened with an inert liquid diluent. The tablets
may optionally be coated or scored and may be
formulated so as to provide slow or controlled release
of the active ingredient therein. The present
compounds can, for example, be administered in a form
suitable for immediate release or extended release.
Immediate release or extended release can be achieved
by the use of suitable pharmaceutical compositions
comprising the present compounds, or, particularly in
the case of extended release, by the use of devices
such as subcutaneous implants or osmotic pumps. The
present compounds can also be administered
liposomally. Exemplary compositions for oral
administration include suspensions which can contain,
for example, microcrystalline cellulose for imparting
bulk, alginic acid or sodium alginate as a suspending
agent, methylcellulose as a viscosity enhancer, and
sweeteners or flavoring agents such as those known in
the art; and immediate release tablets which can
contain, for example, microcrystalline cellulose,
dicalcium phosphate, starch, magnesium stearate,
calcium sulfate, sorbitol, glucose and/or lactose
and/or otherexcipients, binders, extenders,
disintegrants, diluents and lubricants such as those
known in the art. Suitable binders include starch,
gelatin, natural sugars such as glucose or
beta-lactose, corn sweeteners, natural and synthetic
gums such as acacia, tragacanth or sodium alginate,
carboxymethylcellulose, poly ethylene glycol, waxes
and the like. Disintegrators include without
limitation starch, methylcellulose, agar, bentonite,
xanthan gum and the like. The compounds of formula (I)
can also be delivered through the oral cavity by
sublingual and/or buccal administration. Molded
tablets, compressed tablets or freezedried tablets are
exemplary forms which may be used. Exemplary
compositions include those formulating the present
compound(s) with fast dissolving diluents such as
mannitol, lactose, sucrose and/or cyclodextrins. Also
included in such formulations may be high molecular
weight excipients such as celluloses (avicel) or
polyethylene glycols (PEG). Such formulations can also
include an excipient to aid mucosal adhesion such as
hydroxy propyl cellulose (HPC), hydroxy propyl methyl
cellulose (HPMC), sodium carboxy methyl cellulose
(SCMC), maleic anhydride copolymer (e.g., Gantrez),
and agents to control release such as polyacrylic
copolymer (e.g. Carbopol 934). Lubricants, glidants,
flavors, coloring agents and stabilizers may also be
added for ease of fabrication and use. Lubricants used
in these dosage forms include sodium oleate, sodium
stearate, magnesium stearate, sodium benzoate, sodium
acetate, sodium chloride and the like. For oral
administration in liquid form, the oral drug
components can be combined with any oral, non-toxic,
pharmaceutically acceptable inert carrier such as
ethanol, glycerol, water, and the like. The compounds
of the present invention can also be administered in
the form of liposome delivery systems, such as small
unilamellar vesicles, large unilamellar vesicles and
multilamellar vesicles. Liposomes can be formed from a
variety of phospholipids,
1,2-dipalmitoylphosphatidylcholine, phosphatidyl
ethanolamine (cephaline) , or phosphatidylcholine
(lecithin). Formulations for parenteral administration
include aqueous and non-aqueous sterile injection
solutions which may contain anti-oxidants, buffers,
bacteriostats and solutes which render the formulation
isotonic with the blood of the intended recipient; and
aqueous and non-aqueous sterile suspensions which may
include suspending agents and thickening agents. The
formulations may be presented in unit-dose or
multi-dose containers, for example sealed ampoules and
vials, and may be stored in a freeze-dried
(lyophilised) condition requiring only the addition of
the sterile liquid carrier, for example saline or
water-for-injection, immediately prior to use.
Extemporaneous injection solutions and suspensions may
be prepared from sterile powders, granules and tablets
of the kind previously described. Exemplary
compositions for parenteral administration include
injectable solutions or suspensions which can contain,
for example, suitable non-toxic, parenterally
acceptable diluents or solvents, such as mannitol,
1,3- butanediol, water, Ringer's solution, an isotonic
sodium chloride solution, or other suitable dispersing
or wetting and suspending agents, including synthetic
mono- or diglycerides, and fatty acids, including
oleic acid, or Cremaphor.Exemplary compositions for
nasal, aerosol or inhalation administration include
solutions in saline, which can contain, for example,
benzyl alcohol or other suitable preservatives,
absorption promoters to enhance bioavailability,
and/or other solubilizing or dispersing agents such as
those known in the art. Formulations for rectal
administration may be presented as a suppository with
the usual carriers such as cocoa butter, synthetic
glyceride esters or polyethylene glycol. Such carriers
are typically solid at ordinary temperatures, but
liquefy and/or dissolve in the rectal cavity to
release the drug. Formulations for topical
administration in the mouth, for example buccally or
sublingually, include lozenges comprising the active
ingredient in a flavoured basis such as sucrose and
acacia or tragacanth, and pastilles comprising the
active ingredient in a basis such as gelatin and
glycerine or sucrose and acacia. Exemplary
compositions for topical administration include a
topical carrier such as Plastibase (mineral oil gelled
with polyethylene). 



Preferred unit dosage formulations are those
containing an effective dose, as hereinbefore recited,
or an appropriate fraction thereof, of the active
ingredient. It should be understood that in addition
to the ingredients particularly mentioned above, the
formulations of this invention may include other
agents conventional in the art having regard to the
type of formulation in question, for example those
suitable for oral administration may include
flavouring agents. Whilst a compound of the invention
may be used as the sole active ingredient in a
medicament, it is also possible for the compound to be
used in combination with one or more further active
agents. Such further active agents may be further
compounds according to the invention, or they may be
different therapeutic agents, for example an
antidepressant, an anxiolytic, an anti-psychotic, an
agent useful in the prevention or treatment of
osteoporosis, an agent useful in the prevention or
treatment of cancer or other pharmaceutically active
material. For example, the compounds of the instant
invention may be effectively administered in
combination with effective amounts of other agents
such as an antidepressant, an anxiolytic, an
anti-psychotic, an organic bisphosphonate or a
cathepsin K inhibitor. In one preferred embodiment,
the compounds of the invention may be effectively
administered in combination with an effective amount
of an antidepressant. Nonlimiting examples of
antidepressants include noradrenaline reuptake
inhibitors (NRI), selective serotonin reuptake
inhibitors, monoamine oxidase inhibitors, tricyclic
antidepressants (TCA), dopamine reuptake inhibitors
(DRI), opioids, selective seretonic reuptake
enhancers, tetracyclic antidepressants, reversible
inhibitors of monoamine oxidase, melatonin agonists,
serotonin and noradrenaline reuptake inhibitors
(SNRI), corticotropin releasing factor antagonists, a-
adrenoreceptor antagonists, 5HTl areceptor agonists
and antagonists, lithium and atypical antipsychotics.
Examples of antidepressants of the SSRI class include
Fluoxetine and Sertraline; examples of antidepressants
of the SNRI class Venlafaxine, Citalopram, Paroxetine,
Escitalopram, Fluvoxamine; examples of antidepressants
of the SNRI class include Duloxetine; examples of
antidepressants of the DRI and NRI classes include
Bupropion; examples of antidepressants of the TCA
class include Amitriptyline and Dothiepin (Dosulepin).
Examples of atypical antipsychotics include:
Clozapine, Olanzapine, Risperidone, Quetiapine,
Ziprasidone and Dopamine partial agonists. Nonlimiting
examples of anxiolytics include benzodiazepines and
non-benzodiazapines. Examples of benzodiazepines
include lorazepam, alprazolam, and diazepam. Examples
of non-benzodiazapines include Buspirone (Buspar(r)),
barbiturates and meprobamate. One or more of those
further anti-depressants may be used in combination.
Examples of anti-cancer agents include tamoxifene or
an aromatase inhibitor, used in treatment of breast
cancer. In the event that hot flashes are induced by a
particular treatment, a compound of the invention may
be used in combination therapy with the agent of such
treatment. Nonlimiting examples of such combination
treatment therapies include: a compound of the
invention in combination with tamoxifene treatment of
breast cancer, a compound of the invention in
combination with aromatase inhibitor treatment of
breast cancer or a compound of the invention in
combination with raloxifene treatment of osteoporosis.
Nonlimiting examples of above-mentioned organic
bisphosphonates include adendronate, clodronate,
etidronate, ibandronate, incadronate, minodronate,
neridronate, risedronate, piridronate, pamidronate,
tiludronate, zoledronate, pharmaceutically acceptable
salts or esters thereof, and mixtures thereof.
Preferred organic biphosphonates include alendronate
and pharmaceutically acceptable salts and mixtures
thereof. Most preferred is alendronate monosodium
trihydrate. The precise dosage of the bisphosphonate
will vary with the dosing schedule, the oral potency
of the particular bisphosphonate chosen, the age,
size, sex and condition of the mammal or human, the
nature and severity of the disorder to be treated, and
other relevant medical and physical factors. Thus, a
precise pharmaceutically effective amount cannot be
specified in advance and can be readily determined by
the caregiver or clinician. An appropriate amount can
be determined by routine experimentation from animal
models and human clinical studies. Generally, an
appropriate amount of bisphosphonate is chosen to
obtain a bone resorption inhibiting effect, i.e. a
bone resorption inhibiting amount of the
bisphonsphonate is administered. For humans, an
effective oral dose of bisphosphonate is typically
from about 1.5 to about 6000 mg/kg of body weight and
preferably about 10 to about 2000 mg/kg of body
weight.For human oral compositions comprising
alendronate, pharmaceutically acceptable salts
thereof, or pharmaceutically acceptable derivatives
thereof, a unit dosage typically comprises from about
8.75 mg to about 140 mg of the alendronate compound,
on an alendronic acid active weight basis, i.e. on the
basis of the corresponding acid. The compounds of the
present invention can be used in combination with
other agents useful for treating estrogen-mediated
conditions. The individual components of such
combinations can be administered separately at
different times during the course of therapy or
concurrently in divided or single combination forms.
The present invention is therefore to be understood as
embracing all such regimes of simultaneous or
alternating treatment and the term "administering" is
to be interpreted accordingly. It will be understood
that the scope of combinations of the compounds of
this invention with other agents useful for treating
estrogen-mediated conditions includes in principle any
combination with any pharmaceutical 



composition useful for treating disorders related to
estrogen functioning. The above other therapeutic
agents, when employed in combination with the
compounds of the present invention, may be used, for
example, in those amounts indicated in the Physicians'
Desk Reference (PDR) or as otherwise determined by one
of ordinary skill in the art. Where the compounds of
the invention are utilized in combination with one or
more other therapeutic agent(s), either concurrently
or sequentially, the following combination ratios and
dosage ranges are preferred: When combined with an
antidepressant, an anxiolytic, an anti-psychotic, an
organic bisphosphonate or a cathepsin K inhibitor, the
compounds of formula (I) may be employed in a weight
ratio to the additional agent within the range from
about 10:1 to about 1:10. The compounds of the
invention as described above also find use, optionally
in labelled form, as a diagnostic agent for the
diagnosis of conditions associated with malfunction of
the estrogen receptor. For example, such a compound
may be radioactively labelled. The compounds of the
invention as described above, optionally in labelled
form, also find use as a reference compound in methods
of discovering other agonists, partial agonists,
antagonists or partial antagonists of the estrogen
receptor. Thus, the invention provides a method of
discovering a ligand of the estrogen receptor which
comprises use of a compound of the invention or a
compound of the invention in labelled form, as a
reference compound. For example, such a method may
involve a competitive binding experiment in which
binding of a compound of the invention to the estrogen
receptor is reduced by thepresence of a further
compound which has estrogen receptor-binding
characteristics, for example stronger estrogen
receptor-binding characteristics than the compound of
the invention in question. Numerous synthetic routes
to the compounds of the present invention can be
devised by any person skilled in the art and the
possible synthetic routes described below do not limit
the invention. Many methods exist in the literature
for the synthesis of indoles, for example: Indoles
Part One, W. J . Houlihan (ed.), 1972; Indoles,
Sundberg, R. J., 1996; Heterocyclic Chemistry, Joule,
J. A.; Mills, K. 2000; Chem. Rev., 2005, 105,
2873-2920; Org. Lett. 2006, 8, 5919-5922; and Bioorg.
Med. Chem. Lett., 2007, 77, 902- 906. A number of
possible synthetic routes are shown schematically
below. Where appropriate, any initially produced
compound according to the invention can be converted
into another compound according to the invention by
known methods. General Method 1 (a) Aryliodide,
Potassium phosphate, N,N'-dimethylethylenediamine,
CuI, Toluene; (b) t-BuLi,
1,2-dibromotetrachloroethane, THF; (c) BBr3, DCM
General Method 1 as shown in the reaction scheme above
was used for the synthesis of the following Examples:
Examples 46-159 and 2 11 - full experimental details
of the individual steps of the general method
applicable for the synthesis of the final compounds of
Examples 46-159 and 2 11 are described in Examples
1-5, 16 and 38-40.  Examples 160-162 and 196-210 -
full experimental details of the individual steps of
the general method applicable for the synthesis of the
final compounds of Examples 160-162 and 196-210 are
described in Examples 1-4, 8, 16 and 38-40.  Examples
169 and 173-195 - full experimental details of the
individual steps of the general method applicable for
the synthesis of the final compounds of Examples 169
and 173-195 are described in Examples 1-4, 8, 10-13,
14-16, 20, 25, 38-40 and 45.  Examples 233-270 - full
experimental details of the individual steps of the
general method applicable for the synthesis of the
final compounds of Examples 233-270 are described in
Examples 1-4, 10-11, 14-16, 38-40 and 45.General
Method 2 (a) NaH, R1-alkylester, THF; (b) Aniline,
AcOH; (c) PIFA, CH2CI2, (d) BBr3, CH2CI2. General
Method 2 as shown in the reaction scheme above was
used for the synthesis of Example 6. General Method
3(a) Aryliodide, Potassium phosphate,
N,N'-dimethylethylenediamin, CuI, Toluene; (b)
Chlorosulphonyl isocyanate, 1,2-dichloorethane, THF;
(c) Phosphorus oxychloride; (d) t-BuLi,
1,2-dibromotetrachloroethane, THF; (e) BF3SMe2, DCM
General Method 3 as shown in the reaction scheme above
was used for the synthesis of Examples 212-232 and 271
. Full experimental details of the individual steps of
the general method applicable for the synthesis of the
final compounds of Examples 212-232 and 271 are
described in Examples 2-4, 8, 16, 24 and 38-40.
General Method 4(a)
2-(methylthio)isoindoline-1,3-dione, MgBr, DMA; (b)
NBS, DMF; (C) R-iboronic acid, Pd(PPh3)4, NaI, NaCO3,
DME, H2O (d) 2-Mercaptobenzoic acid, TFA; (e) NBS, DMF
General Method 4 as shown in the reaction scheme above
was used for the synthesis of Examples 163-168 and
170-172. Full experimental details of the individual
steps of the general method applicable 



for the synthesis of the final compounds of Examples
163-168 and 170-172 are described in Examples 2-4, 9,
20-21. General Method 5 General Method 5 as shown in
the reaction scheme above is also potentially
applicable for synthesising the compounds of the
invention. An appropriate 3-cyano-N-arylindole could
be obtained from an N-arylindole via formylation as
shown in step (a), for example by means of a
Vilsmeier-Haack reaction, followed by reaction of the
aldehyde with hydroxylamine hydrochloride and
subsequent elimination using acetic anhydride as shown
in step (b). The following Examples illustrate the
invention.Example 1
2-Bromo-l-(4-hydroxy-phenyl)-lH-indole-3-carbonitrile
(El) Scheme 1 (a) 4-lodoanisole, Potassium phosphate,
N,N'-dimethylethylenediamine, CuI, Toluene; (b)
t-BuLi, 1,2-dibromotetrachloroethane, THF; (c) BBr3,
DCM Step (a): 1 eq 3-Cyanoindole, 2 eq 4-iodoanisole,
2.1 eq potassium phosphate, 4.5 eq
N,N'-dimethylethylenediamine and 0.2 eq copper(I)
iodide were mixed in an oven-dried vial and toluene
was added. The mixture was stirred under N2-atmosphere
at 110 0C over night. The reaction mixture was cooled
to rt, filtered and evaporated in vacuo. The crude
product was purified on silica using n-heptane: EtOAc
(4:1) as mobile phase. Step (b):
l-(4-Methoxy-phenyl)-lH-indole-3-carbonitrile was
dissolved in dry THF and cooled to -78 0C, 1.1 eq
MBuLi was added drop wise and the mixture was stirred
for one hour. A solution of 1.3 eq
1,2-dibromotetrachloroethane in dry THF was added and
the mixture was stirred for 4 hours while slowly
warming it up to rt and then quenched by addition
OfH2O. The reaction mixture was diluted with DCM,
phases were separated and the organic phase was
evaporated in vacuo. The crude product was purified on
silica using n-heptane: DCM (1:1) as mobile phase.
Step (c):
2-Bromo-l-(4-methoxy-phenyl)-lH-indole-3-carbonitrile
was dissolved in dry DCM and cooled to 0 0C. 5 eq BBr3
( 1.0 M solution in hexane) was added and the mixture
was stirred over night. Still at 0 0C, the reaction
was quenched with the addition of MeOH. The mixture
was diluted with H2O and the phases were partitioned.
The organic phase was concentrated and the crude
product purified on silica using n-heptane: EtOAc
(4:1) as mobile phase. ES/MS m/z: 313, 315 (M+H), 311,
313 (M-H); 1H NMR (acetone-d6, 500MHz): 7.69 (m, IH),
7.38-7.30 (m, 4H) and 7.16-7.10 (m, 3H). Example 2
l-(4-Hydroxy-phenyl)-2-thiophen-3-yl-lH-indole-3-carbo
nitrile (E2)Scheme 2 To
2-bromo-l-(4-hydroxy-phenyl)-lH-indole-3-carbonitrile
(Example 1) was added 2 eq 3-thiopheneboronic acid,
2.1 eq potassium carbonate and 10 mol %
tetrakis(triphenylphosphine) palladium. THF: EtOH: H2O
(4:1:0.5) was added and the vial was flushed with
nitrogen, sealed and stirred at 100 0C for 48 hours.
The reaction mixture was cooled to rt, diluted with
H2O, extracted with EtOAc and filtered through silica.
The organic phase was evaporated to dryness and the
crude product was subjected to reversed phase
preparative HPLC. Appropriate fractions were combined,
evaporated, and identified by 1H-NMR and LCMS. Purity
was determined by analytical HPLC. ES/MS m/z: 317.9
(M+H), 314.8 (M-H); 1H NMR (acetone-d6, 500MHz): 7.73
(m, IH), 7.62 (dd, IH, J=1.3, 2.9Hz), 7.54 (dd, IH,
J=2.9, 5.0Hz), 7.37-7.30 (m, 2H), 7.26 (m, 2H), 7.18
(m, IH), 7.15 (dd, IH, J=1.3, 5.0Hz) and 7.03 (m, 2H).
Example 3
2-(3-Cyano-furan-2-yl)-l-(4-hydroxy-phenyl)-lH-indole-
3-carbonitrile (E3) Scheme 3
2-Bromo-l-(4-hydroxy-phenyl)-lH-indole-3-carbonitrile
(Example 1, 40 mg, 0.13 mmol, 1 eq),
2-tributylstannanyl-furan-3-carbonitrile (63.5 mg,
0.17 mmol, 1.3 eq) and
dichlorobis(triphenylphosphine)palladium(II) (9 mg,
0.01 mmol, 0.1 eq) were weighed into a microwave vial.
Dioxane ( 1 ml) was added, the vial was flushed with
nitrogen and capped. The reaction mixture was
irradiated at 130 degrees for 30 min in the microwave
and then the solution was filtered. Saturatedaqueous
ammonium chloride solution (5 ml) was added and the
mixture was extracted several times with DCM. The
combined DCM phases were passed through a phase
separation membrane and evaporated. The crude product
was purified by a quick silica gel flash
chromatography, using n-heptane: ethyl acetate (7:3)
gradient, to remove the remaining tin reagent rests.
Appropriate fractions were collected and evaporated,
dissolved in acetonitrile ( 1 ml), and purified by
preparative HPLC to give 33 mg (79% yield) 99% pure
product, as determined by analytical HPLC. (Column:
Reprosil Pur 120 ODS-3 (Cl 8), 30x100 mm, 5mm. Mobile
phase A: Formic acid 0.05%, Mobile phase B: ACN.
Gradient 20% A-1 00% B. ES/MS m/z: 326.1 (M+H), 324.1
(M-H); 1HNMR (acetone-d6, 500MHz): 7.89 (d, IH,
J=2.2Hz), 7.85 (m, IH), 7.48-7.43 (m, 2H), 7.34 (m,
IH), 7.32 (m, 2H) and 7.04-7.01 (m, 3H). Example 4
l-(4-Hydroxy-phenyI)-2-pyrrol-l-yl-lH-indole-3-carboni
trile (E4) 



Scheme 4 Pyrrole, Cs2CO3, CuI, DMF
2-Bromo-l-(4-hydroxy-phenyl)-lH-indole-3-carbonitrile
(Example 1), 1.4 eq pyrrole, 2 eq cesium carbonate and
20 mol% copper(I) iodide was mixed in a oven-dried
vial, DMF was added and the mixture was flushed with
nitrogen. The vial was sealed and stirred at 120 C for
48 hours. The reaction-mixture was cooled to rt,
diluted with EtOAc and filtered through silica. The
crude mixture was evaporated to dryness and subjected
to reversed phase preparative HPLC. Appropriate
fractions were combined and evaporated, and identified
by 1H-NMR and LC/MS. Purity was determined by
analytical HPLC. ES/MS m/z: 300.2 (M+H), 298.3 (M-H);
1H NMR (acetone-d6, 500MHz): 7.74 (m, IH), 7.41-7.35
(m, 2H), 7.27 (m, 2H), 7.23 (m, IH), 6.98 (m, 2H),
6.95 (t, 2H, J=2.2Hz) and 6.23 (t, 2H, J=2.2Hz).
Example 5
2-Dimethylamino-l-(4-hydroxy-phenyl)-lH-indole-3-carbo
nitrile (E5) Scheme 5Dimethylamine, DMF
2-Bromo-l-(4-hydroxy-phenyl)-lH-indole-3-carbonitrile
(Example 1) was mixed with excess dimethylamine in DMF
(1:3) and the mixture was stirred in a sealed vial at
80 0C over night. The reaction-mixture was cooled to
rt, diluted with H2O and DCM and then the phases were
separated. The organic phase was evaporated to dryness
and subjected to reversed phase preparative HPLC.
Appropriate fractions were combined and evaporated,
and identified by 1H-NMR and LC/MS. Purity was
determined by analytical HPLC. ES/MS m/z: 278.1 (M+H),
276.1 (M-H); 1H NMR (acetone-d6, 500MHz): 7.42 (m,
IH), 7.33 (m, 2H), 7.17 (m, IH), 7.09-7.05 (m, 3H),
6.95 (m, IH) and 2.93 (s, 6H). Example 6
l-(4-Hydroxy-phenyl)-2-isopropyl-lH-indole-3-carbonitr
ile (E6) Scheme 6 (a) NaH, Ethyl isobutyrate, THF; (b)
4-Methoxyaniline, AcOH; (c) PIFA, CH2CI2; (d) BBr3,
CH2CI2 Step (a): Benzylcyanide (1500mg, 12.8mmol) was
dissolved in 150 ml dry THF and cooled down to 0 0C.
The solution was stirred at that temperature while NaH
(60% in mineral oil, 663mg) was added slowly. After
the addition was completed, the mixture was stirred at
0 0C for 30 min and then the ice bath was removed and
stirring continued at RT for 120 min. Ethyl
isobutyrate (1785 mg, 15.4 mmol) was added at once and
the reaction mixture heated at 60 0C for 2h. The THF
was removed in vacuo and the residue was then poured
into ice-water. HCl 6M was added with stirring until
neutral pH was reached. The mixture was extracted with
EtOAc, dried over MgSq 4 and concentrated in vacuo.
The compound was purified by flash chromatography
[silica; n-heptane-EtOAc (9:1)] to afford
4-methyl-3-oxo-2-phenylpentanenitrile (460 mg,
19%).Step (b): 4-Methyl-3-oxo-2 -phenyl-pentanenitrile
(lOOmg, 0.53mmol) and 4-methoxyaniline were dissolved
in AcOH 100% (ImI). The mixture was heated at 160 0C
during 30min in the microwave. The solvent was
co-evaporated with toluene in vacuo. The residue
dissolved in CH2CI2 and filtered through a silica
plug. The solvent was removed and the mixture obtained
was used directly in the next step without further
purification. Step (c): The mixture obtained from step
(b) (65mg) and PDPA (26mg) were dissolved in CH2Cl2
(dry, 1.5ml) and stirred at RT overnight. The mixture
was extracted in NaHCq 3/ CH2Cl2using a phase
separator. The mixture was purified by preparative
HPLC to afford the desired
2-isopropyl-l-(4-methoxyphenyl)- 1H-indole-3
-carbonitrile (3mg) . Step (d):
2-Isopropyl-l-(4-methoxy-phenyl)-l H-indole-3
-carbonitrile (3mg, 0.01 mmol) was dissolved in dry
CH2Cl2 (0.5 ml) and stirred at 0 0C. BBr3 (IM in
CH2Cl2, 50ml) was added and the mixture left in the
fridge with stirring overnight. Some drops of MeOH
were added and stirred. The solvent was removed in
vacuo and the mixture partitioned in H2O/ DCM. The
organic phase was separated using a phase separator.
The solvent was removed in vacuo and the mixture was
chromatographed using a prepacked silica column
(solvent: EtOAc:n-Heptane 3-7) to afford the desired
l-(4-hydroxy-phenyl)-2-isopropyllH-
indole-3-carbonitrile (1.1 mg, 39%). 1HNMR
(acetone-d6, 500MHz): 7.64 (m, IH), 7.32 (m, 2H), 7.28
(m, IH), 7.22 (m, IH), 7.11 (m, 2H), 6.98 (m, IH),
3.07 (m, IH) and 1.43 (d, 6H, J=7.0Hz). Example 7
2-Acetyl-l-(4-hydroxy-phenyl)-lH-indole-3-carbonitrile
(E7) The title compound was synthesized by hydrolysis
of 2-(l-Ethoxy-vinyl)-l-(4-hydroxy-phenyl)-lHindole- 3
-carbonitrile. ES/MS m/z: 277.1 (M+H), 275.1 (M-H); 1H
NMR (acetone-d6, 500MHz): 7.84 (d, IH, J=7.5Hz),
7.49-7.42 (m, 2H), 7.32 (m, 2H), 7.18 (m, IH,
J=8.0Hz), 7.06 (m, IH) and 2.46 (s, 3H). Example 8
2-(3,5-Dimethyl-isoxazol-4-yl)-l-(4-hydroxy-phenyl)-lH
-indole-3-carboxylic acid (E8) Scheme
72-(3,5-Dimethyl-isoxazol-4-yl)-l-(4-hydroxy-phenyl)-l
H-indole-3-carbonitrile (Example 51) was dissolved in
a 1:2 mixture of THF and LiOH (aq, 2 M) and run in a
microwave at 160 0C for one hour. The mixture was
diluted with H2O and DCM, acidified to pH 1 with HCl (
1 M) and the phases separated. 



The organic phase was concentrated in vacuo and
purified with Chromatotrone using 5 % MeOH in DCM as
mobile phase. ES/MS m/z: 349.4 (M+H), 347.2 (M-H); 1H
NMR (acetone-d6 ; 500MHz): 8.31 (m, IH), 7.32-7.23 (m,
3H), 7.20 (m, IH), 7.12 (br s, IH), 6.97 (m, 2H), 2.16
(s, 3H) and 2.05 (s, 3H). Example 9
1-[l-(4-Hydroxy-phenyl)-2-phenyl-lH-indol-3-yl]-ethano
ne (E9) (a) Ethyleneglycol monovinylether, Pd(OAc)2,
dppp, KOAc, tBuNH 3Br, toluene/H2O 1:1; (b) 3M HCI;
(c) BBr3, DCM Steps (a) and (b): 1 eq.
3-Bromo-l-(4-methoxy-phenyl)-2-phenyl-lH-indole
(synthesised from l-(4- methoxyphenyl)-lH-indole by a
method analogous to that used in steps (a), (b) and
(c) of Example 2 1 followed by steps (a) and (b) of
Example 22), 5 eq. ethylene glycol monovinyl ether, 5
mol% Pd(OAc)2, 10 mol% dppp, 1.3 eq. potassium
acetate, 5 mol% tetrabutylammonium bromide were mixed
with toluene/water in a microwave vial under nitrogen.
The reaction was run in a microwave reactor at 150 0C
for 20 min. 2 ml 3M HCl was added and the mixture was
stirred at RT for 30 min. Water and DCM were added and
the phases were separated. After evaporation of the
solvents, the residue was purified by flash
chromatography with heptane/EtOAc 9:1. Step (c): The
starting material was dissolved in dry DCM under
nitrogen and was cooled to 0 0C. BBr was added and the
temperature was allowed to reach RT for 2h. The
reaction was quenched with water and the phases were
separated. After evaporation of the solvents, the
residue was purified by preparative HPLC. ES/MS m/z:
328.16 (M+H), 326.2 (M-H); 1H NMR (DMSO-d6, 500MHz):
8.35 (m, IH), 7.43 (m, 2H), 7.40-7.37 (m, 3H), 7.28
(m, IH), 7.24 (m, IH), 7.10 (m, 2H), 7.00 (m, IH),
6.73 (m, 2H) and 1.88 (s, 3H).Example 10
l-(4-Hydroxy-phenyl)-2-phenyl-lH-indole-3-carboxylic
acid amide (ElO) Scheme 9
l-(4-Hydroxy-phenyl)-2-phenyl-lH-indole-3-carbonitrile
(Example 46, 10 mg, 0.03 mmol) was dissolved in 1ml of
MeOH. H2O2 ( 1 ml, 35% by weight in H2O) and 2M KOH
(0.5 ml) were added and the reaction mixture was
heated to reflux over night. The mixture was acidified
with IM HCl and EtOAc was added. The phases were
separated and the organic solvents were evaporated.
The crude product was purified by reversed phase
preparative HPLC to give the title amide. ES/MS m/z:
329.1 (M+H), 327.13 (M-H); 1H NMR (acetone-d6,
500MHz): 8.34 (m, IH), 7.46 (m, 2H), 7.40-7.37 (m,
3H), 7.24-7.18 (m, 2H), 7.12 (m, 2H), 7.07 (m, IH) and
6.85 (m, 2H). Example 11
(Z)-2-(3,5-dimethylisoxazol-4-yl)-N'-hydroxy-l-(4-hydr
oxyphenyl)-lH-indole-3-carboximidamide (Ell) Scheme 10
Under nitrogen atmosphere, a solution of
2-(3,5-dimemyl-isoxazol-4-yl)-l-(4-hydroxy-phenyl)-lHi
ndole- 3-carbonitrile (Example 51), 12 eq
hydroxylamine hydrochloride and 12 eq triethylamine in
EtOH was heated at 100 0C for 24 hours. The reaction
mixture was cooled to rt, diluted with methanol,
precipitation filtered off and subjected to reversed
phase preparative HPLC. Appropriate fractions were
combined and evaporated, and identified by 1H-NMR and
LC/MS. Purity was determined by analyticalHPLC. ES/MS
nVz: 363.5 (M+H), 361.6 (M-H); 1HNMR (acetone-d6,
500MHz): 8.14-8.13 (s, OH), 8.08-8.04 (m, IH),
7.23-7.14 (m, 3H), 7.15-7.06 (m, 2H), 6.96-6.91 (m,
2H), 5.18-5.07 (m, 2H), 2.16 (s, 3H), 2.00 (s, 3H).
Examples 12 and 13
[2-(3,5-Dimethyl-isoxazol-4-yl)-l-(4-hydroxy-phenyl)-l
H-indol-3-yl]-carbamic acid tert-butyl ester (E12)
4-(3-Amino-2-(3,5-dimethylisoxazol-4-yl)-lH-indol-l-yl
)phenol (E13) Scheme 1 1 (a) Diphenylphosphoryl azide,
Et3N, tBuOH; (b) TFA, DCM Step (a): A mixture of
2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH-i
ndole-3-carboxylic acid(Example 8), diphenylphosphoryl
azide (1.1 eq) and triethyl amine (1.1 eq) in
tert-BuOH was heated in microwave reactor at 90 0C for
1 hour. After cooling, the mixture was subjected to
reversed phase preparative HPLC. Appropriate fractions
were combined and evaporated, to provide
[2-(3,5-dimethylisoxazol-
4-yl)-l-(4-hydroxy-phenyl)-lH-indol-3-yl]-carbamic
acid tert-buty] ester (E12). ES/MS m/z: 420.21 (M+H),
418.22 (M-H); 1HNMR (acetone-d6, 500MHz): 7.61 (m,
IH), 7.26-7.13 (m, 5H), 6.93 (m, 2H), 2.22 (s, 3H),
1.89 (s, 3H) and 1.44 (s, 9H). Step (b): At rt,
tert-butyl
2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH-i
ndol-3-ylcarbamate was dissolved in DCM and treated
with catalytic amount of TFA until the reaction was
complete. The mixture was concentrated in vacuo and
co-evaporated with MeOH.
4-(3-Amino-2-(3,5-dimethylisoxazol-
4-yl)-lH-indol-l-yl)phenol (El 3) was identified with
LC/MS and purity determined by analytical HPLC. ES/MS
m/z: 320.2 (M+H) and 3 8.2 (M-H). Example 14 



(Z)-2-(3,5-Dimethylisoxazol-4-yl)-7-fluoro-N'-hydroxy-
l-(4-hydroxyphenyl)-lH-indole-3- carboximidamide
(E14)Scheme 12 (a) HCI (gas), Dioxane, MeOH; (b)
Hydroxylamine hydrochloride, NaHCO3, EtOH Step (a):
HCl gas was bubbled into a cooled (O0C) solution of
2-(3,5-dimethylisoxazol-4-yl)-7-fluoro-l-
(4-hydroxyphenyl)-lH-indole-3-carbonitrile (Example
230, 19 mg, 0.05 mmol) in dioxane ( 1.5ml) and MeOH
(0.5 ml) for 10 min. The tube was sealed, the
temperature was allowed to warm to RT and the mixture
was stirred over night. The solvents were evaporated
in vacuo. Step (b): To a stirring solution of
hydroxylamine hydrochloride (19 mg, 0.27 mmol) in
water, was added solid NaHCO3 (23 mg, 0.27 mmol) at
RT. The above amidate, dissolved in EtOH ( 1.5 ml),
was added, and the solution was stirred at 9O0C in a
sealed vial for Ih. The mixture was purified by
preparative HPLC to provide the title compound
(Z)-2-(3,5-dimethylisoxazol-4-yl)-7-fluoro-N'-hydroxy-
l-(4- hydroxyphenyl)-lH-indole-3-carboximidamide in
10% yield. ES/MS m/z: 381.1 (M+H), 279.2 (M-H); 1H NMR
(methanol-d4, 500MHz): 7.68 (dd, IH, J=8.1, 0.7Hz),
7.13 (m, IH), 7.08 (m, 2H), 6.93 (m, IH), 6.77 (m,
2H), 2.16 (s, 3H) and 2.00 (s, 3H). Example 15
(Z)-2-(5-chlorothiophen-2-yl)-N'-hydroxy-l-(4-hydroxyp
henyl)-lH-indoIe-3-carboximidamide (E15) Scheme 13 The
compound
2-(5-chlorothiophen-2-yl)-l-(4-hydroxyphenyl)-lH-indol
e-3-carbonitrile (Example 86) was dissolved in DMSO
(0.25 mL) and hydroxylamine (0.25 mL, 100 eq) was
added from a 2M stocksolution of
hydroxylainine*hydrochloride neutralized with sodium
hydroxide (pH = 7.01 as measured with pH-meter). The
mixture was stirred at 60 0C for 18 hours. The cooled
mixture was diluted with brine and extracted with
EtOAc and subjected to reversed phase preparative
HPLC. Appropriate fractions were combined and
evaporated, and identified by 1H-NMR and LC/MS. Purity
was determined by analytical HPLC. ES/MS m/z: 386.3
(M+H), 384.2(M-H); 1HNMR (acetone-d6, 500MHz): 7.89
(m, IH), 7.21-7.13 (m, 4H), 7.04 (m, IH), 7.00-6.97
(m, 3H) and 6.91 (d, IH, J=4.0Hz). Example 16
l-(2,3-Difluoro-4-hydroxyphenyl)-2-(3,5-dimethylisoxaz
ol-4-yl)-lII-indole-3-carbonitrile (E 16) Scheme 14 To
2-bromo-l-(2,3-difluoro-4-hydroxyphenyl)-lH-indole-3-c
arbonitrile (Example 103) was added 1.5 eq
3,5-dimethylisooxazole-4-boronic acid, 4 eq potassium
carbonate, 2 eq sodium iodide and 10 mol%
tetrakis(triphenylphosphine)palladium. DME:H2O (1:1)
was added and the vial was flushed with nitrogen,
sealed and stirred at 150 0C for 10 min. The reaction
mixture was cooled to it, diluted with H2O and
extracted with DCM. The organic phase was evaporated
to dryness and purified on silica column using 1:1
n-heptane:EtOAc as mobile phase. ES/MS m/z: 366.20
(M+H), 364.20 (M-H); 1H NMR (CDCl3, 500MHz): 7.84 (d,
IH), 7.39 (m, 2H), 7.19 (d, IH), 6.93 (broad m, 2H),
2.42 (s, 1.5H), 2.24 (s, 1.5 H), 2.19 (s, 1.5H), 2.01
(s, 1.5H) Example 17
2-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH-i
ndole-3 carbohydrazonamide (E 17) Scheme
152-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH
-indole-3-carbimidate (Example 184) was dissolved in
EtOH and 10 eq hydrazine was added. The resulting
mixture was stirred at 90 0C for 10 hours. The
reaction mixture was diluted with EtOAc and washed
with brine. The organic phase was evaporated to
dryness in vacuo and then purified using reversed
phase preparative HPLC. Fractions were combined,
concentrated and the final product was identified by
1H-NMR and LC/MS. Purity was determined by analytical
HPLC. ES/MS m/z: 362.21 (M+H), 360.28 (M-H); 1H NMR
(methanol-d3, 500MHz): 7.81 (m, IH), 7.36-7.32 (m,
3H), 7.08 (m, 2H), 6.90 (m, 2H), 2.16 (s, 3H) and 1.96
(s, 3H). Example 18
4-(2-(3,5-Dimethylisoxazol-4-yl)-3-(l,2,4-oxadiazol-3-
yl)-lH-indol-l-yl)phenol (E18) Scheme 16
(Z)-2-(3,5-Dimethylisoxazol-4-yl)-N'-hydroxy-l-(4-hydr
oxyphenyl)-lH-indole-3 carboximidamide (Example 11)
was dissolved in THF containing 4-A powdered molecular
sieves. The mixture was stirred for 30 min under N2.
NaH (60 % dispersion in mineral oil, 7.0 mg, 2.1 eq,)
was added and the mixture was stirred at 60 0C for 20
min. After cooling to room temperature, ethyl formate
(25.6 mg, 2.5 eq) in THF was added dropwise. The
resulting mixture was heated at reflux for Ih and then
cooled to room temperature. The mixture was filtered
and concentrated. The residue was filtered through
silica and then purified using reversed phase HPLC to
give
4-(2-(3,5-dimethylisoxazol-4-yl)-3-(l,2,4-oxadiazol-3-
yl)- lH-indol-l-yl)phenol as a white powder: ES/MS
m/z: 395.17 (M+H), 393.19 (M-H); 1H NMR (acetoned6,
500MHz): 9.21 (s, IH), 8.40 (m, IH), 7.37-7.31 (m,
2H), 7.26-7.22 (m, 3H), 6.98 (m, 2H), 2.17 (s, 3H) and
1.98 (s, 3H).Example 19 Methyl
2-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH-i
ndole-3-carboxylate (E 19) Scheme 17 



(a) Thionyl chloride, DMF; (b) Hydroxylamine, MeOH
Step (a):
2-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH-i
ndole-3-carboxylic acid (Example 8, 6.0 mg, 0.02
nimol) was dissolved in 0.5 ml of thionyl chloride and
2 drops of DMF were added. The mixture was heated at
700C for Ih and was then evaporated carefully in
vacuo. Step (b): 2-(3,5-Dimethylisoxazol-4-yl)-l
-(4-hydroxyphenyl)-lH-indole-3-carbonyl chloride was
dissolved in 0.5 ml of dry MeOH and the mixture was
cooled on an ice-bath. Fresh hydroxylamine was
prepared by pouring a MeOH solution (0.3 ml) of
hydroxylamine hydrochloride (12 mg, 0.17 mmol) into a
MeOH solution (0.3 ml) of KOH (19 mg, 0.33 mmol). The
mixture was filtered through a syringe filter into the
cooled acid chloride solution. After 5 min, the
cooling bath was removed and the reaction was allowed
to warm to RT and was stirred for 10 min. Water, IM
HCl and EtOAc were added and the phases were
separated. After evaporation of the solvents, the
residue was purified by preparative HPLC to provide
methyl
2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH-i
ndole-3-carboxylate in 16% yield. ES/MS m/z: 363.11
(M+H), 361.13 (M-H); IHNMR (methanol-d 4, 500MHz):
8.21 (m, IH), 7.32- 7.26 (m, 2H), 7.20 (m, IH), 7.13
(br s, IH), 7.01 (br s, IH), 6.88 (m, 2H), 3.83 (s,
3H), 2.12 (s, 3H) and 2.03 (s, 3H). Example 20
2-(3,5-Dimethylisoxazol-4-yl)-N-hydroxy-l-(4-hydroxyph
enyl)-lH-indole-3-carboxamide (E20) Scheme 18(a)
Oxalyl dichloride, DMF, DCM; (b) Hydroxylamine, Et3N,
NMP Step (a): Oxalyl dichloride (75 ml, 0.86 mmol) and
a drop of DMF were added to a cooled (00C) solution of
2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH-i
ndole-3-carboxylic acid (Example 8, 30 mg, 0.09 mmol)
in dry DCM. The temperature was allowed to warm to RT
and stirred for 2h. The solvents were evaporated. Step
(b): A mixture of hydroxylamine hydrochloride (30 mg,
0.43 mmol) and triethylamine (60 ml, 0.43 mmol) in 3ml
of NMP was added to the crude product from step (a).
The mixture was stirred at RT for 15 min. Water and
EtOAc were added and the phases were separated. After
evaporation of the solvents, the residue was purified
by preparative HPLC to provide the title compound
2-(3,5-dimethylisoxazol-4-yl)-
N-hydroxy-l-(4-hydroxyphenyl)-lH-indole-3-carboxamide
in 32% yield. ES/MS m/z: 364.15 (M+H), 362.19 (M-H);
IHNMR (acetone-d6, 500MHz): 7.40 (m, IH), 6.80-6.70
(m, 3H), 6.62 (m, 2H), 6.39 (m, 2H), 1.65 (s, 3H) and
1.49 (s, 3H). Example 21
4-[2-(3,5-Dimethyl-isoxazol-4-yl)-3-methanesulfonyl-in
dol-l-yl]-phenol (E21) Scheme 19(a)
2-(methylthio)isoindoline-1 ,3-dione, MgBr, DMA; (b)
NBS, DMF; (c) -dimethylisoxazole^-ylboronic acid,
Pd(PPh3)4, NaI, NaCO3, DME, H2O (d) Oxone, H2O, MeOH;
(e) BBr3, DCM Step (a): l-(4-methoxyphenyl)-lH-indole
(synthesised from indole by an arylation process
analogous to that described in step (a) of Example 1
[arylation process also described in J. Org.Chem.
2008, 73 (14), 5529-5535], 1.0 g, 4.48 mmol),
2-(methylthio)isoindoline-l,3-dione (0.95 g, 4.93
mmol) and magnesium bromide (8 mg, 0.045 mmol) were
mixed in degassed DMA and stirred under an atmosphere
of nitrogen at 900C for 90 min. IM NaOH and EtOAc were
added. The phases were separated and the organic
solvents were evaporated. The residue was purified by
flash chromatography with heptane/EtAc 20: 1 to
provide l-(4-methoxyphenyl)-3-(methylthio)-lH-indole
in 80% yield. ES/MS m/z: 270.1 1 (M+H). Step (b): NBS
(529 mg, 2.97 mmol) was added to a cooled (00C)
solution of l-(4-methoxyphenyl)-3-
(methylthio)-lH-indole (800 mg, 2.97 mmol) in 10 ml of
DMF. The temperature was allowed to warm to RT and the
mixture was stirred at RT for 30 min. Water and DCM
were added and the phases were separated. After
evaporation of the solvents, the residue was purified
by flash chromatography with heptane/EtAc 20:1 to
provide
2-bromo-l-(4-methoxyphenyl)-3-(methylthio)-lH-indole
in 66% yield. ES/MS m/z: 348.04, 350.01 (M+H). Step
(c):
4-(l-(4-methoxyphenyl)-3-(methylthio)-lH-indol-2-yl)-3
,5-dimethylisoxazole was synthesized from the product
of step (b) using a procedure analogous to that
described in Example 16. Step (d): Oxone (152 mg, 0.25
mmol) was mixed with water ( 1 ml) and added to a
cooled (O0C) mixture of
4-(l-(4-methoxyphenyl)-3-(methylthio)-lH-indol-2-yl)-3
,5-dimethylisoxazole (30 mg, 0.08 mmol) in2 ml of
MeOH. The temperature was allowed to warm to RT and
the slurry was stirred at RT over night. IM HCl and
EtOAc were added and the phases were separated. The
organic phase was concentrated. Step (e):
4-(l-(4-Methoxyphenyl)-3-(methylsulfonyl)-lH-indol-2-y
l)-3,5-dimethylisoxazole was dissolved in 2 ml of dry
DCM and cooled to -78C under nitrogen. BBr3 (31 ml,
0.33 mmol) was added and the temperature was allowed
to warm to RT for 2h. Water and EtOAc were added and
the phases were separated. After evaporation of the
solvents, the residue was purified by preparative HPLC
to provide
4-[2-(3,5-dimethyl-isoxazol-4-yl)-3-methanesulfonyl-in
dol-l-yl]-phenol in 27% yield. ES/MS m/z: 383.11
(M+H), 381.13 (M-H); IHNMR (acetone-d6, 500MHz): 8.12
(m, IH), 7.39-7.34 (m, 2H), 7.25-7.19 (m, 3H), 6.98
(m, 2H), 3.06 (s, 3H), 2.30 (s, 3H) and 2.09 (s, 3H).
Example 22 



l-(2-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3-yl)-2,2,2-trifluoroethanone (E22) Scheme 20
(a) 2-Mercaptobenzoic acid, TFA; (b) NBS, DMF; (c)
n-BuLi, 2,2,2- trifluoroacetic anhydride, THF; (d)
BBr3, DCM Step (a):
4-(l-(4-Methoxyphenyl)-3-(methylthio)-lH-indol-2-yl)-3
,5-dimethylisoxazole (the intermediate product of step
(c) from the synthesis of Example 21, 140 mg, 0.38
mmol) and 2-mercaptobenzoic acid ( 118 mg, 0.77 mmol)
were added to 5 ml of trifluoroacetic acid at RT. The
mixture was stirred as a slurry at RT under an
atmosphere of nitrogen over night. 2M NaOH and EtAc
were added and the phases were separated. The solvents
were evaporated and the residue was purified by flash
chromatography withheptane/EtAc 4:1 as eluent to
provide
4-(l-(4-methoxyphenyl)-lH-indol-2-yl)-3,5-dimethylisox
azole in 86% yield. ES/MS m/z: 319.1 (M+H) Step (b):
NBS (59 mg, 0.33 mmol) was added to a cooled (00C)
solution of 4-(l-(4-methoxyphenyl)-lHindol-
2-yl)-3,5-dimethylisoxazole (105 mg, 0.33 mmol) in 5
ml of DMF. The temperature was allowed to warm to RT
and the mixture was stirred at RT for 30 min. DMF was
evaporated. DCM and water were added and the phases
were separated. After evaporation of the solvents, the
residue was purified by flash chromatography with
heptane/EtOAc 9:1 to provide 4-(3-bromo-l
-(4-methoxyphenyl)-lH-indol-2-yl)-
3,5-dimethylisoxazole in 98% yield. ES/MS m/z: 365.14
(M+H), 363.30 (M-H). Step (c): n-BuLi (10 ml, 0.03
mmol) was added to a cooled (-780C) solution of
4-(3-bromo-l-(4-
methoxyphenyl)-lH-indol-2-yl)-3,5-dimethylisoxazole
(10 mg, 0.03 mmol) under an atmosphere of nitrogen.
After 5 min, 2,2,2-trifluoroacetic anhydride (7 ml,
0.05 mmol) was added. The temperature was allowed to
warm to RT and the mixture was stirred over night. IM
NaHCO3 and DCM were added, the phases were separated
and the solvents were evaporated. Step (d):
1-(2-(3,5-dimethylisoxazol-4-yl)-l
-(4-methoxyphenyl)-lH-indol-3-yl)-2,2,2-trifluoroethan
one was dissolved in dry DCM and the mixture was
cooled on an ice-bath under an atmosphere of nitrogen.
BBr (17 ml, 0.1 mmol) was added and the temperature
was allowed to warm to RT and the mixture was stirred
over night. Water, DCM and some dioxane were added,
the phases were separated and the solvents were
evaporated. The residue was passed through a short
plug of silica with EtOAc as eluent. The residue was
purified by preparative HPLC to provide the title
compound l-(2-(3,5-dimethylisoxazol-4-yl)-l-(4-
hydroxyphenyl)-lH-indol-3-yl)-2,2,2-trifluoroethanone
in 46% yield. ES/MS m/z: 401.1 (M+H), 399.1 (M-H);
lHNMR (methanol-d4, 500MHz): 8.26 (m, IH), 7.41-7.34
(m, 2H), 7.18 (m, IH), 7.11 (m, 2H), 6.89 (m, 2H),
2.19 (s, 3H) and 2.01 (s, 3H). Example 23
4-[3-bromo-2-(3,5-dimethylisoxazol-4-yl)-lH-indole-l-y
l]phenol (E23) Scheme 2 1At 00C, 10 eq of boron
trifluoride-dimethyl sulfide was added to
4-[3-bromo-l-(4-methoxyphenyl)-lHindol-
2-yl]-3,5-dimethylisoxazole (the intermediate product
of step (b) from the synthesis of Example 22),
dissolved in DCM and stirred at ambient temperature
over night. The mixture was diluted with EtOAc and
washed with brine, the organic phase was concentrated
and subjected to reversed phase preparative HPLC.
Appropriate fractions were combined and evaporated,
and identified by ES/MS m/z: 385.1 (M+H), 383.09 (M-H)
and 1HNMR (acetone-d6, 500MHz): 7.60 (m, IH),
7.31-7.23 (m, 3H), 7.17 (m, 2H), 6.95 (m, 2H), 2.28
(s, 3H) and 1.99 (s, 3H). Example 24
2-bromo-4-fluoro-l-(4-hydroxyphenyl)-lH-indole-3-carbo
nitrile (E24) Scheme 22 (a) Chlorosulfonyl isocyanate,
1,2-dichloroethane; (b) Phosphorus oxychloride; (c)
t-BuLi, 1,2-dibromotetrachloroethane,THF; (d) BF3SMe2,
DCM. Step (a): 4-Fluoro-l-(4-methoxyphenyl)-lH-indole
(synthesised from 4-fluoro-indole by an arylation
process analogous to that described in step (a) of
Example 1 [arylation process also described in J.
Org.Chem. 2008, 73 (14), 5529-5535]) was dissolved in
1,2-dichloroethane and 1.2 eq of chlorosulfonyl
isocyanate was added, and the mixture was stirred at
room temperature for 2 hours. To the mixture was added
water and the pH adjusted to neutral by addition of
NaOH (aq, IM), then the mixture was extracted with
EtOAc. The organic phase was washed with brine and
dried over Na2SO4.The crude product was purified on a
Silica column using 50 % EtOAc in ^-heptane as mobile
phase.Step (b): To
4-fluoro-l-(4-methoxyphenyl)-lH-indole-3-carboxamide
was added 50 eq of phosphorus oxychloride and the
reaction run neat at 60 0C for 2 hours. The mixture
was cooled to rt and co-evaporated with toluene. The
residue was diluted with EtOAc and washed first with
sat. NaHCO3, then brine, and the organic phase dried
over Na2SO4. The crude product was purified on a
Silica column using 10 % EtOAc in ^-heptane as mobile
phase. Step (c): The intermediate was synthesized from
the product of step (b) using a procedure analogous to
that described in step (b) of Example 1. Step (d): The
title compound
2-bromo-4-fluoro-l-(4-hydroxyphenyl)-lH-indole-3-carbo
nitrile was synthesized from the product of step (c)
using a procedure analogous to that described in
Example 23. ES/MS m/z: 333.04 (M+H), 331.04 (M-H);
1HNMR (acetone-d6, 500MHz): 7.44 (dd, IH, J=8.9,
2.6Hz), 



7.39 (m, 2H), 7.18 (dd, IH, J=8.5, 4.2Hz) and
7.15-7.09 (m, 3H). Example 25
(Z)-2-(4-Fluorophenoxy)-N'-hydroxy-l-(4-hydroxyphenyl)
-lH-indole-3-carboximidamide (E25) Scheme 23 (a)
4-Fluorophenol, potassium carbonate, DMF; (b) BF3SMe2,
DCM; (c) 1.HCI (gas), Dioxane, MeOH 2 . Hydroxylamine
hydrochloride, NaHCO3, EtOH Step (a): A mixture of
2-bromo-l -(4-methoxyphenyl)-lH-indole-3-carbonitrile
(the intermediate product of step (b) from the
synthesis of Example 1), 5 eq 4-fluorophenol and 5 eq
potassium carbonate washeated at 200 0C for 20 minutes
in a microwave reactor under inert athmosphere. The
cooled mixture was diluted with water and extracted
with EtOAc, the combined organic phases were dried
over Na2SC>4 and concentrated. The crude product was
purified on a Silica column using 20 % EtOAc in
n-heptane as mobile phase. Step (b): The compound
2-bromo-4-fluoro-l-(4-hydroxyphenyl)-lH-indole-3-carbo
nitrile was synthesized from the product of step (a)
using a procedure analogous to that described in
Example 23. Step (c): The title compound
(Z)-N'-hydroxy-l-(4-hydroxyphenyl)-2-phenoxy-lH-indole
-3- carboximidamide was synthesized from the product
of step (b) using procedures analogous to those
described in Example 14. ES/MS m/z: 360.18 (M+H),
358.22 (M-H); 1HNMR (acetone-d6, 500MHz): 8.24 (m,
IH), 7.25-7.14 (m, 6H), 7.09 (m, IH), 7.00 (m, IH) and
6.90-6.85 (m, 4H). Example 26
4-(2-(3,5-Dimethylisoxazol-4-yl)-3-nitro-lH-indol-l-yl
)phenol (E26) Scheme 24 (a) Nitric acid, HOAc, DCM;
(b) BF3SMe2, DCM Step (a): To a solution of
4-(l-(4-methoxyphenyl)-lH-indol-2-yl)-3,5-dimethylisox
azole (the intermediate product of step (a) from the
synthesis of Example 22) in DCM was slowly added a
mixture of 2 eq nitric acid and 20 eq acetic acid.
After 1 hour stirring at rt, the mixture was diluted
with water and the phases partitioned. The organic
phase was concentrated and purified on a Silica column
using 30 % EtOAc in n-heptane as mobile phase. Step
(b): The title compound
4-(2-(3,5-dimethylisoxazol-4-yl)-3-nitro-lH-indol-l-yl
)phenol was synthesized from the product of step (a)
using a procedure analogous to that described in
Example 23. ES/MS m/z: 350.18 (M+H), 348.22 (M-H);
1HNMR (acetone-d6, 500MHz): 8.34 (m, IH), 7.50 (m,
IH), 7.44-7.40 (m, 2H), 7.29 (m, IH), 7.20 (m, IH),
7.01 (m, 2H), 2.22 (s, 3H) and 2.1 1 (s, 3H).Example
27
4-(3-(Dihydroxyamino)-2-(3,5-dimethylisoxazol-4-yl)-lH
-indol-l-yl)phenol (E27) Scheme 25 (a) Pd/C (10%),
EtOH; (b) BF3SMe2, DCM Step (a):
4-(l-(4-Methoxyphenyl)-3-nitro-lH-indol-2-yl)-3,5-dime
thylisoxazole (the intermediate product of step (a)
from the synthesis of Example 26) was dissolved in
EtOH (99 %), a catalytic amount of Pd/C (10 %) was
added and the mixture was stirred under 4 psi H2 over
night. The mixture was filtered through a plug of
Celite, concentrated and purified on a Silica column
using 45 % EtOAc in r-heptane as mobile phase. Step
(b): The title compound
4-(3-(dihydroxyamino)-2-(3,5-dimethylisoxazol-4-yl)-lH
-indol-l-yl)phenol was synthesized from the product of
step (a) using a procedure analogous to that described
in Example 23. ES/MS m/z: 351.13 (M+H), 350.18 (M-H);
1H NMR (acetone-d b, 500MHz): 8.31 (d, IH, J=8.2Hz),
7.44 (t, IH, J=7.4Hz), 7.36 (m, IH), 7.30 (m, 2H),
7.22 (d, IH, J=8.2Hz), 7.05 (m, 2H), 1.81 (s, 3H) and
1.80 (s, 3H). Example 28
N-(2-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3-yl)acetamide (E28) (a) NH4CI, Zn, DMF/H2O;
(b) Acetyl chloride, NaHCO3, Et2O; (c) BF3SMe2,
DCMStep (a): To a solution of
4-[l-(4-methyoxyphenyl)-3-nitro-l
H-indol-2-yl]-3,5-dimethylisoxazole (the intermediate
product of step (a) from the synthesis of Example 26)
in DMF / water (10:1) at 0 0C, was added ammonium
chloride (5 eq) and zinc (5 eq). The mixture was
stirred for 2 hours at that temperature and then
diluted with EtOAc, the formed precipitate was
filtered off and the organic phase washed with brine
and dried over Na2SO4. The mixture was concentrated
and used without further purification in the next
step. Step (b):
2-(3,5-Dimethylisoxazol-4-yl)-l-(4-methoxyphenyl)-l
H-indol-3-amine was dissolved in diethyl ether and
cooled to 0 0C, then was added NaHCO3 (2 eq) and
acetyl chloride (2 eq) as a solution in diethyl ether,
the mixture was kept at O0C and stirred for 1 hour.
The solvent was removed and the residue dissolved in
EtOAc and washed with water, then subsequently with
brine, then dried over Na2SO4. The mixture was
concentrated and used without further purification in
the next step. Step (c): The title compound
N-(2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3- yl)acetamide was synthesized from the
product of step (b) using a procedure anaologous to
that described in Example 23. ES/MS m/z: 361.21 (M+H),
360.17 (M-H); 1HNMR (acetone-d6, 500MHz): 7.58 (m,
IH), 7.21-7.11 (m, 5H), 6.93 (m, 2H), 2.20 (s, 3H),
2.07 (s, 3H) and 1.88 (s, 3H). 



Example 29
N-(2-(3,5-dimethyIisoxazoI-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3-yl)methanesulfonamide (E29) Scheme 27 (a)
Methanesulphonyl chloride, NaHCO3, Et2O; (b) BF3SMe2
Step (a):
2-(3,5-Dimethylisoxazol-4-yl)-l-(4-methoxyphenyl)-lH-i
ndol-3-amine (the intermediate product of step (a)
from the synthesis of Example 28) was dissolved in
diethyl ether and cooled to 0 0C, then was added
NaHCO3 (2 eq) and methanesulfonyl chloride (2 eq) as a
solution in diethyl ether, the mixture was kept at 0
0C and stirred for 1 hour, then at rt over weekend.
The solvent was removed and the residue dissolved in
EtOAc and washed with water, then subsequently with
brine, then dried over Na2SO . The mixture was
concentrated and used without further purification in
the next step.Step (b): The title compound
N-(2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3- yl)methanesulfonamide was synthesized from
the product of step (a) using a procedure analogous to
that described in Example 23. ES/MS m/z: 398.17 (M+H),
396.15 (M-H); 1H NMR (acetone-d6, 500MHz): 7.82 (m,
IH), 7.24-7.20 (m, 3H), 7.17 (m, 2H), 6.95 (m, 2H),
2.89 (s, 3H), 2.26 (s, 3H) and 1.96 (s, 3H). Example
30
l-(2-(3,5-DimethyIisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3-yl)urea (E30) Scheme 28 (a) lsocyanato
trimethylsilane, DMF; (b) HI Step (a): A degassed (N2)
mixture of
2-(3,5-dimethylisoxazol-4-yl)-l-(4-methoxyphenyl)-lH-m
dol-3- amine (the intermediate product of step (a)
from the synthesis of Example 28) and
isocyanatotrimethylsilane (6 eq) in DMF was heated in
a microwave reactor at 200 0C for 2 x 20 min. The
mixture was cooled and concentrated and used without
further purification in the next step. Step (b):
l-(2-(3,5-Dimethylisoxazol-4-yl)-l-(4-methoxyphenyl)-l
H-indol-3-yl)urea was heated neat in hydriodic acid
(aq, 57 %) at 100 0C for 3 hours. The reaction mixture
was cooled and concentrated, and co-evaporated with
DCM and EtOAc. The residue was subjected to reversed
phase preparative HPLC. Appropriate fractions were
combined and evaporated, and identified by 1H NMR.
ES/MS m/z: 363.19 (M+H), 362.18 (M-H); 1H NMR
(acetone-d , 500MHz): 7.65 (m, IH), 7.22-7.09 (m, 5H),
6.93 (m, 2H), 2.25 (s, 3H) and 1.94 (s, 3H). Examples
31 and 32
4-(2-(3,5-Dimethylisoxazol-4-yl)-3-thiocyanato-lH-indo
l-l-yl)phenol (E31)
2-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH-i
ndol-3-yl N'-hydroxycarbamimidothioate (E32) Scheme
29(a) NH4SCN, Mn(OAc)3, HOAc; (b) BBr3, DCM; (c)
Hydroxylamine, NaHCO3 (aq), DMSO Step (a):
4-(l-(4-Methoxyphenyl)-lH-indol-2-yl)-3,5-dimethylisox
azole (the intermediate product of step (a) from the
synthesis of Example 22) was dissolved in AcOH and 1.2
eq ammonium thiocyanate was added. 3 eq Manganese
(III) acetate was then added and the reaction was
stirred at room temperature for 45 minutes after which
monitoring on TLC showed full consumption of the
starting material. Reaction mixture was diluted with
EtOAc and washed with Brine. The phases were
partitioned and the organic phase was washed with
NaHCO3 (aq). Organic phase was then evaporated to
dryness in vacuo and the crude product was used
without further purification. ES/MS m/z: 376.14 (M+H);
Step (b): The product of step (a) was subjected to
demethylation using BBr3 according to the process
described in step (c) of Example 9 to give
4-(2-(3,5-dimethylisoxazol-4-yl)-3-thiocyanato-lH-indo
l-lyl) phenol (E31). ES/MS m/z: 362.14 (M+H), 360.18
(M-H); 1HNMR (acetone-d6, 500MHz): 7.86 (m, IH),
7.43-7.37 (m, 2H), 7.31 (m, IH), 7.26 (m, 2H), 6.98
(m, 2H), 2.34 (s, 3H) and 2.03 (s, 3H). Step (c):
4-(2-(3,5-Dimethylisoxazol-4-yl)-3-thiocyanato-lH-indo
l-l-yl)phenol was dissolved in DMSO and 10 eq 2 M
hydroxylamine/NaHCO 3 (aq) stock solution was added.
The reaction was stirred at 65 0C overnight and then
diluted with H2O. A precipitation was formed after
stirring for 5 min. The mixture was diluted with EtOAc
and diethylether, washed with NH4Cl (aq) and phases
were partitioned. Organic phase was evaporated to
dryness in vacuo and subjected to purification on
reverse phase preparative HPLC to provide the title
compound
2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH-i
ndol-3-yl N'- hydroxycarbamimidothioate (E32). ES/MS
m/z: 395.17 (M+H), 393.19 (M-H); 1HNMR (acetone-d6,
500MHz): 8.88 (broad s, IH), 8.73 (broad s, IH), 7.80
- 7.78 (m, IH), 7.29 - 7.24 (m, 3H), 7.18 (d, 2H),
6.95 (d, 2H), 5.11 (broad s, 2H), 2.28 (s, 3H), 2.00
(s, 3H) Example 33
4-(3-benzyl-2-phenyl-lH-indol-l-yI)phenol (E33) Scheme
30(a) Benzaldehyde, TFA, Et3Si, DCM; (b) BBr3, DCM
Step (a): A mixture of 19ml TFA and 80ml Et3SiH in 0.5
ml dry DCM was added drop wise over 5 min. to a
mixture of 47 mg
l-(4-methoxyphenyl)-2-phenyl-lH-indole (synthesised
from 2-phenylindole by an arylation process as
described in J. Org.Chem. 2001, 66 (23), 7729-7737)
and 19ml benzaldehyde in 1ml dry DCM at O0C under
nitrogen. The mixture was allowed to reach room temp
over night after which the mixture was cooled to 00C
and 160 ml Et3SiH and 38 ml TFA dissolved in 1ml
CH2Cl2 was added. The 



mixture was stirred for 40 min and then basif ed with
NaOH 2M (~pH 13) followed by addition of brine,
extraction with dichloromethane (x3) and evaporation.
0.2 g Solid supported TsNHNH was added to the crude
product together with 3 ml dichloromethane. The
mixture was stirred gently for Ih 20 min. The polymer
was filtered off and the crude product was filtered
through a silica gel plug. The product was obtained
pure without need for further purification. Step (b):
The product of step (a) was subjected to demethylation
using BBr3 according to the process described in step
(c) of Example 9 to give
4-(3-benzyl-2-phenyl-lH-indol-l-yl) rhenol. ES/MS m/z:
376.4 (M+H), 374.2 (M-H); 1H NMR (acetone-d6, 500MHz):
7.86 (m, IH), 7.43-7.37 (m, 2H), 7.31 (m, IH), 7.26
(m, 2H), 6.98 (m, 2H), 2.34 (s, 3H) and 2.03 (s, 3H).
Examples 34 and 35
2-(2-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3-yl)-2-oxoacetamide(E34)
2-(2-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3-yl)-2-(hydroxyiniino)acetamide (E35) Scheme
3 1(a) BBr3, DCM; (b) Oxalyl chloride.DCM, NH3/Me0H,
(c) NH2OH, EtOH Step (a):
4-(2-(3,5-Dimethylisoxazol-4-yl)-lH-indol-l-yl)phenolw
as synthesized from 4-(l -(4-
methoxyphenyl)-lH-indol-2-yl)-3,5-dimethylisoxazole
(the intermediate product of step (a) from the
synthesis of Example 22) via an analogous process to
that described in step (c) of Example 1. Step (b):
4-(2-(3,5-Dimethylisoxazol-4-yl)-lH-indol-l-yl)phenol
was dissolved in 1 ml dry dichloromethane under
nitrogen and cooled to O0C. 4 ml Oxalyl chloride was
added and the mixture was stirred at 00C for 2 h 15
min. and then at room temp for Ih 15 min. The mixture
was concentrated under vacuum without heating and ImI
NIVMeOH (sat.) added. The mixture was stirred for Ih
and then concentrated. The crude product was purified
by flash chromatography (EtOAc/heptane; 4:6 to 8:2) to
provide
2-(2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3-yl)-2-oxoacetamide (E34). ES/MS m/z: 376.18
(M+H), 374.17 (M-H); 1HNMR (acetone-d6, 500MHz): 8.33
(m, IH), 7.37-7.15 (m, 5H), 6.98 (br s, 2H), 2.27 (s,
3H) and 2.00 (s, 3H). Step (c): 50 ml Pyridine was
added to 8.8 mg
2-(2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
Hindol- 3-yl)-2-oxoacetamide and 32.6 mg hydroxylamine
hydrochloride in 1.5 ml EtOH in a microwave vial. The
vial was sealed and flushed with nitrogen. The mixture
was heated to 1500C for 7.5 min. and then to 1500C for
5 min. in a Biotage Initiator microwave oven. The
mixture was concentrated in vacuo and purified by
preparative HPLC (formic acid buffer/acetonitrile).
2-(2-(3,5-dimethylisoxazol-4-yl)-l -
(4-hydroxyphenyl)-lH-indol-3-yl)-2(hydroxyimino)acetam
ide (E35) was obtained as a mixture of syn and anti
oxime isomers. ES/MS m/z: 391 .4 (M+H), 389.5 (M-H);
1H NMR (DMSO-d6, 500MHz): 7.37 (m, IH), 7.20-7.03 (m,
5H), 6.84 (m, 2H), 2.15 (s, 3H) and 1.77 (s, 3H).
Examples 36 and 37
2-(2-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3-yl)-2-hydroxyacetamide (E36)
2-(2-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3-yl)acetamide (E37) Scheme 32(a) NaBH4, EtOH;
(b) Et3Si, TFA, DCM Step (a): 9 mg
2-(2-(3,5-Dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3-yl)-2-oxoacetamide (Example 34) was mixed
with 1ml EtOH, 1.8 mg OfNaBH4 was added and the
mixture was stirred for 1.5 h. The mixture was
evaporated, water was added, followed by extraction
with EtOAc. The crude product was purified by reversed
phase flash chromatography (acetonitrile/water) to
provide 2-(2-(3,5-
dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH-indol-3-
yl)-2-hydroxyacetamide (E36). ES/MS m/z: 376.3 (M-H);
1HNMR (acetone-d6, 500MHz): 7.78 (m, IH), 7.13-6.93
(m, 5H), 6.79 (m, 2H), 2.23, 2.21 (two s, 3H) and
1.93, 1.90 (two s, 3H). Step (b): 1 ml TFA and 19 ml
Et3SiH were added to
2-(2-(3,5-dimethylisoxazol-4-yl)-l-(4-
hydroxyphenyl)-lH-indol-3-yl)-2-hydroxyacetamide at
00C and the mixture was stirred for 60 min. The
solvent was evaporated without heating followed by
short silica gel purification (EtOAc/heptane; 1:9 to
8:2) to provide
2-(2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-l
H-indol-3-yl)acetamide (E37). ES/MS m/z: 362.3 (M+H);
1HNMR (methanol-d3, 500MHz): 8.98 m, IH), 8.46-8.35
(m, 5H), 8.16 (m, 2H), 4.78 (d, 2H, J=I .9Hz), 3.54
(s, 3H) and 3.19 (s, 3H). Example 38
2-((Z)-But-l-enyl)-l-(4-hydroxy-phenyl)-lH-indole-3-ca
rbonitrile (E38) Scheme 33(a) BuLi, tributyltin
chloride, THF; (b) (Z)-i-bromobutene, dipalladium
Tri-(1E,4E)-1,5-diphenylpenta-1,4-dien-3-one, tri
o-tolylphosphine, DMF; (C) BF3SMe2, DCM Step (a): To a
cooled solution of
2-bronio-l-(4-methoxyphenyl)-lH-indole-3-carbonitrile
(the intermediate product of step (b) from the
synthesis of Example 1) in dry THF at -78 0C, was
slowly added "-BuLi ( 1.6 M in hexane, 1.2 eq) and the
mixture stirred for 30 min. Tributyltin chloride ( 1.5
eq) was added and the mixture kept at -78 0C for 1
hour, then stirred at rt over night. The mixture was
quenched by addition of sat. NH4Cl and then
concentrated. The residue was taken up in EtOAc,
washed with brine, 



dried over Na2SO and purified on a Silica column using
20 % EtOAc in r-heptane as mobile phase. Step (b): A
mixture of
l-(4-methoxyphenyl)-2-(tributylstannyl)-lH-indole-3-ca
rbonitrile, (Z)-Ibromobut- 1 -ene ( 1.2 eq), Pd2(dba)3
(3 %) and tri(o-tolyl)phosphine (17 %) in DMF was
degassed with N2 and heated at 80 0C over night. The
mixture was diluted with sat. NH4Cl and EtOAc and the
phases partitioned. The organic phase was washed with
brine, dried over Na2SO4 and subjected to reversed
phase preparative HPLC. Appropriate fractions were
combined and evaporated, and identified by 1H NMR.
Step (c): The title compound
2-((Z)-But-l-enyl)-l-(4-hydroxy-phenyl)-lH-indole-3-ca
rbonitrile was synthesized from the product of step
(b) using a procedure anaologous to that described in
Example 23. ES/MS m/z: 289.11 (M+H), 287.15 (M-H).
Example 39
2-(Isobut-l-enyl)-l-(4-hydroxyphenyl)-lH-indole-3-carb
onitrile (E61) Scheme 34(a) Hexabutylditin, palladium
di(triphenylphousphor)-dichloride, dioxane; (b)
1-Bromo-methylprop-1-ene, Pd(PPh3)4, NMP/dioxane Step
(a): 1 eqof
2-bromo-l-(4-hydroxyphenyl)-lH-indole-3-carbonitrile
(Example 1) was dissolved in 1,4-dioxan and stirred at
room temperature. 1.9 eq of hexabutylditin and 0.04 eq
of palladium di(triphenylphousphor)-dichloride were
added, degassed with nitrogen, and the mixture was
heated to 800C for 4 hours. The mixture was filtered
to remove catalyst, evaporated to remove most of
solvent, and the residue purified on a silica column
using 75:25 "-heptane:ethyl acetate as mobile phase
(yield 65%). Step (b): 1 eq of the stannyl reagent as
prepared in step (a) was dissolved in a mixed solvent
(l-methyl-2- pyrrolodinone and 1,4-dioxan, 2:1),
stirred at room temperature, 2 eq of
1-bromo-methylprop-1 -ene and 0.2% (w/w) of
tetrakis(triphenylphosphine) palladium were added,
degassed with nitrogen, the mixture was heated to 8O0C
overnight. The mixture was filtered to remove
catalyst, evaporated to remove most of the solvent,
and the residue purified with preparative HPLC. ES/MS
m/z: 289.1 1 (M+H), 287.15 (M-H); 1HNMR (chloroform-d,
500MHz): 7.76 (m, IH), 7.28 (m, IH), 7.23 (m, IH),
7.17 (m, 2H), 7.13 (m, IH), 6.98 (m, 2H), 5.86 (m,
IH), 1.98 (d, 3H, J=1.3Hz) and 1.89 (d, 3H, J=1.2Hz).
Example 40
l-(2,3-Difluoro-4-hydroxy-phenyl)-2-(2-methyl-allyl)-l
H-indole-3-carbonitrile (E40) Scheme 35 A mixture of
2-bromo-l-(2,3-difluoro-4-hydroxyphenyl)-lH-indole-3-c
arbonitrile (Example 103), methallyltri-n-butyltin (2
eq), Pd2(dba)3 (0.05 %) and tri(o-tolyl)phosphine (20
%) was dissolved in DMF,degassed with N2 and heated at
80 0C over night. The reaction mixture was quenched by
addition of sat. NH4Cl, diluted with EtOAc, and washed
with brine and then dried over Na2SO4. The residue was
subjected to reversed phase preparative HPLC.
Appropriate fractions were combined and evaporated,
and identified by 1H NMR. ES/MS m/z: 289.1 1 (M+H),
287.15 (M-H); 1H NMR (chloroform-d, 500MHz): 7.76 (m,
IH), 7.28 (m, IH), 7.23 (m, IH), 7.17 (m, 2H), 7.13
(m, IH), 6.98 (m, 2H), 5.86 (m, IH), 1.98 (d, 3H, J I
.3Hz) and 1.89 (d, 3H, J=I. 2Hz). Example 41
(Z)-2-(5-Ethyl-3-methylisoxazol-4-yl)-N'-hydroxy-l-(4-
hydroxyphenyl)-lH-indole-3- carboximidamide (E41)
Scheme 36 (a) n-BuLi, MeI, THF; (b) BBr3, DCM; (c)
NH2OH, Et3N, MeOH Step (a): 38 ml of n-butyllithium (
1.6M in hexanes) was added drop wise to
2-(3,5-dimethylisoxazol-4- yl)-l
-(4-methoxyphenyl)-lH-indole-3-carbonitrile
(synthesised by a coupling reaction of the
intermediate product from step (b) of Example 1 with
3,5-dimethylisooxazole-4-boronic acid, using a process
as described in Example 16) in 1ml dry THF under argon
at -78C. The mixture was stirred at -78C for 45 min.
34 ml of methyl iodide was added and the mixture was
allowed to reach room temp. After 4 h the mixture was
concentrated in vacuo and purified by silica gel
(EtOAc/heptane; 1:1). Step (b): The intermediate was
prepared from
4-(l-(4-methoxyphenyl)-3-phenyl-lH-indol-2-yl)-3,5-
dimethylisoxazole via a process anaologous to that
described in step (c) of Example 1.Step (c): The title
compound was prepared from
2-(5-ethyl-3-methylisoxazol-4-yl)-l-(4-hydroxyphenyl)-
lH-indole-3-carbonitrile via a process anaologous to
that described in Example 11. ES/MS m/z: 377.3 (M+H),
375.4 (M-H); 1H NMR (acetone-d6, 500MHz): 8.06 (m,
IH), 7.22-7.10 (m, 5H), 6.94 (m, 2H), 2.56 (m, 2H),
2.02 (s, 3H) and 1.03 (t, 3H, J=7.3Hz). Example 42
4-(2-(3,5-dimethylisoxazol-4-yl)-3-phenyl-lH-indol-l-y
l)phenol (E42) Scheme 37 (a) Phenylboronic acid,
Pd(PPh 3)4, K2CO3, NaI, DME/Dioxane (b) BBr3, DCM Step
(a): A mixture of DME/dioxane (1:1) was degassed by
freeze-pump-thaw three times and then put under an
argon atmosphere. 10 mg of
4-(3-bromo-l-(4-methoxyphenyl)-lH-indol-2-yl)-3,5-
dimethylisoxazole (the intermediate product of step
(b) from the synthesis of Example 22), 6.1mg phenyl
boronic acid, 2.9 mg Pd(PPh 3)4, 2 1 mg potassium
carbonate and 7.6 mg NaI were put in a microwave vial
that was sealed and flushed with argon. 0.7 ml of the
DME/water solution was canulated to the 



microwave vial. The mixture was degassed by
freeze-pump-thaw twice and then flushed with argon.
The mixture was heated to 150C/15 min. in a Biotage
Initiator micro wave oven. The crude product was
filtered followed by evaporation and filtration
through a short silica gel plug (EtOAc). Purification
by flash chromatography (EtOAc/heptane; 1:9 to 2:8)
gave 22.2 mg as a mixture of debrominated starting
material and product plus a small amount of unreacted
starting material according to LCMS. The compounds
separated well on HPLC but only one spot on TLC. The
crude material was used directly in the following
demethylation step. Step (b): The title compound was
prepared from 4-(l -(4-methoxyphenyl)-3 -phenyl-
lH-indol-2-yl)-3, 5- dimethylisoxazole via a process
anaologous to that described in step (c) of Example 1.
ES/MS m/z: 381.2 (M+H); 1H NMR (acetone-d6, 500MHz):
7.78 (m, IH), 7.43-7.37 (m, 4H), 7.30-7.19 (m, 4H),
7.17 (m, 2H), 6.96 (m, 2H), 1.99 (s, 3H) and 1.77 (s,
3H).Example 43
4-(3-chloro-2-(3,5-dimethylisoxazol-4-yl)-lH-indol-l-y
l)phenol (E43) Scheme 38 (a) SO2CI2, DCM; (b) BF3Me2S,
DCM Step (a): To a solution of
4-(l-(4-methoxyphenyl)-lH-indol-2-yl)-3,5-dimethylisox
azole (the intermediate product of step (a) from the
synthesis of Example 22, 7.5 mg, 0.024mmol) in DCM was
added 1.5 equiv SO2CI2 and the mixture was stirred at
rt for 1.5 h. The solution was concentrated to give a
crude product, which was used directly in the next
step. Step (b): The title compound was prepared from
4-(l-(4-methoxyphenyl)-3-phenyl-lH-indol-2-yl)-3,5-
dimethylisoxazole via a process anaologous to that
described in Example 23. ES/MS m/z: 339.1 /341.1
(M+H), 337.2 /339.2 (M-H); 1H NMR (acetone-d6,
500MHz): 7.78 (m, IH), 7.43-7.37 (m, 4H), 7.30-7.19
(m, 4H), 7.17 (m, 2H), 6.96 (m, 2H), 1.99 (s, 3H) and
1.77 (s, 3H). Example 44
2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-lH-i
ndole-3-sulfonamide (E 44) Scheme 39 (a) HSO3CI, DCM;
(b) 1. SOCI2 2 . NH3, MeOH; (c) BF3MeS2, DCMStep (a):
To a solution of
4-(l-(4-methoxyphenyl)-lH-indol-2-yl)-3,5-dimethylisox
azole (the intermediate product of step (a) from the
synthesis of Example 22, 7.5 mg, 0.024mmol) in DCM was
added 1.0 equiv HSO3Cl at 00C and the mixture was
stirred at rt for 1 h. The solution was concentrated
to give a raw product, which was used in the following
step. Step (b): To a solution of the raw product from
step (a) in DCM was added 0.5 mL SOCl2 and the mixture
was stirred at 700C for 15 min. The solution was
concentrated and 2 mL saturated NH3 in MeOH was added
and the mixture was stirred overnight. The solution
was concentrated to give a raw product, which was used
directly in the next step. Step (c): The title
compound was prepared from the raw product of step (b)
using the process as described in Example 23. ES/MS
m/z: 384.2 (M+H), 382.2 (M-H); 1H NMR (acetone-d6,
500MHz): 8.13 (m, IH), 7.32-7.28 (m, 2H), 7.19-7.15
(m, 3H), 6.93 (m, 2H), 2.24 (s, 3H) and 2.05 (s, 3H).
Example 45
2-(3,5-Dimethylisoxazol-4-yl)-l-(2-fluoro-4-hydroxyphe
nyl)-lH-indole-3-carboximidamide (E45) 0.5 mmol
(Z)-2-(3,5-dimethylisoxazol-4-yl)-l-(2-fluoro-4-hydrox
yphenyl)-N'-hydroxy-lH-indole-3- carboximidamide
(Example 235) was dissolved in 5 ml acetic acid.
Acetic acid anhydride (4 eq) was slowly added and the
mixture was stirred over night. A Pd-C catalyst (10%
on carbon) was added and the mixture was placed in a
hydrogenation apparatus under 50 psi H2 over night.
The mixture was filtered through celite and
concentrated. The crude product was purified on HPLC:
(Column: Sunfire, 20 min acidic gradient: 5-50% MeCN.
ES/MS m/z: 365.15 (M+H), 363.18 (M-H); 1HNMR (MeOD,
500MHz): 7.86 (m, IH), 7.41-7.31 (m, 2.5H), 7.25-7.13
(m, 1.5H), 6.76 (m, IH), 6.67 (m, IH), 2.21, 2.15 (two
s, 3H) and 2.08, 2.06 (two s, 3H).Examples 46-95 The
following compounds were prepared according to General
Method 1 above. Full experimental details of the
individual steps of that general method are described
in Examples 1-5, 16 and 38-40 above. E 46
1-(4-Hydroxy-phenyl)-2 -phenyl- 1H-indole-3
-carbonitrile R1= phenyl ES/MS m/z: 311.1 (pos. M +
H), 309.11 (neg. M-H); 1HNMR (CDCl 3, 500MHz): 7.74
(m, IH), 7.31-7.15 (m, 8H), 7.00 (m, 2H) and 6.80 (m,
2H). E 47
l-(4-Hydroxy-phenyl)-2-methyl-lH-indole-3-carbonitrile
R1 methyl ES/MS m/z: 249.1 (pos. M + H), 247.3 (neg. M
- H); 1H NMR (acetone-d6 , 500MHz): 7.63 (m, IH), 7.33
(m, 2H), 7.27 (m, IH), 7.23 (m, IH), 7.10 (m, 2H),
7.08 (m, IH) and 2.43 (s, 3H). E 48 2-(3
-Cyano-thiophen-2-yl)- 1-(4-hydroxy-phenyl)-
1H-indole-3 -carbonitrile R = 3-cyano-thiophen-2-yl
ES/MS m/z: 342.1 (pos. M + H), 340.1 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 7.95 (d, IH, 



J=5.4Hz), 7.84 (m, IH), 7.52 (d, IH, J=5.4Hz),
7.46-7.42 (m, 2H), 7.32-7.28 (m, 3H) and 7.00 (m, 2H).
E 49
l-(4-Hydroxy-phenyl)-2-((E)-propenyl)-lH-indole-3-carb
onitrile R = (E)-propenyl ES/MS m/z: 275.3 (pos. M +
H), 273.1 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.65 (m, IH), 7.32-7.23 (m, 4H), 7.10 (m, 2H), 7.06
(m, IH), 6.85 (m, IH), 6.26 (m, IH) and 1.91 (dd, 3H,
J=1.8, 6.9Hz). E 50
l-(4-Hydroxy-phenyl)-2-thiophen-2-yl-lH-indole-3-carbo
nitrileR1= thiophen-2-yl ES/MS m/z: 317.0 (pos. M +
H), 315.1 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.73 (m, IH), 7.65 (dd, IH, J=Ll, 5.0Hz), 7.54 (dd,
IH, J=Ll, 3.8Hz), 7.37-7.29 (m, 4H), 7.15 (dd, IH,
J=3.8, 5.0Hz), 7.11 (m, IH) and 7.06 (m, 2H). E 51
2-(3,5-Dimethyl-isoxazol-4-yl)-l-(4-hydroxy-phenyl)-lH
-indole-3-carbonitrile R = 3,5-dimethyl-isoxazol-4-yl
ES/MS m/z: 330.2 (pos. M + H), 328.3 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 7.78 (m, IH), 7.42-7.32 (m,
3H), 7.28 (m, 2H), 7.00 (m, 2H), 2.36 (s, 3H) and 2.02
(s, 3H). E 52
l-(4-Hydroxy-phenyl)-2-pyridin-4-yl-lH-indole-3-carbon
itrile R = pyridine-4-yl ES/MS m/z: 312.2 (pos. M +
H), 310.3 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
8.35 (m, 2H), 7.38 (m, IH), 7.20 (m, 2H), 6.98 (m,
2H), 6.82 (m, IH), 6.79 (m, 2H) and 6.44 (m, 2H). E 53
1-(4-Hydroxy-phenyl)-2-( 1-methyl-1 H-pyrrol-2-yl)-
1H-indole-3 -carbonitrile R.r1 _= 1-methyl-1
H-pyrrol-2-yl ES/MS m/z: 314.3 (pos. M + H), 312.1
(neg. M-H); 1H NMR (acetone-d6, 500MHz): 7.75 (m, IH),
7.38-7.32 (m, 2H), 7.29 (m, IH), 7.20 (m, 2H), 6.95
(m, 2H), 6.83 (dd, IH, J=I. 9, 2.5Hz), 6.24 (dd, IH,
J=I. 9, 3.8Hz), 6.09 (dd, IH, J=2.5, 3.8Hz) and 3.51
(s, 3H). E 54 l-(4-Hydroxy-phenyl)-2-(3 -methyl
-thiophen-2-yl)-l H-indole-3 -carbonitrile R =
3-methyl-thiophen-2-yl ES/MS m/z: 331.4 (pos. M + H),
329.2 (neg. M -H); 1HNMR (acetone-d6, 500MHz): 7.77
(m, IH), 7.56 (d, IH, J=5.1Hz), 7.40-7.34 (m, 2H),
7.27 (m, IH), 7.21 (m, 2H), 6.97 (d, IH, J=5.1Hz),
6.95 (m, 2H) and 2.21 (s, 3H). E 55
1-(4-Hydroxy-phenyl)-2-isopropylamino- 1H-indole-3
-carbonitrile R = isopropylamino ES/MS m/z: 292.1
(pos. M + H), 290.2 (neg. M -H); 'HNMR (acetone-d6,
500MHz): 7.34 (m, IH), 7.25 (m, 2H), 7.09 (m, IH),
7.06 (m, 2H), 6.95 (m, IH), 6.70 (m, IH), 4.33 (m, IH)
and 1.28 (d, 6H, J=6.5Hz).E 56 2-Ethylamino-
1-(4-hydroxy-phenyl)- 1H-indole-3-carbonitrile R =
ethylamino ES/MS m/z: 278.3 (pos. M + H), 276.1 (neg.
M - H); 1H NMR (acetone-d6, 500MHz): 7.33 (m, IH),
7.26 (m, 2H), 7.09 (m, IH), 7.06 (m, 2H), 6.95 (m,
IH), 6.70 (m, IH), 3.65 (q, 2H, J=7.4Hz) and 1.27 (t,
3H, J=7.4Hz). E 57 2-Butylamino-
1-(4-hydroxy-phenyl)-l H-indole-3 -carbonitrile R =
butylamino ES/MS m/z: 306.2 (pos. M + H), 304.3 (neg.
M - H); 1HNMR (acetone-d6, 500MHz): 7.33 (m, IH), 7.26
(m, 2H), 7.10-7.05 (m, 3H), 6.94 (m, IH), 6.69 (m,
IH), 3.61 (m, 2H), 1.68 (m, 2H), 1.41 (m, 2H) and 0.92
(t, 3H, J=7.4Hz). E 58
l-(4-Hydroxy-phenyl)-2-piperidin-l-yl-lH-indole-3-carb
onitrile R = piperidin-1-yl ES/MS m/z: 317.9 (pos. M +
H), 316.3 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.45 (m, IH), 7.36 (m, 2H), 7.18 (m, IH), 7.12-7.07
(m, 3H), 7.01 (m, IH), 3.27 (m, 4H), 1.54 (m, 2H) and
1.49 (m, 4H). E 59
l-(4-Hydroxy-phenyl)-2-pyrrolidin-l-yl-lH-indole-3-car
bonitrile R = pyrrolidin-1-yl ES/MS m/z: 304.4 (pos. M
+ H), 302.2 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.33-7.29 (m, 3H)1 7.1 1 (m, IH), 7.04 (m, 2H), 6.96
(m, IH), 6.73 (m, IH), 3.40 (m, 4H) and 1.87 (m, 4H).
E 60 l-(4-Hydroxy-phenyl)-2-mo f
holin-4-yl-lH-indole-3-carbonitrile R = morpholin-4-yl
ES/MS m/z: 320.3 (pos. M + H), 317.8 (neg. M H); 1H
NMR (acetone-d6, 500MHz): 7.49 (m, IH), 7.40 (m, 2H),
7.21 (m, IH), 7.14 (m, IH), 7.10 (m, 2H), 7.05 (m,
IH), 3.59 (m, 4H) and 3.28 (m, 4H). E 61
2-Diethylamino- 1-(4-hydroxy-phenyl)-
1H-indole-3-carbonitrile R = diethylaminoES/MS m/z:
306.2 (pos. M + H), 304.3 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.47 (m, IH), 7.31 (m, 2H), 7.19
(m, IH), 7.10 (m, IH), 7.08 (m, 2H), 6.96 (m, IH),
3.28 (q, 4H, J=6.9Hz) and 1.05 (t, 6H, J=6.9Hz). 



E 62 2-Ethynyl- 1-(4-hydroxy-phenyl)- 1H-indole-3
-carbonitrile R1= ethynyl ES/MS m/z: 259.1 (pos. M +
H), 257.0 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.74 (m, IH), 7.44-7.37 (m, 4H), 7.26 (m, IH), 7.10
(m, 2H) and 4.45 (s, IH). E 63 1-(4-Hydroxy-phenyl)-2
-vinyl- 1H-indole-3 -carbonitrile R1= vinyl ES/MS m/z:
261 .1 (pos. M + H), 259.0 (neg. M - H); H NMR
(acetone-d6, 500MHz): 7.70 (m, IH), 7.34-7.27 (m, 4H),
7.13-7.09 (m, 3H), 6.56 (dd, IH, J=17.6, 11.6Hz), 6.24
(dd, IH, J=17.6, 0.6Hz) and 5.69 (dd, IH, J=I 1.6,
0.6Hz). E 64
l-(4-Hydroxy-phenyl)-lH-indole-2,3-dicarbonitrile R =
cyano ES/MS m/z: 258.0 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.88 (m, IH), 7.59 (m, IH), 7.56
(m, 2H), 7.52 (m, IH), 7.42 (m, IH) and 7.15 (m, 2H).
E 66 1-(4-Hydroxy-phenyl)-2-pyridin-2-yl- 1H-indole-3
-carbonitrile R = pyridine-2-yl ES/MS m/z: 312.1 (pos.
M + H), 310.2 (neg. M - H)T; T1H NMR (acetone-d6,
500MHz): 8.63 (m, IH), 7.84-7.78 (m, 2H), 7.49 (m,
IH), 7.41-7.36 (m, 3H), 7.26 (m, IH), 7.22 (m, 2H) and
6.96 (m, 2H). E 67
l-(4-Hydroxy-phenyl)-2-(2-methyl-allyl)-l H-indole-3
-carbonitrile R = 2-methyl-allylES/MS m/z: 289.1 (pos.
M + H), 287.1 (neg. M - H); 1H NMR (acetone-d6,
500MHz): 7.67 (m, IH), 7.31-7.24 (m, 4H), 7.10-7.05
(m, 3H), 4.76 (s, IH), 4.41 (s, IH), 3.55 (s, 2H) and
1.66 (s, 3H). E 68
l-(4-Hydroxy-phenyl)-2-((Z)-propenyl)-lH-indole-3-carb
onitrile R1= (Z)-propenyl ES/MS m/z: 275.1 (pos. M +
H), 273.1 (neg. M - H); 1H NMR (acetone-d6, 500MHz) :
7.71 (m, IH), 7.33-7.27 (m, 4H), 7.17 (m, IH), 7.06
(m, 2H), 6.20-6.12 (m, 2H) and 1.94 (d, 3H, J=5 .3Hz)
E 69
2-(Butyl-methyl-amino)-l-(4-hydroxy-phenyl)-lH-indole-
3-carbonitrile R1= Butyl-methyl-amino ES/MS m/z: 320.3
(pos. M + H), 318.1 (neg. M - H); 1H NMR (acetone-d6,
500MHz): 7.43 (m, IH), 7.31 (m, 2H), 7.17 (m, IH),
7.09-7.06 (m, 3H), 6.93 (m, IH), 3.15 (m, 2H), 3.00
(s, 3H), 1.45 (m, 2H), 1.20 (m, 2H) and 0.83 (t, 3H,
J=7.4Hz). E 70
l-(4-Hydroxy-phenyl)-2-((Z)-l-methyl-propenyl)-lH-indo
le-3-carbonitrile R = (Z)-I -methyl -propenyl ES/MS
m/z: 289.2 (pos. M + H), 287.1 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.70 (m, IH), 7.33-7.27 (m, 4H),
7.22 (m, IH), 7.05 (m, 2H), 5.90 (m, IH), 1.78 (m, 3H)
and 1.66 (m, 3H). E 71
1-(4-Hydroxy-phenyl)-2-imidazol-l
-yl-lH-indole-3-carbonitrile R = imidazol-1-yl ES/MS
m/z: 301.1 (pos. M + H), 299.2 (neg. M -H); 1HNMR
(acetone-d6, 500MHz): 7.85 (t, IH, J=0.9Hz), 7.79 (m,
IH), 7.47-7.40 (m, 2H), 7.34-7.31 (m, 3H), 7.26 (m,
IH), 7.06 (dd, IH, J=0.9, 1.6Hz) and 6.99 (m, 2H). E
72
l-(4-Hydroxy-phenyl)-2-[l,2,4]triazol-l-yl-lH-indole-3
-carbonitrile R = [l,2,4]triazol-l-yl ES/MS m/z: 302.3
(pos. M + H), 300.4 (neg. M - H); 1H NMR (acetone-d6,
500MHz): 8.73 (s, IH), 8.15 (s, IH), 7.84 (m, IH),
7.49-7.46 (m, 2H), 7.33-7.28 (m, 3H) and 6.99 (m, 2H).
E 73
2-(3,5-Dimethyl-pyrazol-l-yl)-l-(4-hydroxy-phenyl)-lH-
indole-3-carbonitrile R =
3,5-dimethyl-pyrrazol-l-ylES/MS m/z: 329.3(pos. M +
H), 327.4 (neg. M - H); H NMR (acetone-d6, 500MHz):
7.81 (m, IH), 7.46-7.42 (m, 2H), 7.35 (m, IH), 7.21
(m, 2H), 6.93 (m, 2H), 5.98 (s, IH), 2.15 (s, 3H) and
2.12 (s, 3H). E 74 1-(4-Hydroxy-phenyl)-2-pyrazol-l
-yl-1H-indole-3 -carbonitrile R = pyrrazol-1-yl ES/MS
m/z: 301.4 (pos. M + H), 299.5 (neg. M - H);1 HNMR
(acetone-d6, 500MHz): 7.89 (d, IH, J=2.6Hz), 7.79 (m,
IH), 7.72 (d, IH, J I .8Hz), 7.45-7.39 (m, 2H),
7.29-7.23 (m, 3H), 6.97 (m, 2H) and 6.47 (dd, IH, J=I.
8, 2.6Hz). E 75
l-(4-Hydroxy-phenyl)-2-(5-methyl-imidazol-l-yl)-lH-ind
ole-3-carbonitrile R = 5-methyl-imidazol-l-yl ES/MS
m/z: 315.2 (pos. M + H), 313.3 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.82 (m, IH), 7.76 (d, IH,
J=0.9Hz), 7.47-7.43 (m, 2H), 7.33-7.27 (m, 3H), 6.97
(m, 2H), 6.76 (m, IH) and 2.13 (d, 3H, J=LlHz). E 76
1-(4-Hydroxy-phenyl)-2-(5 -methyl-pyrazol-
1-yl)-1H-indole-3 -carbonitrile R = 5-methyl
-pyrrazol-1-yl ES/MS m/z: 315.2 (pos. M + H), 313.3
(neg. M - H); 1H NMR (acetone-d6, 500MHz): 7.83 (m,
IH), 7.55 (d, IH, J=I. 3Hz), 7.47-7.44 (m, 2H), 7.37
(m, IH), 7.20 (m, 2H), 6.93 (m, 2H), 6.19 (m, IH) and 



2.22 (s, 3H). E 77
l-(4-Hydroxy-phenyl)-2-(3-methyl-pyrazol-l-yl)-lH-indo
le-3-carbonitrile R = 3-methyl-pyrrazol-l-yl ES/MS
m/z: 315.2 (pos. M + H), 313.3 (pos. M + H); 1HNMR
(acetone-d6, 500MHz): 7.76 (m, IH), 7.69 (d, IH,
J=2.5Hz), 7.42-7.36 (m, 2H), 7.27-7.23 (m, 3H), 6.98
(m, 2H), 6.25 (d, IH, J=2.5Hz) and 2.21 (s, 3H). E 78
l-(4-Hydroxy-phenyl)-2-thiazol-2-yl-lH-indole-3-carbon
itrile R = thiazol-2-yl ES/MS m/z: 318.1 (pos. M + H),
316.1 (neg. M - H); 1H NMR (acetone-d6, 500MHz): 7.99
(d, IH, J=3.2Hz), 7.81 (m, IH), 7.76 (d, IH, J=3.2Hz),
7.42-7.37 (m, 4H) and 7.15-7.1 1 (m, 3H).E 79
l-(4-Hydroxy-phenyl)-2-(2-methoxy-thiazol-4-yl)-lH-ind
ole-3-carbonitrile R1= 2-methoxy-thiazol-4-yl ES/MS
m/z: 348.1 (pos. M + H), 346.1 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.75 (m, IH), 7.37-7.31 (m, 4H),
7.11 (m, IH), 7.07 (m, 2H), 6.68 (s, IH) and 4.04 (s,
3H). E 80
l-(4-Hydroxy-phenyl)-2-thiazol-4-yl-lH-indole-3-carbon
itrile R = thiazol-4-yl ES/MS m/z: 318.1 (pos. M + H),
316.1 (neg. M -H); 1H NMR (acetone-d6, 500MHz): 9.08
(d, IH, J=I. 9Hz), 7.78 (m, IH), 7.41 (d, IH, J=I.
9Hz), 7.39-7.33 (m, 2H), 7.29 (m, 2H), 7.17 (m, IH)
and 7.04 (m, 2H). E 81 1-(4-Hydroxy-phenyl)-2-(3
-methyl -but-2-enyl)- 1H-indole-3 -carbonitrile R' =
3-methyl-but-2-enyl ES/MS m/z: 303.1 (pos. M + H),
301.2 (neg. M - H); 1H NMR (acetone-d6, 500MHz): 7.64
(m, IH), 7.30 (m, 2H), 7.29-7.21 (m, 2H), 7.09 (m,
2H), 7.03 (m, IH), 5.11 (m, IH), 3.54 (m, 2H), 1.62
(m, 3H) and 1.48 (s, 3H). E 83
l-(4-Hydroxy-phenyl)-2-(5-methyl-thiophen-2-yl)-lH-ind
ole-3-carbonitrile R = 5-methyl-thiophen-2-yl ES/MS
m/z: 331.1 (pos. M + H), 329.2 (neg. M -H); 1HNMR
(acetone-d6, 500MHz): 7.70 (m, IH), 7.35-7.28 (m, 5H),
7.09-7.05 (m, 3H), 6.82 (m, IH) and 2.45 (s, 3H). E 84
2-(5-Acetyl-thiophen-2-yl)-l-(4-hydroxy-phenyl)-lH-ind
ole-3-carbonitrile R = 5-acetyl-thiophen-2-yl ES/MS
nVz: 359.3 (pos. M + H), 357.1 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.85 (d, IH, J=4.1Hz), 7.77 (m,
IH), 7.57 (d, IH, J=4.1Hz), 7.41-7.34 (m, 4H), 7.15
(m, IH), 7.08 (m, 2H) and 2.54E 85
1-(4-Hydroxy-phenyl)-2-( 1-methyl- 1H-pyrrazol-4-yl)-
1H-indole-3 -carbonitrile R = I -methyl-
1H-pyrrazol-4-yl ES/MS m/z: 315.2 (pos. M + H), 313.3
(neg. M - H); 1H NMR (acetone-d6, 500MHz): 7.73 (s,
IH), 7.67 (m, IH), 7.35 (s, IH), 7.32-7.28 (m, 3H),
7.26 (m, IH), 7.09 (m, 2H), 7.07 (m, IH) and 3.90 (s,
3H). E 86
2-(5-Chloro-thiophen-2-yl)-l-(4-hydroxy-phenyl)-lH-ind
ole-3-carbonitrile R = 5-chloro-thiophen-2-yl ES/MS
m/z: 351.2 (pos. M + H), 349.3 (neg. M - H); 1HNMR
(acetone-d , 500MHz): 7.74 (m, IH), 7.45 (d, IH,
J=4.1Hz), 7.39-7.32 (m, 4H) and 7.13-7.08 (m, 4H). E
87
l-(4-Hydroxy-phenyl)-2-(4-methyl-thiophen-3-yl)-lH-ind
ole-3-carbonitrile R1= 4-methyl-thiophen-3 -yl ES/MS
m/z: 331 .4 (pos. M + H), 329.2 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.76 (m, IH), 7.59 (d, IH,
J=3.2Hz), 7.39-7.33 (m, 2H), 7.29 (m, IH), 7.21 (m,
2H), 7.18 (m, IH), 6.93 (m, 2H) and 2.08 (d, 3H,
J=0.9Hz). E 88
l-(4-Hydroxy-phenyl)-2-(4-methyl-thiophen-2-yl)-l
H-indole-3 -carbonitrile R = 4-methyl-thiophen-2-yl
ES/MS m/z: 331.4 (pos. M + H), 329.2 (neg. M -H); 1H
NMR (acetone-d6, 500MHz): 7.71 (m, IH), 7.39 (d, IH,
J=I. 3Hz), 7.36-7.29 (m, 2H), 7.27 (m, 2H), 7.22 (m,
IH), 7.08 (m, IH), 7.04 (m, 2H) and 2.23 (d, 3H,
J=0.9Hz). E 89 2-(4-Cyano-thiophen-3
-yl)-1-(4-hydroxy-phenyl)- 1H-indole-3 -carbonitrile R
= 4-cyano-thiophen-3-yl ES/MS m/z: 342.2 (pos. M + H),
340.3 (neg. M - H); 1H NMR (acetone-d6, 500MHz): 8.49
(d, IH, J=3.1Hz), 7.98 (d, IH, J=3.1Hz), 7.81 (m, IH),
7.44-7.39 (m, 2H), 7.31 (m, IH), 7.26 (m, 2H) and 6.97
(m, 2H). E 90
l-(4-Hydroxy-phenyl)-2-(2-methyl-2H-pyrazol-3-yl)-lH-i
ndole-3-carbonitrileR = 2-methyl-2H-pyrrazol-3-yl
ES/MS m/z: 315.2 (pos. M + H), 313.3 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 7.80 (m, IH), 7.45 (d, IH,
J=2.0Hz), 7.43-7.39 (m, 2H), 7.32 (m, IH), 7.27 (m,
2H), 6.97 (m, 2H), 6.42 (d, IH, J=2.0Hz) and 3.77 (s,
3H). E 91
l-(4-Hydroxy-phenyl)-2-(l,3,5-trimethyl-lH-pyrrazol-4-
yl)-lH-indole-3-carbonitrile R1=
l,3,5-trimethyl-lH-pyrrazol-4-yl 



ES/MS m/z: 343.1 (pos. M + H), 341.2 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 7.73 (m, IH), 7.36-7.30 (m,
3H), 7.17 (m, 2H), 6.94 (m, 2H), 3.69 (s, 3H), 2.11
(s, 3H) and 1.96 (s, 3H). E 92 2-(2-Acetyl-pyrrol-
1-yl)-l -(4-hydroxy -phenyl)- 1H-indole-3
-carbonitrile R = 2-acetyl-pyrrol-l -yl ES/MS m/z:
342.2 (pos. M + H), 340.3 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.76 (m, IH), 7.44 (dd, IH,
J=1.6, 2.8Hz), 7.42-7.37 (m, 2H), 7.23 (m, IH), 7.13
(dd, IH, J=I .6, 3.9Hz), 7.09 (m, 2H), 6.88 (m, 2H),
6.41 (dd, IH, J=2.8, 3.9Hz) and 2.23 (s, 3H). E 93
2-(2 -Ethyl-pyrrol- 1-yl)- 1-(4-hydroxy-phenyl)-l
H-indole-3 -carbonitrile R = 2-ethyl-pyrrol-l-yl ES/MS
m/z: 328.4 (pos. M + H), 326.2 (neg. M - H); 1H NMR
(acetone-d , 500MHz): 7.78 (m, IH), 7.44-7.39 (m >2H),
7.30 (m, IH), 7.22 (m, 2H), 6.93 (m, 2H), 6.88 (dd,
IH, J=2.9, 1.6Hz), 6.1 1 (t, IH, J=3.2Hz), 5.95 (m,
IH), 2.49 (m, IH), 2.37 (m, IH) and 1.09 (t, 3H,
J=7.5Hz). E 94
2-(2-Cyano-pyrrol-l-yl)-l-(4-hydroxy-phenyl)-lH-mdole-
3-carbonitrile R = 2-cyano-pyrrol-l-yl ES/MS m/z:
325.4 (pos. M + H), 323.5 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.85 (m, IH), 7.49-7.46 (m, 3H),
7.32 (m, IH), 7.28 (m, 2H), 7.11 (dd, IH, J=4.1,
1.6Hz), 6.99 (m, 2H) and 6.45 (dd, IH, J=4.1, 2.9Hz).
E 95
l-(4-Hydroxy-phenyl)-2-(2-methyl-pyrrol-l-yl)-lH-indol
e-3-carbonitrile R = 2-methyl -pyrrol- 1-yl ES/MS m/z:
314.3 (pos. M + H), 312.4 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.78 (m, IH), 7.44.7.39 (m 2H),
7.31 (m, IH), 7.22 (m, 2H), 6.94 (m, 2H), 6.85 (dd,
IH, J=3.0, 1.6Hz), 6.07 (t, IH,J=3.3Hz), 5.92 (m, IH)
and 2.12 (d, 3H, J=0.7Hz). Examples 96-159 The
following compounds were prepared according to General
Method 1 above. Full experimental details of the
individual steps of that general method are described
in Examples 1-5, 16 and 38-40 above. E 96 1-(3
-Chloro-5 -fluoro-4-hydroxy-phenyl)-2-phenyl-l
H-indole-3 -carbonitrile R'= phenyl R =
3-chloro-5-fiuoro-4-hydroxy-phenyl ES/MS m/z: 363.1
(pos. M + H), 361.1 (neg. M -H); 1HNMR (acetone-d ,
500MHz): 7.77 (m, IH), 7.56-7.53 (m, 2H), 7.50-7.45
(m, 3H), 7.41-7.34 (m, 4H) and 7.32 (dd, IH, J=10.8,
2.5Hz). E 97 l-(3-Chloro-5-fluoro-4-hydroxy-
rhenyl)-2-(3-cyano-thiophen-2-yl)-lH-indole-3-carbonit
rile R = 3-cyano-thiophen-2-yl R =
3-chloro-5-fluoro-4-hydroxy-phenyl ES/MS m/z: 392.0,
394.0 (neg. M - H); 1H NMR (acetone-d6, 500MHz): 8.00
(d, IH, J=5.4Hz), 7.84 (m, IH), 7.56 (d, IH, J=5.4Hz)
and 7.49-7.41 (m, 5H). E 98 1-(3 -Chloro-5
-fluoro-4-hydroxy-phenyl)-2-(3 -cyano-furan-2-yl)-
1H-indole-3 -carbonitrile R = 3-cyano-furan-2-yl R =
3-chloro-5 -fluoro-4-hydroxy-phenyl ES/MS m/z: 376.0,
378.0 (neg. M -H); 1H NMR (acetone-d6, 500MHz): 7.97
(d, IH, J=2.0Hz), 7.86 (m, IH), 7.52-7.44 (m, 5H) and
7.07 (d, IH, J=2.0Hz). E 99
2-Bromo-l-(3-chloro-5-fluoro-4-hydroxy-phenyl)-lH-indo
le-3-carbonitrile R = bromo R =
3-chloro-5-fluoro-4-hydroxy-phenyl ES/MS m/z: 362.0,
364.0, 366.0 (neg. M - H); 1H NMR (acetone-d ,
500MHz): 7.70 (m, IH), 7.54 (t, IH, J=2.5Hz), 7.50
(dd, IH, J=2.5, 10.7Hz), 7.39-7.34 (m, 2H) and 7.27
(m, IH).E lOO
2-Bromo-l-(2-fluoro-4-hydroxy-phenyl)-lH-indole-3-carb
onitrile = bromo R = 2-fluoro-4-hydroxy-phenyl ES/MS
m/z: 331.1, 333.2 (pos. M + H), 328.9, 331.1 (neg. M
-H); 1H NMR (acetone-d6, 500MHz): 7.71 (m, IH), 7.48
(m, IH), 7.38-7.33 (m, 2H), 7.14 (m, IH) and 6.98-6.93
(m, 2H). E lOl
l-(2-Fluoro-4-hydroxy-phenyl)-2-phenyl-lH-indole-3-car
bonitrile R1= phenyl R = 2-fluoro-4-hydroxy-phenyl
ES/MS m/z: 329.3 (pos. M + H), 327.1 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 7.78 (m, IH), 7.52-7.49 (m,
2H), 7.47-7.44 (m, 3H), 7.42-7.36 (m, 3H), 7.19 (m,
IH), 6.84 (m, IH) and 6.77 (dd, IH, J=2.7, 11.7Hz). E
102
2-Bromo-l-(3-fluoro-4-hydroxy-phenyl)-lH-indole-3-carb
onitrile R = bromo R = 3-fluoro-4-hydroxy-phenyl ES/MS
m/z: 331.1, 333.2 (pos. M + H), 329.2, 331.3 (neg. M -
H); 1H NMR (acetone-d6, 500MHz): 7.70 (m, IH), 7.46
(dd, IH, J=2.5, 11.4Hz), 7.38-7.32 (m, 2H), 7.31-7.25
(m, 2H) and 7.21 (m, IH). E 103 2-Bromo-
1-(2,3-difluoro-4-hydroxy-phenyl)- 1H-indole-3
-carbonitrile R = bromo R = 2,3
-difluoro-4-hydroxy-phenyl ES/MS m/z: 349.1, 351.2
(pos. M + H), 346.9, 349.0 (neg. M -H); 1HNMR
(acetone-d6, 500MHz): 7.72 (m, IH), 7.40-7.34 (m, 3H),
7.22 (m, IH) and 7.14 (m, IH). E 104
2-Bromo-l-(2,5-difluoro-4-hydroxy-phenyl)-lH-indole-3-
carbonitrile R = bromo R =
2,5-difluoro-4-hydroxy-phenyl ES/MS m/z: 349.1, 351.2
(pos. M + H), 346.9, 349.0 (neg. M -H); 1HNMR
(acetone-d6, 500MHz): 7.73 (m, IH), 7.61 (dd, IH,
J=7.2, 10.6Hz), 7.41-7.35 (m, 2H), 7.23 (m, IH) and
7.16 (dd, IH, J=7.6, 



10.7Hz). E 105 2-Bromo-l-(3-chloro-4-hydroxy-
rhenyl)-lH-indole-3-carbonitrile R = bromo R =
3-chloro-4-hydroxy-phenyl ES/MS m/z: 347.0, 349.1,
(pos. M + H), 344.8, 347.2 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.70 (m, IH), 7.65 (d, IH,
J=2.5Hz), 7.39 (dd, IH, J=2.5, 8.5Hz), 7.38-7.32 (m,
2H), 7.30 (d, IH, J=8.5Hz) and 7.20 (m, IH).E 106
2-Bromo- 1-(3 ,5-difluoro-4-hydroxy-phenyl)-
1H-indole-3 -carbonitrile R = bromo R =
3,5-difluoro-4-hydroxy-phenyl ES/MS m/z: 349.1, 351.2
(pos. M + H), 347.2, 349.3 (neg. M -H)J 1HNMR
(acetone-d6, 500MHz): 7.70 (m, IH), 7.40-7.34 (m, 4H)
and 7.27 (m, IH). E 107
l-(3-Fluoro-4-hydroxy-phenyl)-2-
rhenyl-lH-indole-3-carbonitrile R = phenyl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 329.3 (pos. M +
H), 327.1 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.77 (m, IH), 7.51 (m, 2H), 7.46-7.43 (m 3H),
7.40-7.35 (m, 2H), 7.31-7.26 (m, 2H) and 7.14-7.07 (m,
2H). E 108 1-(3 ,5-Difluoro-4-hydroxy-phenyl)-2
-phenyl- 1H-indole-3 -carbonitrile R = phenyl R =
3,5-difluoro-4-hydroxy-phenyl ES/MS m/z: 347.2 (pos. M
+ H), 344.8 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.77 (m, IH), 7.53 (m, 2H), 7.49-7.46 (m, 3H),
7.42-7.35 (m, 3H) and 7.19 (m, 2H). E 109 1-(3
-Chloro-4-hydroxy-phenyl)-2 -phenyl- 1H-indole-3
-carbonitrile R1= phenyl R = 3-chloro-4-hydroxy-phenyl
ES/MS m/z: 344.9, 347.3 (pos. M + H), 343.0 (neg. M -
H); 1H NMR (acetone-d6, 500MHz): 7.77 (m, IH), 7.52
(m, 2H), 7.48 (d, IH, J=2.5Hz), 7.47-7.44 (m, 3H),
7.41-7.35 (m, 2H), 7.29 (m, IH), 7.22 (dd, IH, J=2.5,
8.8Hz) and 7.13 (d, IH, J=8.8Hz). E IlO
l-(2,3-Difluoro-4-hydroxy-phenyl)-2-phenyl-lH-indole-3
-carbonitrile R = phenyl R =
2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 347.2 (pos. M
+ H), 344.8 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.80 (m, IH), 7.52 (m, 2H), 7.49-7.46 (m, 3H),
7.43-7.38 (m, 2H), 7.29-7.25 (m, 2H) and 7.00 (m, IH).
E lIl
l-(2,5-Difluoro-4-hydroxy-phenyl)-2-phenyl-lH-indole-3
-carbonitrile R = phenyl R =
2,5-difluoro-4-hydroxy-phenyl ES/MS m/z: 347.3 (pos. M
+ H), 344.8 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.79 (m, IH), 7.54-7.51 (m, 3H), 7.50-7.46 (m, 3H),
7.43-7.37 (m, 2H), 7.27 (m, IH) and 6.96 (dd, IH,
J=I.6, 10.7Hz).E 112
1-(3,5-Difluoro-4-hydroxy-phenyl)-2-thiophen-3
-yl-1H-indole-3 -carbonitrile RJ = thiophen-3-yl R =
3,5-difluoro-4-hydroxy-phenyl ES/MS m/z: 353.0 (pos. M
+ H), 351.4 (neg. M -H); 1HNMR (acetone-d6, 500MHz):
7.74 (m, IH), 7.71 (dd, IH, J=I. 3, 2.9Hz), 7.59 (dd,
IH, J=2.9, 5.1Hz), 7.40-7.34 (m, 2H), 7.30 (m, IH) and
7.24-7.20 (m, 3H). E 113 1-(3,5
-Difluoro-4-hydroxy-phenyl)-2-thiophen-2~yl-
1H-indole-3 -carbonitrile R1= thiophen-2-yl R =
3,5-difluoro-4-hydroxy-phenyl ES/MS m/z: 353.0 (pos. M
+ H), 351.4 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.74 (m, IH), 7.71 (dd, IH, J=I. 2, 5.0Hz), 7.54 (dd,
IH, J=1.2, 3.8Hz), 7.40-7.34 (m, 2H), 7.30 (m, 2H),
7.25 (m, IH) and 7.19 (dd, IH, J=3.8, 5.0Hz). E 114
l-(3,5-Difluoro-4-hydroxy-phenyl)-2-(3,5-dimethyl-isox
azol-4-yl)-lH-indole-3-carbonitrile R =
3,5-dimethyl-isoxazol-4-yl R =
3,5-difluoro-4-hydroxy-phenyl ES/MS m/z: 366.2 (pos. M
+ H), 364.3 (neg. M H); 1H NMR (acetone-d6, 500MHz):
7.78 (m, IH), 7.45 (m, IH), 7.44-7.40 (m, 2H), 7.22
(m, 2H), 2.41 (s, 3H) and 2.09 (s, 3H). E 115 1-(3
,5-Difluoro-4-hydroxy-phenyl)-2-( 1-methyl-
1H-pyrrol-2-yl)- 1H-indole-3 -carbonitrile R =
1-methyl- 1H-pyrrol-2-yl R = 3,5-difluoro-4
-hydroxy-phenyl ES/MS m/z: 350.3 (pos. M + H), 348.1
(neg. M -H); 1HNMR (acetone-d , 500MHz): 7.76 (m, IH),
7.41-7.36 (m, 3H), 7.15 (m, 2H), 6.90 (dd, IH, J=I .8,
2.6Hz), 6.27 (dd, IH, J=1.8, 3.8Hz), 6.12 (dd, IH,
J=2.6, 3.8Hz) and 3.61 (s, 3H). E 116
l-(3,5-Difluoro-4-hydroxy-phenyl)-2-(3-methyl-thiophen
-2-yl)-lH-indole-3-carbonitrile R
3-methyl-thiophen-2-yl R =
3,5-difluoro-4-hydroxy-phenyl ES/MS m/z: 367.1 (pos. M
+ H), 365.2 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.77 (m, IH), 7.61 (d, IH, J=5.1Hz), 7.42-7.36 (m,
3H), 7.16 (m, 2H), 7.02 (d, IH, J=5.1Hz) and 2.26 (s,
3H). E 117
l-(3,5-Difluoro-4-hydroxy-phenyl)-2-(l-methyl-lH-pyraz
ol-4-yl)-lH-indole-3-carbonitrile R = 1-methyl-
lH-pyrrazol-4-yl R =
3,5-difluoro-4-hydroxy-phenylES/MS m/z: 351.5 (pos. M
+ H), 349.3 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.79 (s, IH), 7.68 (m, IH), 7.50 (s, IH), 7.35-7.28
(m, 2H), 7.25 (m, 2H), 7.18 (m, IH) and 3.91 (s, 3H).
E 118
l-(3,5-Difluoro-4-hydroxy-phenyl)-2-pyridm-4-yl-lH-ind
ole-3-carbonitrile R = pyridine-4-yl R =
3,5-difluoro4-hydroxy-phenyl ES/MS m/z: 348.2 (pos. M
+ H); 1H NMR (acetone-d6, 500MHz): 8.70 (m, 2H), 7.81
(m, IH), 7.49 (m, 2H), 7.45-7.39 (m, 3H) and 7.24 (m,
2H). 



E 119 1-(3-Chloro-4-hydroxy-phenyl)-2-thiophen-3
-yl-1H-indole-3 -carbonitrile R = thiophen-3-yl R =
3-chloro-4-hydroxy-phenyl ES/MS m/z: 351.2 (pos. M +
H), 349.3 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.74 (m, IH), 7.67 (dd, IH, J=I. 3, 2.8Hz), 7.57 (dd,
IH, J=2.8, 5.1Hz), 7.52 (d, IH, J=2.5Hz), 7.39-7.32
(m, 2H), 7.27 (dd, IH, J=2.5, 8.6Hz), 7.23 (m, IH),
7.20 (d, IH, J=8.6Hz) and 7.18 (dd, IH, J=1.3, 5.1Hz).
E 120
l-(3-Chloro-4-hydroxy-phenyl)-2-thiophen-2-yl-lH-indol
e-3-carbonitrile R = thiophen-2-yl R =
3-chloro-4-hydroxy-phenyl ES/MS m/z: 351 .2 (pos. M +
H), 349.3 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.74 (m, IH), 7.68 (dd, IH, J=1.3, 5.0Hz), 7.58 (d,
IH, J=2.5Hz), 7.56 (dd, IH, J=1.3, 3.8Hz), 7.39-7.31
(m, 3H), 7.24 (d, IH, J=8.5Hz) and 7.18-7.15 (m, 2H).
E 121
l-(3-Chloro-4-hydroxy-phenyl)-2-(3,5-dimethyl-isoxazol
-4-yl)-lH-indole-3-carbonitrile R =
3,5-dimethyl-isoxazol-4-yl R =
3-chloro-4-hydroxy-phenyl ES/MS m/z: 364.4 (pos. M +
H), 362.5 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.78 (m, IH), 7.53 (br s, IH), 7.43-7.36 (m, 3H), 7.27
(br d, IH, J=7.7Hz), 7.19 (d, IH, J=8.9Hz), 2.39 (s,
3H) and 2.06 (s, 3H). E 122 1-(3
-Chloro-4-hydroxy-phenyl)-2-( 1-methyl-
1H-pyrrol-2-yl)- 1H-indole-3 -carbonitrile R =
1-methyl- 1H-pyrrol-2-yl R = 3-chloro-4-hydroxy-phenyl
ES/MS m/z: 348.2 (pos. M + H), 346.0 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 7.75 (m, IH), 7.43 (d, IH,
J=2.5Hz), 7.40-7.35 (m, 2H), 7.32 (m, IH), 7.22 (dd,
IH, J=2.5, 8.7Hz), 7.14 (d, IH, J=8.7Hz), 6.87 (dd,
IH, J=I. 9, 2.8Hz), 6.25 (dd, IH, J=1.9, 3.8Hz), 6.10
(dd, IH, J=2.8, 3.8Hz) and 3.58 (s, 3H).E 123 1-(3
-Chloro-4-hydroxy-phenyl)-2-(3 -methyl
-thiophen-2-yl)- 1H-indole-3 -carbonitrile R1=
3-methyl-thiophen-2-yl R = 3-chloro-4-hydroxy-phenyl
ES/MS m/z: 365.0 (pos. M + H), 363.4 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 7.77 (m, IH), 7.59 (d, IH,
J=5.1Hz), 7.46 (d, IH, J=2.6Hz), 7.41-7.36 (m, 2H),
7.30 (m, IH), 7.22 (dd, IH, J=2.6, 8.5Hz), 7.14 (d,
IH, J=8.5Hz), 7.00 (d, IH, J=5.1Hz) and 2.24 (s, 3H).
E 124
l-(3-Chloro-4-hydroxy-phenyl)-2-pyridin-4-yl-lH-indole
-3-carbonitrile R = pyridine-4-yl R =
3-chloro-4-hydroxy-phenyl ES/MS m/z: 346.1 (pos. M +
H), 343.9 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
8.68 (m, 2H), 7.81 (m, IH), 7.55 (d, IH, J=2.5Hz),
7.47 (m, 2H), 7.44-7.41 (m, 2H), 7.34 (m, IH), 7.27
(dd, IH, J=2.5, 8.6Hz) and 7.16 (d, IH, J=8.6Hz). E
125
l-(3-Fluoro-4-hydroxy-phenyl)-2-thiophen-3-yl-lH-indol
e-3-carbonitrile R = thiophen-3-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 335.6 (pos. M +
H), 333.1 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.74 (m, IH), 7.67 (dd, IH, J=I. 3, 2.8Hz), 7.56 (dd,
IH, J=2.8, 5.0Hz), 7.38-7.30 (m, 3H), 7.24 (m, IH),
7.21-7.17 (m, 2H) and 7.13 (m, IH). E 126
l-(3-Fluoro-4-hydroxy-phenyl)-2-thiophen-2-yl-lH-indol
e-3-carbonitrile R = thiophen-2-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 335.6 (pos. M +
H), 333.1 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.73 (m, IH), 7.68 (dd, IH, J=1.3, 5.0Hz), 7.54 (dd,
IH, J=1.3, 3.8Hz), 7.39-7.32 (m, 3H) and 7.25-7.16 (m,
4H). E 127
2-(3,5-Dimethyl-isoxazol-4-yl)-l-(3-fluoro-4-hydroxy-p
henyl)-lH-indole-3-carbonitrile R =
3,5-Dimethyl-isoxazol-4-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 348.2 (pos. M +
H), 346.0 (neg. M H); 1H NMR (acetone-d6, 500MHz):
7.79 (m, IH), 7.43-7.39 (m, 3H), 7.32 (m, IH),
7.20-7.13 (m, 2H), 2.39 (s, 3H) and 2.05 (s, 3H). E
128 1-(3 -Fluoro-4-hydroxy-phenyl)-2-( 1-methyl-
1H-pyrrol-2-yl)- 1H-indole-3 -carbonitrile R =
l-methyl-lH-pyrrol-2-yl R = 3-fluoro-4-hydroxy-phenyl
ES/MS m/z: 332.3 (pos. M + H), 330.1 (neg. M - H); 1H
NMR (acetone-d , 500MHz): 7.75 (m, IH), 7.40-7.32 (m,
3H), 7.21 (dd, IH, J=2.1, 11.3Hz), 7.15-7.08 (m, 2H),
6.87 (dd, IH, J=1.8, 2.5Hz), 6.25E 129 1-(3
-Fluoro-4-hydroxy-phenyl)-2-(3 -methyl
-thiophen-2-yl)- 1H-indole-3 -carbonitrile R1=
3-methyl-thiophen-2-yl R = 3-fluoro-4-hydroxy-plienyl
ES/MS m/z: 349.4 (pos. M + H), 347.2 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 7.77 (m, IH), 7.59 (d, IH,
J=5.1Hz), 7.41-7.36 (m, 2H), 7.32 (m, IH), 7.25 (dd,
IH, J=2.4, 11.4Hz), 7.15-7.08 (m, 2H), 7.00 (d, IH,
J=5.1Hz) and 2.24 (s, 3H). E 130
l-(3-Fluoro-4-hydroxy-phenyl)-2-(l-methyl-lH-pyrrazol-
4-yl)-lH-indole-3-carbonitrile R = 1-methyl-
lH-pyrrazol-4-yl R = 3-fluoro-4-hydroxy-phenyl ES/MS
m/z: 333.2 (pos. M + H), 331 .3 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.76 (br s, IH), 7.68 (m, IH),
7.41 (d, IH, J=0.6Hz), 7.36-7.23 (m, 4H), 7.16 (m,
IH), 7.12 (m, IH) and 3.91 (s, 3H). E 131
l-(3-Fluoro-4-hydroxy-phenyl)-2-pyridin-4-yl-lH-indole
-3-carbonitrile R = pyridine-4-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 330.2 (pos. M +
H), 328.3 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
8.68 (m, 2H), 7.81 (m, IH), 7.47 (m, 2H), 7.44-7.40
(m, 2H), 7.37-7.33 (m, 2H) and 7.17-7.12 (m, 2H). E
132
2-Dimethylamino-l-(2-fluoro-4-hydroxy-phenyl)-lH-indol
e-3-carbonitrile 



R = dimethylamino R = 2-fluoro-4-hydroxy-phenyl ES/MS
m/z: 296.3 (pos. M + H), 294.1 (neg. M - H); 1H NMR
(acetone-d , 500MHz): 7.45-7.41 (m, 2H), 7.19 (m, IH),
7.10 (m, IH), 6.69-6.85 (m, 3H) and 2.96 (s, 6H). E
133
2-(3,5-Dimethyl-isoxazol-4-yl)-l-(2-fluoro-4-hydroxy-p
henyl)-lH-indole-3-carbonitrile R =
3,5-dimethyl-isoxazol-4-yl R =
2-fTuoro-4-hydroxy-phenyl ES/MS m/z: 348.2 (pos. M +
H), 346.3 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.80 (m, IH), 7.47 (m, IH), 7.42 (m, IH), 7.27 (m,
IH), 6.88 (m, IH), 6.83 (m, IH), 2.34, 2.33 (2 s, 3H)
and 2.10, 2.09 (2 s, 3H). E 134
l-(3-Fluoro-4-hydroxy-phenyl)-2-((E)-propenyl)-lH-indo
le-3-carbonitrile R = (E)-prorenyl R =
3-fluoro-4-hydroxy-phenylES/MS m/z: 293.1(pos. M + H),
291.1 (neg. M - H); 1H NMR (acetone-d6, 500MHz): 7.66
(m, IH), 7.35-7.25 (m, 4H), 7.16 (m, IH), 7.11 (m,
IH), 6.86 (m, IH), 6.29 (m, IH) and 1.92 (dd, 3H, J=I.
9, 6.9 Hz). E 135
l-(3-Fluoro-4-hydroxy-phenyl)-2-((Z)-propenyl)-lH-indo
le-3-carbonitrile R = (Z)-propenyl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 293.1(pos. M H),
291.1 (neg. M -H); 1H NMR (acetone-d6, 500MHz): 7.71
(m, IH), 7.35-7.29 (m, 3H), 7.25-7.21 (m, 2H), 7.16
(m, IH), 6.23-6.16 (m, 2H) and 1.94 (m, 3H). E 136
1-(2,3 -Difluoro-4-hydroxy-phenyl)-2-((Z)-propenyl)-
1H-indole-3 -carbonitrile R = (Z)-propenyl R =
2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 311.0 (pos. M
+ H), 309.1 (neg. M-H); 1H NMR (CDCl3, 500MHz): 7.79
(m, IH), 7.35- 7.28 (m, 2H), 7.08 (m, IH), 7.05-6.96
(m, 2H), 6.17 (m, IH), 6.10 (m, IH) and 1.98 (dd, 3H,
J=1.5, 6.9Hz). E 137
l-(2,3-Difluoro-4-hydroxy-phenyl)-2-vinyl-lH-indole-3-
carbonitrile R = vinyl R =
2,3-difhioro-4-hydroxy-phenyl ES/MS m/z: 297.0 (pos. M
+ H), 295.1 (neg. M - H); 1H NMR (CDCl3, 500MHz): 7.78
(m, IH), 7.34- 7.27 (m, 2H), 7.08-6.99 (m, 3H), 6.46
(dd, IH, J=I 1.7, 17.8Hz), 6.31 (d, IH, J=17.8Hz) and
5.67 (d, IH, J=I 1.7Hz). E 138 1-(2,3
-Difluoro-4-hydroxy-phenyl)-2-thiophen-3
-yl-1H-indole-3 -carbonitrile R = thiophen-3-yl R =
2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 353.3 (pos. M
+ H), 351.4 (neg. M - H); 1HNMR (acetone-d , 500MHz):
7.77 (m, IH), 7.70 (dd, IH, J=I .3, 2.8Hz), 7.61 (dd,
IH, J=2.8, 5.0Hz), 7.41-7.35 (m, 2H), 7.31 (m, IH),
7.25 (dd, IH, J=I. 3, 5.0Hz), 7.23 (m, IH) and 7.06
(m, IH). E 139
l-(2,3-Difluoro-4-hydroxy-phenyl)-2-thiophen-2-yl-lH-i
ndole-3-carbonitrile R = thiophen-2-yl R =
2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 353.3 (pos. M
+ H), 351.4 (neg. M -H); 1H NMR (acetone-d6, 500MHz):
7.76 (m, IH), 7.71 (m, IH), 7.60 (m IH), 7.42-7.32 (m,
3H), 7.21-7.19 (m, 2H) and 7.10 (m, IH).E 140
l-(2,3-Difluoro-4-hydroxy-phenyl)-2-(3-methyl-thiophen
-2-yl)-lH-indole-3-carbonitrile R1=
3-methyl-thiophen-2-yl R =
2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 367.1 (pos. M
+ H), 365.2 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.80 (m, IH), 7.60 (d, IH, J=5.1Hz), 7.44-7.39 (m,
2H9, 7.27 (m, IH), 7.22 (m, IH), 7.02 (d, IH,
J=5.1Hz), 6.99 (m, IH) and 2.28 (s, 3H). E 141
l-(2,3-Difluoro-4-hydroxy-phenyl)-2-(l-methyl-lH-pyrro
l-2-yl)-lH-indole-3-carbonitrile R1=
l-methyl-lH-pyrrol-2-yl R =
2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 350.3 (pos. M
+ H), 348.1 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.78 (m, IH), 7.42-7.37 (m, 2H), 7.26-7.22 (m, 2H),
6.99 (m, IH), 6.93 (dd, IH, J=I. 5, 2.9Hz) 5 6.14 (dd,
IH, J=I .5, 3.8Hz), 6.08 (dd, IH, J=2.9, 3.8Hz) and
3.70 (s, 3H). E 142
2-(2-Acetyl-pyrrol-l-yl)-l-(3-fluoro-4-hydroxy-phenyl)
-lH-indole-3-carbonitrile R' = 2-acetyl- ryrrol-l-yl R
= 3-fluoro-4-hydroxy-phenyl ES/MS m/z: 360.2 (pos. M +
H), 358.2 (neg. M - H); 1H NMR (acetone-d , 500MHz):
8.31 (m, IH), 7.41 (d, IH, J=5.2Hz), 7.32-7.26 (m,
2H), 7.18 (m, IH), 7.16-6.96 (m, 3H), 6.85 (d, IH,
J=5.2Hz) and 2.09 (s, 3H). E 143 1-(3
-Fluoro-4-hydroxy-phenyl)-2-pyr tol- 1-yl- 1H-indole-3
-carbonitrile R = pyrrol- 1-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 317.9 (pos. M +
H), 316.3 (neg. M -H); 1H NMR (acetone-d6, 500MHz):
7.74 (m, IH), 7.43-7.37 (m, 2H), 7.31-7.29 (m, 2H),
7.16-7.14 (m, 2H), 6.97 (t, 2H, J=2.2Hz) and 6.26 (t,
2H, J=2.2Hz). E 144 1-(2,3
-Difluoro-4-hydroxy-phenyl)-2 -pyrrol- 1-yl-
1H-indole-3 -carbonitrile R = pyrrol- 1-yl R
2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 336.5 (pos. M
+ H), 334.3 (neg. M -H); 1H NMR (acetone-d6, 500MHz):
7.77 (m, IH), 7.46-7.40 (m, 2H), 7.31 (m, IH), 7.27
(m, IH), 7.02 (m, IH), 6.99 (t, 2H, J=2.2Hz) and 6.28
(t, 2H, J=2.2Hz). E 145
l-(2,3-Difluoro-4-hydroxy-phenyl)-2-prop-l-ynyl-lH-ind
ole-3-carbonitrile 



R = prop-1-ynyl R = 2,3-difluoro-4-hydroxy-phenylES/MS
m/z: 309.1 (pos. M + H), 307.2 (neg. M-H); 1HNMR
(CDCl3, 500MHz): 7.74 (m, IH), 7.34- 7.30 (m, 2H),
7.12 (m, IH), 7.05 (m, IH), 6.98 (m, IH) and 2.08 (s,
3H). E 146
l-(3-Fluoro-4-hydroxy-phenyl)-2-(2-methyl-prop-l-enyl)
-lH-indole-3-carbonitrile R = 2-methyl-prop-l-enyl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 307.1 (pos. M +
H),305.2 (neg. M-H); 1HNMR (CDCl3, 500MHz): 7.76 (m,
IH), 7.40- 7.36 (m, 2H), 7.18-7.13 (m, 2H), 7.07 (m,
IH), 7.02 (m, IH), 5.86 (m, IH), 1.98 (d, 3H, J=I.
3Hz) and 1.91 (d, 3H, J=I .4Hz). E 147 1-(2,3
-Difluoro-4-hydroxy-phenyl)-2-(2 -methyl-prop-
1-enyl)-l H-indole-3 -carbonitrile R =
2-methyl-prop-l-enyl R = 2,3-difluoro-4-hydroxy-phenyl
ES/MS m/z: 325.1 (pos. M + H), 323.2 (neg. M-H); 1HNMR
(CDCl3, 500MHz): 7.77 (m, IH), 7.33- 7.25 (m, 2H),
7.05-7.01 (m, 2H), 6.96 (m, IH), 5.85 (m, IH), 1.96
(d, 3H, J=I. 2Hz) and 1.91 (d, 3H, J=I. 3Hz). E 148
2-(2-Acetyl-pyrrol-l-yl)-l-(2,3-difluoro-4-hydroxy-phe
nyl)-lH-indole-3-carbonitrile R = 2-acetyl-pyrrol-l-yl
R = 2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 378.2
(pos. M + H), 376.3 (neg. M - H); 1H NMR (acetone-d6,
500MHz): two conformations in ratio 2:1, 7.82-7.77 (m,
3H), 7.52 (dd, IH, J=2.9, 1.6Hz), 7.47-7.42 (m, 6H),
7.35-7.34 (m, 2H), 7.31 (m, IH), 7.27-7.25 (m, 2H),
7.20 (dd, 2H, J=4.1, 1.6Hz), 7.16 (dd, IH, J=4.0,
1.6Hz), 7.03-6.99 (m, 2H), 6.96-6.88 (m, 3H), 6.81 (m,
IH), 6.47 (dd, IH, J=4.0, 2.8Hz), 6.44 (dd, 2H, J=3.8,
2.8Hz), 2.29 (s, 6H) and 2.21 (s, 3H). E 149
l-(3-Fluoro-4-hydroxy-phenyl)-2-pyrazol-l-yl-lH-indole
-3-carbonitrile R = pyrrazol-1-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 319.1 (pos. M +
H), 317.2 (neg. M -H); 1H NMR (acetone-d6, 500MHz):
7.98 (dd, IH, 3=2.6, 0.6Hz), 7.79 (m, IH), 7.73 (d,
IH, J=I. 8Hz), 7.46-7.41 (m, 2H), 7.33 (m, IH), 7.28
(m, IH), 7.15-7.09 (m, 2H) and 6.51 (dd, IH, J=2.5,
1.7Hz). E 150 1-(2,3
-Difluoro-4-hydroxy-phenyl)-2-pyrazol- 1-yl-
1H-indole-3 -carbonitrile R = pyrrazol-1-yl R =
2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 337.4 (pos. M
+ H), 335.5 (neg. M -H); 1H NMR (acetone-d6, 500MHz):
8.14 (d, IH,J=2.6Hz), 7.82 (m, IH), 7.72 (d, IH, J=I.
6Hz), 7.48-7.43 (m, 2H), 7.31 (m, IH), 7.20 (m, IH),
6.96 (m, IH) and 6.56 (dd, IH, J=2.6, 1.6Hz). E 151
2-(2,5-Dimethyl-pyrrol- 1-yl)-l
-(3-fluoro-4-hydroxy-phenyl)- 1H-indole-3
-carbonitrile R = 2,5-dimethyl-pyrrol-l-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 346.1 (pos. M +
H), 344.2 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.82 (m, IH), 7.46-7.43 (m, 3H), 7.15-7.10 (m, 2H),
7.04 (m, IH), 5.83 (s, 2H) and 2.06 (s, 6H). E 152
2-(2-Ethyl-pyrrol-l -yl)-l
-(3-fluoro-4-hydroxy-phenyl)- 1H-indole-3
-carbonitrile R = 2-ethyl-pyrrol-l-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 346.1 (pos. M +
H), 344.2 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.79 (m, IH), 7.45-7.41 (m, 2H), 7.37 (m, IH), 7.22
(m, IH), 7.13-7.09 (m, 2H), 6.92 (dd, IH, J=2.9,
1.6Hz), 6.14 (t, IH, J=3.3Hz), 5.98 (m, IH), 2.50 (m,
IH), 2.40 (m, IH) and 1.10 (t, 3H, J=7.6Hz). E 153
2-(2-Cyano-pyrrol-l-yl)-l-(3-fluoro-4-hydroxy-phenyl)-
lH-indole-3-carbonitrile R = 2-cyano-pyrrol-l-yl R
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 343.1 (pos. M +
H), 341 .2 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.86 (m, IH), 7.52-7.48 (m, 3H), 7.39 (m, IH), 7.32
(m, IH), 7.19-7.12 (m, 3H) and 6.48 (dd, IH, J=3.9,
2.8Hz). E 154
l-(3-Fluoro-4-hydroxy-phenyl)-2-(2-methyl-pyrrol-l-yl)
-lH-mdole-3-carbonitrile R = 2-methyl-pyrrol-l-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 332.3 (pos. M +
H), 330.1 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.79 (m, IH), 7.45-7.41 (m, 2H), 7.37 (m, IH), 7.23
(m, IH), 7.14-7.09 (m, 2H), 6.88 (dd, IH, J=3.1,
1.7Hz), 6.09 (t, IH, J=3.1Hz), 5.95 (m, IH) and 2.14
(d, IH, J=0.9Hz). E 155
l-(2,3-Difluoro-4-hydroxy-phenyl)-2-(2-ethyl-pyrrol-l-
yl)-lH-indole-3-carbonitrile R = 2-ethyl-pyrrol-l-yl R
= 2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 364.4 (pos.
M + H), 362.5 (neg. M - H); 1H NMR (acetone-d6,
500MHz): two confopnations in ratio 1.5:1, 7.83-7.80
(m, 2.5H), 7.48-7.43 (m, 5H), 7.33-7.28 (m, 4H), 7.10
(m, IH), 6.99-6.90 (m, 4H), 6.73 (m, IH), 6.14-6.11
(m, 2.5H), 6.00-5.99 (m, 2.5H), 2.59-2.46 (m, 3.5H),
2.36 (m, 1.5H) and 1.17-1.13 (m, 7.5H).E 156
2-(2-Cyano-pyrrol-l-yl)-l-(2,3-difluoro-4-hydroxy-phen
yl)-lH-indole-3-carbonitrile R = 2-cyano-pyrrol-l-yl R
= 2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 361.4 (pos.
M + H), 359.2 (neg. M - H); 1H NMR (acetone-d6,
500MHz): 7.88 (m, IH), 7.55-7.50 (m, 2H), 7.46-7.33(m,
3H), 7.17 (dd, IH, J=4.0, 1.5Hz), 7.01 (m, IH), and
6.49 (dd, IH, J=3.8, 2.9Hz). E 157
l-(2,3-Difluoro-4-hydroxy-phenyl)-2-(2-methyl-pyrrol-l
-yl)-lH-mdole-3-carbonitrile R = 2-methyl-pyrrol-l-yl
R = 2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 350.3
(pos. M + H), 348.1 (neg. M - H); 1H NMR (acetone-d6,
500MHz): 7.82 (m, IH), 7.48-7.44 (m, 2H), 7.37 (m,
IH), 7.30 (m, IH), 7.09-6.85 (m, 2H), 6.08 (m, IH),
5.97 (m, IH) and 1.20 



(s, 3H). E 158
l-(2-Fluoro-4-hydroxy-phenyl)-2-pyrrol-l-yl-lH-indole-
3-carbonitrile R = pyrrol- 1-yl R =
2-fluoro-4-hydroxy-phenyl ES/MS m/z: 317.9 (pos. M +
H), 316.3 (neg. M - H); 1H NMR (acetone-d , 500MHz):
7.76 (m, IH), 7.47 (t, IH, J=8.8Hz), 7.44-7.38 (m,
2H), 7.19 (m, IH), 6.96 (m, 2H), 6.86 (m, IH), 6.81
(dd, IH, J=I 1.5, 2.5Hz) and 6.27 (m, 2H). E 159
l-(2,3-difluoro-4-hydroxyphenyl)-2-(3-methylbut-2-enyl
)-lH-indole-3-carbonitrile R = 3-methylbut-2-enyl R =
2,3-difluoro-4-hydroxyphenyl ES/MS m/z: 317.9 (pos. M
+ H), 316.3 (neg. M - H); 1H NMR (acetone-d , 500MHz):
7.76 (m, IH), 7.47 (t, IH, J=8.8Hz), 7.44-7.38 (m,
2H), 7.19 (m, IH), 6.96 (m, 2H), 6.86 (m, IH), 6.81
(dd, IH, J=I 1.5, 2.5Hz) and 6.27 (m, 2H). Examples
160-195 Examples 160-162 below were prepared according
to General Method 1 above. Full experimental details
of the individual steps of that general method
applicable for the synthesis of Examples 160-162 are
described in Examples 1-4, 8, 16 and 38-40 above.
Examples 163-168 and 170-172 below were prepared
according to General Method 4 above. Full experimental
details of the individual steps of that general method
are described in Examples 2-4, 9, and 20-21
above.Examples 173-195 below were prepared according
to General Method 1 above. Full experimental details
of the individual steps of that general method
applicable for the synthesis of Examples 173-195 are
described in Examples 1-4, 10-11, 14-16, 38-40 and 45
above. E 160
[l-(4-Hydroxy-phenyl)-2-phenyl-lH-indol-3-yl]-acetonit
rile R1= phenyl R = cyanomethyl ES/MS m/z: 325.1 (pos.
M + H), 323.2 (neg. M - H); 1H NMR (acetone-d6,
500MHz): 7.81 (m, IH), 7.41-7.32 (m, 5H), 7.25-7.22
(m, 2H), 7.19 (m, IH), 7.11 (m, 2H), 6.88 (m, 2H) and
3.97 (s, 2H). E 161 [1-(4-Hydroxy-phenyl)-2 -phenyl-
1H-indol-3-yl] -acetic acid R = phenyl R2 =
carboxymethyl ES/MS m/z: 344.1 (pos. M + H), 342.2
(neg. M - H); 1H NMR (acetone-d6, 500MHz): 7.71 (m,
IH), 7.39-7.27 (m, 5H), 7.17.7.12 (m, 3H), 7.07 (m,
2H), 6.86 (m, 2H) and 3.74 (s, 2H). E 162
2-[l-(4-Hydroxy-phenyl)-2-phenyl-lH-indol-3-yl]-acetam
ide R1= phenyl R = carbamoyl ES/MS m/z: 313.1 (pos. M
+ H), 311.2 (neg. M -H); 1H NMR (CDCl3, 500MHz): 7.68
(m, IH), 7.32- 7-23 (m, 6H), 7.20-7.18 (m, 2H), 7.06
(m, 2H), 6.81 (m, 2H) and 3.77 (s, 2H). E 163
4-(3-Isopropenyl-2-phenyl-indol-l-yl)-phenol R' =
phenyl R = isopropenyl ES/MS m/z: 326.2 (pos. M + H),
324.2 (neg. M H); 1H NMR (acetone-d6, 500MHz): 7.72
(m, IH), 7.31-7.25 (m, 5H), 7.16-7.1 1 (m, 3H), 7.07
(m, 2H), 6.86 (m, 2H), 5.27 (m, IH), 5.15 (m, IH) and
1.83 (m, 3H). E 164
4-[3-(2-Methyl-2H-pyrazol-3-yl)-2-phenyl-indol-l-yl]-p
henol R = phenyl R2 = 2-Methyl-2H-pyrrazol-3-ylES/MS
m/z: 366.2 (pos. M + H), 364.2 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 7.47-7.45 (m, 2H), 7.24-7.13 (m,
10H), 6.92 (m, 2H), 6.32 (d, IH, J=1.9Hz) and 3.33 (s,
3H). E 165
4-(2-Phenyl-3-thiazol-4-yl-indol-l-yl)-phenol R1 =
phenyl R2 = thiazol-4-yl ES/MS m/z: 369.1 (pos. M +
H), 367.1 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
9.06 (d, IH, J=2.0Hz), 8.30 (m, IH), 7.35-7.31 (m,
5H), 7.22-7.18 (m, 2H), 7.16-7.12 (m, 3H), 6.87 (m,
2H) and 6.81 (d, IH, J=2.2Hz). E 166
4-(2-Phenyl-3-prop-l -ynyl-indol-1 -yl)-phenol R1 =
phenyl R = prop-l-ynyl ES/MS m/z: 324.2 (pos. M + H),
322.2 (neg. M - H); 1H NMR (acetone-d6, 500MHz): 7.70
(m, IH), 7.48-7.46 (m, 2H), 7.34-7.26 (m, 3H),
7.21-7.18 (m, 2H), 7.16 (m, IH), 7.11 (m, 2H), 6.91
(m, 2H) and 2.07 (s, 3H). E 167
1-(4-Hydroxy-phenyl)-2-((E)-propenyl)-lH-indole-3-carb
oxylic acid amide R1 = (E)-propenyl R = carbamoyl
ES/MS m/z: 293.1 (pos. M + H), 291 .2 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 7.99 (m, IH), 7.19 (m, 2H),
7.16-7.10 (m, 2H), 7.05 (m, 2H), 6.94 (m, IH), 6.73
(m, IH), 5.91 (m, IH) and 1.73 (dd, 3H, J=I. 3,
6.6Hz). E 168 1-(4-Hydroxy-phenyl)-2-(2-methyl-prop-l
-enyl)-lH-indole-3-carboxylic acid amide R =
2-methyl-prop-l-enyl R = carbamoyl ES/MS m/z: 307.2
(pos. M + H), 305.2 (neg. M - H); 1H NMR (acetone-d6,
500MHz): 8.36 (m, IH), 7.20 (m, 2H), 7.17-7.12 (m,
2H), 7.05 (m, IH), 7.01 (m, 2H), 6.17 (m, IH), 1.83
(d, 3H, J=I. 4Hz) and 1.65 (d, 3H, J=I. 2Hz). 



E 169 1-(4-Hydroxy-phenyl)-2-((Z)-l
-methyl-propenyl)-lH-indole-3-carboxylicacid amide R =
(Z)-I -methyl-propenyl R = carbamoyl ES/MS m/z: 307.1
(pos. M + H), 305.2 (neg. M - H); 1H NMR (acetone-d6,
500MHz): 8.41 (m, IH), 7.23 (br s, 2H), 7.19-7.13 (m,
2H), 7.03-7.00 (m, 3H), 5.91 (m, IH), 1.89 (m, 3H) and
1.59 (m, 3H).E 170 4-(2-Phenyl-3-pyrrazol-l
-yl-indol-1 -yl)-phenol R = phenyl R2 = pyrrazol-1-yl
ES/MS m/z: 352.1 (pos. M + H), 350.2 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 7.68 (d, IH, J=I. 3Hz), 7.57
(m, IH), 7.51 (dd, IH, J=0.6, 2.5Hz), 7.27-7.17 (m,
10H), 6.92 (m, 2H) and 6.34 (t, IH, J=2.1Hz). E 171
4-(3-Imidazol-l -yl-2-phenyl-indol-l -yl)-phenol R1 =
phenyl R2 = imidazol-1-yl ES/MS m/z: 352.2 (pos. M +
H), 350.2 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
7.75 (br s, 1H), 7.53 (m, IH), 7.38-7.29 (m, 7H),
7.25-7.19 (m, 5H) and 6.91 (m, 2H). E 172
4-[3-(5-Methyl-pyrazol-l-yl)-2-phenyl-indol-l-yl]-phen
ol R = phenyl R = 5-Methyl-pyrrazol-l-yl ES/MS m/z:
366.1 (pos. M + H), 364.2 (neg. M -H); 1H NMR
(acetone-d6, 500MHz): 7.61 (m, IH), 7.34 (d, IH,
J=2.1Hz), 7.25-7.15 (m, 10H), 6.91 (m, 2H), 6.11 (d,
IH, J=2.1Hz) and 2.29 (s, 3H). E 173
2-Bromo-l-(4-hydroxy-phenyl)-lH-indole-3-carboxylic
acid amide R = bromo R2 = carbamoyl ES/MS m/z: 331.0,
333.0 (pos. M + H), 329.0, 331.0 (neg. M -H); 1H NMR
(acetone-d6, 500MHz): 8.22 (m, IH), 7.28 (m, 2H),
7.22-7.17 (m, 2H), 7.08 (m, 2H) and 7.00 (m, IH). E
174
l-(4-Hydroxy-phenyl)-2-((Z)-3,3,3-trifluoro-propenyl)-
lH-indole-3-carbonitrile R =
(Z)-3,3,3-trifluoro-propenyl R2 = CN ES/MS m/z: 329.1
(pos. M + H), 327.13 (neg. M -H); 1H NMR (acetone-d6,
500MHz): 7.75 (m, IH), 7.39-7.34 (m, 2H), 7.31 (m,
2H), 7.23 (m, IH), 7.08 (m, 2H), 7.03 (d, IH,
J=12.2Hz) and 6.43 (m, IH). E 175
(Z)-2-bromo-N'-hydroxy-l-(4-hydroxyphenyl)-lH-indole-3
-carboximidamide R = bromo R = N-Hydroxycarbamimidoyl
ES/MS m/z: 346.1, 347.9 (pos. M + H), 343.9, 346.0
(neg. M - H); 1H NMR (acetone-d6, 500MHz): 8.91-8.84
(s, OH), 7.98-7.95 (m, IH), 7.27-7.23 (m, 2H),
7.17-7.10 (m, 2H), 7.09-7.05 (m, 2H), 7.00- 6.97 (m,
IH), 5.49-5.38 (m, 2H).E 176 (Z)-N'-hydroxy-
1-(4-hydroxyphenyl)-2-(l H-pyrrol- 1-yl)-l H-indole-3
-carboximidamide R = pyrrol- 1-yl R =
N-Hydroxycarbamimidoyl ES/MS m/z: 333.2 (pos. M + H),
331.3 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
8.25-8.22 (m, IH), 8.14-8.12 (s, OH), 7.25-7.16 (m,
4H), 7.10-7.06 (m, IH), 6.92-6.90 (t, 2H), 6.90-6.86
(m, 2H), 6.16-6.14 (t, 2H), 4.71-4.53 (m, 2H). E 177
2-(3,5-Dimethyl-isoxazol-4-yl)-l
-(4-hydroxy-phenyl)-lH-indole-3-carboxylic acid amide
R = 3,5-Dimethyl-isoxazol-4-yl R = carbamoyl ES/MS
m/z: 348.2 (pos. M + H); 1H NMR (acetone-d6, 500MHz):
8.26 (m, IH), 7.27-7.23 (m, 2H), 7.21-7.08 (m, 3H),
6.95 (m, 2H), 2.20 (s, 3H) and 2.06 (s, 3H). E 178
(Z)-N'-hydroxy- 1-(4-hydroxyphenyl)-2-(2-methylprop-
1-enyl)- 1H-indole-3 -carboximidamide R1=
2-methyl-prop-l-enyl R = N-Hydroxycarbamimidoyl ES/MS
m/z: 322.4 (pos. M + H), 320.2 (neg. M H); 1H NMR
(acetone-d6, 500MHz): 8.14 (s, IH), 7.99 (m, IH), 7.29
(m, 2H), 7.13-7.05 (m, 5H) and 1.35 (s, 6H). E 179
1-(4-Hydroxy-phenyl)-2 -phenyl- 1H-indole-3
-carboxylic acid hydroxyamide R1= phenyl R =
hydroxycarbamoyl ES/MS m/z: 345.13 (pos. M + H),
343.13 (neg. M - H); 1H NMR (acetone-d6, 500MHz): 8.04
(m, IH), 7.38 (m, 2H), 7.34-7.31 (m, 3H), 7.23-7.20
(m, 2H), 7.13-7.08 (m, 3H) and 6.87 (m, 2H). E 180
(Z)-N'-hydroxy-l-(4-hydroxyphenyl)-2-phenyl-lH-indole-
3-carboximidamide R = phenyl R =
N-Hydroxycarbamimidoyl ES/MS m/z: 344 (pos. M + H),
342.4 (neg. M - H); 1H NMR (acetone-d6, 500MHz): 8.03
(m, IH), 7.39 (m, 2H), 7.31-7.28 (m, 3H), 7.18-7.13
(m, 2H), 7.09-7.06 (m, 3H) and 6.85 (m, 2H). E 181
1-(4-Hydroxy-phenyl)-2-pyrrol-l -yl-1 H-indole-3
-carboxylic acid amide R = pyrrol- 1-yl R = carbamoyl
ES/MS m/z: 318.15 (pos. M + H), 316.19 (neg. M -H); 1H
NMR (acetone-d6, 500MHz): 8.44 (m, IH), 7.29-7.23 (m,
4H), 7.10 (m, IH), 7.00 (t, 2H, J=2.1Hz), 6.90 (m, 2H)
and 6.24 (t, 2H, J=2.1Hz).E 182
[l-(4-Hydroxy-phenyl)-2-pyrrol-l-yl-lH-indol-3-yl]-car
bamic acid tert-butyl ester R = pyrrol- 1-yl R =
tr-butoxycarbonylamino ES/MS m/z: 390.16 (pos. M + H),
388.2 (neg. M - H); 1H NMR (acetone-d6, 500MHz): 7.59
(m, IH), 7.22-7.15 (m, 3H), 7.11 (m, 2H), 6.89 (m,
2H), 6.77 (m, 2H), 6.09 (m, 2H) and 1.45 (s, 9H). E
183
2-(3,5-Dimethyl-isoxazol-4-yl)-l-(4-hydroxy-phenyl)-N-
methyl-lH-indole-3-carboxamidine R =
3,5-Dimethyl-isoxazol-4-yl R = N-methylcarbamimidoyl
ES/MS m/z: 361 .2 (pos. M + H), 359.2 (neg. M - H); 1H
NMR (methanol-d4, 500MHz): 7.81 (m, IH), 7.38-7.34 (m,
3H), 7.07 (br s, 2H), 6.91 (m, 2H), 3.11 (s, 3H), 2.14
(s, 3H) and 1.96 (s, 3H). 



E 184 methyl 2-(3 ,5-dimethylisoxazol-4-yl)-
1-(4-hydroxyphenyl)- lH-indole-3 -carbimidate R =
3,5-Dimethyl-isoxazol-4-yl R2 = imino(methoxy)methyl
ES/MS m/z: 362.3 (pos. M + H), 360.4 (neg. M - H); 1H
NMR (acetone-d6, 500MHz):8.26 (m, IH), 7.27-7.04 (m,
5H), 6.96 (m, 2H), 3.04 (s, 3H), 2.21 (s, 3H) and 2.07
(s, 3H). E 185
N-((2-(3,5-dimethylisoxazol-4-yl)-l-(4-hydroxyphenyl)-
lH-indol-3- yl)(imino)methyl)acetamide R1=
3,5-Dimethyl-isoxazol-4-yl R2 = (imino)methylacetamide
ES/MS m/z: 1HNMR (acetone-d6, 500MHz): 8.38 (m, IH),
7.34-7.29 (m, 2H), 7.25-7.20 (m, 3H), 6.97 (m, 2H),
2.59 (s, 3H), 2.17 (s, 3H) and 1.97 (s, 3H). E 186
2-(5-ethyl-3-methylisoxazol-4-yl)-l-(4-hydroxy
rhenyl)-lH-indole-3-carboxamide R =
5-ethyl-3-methylisoxazol-4-yl R2 = carbamoyl ES/MS
m/z: 362.3 (pos. M + H), 360.4 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 8.27 (m, IH), 7.27-7.07 (m, 5H),
6.96 (m, 2H), 2.58 (m, 2H), 2.09 (s, 3H) and 1.04 (t,
3H, J=7.6Hz). E 187
(Z)-2-(2-ethyl-lH-pyrrol-l-yl)-N'-hydroxy-l-(4-hydroxy
phenyl)-lH-indole-3- carboximidamide R1=
2-ethyl-lH-pyrrol-l-yl R = N-Hydroxycarbamimidoyl
ES/MS m/z: 361 .23 (pos. M + H), 359.35 (neg. M - H);
1H NMR (acetone-d6, 500MHz): 8.34 (d, IH, J=7.9Hz),
7.24 (m, IH), 7.20-7.17 (m, 3H), 7.1 1 (m, IH),
6.91-6.87 (m, 3H), 6.13 (t, IH, J=3.2Hz), 5.91 (m,
IH), 2.35 (m, IH), 2.25 (m, IH) and 1.06 (t, 3H,
J=7.6Hz).E 188
(Z)-Nl-hydroxy-l-(4-hydroxyphenyl)-2-(2-methyl-lH-pyrr
ol-l-yl)-lH-indole-3- carboximidamide R =
2-methyl-lH-pyrrol-l-yl R = N-Hydroxycarbamimidoyl
ES/MS m/z: 347.18 (pos. M + H), 345.25 (neg. M - H);
1H NMR (acetone-d6, 500MHz): 8.33 (d, IH, J=7.8Hz),
7.24 (m, IH), 7.20-7.17 (m, 3H), 7.12 (m, IH),
6.91-6.87 (m, 3H), 6.08 (t, IH, J=3.0Hz), 5.88 (m, IH)
and 1.99 (s, 3H). E 189
l-(4-hydroxyphenyl)-2-(2-metliyl-lH-pyrrol-l-yl)-lH-in
dole-3-carboxamide R = 2-methyl-lH-pyrrol-l-yl R =
carbamoyl ES/MS m/z: 332.16 (pos. M + H), 330.21 (neg.
M - H); 1H NMR (acetone-d , 500MHz): 8.50 (m, IH),
7.31-7.27 (m, 2H), 7.25 (m, 2H), 7.14 (m, IH), 6.98
(m, IH), 6.93 (m, 2H), 6.16 (t, IH, J=3.4Hz), 5.96 (m,
IH) and 2.00 (s, 3H). E 190
4-(3-chloro-2-(3,5-dimethylisoxazol-4-yl)-lH-indol-l-y
l)phenol R = 3,5-dimethylisoxazol-4-yl R = C1 ES/MS
m/z: 339.1 /341.1 (pos. M + H), 337.2 /339.2 (neg. M -
H); 1H NMR (CDCl3, 500MHz): 7.72 (m, IH), 7.32-7.27
(m, 3H), 7.02 (m, 2H9, 6.86 (m, 2H), 2.24 (s, 3H) and
1.99 (s, 3H). E 191
(Z)-2-((Z)-but-2-en-2-yl)-N'-hydroxy-l-(4-hydroxypheny
l)-lH-indole-3-carboximidamide R = (Z)-but-2-en-2-yl
R2 = N-Hydroxycarbamimidoyl ES/MS m/z: 322.19 (pos. M
+ H), 320.27 (neg. M -H); 1H NMR (methanol-d3,
500MHz): 7.69 (m, IH), 7.30-7.24 (m, 2H), 7.19-7.10
(m, 3H), 6.94 (m, 2H), 5.85 (m, IH), 1.79 (t, 3H,
J=1.3Hz) and 1.57 (m, 3H). E 192 (Z)-N'-hydroxy-
1-(4-hydroxyphenyl)-2-(5 -methyl- 1H-pyrazol- 1-yl)-l
H-indole-3 - carboximidamide R =
5-methyl-lH-pyrazol-l-yl R2 = N-Hydroxycarbamimidoyl
ES/MS m/z: 348.22 (pos. M + H), 346.23 (neg. M - H);
1H NMR (methanol-d3, 500MHz): 8.10 (d, IH, J=8.1Hz),
7.59 (d, IH, J=I. 9Hz), 7.32-7.21 (m, 3H), 7.08 (m,
2H), 6.78 (m, 2H), 6.14 (m, IH) and 2.02 (s, 3H). E
193
(Z)-N'-hydroxy-l-(4-hydroxyphenyl)-2-(4-methyltliiopli
en-3-yl)-lH-indole-3- carboximidamideR =
4-methylthiophen-3-yl R = N-Hydroxycarbamimidoyl ES/MS
m/z: 364.17 (pos. M + H), 362.2 (neg. M - H); 1H NMR
(methanol-d3, 500MHz): 7.88 (m, IH), 7.33 (d, IH,
J=3.2Hz), 7.23-7.20 (m, 2H), 7.17 (m, IH), 7.02-6.99
(m, 3H), 6.78 (m, 2H) and 1.99 (s, 3H). E 194
(Z)-2-(2,5-dimethyl-lH-pyrrol-l-yl)-N'-hydroxy-l-(4-hy
droxyphenyl)-lH-indole-3- carboximidamide R =
2,5-dimethyl-lH-pyrrol-l-yl R = N-Hydroxycarbamimidoyl
ES/MS m/z: 361.4 (pos. M + H), 359.5 (neg. M -H);
1HNMR (acetone-d6, 500MHz): 8.38 (m, IH), 7.25 (m,
IH), 7.21-7.18 (m, 2H), 7.12 (m, 2H), 6.91 (m, 2H),
5.80 (s, 2H) and 2.00 (s, 6H). E 195
(Z)-N'-hydroxy-l-(4-hydroxyphenyl)-2-phenoxy-lH-indole
-3-carboximidamide R = phenoxy R =
N-Hydroxycarbamimidoyl ES/MS m/z: 360.18 (pos. M + H),
358.22 (neg. M -H); 1HNMR (acetone-d6, 500MHz): 8.24
(m, IH), 7.25-7.14 (m, 6H), 7.09 (m, IH), 7.00 (m, IH)
and 6.90-6.85 (m, 4H). Examples 196-210 Examples
196-210 below were prepared according to General
Method 1 above. Full experimental details 



of the individual steps of that general method
applicable for the synthesis of Examples 196-210 are
described in Examples 1-4, 8, 16 and 38-40 above. E
196
1-(4-Hydroxy-phenyl)-2-phenyl-lH-indole-3-carboxylic
acid R = phenyl R = carboxy ES/MS m/z: 330.1 (pos. M +
H), 328.1 (neg. M -H); 'HNMR (acetone-d6, 500MHz):
8.31 (m, IH), 7.38-7.36 (m, 2H), 7.29-7.24 (m, 4H),
7.22 (m, IH), 7.11-7.08 (m, 3H) and 6.88 (m, 2H). E
197
2-(3,5-Dimethyl-isoxazol-4-yl)-l-(3-fluoro-4-hydroxy-p
henyl)-lH-indole-3-carboxylic acidR =
3,5-Dimethyl-isoxazol-4-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 367.1 (pos. M +
H), 365.2 (neg. M - H); 1HNMR (acetone-d6, 500MHz):
8.31 (m, IH), 7.33-7.28 (m, 2H), 7.23 (m, IH),
7.21-6.95 (m, 3H), 2.19 (s, 3H) and 2.07 (s, 3H). E
198
2-(3,5-Dimethyl-isoxazol-4-yl)-l-(2-fluoro-4-hydroxy-p
henyl)-lH-indole-3-carboxylic acid R =
3,5-Dimethyl-isoxazol-4-yl R =
2-fluoro-4-hydroxy-phenyl ES/MS m/z: 367.1 (pos. M +
H), 365.2 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
8.32 (d, IH, J=7.3Hz), 7.46 (t, IH, J=8.8Hz),
7.34-7.25 (m, 2H), 7.13 (m, IH), 6.89-6.77 (m, 2H),
2.16, 2.15 (2s, 3H) and 2.07, 2.06 (2s, 3H). E 199
l-(2,3-Difluoro-4-hydroxy-phenyl)-2-(3,5-dimethyl-isox
azol-4-yl)-lH-indole-3-carboxylic acid R =
3,5-Dimethyl-isoxazol-4-yl R =
2,3-difluoro-4-hydroxy-phenyl ES/MS m/z: 385.1 (pos. M
+ H), 383.2 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
8.32 (d, IH, J=7.6Hz), 7.36-7.28 (m, 3H), 7.17 (m,
IH), 7.03 (m, IH), 2.20, 2.17 (2s, 3H) and 2.08, 2.05
(2s, 3H). E 200
l-(4-Hydroxy-phenyl)-2-((Z)-propenyl)-lH-indole-3-carb
oxylic acid R = (Z)-propenyl R = 4-hydroxy-phenyl
ES/MS m/z: 294.1 (pos. M + H), 292.1 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 8.24 (m, IH), 7.25 (m, 2H),
7.23 (m, IH), 7.19 (m, IH), 7.14 (m, IH), 7.03 (m,
2H), 6.42 (m, IH), 5.86 (m, IH) and 1.46 (dd, 3H,
J=1.9, 7.1Hz). E 201
1-(4-Hydroxy-phenyl)-2-((E)-propenyl)- 1H-indole-3
-carboxylic acid R = (E)-propenyl R = 4-hydroxy-phenyl
ES/MS m/z: 294.1 (pos. M + H), 292.1 (neg. M H); 1H
NMR (acetone-d6, 500MHz): 8.20 (m, IH), 7.24 (m, 2H),
7.22-7.18 (m, 2H), 7.15 (m, IH), 7.08 (m, 2H), 6.94
(m, IH), 5.72 (m, IH) and 1.72 (dd, 3H, J=I. 8,
6.7Hz). E 202 l-(4-Hydroxy-phenyl)-2-(2 -methyl-prop-
l-enyl)-l H-indole-3 -carboxylic acid R =
2-methyl-prop-l-enyl R = 4-hydroxy-phenyl ES/MS m/z:
308.1 (pos. M + H), 306.2 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 8.23 (m, IH), 7.24-7.20 (m, 3H),
7.17 (m, IH), 7.12 (m, IH), 7.02 (m, 2H), 6.17 (m,
IH), 1.75 (d, 3H, J=1.3Hz) andE 203
l-(4-Hydroxy-phenyl)-2-(2-methyl-allyl)4H-indole-3-car
boxylic acid R1= 2-methyl-allyl R = 4-hydroxy-phenyl
ES/MS m/z: 308.1 (pos. M + H), 306.2 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 8.21 (m, IH), 7.24 (m, 2H),
7.21 (m, IH), 7.15 (m, IH), 7.05 (m, 2H), 6.97 (m,
IH), 4.65 (m, IH), 4.24 (m, IH), 3.83 (s, 2H) and 1.62
(s, 3H). E 204 1-(4-Hydroxy-phenyl)-2-((Z)-l
-methyl-propenyl)-lH-indole-3-carboxylic acid R =
(Z)-I -methyl -propenyl R = 4-hydroxy-phenyl ES/MS
m/z: 308.1 (pos. M + H), 306.2 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 8.24 (m, IH), 7.26-7.21 (m, 3H),
7.17 (m, IH), 7.05 (m, IH), 7.02 (m, 2H), 5.59 (m,
IH), 1.92 (m, 3H) and 1.39 (m, 3H). E 205 1-(3
-Fluoro-4-hydroxy-phenyl)-2-thiophen-3 -yl-1
H-indole-3 -carboxylic acid R = thiophen-3-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 354.2 (pos. M +
H), 352.3 (neg. M - H); 1H NMR (acetone-d6, 500MHz):
8.29 (m, IH), 7.48 (dd, IH, J=1.3, 2.9Hz), 7.36 (dd,
IH, J=3.2, 5.1Hz), 7.28 (m, IH), 7.24 (m, IH),
7.17-7.12 (m, 3H), 7.08 (dd, IH, J=8.4, 9.3Hz) and
7.00 (m, IH). E 206 1-(3
-Fluoro-4-hydroxy-phenyl)-2-thiophen-2-yl- 1H-indole-3
-carboxylic acid R = thiophen-2-yl R =
3-fluoro-4-hydroxy-phenyl ES/MS m/z: 354.2 (pos. M +
H), 352.3 (neg. M - H); 1H NMR (acetone-d , 500MHz):
8.29 (m, IH), 7.54 (dd, IH, J=I .3, 5.0Hz), 7.31-7.25
(m, 2H), 7.22-7.19 (m, 2H), 7.13 (m, IH), 7.09 (m,
IH), 7.04 (m, IH) and 7.00 (dd, IH, J=3.5, 5.0Hz). E
207 1-(3-Fluoro-4-hydroxy-phenyl)-2-(l
-methyl-lH-pyrrol-2-yl)-lH-indole-3-carboxylic acid
R1= l-methyl-lH-pyrrol-2-yl R = 3-fluoro-4-hydroxy
-phenyl ES/MS m/z: 351.5 (pos. M + H), 349.3 (neg. M -
H); 1H NMR (acetone-d6, 500MHz): 8.30 (m, IH),
7.31-7.25 (m, 2H), 7.17 (m, IH), 7.16-6.93 (m, 3H),
6.75 (m, IH) and 5.96-5.93 (m, 2H). E 208
l-(3-Fluoro-4-hydroxy-phenyl)-2-(3-methyl-thiophen-2-y
l)-lH-indole-3-carboxylic acidR =
3-methyl-thiophen-2-yl R = 3-fluoro-4-hydroxy-phenyl
ES/MS m/z: 368.0 (pos. M + H), 366.1 (neg. M - H); 1H
NMR (acetone-d6, 500MHz): 8.31 (m, IH), 7.41 (d, IH,
J=5.1Hz), 7.32-7.26 (m, 2H), 7.18 (m, IH), 7.16-6.97
(m, 3H), 6.85 (d, IH, J=5.1Hz) and 2.09 (s, 3H). 



E 209 2-Bromo-l
-(4-hydroxy-phenyl)-lH-indole-3-carboxylic acid R =
bromo R = 4-hydroxy-phenyl ES/MS m/z: 332.0, 334.0
(pos. M + H), 330.0, 332.0 (neg. M - H); 1H NMR
(acetone-d6, 500MHz): 8.22 (m, IH), 7.32-7.20 (m, 4H)
and 7.12-7.01 (m, 3H). E 210
1-(4-Hydroxy-phenyl)-2-pyrrol-l
-yl-lH-indole-3-carboxylic acid R = pyrrol- 1-yl R =
carboxy ES/MS m/z: 319.15 (pos. M + H), 317.16 (neg. M
- H); 1H NMR (acetone-d6, 500MHz): 8.03 (m, IH), 7.39
(m, 2H), 7.31-7.28 (m, 3H), 7.18-7.13 (m, 2H),
7.09-7.06 (m, 3H) and 6.85 (m, 2H). Example 211
Example 2 11 below was prepared according to General
Method 1 above. Full experimental details of the
individual steps of that general method applicable for
the synthesis of Example 211 are described in Examples
1-5, 16 and 38-40 above. Examples 212-228 Examples
212-228 below were prepared according to General
Method 2 above. Full experimental details of the
individual steps of that general method applicable for
the synthesis of Examples 212-228 are described in
Examples 2-4, 8, 16, 24 and 38-40 above.VACCINE
COMPOSITIONS FOR THE TREATMENT OF DENGUE FEVER AND
USES THEREOF FIELD OF THE INVENTION [001] The present
invention is in the fields of medicine, public health,
immunology, molecular biology and virology. The
invention provides compositions, vaccine compositions
and pharmaceutical compositions for the treatment,
amelioration and / or prevention of dengue fever. The
compositions, vaccine compositions and pharmaceutical
compositions of the invention comprise a virus-like
particle of an RNA bacteriophage and at least one
antigen, wherein said at least one antigen is a dengue
antigen. When administered to an animal, preferably to
a human, said compositions, vaccine compositions and
pharmaceutical compositions induce efficient immune
responses, in particular antibody responses, wherein
typically and preferably said antibody responses are
directed against dengue virus, preferably against
dengue virus of any one of serotypes 1 to 4. Thus, the
invention further provides methods of treating,
ameliorating and/or preventing dengue virus infection
by way of active immunization against domain III of
the dengue virus envelope protein E, or against
antigenic fragments thereof. BACKGROUND OF THE
INVENTION [002] Dengue infection is a major public
health problem. There are approximately 50-100 million
cases of dengue fever, 500O00 cases of dengue
hemorrhagic fever (DHF) and dengue shock syndrome
(DSS), and more than 20O00 death each year. Most
infections are asymptomatic or cause a nonfatal
debilitating illness, but especially children often
experience the more fatal forms DHF and DSS. Mortality
may be reduced to less than 1% if the lost body fluids
are replaced by transfusion. The primary dengue vector
is a mosquito (Aedes aegypti) that has is found
throughout the tropics. Since there is no specific
treatment available, the only method to control dengue
is to combat the mosquito. [003] Dengue viruses belong
to the family of Flaviviridae. There are four closely
related dengue serotypes (serotypes 1 to 4).
Flaviviruses have a diameter of 50 nm and contain a
single stranded RNA genome that is surrounded by a
capsid, a lipid bilayer, and an icosahedral shell on
the particle surface made of two glycoproteins. A
single open reading frame codes for a long polyprotein
that is cleaved into three structural (nucleocapsid
protein C, membrane precursor protein prM, and
envelope protein E) and seven non-structural proteins
(NSl, NS2A, NS2B, NS3, NS4A, NS4B, NS5). prM and NSl
have been targets forneutralising antibodies (Kaufman
et al. 1989 Am. J . Trap. Med. Hyg. 41(5):576-580;
Henchal et al. 1988 J . Gen. Virol. 69:2101-2107; Wu
et al. 2003 Vaccine 21:3919-3929), but many studies
have also focused on the envelope protein E. In the
mature virion, E is a membrane associated homodimeric
glycoprotein that mediates viral attachment and
interaction with cellular receptors on target cells.
The crystal structure of the soluble ectodomain of E
was solved (Modis et al. 2003 Proc. Natl. Acad. Sci. U
S A. 100:6986-6991) and shown to comprise three
domains: domain I is located centrally, domain II
contains the fusion peptide and a dimerisation region,
and domain III confers the receptor binding activity.
[004] Dengue envelope domain III has been suggested to
contain neutralising epitopes (Roehrig et al. 1990
Virology 177:668-675; Megret al. 1992 Virology
187:480-491; Trirawatanapong et al. 1992 Gene
116:139-150). Since there is no specific therapy,
vaccination remains the most promising route for
controlling dengue infection (Ray and Shi, 2006 Recent
Patents Anti-Infect Drug Disc. 1:45-55). [005] Sugrue
et al. 1997 (J. Gen. Virol. 78:1861-1866) have
expressed the dengue virus 



structural proteins in Pichia pastoris (C-prM-E). The
budding virus-like particles were checked by SDS-PAGE
and transmission electron microscopy, where they
observed spherical structures, whose morphology
resembled dengue virions. The virus-like particles
were immunogenic in animals and were able to induce
neutralizing antibodies. [006] Virus-like particles
(VLPs) of parvovirus B19 (non-enveloped,
single-stranded DNA virus) carrying DEN-2-specific
epitopes were used as antigen carriers (Amexis and
Young, 2006 J . Infect. Dis. 194:790-794). Two
peptides of domain III and the full-length domain III
of the envelope glycoprotein (residues 352-368 and
386-397) were displayed as recombinant fusions on B19
VLPs. [007] In another study, it was shown that the
dengue envelope protein (residues 1-395) could be
expressed in yeast as a fusion protein to the
hepatitis B surface antigen (Bisht et al. 2002 J .
Biotechnol. 99:97-1 10). Serum from immunised mice was
shown to bind to the envelope protein and to dengue
infected cells. [008] In yet another study,
recombinant proteins containing the B domain of dengue
virus serotypes 1-4 fused to the maltose binding
protein (MBP) of Escherichia coli were evaluated
individually and as a tetravalent vaccine candidate in
mice (Simmons et al. 2001 Am. J . Trap. Med. Hyg.
65:159-161). SUMMARY OF THE INVENTION [009] We have
found that the inventive compositions and vaccine
compositions, respectively, comprising or consisting
of domain III of the dengue virus envelope protein E
or an antigenicfragment thereof are not only capable
of inducing immune responses against dengue virus
envelope protein E, and hereby in particular antibody
responses, but are, furthermore, capable of
neutralizing dengue virus in Plaque Reduction
Neutralization test (PRNT50), as described in Russell
et al. 1967 (Journal of Immunology 99, 291-296).
[0010] Thus, one aspect of the invention is a
composition comprising: (a) a virus-like particle with
at least one first attachment site, wherein said
virus-like particle is a virus-like particle of an RNA
bacteriophage; and (b) at least one antigen with at
least one second attachment site, wherein said at
least one antigen is a dengue antigen, wherein said
dengue antigen comprises at least position 9 to 99 of
domain III of the dengue virus envelope protein E; and
wherein (a) and (b) are linked through said at least
one first and said at least one second attachment
site. In a very preferred embodiment, said at least
one antigen with said at least one second attachment
site comprises or preferably consists of any one of
SEQ ID NOs 22, 25, 28 and 31, and wherein preferably
said domain III of the dengue virus envelope protein E
is selected from the group consisting of: (i) domain
III of the dengue virus envelope protein E of a dengue
virus of serotype- 1; (ii) domain III of the dengue
virus envelope protein E of a dengue virus of
serotype-2; (iii) domain III of the dengue virus
envelope protein E of a dengue virus of serotype-3;
and (iv) domain III of the dengue virus envelope
protein E of a dengue virus of serotype-4. [0011] In a
preferred embodiment of the present invention, said
dengue antigen comprises, or preferably consists of,
at least position 9 to 99 of domain III of the dengue
virus envelope protein E of a dengue virus of
serotype- 1. In another preferred embodiment of the
present invention, said dengue antigen comprises, or
preferably consists of, at least position 9 to 99 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype-2. In a further preferred
embodiment of the present invention, said dengue
antigen comprises, or preferably consists of, at least
position 9 to 99 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-3. In
another preferred embodiment of the present invention,
said dengue antigen comprises, or preferably consists
of, at least position 9 to 99 of domain III of the
dengue virus envelope protein E of a dengue virus of
serotype-4. [0012] In a preferred embodiment of the
present invention, said dengue antigen comprises, or
preferably consists of, position 9 to 109 or position
9 to 112 of domain III of the dengue virus envelope
protein E. In another preferred embodiment of the
present invention, said dengue antigen comprises or
preferably consists of position 9 to 99 of any one of
SEQ ID NOs 21, 24, 27, 30 and 32. In a further
preferred embodiment of the present invention, said
dengue antigen comprises or preferably consists of
position 9 to 109 or position 9 to 112 of any one of
the SEQ ID NOs 21, 24, 27, 30 and 32.[0013] In another
aspect of the present invention, the invention
provides for a composition comprises, or preferably
consists of, (i) a first composition, (ii) a second
composition, (iii) a third composition, and (iv) a
fourth composition, wherein said first composition (i)
comprises a virus-like particle of an RNA
bacteriophage with at least one first attachment site
and at least one antigen with at least one second
attachment site, wherein said at least one antigen is
a dengue antigen comprising, or preferably consisting
of, at least position 9 to 99 of domain III of the
dengue virus envelope protein E of a dengue virus of
serotype- 1; and wherein said 



second composition (ii) comprises a virus-like
particle of an RNA bacteriophage with at least one
first attachment site and at least one antigen with at
least one second attachment site, wherein said at
least one antigen is a dengue antigen comprising, or
preferably consisting of, at least position 9 to 99 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype-2; and wherein said third
composition (iii) comprises a virus-like particle of
an RNA bacteriophage with at least one first
attachment site and at least one antigen with at least
one second attachment site, wherein said at least one
antigen is a dengue antigen comprising, or preferably
consisting of, at least position 9 to 99 of domain III
of the dengue virus envelope protein E of a dengue
virus of serotype-3; and wherein said fourth
composition (iv) comprises a virus-like particle of an
RNA bacteriophage with at least one first attachment
site and at least one antigen with at least one second
attachment site, wherein said at least one antigen is
a dengue antigen comprising, or preferably consisting
of, at least position 9 to 99 of domain III of the
dengue virus envelope protein E of a dengue virus of
serotype-4; and wherein said virus-like particles of
an RNA bacteriophage and said at least one antigen of
each of said first composition, said second
composition, said third composition and said fourth
composition are linked through said at least one first
and said at least one second attachment site. [0014] A
further aspect of the invention is a vaccine
composition comprising, or alternatively consisting of
a composition of the invention. [0015] A further
aspect of the invention is a pharmaceutical
composition comprising: (a) a composition or a vaccine
composition of the invention; and (b) a
pharmaceutically acceptable carrier. [0016] A further
aspect of the invention is a method of treating,
ameliorating, or preventing dengue fever, dengue
hemorrhagic fever, and/or dengue shock syndrome, said
method comprising administering an immunologically
effective amount of the composition, of the vaccine
composition, and/or of the pharmaceutical composition
of the invention to an animal, preferably to a human.
[0017] A further aspect of the invention is the use of
the composition, of the vaccinecomposition and/or of
the pharmaceutical composition of the invention for
the manufacture of a medicament for treatment,
amelioration and/or prevention of dengue fever, dengue
hemorrhagic fever, and/or dengue shock syndrome,
preferably in an animal, most preferably in a human.
[0018] A further aspect of the invention is the
composition, the vaccine composition, and/or the
pharmaceutical composition of the invention for the
treatment, amelioration and/or prevention of dengue
fever, dengue hemorrhagic fever, and/or dengue shock
syndrome in an animal, preferably in a human. DETAILED
DESCRIPTION OF THE INVENTION [0019] Unless defined
otherwise, all technical and scientific terms used
herein have the same meanings as commonly understood
by one of ordinary skill in the art to which this
invention belongs. [0020] Adjuvant: The term
"adjuvant" as used herein refers to non-specific
stimulators of the immune response or substances that
allow generation of a depot in the host which when
combined with the vaccine composition and
pharmaceutical composition, respectively, of the
present invention may provide for an even more
enhanced immune response. Preferred adjuvants are
complete and incomplete Freund's adjuvant, aluminum
containing adjuvant, preferably aluminium hydroxide
(Alum), and modified muramyldipeptide. Further
preferred adjuvants are mineral gels such as aluminum
hydroxide, surface active substances such as
lysolecithin, pluronic polyols, polyanions, peptides,
oil emulsions, keyhole limpet hemocyanins,
dinitrophenol, and human adjuvants such as BCG
(bacille Calmette Guerin) and Corynebacterium parvum.
Such adjuvants are also well known in the art. Further
adjuvants that can be administered with the
compositions of the invention include, but are not
limited to, Monophosphoryl lipid immunomodulator,
AdjuVax 100a, QS-21, QS- 18, CRL1005, Aluminum salts
(Alum), MF-59, OM-174, OM-197, OM-294, and Virosomal
adjuvant technology. The adjuvants can also comprise a
mixture of these substances. VLP have been generally
described as an adjuvant. However, the term
"adjuvant", as used within the context of this
application, refers to an adjuvant not being the VLP
used for the inventive compositions, rather it relates
to an additional, distinct component. [0021] Antigen:
As used herein, the term "antigen" refers to a
molecule capable of being bound by an antibody or a
T-cell receptor (TCR) if presented by MHC molecules.
The term "antigen", as used herein, also refers to
T-cell epitopes. An antigen is additionally capable of
being recognized by the immune system and/or being
capable of inducing a humoral immune 



response and/or cellular immune response leading to
the activation of B- and/or Tlymphocytes. This may,
however, require that, at least in certain cases, the
antigen contains or is linked to a Th cell epitope and
is given in adjuvant. An antigen can have one or more
epitopes (B- and T-epitopes). The specific reaction
referred to above is meant to indicate that the
antigen will preferably react, typically in a highly
selective manner, with its corresponding antibody or
TCR and not with the multitude of other antibodies or
TCRs which may be evoked by other antigens. Antigens
as used herein may also be mixtures of several
individual antigens. The term "antigen" as used herein
preferably refers to a dengue antigen, wherein said
dengue antigen preferably is a surface antigen of
dengue virus, most preferably domain III of the dengue
virus envelope protein E or an antigenic fragment
thereof. If not indicated otherwise, the term
"antigen" as used herein does not refer to the
virus-like particle contained in the inventive
compositions. [0022] Dengue antigen: as used herein,
the term "dengue antigen" refers to domain III of the
dengue virus envelope protein E or to antigenic
fragments thereof, wherein preferably said dengue
antigen comprises or preferably consists of domain III
of the dengue virus envelope protein E of a dengue
virus of serotype-1, serotype-2, serotype-3, or
serotype-4, or of an antigenic fragment thereof. In a
preferred embodiment, said dengue antigen comprises or
preferably consists at least of position 9 to 99,
position 9 to 109 or position 9 to 112 of domain III
of the dengue virus envelope protein E, wherein
preferably said dengue virus envelope protein E is of
a dengue virus of serotype-1, serotype-2, serotype-3,
or serotype-4. In another preferred embodiment of the
invention, said dengue antigen comprises, or
preferably consists of, an amino acid sequence
starting with the first amino acid at any one of the
position 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or 11 and
ending with the last amino acid at any one of the
position 97, 98, 99, 100, 101, 102, 103, 104, 105,
106, 107, 108, 109, 110, 111, 112 or 113 of domain III
of the dengue virus envelope protein E, wherein
preferably said dengue virus envelope protein E is of
a dengue virus of serotype-1, serotype-2, serotype-3,
or serotype-4.. In a very preferred embodiment, said
dengue antigen comprises or preferably consists of
position 9 to 99, position 9 to 109 or position 9 to
112 of any one of SEQ ID NOs 21, 24, 27, 30 and 32. In
a still more preferred embodiment, said dengue antigen
comprises or preferably consists of any one of SEQ ID
NOs 21, 24, 27, 30 and 32. The term "dengue antigen"
also refers to an antigen comprising or preferably
consisting of a polypeptide having at least 90 %,
preferably at least 95 %, more preferably at least 98
%, and most preferably at least 99 % sequence identity
with position 9 to 99, position 9 to 109 or position 9
to 112 of domain III of a dengue virus envelope
protein E, wherein preferably said dengue virus
envelope protein E is of a dengue virus of serotype-1,
serotype-2, serotype-3, or serotype-4. The term
"dengue antigen" further refers to an antigen
comprising or preferably consisting of a
polypeptidehaving at least 90 %, preferably at least
95 %, more preferably at least 98 %, and most
preferably at least 99 % sequence identity with
position 9 to 99, position 9 to 109 or position 9 to
112 of any one of SEQ ID NOs 21, 24, 27, 30 and 32.
Furthermore, term "dengue antigen" refers to an
antigen comprising or preferably consisting of a
polypeptide having at least 90 %, preferably at least
95 %, more preferably at least 98 %, and most
preferably at least 99 % sequence identity with any
one of SEQ ID NOs 21, 24, 27, 30 and 32. [0023]
Epitope: The term epitope refers to continuous or
discontinuous portions of an antigen, preferably a
polypeptide, wherein said portions can be specifically
bound by an antibody or by a T-cell receptor within
the context of an MHC molecule. With respect to
antibodies, specific binding excludes non-specific
binding but does not necessarily exclude
cross-reactivity. An epitope typically comprise 5-10
amino acids in a spatial conformation which is unique
to the antigenic site. [0024] Associated: The terms
"associated" or "association" as used herein refer to
all possible ways, preferably chemical interactions,
by which two molecules are joined together. Chemical
interactions include covalent and non-covalent
interactions. Typical examples for non-covalent
interactions are ionic interactions, hydrophobic
interactions or hydrogen bonds, whereas covalent
interactions are based, by way of example, on covalent
bonds such as ester, ether, phosphoester, amide,
peptide, carbon-phosphorus bonds, carbon-sulfur bonds
such as thioether, or imide bonds. [0025] Attachment
Site, First: As used herein, the phrase "first
attachment site" refers to an element which is
naturally occurring with the VLP or which is
artificially added to the VLP, and to which the second
attachment site may be linked. The first attachment
site preferably is a protein, a polypeptide, an amino
acid, a peptide, a sugar, a polynucleotide, a natural
or synthetic polymer, a secondary metabolite or
compound (biotin, fluorescein, retinol, digoxigenin,
metal ions, phenylmethylsulfonylfluoride), or a
chemically reactive group such as an amino group, a
carboxyl group, a sulfhydryl group, a hydroxy1 group,
a guanidinyl 



group, histidinyl group, or a combination thereof. A
preferred embodiment of a chemically reactive group
being the first attachment site is the amino group of
an amino acid, preferably of lysine. The first
attachment site is located, typically on the surface,
and preferably on the outer surface of the VLP.
Multiple first attachment sites are present on the
surface, preferably on the outer surface of virus-like
particle, typically in a repetitive configuration. In
a preferred embodiment the first attachment site is
associated with the VLP, through at least one covalent
bond, preferably through at least one peptide bond. In
a further preferred embodiment the first attachment
site is naturally occurring with the VLP.
Alternatively, in a preferred embodiment the first
attachment site is artificially added to the
VLP.[0026] Attachment Site, Second: As used herein,
the phrase "second attachment site" refers to an
element which is naturally occurring with or which is
artificially added to the antigen and to which the
first attachment site may be linked. The second
attachment site of the antigen preferably is a
protein, a polypeptide, a peptide, an amino acid, a
sugar, a polynucleotide, a natural or synthetic
polymer, a secondary metabolite or compound (biotin,
fluorescein, retinol, digoxigenin, metal ions,
phenylmethylsulfonylfluoride), or a chemically
reactive group such as an amino group, a carboxyl
group, a sulfhydryl group, a hydroxyl group, a
guanidinyl group, histidinyl group, or a combination
thereof. A preferred embodiment of a chemically
reactive group being the second attachment site is a
sulfhydryl group, preferably a sulfhydryl group of an
amino acid, most preferably a sulfhydryl group of a
cysteine. The term "antigen with at least one second
attachment site" refers, therefore, to a construct
comprising the antigen and at least one second
attachment site. However, in particular for a second
attachment site, which is not naturally occurring
within the antigen, such a construct typically and
preferably further comprises a "linker". In another
preferred embodiment the second attachment site is
associated with the antigen through at least one
covalent bond, preferably through at least one peptide
bond. In a further embodiment, the second attachment
site is naturally occurring within the antigen. In
another further preferred embodiment, the second
attachment site is artificially added to the antigen
through a linker, wherein said linker comprises or
alternatively consists of a cysteine. Preferably the
linker is fused to the antigen by way of a peptide
bond. [0027] Coat protein: The term "coat protein"
refers to a viral protein, preferably a subunit of a
natural capsid of a virus, preferably of a RNA
bacteriophage, which is capable of being incorporated
into a virus capsid or a VLP. [0028] Linker: A
"linker", as used herein, either associates the second
attachment site with the antigen or already comprises,
essentially consists of, or consists of the second
attachment site. Preferably, a "linker", as used
herein, already comprises the second attachment site,
typically and preferably - but not necessarily - as
one amino acid residue, preferably as a cysteine
residue. A "linker" as used herein is also termed
"amino acid linker", in particular when a linker
according to the invention contains at least one amino
acid residue. Thus, the terms "linker" and "amino acid
linker" are interchangeably used herein. However, this
does not imply that such a linker consists exclusively
of amino acid residues, even if a linker consisting of
amino acid residues is a preferred embodiment of the
present invention. The amino acid residues of the
linker are, preferably, composed of naturally
occurring amino acids or unnatural amino acids known
in the art, all-L or all-D or mixtures thereof.
Further preferred embodiments of a linker in
accordance with this invention are molecules
comprisinga sulfhydryl group or a cysteine residue and
such molecules are, therefore, also encompassed within
this invention. Further linkers useful for the present
invention are molecules comprising a C1-C6 alkyl-, a
cycloalkyl such as a cyclopentyl or cyclohexyl, a
cycloalkenyl, aryl or heteroaryl moiety. Moreover,
linkers comprising preferably a C1-C6 alkyl-,
cycloalkyl- (C5, C6), aryl- or heteroaryl- moiety and
additional amino acid(s) can also be used as linkers
for the present invention and shall be encompassed
within the scope of the invention. Association of the
linker with the antigen is preferably by way of at
least one covalent bond, more preferably by way of at
least one peptide bond. In the context of linkage by
genetic fusion, a linker may be absent or preferably
is an amino acid linker, more preferably an amino acid
linker consisting exclusively of amino acid residues.
Very preferred linkers for genetic fusion are flexible
amino acid linkers. In the context of linkage by
genetic fusion preferred linkers consist of 1 to 20,
more preferably of 2 to 15, still more preferably of 2
to 10, still more preferably of 2 to 5, and most
preferably of 3 amino acids. Very preferred linkers
for genetic fusion comprise or preferably consist of
the amino acid sequence GSG. [0029] Ordered and
repetitive antigen array: As used herein, the term
"ordered and repetitive antigen array" generally
refers to a repeating pattern of antigen or,
characterized by a typically and preferably high order
of uniformity in spacial arrangement of the antigens
with respect to virus-like particle, respectively. In
one embodiment of the invention, the repeating 



pattern may be a geometric pattern. Certain
embodiments of the invention, such as antigens coupled
to the VLP of RNA bacteriophages, are typical and
preferred examples of suitable ordered and repetitive
antigen arrays which, moreover, possess strictly
repetitive paracrystalline orders of antigens,
preferably with spacing of 1 to 30 nanometers,
preferably 2 to 15 nanometers, even more preferably 2
to 10 nanometers, even again more preferably 2 to 8
nanometers, and further more preferably 1.6 to 7
nanometers. [0030] Packaged: The term "packaged" as
used herein refers to the state of a polyanionic
macromolecule or immunostimulatory substances in
relation to the VLP. The term "packaged" as used
herein includes binding that may be covalent, e.g., by
chemically coupling, or non-covalent, e.g., ionic
interactions, hydrophobic interactions, hydrogen
bonds, etc. The term also includes the enclosement, or
partial enclosement, of a polyanionic macromolecule.
Thus, the polyanionic macromolecule or
immunostimulatory substances can be enclosed by the
VLP without the existence of an actual binding, in
particular of a covalent binding. In preferred
embodiments, the at least one polyanionic
macromolecule or immunostimulatory substances is
packaged inside the VLP, most preferably in a
non-covalent manner. In case said immunostimulatory
substances is a nucleic acid, preferably a DNA, the
term packaged implies that said nucleic acid is not
accessible to nucleases hydrolysis,preferably not
accessible to DNAse hydrolysis (e.g. DNaseI or
Benzonase), wherein preferably said accessibility is
assayed as described in Examples 11-17 of
WO2003/024481A2. [0031] Polypeptide: The term
"polypeptide" as used herein refers to a molecule
composed of monomers (amino acids) linearly linked by
amide bonds (also known as peptide bonds). It
indicates a molecular chain of amino acids and does
not refer to a specific length of the product. Thus,
peptides, dipeptides, tripeptides, oligopeptides and
proteins are included within the definition of
polypeptide. Post-translational modifications of the
polypeptide, for example, glycosylations,
acetylations, phosphorylations, and the like are also
encompassed. [0032] Recombinant VLP: The term
"recombinant VLP", as used herein, refers to a VLP
that is obtained by a process which comprises at least
one step of recombinant DNA technology. The term "VLP
recombinantly produced", as used herein, refers to a
VLP that is obtained by a process which comprises at
least one step of recombinant DNA technology. Thus,
the terms "recombinant VLP" and "VLP recombinantly
produced" are interchangeably used herein and should
have the identical meaning. [0033] Virus-like particle
(VLP), as used herein, refers to a non-replicative or
non infectious, preferably a non-replicative and
non-infectious virus particle, or refers to a
nonreplicative or non-infectious, preferably a
non-replicative and non-infectious structure
resembling a virus particle, preferably a capsid of a
virus. The term "non-replicative", as used herein,
refers to being incapable of replicating the genome
comprised by the VLP. The term "non- infectious", as
used herein, refers to being incapable of entering the
host cell. Preferably a virus-like particle in
accordance with the invention is non-replicative
and/or non-infectious since it lacks all or part of
the viral genome or genome function. In one
embodiment, a viruslike particle is a virus particle,
in which the viral genome has been physically or
chemically inactivated. Typically and more preferably
a virus-like particle lacks all or part of the
replicative and infectious components of the viral
genome. A virus-like particle in accordance with the
invention may contain nucleic acid distinct from their
genome. A typical and preferred embodiment of a
virus-like particle in accordance with the present
invention is a viral capsid such as the viral capsid
of the corresponding virus, bacteriophage, preferably
RNA bacteriophage. The terms "viral capsid" or
"capsid", refer to a macromolecular assembly composed
of viral protein subunits. Typically, there are 60,
120, 180, 240, 300, 360 and more than 360 viral
protein subunits. Typically and preferably, the
interactions of these subunits lead to the formation
of viral capsid or viral-capsid like structure with an
inherent repetitive organization, wherein said
structure is, typically, spherical or tubular. For
example, the capsids of RNA bacteriophages have a
spherical form of icosahedral symmetry. The
term"capsid-like structure" as used herein, refers to
a macromolecular assembly composed of viral protein
subunits resembling the capsid morphology in the above
defined sense but deviating from the typical
symmetrical assembly while maintaining a sufficient
degree of order and repetitiveness. One feature of a
virus-like particle is its highly ordered and
repetitive arrangement of its subunits. [0034]
Virus-like particle of an RNA bacteriophage: As used
herein, the term "virus-like particle of an RNA
bacteriophage" refers to a virus-like particle
comprising, or preferably consisting essentially of or
consisting of coat proteins, mutants or fragments
thereof, of an RNA bacteriophage. In addition,
virus-like particle of an RNA bacteriophage resembling
the structure of an RNA bacteriophage, being non
replicative and/or non-infectious, and lacking 



at least the gene or genes encoding for the
replication machinery of the RNA bacteriophage, and
typically also lacking the gene or genes encoding the
protein or proteins responsible for viral attachment
to or entry into the host. This definition should,
however, also encompass virus-like particles of RNA
bacteriophages, in which the aforementioned gene or
genes are still present but inactive, and, therefore,
also leading to non-replicative and/or non-infectious
virus-like particles of an RNA bacteriophage.
Preferred VLPs derived from RNA bacteriophages exhibit
icosahedral symmetry and consist of 180 subunits
(monomers). Preferred methods to render a virus-like
particle of an RNA bacteriophage non replicative
and/or non-infectious is by physical, chemical
inactivation, such as UV irradiation, formaldehyde
treatment, typically and preferably by genetic
manipulation. [0035] One, a, or an: when the terms
"one", "a", or "an" are used in this disclosure, they
mean "at least one" or "one or more" unless otherwise
indicated. [0036] Sequence Identity (amino acid
sequences): The amino acid sequence identity of
polypeptides can be determined conventionally using
known computer programs such as the Bestfit program.
When using Bestfit or any other sequence alignment
program, preferably using Bestfit, to determine
whether a particular sequence is, for instance, 95 %
identical to a reference amino acid sequence, the
parameters are set such that the percentage of
identity is calculated over the full length of the
reference amino acid sequence and that gaps in
homology of up to 5% of the total number of amino acid
residues in the reference sequence are allowed. This
aforementioned method in determining the percentage of
identity between polypeptides is applicable to all
proteins, polypeptides or a fragment thereof disclosed
in this invention. [0037] The compositions described
herein are capable of inducing and/or enhancing an
immune responses against dengue virus in an animal or
in human. It has been found that immunization of mice
with a composition of the invention resulted in PRNT50
titers that werebetween 67 and 5475 (cf. Example 8).
In one aspect, the invention provides a composition
comprising: (a) a virus-like particle with at least
one first attachment site, wherein said viruslike
particle is a virus-like particle of an RNA
bacteriophage; and (b) at least one antigen with at
least one second attachment site, wherein said at
least one antigen is a dengue antigen, wherein said
dengue antigen comprises or preferably consists at
least of position 9 to 99, position 9 to 109 or
position 9 to 112 of domain III of the dengue virus
envelope protein E, wherein preferably said dengue
virus envelope protein E is of a dengue virus of
serotype- 1, serotype-2, serotype-3, or serotype-4;
and wherein (a) and (b) are linked through said at
least one first and said at least one second
attachment site. Preferably, said antigen is linked to
the virus-like particle, so as to form an ordered and
repetitive antigen-VLP array. [0038] In a preferred
embodiment, said dengue antigen comprises or
preferably consists of position 9 to 99, position 9 to
109 or position 9 to 112 of any one of SEQ ID NOs 2 1
(domain III of envelope protein E of strain Reunion
305/04; Swissprot: A0S5S5; serotype-1), 24 (domain III
of envelope protein E of strain Thailand/NGS-C/1944;
Swissprot: P14340; serotype-2), 27 (domain III of
envelope protein E of strain Singapore/8 120/1995;
Swissprot: Q5UB51; serotype-3), 30 (domain III of
envelope protein E of strain MY01-23314; Swissprot:
Q8B0G5; serotype-4) and 32 (domain III of envelope
protein E of strain Indonesia 1976; NCBI: Ul 8429;
serotype-4). [0039] In a further preferred embodiment
said dengue antigen comprises or preferably consists
of domain III of the dengue virus envelope protein E
of a dengue virus, wherein preferably said dengue
virus is of serotype-1, serotype-2, serotype-3, or
serotype-4. [0040] In a further preferred embodiment
said dengue antigen comprises or preferably consists
of any one of SEQ ID NOs 21, 24, 27, 30 and 32. [0041]
In a very preferred embodiment said dengue antigen
consists of SEQ ID NO:24. [0042] In preferred
embodiments of the invention, at least 20, preferably
at least 30, more preferably at least 60, again more
preferably at least 120, and still more preferably at
least 180 dengue antigens are linked to the virus-like
particle. [0043] Virus-like particles can be produced
and purified from virus-infected cell cultures. For
the purpose of vaccination, the resulting virus-like
particles should be preferably nonreplicative or
non-infectious, more preferably non-replicative and
non-infectious. UV irradiation, chemical treatment,
such as with formaldehyde or chloroform, are the
general methods known to skilled person in the art to
inactivate a virus. [0044] In one preferred
embodiment, the VLP is a recombinant VLP. Almost all
commonly known viruses, and in particular RNA
bacteriophages, have been sequenced and are readily
available to the public. The gene encoding the coat
protein can be easily identified by askilled artisan.
The preparation of VLPs by recombinant Iy expressing
the coat protein in a host is within the common
knowledge of the artisan. 



[0045] The term "fragment of a recombinant protein" or
the term "fragment of a coat protein", as used herein,
is defined as a polypeptide, which is at least 70 %,
preferably at least 80 %, more preferably at least 90
%, even more preferably at least 95 % of the length of
the wild-type recombinant protein, or coat protein,
respectively, and which preferably retains the
capability of forming a VLP. Preferably, the fragment
is obtained by at least one internal deletion, at
least one truncation or at least one combination
thereof. Further preferably, the fragment is obtained
by at most 5, 4, 3 or 2 internal deletions, by at most
2 truncations or by exactly one combination thereof.
[0046] The term "fragment of a recombinant protein" or
"fragment of a coat protein" shall further refer to a
polypeptide, which has at least 80 %, preferably at
least 90 %, more preferably at least 95 % amino acid
sequence identity with the "fragment of a recombinant
protein" or "fragment of a coat protein",
respectively, as defined above and which is preferably
capable of assembling into a virus-like particle.
[0047] The term "mutant coat protein" refers to a
polypeptide having an amino acid sequence derived from
the wild type recombinant protein, or coat protein,
respectively, wherein the amino acid sequence is at
least 80 %, preferably at least 85 %, 90 %, 95 %, 97
%, or 99 % identical to the wild type sequence, and
wherein preferably said amino acid sequence retains
the ability to assemble into a VLP. [0048] It is a
specific advantage of coat proteins of RNA
bacteriophages that they can readily be expressed in
bacterial expression systems, in particular in E.
coli. Thus, in one preferred embodiment of the
invention, the virus-like particle comprises, consists
essentially of, or alternatively consists of,
recombinant coat proteins, mutants or fragments
thereof, of an RNA bacteriophage. Preferably, the RNA
bacteriophage is selected from the group consisting
of: (a) bacteriophage Qb; (b) bacteriophage Rl 7; (c)
bacteriophage fr; (d) bacteriophage GA; (e)
bacteriophage SP; (f) bacteriophage MS2; (g)
bacteriophage Mi l ; (h) bacteriophage MXl; (i)
bacteriophage NL95; (k) bacteriophage f2; (1)
bacteriophage PP7; and (m) bacteriophage AP205. [0049]
In one preferred embodiment of the invention, the
virus-like particle comprises coat proteins, mutants
or fragments thereof, of RNA bacteriophages, wherein
said coat proteins comprise or preferably consists of
an amino acid sequence selected from the group
consisting of: (a) SEQ ID NO:1 referring to Qb CP; (b)
a mixture of SEQ ID NO:1 and SEQ ID NO:2 (QbAl
protein); (c) SEQ ID NO:3 (R17 coat protein); (d) SEQ
ID NO:4 (fr coat protein); (e) SEQ ID NO:5 (GA coat
protein); (f) SEQ ID NO:6 (SP coat protein); (g) a
mixture of SEQ IDNO:6 and SEQ ID NO:7; (h) SEQ ID NO:8
(MS2 coat protein); (i) SEQ ID NO:9 (Mi l coat
protein); (j) SEQ ID NO: 10 (MXl coat protein); (k)
SEQ ID NO: 11 (NL95 coat protein); (1) SEQ ID NO: 12
(2 coat protein); (m) SEQ ID NO: 13 (PP7 coat
protein); and (n) SEQ ID NO: 19 (AP205 coat protein).
[0050] In one preferred embodiment of the invention,
the VLP is a mosaic VLP comprising or alternatively
consisting of more than one amino acid sequence,
preferably two amino acid sequences, of coat proteins,
mutants or fragments thereof, of an RNA bacteriophage.
[0051] In one very preferred embodiment, the VLP
comprises or alternatively consists of two different
coat proteins of an RNA bacteriophage, wherein said
two different coat proteins comprise or preferably
consist of the amino acid sequence of CP Qb (SEQ ID
NO:1) and CP Qb Al (SEQ ID NO:2); or of the amino acid
sequence of CP SP (SEQ ID NO:6) and CP SP Al (SEQ ID
NO:7). [0052] In preferred embodiments of the present
invention, the virus-like particle comprises, or
alternatively consists essentially of, or
alternatively consists of recombinant coat proteins,
mutants or fragments thereof, of an RNA bacteriophage,
wherein preferably said RNA bacteriophage is selected
from bacteriophage Qb, bacteriophage fr, bacteriophage
AP205, and bacteriophage GA. [0053] In one preferred
embodiment of the invention, the VLP is a VLP of RNA
bacteriophage Qb. The capsid or virus-like particle of
Qb showes an icosahedral phage-like capsid structure
with a diameter of 25 nm and T=3 quasi symmetry. The
capsid contains 180 copies of the coat protein, which
are linked in covalent pentamers and hexamers by
disulfide bridges (Golmohammadi, R. et al., Structure
4:543-5554 (1996)), leading to a remarkable stability
of the Qb capsid. Capsids or VLPs made from
recombinant Qb coat protein may contain, however,
subunits not linked via disulfide bonds to other
subunits within the capsid, or incompletely linked.
The capsid or VLP of Qb shows unusual resistance to
organic solvents and denaturing agents. Surprisingly,
we have observed that DMSO and acetonitrile
concentrations as high as 30 %, and guanidinium
concentrations as high as 1M do not affect the
stability of the capsid. The high stability of the
capsid or VLP of Qb is an advantageous 



feature, in particular, for its use in immunization
and vaccination of mammals and humans in accordance of
the present invention. [0054] Further preferred
virus-like particles of RNA bacteriophages, in
particular of bacteriophage Qb and bacteriophage fr,
are disclosed in WO 02/056905, the disclosure of which
is herewith incorporated by reference in its entirety.
In particular Example 18 of WO 02/056905 contains a
detailed description of the preparation of VLP
particles of bacteriophage Qb.[0055] In another
preferred embodiment, the VLP is a VLP of
bacteriophage AP205. Assembly-competent mutant forms
of AP205 VLPs, including AP205 coat protein with the
substitution of proline at amino acid 5 to threonine,
may also be used in the practice of the invention and
leads to other preferred embodiments of the invention.
WO 2004/007538 describes, in particular in Example 1
and Example 2, how to obtain VLP comprising AP205 coat
proteins, and hereby in particular the expression and
the purification thereof. WO 2004/007538 is
incorporated herein by way of reference. AP205 VLPs
are highly immunogenic, and can be linked with the
antigen to typically and preferably generate
constructs displaying the antigen oriented in a
repetitive manner. [0056] In one preferred embodiment,
the VLP comprises, essentially consists of, or
alternatively consists of a mutant coat protein of an
RNA bacteriophage, wherein the mutant coat protein has
been modified by removal of at least one lysine
residue by way of substitution and/or by way of
deletion. In another preferred embodiment, the VLP
comprises, essentially consists of, or alternatively
consists of a mutant coat protein of an RNA
bacteriophage, wherein said mutant coat protein has
been modified by addition of at least one lysine
residue by way of substitution and/or by way of
insertion. The deletion, substitution or addition of
at least one lysine residue allows varying the degree
of coupling, i.e. the amount of antigen per subunit of
the VLP, preferably of the VLP of an RNA
bacteriophage, in particular, to match and tailor the
requirements of the vaccine. [0057] In one preferred
embodiment, the compositions and vaccine compositions
of the invention have an antigen density being from
0.5 to 4.0. The term "antigen density", as used
herein, refers to the average number of antigen
molecules which is linked per subunit, preferably per
coat protein, of the VLP, and hereby preferably of the
VLP of an RNA bacteriophage. Thus, this value is
calculated as an average over all the subunits of the
VLP, preferably of the VLP of the RNA bacteriophage,
in the composition or vaccine compositions of the
invention. [0058] VLPs or capsids of Qb coat protein
display a defined number of lysine residues on their
surface, with a defined topology with three lysine
residues pointing towards the interior of the capsid
and interacting with the RNA, and four other lysine
residues exposed to the exterior of the capsid.
Preferably, the at least one first attachment site is
a lysine residue, pointing to or being on the exterior
of the VLP. [0059] Qb mutants, of which exposed lysine
residues are replaced by arginines can be used for the
present invention. Thus, in another preferred
embodiment of the present invention, the virus-like
particle comprises, consists essentially of, or
alternatively consists of mutant Qb coat proteins.
Preferably these mutant coat proteins comprise or
alternatively consist of anamino acid sequence
selected from the group of (a) Qb-240 (SEQ ID NO: 14,
Lysl3-Arg of SEQ ID NO:1); (b) Qb-243 (SEQ ID NO: 15,
AsnlO-Lys of SEQ ID NO:1); (c) Qb-250 (SEQ ID NO: 16,
Lys2-Arg of SEQ ID NO:1); (d) Qb-251 (SEQ ID NO: 17,
Lysl6-Arg of SEQ ID NO:1); and (e) Qb-259 (SEQ ID
NO:18, Lys2-Arg, Lysl6-Arg of SEQ ID NO:1). The
construction, expression and purification of the above
indicated Qb mutant coat proteins, mutant Qb coat
protein VLPs and capsids, respectively, are described
in WO 02/056905. In particular is hereby referred to
Example 18 of above mentioned application. [0060] In
another preferred embodiment of the present invention,
the virus-like particle comprises, or alternatively
consists essentially of, or alternatively consists of
mutant coat protein of Qb, or of fragments thereof,
and the corresponding Al protein. In a further
preferred embodiment, the virus-like particle
comprises, or alternatively consists essentially of,
or alternatively consists of mutant coat protein with
amino acid sequence SEQ ID NO: 14, 15, 16, 17, or 18
and the corresponding Al protein. [0061] Further RNA
bacteriophage coat proteins have also been shown to
self-assemble upon expression in a bacterial host
(Kastelein, RA. et al., Gene 23:245-254 (1983),
Kozlovskaya, TM. et al., Dokl. Akad. Nauk SSSR
287:452-455 (1986), Adhin, MR. et al., Virology
170:238-242 (1989), Priano, C. et al., J . MoI. Biol.
249:283-297 (1995)). In particular the biological and
biochemical properties of GA (Ni, CZ., et al., Protein
Sci. 5:2485-2493 (1996), Tars, K et al., J . Mol.Biol.
271:759-773(1997)) and of fr (Pushko P. et al., Prot.
Eng. 6:883- 891 (1993), Liljas, L et al. J MoI. Biol.
244:279-290, (1994)) have been disclosed. The crystal 



structure of several RNA bacteriophages has been
determined (Golmohammadi, R. et al., Structure
4:543-554 (1996)). Using such information, surface
exposed residues can be identified and, thus, RNA
bacteriophage coat proteins can be modified such that
one or more reactive amino acid residues can be
inserted by way of insertion or substitution. Another
advantage of the VLPs derived from RNA bacteriophages
is their high expression yield in bacteria that allows
production of large quantities of material at
affordable cost. [0062] In one preferred embodiment,
the composition of the invention comprises at least
one antigen, preferably one to four, more preferably
one to three, still more preferably one to two and
most preferably exactly one antigen, wherein said
antigen is dengue antigen. [0063] Further disclosed is
a method of producing the compositions of the
invention comprising (a) providing a virus-like
particle with at least one first attachment site,
wherein said virus-like particle is a virus-like
particle of an RNA bacteriophage; (b) providing at
least one antigen with at least one second attachment
site, wherein said at least one antigen is a dengue
antigen, and wherein preferably said dengue antigen
comprises at least position 9 to 99, position 9 to 109
or position 9 to 112 of domain III of the dengue virus
envelope proteinE; and (c) combining said virus-like
particle and said at least one antigen to produce said
composition, wherein said at least one antigen and
said virus-like particle are linked through the first
and the second attachment sites. In a preferred
embodiment, the provision of the at least one antigen
with the at least one second attachment site is by way
of expression, preferably by way of expression in a
bacterial system, preferably in E. coli. Usually a
purification tag, such as His tag, Myc tag, Fc tag or
HA tag is added to facilitate the purification
process. In another approach the dengue antigens are
chemically synthesized. [0064] In one preferred
embodiment of the invention, the VLP with at least one
first attachment site is linked to the antigen with at
least one second attachment site via at least one
peptide bond. A gene encoding an antigen, preferably a
dengue antigen, is in-frame ligated, either internally
or preferably to the N- or the C-terminus to the gene
encoding the coat protein of the virus-like particle.
Fusion may also be effected by inserting sequences of
the antigen into a mutant coat protein where part of
the coat protein sequence has been deleted, that are
further referred to as truncation mutants. Truncation
mutants may have N- or Cterminal, or internal
deletions of part of the sequence of the coat protein.
The fusion protein shall preferably retain the ability
of assembly into a VLP upon expression which can be
examined by electromicroscopy. [0065] Flanking amino
acid residues may be added to increase the distance
between the coat protein and foreign epitope. Glycine
and serine residues are particularly favored amino
acids to be used in the flanking sequences. Such a
flanking sequence confers additional flexibility,
which may diminish the potential destabilizing effect
of fusing a foreign sequence into the sequence of a
VLP subunit and diminish the interference with the
assembly by the presence of the foreign epitope.
[0066] In other embodiments, the at least one antigen,
preferably the dengue antigen, can be fused to a
number of other viral coat protein, as way of
examples, to the C-terminus of a truncated form of the
Al protein of Qb (Kozlovska, T. M., et al,
Intervirology 39:9-15 (1996)), or being inserted
between position 72 and 73 of the CP extension. As
another example, the dengue antigen can be inserted
between amino acid 2 and 3 of the fr CP, leading to a
dengue antigen-fr CP fusion protein (Pushko P. et al.,
Prot. Eng. 6:883-891 (1993)). Furthermore, dengue
antigen can be fused to the N-terminal protuberant
b-hairpin of the coat protein of RNA bacteriophage
MS-2 (WO 92/13081). [0067] US 5,698,424 describes a
modified coat protein of bacteriophage MS-2 capable of
forming a capsid, wherein the coat protein is modified
by an insertion of a cysteine residue into the
N-terminal hairpin region, and by replacement of each
of the cysteine residues located external to the
N-terminal hairpin region by a non-cysteine amino acid
residue. Theinserted cysteine may then be linked
directly to a desired molecular species to be
presented such as an epitope or an antigenic protein.
[0068] We note, however, that the presence of an
exposed free cysteine residue in the capsid may lead
to oligomerization of capsids by way of disulfide
bridge formation. Moreover, attachment between capsids
and antigenic proteins by way of disulfide bonds are
labile, in particular, to sulfhydryl-moiety containing
molecules, and are, furthermore, less stable in serum
than, for example, thioether attachments (Martin FJ.
and Papahadjopoulos D. (1982) Irreversible Coupling of
Immunoglobulin Fragments to Preformed Vesicles. J .
Biol. Chem. 257: 286-288). [0069] Therefore, in a
further very preferred embodiment, the association or
linkage of the VLP and the at least one antigen, i.e.
the dengue antigen, does not comprise a disulfide
bond. Further preferred hereby, the at least one
second attachment comprise, or preferably is, a 



sulfhydryl group. Moreover, in again a very preferred
embodiment of the present invention, the association
or linkage of the VLP and the at least one antigen
does not comprise a sulphur-sulphur bond. Further
preferred hereby, the at least one second attachment
comprise, or preferably is, a sulfhydryl group. In a
further very preferred embodiment, said at least one
first attachment site is not or does not comprise a
sulfhydryl group. In again a further very preferred
embodiment, said at least one first attachment site is
not or does not comprise a sulfhydryl group of a
cysteine. [0070] In a further preferred embodiment
said at least one first attachment comprises an amino
group and said second attachment comprises a
sulfhydryl group. [0071] In a further preferred
embodiment, said first attachment is an amino group
and said second attachment site is a sulfhydryl group.
In a still further preferred embodiment, said first
attachment is an amino group of a lysine, and said
second attachment site is a sulfhydryl group of a
cysteine. [0072] In a further preferred embodiment
only one of said second attachment sites associates
with said first attachment site through at least one
non-peptide covalent bond leading to a single and
uniform type of binding of said antigen to said
virus-like particle, wherein said only one second
attachment site that associates with said first
attachment site is a sulfhydryl group, and wherein
said antigen and said virus-like particle interact
through said association to form an ordered and
repetitive antigen array. [0073] In a further
preferred embodiment said virus-like particle
comprises, essentially consists of, or alternatively
consists of, recombinant coat proteins, mutants or
fragments thereof, of an RNA bacteriophage, wherein
said at least one antigen is fused to the N- or the C-
terminus of said recombinant coat proteins, mutants or
fragments thereof.[0074] In a further preferred
embodiment said virus-like particle comprises,
essentially consists of, or alternatively consists of,
recombinant coat proteins, mutants or fragments
thereof, of an RNA bacteriophage, wherein preferably
said RNA bacteriophage is selected from the group
consisting of: (a) bacteriophage AP205; (b)
bacteriophage fr; and (c) bacteriophage GA; and
wherein said at least one antigen is fused to the N-
or the C- terminus, preferably to the C-terminus, of
said recombinant coat proteins, mutants or fragments
thereof, and wherein further preferably said at least
one antigen is a dengue antigen, wherein said dengue
antigen comprises at least position 9 to 99, position
9 to 109 or position 9 to 112 of domain III of the
dengue virus envelope protein E, and wherein still
more preferably said dengue antigen comprises or
preferably consists of position 9 to 99, position 9 to
109 or position 9 to 112 of any one of SEQ ID NOs 21,
24, 27, 30 and 32. [0075] In a further preferred
embodiment said virus-like particle comprises,
essentially consists of, or alternatively consists of,
recombinant coat proteins, mutants or fragments
thereof, of an RNA bacteriophage, wherein preferably
said RNA bacteriophage is selected from the group
consisting of: (a) bacteriophage AP205; (b)
bacteriophage fr; and (c) bacteriophage GA; and
wherein said at least one antigen is fused to the N-
or the C- terminus, preferably to the C-terminus, of
said recombinant coat proteins, mutants or fragments
thereof, and wherein further preferably said at least
one antigen is a dengue antigen, wherein said dengue
antigen comprises or preferably consists of any one of
SEQ ID NOs 21, 24, 27, 30 and 32. [0076] In a further
preferred embodiment said at least one antigen is
fused to either the N- or the C-terminus, preferably
the C-terminus, of a coat protein, mutants or
fragments thereof, of RNA bacteriophage AP205, wherein
preferably said at least one antigen comprises or
preferably consists of position 9 to 99, position 9 to
109 or position 9 to 112 of any one of SEQ ID NOs 21,
24, 27, 30 and 32, and wherein further preferably said
dengue antigen comprises or preferably consists of any
one of SEQ ID NOs 21, 24, 27,30 and 32. [0077] The
term "capable of inducing a balanced immune response"
is defined as an ability of a tetravalent composition
(containing four compositions wherein each composition
also referred to as "first", "second", "third" and
"fourth" composition relates to a virus-like particle
of RNA bacteriophage linked to a domain III of the
dengue virus envelope protein E of serotype -1,
serotype-2, serotype-3 and serotype-4 respectively) to
neutralize all of the four dengue serotypes in a
mammal to a similar extent as exhibited by a
monovalent composition (containing a virus-like
particle of RNA bacteriophage linked to a dengue
antigen of any one of the respective serotype- 1,
serotype-2, serotype-3 or serotype-4 of domain III of
the dengue virus envelope protein E) for the
respective serotype. The neutralizing ability is
measuredusing a PRNT50 assay which is performed
according to Russell et al. 1967 (Journal of
Immunology 99, 291-296). [0078] The term "similar
extent" used in the context of "capable of inducing a
balanced immune response" refers to the values of the
neutralization titers (PRNT50) as described for 



instance in Example 7 and 9 of the present invention,
wherein the comparison of the titer values of
monovalent composition vs tetravalent composition of
the invention does not differ more than 1 log 10, more
preferably 0.5 log 10, most preferably 0.25 log 10 .
[0079] VLPs comprising fusion proteins of coat protein
of bacteriophage AP205 with an antigen are generally
disclosed in WO2006/032674A1 which is incorporated
herein by reference. In one further preferred
embodiment, the fusion protein further comprises a
linker, wherein said linker is fused to the coat
protein, fragments or mutants thereof, of AP205 and
the antigen. In a further preferred embodiment said
antigen is fused to the C-terminus of said coat
protein, fragments or mutants thereof, of AP205 via
said linker. [0080] In one preferred embodiment of the
present invention, the composition comprises or
alternatively consists essentially of a virus-like
particle with at least one first attachment site
linked to at least one antigen, i.e. a dengue antigen
according to the invention, with at least one second
attachment site via at least one covalent bond,
wherein preferably the covalent bond is a non-peptide
bond. In a preferred embodiment of the present
invention, the first attachment site comprises, or
preferably is, an amino group, preferably the amino
group of a lysine residue. In another preferred
embodiment of the present invention, the second
attachment site comprises, or preferably is, a
sulfhydryl group, preferably a sulfhydryl group of a
cysteine. [0081] In a very preferred embodiment of the
invention, the at least one first attachment site is
an amino group, preferably an amino group of a lysine
residue and the at least one second attachment site is
a sulfhydryl group, preferably a sulfhydryl group of a
cysteine. [0082] In one preferred embodiment of the
invention, the antigen is linked to the VLP by way of
chemical cross-linking, typically and preferably by
using a heterobifunctional cross-linker. In preferred
embodiments, the hetero-bifunctional cross-linker
contains a functional group which can react with the
preferred first attachment sites, preferably with the
amino group, more preferably with the amino groups of
lysine residue(s) of the VLP, and a further functional
group which can react with the preferred second
attachment site, i.e. a sulfhydryl group, preferably
of cysteine(s) residue inherent of, or artificially
added to the antigen, and optionally also made
available for reaction by reduction. Several
hetero-bifunctional crosslinkers are known to the art.
These include the preferred cross-linkers SMPH
(Pierce), Sulfo- MBS, Sulfo-EMCS, Sulfo-GMBS,
Sulfo-SIAB, Sulfo-SMPB, Sulfo-SMCC, SVSB, SIA andother
cross-linkers available for example from the Pierce
Chemical Company, and having one functional group
reactive towards amino groups and one functional group
reactive towards sulfhydryl groups. The above
mentioned cross-linkers all lead to formation of an
amide bond after reaction with the amino group and a
thioether linkage with the sulfhydryl groups. Another
class of cross-linkers suitable in the practice of the
invention is characterized by the introduction of a
disulfide linkage between the antigen and the VLP upon
coupling. Preferred cross-linkers belonging to this
class include, for example, SPDP and Sulfo-LC-SPDP
(Pierce). [0083] In a preferred embodiment, the
composition of the invention further comprises a
linker. In a further preferred embodiment said at
least one antigen with said at least one second
attachment site further comprises a linker, wherein
said linker comprises said second attachment site, and
wherein said linker is associated to said antigen by
way of one peptide bond, and wherein preferably said
linker is a cysteine. Engineering of a second
attachment site onto the antigen is achieved by the
association of a linker, preferably containing at
least one amino acid suitable as second attachment
site according to the disclosures of this invention.
Therefore, in a preferred embodiment of the present
invention, a linker is associated to the antigen by
way of at least one covalent bond, preferably, by at
least one, preferably one peptide bond. Preferably,
the linker comprises, or alternatively consists of,
the second attachment site. In a further preferred
embodiment, the linker comprises a sulfhydryl group,
preferably of a cysteine residue. In another preferred
embodiment, the amino acid linker is a cysteine
residue. [0084] The selection of a linker will be
dependent on the nature of the antigen, on its
biochemical properties, such as pi, charge
distribution and glycosylation. In general, flexible
amino acid linkers are favored. In a further preferred
embodiment of the present invention, the linker
consists of amino acids, wherein further preferably
the linker consists of at least one and at most 25,
preferably at most 20, more preferably at most 15
amino acids. In an again preferred embodiment of the
invention, the amino acid linker contains 1 to 10
amino acids. Preferred embodiments of the linker are
selected from the group consisting of: (a) CGG; (b)
N-terminal glycine linkers, preferably GCGGGG; (c)
GGC; and (d) C-terminal glycine linkers, preferably
GGGGCG. Further likers useful for the invention are
disclosed, for example, in WO2007/039552A1 (p. 32,
paragraphs 111 and 112). 



[0085] In a further preferred embodiment the linker is
added to the N-terminus of the antigen. [0086] In
another preferred embodiment of the invention, the
linker is added to the Cterminus of the antigen.
[0087] Preferred linkers according to this invention
are glycine linkers (G)n further containing a cysteine
residue as second attachment site. In general, glycine
residues will be insertedbetween bulky amino acids and
the cysteine to be used as second attachment site, to
avoid potential steric hindrance of the bulkier amino
acid in the coupling reaction. In a very preferred
embodiment said linker with said second attachment
site consists of GGC. [0088] Thus, in a very preferred
embodiment said at least one antigen with said at
least one second attachment site comprises or
preferably consists of any one of SEQ ID NOs 22, 25,
28 and 31, wherein most preferably said at least one
antigen with said at least one second attachment site
consists of SEQ ID NO:25. [0089] Linking of the
antigen to the VLP by using a hetero-bifunctional
cross-linker according to the preferred methods
described above, allows coupling of the antigen to the
VLP in an oriented fashion. Other methods of linking
the antigen to the VLP include methods wherein the
antigen is cross-linked to the VLP, using the
carbodiimide EDC, and NHS. The antigen may also be
first thiolated through reaction, for example with
SATA, SATP or iminothiolane. The antigen, after
deprotection if required, may then be coupled to the
VLP as follows. After separation of the excess
thiolation reagent, the antigen is reacted with the
VLP, previously activated with a hetero-bifunctional
cross-linker comprising a cysteine reactive moiety,
and therefore displaying at least one or several
functional groups reactive towards cysteine residues,
to which the thiolated antigen can react, such as
described above. Optionally, low amounts of a reducing
agent are included in the reaction mixture. In further
methods, the antigen is attached to the VLP, using a
homo-bifunctional cross-linker such as glutaraldehyde,
DSG, BM[PEO]4, BS3, (Pierce) or other known
homo-bifunctional crosslinkers with functional groups
reactive towards amine groups or carboxyl groups of
the VLP. [0090] In other embodiments of the present
invention, the composition comprises or alternatively
consists essentially of a virus-like particle linked
to the antigen via chemical interactions, wherein at
least one of these interactions is not a covalent
bond. [0091] Linking of the VLP to the antigen can be
effected by biotinylating the VLP and expressing the
antigen as a streptavidin-fusion protein. [0092] One
or several antigen molecules can be attached to one
subunit of RNA bacteriophage coat proteins, preferably
through the exposed lysine residues of the coat
proteins of RNA bacteriophage VLP, if sterically
allowable. A specific feature of the VLPs of RNA
bacteriophage and in particular of the Qbcoat protein
VLP is thus the possibility to couple several antigens
per subunit. This allows for the generation of a dense
antigen array. [0093] In very preferred embodiments of
the invention, the antigen is linked via a cysteine
residue, having been added to either the N-terminus or
the C-terminus of, or a natural cysteine residue
within the antigen, to lysine residues of coat
proteins of the VLPs of RNA bacteriophage, and in
particular to the coat protein of Qb.[0094] As
described above, four lysine residues are exposed on
the surface of the VLP of Qb coat protein. Typically
and preferably these residues are derivatized upon
reaction with a cross-linker molecule. In the instance
where not all of the exposed lysine residues can be
coupled to an antigen, the lysine residues which have
reacted with the cross-linker are left with a
cross-linker molecule attached to the e-amino group
after the derivatization step. This leads to
disappearance of one or several positive charges,
which may be detrimental to the solubility and
stability of the VLP. By replacing some of the lysine
residues with arginines, as in the disclosed Qb coat
protein mutants, we prevent the excessive
disappearance of positive charges since the arginine
residues do not react with the preferred
cross-linkers. Moreover, replacement of lysine
residues by arginine residues may lead to more defined
antigen arrays, as fewer sites are available for
reaction to the antigen. [0095] Accordingly, exposed
lysine residues were replaced by arginines in the
following Qb coat protein mutants: Qb-240 (Lysl3-Arg;
SEQ ID NO: 14), Qb-250 (Lys 2-Arg, Lysl3-Arg; SEQ ID
NO: 16), Qb-259 (Lys 2-Arg, Lysl6-Arg; SEQ ID NO:18)
and Qb-251; (Lysl6-Arg, SEQ ID NO: 17). In a further
embodiment, we disclose a Qb mutant coat protein with
one additional lysine residue Qb-243 (Asn 10-Lys; SEQ
ID NO: 15), suitable for obtaining even higher density
arrays of antigens. [0096] In one preferred embodiment
of the invention, the VLP of an RNA bacteriophage is
recombinantly produced by a host and wherein said VLP
is essentially free of host RNA, preferably host
nucleic acids. In one further preferred embodiment,
the composition further comprises at least one
polyanionic macromolecule bound to, preferably
packaged in or enclosed in, the VLP. In a still
further preferred embodiment, the polyanionic
macromolecule 



is polyglutamic acid and/or polyaspartic acid. [0097]
In another preferred embodiment, the composition
further comprises at least one immunostimulatory
substance bound to, preferably packaged in or enclosed
in, the VLP. In a still further preferred embodiment,
the immunostimulatory substance is a nucleic acid,
preferably DNA, most preferably an unmethylated CpG
containing oligonucleotide. [0098] Essentially free of
host RNA, preferably host nucleic acids: The term
"essentially free of host RNA, preferably host nucleic
acids" as used herein, refers to the amount of host
RNA, preferably host nucleic acids, comprised by the
VLP, which amount typically and preferably is less
than 30 mg, preferably less than 20 mg, more
preferably less than 10 mg, even more preferably less
than 8 mg, even more preferably less than 6 mg, even
more preferably less than 4 mg, most preferably less
than 2 mg, per mg of the VLP. Host, as used within the
afore mentioned context, refers to the host in which
the VLP is recombinantly produced.Conventional methods
of determining the amount of RNA, preferably nucleic
acids, are known to the skilled person in the art. The
typical and preferred method to determine the amount
of RNA, preferably nucleic acids, in accordance with
the present invention is described in Example 17 of
WO2006/037787A2. Identical, similar or analogous
conditions are, typically and preferably, used for the
determination of the amount of RNA, preferably nucleic
acids, for inventive compositions comprising VLPs
other than Qb. The modifications of the conditions
eventually needed are within the knowledge of the
skilled person in the art. The numeric value of the
amounts determined should typically and preferably be
understood as comprising values having a deviation of
10%, preferably having a deviation of  5%, of the
indicated numeric value. [0099] Polyanionic
macromolecule: The term "polyanionic macromolecule",
as used herein, refers to a molecule of high relative
molecular mass which comprises repetitive groups of
negative charge, the structure of which essentially
comprises the multiple repetition of units derived,
actually or conceptually, from molecules of low
relative molecular mass. A polyanionic macromolecule
should have a molecular weight of at least 2000
Dalton, more preferably of at least 3000 Dalton and
even more preferably of at least 5000 Dalton. The term
"polyanionic macromolecule" as used herein, typically
and preferably refers to a molecule that is not
capable of activating toll-like receptors. Thus, the
term "polyanionic macromolecule" typically and
preferably excludes Toll-like receptors ligands, and
even more preferably furthermore excludes
immunostimulatory substances such as Toll-like
receptors ligands, immunostimulatory nucleic acids,
and lipopolysacchrides (LPS). More preferably the term
"polyanionic macromolecule" as used herein, refers to
a molecule that is not capable of inducing cytokine
production. Even more preferably the term "polyanionic
macromolecule" excludes immunostimulatory substances.
The term "immunostimulatory substance", as used
herein, refers to a molecule that is capable of
inducing and/or enhancing immune response specifically
against the antigen comprised in the present
invention. [00100] Host RNA, preferably host nucleic
acids: The term "host RNA, preferably host nucleic
acids" or the term "host RNA, preferably host nucleic
acids, with secondary structure", as used herein,
refers to the RNA, or preferably nucleic acids, that
are originally synthesized by the host. The RNA,
preferably nucleic acids, may, however, undergo
chemical and/or physical changes during the procedure
of reducing or eliminating the amount of RNA,
preferably nucleic acids, typically and preferably by
way of the inventive methods, for example, the size of
the RNA, preferably nucleic acids, may be shortened or
the secondary structure thereof may be altered.
However, even such resulting RNA or nucleic acids is
still considered as host RNA, or host nucleic
acids.[00101] Methods to determine the amount of RNA
and to reduce the amount of RNA comprised by the VLP
have disclosed in WO2006/037787A2. Reducing or
eliminating the amount of host RNA, preferably host
nucleic, minimizes or reduces unwanted T cell
responses, such as inflammatory T cell response and
cytotoxic T cell response, and other unwanted side
effects, such as fever, while maintaining strong
antibody response specifically against dengue virus.
[00102] In one preferred embodiment, this invention
provides a method of preparing the inventive
compositions and VLP of an RNA bacteriophage the
invention, wherein said VLP is recombinantly produced
by a host and wherein said VLP is essentially free of
host RNA, preferably host nucleic acids, comprising
the steps of: a) recombinantly producing a virus-like
particle (VLP) with at least one first attachment site
by a host, wherein said VLP comprises coat proteins,
variants or fragments thereof, of an RNA
bacteriophage; b) disassembling said virus-like
particle to said coat proteins, variants or fragments
thereof, of said RNA bacteriophage; c) purifying said
coat proteins, variants or fragments thereof; d)
reassembling said purified coat proteins, variants or
fragments thereof, of said RNA bacteriophage to a 



virus-like particle, wherein said virus-like particle
is essentially free of host RNA, preferably host
nucleic acids; and e) linking at least one antigen of
the invention with at least one second attachment site
to said VLP obtained from step d). In a further
preferred embodiment, the reassembling of said
purified coat proteins, variants or fragments thereof,
is effected in the presence of at least one
polyanionic macromolecule. [00103] A further aspect of
the invention is a composition for the treatment,
amelioration and/or prevention of dengue fever, dengue
hemorrhagic fever, and/or dengue shock syndrome,
wherein said composition comprises (a) a virus-like
particle with at least one first attachment site,
wherein said virus-like particle is a virus-like
particle of an RNA bacteriophage; and (b) at least one
antigen with at least one second attachment site,
wherein said at least one antigen is a dengue antigen,
wherein said dengue antigen comprises at least
position 9 to 99, position 9 to 109 or position 9 to
112 of domain III of the dengue virus envelope protein
E; and wherein (a) and (b) are linked through said at
least one first and said at least one second
attachment site. [00104] In one aspect, the invention
provides a vaccine composition comprising or
preferably consisting of a composition of the
invention. Thus, the invention provides a vaccine
composition comprising a composition, said composition
comprising (a) a virus-like particle with at least one
first attachment site, wherein said virus-like
particle is a virus-like particle of an RNA
bacteriophage; and (b) at least one antigen with at
least one second attachment site, wherein said at
least one antigen is a dengue antigen, wherein said
dengue antigen comprisesat least position 9 to 99,
position 9 to 109 or position 9 to 112 of domain III
of the dengue virus envelope protein E; and wherein
(a) and (b) are linked through said at least one first
and said at least one second attachment site. [00105]
An advantageous feature of the present invention is
the high immunogenicity of the composition, even in
the absence of adjuvants. Therefore, in a preferred
embodiment, the vaccine composition is devoid of
adjuvant. The absence of an adjuvant, furthermore,
minimizes the occurrence of unwanted inflammatory
T-cell responses representing a safety concern in the
vaccination against self antigens. Thus, the
administration of the vaccine composition to a patient
will preferably occur without administering at least
one adjuvant to the same patient prior to,
simultaneously or after the administration of the
vaccine composition. [00106] However, when an adjuvant
is administered, the administration of the at least
one adjuvant may hereby occur prior to, simultaneously
or after the administration of the inventive
composition or of the vaccine composition. The term
"adjuvant" as used herein refers to non-specific
stimulators of the immune response or to substances
that allow generation of a depot in the host which
when combined with the composition, with the vaccine
composition or with the pharmaceutical composition,
respectively may provide for an even more enhanced
immune response. [00107] In a further embodiment, the
vaccine composition further comprises at least one
adjuvant. [00108] In a further aspect, the invention
provides a vaccine composition for the treatment,
amelioration and/or prevention of dengue fever, dengue
hemorrhagic fever, and/or dengue shock syndrome,
wherein said vaccine composition comprises or
preferably consists of a composition of the invention,
and wherein preferably said vaccine composition is
devoid of an adjuvant. [00109] In a preferred
embodiment the vaccine composition comprises or
preferably consists of a first composition, of a
second composition, of a third composition, and of a
fourth composition, (i) wherein said first composition
is a composition of the invention, wherein said domain
III is domain III of the dengue virus envelope protein
E of a dengue virus of serotype- 1; (ii) wherein said
second composition is a composition of the invention,
wherein said domain III is domain III of the dengue
virus envelope protein E of a dengue virus of
serotype- 2; (iii) wherein said third composition is a
composition of the invention, wherein said domain III
is domain III of the dengue virus envelope protein E
of a dengue virus of serotype-3; and (iv) wherein said
fourth composition is a composition of the invention,
wherein said domain III is domain III of the dengue
virus envelope protein E of a dengue virus of
serotype-4.[00110] In a preferred embodiment, the
present invention provides for a composition
comprising (i) a first composition, (ii) a second
composition (iii) a third composition, and (iv) a
fourth composition. In a preferred embodiment of the
present invention, the first composition is a
composition of the invention comprising (a) a
virus-like particle of RNA bacteriophage Qb with at
least one first attachment site, wherein said
virus-like particle of RNA bacteriophage Qb comprises
one or more recombinant coat proteins having the amino
acid sequence as set forth in SEQ ID NO:1, and wherein
said first attachment site is a lysine 



residue and wherein said lysine residue is part of
said recombinant coat protein; and (b) at least one
antigen with at least one second attachment site,
wherein said at least one antigen is a dengue antigen,
and wherein said dengue antigen comprises, or
preferably consists of, at least position 9 to 99 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype- 1, and wherein said at least
one antigen with said at least one second attachment
site further comprises a linker, wherein said linker
comprises said second attachment site, and wherein
said linker is associated to the C-terminus of said
antigen by way of one peptide bond, wherein said
second attachment site is a cysteine residue, and
wherein said cysteine residue is artificially added,
and wherein said first attachment site associates with
said second attachment site through a
hetero-bifunctional cross-linker, wherein preferably
said heterobifunctional cross-linker is SMPH. In a
further preferred embodiment of the present invention,
said dengue antigen comprises, or preferably consists
of, at least position 9 to 109 of domain III of the
dengue virus envelope protein E of a dengue virus of
serotype- 1. In another preferred embodiment of the
present invention, said dengue antigen comprises, or
preferably consists of, at least position 9 to 112 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype- 1. In a further preferred
embodiment of the present invention, said dengue
antigen comprises, or preferably consists of, at least
position 1 to 113 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype- 1.
[00111] In a preferred embodiment of the present
invention, the first composition is a composition of
the invention comprising (a) a virus-like particle of
RNA bacteriophage Qb with at least one first
attachment site, wherein said virus-like particle of
RNA bacteriophage Qb comprises one or more recombinant
coat proteins consisting of the amino acid sequence as
set forth in SEQ ID NO:1, and wherein said first
attachment site is a lysine residue and wherein said
lysine residue is part of said recombinant coat
protein; and (b) at least one antigen with at least
one second attachment site, wherein said at least one
antigen is a dengue antigen, and wherein said dengue
antigen comprises, or preferably consists of, at least
position 9 to 99 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype- 1,
and wherein said at least one antigen with said at
least one second attachment sitefurther comprises a
linker, wherein said linker comprises said second
attachment site, and wherein said linker is associated
to the C-terminus of said antigen by way of one
peptide bond, wherein said second attachment site is a
cysteine residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
said hetero-bifunctional cross-linker is SMPH. In a
further preferred embodiment of the present invention,
said dengue antigen comprises, or preferably consists
of, at least position 9 to 109 of domain III of the
dengue virus envelope protein E of a dengue virus of
serotype- 1. In another preferred embodiment of the
present invention, said dengue antigen comprises, or
preferably consists of, at least position 9 to 112 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype- 1. In a further preferred
embodiment of the present invention, said dengue
antigen comprises, or preferably consists of, at least
position 1 to 113 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype- 1.
[00112] In a preferred embodiment of the present
invention, the second composition is a composition of
the invention comprising (a) a virus-like particle of
RNA bacteriophage Qb with at least one first
attachment site, wherein said virus-like particle of
RNA bacteriophage Qb comprises one or more recombinant
coat proteins having the amino acid sequence as set
forth in SEQ ID NO:1, and wherein said first
attachment site is a lysine residue and wherein said
lysine residue is part of said recombinant coat
protein; and (b) at least one antigen with at least
one second attachment site, wherein said at least one
antigen is a dengue antigen, and wherein said dengue
antigen comprises, or preferably consists of, at least
position 9 to 99 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-2,
and wherein said at least one antigen with said at
least one second attachment site further comprises a
linker, wherein said linker comprises said second
attachment site, and wherein said linker is associated
to the C-terminus of said antigen by way of one
peptide bond, wherein said second attachment site is a
cysteine residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
preferably said heterobifunctional cross-linker is
SMPH. In a further preferred embodiment of the present
invention, said dengue antigen comprises, or
preferably consists of, at least position 9 to 109 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype-2. In another preferred
embodiment of the present invention, said dengue
antigen comprises, or preferably consists of, at least
position 9 to 112 of domain III of the dengue virus
envelope 



protein E of a dengue virus of serotype-2. In a
further preferred embodiment of the present invention,
said dengue antigen comprises, or preferably consists
of, at least position 1 to 113of domain III of the
dengue virus envelope protein E of a dengue virus of
serotype-2. [00113] In a preferred embodiment of the
present invention, the second composition is a
composition of the invention comprising (a) a
virus-like particle of RNA bacteriophage Qb with at
least one first attachment site, wherein said
virus-like particle of RNA bacteriophage Qb comprises
one or more recombinant coat proteins consisting of
the amino acid sequence as set forth in SEQ ID NO:1,
and wherein said first attachment site is a lysine
residue and wherein said lysine residue is part of
said recombinant coat protein; and (b) at least one
antigen with at least one second attachment site,
wherein said at least one antigen is a dengue antigen,
and wherein said dengue antigen comprises, or
preferably consists of, at least position 9 to 99 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype-2, and wherein said at least
one antigen with said at least one second attachment
site further comprises a linker, wherein said linker
comprises said second attachment site, and wherein
said linker is associated to the C-terminus of said
antigen by way of one peptide bond, wherein said
second attachment site is a cysteine residue, and
wherein said cysteine residue is artificially added,
and wherein said first attachment site associates with
said second attachment site through a
hetero-bifunctional cross-linker, wherein said
hetero-bifunctional cross-linker is SMPH. In a further
preferred embodiment of the present invention, said
dengue antigen comprises, or preferably consists of,
at least position 9 to 109 of domain III of the dengue
virus envelope protein E of a dengue virus of
serotype-2. In another preferred embodiment of the
present invention, said dengue antigen comprises, or
preferably consists of, at least position 9 to 112 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype-2. In a further preferred
embodiment of the present invention, said dengue
antigen comprises, or preferably consists of, at least
position 1 to 113 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-2.
[00114] In a preferred embodiment of the present
invention, the third composition is a composition of
the invention comprising (a) a virus-like particle of
RNA bacteriophage Qb with at least one first
attachment site, wherein said virus-like particle of
RNA bacteriophage Qb comprises one or more recombinant
coat proteins having the amino acid sequence as set
forth in SEQ ID NO:1, and wherein said first
attachment site is a lysine residue and wherein said
lysine residue is part of said recombinant coat
protein; and (b) at least one antigen with at least
one second attachment site, wherein said at least one
antigen is a dengue antigen, and wherein said dengue
antigen comprises, or preferably consists of, at least
position 9 to 99 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-3,
and wherein said at least one antigen with said at
least one second attachment site further comprises a
linker, wherein said linker comprises said second
attachment site, and whereinsaid linker is associated
to the C-terminus of said antigen by way of one
peptide bond, wherein said second attachment site is a
cysteine residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
preferably said heterobifunctional cross-linker is
SMPH. In a further preferred embodiment of the present
invention, said dengue antigen comprises, or
preferably consists of, at least position 9 to 109 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype-3. In another preferred
embodiment of the present invention, said dengue
antigen comprises, or preferably consists of, at least
position 9 to 112 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-3. In
a further preferred embodiment of the present
invention, said dengue antigen comprises, or
preferably consists of, at least position 1 to 113 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype-3. [00115] In a preferred
embodiment of the present invention, the third
composition is a composition of the invention
comprising (a) a virus-like particle of RNA
bacteriophage Qb with at least one first attachment
site, wherein said virus-like particle of RNA
bacteriophage Qb comprises one or more recombinant
coat proteins consisting of the amino acid sequence as
set forth in SEQ ID NO:1, and wherein said first
attachment site is a lysine residue and wherein said
lysine residue is part of said recombinant coat
protein; and (b) at least one antigen with at least
one second attachment site, wherein said at least one
antigen is a dengue antigen, and wherein said dengue
antigen comprises, or preferably consists of, at least
position 9 to 99 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-3,
and wherein said at least one antigen with said at
least one second attachment site further comprises a
linker, wherein said linker comprises said second
attachment site, and wherein said linker is associated
to the C-terminus of said antigen by way of one
peptide bond, wherein said second attachment site is a
cysteine residue, and wherein said cysteine 



residue is artificially added, and wherein said first
attachment site associates with said second attachment
site through a hetero-bifunctional cross-linker,
wherein said hetero-bifunctional cross-linker is SMPH.
In a further preferred embodiment of the present
invention, said dengue antigen comprises, or
preferably consists of, at least position 9 to 109 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype-3. In another preferred
embodiment of the present invention, said dengue
antigen comprises, or preferably consists of, at least
position 9 to 112 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-3. In
a further preferred embodiment of the present
invention, said dengue antigen comprises, or
preferably consists of, at least position 1 to 113 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype-3.[00116] In a preferred
embodiment of the present invention, the fourth
composition is a composition of the invention
comprising (a) a virus-like particle of RNA
bacteriophage Qb with at least one first attachment
site, wherein said virus-like particle of RNA
bacteriophage Qb comprises one or more recombinant
coat proteins having the amino acid sequence as set
forth in SEQ ID NO:1, and wherein said first
attachment site is a lysine residue and wherein said
lysine residue is part of said recombinant coat
protein; and (b) at least one antigen with at least
one second attachment site, wherein said at least one
antigen is a dengue antigen, and wherein said dengue
antigen comprises, or preferably consists of, at least
position 9 to 99 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-4,
and wherein said at least one antigen with said at
least one second attachment site further comprises a
linker, wherein said linker comprises said second
attachment site, and wherein said linker is associated
to the C-terminus of said antigen by way of one
peptide bond, wherein said second attachment site is a
cysteine residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
preferably said heterobifunctional cross-linker is
SMPH. In a further preferred embodiment of the present
invention, said dengue antigen comprises, or
preferably consists of, at least position 9 to 109 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype-4. In another preferred
embodiment of the present invention, said dengue
antigen comprises, or preferably consists of, at least
position 9 to 112 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-4. In
a further preferred embodiment of the present
invention, said dengue antigen comprises, or
preferably consists of, at least position 1 to 113 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype-4. [00117] In a preferred
embodiment of the present invention, the fourth
composition is a composition of the invention
comprising (a) a virus-like particle of RNA
bacteriophage Qb with at least one first attachment
site, wherein said virus-like particle of RNA
bacteriophage Qb comprises one or more recombinant
coat proteins consisting of the amino acid sequence as
set forth in SEQ ID NO:1, and wherein said first
attachment site is a lysine residue and wherein said
lysine residue is part of said recombinant coat
protein; and (b) at least one antigen with at least
one second attachment site, wherein said at least one
antigen is a dengue antigen, and wherein said dengue
antigen comprises, or preferably consists of, at least
position 9 to 99 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-4,
and wherein said at least one antigen with said at
least one second attachment site further comprises a
linker, wherein said linker comprises said second
attachment site, and wherein said linker is associated
to the C-terminus of said antigen by way of one
peptidebond, wherein said second attachment site is a
cysteine residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
said hetero-bifunctional cross-linker is SMPH. In a
further preferred embodiment of the present invention,
said dengue antigen comprises, or preferably consists
of, at least position 9 to 109 of domain III of the
dengue virus envelope protein E of a dengue virus of
serotype-4. In another preferred embodiment of the
present invention, said dengue antigen comprises, or
preferably consists of, at least position 9 to 112 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype-4. In a further preferred
embodiment of the present invention, said dengue
antigen comprises, or preferably consists of, at least
position 1 to 113 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-4.
[00118] In a preferred embodiment of the present
invention, the first composition is a composition of
the invention comprising (a) a virus-like particle of
RNA bacteriophage AP205 with at least one first
attachment site, wherein said virus-like particle of
RNA bacteriophage AP205 comprises one or more
recombinant coat proteins having the amino acid
sequence as set forth in SEQ ID NO: 19, and wherein
said first attachment site is a lysine residue and
wherein said lysine residue is part of said
recombinant coat protein; and (b) at 



least one antigen with at least one second attachment
site, wherein said at least one antigen is a dengue
antigen, and wherein said dengue antigen comprises, or
preferably consists of, at least position 9 to 99 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype- 1, and wherein said at least
one antigen with said at least one second attachment
site further comprises a linker, wherein said linker
comprises said second attachment site, and wherein
said linker is associated to the C-terminus of said
antigen by way of one peptide bond, wherein said
second attachment site is a cysteine residue, and
wherein said cysteine residue is artificially added,
and wherein said first attachment site associates with
said second attachment site through a
hetero-bifunctional cross-linker, wherein preferably
said heterobifunctional cross-linker is SMPH. In a
further preferred embodiment of the present invention,
said dengue antigen comprises, or preferably consists
of, at least position 9 to 109 of domain III of the
dengue virus envelope protein E of a dengue virus of
serotype- 1. In another preferred embodiment of the
present invention, said dengue antigen comprises, or
preferably consists of, at least position 9 to 112 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype- 1. In a further preferred
embodiment of the present invention, said dengue
antigen comprises, or preferably consists of, at least
position 1 to 113 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype- 1.
[00119] In a preferred embodiment of the present
invention, the first composition is acomposition of
the invention comprising (a) a virus-like particle of
RNA bacteriophage AP205 with at least one first
attachment site, wherein said virus-like particle of
RNA bacteriophage AP205 comprises one or more
recombinant coat proteins consisting of the amino acid
sequence as set forth in SEQ ID NO: 19, and wherein
said first attachment site is a lysine residue and
wherein said lysine residue is part of said
recombinant coat protein; and (b) at least one antigen
with at least one second attachment site, wherein said
at least one antigen is a dengue antigen, and wherein
said dengue antigen comprises, or preferably consists
of, at least position 9 to 99 of domain III of the
dengue virus envelope protein E of a dengue virus of
serotype- 1, and wherein said at least one antigen
with said at least one second attachment site further
comprises a linker, wherein said linker comprises said
second attachment site, and wherein said linker is
associated to the C-terminus of said antigen by way of
one peptide bond, wherein said second attachment site
is a cysteine residue, and wherein said cysteine
residue is artificially added, and wherein said first
attachment site associates with said second attachment
site through a hetero-bifunctional cross-linker,
wherein said hetero-bifunctional cross-linker is SMPH.
In a further preferred embodiment of the present
invention, said dengue antigen comprises, or
preferably consists of, at least position 9 to 109 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype- 1. In another preferred
embodiment of the present invention, said dengue
antigen comprises, or preferably consists of, at least
position 9 to 112 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype- 1.
In a further preferred embodiment of the present
invention, said dengue antigen comprises, or
preferably consists of, at least position 1 to 113 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype- 1. [00120] In a preferred
embodiment of the present invention, the second
composition is a composition of the invention
comprising (a) a virus-like particle of RNA
bacteriophage AP205 with at least one first attachment
site, wherein said virus-like particle of RNA
bacteriophage AP205 comprises one or more recombinant
coat proteins having the amino acid sequence as set
forth in SEQ ID NO: 19, and wherein said first
attachment site is a lysine residue and wherein said
lysine residue is part of said recombinant coat
protein; and (b) at least one antigen with at least
one second attachment site, wherein said at least one
antigen is a dengue antigen, and wherein said dengue
antigen comprises, or preferably consists of, at least
position 9 to 99 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-2,
and wherein said at least one antigen with said at
least one second attachment site further comprises a
linker, wherein said linker comprises said second
attachment site, and wherein said linker is associated
to the C-terminus of said antigen by way of one
peptide bond, wherein said second attachment site is a
cysteine residue, and wherein said cysteineresidue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
preferably said heterobifunctional cross-linker is
SMPH. In a further preferred embodiment of the present
invention, said dengue antigen comprises, or
preferably consists of, at least position 9 to 109 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype-2. In another preferred
embodiment of the present invention, said dengue
antigen comprises, or preferably consists of, at least
position 9 to 112 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-2. In
a further preferred embodiment of the present
invention, said dengue antigen comprises, or
preferably consists of, at least position 1 to 113 



of domain III of the dengue virus envelope protein E
of a dengue virus of serotype-2. [00121] In a
preferred embodiment of the present invention, the
second composition is a composition of the invention
comprising (a) a virus-like particle of RNA
bacteriophage AP205 with at least one first attachment
site, wherein said virus-like particle of RNA
bacteriophage AP205 comprises one or more recombinant
coat proteins consisting of the amino acid sequence as
set forth in SEQ ID NO: 19, and wherein said first
attachment site is a lysine residue and wherein said
lysine residue is part of said recombinant coat
protein; and (b) at least one antigen with at least
one second attachment site, wherein said at least one
antigen is a dengue antigen, and wherein said dengue
antigen comprises, or preferably consists of, at least
position 9 to 99 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-2,
and wherein said at least one antigen with said at
least one second attachment site further comprises a
linker, wherein said linker comprises said second
attachment site, and wherein said linker is associated
to the C-terminus of said antigen by way of one
peptide bond, wherein said second attachment site is a
cysteine residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
said hetero-bifunctional cross-linker is SMPH. In a
further preferred embodiment of the present invention,
said dengue antigen comprises, or preferably consists
of, at least position 9 to 109 of domain III of the
dengue virus envelope protein E of a dengue virus of
serotype-2. In another preferred embodiment of the
present invention, said dengue antigen comprises, or
preferably consists of, at least position 9 to 112 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype-2. In a further preferred
embodiment of the present invention, said dengue
antigen comprises, or preferably consists of, at least
position 1 to 113 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-2.
[00122] In a preferred embodiment of the present
invention, the third composition is a composition of
the invention comprising (a) a virus-like particle of
RNA bacteriophageAP205 with at least one first
attachment site, wherein said virus-like particle of
RNA bacteriophage AP205 comprises one or more
recombinant coat proteins having the amino acid
sequence as set forth in SEQ ID NO: 19, and wherein
said first attachment site is a lysine residue and
wherein said lysine residue is part of said
recombinant coat protein; and (b) at least one antigen
with at least one second attachment site, wherein said
at least one antigen is a dengue antigen, and wherein
said dengue antigen comprises, or preferably consists
of, at least position 9 to 99 of domain III of the
dengue virus envelope protein E of a dengue virus of
serotype-3, and wherein said at least one antigen with
said at least one second attachment site further
comprises a linker, wherein said linker comprises said
second attachment site, and wherein said linker is
associated to the C-terminus of said antigen by way of
one peptide bond, wherein said second attachment site
is a cysteine residue, and wherein said cysteine
residue is artificially added, and wherein said first
attachment site associates with said second attachment
site through a hetero-bifunctional cross-linker,
wherein preferably said heterobifunctional
cross-linker is SMPH. In a further preferred
embodiment of the present invention, said dengue
antigen comprises, or preferably consists of, at least
position 9 to 109 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-3. In
another preferred embodiment of the present invention,
said dengue antigen comprises, or preferably consists
of, at least position 9 to 112 of domain III of the
dengue virus envelope protein E of a dengue virus of
serotype-3. In a further preferred embodiment of the
present invention, said dengue antigen comprises, or
preferably consists of, at least position 1 to 113 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype-3. [00123] In a preferred
embodiment of the present invention, the third
composition is a composition of the invention
comprising (a) a virus-like particle of RNA
bacteriophage AP205 with at least one first attachment
site, wherein said virus-like particle of RNA
bacteriophage AP205 comprises one or more recombinant
coat proteins consisting of the amino acid sequence as
set forth in SEQ ID NO: 19, and wherein said first
attachment site is a lysine residue and wherein said
lysine residue is part of said recombinant coat
protein; and (b) at least one antigen with at least
one second attachment site, wherein said at least one
antigen is a dengue antigen, and wherein said dengue
antigen comprises, or preferably consists of, at least
position 9 to 99 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-3,
and wherein said at least one antigen with said at
least one second attachment site further comprises a
linker, wherein said linker comprises said second
attachment site, and wherein said linker is associated
to the C-terminus of said antigen by way of one
peptide bond, wherein said second attachment site is a
cysteine residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said secondattachment site
through a hetero-bifunctional cross-linker, wherein
said hetero-bifunctional 



cross-linker is SMPH. In a further preferred
embodiment of the present invention, said dengue
antigen comprises, or preferably consists of, at least
position 9 to 109 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-3. In
another preferred embodiment of the present invention,
said dengue antigen comprises, or preferably consists
of, at least position 9 to 112 of domain III of the
dengue virus envelope protein E of a dengue virus of
serotype-3. In a further preferred embodiment of the
present invention, said dengue antigen comprises, or
preferably consists of, at least position 1 to 113 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype-3. [00124] In a preferred
embodiment of the present invention, the fourth
composition is a composition of the invention
comprising (a) a virus-like particle of RNA
bacteriophage AP205 with at least one first attachment
site, wherein said virus-like particle of RNA
bacteriophage AP205 comprises one or more recombinant
coat proteins having the amino acid sequence as set
forth in SEQ ID NO: 19, and wherein said first
attachment site is a lysine residue and wherein said
lysine residue is part of said recombinant coat
protein; and (b) at least one antigen with at least
one second attachment site, wherein said at least one
antigen is a dengue antigen, and wherein said dengue
antigen comprises, or preferably consists of, at least
position 9 to 99 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-4,
and wherein said at least one antigen with said at
least one second attachment site further comprises a
linker, wherein said linker comprises said second
attachment site, and wherein said linker is associated
to the C-terminus of said antigen by way of one
peptide bond, wherein said second attachment site is a
cysteine residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
preferably said heterobifunctional cross-linker is
SMPH. In a further preferred embodiment of the present
invention, said dengue antigen comprises, or
preferably consists of, at least position 9 to 109 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype-4. In another preferred
embodiment of the present invention, said dengue
antigen comprises, or preferably consists of, at least
position 9 to 112 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-4. In
a further preferred embodiment of the present
invention, said dengue antigen comprises, or
preferably consists of, at least position 1 to 113 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype-4. [00125] In a preferred
embodiment of the present invention, the fourth
composition is a composition of the invention
comprising (a) a virus-like particle of RNA
bacteriophage AP205 with at least one first attachment
site, wherein said virus-like particle of
RNAbacteriophage AP205 comprises one or more
recombinant coat proteins consisting of the amino acid
sequence as set forth in SEQ ID NO: 19, and wherein
said first attachment site is a lysine residue and
wherein said lysine residue is part of said
recombinant coat protein; and (b) at least one antigen
with at least one second attachment site, wherein said
at least one antigen is a dengue antigen, and wherein
said dengue antigen comprises, or preferably consists
of, at least position 9 to 99 of domain III of the
dengue virus envelope protein E of a dengue virus of
serotype-4, and wherein said at least one antigen with
said at least one second attachment site further
comprises a linker, wherein said linker comprises said
second attachment site, and wherein said linker is
associated to the C-terminus of said antigen by way of
one peptide bond, wherein said second attachment site
is a cysteine residue, and wherein said cysteine
residue is artificially added, and wherein said first
attachment site associates with said second attachment
site through a hetero-bifunctional cross-linker,
wherein said hetero-bifunctional cross-linker is SMPH.
In a further preferred embodiment of the present
invention, said dengue antigen comprises, or
preferably consists of, at least position 9 to 109 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype-4. In another preferred
embodiment of the present invention, said dengue
antigen comprises, or preferably consists of, at least
position 9 to 112 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-4. In
a further preferred embodiment of the present
invention, said dengue antigen comprises, or
preferably consists of, at least position 1 to 113 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype-4. [00126] In a preferred
embodiment, the present invention provides for a
composition comprising, or preferably consisting of,
(i) a first composition, (ii) a second composition
(iii) a third composition, and (iv) a fourth
composition, wherein each of said first, second, third
and fourth composition are present in equal amounts.
[00127] In a further preferred embodiment, the present
invention provides for a composition comprising, or
preferably consisting of, (i) a first composition,
(ii) a second composition (iii) a third composition,
and (iv) a fourth composition, wherein said first
composition is present in 



an amount W, said second composition is present in an
amount X, said third composition is present in an
amount Y, and wherein said fourth composition is
present in an amount Z leading to a ratio of W:X:Y:Z,
wherein each of said W, X, Y, Z ranges from 0.1 to 10,
preferably from 0.25 to 5, and wherein further
preferably each of said W, X, Y, Z ranges from 0.5 to
5, again preferably from 0.6 to 4.8, and wherein
further preferably each of said W, X, Y, Z ranges from
0.7 to 4.2, preferably from 0.8 to 3.2, and wherein
further preferably each of said W, X,Y, Z ranges from
0.9 to 2.7, preferably from 0.9 to 1.8, further
preferably from 0.75 to 1.25. Preferably each of said
W, X,Y, Z are selected in a manner that said
compositionis capable of inducing a balanced immune
response against all four serotypes, preferably
against serotype- 1, serotype-2, serotype-3 and
serotype-4 of domain III of the dengue virus envelope
protein E. [00128] In a further preferred embodiment,
the present invention provides for a composition
comprising, or preferably consisting of, (i) a first
composition, (ii) a second composition (iii) a third
composition, and (iv) a fourth composition, wherein
said first composition is present in an amount W, said
second composition is present in an amount X, said
third composition is present in an amount Y, and
wherein said fourth composition is present in an
amount Z leading to a ratio of W:X:Y:Z, wherein said
ratio is selected from the group consisting of
1:1:1:1, 1:1:1:2, 1:1:1:3, 1:1:1:4, 1:1:1:5, 1:1:1:6,
1:1:1:7, 1:1:1:8, 1:1:1:9, 1:1:1:10 and 0.5:1.5:2:5.
Preferably each of said W, X, Y, Z are selected in a
manner that said composition is capable of inducing a
balanced immune response against all four serotypes,
preferably against serotype- 1, serotype-2, serotype-3
and serotype-4 of domain III of the dengue virus
envelope protein E. [00129] In a further preferred
embodiment, the present invention provides for a
composition comprising, or preferably consisting of,
(i) a first composition, (ii) a second composition
(iii) a third composition, and (iv) a fourth
composition, wherein said first composition is present
in an amount W, said second composition is present in
an amount X, said third composition is present in an
amount Y, and wherein said fourth composition is
present in an amount Z leading to a ratio of W:X:Y:Z,
wherein said ratio is 1.1 :1:1. Preferably each of
said W, X, Y, Z are selected in a manner that said
composition is capable of inducing a balanced immune
response against all four serotypes, preferably
against serotype- 1, serotype-2, serotype-3 and
serotype-4 of domain III of the dengue virus envelope
protein E. [00130] In a further preferred embodiment,
the present invention provides for a composition
comprising, or preferably consisting of, (i) a first
composition, (ii) a second composition (iii) a third
composition, and (iv) a fourth composition, wherein
said first composition is present in an amount W, said
second composition is present in an amount X, said
third composition is present in an amount Y, and
wherein said fourth composition is present in an
amount Z leading to a ratio of W:X:Y:Z, wherein said
ratio is 1.1 :1:5. Preferably each of said W, X, Y, Z
are selected in a manner that said composition is
capable of inducing a balanced immune response against
all four serotypes, preferably against serotype- 1,
serotype-2, serotype-3 and serotype-4 of domain III of
the dengue virus envelope protein E. [00131] In a
further preferred embodiment, the present invention
provides for a composition comprising, or preferably
consisting of, (i) a first composition, (ii) a second
composition (iii) a third composition, and (iv) a
fourth composition, wherein said first composition is
present inan amount W, said second composition is
present in an amount X, said third composition is
present in an amount Y, and wherein said fourth
composition is present in an amount Z leading to a
ratio of W:X:Y:Z, wherein said ratio is 1.1:1:20.
Preferably each of said W, X,Y, Z are selected in a
manner that said composition is capable of inducing a
balanced immune response against all four serotypes,
preferably against serotype- 1, serotype-2, serotype-3
and serotype-4 of domain III of the dengue virus
envelope protein E. [00132] In a further preferred
embodiment the vaccine composition comprises or
preferably consists of a first composition, of a
second composition, of a third composition, and of a
fourth composition, (i) wherein said first composition
is a composition of the invention, wherein said dengue
antigen comprises or preferably consists of SEQ ID
NO:21; (ii) wherein said second composition is a
composition of the invention, wherein said dengue
antigen comprises or preferably consists of SEQ ID
NO:24; (iii) wherein said third composition is a
composition of the invention, wherein said dengue
antigen comprises or preferably consists of SEQ ID
NO:27; and (iv) wherein said fourth composition is a
composition of the invention, wherein said dengue
antigen comprises or preferably consists of SEQ ID
NO:30 or SEQ ID NO:32. [00133] In a further preferred
embodiment the vaccine composition comprises or
preferably consists of a first composition, of a
second composition, of a third composition, and of a
fourth composition, (i) wherein said first composition
is a composition of the invention, 



wherein said at least one antigen with said at least
one second attachment site comprises or preferably
consists of SEQ ID NO:22; (ii) wherein said second
composition is a composition of the invention, wherein
said at least one antigen with said at least one
second attachment site comprises or preferably
consists of SEQ ID NO:25; (iii) wherein said third
composition is a composition of the invention, wherein
said at least one antigen with said at least one
second attachment site comprises or preferably
consists of SEQ ID NO:28; and (iv) wherein said fourth
composition is a composition of the invention, wherein
said at least one antigen with said at least one
second attachment site comprises or preferably
consists of SEQ ID NO:31. [00134] In one embodiment,
the present invention provides a method of inducing an
immune response to the domain III of the dengue virus
envelope protein E of a dengue virus of serotype- 1,
serotype-2, serotype-3 and serotype-4 in mammals,
involving administering to the said mammal a
therapeutically effective amount of the composition
comprising, or preferably consistsing of, (i) a first
composition, (ii) a second composition, (iii) a third
composition, and (iv) a fourth composition, wherein
said first composition (i) comprises a virus-like
particle of an RNA bacteriophage with at least one
first attachment site and at least one antigen with at
least one second attachment site, wherein said at
least one antigen is a dengue antigencomprising, or
preferably consisting of, at least position 9 to 99 of
domain III of the dengue virus envelope protein E of a
dengue virus of serotype- 1; and wherein said second
composition (ii) comprises a virus-like particle of an
RNA bacteriophage with at least one first attachment
site and at least one antigen with at least one second
attachment site, wherein said at least one antigen is
a dengue antigen comprising, or preferably consisting
of, at least position 9 to 99 of domain III of the
dengue virus envelope protein E of a dengue virus of
serotype-2; and wherein said third composition (iii)
comprises a virus-like particle of an RNA
bacteriophage with at least one first attachment site
and at least one antigen with at least one second
attachment site, wherein said at least one antigen is
a dengue antigen comprising, or preferably consisting
of, at least position 9 to 99 of domain III of the
dengue virus envelope protein E of a dengue virus of
serotype-3; and wherein said fourth composition (iv)
comprises a virus-like particle of an RNA
bacteriophage with at least one first attachment site
and at least one antigen with at least one second
attachment site, wherein said at least one antigen is
a dengue antigen comprising, or preferably consisting
of, at least position 9 to 99 of domain III of the
dengue virus envelope protein E of a dengue virus of
serotype-4; and wherein said virus-like particles of
an RNA bacteriophage and said at least one antigen of
each of said first composition, said second
composition, said third composition and said fourth
composition are linked through said at least one first
and said at least one second attachment site. [00135]
In a preferred embodiment, the present invention
provides for a composition comprising (i) a first
composition, (ii) a second composition (iii) a third
composition, and (iv) a fourth composition, wherein
said first composition (i) comprises (a) a virus-like
particle of RNA bacteriophage Qb with at least one
first attachment site, wherein said virus-like
particle of RNA bacteriophage Qb comprises one or more
recombinant coat proteins having, preferably
consisting of, the amino acid sequence as set forth in
SEQ ID NO:1, and wherein said first attachment site is
a lysine residue and wherein said lysine residue is
part of said recombinant coat protein; and (b) at
least one antigen with at least one second attachment
site, wherein said at least one antigen is a dengue
antigen, and wherein said dengue antigen comprises, or
preferably consists of, SEQ ID NO:21, and wherein said
at least one antigen with said at least one second
attachment site further comprises a linker, wherein
said linker comprises said second attachment site, and
wherein said linker is associated to the C-terminus of
said antigen by way of one peptide bond, wherein said
second attachment site is a cysteine residue, and
wherein said cysteine residue is artificially added,
and wherein said first attachment site associates with
said second attachment site through a
hetero-bifunctional cross-linker, wherein preferably
said hetero-bifunctional cross-linker is SMPH, and
wherein said second composition (ii) comprises (a) a
virus-like particle of RNA bacteriophage Qbwith at
least one first attachment site, wherein said
virus-like particle of RNA bacteriophage Qb comprises
one or more recombinant coat proteins having,
preferably consisting of, the amino acid sequence as
set forth in SEQ ID NO:1, and wherein said first
attachment site is a lysine residue and wherein said
lysine residue is part of said recombinant coat
protein; and (b) at least one antigen with at least
one second attachment site, wherein said at least one
antigen is a dengue antigen, and wherein said dengue
antigen comprises, or preferably consists of, SEQ ID
NO:24, and wherein said at least one antigen with said
at least one second attachment site further comprises
a linker, wherein said linker comprises said second
attachment site, and wherein said linker is associated
to the C-terminus of said antigen by way of one
peptide bond, wherein said second attachment site is a
cysteine residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second 



attachment site through a hetero-bifunctional
cross-linker, wherein preferably said
heterobifunctional cross-linker is SMPH, and wherein
said third composition (iii) comprises (a) a
virus-like particle of RNA bacteriophage Qb with at
least one first attachment site, wherein said
virus-like particle of RNA bacteriophage Qb comprises
one or more recombinant coat proteins having,
preferably consisting of, the amino acid sequence as
set forth in SEQ ID NO:1, and wherein said first
attachment site is a lysine residue and wherein said
lysine residue is part of said recombinant coat
protein; and (b) at least one antigen with at least
one second attachment site, wherein said at least one
antigen is a dengue antigen, and wherein said dengue
antigen comprises, or preferably consists of, SEQ ID
NO:27, and wherein said at least one antigen with said
at least one second attachment site further comprises
a linker, wherein said linker comprises said second
attachment site, and wherein said linker is associated
to the C-terminus of said antigen by way of one
peptide bond, wherein said second attachment site is a
cysteine residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
preferably said hetero-bifunctional cross-linker is
SMPH, and wherein said fourth composition (iv) is a
composition of the invention comprising (a) a
virus-like particle of RNA bacteriophage Qb with at
least one first attachment site, wherein said
virus-like particle of RNA bacteriophage Qb comprises
one or more recombinant coat proteins having,
preferably consisting of, the amino acid sequence as
set forth in SEQ ID NO:1, and wherein said first
attachment site is a lysine residue and wherein said
lysine residue is part of said recombinant coat
protein; and (b) at least one antigen with at least
one second attachment site, wherein said at least one
antigen is a dengue antigen, and wherein said dengue
antigen comprises, or preferably consists of, SEQ ID
NO:30, and wherein said at least one antigen with said
at least one second attachment site furthercomprises a
linker, wherein said linker comprises said second
attachment site, and wherein said linker is associated
to the C-terminus of said antigen by way of one
peptide bond, wherein said second attachment site is a
cysteine residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
preferably said heterobifunctional cross-linker is
SMPH. Preferably each of said first, second, third and
fourth composition are present in equal amounts. In a
further preferred embodiment, said first composition
is present in an amount W, said second composition is
present in an amount X, said third composition is
present in an amount Y, and wherein said fourth
composition is present in an amount Z leading to a
ratio of W:X:Y:Z, wherein each of said W, X, Y, Z
ranges from 0.1 to 10, preferably from 0.25 to 5, and
wherein further preferably each of said W, X, Y, Z
ranges from 0.5 to 5, again preferably from 0.6 to
4.8, and wherein further preferably each of said W, X,
Y, Z ranges from 0.7 to 4.2, preferably from 0.8 to
3.2, and wherein further preferably each of said W,
X,Y, Z ranges from 0.9 to 2.7, preferably from 0.9 to
1.8, further preferably from 0.75 to 1.25. Preferably
each of said W, X, Y, Z are selected in a manner that
said composition is capable of inducing a balanced
immune response against all four serotypes, preferably
against serotype- 1, serotype-2, serotype-3 and
serotype-4 of domain III of the dengue virus envelope
protein E. In a further preferred embodiment, said
first composition is present in an amount W, said
second composition is present in an amount X, said
third composition is present in an amount Y, and
wherein said fourth composition is present in an
amount Z leading to a ratio of W:X:Y:Z, wherein said
ratio is selected from the group consisting of
1:1:1:1, 1:1:1:2, 1:1:1:3, 1:1:1:4, 1:1:1:5, 1:1:1:6,
1:1:1:7, 1:1:1:8, 1:1:1:9, 1:1:1:10 and 0.5:1.5:2:5.
Preferably each of said W, X, Y, Z are selected in a
manner that said composition is capable of inducing a
balanced immune response against all four serotypes,
preferably against serotype- 1, serotype-2, serotype-3
and serotype-4 of domain III of the dengue virus
envelope protein E. In a further preferred embodiment,
said first composition is present in an amount W, said
second composition is present in an amount X, said
third composition is present in an amount Y, and
wherein said fourth composition is present in an
amount Z leading to a ratio of W:X:Y:Z, wherein said
ratio is 1.1:1:1. Preferably each of said W, X,Y, Z
are selected in a manner that said composition is
capable of inducing a balanced immune response against
all four serotypes, preferably against serotype- 1,
serotype-2, serotype-3 and serotype-4 of domain III of
the dengue virus envelope protein E. In a further
preferred embodiment, said first composition is
present in an amount W, said second composition is
present in an amount X, said third composition is
present in an amount Y, and wherein said fourth
composition is present in an amount Z leading to a
ratio of W:X:Y:Z,wherein said ratio is 1.1:1:5.
Preferably each of said W, X, Y, Z are selected in a
manner that said composition is capable of inducing a
balanced immune response against all four serotypes,
preferably against serotype- 1, serotype-2, serotype-3
and serotype-4 of domain III 



of the dengue virus envelope protein E. In a further
preferred embodiment, said first composition is
present in an amount W, said second composition is
present in an amount X, said third composition is
present in an amount Y, and wherein said fourth
composition is present in an amount Z leading to a
ratio of W:X:Y:Z, wherein said ratio is 1.1:1:20.
Preferably each of said W, X, Y, Z are selected in a
manner that said composition is capable of inducing a
balanced immune response against all four serotypes,
preferably against serotype- 1, serotype-2, serotype-3
and serotype-4 of domain III of the dengue virus
envelope protein E. [00136] In a further preferred
embodiment of the present invention, the composition
comprises (i) a first composition, (ii) a second
composition (iii) a third composition, and (iv) a
fourth composition, wherein said first composition (i)
comprises (a) a virus-like particle of RNA
bacteriophage AP205 with at least one first attachment
site, wherein said virus-like particle of RNA
bacteriophage AP205 comprises one or more recombinant
coat proteins having, preferably consisting of, the
amino acid sequence as set forth in SEQ ID NO: 19, and
wherein said first attachment site is a lysine residue
and wherein said lysine residue is part of said
recombinant coat protein; and (b) at least one antigen
with at least one second attachment site, wherein said
at least one antigen is a dengue antigen, and wherein
said dengue antigen comprises, or preferably consists
of, SEQ ID NO:21, and wherein said at least one
antigen with said at least one second attachment site
further comprises a linker, wherein said linker
comprises said second attachment site, and wherein
said linker is associated to the C-terminus of said
antigen by way of one peptide bond, wherein said
second attachment site is a cysteine residue, and
wherein said cysteine residue is artificially added,
and wherein said first attachment site associates with
said second attachment site through a
hetero-bifunctional cross-linker, wherein preferably
said hetero-bifunctional cross-linker is SMPH, and
wherein said second composition (ii) comprises (a) a
virus-like particle of RNA bacteriophage AP205 with at
least one first attachment site, wherein said
virus-like particle of RNA bacteriophage AP205
comprises one or more recombinant coat proteins
having, preferably consisting of, the amino acid
sequence as set forth in SEQ ID NO: 19, and wherein
said first attachment site is a lysine residue and
wherein said lysine residue is part of said
recombinant coat protein; and (b) at least one antigen
with at least one second attachment site, wherein said
at least one antigen is a dengue antigen, and wherein
said dengue antigen comprises, or preferably consists
of, SEQ ID NO:24, and wherein said at least one
antigen with said at least one second attachmentsite
further comprises a linker, wherein said linker
comprises said second attachment site, and wherein
said linker is associated to the C-terminus of said
antigen by way of one peptide bond, wherein said
second attachment site is a cysteine residue, and
wherein said cysteine residue is artificially added,
and wherein said first attachment site associates with
said second attachment site through a
hetero-bifunctional cross-linker, wherein preferably
said heterobifunctional cross-linker is SMPH, and
wherein said third composition (iii) comprises (a) a
virus-like particle of RNA bacteriophage AP205 with at
least one first attachment site, wherein said
virus-like particle of RNA bacteriophage AP205
comprises one or more recombinant coat proteins
having, preferably consisting of, the amino acid
sequence as set forth in SEQ ID NO: 19, and wherein
said first attachment site is a lysine residue and
wherein said lysine residue is part of said
recombinant coat protein; and (b) at least one antigen
with at least one second attachment site, wherein said
at least one antigen is a dengue antigen, and wherein
said dengue antigen comprises, or preferably consists
of, SEQ ID NO:27, and wherein said at least one
antigen with said at least one second attachment site
further comprises a linker, wherein said linker
comprises said second attachment site, and wherein
said linker is associated to the C-terminus of said
antigen by way of one peptide bond, wherein said
second attachment site is a cysteine residue, and
wherein said cysteine residue is artificially added,
and wherein said first attachment site associates with
said second attachment site through a
hetero-bifunctional cross-linker, wherein preferably
said heterobifunctional cross-linker is SMPH, and
wherein said fourth composition (iv) is a composition
of the invention comprising (a) a virus-like particle
of RNA bacteriophage AP205 with at least one first
attachment site, wherein said virus-like particle of
RNA bacteriophage AP205 comprises one or more
recombinant coat proteins having, preferably
consisting of, the amino acid sequence as set forth in
SEQ ID NO: 19, and wherein said first attachment site
is a lysine residue and wherein said lysine residue is
part of said recombinant coat protein; and (b) at
least one antigen with at least one second attachment
site, wherein said at least one antigen is a dengue
antigen, and wherein said dengue antigen comprises, or
preferably consists of, SEQ ID NO:30, and wherein said
at least one antigen with said at least one second
attachment site further comprises a linker, wherein
said linker comprises said second attachment site, and



wherein said linker is associated to the C-terminus of
said antigen by way of one peptide bond, wherein said
second attachment site is a cysteine residue, and
wherein said cysteine residue is artificially added,
and wherein said first attachment site associates with
said second attachment site through a
hetero-bifunctional cross-linker, wherein preferably
said heterobifunctional cross-linker is SMPH.
Preferably each of said first, second, third and
fourth composition are present in equal amounts. In a
further preferred embodiment, said firstcomposition is
present in an amount W, said second composition is
present in an amount X, said third composition is
present in an amount Y, and wherein said fourth
composition is present in an amount Z leading to a
ratio of W:X:Y:Z, wherein each of said W, X,Y, Z
ranges from 0.1 to 10, preferably from 0.25 to 5, and
wherein further preferably each of said W, X,Y, Z
ranges from 0.5 to 5, again preferably from 0.6 to
4.8, and wherein further preferably each of said W,
X,Y, Z ranges from 0.7 to 4.2, preferably from 0.8 to
3.2, and wherein further preferably each of said W,
X,Y, Z ranges from 0.9 to 2.7, preferably from 0.9 to
1.8, further preferably from 0.75 to 1.25. Preferably
each of said W, X, Y, Z are selected in a manner that
said composition is capable of inducing a balanced
immune response against all four serotypes, preferably
against serotype- 1, serotype-2, serotype-3 and
serotype-4 of domain III of the dengue virus envelope
protein E. In a further preferred embodiment, said
first composition is present in an amount W, said
second composition is present in an amount X, said
third composition is present in an amount Y, and
wherein said fourth composition is present in an
amount Z leading to a ratio of W:X:Y:Z, wherein said
ratio is selected from the group consisting of
1:1:1:1, 1:1:1:2, 1:1:1:3, 1:1:1:4, 1:1:1:5, 1:1:1:6,
1:1:1:7, 1:1:1:8, 1:1:1:9, 1:1:1:10 and 0.5:1.5:2:5.
Preferably each of said W, X, Y, Z are selected in a
manner that said composition is capable of inducing a
balanced immune response against all four serotypes,
preferably against serotype- 1, serotype-2, serotype-3
and serotype-4 of domain III of the dengue virus
envelope protein E. In a further preferred embodiment,
said first composition is present in an amount W, said
second composition is present in an amount X, said
third composition is present in an amount Y, and
wherein said fourth composition is present in an
amount Z leading to a ratio of W:X:Y:Z, wherein said
ratio is 1.1:1:1. Preferably each of said W, X,Y, Z
are selected in a manner that said composition is
capable of inducing a balanced immune response against
all four serotypes, preferably against serotype- 1,
serotype-2, serotype-3 and serotype-4 of domain III of
the dengue virus envelope protein E. In a further
preferred embodiment, said first composition is
present in an amount W, said second composition is
present in an amount X, said third composition is
present in an amount Y, and wherein said fourth
composition is present in an amount Z leading to a
ratio of W:X:Y:Z, wherein said ratio is 1.1:1:5.
Preferably each of said W, X, Y, Z are selected in a
manner that said composition is capable of inducing a
balanced immune response against all four serotypes,
preferably against serotype- 1, serotype-2, serotype-3
and serotype-4 of domain III of the dengue virus
envelope protein E. In a further preferred embodiment,
said first composition is present in an amount W, said
second composition is present in an amount X, said
third composition is present in an amount Y, and
wherein said fourth composition is present in an
amount Z leading to a ratio of W:X:Y:Z, wherein said
ratio is 1.1:1:20.Preferably each of said W, X, Y, Z
are selected in a manner that said composition is
capable of inducing a balanced immune response against
all four serotypes, preferably against serotype- 1,
serotype-2, serotype-3 and serotype-4 of domain III of
the dengue virus envelope protein E. [00137] In a
further preferred embodiment of the present invention,
the composition comprises (i) a first composition,
(ii) a second composition (iii) a third composition,
and (iv) a fourth composition, wherein said first
composition (i) comprises (a) a virus-like particle of
RNA bacteriophage AP205 with at least one first
attachment site, wherein said virus-like particle of
RNA bacteriophage AP205 comprises one or more
recombinant coat proteins having, preferably
consisting of, the amino acid sequence as set forth in
SEQ ID NO: 19, and wherein said first attachment site
is a lysine residue and wherein said lysine residue is
part of said recombinant coat protein; and (b) at
least one antigen with at least one second attachment
site, wherein said at least one antigen is a dengue
antigen, and wherein said dengue antigen with said
second attachment site comprises, or preferably
consists of, SEQ ID NO:33, wherein said second
attachment site is a cysteine residue, and wherein
said cysteine residue is artificially added, and
wherein said first attachment site associates with
said second attachment site through a
hetero-bifunctional cross-linker, wherein preferably
said heterobifunctional cross-linker is SMPH, and
wherein said second composition (ii) comprises (a) a
virus-like particle of RNA bacteriophage AP205 with at
least one first attachment site, wherein said
virus-like particle of RNA bacteriophage AP205
comprises one or more recombinant coat proteins
having, preferably consisting of, the amino acid
sequence as set 



forth in SEQ ID NO: 19, and wherein said first
attachment site is a lysine residue and wherein said
lysine residue is part of said recombinant coat
protein; and (b) at least one antigen with at least
one second attachment site, wherein said at least one
antigen is a dengue antigen, and wherein said dengue
antigen with said second attachment site comprises, or
preferably consists of, SEQ ID NO:34, wherein said
second attachment site is a cysteine residue, and
wherein said cysteine residue is artificially added,
and wherein said first attachment site associates with
said second attachment site through a
hetero-bifunctional cross-linker, wherein preferably
said hetero-bifunctional cross-linker is SMPH, and
wherein said third composition (iii) comprises (a) a
virus-like particle of RNA bacteriophage AP205 with at
least one first attachment site, wherein said
virus-like particle of RNA bacteriophage AP205
comprises one or more recombinant coat proteins
having, preferably consisting of, the amino acid
sequence as set forth in SEQ ID NO: 19, and wherein
said first attachment site is a lysine residue and
wherein said lysine residue is part of said
recombinant coat protein; and (b) at least one antigen
with at least one second attachment site, wherein said
at least one antigen isa dengue antigen, and wherein
said dengue antigen with said second attachment site
comprises, or preferably consists of, SEQ ID NO: 35,
wherein said second attachment site is a cysteine
residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
preferably said hetero-bifunctional cross-linker is
SMPH, and wherein said fourth composition (iv) is a
composition of the invention comprising (a) a
virus-like particle of RNA bacteriophage AP205 with at
least one first attachment site, wherein said
virus-like particle of RNA bacteriophage AP205
comprises one or more recombinant coat proteins
having, preferably consisting of, the amino acid
sequence as set forth in SEQ ID NO: 19, and wherein
said first attachment site is a lysine residue and
wherein said lysine residue is part of said
recombinant coat protein; and (b) at least one antigen
with at least one second attachment site, wherein said
at least one antigen is a dengue antigen, and wherein
said dengue antigen with said second attachment site
comprises, or preferably consists of, SEQ ID NO:36,
wherein said second attachment site is a cysteine
residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
preferably said hetero-bifunctional cross-linker is
SMPH. Preferably each of said first, second, third and
fourth composition are present in equal amounts. In a
further preferred embodiment, said first composition
is present in an amount W, said second composition is
present in an amount X, said third composition is
present in an amount Y, and wherein said fourth
composition is present in an amount Z leading to a
ratio of W:X:Y:Z, wherein each of said W, X,Y, Z
ranges from 0.1 to 10, preferably from 0.25 to 5, and
wherein further preferably each of said W, X,Y, Z
ranges from 0.5 to 5, again preferably from 0.6 to
4.8, and wherein further preferably each of said W,
X,Y, Z ranges from 0.7 to 4.2, preferably from 0.8 to
3.2, and wherein further preferably each of said W, X,
Y, Z ranges from 0.9 to 2.7, preferably from 0.9 to
1.8, further preferably from 0.75 to 1.25. Preferably
each of said W, X, Y, Z are selected in a manner that
said composition is capable of inducing a balanced
immune response against all four serotypes, preferably
against serotype- 1, serotype-2, serotype-3 and
serotype-4 of domain III of the dengue virus envelope
protein E. In a further preferred embodiment, said
first composition is present in an amount W, said
second composition is present in an amount X, said
third composition is present in an amount Y, and
wherein said fourth composition is present in an
amount Z leading to a ratio of W:X:Y:Z, wherein said
ratio is selected from the group consisting of
1:1:1:1, 1:1:1:2, 1:1:1:3, 1:1:1:4, 1:1:1:5, 1:1:1:6,
1:1:1:7, 1:1:1:8, 1:1:1:9, 1:1:1:10 and 0.5:1.5:2:5.
Preferably each of said W, X,Y, Z are selected in a
manner that said composition is capable of inducing a
balanced immune response against all four
serotypes,preferably against serotype- 1, serotype-2,
serotype-3 and serotype-4 of domain III of the dengue
virus envelope protein E. In a further preferred
embodiment, said first composition is present in an
amount W, said second composition is present in an
amount X, said third composition is present in an
amount Y, and wherein said fourth composition is
present in an amount Z leading to a ratio of W:X:Y:Z,
wherein said ratio is 1.1:1:1. Preferably each of said
W, X,Y, Z are selected in a manner that said
composition is capable of inducing a balanced immune
response against all four serotypes, preferably
against serotype- 1, serotype-2, serotype-3 and
serotype-4 of domain III of the dengue virus envelope
protein E. In a further preferred embodiment, said
first composition is present in an amount W, said
second composition is present in an amount X, said
third composition is present in an amount Y, and
wherein said fourth composition is present in an
amount Z leading to a ratio of W:X:Y:Z, wherein said
ratio is 1.1:1:5. Preferably each of said W, X,Y, Z
are selected in a manner that said composition is
capable of inducing a balanced immune response against
all four 



serotypes, preferably against serotype- 1, serotype-2,
serotype-3 and serotype-4 of domain III of the dengue
virus envelope protein E. In a further preferred
embodiment, said first composition is present in an
amount W, said second composition is present in an
amount X, said third composition is present in an
amount Y, and wherein said fourth composition is
present in an amount Z leading to a ratio of W:X:Y:Z,
wherein said ratio is 1.1:1:20. Preferably each of
said W, X,Y, Z are selected in a manner that said
composition is capable of inducing a balanced immune
response against all four serotypes, preferably
against serotype- 1, serotype-2, serotype-3 and
serotype-4 of domain III of the dengue virus envelope
protein E. [00138] In a further preferred embodiment
of the present invention, the composition comprises
(i) a first composition, (ii) a second composition
(iii) a third composition, and (iv) a fourth
composition, wherein said first composition (i)
comprises (a) a virus-like particle of RNA
bacteriophage AP205 with at least one first attachment
site, wherein said virus-like particle of RNA
bacteriophage AP205 comprises one or more recombinant
coat proteins having, preferably consisting of, the
amino acid sequence as set forth in SEQ ID NO: 19, and
wherein said first attachment site is a lysine residue
and wherein said lysine residue is part of said
recombinant coat protein; and (b) at least one antigen
with at least one second attachment site, wherein said
at least one antigen is a dengue antigen, and wherein
said dengue antigen with said second attachment site
comprises, or preferably consists of, SEQ ID NO:33,
wherein said second attachment site is a cysteine
residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
preferably said heterobifunctional cross-linker is
SMPH, and wherein said second composition (ii)
comprises (a) avirus-like particle of RNA
bacteriophage AP205 with at least one first attachment
site, wherein said virus-like particle of RNA
bacteriophage AP205 comprises one or more recombinant
coat proteins having, preferably consisting of, the
amino acid sequence as set forth in SEQ ID NO: 19, and
wherein said first attachment site is a lysine residue
and wherein said lysine residue is part of said
recombinant coat protein; and (b) at least one antigen
with at least one second attachment site, wherein said
at least one antigen is a dengue antigen, and wherein
said dengue antigen with said second attachment site
comprises, or preferably consists of, SEQ ID NO:34,
wherein said second attachment site is a cysteine
residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
preferably said hetero-bifunctional cross-linker is
SMPH, and wherein said third composition (iii)
comprises (a) a virus-like particle of RNA
bacteriophage AP205 with at least one first attachment
site, wherein said virus-like particle of RNA
bacteriophage AP205 comprises one or more recombinant
coat proteins having, preferably consisting of, the
amino acid sequence as set forth in SEQ ID NO: 19, and
wherein said first attachment site is a lysine residue
and wherein said lysine residue is part of said
recombinant coat protein; and (b) at least one antigen
with at least one second attachment site, wherein said
at least one antigen is a dengue antigen, and wherein
said dengue antigen with said second attachment site
comprises, or preferably consists of, SEQ ID NO: 35,
wherein said second attachment site is a cysteine
residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
preferably said hetero-bifunctional cross-linker is
SMPH, and wherein said fourth composition (iv) is a
composition of the invention comprising (a) a
virus-like particle of RNA bacteriophage AP205 with at
least one first attachment site, wherein said
virus-like particle of RNA bacteriophage AP205
comprises one or more recombinant coat proteins
having, preferably consisting of, the amino acid
sequence as set forth in SEQ ID NO: 19, and wherein
said first attachment site is a lysine residue and
wherein said lysine residue is part of said
recombinant coat protein; and (b) at least one antigen
with at least one second attachment site, wherein said
at least one antigen is a dengue antigen, and wherein
said dengue antigen with said second attachment site
comprises, or preferably consists of, SEQ ID NO:37,
wherein said second attachment site is a cysteine
residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
preferably said hetero-bifunctional cross-linker is
SMPH. Preferably each of said first, second, third and
fourth composition are present in equal amounts. In a
further preferred embodiment, said firstcomposition is
present in an amount W, said second composition is
present in an amount X, said third composition is
present in an amount Y, and wherein said fourth
composition is present in an amount Z leading to a
ratio of W:X:Y:Z, wherein each of said W, X,Y, Z
ranges from 0.1 to 10, preferably from 0.25 to 5, and
wherein further preferably each of said W, X,Y, Z
ranges from 0.5 to 5, again preferably from 0.6 to
4.8, and wherein further preferably each 



of said W, X,Y, Z ranges from 0.7 to 4.2, preferably
from 0.8 to 3.2, and wherein further preferably each
of said W, X,Y, Z ranges from 0.9 to 2.7, preferably
from 0.9 to 1.8, further preferably from 0.75 to 1.25.
Preferably each of said W, X,Y, Z are selected in a
manner that said composition is capable of inducing a
balanced immune response against all four serotypes,
preferably against serotype- 1, serotype-2, serotype-3
and serotype-4 of domain III of the dengue virus
envelope protein E. In a further preferred embodiment,
said first composition is present in an amount W, said
second composition is present in an amount X, said
third composition is present in an amount Y, and
wherein said fourth composition is present in an
amount Z leading to a ratio of W:X:Y:Z, wherein said
ratio is selected from the group consisting of
1:1:1:1, 1:1:1:2, 1:1:1:3, 1:1:1:4, 1:1:1:5, 1:1:1:6,
1:1:1:7, 1:1:1:8, 1:1:1:9, 1:1:1:10 and 0.5:1.5:2:5.
Preferably each of said W, X,Y, Z are selected in a
manner that said composition is capable of inducing a
balanced immune response against all four serotypes,
preferably against serotype- 1, serotype-2, serotype-3
and serotype-4 of domain III of the dengue virus
envelope protein E. In a further preferred embodiment,
said first composition is present in an amount W, said
second composition is present in an amount X, said
third composition is present in an amount Y, and
wherein said fourth composition is present in an
amount Z leading to a ratio of W:X:Y:Z, wherein said
ratio is 1.1:1:1. Preferably each of said W, X,Y, Z
are selected in a manner that said composition is
capable of inducing a balanced immune response against
all four serotypes, preferably against serotype- 1,
serotype-2, serotype-3 and serotype-4 of domain III of
the dengue virus envelope protein E. In a further
preferred embodiment, said first composition is
present in an amount W, said second composition is
present in an amount X, said third composition is
present in an amount Y, and wherein said fourth
composition is present in an amount Z leading to a
ratio of W:X:Y:Z, wherein said ratio is 1.1:1:5.
Preferably each of said W, X,Y, Z are selected in a
manner that said composition is capable of inducing a
balanced immune response against all four serotypes,
preferably against serotype- 1, serotype-2, serotype-3
and serotype-4 of domain III of the dengue virus
envelope protein E. In a further preferred embodiment,
said first composition is present in an amount W, said
second composition is present in an amount X, said
third composition is present in an amount Y, and
wherein said fourth composition is present in an
amount Z leading to a ratio of W:X:Y:Z, wherein said
ratio is 1.1:1:20.Preferably each of said W, X,Y, Z
are selected in a manner that said composition is
capable of inducing a balanced immune response against
all four serotypes, preferably against serotype- 1,
serotype-2, serotype-3 and serotype-4 of domain III of
the dengue virus envelope protein E. [00139] In a
further preferred embodiment of the present invention,
the composition comprises (i) a first composition,
(ii) a second composition (iii) a third composition,
and (iv) a fourth composition, wherein said first
composition (i) comprises (a) a virus-like particle of
RNA bacteriophage AP205 with at least one first
attachment site, wherein said virus-like particle of
RNA bacteriophage AP205 comprises one or more
recombinant coat proteins having, preferably
consisting of, the amino acid sequence as set forth in
SEQ ID NO: 19, and wherein said first attachment site
is a lysine residue and wherein said lysine residue is
part of said recombinant coat protein; and (b) at
least one antigen with at least one second attachment
site, wherein said at least one antigen is a dengue
antigen, and wherein said dengue antigen with said
second attachment site comprises, or preferably
consists of, SEQ ID NO:33, wherein said second
attachment site is a cysteine residue, and wherein
said cysteine residue is artificially added, and
wherein said first attachment site associates with
said second attachment site through a
hetero-bifunctional cross-linker, wherein preferably
said heterobifunctional cross-linker is SMPH, and
wherein said second composition (ii) comprises (a) a
virus-like particle of RNA bacteriophage AP205 with at
least one first attachment site, wherein said
virus-like particle of RNA bacteriophage AP205
comprises one or more recombinant coat proteins
having, preferably consisting of, the amino acid
sequence as set forth in SEQ ID NO: 19, and wherein
said first attachment site is a lysine residue and
wherein said lysine residue is part of said
recombinant coat protein; and (b) at least one antigen
with at least one second attachment site, wherein said
at least one antigen is a dengue antigen, and wherein
said dengue antigen with said second attachment site
comprises, or preferably consists of, SEQ ID NO:34,
wherein said second attachment site is a cysteine
residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
preferably said hetero-bifunctional cross-linker is
SMPH, and wherein said third composition (iii)
comprises (a) a virus-like particle of RNA
bacteriophage AP205 with at least one first attachment
site, wherein said virus-like particle of RNA
bacteriophage AP205 comprises one or more recombinant
coat proteins having, preferably consisting of, the
amino 



acid sequence as set forth in SEQ ID NO: 19, and
wherein said first attachment site is a lysine residue
and wherein said lysine residue is part of said
recombinant coat protein; and (b) at least one antigen
with at least one second attachment site, wherein said
at least one antigen is a dengue antigen, and wherein
said dengue antigen with said second attachment
sitecomprises, or preferably consists of, SEQ ID NO:
35, wherein said second attachment site is a cysteine
residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
preferably said hetero-bifunctional cross-linker is
SMPH, and wherein said fourth composition (iv) is a
composition of the invention comprising (a) a
virus-like particle of RNA bacteriophage AP205 with at
least one first attachment site, wherein said
virus-like particle of RNA bacteriophage AP205
comprises one or more recombinant coat proteins
having, preferably consisting of, the amino acid
sequence as set forth in SEQ ID NO: 19, and wherein
said first attachment site is a lysine residue and
wherein said lysine residue is part of said
recombinant coat protein; and (b) at least one antigen
with at least one second attachment site, wherein said
at least one antigen is a dengue antigen, and wherein
said dengue antigen with said second attachment site
comprises, or preferably consists of, SEQ ID NO:38,
wherein said second attachment site is a cysteine
residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
preferably said hetero-bifunctional cross-linker is
SMPH. Preferably each of said first, second, third and
fourth composition are present in equal amounts. In a
further preferred embodiment, said first composition
is present in an amount W, said second composition is
present in an amount X, said third composition is
present in an amount Y, and wherein said fourth
composition is present in an amount Z leading to a
ratio of W:X:Y:Z, wherein each of said W, X,Y, Z
ranges from 0.1 to 10, preferably from 0.25 to 5, and
wherein further preferably each of said W, X,Y, Z
ranges from 0.5 to 5, again preferably from 0.6 to
4.8, and wherein further preferably each of said W,
X,Y, Z ranges from 0.7 to 4.2, preferably from 0.8 to
3.2, and wherein further preferably each of said W,
X,Y, Z ranges from 0.9 to 2.7, preferably from 0.9 to
1.8, further preferably from 0.75 to 1.25. Preferably
each of said W, X,Y, Z are selected in a manner that
said composition is capable of inducing a balanced
immune response against all four serotypes, preferably
against serotype- 1, serotype-2, serotype-3 and
serotype-4 of domain III of the dengue virus envelope
protein E. In a further preferred embodiment, said
first composition is present in an amount W, said
second composition is present in an amount X, said
third composition is present in an amount Y, and
wherein said fourth composition is present in an
amount Z leading to a ratio of W:X:Y:Z, wherein said
ratio is selected from the group consisting of
1:1:1:1, 1:1:1:2, 1:1:1:3, 1:1:1:4, 1:1:1:5, 1:1:1:6,
1:1:1:7, 1:1:1:8, 1:1:1:9, 1:1:1:10 and 0.5:1.5:2:5.
Preferably each of said W, X,Y, Z are selected in a
manner that said composition is capable of inducing a
balanced immune response against all four serotypes,
preferably against serotype- 1, serotype-2, serotype-3
and serotype-4 of domain III of thedengue virus
envelope protein E. In a further preferred embodiment,
said first composition is present in an amount W, said
second composition is present in an amount X, said
third composition is present in an amount Y, and
wherein said fourth composition is present in an
amount Z leading to a ratio of W:X:Y:Z, wherein said
ratio is 1.1:1:1. Preferably each of said W, X,Y, Z
are selected in a manner that said composition is
capable of inducing a balanced immune response against
all four serotypes, preferably against serotype- 1,
serotype-2, serotype-3 and serotype-4 of domain III of
the dengue virus envelope protein E. In a further
preferred embodiment, said first composition is
present in an amount W, said second composition is
present in an amount X, said third composition is
present in an amount Y, and wherein said fourth
composition is present in an amount Z leading to a
ratio of W:X:Y:Z, wherein said ratio is 1.1:1:5.
Preferably each of said W, X,Y, Z are selected in a
manner that said composition is capable of inducing a
balanced immune response against all four serotypes,
preferably against serotype- 1, serotype-2, serotype-3
and serotype-4 of domain III of the dengue virus
envelope protein E. In a further preferred embodiment,
said first composition is present in an amount W, said
second composition is present in an amount X, said
third composition is present in an amount Y, and
wherein said fourth composition is present in an
amount Z leading to a ratio of W:X:Y:Z, wherein said
ratio is 1.1:1:20. Preferably each of said W, X,Y, Z
are selected in a manner that said composition is
capable of inducing a balanced immune response against
all four serotypes, preferably against serotype- 1,
serotype-2, serotype-3 and serotype-4 of domain III of
the dengue virus envelope protein E. [00140] In a
further preferred embodiment of the present invention,
the composition comprises (i) a first composition,
(ii) a second composition (iii) a third composition,
and (iv) a fourth composition, wherein said first
composition (i) comprises (a) a virus-like particle of



RNA bacteriophage AP205 with at least one first
attachment site, wherein said virus-like particle of
RNA bacteriophage AP205 comprises one or more
recombinant coat proteins having, preferably
consisting of, the amino acid sequence as set forth in
SEQ ID NO: 19, and wherein said first attachment site
is a lysine residue and wherein said lysine residue is
part of said recombinant coat protein; and (b) at
least one antigen with at least one second attachment
site, wherein said at least one antigen is a dengue
antigen, and wherein said dengue antigen with said
second attachment site comprises, or preferably
consists of, SEQ ID NO:33, wherein said second
attachment site is a cysteine residue, and wherein
said cysteine residue is artificially added, and
wherein said first attachment site associates with
said second attachment site through a
hetero-bifunctional cross-linker, wherein preferably
said heterobifunctional cross-linker is SMPH, and
wherein said second composition (ii) comprises (a) a
virus-like particle of RNA bacteriophage AP205 with at
least one first attachment site,wherein said
virus-like particle of RNA bacteriophage AP205
comprises one or more recombinant coat proteins
having, preferably consisting of, the amino acid
sequence as set forth in SEQ ID NO: 19, and wherein
said first attachment site is a lysine residue and
wherein said lysine residue is part of said
recombinant coat protein; and (b) at least one antigen
with at least one second attachment site, wherein said
at least one antigen is a dengue antigen, and wherein
said dengue antigen with said second attachment site
comprises, or preferably consists of, SEQ ID NO:34,
wherein said second attachment site is a cysteine
residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
preferably said hetero-bifunctional cross-linker is
SMPH, and wherein said third composition (iii)
comprises (a) a virus-like particle of RNA
bacteriophage AP205 with at least one first attachment
site, wherein said virus-like particle of RNA
bacteriophage AP205 comprises one or more recombinant
coat proteins having, preferably consisting of, the
amino acid sequence as set forth in SEQ ID NO: 19, and
wherein said first attachment site is a lysine residue
and wherein said lysine residue is part of said
recombinant coat protein; and (b) at least one antigen
with at least one second attachment site, wherein said
at least one antigen is a dengue antigen, and wherein
said dengue antigen with said second attachment site
comprises, or preferably consists of, SEQ ID NO: 35,
wherein said second attachment site is a cysteine
residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
preferably said hetero-bifunctional cross-linker is
SMPH, and wherein said fourth composition (iv) is a
composition of the invention comprising (a) a
virus-like particle of RNA bacteriophage AP205 with at
least one first attachment site, wherein said
virus-like particle of RNA bacteriophage AP205
comprises one or more recombinant coat proteins
having, preferably consisting of, the amino acid
sequence as set forth in SEQ ID NO: 19, and wherein
said first attachment site is a lysine residue and
wherein said lysine residue is part of said
recombinant coat protein; and (b) at least one antigen
with at least one second attachment site, wherein said
at least one antigen is a dengue antigen, and wherein
said dengue antigen with said second attachment site
comprises, or preferably consists of, SEQ ID NO:39,
wherein said second attachment site is a cysteine
residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
preferably said hetero-bifunctional cross-linker is
SMPH. Preferably each of said first, second, third and
fourth composition are present in equal amounts. In a
further preferred embodiment, said first composition
is present in an amount W, said second composition is
present in an amount X,said third composition is
present in an amount Y, and wherein said fourth
composition is present in an amount Z leading to a
ratio of W:X:Y:Z, wherein each of said W, X,Y, Z
ranges from 0.1 to 10, preferably from 0.25 to 5, and
wherein further preferably each of said W, X,Y, Z
ranges from 0.5 to 5, again preferably from 0.6 to
4.8, and wherein further preferably each of said W,
X,Y, Z ranges from 0.7 to 4.2, preferably from 0.8 to
3.2, and wherein further preferably each of said W,
X,Y, Z ranges from 0.9 to 2.7, preferably from 0.9 to
1.8, further preferably from 0.75 to 1.25. Preferably
each of said W, X,Y, Z are selected in a manner that
said composition is capable of inducing a balanced
immune response against all four serotypes, preferably
against serotype- 1, serotype-2, serotype-3 and
serotype-4 of domain III of the dengue virus envelope
protein E. In a further preferred embodiment, said
first composition is present in an amount W, said
second composition is present in an amount X, said
third composition is present in an amount Y, and
wherein said fourth composition is present in an
amount Z leading to a ratio of W:X:Y:Z, wherein said
ratio is selected from the group consisting of
1:1:1:1, 1:1:1:2, 1:1:1:3, 1:1:1:4, 1:1:1:5, 1:1:1:6,
1:1:1:7, 1:1:1:8, 1:1:1:9, 1:1:1:10 and 0.5:1.5:2:5.
Preferably each of said W, X,Y, Z are selected in a
manner that said 



composition is capable of inducing a balanced immune
response against all four serotypes, preferably
against serotype- 1, serotype-2, serotype-3 and
serotype-4 of domain III of the dengue virus envelope
protein E. In a further preferred embodiment, said
first composition is present in an amount W, said
second composition is present in an amount X, said
third composition is present in an amount Y, and
wherein said fourth composition is present in an
amount Z leading to a ratio of W:X:Y:Z, wherein said
ratio is 1.1:1:1. Preferably each of said W, X,Y, Z
are selected in a manner that said composition is
capable of inducing a balanced immune response against
all four serotypes, preferably against serotype- 1,
serotype-2, serotype-3 and serotype-4 of domain III of
the dengue virus envelope protein E. In a further
preferred embodiment, said first composition is
present in an amount W, said second composition is
present in an amount X, said third composition is
present in an amount Y, and wherein said fourth
composition is present in an amount Z leading to a
ratio of W:X:Y:Z, wherein said ratio is 1.1:1:5.
Preferably each of said W, X,Y, Z are selected in a
manner that said composition is capable of inducing a
balanced immune response against all four serotypes,
preferably against serotype- 1, serotype-2, serotype-3
and serotype-4 of domain III of the dengue virus
envelope protein E. In a further preferred embodiment,
said first composition is present in an amount W, said
second composition is present in an amount X, said
third composition is present in an amount Y, and
wherein said fourth composition is present in an
amount Z leading to a ratio of W:X:Y:Z, wherein said
ratio is 1.1:1:20. Preferably each of said W, X,Y, Z
are selected in a manner that said composition is
capable ofinducing a balanced immune response against
all four serotypes, preferably against serotype- 1,
serotype-2, serotype-3 and serotype-4 of domain III of
the dengue virus envelope protein E. [00141] In a
further preferred embodiment of the present invention,
the composition comprises (i) a first composition,
(ii) a second composition (iii) a third composition,
and (iv) a fourth composition, wherein said first
composition (i) comprises (a) a virus-like particle of
RNA bacteriophage AP205 with at least one first
attachment site, wherein said virus-like particle of
RNA bacteriophage AP205 comprises one or more
recombinant coat proteins having, preferably
consisting of, the amino acid sequence as set forth in
SEQ ID NO: 19, and wherein said first attachment site
is a lysine residue and wherein said lysine residue is
part of said recombinant coat protein; and (b) at
least one antigen with at least one second attachment
site, wherein said at least one antigen is a dengue
antigen, and wherein said dengue antigen with said
second attachment site comprises, or preferably
consists of, SEQ ID NO:33, wherein said second
attachment site is a cysteine residue, and wherein
said cysteine residue is artificially added, and
wherein said first attachment site associates with
said second attachment site through a
hetero-bifunctional cross-linker, wherein preferably
said heterobifunctional cross-linker is SMPH, and
wherein said second composition (ii) comprises (a) a
virus-like particle of RNA bacteriophage AP205 with at
least one first attachment site, wherein said
virus-like particle of RNA bacteriophage AP205
comprises one or more recombinant coat proteins
having, preferably consisting of, the amino acid
sequence as set forth in SEQ ID NO: 19, and wherein
said first attachment site is a lysine residue and
wherein said lysine residue is part of said
recombinant coat protein; and (b) at least one antigen
with at least one second attachment site, wherein said
at least one antigen is a dengue antigen, and wherein
said dengue antigen with said second attachment site
comprises, or preferably consists of, SEQ ID NO:34,
wherein said second attachment site is a cysteine
residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
preferably said hetero-bifunctional cross-linker is
SMPH, and wherein said third composition (iii)
comprises (a) a virus-like particle of RNA
bacteriophage AP205 with at least one first attachment
site, wherein said virus-like particle of RNA
bacteriophage AP205 comprises one or more recombinant
coat proteins having, preferably consisting of, the
amino acid sequence as set forth in SEQ ID NO: 19, and
wherein said first attachment site is a lysine residue
and wherein said lysine residue is part of said
recombinant coat protein; and (b) at least one antigen
with at least one second attachment site, wherein said
at least one antigen is a dengue antigen, and wherein
said dengue antigen with said second attachment site
comprises, or preferably consists of, SEQ ID NO: 35,
wherein said second attachment site is acysteine
residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
preferably said hetero-bifunctional cross-linker is
SMPH, and wherein said fourth composition (iv) is a
composition of the invention comprising (a) a
virus-like particle of RNA bacteriophage AP205 with at
least one first attachment site, wherein said
virus-like particle of RNA bacteriophage AP205
comprises one or more recombinant coat proteins
having, preferably consisting of, the amino acid
sequence as set forth in SEQ ID 



NO: 19, and wherein said first attachment site is a
lysine residue and wherein said lysine residue is part
of said recombinant coat protein; and (b) at least one
antigen with at least one second attachment site,
wherein said at least one antigen is a dengue antigen,
and wherein said dengue antigen with said second
attachment site comprises, or preferably consists of,
SEQ ID NO:40, wherein said second attachment site is a
cysteine residue, and wherein said cysteine residue is
artificially added, and wherein said first attachment
site associates with said second attachment site
through a hetero-bifunctional cross-linker, wherein
preferably said hetero-bifunctional cross-linker is
SMPH. Preferably each of said first, second, third and
fourth composition are present in equal amounts. In a
further preferred embodiment, said first composition
is present in an amount W, said second composition is
present in an amount X, said third composition is
present in an amount Y, and wherein said fourth
composition is present in an amount Z leading to a
ratio of W:X:Y:Z, wherein each of said W, X,Y, Z
ranges from 0.1 to 10, preferably from 0.25 to 5, and
wherein further preferably each of said W, X,Y, Z
ranges from 0.5 to 5, again preferably from 0.6 to
4.8, and wherein further preferably each of said W,
X,Y, Z ranges from 0.7 to 4.2, preferably from 0.8 to
3.2, and wherein further preferably each of said W,
X,Y, Z ranges from 0.9 to 2.7, preferably from 0.9 to
1.8, further preferably from 0.75 to 1.25. Preferably
each of said W, X,Y, Z are selected in a manner that
said composition is capable of inducing a balanced
immune response against all four serotypes, preferably
against serotype- 1, serotype-2, serotype-3 and
serotype-4 of domain III of the dengue virus envelope
protein E. In a further preferred embodiment, said
first composition is present in an amount W, said
second composition is present in an amount X, said
third composition is present in an amount Y, and
wherein said fourth composition is present in an
amount Z leading to a ratio of W:X:Y:Z, wherein said
ratio is selected from the group consisting of
1:1:1:1, 1:1:1:2, 1:1:1:3, 1:1:1:4, 1:1:1:5, 1:1:1:6,
1:1:1:7, 1:1:1:8, 1:1:1:9, 1:1:1:10 and 0.5:1.5:2:5.
Preferably each of said W, X,Y, Z are selected in a
manner that said composition is capable of inducing a
balanced immune response against all four serotypes,
preferably against serotype- 1, serotype-2, serotype-3
and serotype-4 of domain III of the dengue virus
envelope protein E. In a further preferred embodiment,
said first composition ispresent in an amount W, said
second composition is present in an amount X, said
third composition is present in an amount Y, and
wherein said fourth composition is present in an
amount Z leading to a ratio of W:X:Y:Z, wherein said
ratio is 1.1:1:1. Preferably each of said W, X,Y, Z
are selected in a manner that said composition is
capable of inducing a balanced immune response against
all four serotypes, preferably against serotype- 1,
serotype-2, serotype-3 and serotype-4 of domain III of
the dengue virus envelope protein E. In a further
preferred embodiment, said first composition is
present in an amount W, said second composition is
present in an amount X, said third composition is
present in an amount Y, and wherein said fourth
composition is present in an amount Z leading to a
ratio of W:X:Y:Z, wherein said ratio is 1.1:1:5.
Preferably each of said W, X,Y, Z are selected in a
manner that said composition is capable of inducing a
balanced immune response against all four serotypes,
preferably against serotype- 1, serotype-2, serotype-3
and serotype-4 of domain III of the dengue virus
envelope protein E. In a further preferred embodiment,
said first composition is present in an amount W, said
second composition is present in an amount X, said
third composition is present in an amount Y, and
wherein said fourth composition is present in an
amount Z leading to a ratio of W:X:Y:Z, wherein said
ratio is 1.1:1:20. Preferably each of said W, X,Y, Z
are selected in a manner that said composition is
capable of inducing a balanced immune response against
all four serotypes, preferably against serotype- 1,
serotype-2, serotype-3 and serotype-4 of domain III of
the dengue virus envelope protein E. [00142] When the
composition and/or the vaccine composition of the
invention is administered to an individual, it may be
in a form which contains salts, buffers, adjuvants, or
other substances which are desirable for improving the
efficacy of the conjugate. Examples of materials
suitable for use in preparation of vaccine
compositions or pharmaceutical compositions are
provided in numerous sources including Remington's
Pharmaceutical Sciences (Osol, A, ed., Mack Publishing
Co., (1990)). This includes sterile aqueous (e.g.,
physiological saline) or non-aqueous solutions and
suspensions. Examples of non-aqueous solvents are
propylene glycol, polyethylene glycol, vegetable oils
such as olive oil, and injectable organic esters such
as ethyl oleate. Carriers or occlusive dressings can
be used to increase skin permeability and enhance
antigen absorption. [00143] The vaccine compositions
of the invention are said to be "pharmaceutically
acceptable" if their administration can be tolerated
by a recipient individual, preferably by a human.
Further, the vaccine compositions of the invention are
administered in a "therapeutically effective amount"
(i.e., an amount that produces a desired physiological



effect). The nature or type of immune response is not
a limiting factor of this disclosure. Without the
intention to limit the present invention by the
following mechanistic explanation,the inventive
vaccine compositions might induce antibodies which
bind to the envelope protein E of dengue virus, and,
thus, is capable of neutralizing the virus in vivo.
[00144] The invention further provides a
pharmaceutical composition comprising: (1) a vaccine
composition of the invention; and (2) a
pharmaceutically acceptable carrier. More
specifically, the invention provides a pharmaceutical
composition, said pharmaceutical composition
comprising (1) (a) a virus-like particle with at least
one first attachment site, wherein said virus-like
particle is a virus-like particle of an RNA
bacteriophage; and (b) at least one antigen with at
least one second attachment site, wherein said at
least one antigen is a dengue antigen, wherein said
dengue antigen comprises at least position 9 to 99,
position 9 to 109 or position 9 to 112 of domain III
of the dengue virus envelope protein E; and wherein
(a) and (b) are linked through said at least one first
and said at least one second attachment site; and (2)
a pharmaceutically acceptable carrier. [00145] The
invention further provides a pharmaceutical
composition for the treatment, amelioration and/or
prevention of dengue fever, dengue hemorrhagic fever,
and/or dengue shock syndrome, said pharmaceutical
composition comprising (1) a vaccine composition of
the invention, and (2) a pharmaceutically acceptable
carrier. [00146] The invention further provides a
method for the treatment, amelioration and / or
prevention of dengue fever, dengue hemorrhagic fever,
and/or dengue shock syndrome, said method comprising
administering a composition, a vaccine composition or
a pharmaceutical composition of the invention to an
animal, preferably to a human. Thus, the invention
provides a method for the treatment, amelioration and
/ or prevention of dengue fever, dengue hemorrhagic
fever, and/or dengue shock syndrome, said method
comprising administering a composition to an animal,
preferably to a human, said composition comprising (a)
a virus-like particle with at least one first
attachment site, wherein said virus-like particle is a
virus-like particle of an RNA bacteriophage; and (b)
at least one antigen with at least one second
attachment site, wherein said at least one antigen is
a dengue antigen, wherein said dengue antigen
comprises at least position 9 to 99 position 9 to 109
or position 9 to 112 of domain III of the dengue virus
envelope protein E; and wherein (a) and (b) are linked
through said at least one first and said at least one
second attachment site. [00147] With respect to the
methods of the invention, said composition, said
vaccine and/or said pharmaceutical composition is
preferably administered to said animal, more
preferably to said human, in an immunologically
effective amount. [00148] In one embodiment, the
compositions, vaccine compositions and/or
pharmaceutical compositions are administered to said
animal, preferably to said human by injection,
infusion, inhalation, oral administration, or other
suitable physical methods. In a preferred
embodiment,the compositions, vaccine compositions
and/or pharmaceutical compositions are administered to
said animal, preferably to said human,
intramuscularly, intravenously, transmucosally,
transdermally, intranasally, intraperitoneally,
subcutaneously, or directly into the lymphe node.
[00149] A further aspect of the invention is the use
of the compositions, of the vaccine compositions
and/or of the pharmaceutical compositions described
herein for the treatment, amelioration and/or
prevention of dengue fever, dengue hemorrhagic fever,
and/or dengue shock syndrome. [00150] A further aspect
of the invention is the use of the compositions, the
vaccine compositions and/or of the pharmaceutical
compositions described herein for the manufacture of a
medicament for the treatment, amelioration and/or
prevention of dengue fever, dengue hemorrhagic fever,
and/or dengue shock syndrome, preferably in an animal,
most preferably in a human. [00151] It is to be
understood that all technical features and embodiments
described herein, in particular those described for
the compositions of the invention, may be applied to
all aspects of the invention, especially to the
vaccine compositions, pharmaceutical compositions,
methods and uses, alone or in any possible
combination.EXAMPLES EXAMPLE 1 Cloning of envelope
protein E domain III [00152] Total gene synthesis of a
nucleic acid sequence encoding dengue serotype-2
envelope protein E domain III of strain
Thailand/NGS-C/1944 (Swissprot: P14340) was performed
using overlapping oligonucleotides and standard PCR
assembly methods to give a fragment with an Nde I
restriction site at the 5'-end and an Xho I
restriction site at the 3'-end, resulting in SEQ ID
NO:23. [00153] Nucleic sequences encoding dengue
envelope protein E domain III of serotype- 1 



(strain Reunion 305/04; Swissprot: A0S5S5), of
serotype-3 (strain Singapore/8120/1995; Swissprot:
Q5UB51), and of serotype-4 (strain MY01-23314;
Swissprot: Q8B0G5) were synthesized with an Nde I
restriction site at the 5'-end and an Xho I
restriction site at the 3'- end, whereby a codon
optimization for E. coli was performed (service by
Geneart, Regensburg, Germany). The resulting nucleic
acid sequences were SEQ ID NO:20 (serotype- 1), SEQ ID
NO:26 (serotype-3), and SEQ ID NO:29 (serotype-4). The
Nde I / Xho I fragments of all 4 serotypes were
subcloned into the corresponding sites of an
expression vector derivative of pET-42a(+) (Novagen,
Dietikon, Switzerland) to give the following vectors:
pET42T_DVl -E-DIII, pET42T_DV2-E-DIII,
pET42T_DV3-E-DIII, pET42T_DV4- E-DIII. This did add to
the domain III C-terminally a LE-linker (Xho I site),
a His -tag, a GGlinker and a cysteine at C-terminus
(DEN-I: SEQ ID NO22 (domain III of the dengue virus
envelope protein E of serotype- 1); DEN-2: SEQ ID
NO:25(domain III of the dengue virus envelope protein
E of serotype-2); DEN-3: SEQ ID NO:28(domain III of
the dengue virus envelope protein E of serotype-3);
DEN-4: SEQ ID NO:31(domain III of the dengue virus
envelope protein E of serotype-4)). EXAMPLE 2
Expression of envelope protein E domain III [00154]
Competent E. coli BL21 (DE3) were transformed with the
expression vector plasmids described in Example 1. A
single colony of a kanamycin containing agar plate was
grown overnight in liquid culture and used to
inoculate 1 1 of kanamycin containing LB medium. The
culture was grown at 37 0C with 150 rpm to OD oo nm =
1.0. Expression was induced with 1mM IPTG. Bacteria
were harvested after an overnight induction at 37 0C
by centrifuging for 15 minutes at 6000 rpm at 4
0C.EXAMPLE 3 Purification of envelope protein E domain
III [00155] The cell pellets from Example 2 were
resuspended in 25 ml buffer (PBS, 10 mM MgCl2, 0.25 %
Triton X-100, pH 7.2) and sonicated on ice. After
centrifugation with 15000 rpm for 20 minutes at 4 0C,
the inclusion bodies containing pellet was washed 4
times with 25 ml of buffer (100 mM Tris pH 7.0, 5 mM
EDTA, 5 mM DTT, 2 % Triton X-100). The pellet was
resuspended in 25 ml of buffer (8 M urea, 100 mM Tris
pH 8.0, 100 mM DTT) and incubated overnight at room
temperature with gently rotating. The resuspended
inclusion bodies were dialyzed against 3 1buffer (8 M
urea, 100 mM Na2HPO4 / NaH2PO4, 10 mM Tris, 2 mM b-ME,
pH8.0) at 4 0C. The sample was loaded on Ni2+-NTA
column (10 ml resuspended agarose; Qiagen) and washed
with the same dialysis buffer. Bound protein was
eluted using a low pH buffer (8 M urea, 100 mM Na2HPO4
/ NaH2PO4, 10 mM Tris, 2 mM 2- mercaptoethanol pH
4.5). EXAMPLE 4 Refolding of envelope protein E domain
III [00156] The eluted protein from Example 3 was
dialyzed overnight at 4 0C against 5 1buffer (2 M
urea, 50 mM Na2HPO4 / NaH2PO4, 0.5 M arginine, 0.5 mM
glutathione (oxidized), 5 mM glutathione (reduced), 10
% glycerol, pH 8.5), and dialyzed again overnight at 4
0C in the buffer (50 mM Na2HPO4 / NaH2PO4, 0.5 M
arginine, 0.5 mM glutathione (ox), 5 mM glutathione
(red), 10 % glycerol, pH 8.5). Afterwards, the sample
was dialyzed for 4 hours and overnight against buffer
(50 mM Na2HPO4 / NaH2PO4, 10 % glycerol, pH 8.5).
EXAMPLE 5 Coupling of envelope protein E domain III to
virus-like particle of RNA-bacteriophage Qb [00157]
2.47 g/1 virus-like particle of RNA-bacteriophage Qb
(Qb), wherein said Qb having amino acid sequence as
set forth in SEQ ID NO:1 were derivatized with 2.15 mM
SMPH (Pierce, Perbio Science, Lausanne, Switzerland)
for 2 hours at 23 0C and then dialyzed against PBS.
Then, 0.045 mM envelope protein E domain III from
Example 4 and 0.03 mM TCEP (Pierce, Perbio Science,
Lausanne, Switzerland) and 0.03 mM derivatized Qb
viruslike particles were incubated for three hours at
room temperature. The coupling products were analyzed
by SDS-page.EXAMPLE 6 Immunization [00158] In
Experiment 1 C57BL/6 mice were primed with 50 mg
Qb-DIII (serotype 2; from Example 5) on day 0,
(subcutaneously; in 0.1 ml PBS) and compared to mice
primed with 50 mg Qb only. In Experiment 2, the
vaccine was further purified on a size exclusion
column, and then injected together with 1 mg alum,
similarly as in Experiment 1. After boosting
(Experiment 1: days 14, 28, 87; Experiment 2 : days
14, 28, 50) with the same vaccines, respectively, the
anti-Qb and the anti-DIII antibody titers in serum
were checked by ELISA at 



day 169 (Experiment 1) and day 92 (Experiment 2). The
IgG titers against the envelope protein E domain III
were on average 12952 (Experiment 1) and 29481
(Experiment 2). The Qb titers were found to be 6652
(Experiment 1) and 125177 (Experiment 2) on average.
EXAMPLE 7 Plaque Reduction Neutralization Test
(PRNT50) [00159] The PRNT50 assay was performed
according to Russell et al. 1967 (Journal of
Immunology 99, 291-296). Plaque count was determined
by using LLC-MK plaque assay single overlay technique.
Briefly, serum was thawed, diluted, and
heat-inactivated by incubation at 56 0C for 30
minutes. Serial 4-fold dilutions of serum were made.
An equal volume of diluted virus (40-60 plaque forming
units / 0.2 ml of Dengue serotype 2 strains; DEN-2
16681, Russell et al 1967, Jpn. J . Med. Sci. Biol. 20
Suppl: 103-108; or DEN-2 S16803 WHO strain,
unpublished) was added to each serum dilution tube.
Following incubation at 37 0C for 60 minutes, 0.2 ml
were removed from each tube and were inoculated onto
triplicate 6 well plates of confluent LLC-MK cells.
Each plate was incubated at 37 0C for 90 minutes and
the monolayer was then overlaid with 4 ml of 3.0 %
carboxy methyl cellulose/MEM. Plates were incubated
for 7 days at 37 0C with 5 % CO2 followed by plaque
count. PRNT50 titer was determined by statistical
analysis using the SPSS computer program. Eleven sera
from mice immunized with Qb-DIII vaccine (Experiment 1
and Experiment 2) showed PRNT50 titers that were
between 67 and 5475 against both isolates. Of the VLP
immunized negative control animals (n=8), no sera were
found to neutralize; the titers were all below 12
except one serum which had a titer of 65 when
challenged with S16803. EXAMPLE 8 Efficacy of Qb-DIII
in vivo [00160] The Efficacy of Qb-DIII against dengue
virus infection is tested in an animal model as
described by Chen et al. 2007 (J. Virol. 81(l
l):5518-26). C57BL/6 mice are immunizedwith 50 mg of
Qb-DIII, a dengue serotype 2 vaccine (from Example 5;
purified on a size exclusion column) on days 0, 14, 28
(subcutaneously; in 0.2 ml PBS) and compared to mice
immunized with 50 mg QB only. On day 35, mice are
challenged intradermally at four sites on the upper
back with PBS or dengue serotype 2 strain 16681 (8 x
107 plaque forming units (PFU); Russell, Udomsakdi,
Halstead, 1967). RNA is extracted from tissues and
serum collected three days after viral challenge. The
viral capsid gene is amplified by RT-PCR (as described
by Chen et al., 2007). EXAMPLE 9 Tetravalent mouse
serum neutralizes all dengue serotypes [00161] The
Dili domains from serotypes ( 1 to 4) DEN-I, DEN-2,
DEN-3, and DEN-4 were expressed in E. coli and
purified to homogeneity. A growth medium containing 1
g/1 methionine was used. After Ni-NTA purification and
the subsequent refolding process, proteins were
further purified by size exclusion chromatography. In
four independent reactions, the coupling of these Dili
domains to the RNA-bacteriophage Qb particle was done
similarly as initially for the DV2-DIII domain, these
recombinant antigens were rendered highly ordered and
repetitive by covalent attachment to a virus-like
particle. Uncoupled antigen was removed by size
exclusion chromatography and coupling of antigen
analyzed by western blot. The tetravalent immunogenic
composition was obtained by mixing 50 mg Qb-
DEN-I-EDIII, 50 mg Qb-DEN-2-EDIII, 50 mg
Qb-DEN-3-EDIII, and 50 mg Qb-DEN-4- EDIII. C57B1/6
mice were immunized on days 0, 10, and 2 1 with this
tetravalent composition or with these monovalent,
unmixed compositions. Alum was used as an adjuvant. On
day 28, mice were bled and sera analyzed in a PRNT
neutralization assay. [00162] Titers in Table: 1
showed that monovalent and tetravalent vaccine
compositions are capable of inducing very high
antibody titers in ELISA . Table: 1 vaccine EDIII
coated Average ELISA titers monovalent Qb-DEN-1 DEN-1
201864 Qb-DEN-2 DEN-2 330661 Qb-DEN-3 DEN-3 625853
Qb-DEN-4 DEN-4 82258 tetravalent Qb-DEN-1234 DEN-1
312659 Qb-DEN-1234 DEN-2 498018 Qb-DEN-1234 DEN-3
479350 Qb-DEN-1234 DEN-4 325569 [00163] PRNT assay -
Neutralization titers: The assay showed sera collected
from mice immunized with monovalent or tetravalent
compositions neutralized all serotypes in vitro 



with high average PRNT titers (Table: 2). Qb negative
control sera did not neutralize anydengue serotype and
reached titers that were below 10 for all serotypes.
Table: 2 DEN-1 DEN-2 DEN-3 DEN-4 (16007) (16681)
(16562) (1036) monovalent Qb-DEN-1 2003 Qb-DEN-2 3833
Qb-DEN-3 2261 Qb-DEN-4 102 tetravalent Qb-DEN-1234
5604 3081 938 2 1 control Qb < 10 < 10 < 10 < 10
EXAMPLE 10 Alternating ratios of vaccine components
lead to equivalent immune response [00164]
Alternatively, the four DEN-EDIII proteins from
Example 1 were cloned in the same vector but without
His -tag, and with the following, new C-terminal
sequence: - KGSSIGKMGGSCG for serotypes 1, 3 and 4,
and following, new C-terminal sequence: -
KGSSIGQMGGSCG for serotype-2. [00165] Similarly as
described in Example 2, competent E. coli BL21 (DE3)
were transformed and a single colony of a kanamycin
containing agar plate was grown overnight in liquid
culture and used to inoculate 0.3 1of kanamycin
containing LB medium. The culture was grown at 37 0C
with 150 rpm to OD600 nm = 1.0. Expression was induced
with 1mM IPTG. Bacteria were harvested after an
overnight induction at 37 0C by centrifuging for 15
minutes at 6000 rpm at 4 0C. [00166] The cell pellets
were resuspended in 10 ml 20 mM Tris, 2 mM MgC12,
pH8.0 and sonicated on ice. 0.5 mg/ml lysozyme and 20
U/ml benzonase were added to the solution and
incubated for 30 minutes at room temperature. After a
further sonication, the inclusion bodies were washed
in 20 mM Tris, 50 mM NaCl, 4% Triton-XIOO, 20 mM
2-mercaptoethanol, pH 7.5. The inclusion bodies were
resuspended in 8M urea, 50 mM Tris, 20 mM
betamercaptoethanol, pH 8.5. [00167] The inclusion
bodies were refolded by dialyzing two times in the
buffer 20 mM Tris, 4.5 mM glutathione (reduced), 0.5
mM glutathione (oxidized), 50 mM NaCl, pH 9.0. After a
further dialysis in the same buffer without
glutathione, the dialysis was repeated two times in 20
mM Tris, 50 mM NaCl, pH 8.0. The refolded proteins
were purified on a gel filtration column (HiLoad
26/60, Superdex 75 pg, GE Healthcare). [00168] AP205
(2 g/1) was derivatized with 1.4 mM SMPH for 30
minutes at roomtemperature and then dialysed against
20 niM Tris pH8. An equimolar amount of TCEP (Pierce)
and envelope protein E domain III (Example 10) were
reacted for 20 minutes. Then, 0.057 mM reduced EDIII
protein and 0.048 mM derivatized AP205 virus-like
particles were incubated for 17 hours at 4C. The
coupling products were analyzed by SDS-page and
western blotting with diluted ( 1:5000) Qb-DEN-EDIII
mouse serum from Example 6. [00169] Groups of 5 mice
were immunized three times (on days 0, 11, 20) in the
presence of alum with equal amounts of VLP-DEN-I,
VLP-DEN-2 and VLP-DEN-3 and an excess of VLP-DEN-4
(20-fold excess of VLP-DEN-4: 10 mg AP205-DEN-1, 10 mg
AP205-DEN-2, 10 mg AP205-DEN-3, 200 mg AP205-DEN-4; or
5-fold excess of VLP-DEN-4: 20 mg AP205- DEN-I, 20 mg
AP205-DEN-2-EDIII, 20 mg AP205-DEN-3, 100 mg
AP205-DEN-4). When immunizing with a 20-fold excess of
DEN-4 over DEN-I, DEN-2, DEN-3 vaccines, the IgG
ELISA-titers against the EDIII protein were 228'00O
for DEN-I, 146O00 for DEN-2, and 108O00 for DEN-3 and
675'00O for DEN-4. When immunizing with a 5-fold
excess of DEN-4 over DEN-I, DEN-2, DEN-3 vaccines, the
IgG ELISA-titers against the EDIII protein were 331O00
for DEN-I, 306O00 for DEN-2, and 116O00 for DEN-3 and
499'00O for DEN-4. EXAMPLE 11 Neutralization assay
with tetravalent serum from mice immunized with excess
of DEN-4 vaccine [00170] A neutralization experiment
is performed as described in example 7. The PRNT-50
neutralization titers against DEN-I, DEN-2, DEN-3, and
DEN-4 are determined with sera from example 10.
EXAMPLE 12 Kinetics and immunogenicity of the
tetravalent AP205-DEN-EDIII vaccine [00171] The four
DEN-EDIII proteins with His -tag from Example 1 were
expressed in 4 1of medium (dYT, 0.05 g/1 kanamycin,
0.1 % glucose, 1 g/1 methionine) as described in
example 



2. Bacteria were harvested after overnight induction
at 37 0C by centrifuging for 15 minutes at 5000 rpm at
4 0C. [00172] The cell pellets were resuspended in 60
ml PBS and sonicated on ice. The inclusion bodies were
centrifuged at 47000 g for 15 minutes, and resuspended
in 60 ml of 20 mM Tris, 2 mM MgC12, 1% Triton-XIOO, 5
mM DTT, pH 8.5. After a further sonication, the
inclusion bodies were incubated for 1 hour at 37C with
0.2 g/1 lysozyme, 2 U/ml benzonase. The inclusion
bodies were centrifuged at 47000 g for 15 minutes, and
resuspended in 30 ml of 20niM Tris, 2 % Triton-XIOO, 5
mM DTT, pH 8.5. After centrifugation, the inclusion
bodies were resuspended in 8 M urea, 50 mM Tris, 20 mM
beta-mercaptoethanol, pH 8.5. Insoluble debris was
removed by centrifugation at 17000 g for 30 minutes.
[00173] 20 ml Fractogel EMD chelate (Catalog number:
1.10338.0250; Merck) was packed on a XKl 6 column (GE
healthcare) and loaded with 100 mM NiSO4. The column
was washed with PBS and then with 8 M urea, 50 mM
Tris, 20 mM beta-mercaptoethanol, pH 8.0. 1350 mg of
protein sample was loaded on the column and washed
with 8 M urea, 50 mM Tris, 20 mM beta-mercaptoethanol,
pH 8.0, and eluted with 8 M urea, 50 mM Tris, 20 mM
beta-mercaptoethanol, 250 mM imidazole, pH 8.0.
[00174] 200 mg of eluted protein were dialysed two
times at 1 mg/ml in 50 mM Tris, 0.4 M L-Arginine, 10 %
glycerol, 4.5 mM glutathione (reduced), 0.5 mM
glutathione (oxidized), 20 mM beta-mercaptoethanol, pH
8.5. Then, dialysis was repeated two times in 20 mM
Tris pH 7.5. Precipitated material was removed by
centrifugation at 15000 rpm for 10 minutes in a SS34
Sorvall centrifuge. 200ml of soluble proteins were
concentrated to approximately 30 ml by Tangential Flow
Filtration (Catalog number: PXB005A50; Biomax 5 kDa,
Pellicon XL, 50 cm2, Millipore; 100 ml/minute).
Refolded, monomeric proteins were purified on a gel
filtration column (HiLoad 26/60, Superdex 75 pg, GE
Healthcare) in the buffer 20 mM Tris, pH 7.5. [00175]
2.9 g/1 AP205 were derivatized with 2.75 mM SMPH for
30 minutes at room temperature and then dialysed
against 20 mM Tris pH 7.5. Then, an equimolar amount
of TCEP (Pierce) and envelope protein E domain III
from Example 12 were preincubated for 17 hours at 4
0C. Then, 0.05 mM EDIII protein and 0.052 mM
derivatized AP205 virus-like particles were incubated
for 2 hours at room temperature. The coupling products
were purified on a gel filtration column (HiLoad
26/60, Superdex 75 pg, GE Healthcare) and analyzed by
SDS-page and western blotting with diluted (1:2000)
Qb-DEN-EDIII mouse serum from Example 6. [00176]
Groups of 6 female C57B1/6 mice were immunized in the
presence of alum subcutaneously three times (on days
0, 14, and 28) with 200 mg of the tetravalent AP205-
DEN-EDIII mixture (50 mg of each serotype vaccine).
Table: 3 shows that EDIII specific ELISA-titers can be
reached after only a single administration of the
tetravalent AP205-DENEDIII conjugate vaccine and
finally reach titers above 24'00O for all immobilized
EDIII serotype proteins. EDIII-specific antibody
titers are expressed as those serum dilutions which
lead to half-maximal OD450nm in ELISA.Table: 3
preimmune day 13 day 27 day 45 AP205-DEN-1-EDIII < 50
5724 29605 46005 AP205-DEN-2-EDIII < 50 121 1 31616
37090 AP205-DEN-3-EDIII < 50 2558 26931 35577
AP205-DEN-4-EDIII < 50 827 131 16 24626 [00177] A
neutralization experiment was performed as described
in example 7. The PRNT-50 neutralization titers in
table: 4 show that these tetravalent sera (day 45)
specifically have neutralized DEN-I, DEN-2, DEN-3, and
DEN-4 in vitro. Table: 4 DEN-isolate DEN1 (16007) DEN2
(16681) DEN3 (16562) DEN4 (1036) PRNT-50 titer
(preimmune serum background subtracted) 19761 4685
2574 25 EXAMPLE 13 lmmunogenicity of the coupled or
unconjugated EDIII proteins [00178] The four DEN-EDIII
proteins without His -tag from Example 10 were
expressed in 2 1of medium as described in example 10,
but bacteria were harvested after 4 hours induction at
37 0C by centrifuging for 15 minutes at 6000 rpm at 4
0C. [00179] The cell pellets were resuspended in 45 ml
20 mM Tris, 2 mM MgC12, pH7.5 and sonicated on ice.
0.25 mg/ml lysozyme and 5 U/ml benzonase were added to
the solution and incubated for 1 hour at 37C. After
the addition of 150 ml 20 mM Tris, 50 mM NaCl, 4% 



Triton-XIOO, 20 mM 2-mercaptoethanol, pH 7.5, and a
further sonication, the inclusion bodies were
centrifuged and resuspended in 20 mM Tris, 50 mM NaCl,
4% Triton-XIOO, 20 mM 2-mercaptoethanol, pH 7.5. Then,
the inclusion bodies were centrifuged again and
resuspended in 8 M urea, 50 mM Tris, 20 mM
beta-mercaptoethanol, pH 8.5. [00180] The inclusion
bodies were refolded at 1 mg/ml by dialyzing once for
40 hours at 4 0C in the buffer 20 mM Tris, 4.5 mM
glutathione (reduced), 0.5 mM glutathione (oxidized),
50 mM NaCl, 400 mM L-arginine, 10 % glycerol, pH 9.0.
After a further dialysis for 8 hours at 4 0C in the
buffer 20 mM Tris, 4.5 mM glutathione (reduced), 0.5
mM glutathione (oxidized), 50 mM NaCl, pH 8.0, the
dialysis was repeated for 15 hours at 4C in 20 mM
Tris, 50 mM NaCl, pH 8.0. The refolded, monomeric
proteins were purified on a gel filtration column
(HiLoad 26/60, Superdex 75 pg, GE Healthcare) in the
buffer 20 mM Tris, pH 8.0. Eluted fractions were
concentrated on centrifugal filter units (10 kD MWCO,
Amicon Ultra-15, Millipore).[00181] 2 g/1 AP205 were
derivatized with 1.4 rnM SMPH for 30 minutes at room
temperature and then dialysed against 20 mM Tris pH8.
Then, an equimolar amount of TCEP (Pierce) and
envelope protein E domain III from Example 13 were
preincubated for 2 hours at 4 0C. Then, 0.029 mM EDIII
protein and 0.036 mM derivatized AP205 virus-like
particles were incubated for 2 hours at room
temperature. The coupling products were purified on a
gel filtration column (HiLoad 26/60, Superdex 75 pg,
GE Healthcare) and analyzed by SDS-page and western
blotting with diluted ( 1:2000) QbDEN-EDIII mouse
serum from Example 6. [00182] Groups of 5 female
C57B1/6 mice were immunized subcutaneous Iy three
times (with alum; on days 0, 11, and 21) with 200 mg
of the tetravalent AP205-DEN-EDIII vaccine (50 mg of
each serotype) or with 200 mg of tetravalent,
unconjugated mixture of the AP205 / EDIII each time.
Alternatively, 50 mg of the coupled, monovalent
AP205-DEN-EDIII vaccine or a monovalent, unconjugated
mixture of the AP205 / EDIII was injected each time.
[00183] Table: 5 shows that ELISA-titers can be
boosted after 28 days up to titers of 560O00 -
l'200'000. Three injections of the unconjugated,
tetravalent AP205 / EDIII mixture did result in three
to seven fold lower titers than the coupled
AP205-DEN-EDIII. Furthermore, three injections of an
unconjugated, monovalent AP205 / EDIII mixture did
result in 10 to 38 fold lower titers than the coupled
monovalent AP205-DEN-EDIII vaccines (Table: 4).
DENEDIII- specific antibody titers are expressed as
those serum dilutions which lead to halfmaximal
OD450nm in ELISA. Shown are mean titers. Table: 5
vaccine Coated antigen coupled mixed Monovalent
AP205-DEN-1-EDIII DEN-1-EDIII 504468 13149
AP205-DEN-2-EDIII DEN-2-EDIII 272339 2291 1
AP205-DEN-3-EDIII DEN-3-EDIII 190046 19670
AP205-DEN-4-EDIII DEN-4-EDIII 126558 4145 TetraValent
AP205-DEN-1234-EDIII DEN-1-EDIII 1026480 197075
AP205-DEN-1234-EDIII DEN-2-EDIII 630357 84053
AP205-DEN-1234-EDIII DEN-3-EDIII 1156246 414087
AP205-DEN-1234-EDIII DEN-4-EDIII 560357 101584 EXAMPLE
14 Tetravalent vaccine in a primate dengue model
[00184] The efficacy of the tetravalent
AP205-DENV-EDIII vaccine against dengue virus
infection is tested in a primate model as described by
Blaney et al, 2008 (Vaccine, vol. 26, page 817). A
group of 4 rhesus macaques is immunized with 600 mg of
the tetravalent AP205- DENV-EDIII (150 mg of each
serotype; from Example 13) on days 0, 14, 28
(subcutaneously, with alum) and compared to monkeys
immunized with 600 mg AP205 only. On day 35,
allanimals are challenged by subcutaneous infection
with 105 PFU of DENV-3 Sleman/78 wild type virus.
Serum is collected on days 0-6, 8, and 10, frozen at
-80 0C, and the virus titer in serum samples is
determined by plaque assay in Vera cells. [00185]
Serum aliquots are thawed and serial 10-fold dilutions
are inoculated onto Vera cell monolayer cultures in
24-well plates (Durbin et al., 2001, Am. J . Trap.
Med. Hyg., vol. 65, page 405). After a 1-hr incubation
at room temperature, the monolayers are overlaid with
0.8% methylcellulose in OptiMEM (Life Technologies)
supplemented with 5% FBS. Following incubation at 37C
for four days, virus plaques are visualized by
immunoperoxidase staining. Briefly, cell monolayers
are fixed in 80% methanol for 30 min and rinsed with
antibody buffer (5% nonfat milk in PBS). Polyclonal,
rabbit DENV-3 specific antibodies (Abeam) are diluted
in antibody buffer and added to each well followed by
a 1-hr incubation at 37C. Primary antibody is removed
and the cell monolayers are washed twice with antibody
buffer. Peroxidase-labeled goat-anti-rabbit IgG
(Kirkegaard and Perry 



Laboratories, Gaithersburg, MD) is diluted 1:500 in
antibody buffer and added to each well, followed by a
1-hr incubation at 37C. Secondary antibody is removed
and the wells are washed twice with PBS. Peroxidase
substrate (4-chloro-l-naphthol in H2O2) is added to
each well and visible plaques are counted. EXAMPLE 15
Tetravalent compositions in a neutralization assay
[00186] Four new DEN-4-EDIII (serotype-4) proteins
from two different DEN-4 strains (strain MY01-23314;
Swissprot: Q8B0G5; and NCBI-accession number: U18429,
strain: Indonesia 1976, Isolate: 1036) are cloned in
the same vector as in example 1, but without His6-tag,
and with the following, new N-terminal sequences
MSYTMCS- (MY01-23314) and MSYTMCP- (Indonesia 1976).
The new C-terminal sequences are -WFRKGSSIGKGSCG
(MY01-23314), and -WFRKGSSGSCG (MY01-23314) and
-WFRKGSSIGKGSCG (Indonesia 1976) and -WFRKGSSGSCG
(Indonesia 1976). [00187] These new four new proteins
are then expressed and purified as described in
example 13. Tetravalent vaccine compositions are
prepared with equal amounts of each serotype vaccine
(50 mg of each serotype AP205-DEN-EDIII) or with
AP205-DEN-4-EDIII vaccine in excess, similarly as
described in example 10. Sera from immunized mice are
tested by ELISA, similarly as described in example 13.
A neutralization experiment is performed as described
in example 7.CLAIMS 1. A composition comprising: (a) a
virus-like particle with at least one first attachment
site, wherein said virus-like particle is a virus-like
particle of an RNA bacteriophage; and (b) at least one
antigen with at least one second attachment site,
wherein said at least one antigen is a dengue antigen,
wherein said dengue antigen comprises at least
position 9 to 99 of domain III of the dengue virus
envelope protein E; and wherein (a) and (b) are linked
through said at least one first and said at least one
second attachment site, and wherein preferably said
domain III of the dengue virus envelope protein E is
selected from the group consisting of: (i) domain III
of the dengue virus envelope protein E of a dengue
virus of serotype- 1; (ii) domain III of the dengue
virus envelope protein E of a dengue virus of
serotype-2; (iii) domain III of the dengue virus
envelope protein E of a dengue virus of serotype-3;
and (iv) domain III of the dengue virus envelope
protein E of a dengue virus of serotype-4. 2. The
composition of claim 1, wherein said dengue antigen
comprises, or preferably consists of, at least
position 9 to 99 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype- 1.
3. The composition of claim 1, wherein said dengue
antigen comprises, or preferably consists of, at least
position 9 to 99 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-2. 4.
The composition of claim 1, wherein said dengue
antigen comprises, or preferably consists of, at least
position 9 to 99 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-3. 5.
The composition of claim 1, wherein said dengue
antigen comprises, or preferably consists of, at least
position 9 to 99 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-4. 6.
The composition of any one of the claims 1 to 5,
wherein said dengue antigen comprises, or preferably
consists of, position 9 to 109 or position 9 to 112 of
domain III of the dengue virus envelope protein E.7.
The composition of any one of the claims 1 to 5,
wherein said dengue antigen comprises or preferably
consists of position 9 to 99 of any one of SEQ ID NOs
21, 24, 27, 30 and 32. 8. The composition of any one
of the claims 1 to 7, wherein said dengue antigen
comprises or preferably consists of position 9 to 109
or position 9 to 112 of any one of the SEQ ID NOs 21,
24, 27, 30 or 32. 9. A composition comprises, or
preferably consists of, (i) a first composition, (ii)
a second composition, (iii) a third composition, and
(iv) a fourth composition; wherein said first
composition (i) comprises a virus-like particle of an
RNA bacteriophage with at least one first attachment
site and at least one antigen with at least one second
attachment site, wherein said at least one antigen is
a dengue antigen comprising, or preferably consisting
of, at least position 9 to 99 of domain III of the
dengue virus envelope protein E of a dengue virus of
serotype- 1; and 



wherein said second composition (ii) comprises a
virus-like particle of an RNA bacteriophage with at
least one first attachment site and at least one
antigen with at least one second attachment site,
wherein said at least one antigen is a dengue antigen
comprising, or preferably consisting of, at least
position 9 to 99 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-2;
and wherein said third composition (iii) comprises a
virus-like particle of an RNA bacteriophage with at
least one first attachment site and at least one
antigen with at least one second attachment site,
wherein said at least one antigen is a dengue antigen
comprising, or preferably consisting of, at least
position 9 to 99 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-3;
and wherein said fourth composition (iv) comprises a
virus-like particle of an RNA bacteriophage with at
least one first attachment site and at least one
antigen with at least one second attachment site,
wherein said at least one antigen is a dengue antigen
comprising, or preferably consisting of, at least
position 9 to 99 of domain III of the dengue virus
envelope protein E of a dengue virus of serotype-4;
andand wherein said virus-like particles of an RNA
bacteriophage and said at least one antigen of each of
said first composition, said second composition, said
third composition and said fourth composition are
linked through said at least one first and said at
least one second attachment site. 10. The composition
of any one of claims 1 to 9, wherein said virus-like
particle comprises, essentially consists of, or
alternatively consists of, recombinant coat proteins,
mutants or fragments thereof, of an RNA bacteriophage.
11. The composition of claim 10, wherein said RNA
bacteriophage is selected from the group consisting
of: (a) bacteriophage Qb; (b) bacteriophage AP205; (c)
bacteriophage fr; and (d) bacteriophage GA. 12. The
composition of any one of claims 1 to 11, wherein said
first attachment site is linked to said second
attachment site via at least one covalent bond. 13.
The composition of claim 12, wherein said at least one
covalent bond is a non-peptide bond. 14. The
composition of any one of claims 1 to 13, wherein said
first attachment site comprises, or preferably is, an
amino group, preferably an amino group of a lysine.
15. The composition of any one of claims 1 to 14,
wherein said second attachment site comprises, or
preferably is a sulfhydryl group, preferably a
sulfhydryl group of a cysteine. 16. The composition of
any one of claims 1 to 15, wherein said first
attachment is an amino group and wherein said second
attachment site is a sulfhydryl group. 17. The
composition of any one of claims 1 to 16, wherein said
first attachment is an amino group of a lysine, and
wherein said second attachment site is a sulfhydryl
group of a cysteine.18. The composition of any one of
claims 1 to 17, wherein said first attachment site is
not a sulfhydryl group. 19. The composition of any one
of claims 1 to 18, wherein said linkage of said
virus-like particle and said at least one antigen does
not comprise a disulfide bond. 20. The composition of
any one of claims 1 to 19, wherein only one of said
second attachment sites associates with said first
attachment site through at least one nonpeptide
covalent bond leading to a single and uniform type of
binding of said antigen to said virus-like particle,
wherein said only one second attachment site that
associates with said first attachment site is a
sulfhydryl group, and wherein said antigen and said
virus-like particle interact through said association
to form an ordered and repetitive antigen array. 21.
The composition of any one of claims 1 to 12, wherein
said virus-like particle comprises, essentially
consists of, or alternatively consists of, recombinant
coat proteins, mutants or fragments thereof, of an RNA
bacteriophage, and wherein said at least one antigen
is fused to the N- or the C- terminus of said
recombinant coat proteins, mutants or fragments
thereof. 22. The composition of any one of claims 1 to
12 and 21, wherein said first attachment site 



is linked to said second attachment site via at least
one covalent bond, wherein said covalent bond is a
peptide bond. 23. The composition of any one of claims
2 1 or 22, wherein said RNA bacteriophage is selected
from the group consisting of: (a) bacteriophage AP205;
(b) bacteriophage fr; and (c) bacteriophage GA. 24.
The composition of any one of claims 1 to 23, wherein
said at least one antigen with said at least one
second attachment site further comprises a linker,
wherein said linker comprises said second attachment
site, and wherein said linker is associated to said
antigen by way of one peptide bond, and wherein
preferably said linker is a cysteine.25. The
composition of any one of claims 1 to 24, wherein at
least one antigen with said at least one second
attachment site comprises or preferably consists of
any one of SEQ ID NOs 22, 25, 28 and 31. 26. A vaccine
composition comprising, or alternatively consisting of
the composition of any one of claims 1 to 25. 27. The
vaccine composition of claim 26, wherein said vaccine
is devoid of an adjuvant. 28. A pharmaceutical
composition comprising: (a) the composition of any of
claims 1 to 25 or the vaccine composition of any one
of claims 26 or 27; and (b) a pharmaceutically
acceptable carrier. 29. The pharmaceutical composition
of claim 28, further comprising an adjuvant. 30. A
method of treating, ameliorating, or preventing dengue
fever, dengue hemorrhagic fever, and/or dengue shock
syndrome, said method comprising administering an
immunologically effective amount of the composition of
any one of claims 1 to 25, of the vaccine composition
of any one of claims 26 or 27, and/or of the
pharmaceutical composition of any one of claims 28 or
29 to an animal, preferably to a human. 31. Use of the
composition of any one of claims 1 to 25, of the
vaccine composition of any one of claims 26 or 27,
and/or of the pharmaceutical composition of any one of
claims 28 or 29 for the manufacture of a medicament
for treatment, amelioration and/or prevention of
dengue fever, dengue hemorrhagic fever, and/or dengue
shock syndrome in an animal, preferably in a human.
32. The composition of any one of claims 1 to 25, the
vaccine composition of any one of claims 26 or 27,
and/or the pharmaceutical composition of any one of
claims 28 or 29 for the treatment, amelioration and/or
prevention of dengue fever, dengue hemorrhagic fever,
and/or dengue shock syndrome in an animal, preferably
in a human. 


