
PYRROLOPYRAZINE KINASE INHIBITORS The present
invention relates to the use of novel pyrrolopyrazine
derivatives which are JAK and SYK inhibitors and
selectively inhibit JAK3 and are useful for the
treatment of auto-immune and inflammatory diseases.
Protein kinases constitute one of the largest families
of human enzymes and regulate many different signaling
processes by adding phosphate groups to proteins;
particularly tyrosine kinases phosphorylate proteins
on the alcohol moiety of tyrosine residues. The
tyrosine kinase family includes members that control
cell growth, migration, and differentiation. Abnormal
kinase activity has been implicated in a variety of
human diseases including cancers, autoimmune and
inflammatory diseases. Since protein kinases are among
the key regulators of cell signaling they provide a
means to modulate cellular function with small
molecule inhibitors of kinase activity and thus make
good drug design targets. In addition to treatment of
kinasemediated disease processes, selective and
efficacious inhibitors of kinase activity are also
useful for investigation of cell signaling processes
and identification of other cellular targets of
therapeutic interest. The JAKs (JAnus Kinases) are a
family of cytoplasmic protein tyrosine kinases
including JAKl, JAK2, JAK3 and TYK2. Each of the JAKs
is preferentially associated with the intracytoplasmic
portion of discrete cytokine receptors (Annu. Rev.
Immunol. 16 (1998), pp. 293-322). The JAKs are
activated following ligand binding and initiate
signaling by phosphorylating cytokine receptors that,
per se, are devoid of intrinsic kinase activity. This
phosphorylation creates docking sites on the receptors
for other molecules known as STAT proteins (signal
transducers and activators of transcription) and the
phosphorylated JAKs bind various STAT proteins. STAT
proteins, or STATs, are DNA binding proteins activated
by phosphorylation of tyrosine residues, and function
both as signaling molecules and transcription factors
and ultimately bind to specific DNA sequences present
in the promoters of cytokine-responsive genes (Leonard
et al, (2000), J . Allergy Clin. Immunol.
105:877-888). JAK/STAT signaling has been implicated
in the mediation of many abnormal immune responses
such as allergies, asthma, autoimmune diseases such as
transplant (allograft) rejection,rheumatoid arthritis,
amyotrophic lateral sclerosis and multiple sclerosis,
as well as in solid and hematologic malignancies such
as leukemia and lymphomas. Thus, the JAKs and STATs
are components of multiple potentially intertwined
signaltransduction pathways (Oncogene 19 (2000), pp.
5662-5679), which indicates the difficulty of
specifically targeting one element of the JAK-STAT
pathway without interfering with other signal
transduction pathways. The JAK kinases, including
JAK3, are abundantly expressed in primary leukemic
cells from children with acute lymphoblastic leukemia,
the most common form of childhood cancer, and studies
have correlated STAT activation in certain cells with
signals regulating apoptosis (Demoulin et al, (1996),
MoI. Cell. Biol. 16:4710-6; Jurlander et al, (1997),
Blood. 89:4146-52; Kaneko et al., (1997), Clin. Exp.
Immun. 109:185-193; andNakamura et al.,(1996), J .
Biol. Chem. 271 : 19483-8). They are also known to be
important to lymphocyte differentiation, function and
survival. JAK3 in particular plays an essential role
in the function of lymphocytes, macrophages, and mast
cells. Given the importance of this JAK kinase,
compounds which modulate the JAK pathway, including
those selective for JAK3, can be useful for treating
diseases or conditions where the function of
lymphocytes, macrophages, or mast cells is involved
(Kudlacz et al., (2004) Am. J . Transplant 4:51-57;
Changelian (2003) Science 302:875-878). Conditions in
which targeting of the JAK pathway or modulation of
the JAK kinases, particularly JAK3, are contemplated
to be therapeutically useful include, leukemia,
lymphoma, transplant rejection (e.g., pancreas islet
transplant rejection, bone marrow transplant
applications (e.g., graft-versus-ho st disease),
autoimmune diseases (e.g., diabetes), and inflammation
(e.g., asthma, allergic reactions). Conditions which
can benefit for inhibition of JAK3 are discussed in
greater detail below. However, in contrast to the
relatively ubiquitous expression of JAKl, JAK2 and
Tyk2, JAK3 has 



a more restricted and regulated expression. Whereas
some JAKs (JAKl, JAK2, Tyk2) are used by a variety of
cytokine receptors, JAK3 is used only by cytokines
that contain a gc in their receptor. JAK3, therefore,
plays a role in cytokine signaling for cytokines which
receptor was shown to date to use the common gamma
chain; IL-2, IL-4, IL-7, IL-9, IL- 15 and IL-21. JAKl
interacts with, among others, the receptors for
cytokines IL-2, IL-4, IL-7, IL-9 and IL-21, while JAK2
interacts with, among others, the receptors for IL-9
and TNF-alpha. Upon the binding of certain cytokines
to their receptors (e.g., IL-2, IL-4, IL-7, IL-9,
IL-15 and IL-21), receptoroligomerization occurs,
resulting in the cytoplasmic tails of associated JAK
kinases being brought into proximity and facilitating
the trans-phosphorylation of tyrosine residues on the
JAK kinase. This trans-phosphorylation results in the
activation of the JAK kinase. Animal studies have
suggested that JAK3 not only plays a critical role in
B and T lymphocyte maturation, but that JAK3 is
constitutively required to maintain T cell function.
Modulation of immune activity through this novel
mechanism can prove useful in the treatment of T cell
proliferative disorders such as transplant rejection
and autoimmune diseases. In particular, JAK3 has been
implicated in a variety of biological processes. For
example, the proliferation and survival of murine mast
cells induced by IL-4 and IL-9 have been shown to be
dependent on JAK3- and gamma chain-signaling (Suzuki
et al, (2000), Blood 96:2172-2180). JAK3 also plays a
crucial role in IgE receptor-mediated mast cell
degranulation responses (Malaviya et al., (1999),
Biochem. Biophys. Res. Commun. 257:807-813), and
inhibition of JAK3 kinase has been shown to prevent
type I hypersensitivity reactions, including
anaphylaxis (Malaviya et al., (1999), J . Biol. Chem.
274:27028-27038). JAK3 inhibition has also been shown
to result in immune suppression for allograft
rejection (Kirken, (2001), Transpl. Proc. 33:3268-
3270). JAK3 kinases have also been implicated in the
mechanism involved in early and late stages of
rheumatoid arthritis (Muller-Ladner et al., (2000), J
. Immunal. 164:3894-3901); familial amyotrophic
lateral sclerosis (Trieu et al., (2000), Biochem
Biophys. Res. Commun. 267:22-25); leukemia (Sudbeck et
al., (1999), Clin. Cancer Res. 5:1569-1582); mycosis
fungoides, a form of T-cell lymphoma (Nielsen et al.,
(1997), Prac. Natl. Acad. Sci. USA 94:6764-6769); and
abnormal cell growth (Yu et al., (1997), J . Immunol.
159:5206-5210; Catlett-Falcone et al., (1999),
Immunity 10:105-1 15). JAK3 inhibitors are useful
therapy as immunosuppressive agents for organ
transplants, xeno transplantation, lupus, multiple
sclerosis, rheumatoid arthritis, psoriasis, Type I
diabetes and complications from diabetes, cancer,
asthma, atopic dermatitis, autoimmune thyroid
disorders, ulcerative colitis, Crohn's disease,
Alzheimer's disease, Leukemia and other indications
where immunosuppression would be desirable.
Non-hematopoietic expression of JAK3 has also been
reported, although the functional significance of this
has yet to be clarified (J. Immunol. 168 (2002), pp.
2475-2482). Because bone marrow transplants for SCID
are curative (Blood 103 (2004), pp. 2009-2018), it
seemsunlikely that JAK3 has essential non-redundant
functions in other tissues or organs. Hence, in
contrast with other targets of immunosuppressive
drugs, the restricted distribution of JAK3 is
appealing. Agents that act on molecular targets with
expression limited to the immune system might lead to
an optimal efficacy toxicity ratio. Targeting JAK3
would, therefore, theoretically offer immune
suppression where it is needed {i.e. on cells actively
participating in immune responses) without resulting
in any effects outside of these cell populations.
Although defective immune responses have been
described in various STAT strains (J. Investig. Med.
44 (1996), pp. 304-31 1; Curr. Opin. Cell Biol. 9
(1997), pp. 233-239), the ubiquitous distribution of
STATs and the fact that those molecules lack enzymatic
activity that could be targeted with small-molecule
inhibitors has contributed to their non-selection as
key targets for immunosuppression. SYK (Spleen
Tyrosine Kinase) is a non-receptor tyrosine kinase
that is essential for B-cell activation through BCR
signaling. SYK become activated upon binding to
phosphoryated BCR and thus initiates the early
signling events following BCR activation. Mice
deficient in SYK exhibit an early block in B-cell
development (Cheng et al. Nature 378:303, 1995; Turner
et al. Nature 378:298, 1995). Therefore inhibition of
SYK enzymatic activity in cells is proposed as a 



treatment for autoimmune disease through its effects
on autoantibody production. In addition to the role of
SYK in BCR signaling and B-cell activation, it also
plays a key role in FceRI mediated mast cell
degranulation and eosinophil activation. Thus, SYK is
implicated in allergic disorders including asthma
(reviewed in Wong et al. Expert Opin Investig Drugs
13:743, 2004). SYK binds to the phosphorylated gamma
chain of FceRI via its SH2 domains and is essential
for downstream signaling (Taylor et al. MoI. Cell.
Biol. 15:4149, 1995). SYK deficient mast cells
demonstrate defective degranulation, arachidonic acid
and cytokine secretion (Costello et al. Oncogene
13:2595, 1996). This also has been shown for
pharmacologic agents that inhibit SYK activity in mast
cells (Yamamoto et al. J Pharmacol Exp Ther 306: 1174,
2003). Treatment with SYK antisense oligonucleotides
inhibits antigen-induced infiltration of eosinophils
and neutrophils in an animal model of asthma (Stenton
et al. J Immunol 169:1028, 2002). SYK deficient
eosinophils also show impaired activation in response
to FceR stimulation (Lach-Trif lieffe et al. Blood
96:2506, 2000). Therefore, small molecule inhibitors
of SYK will be useful for treatment of allergy-induced
inflammatory diseases including asthma.In view of the
numerous conditions that are contemplated to benefit
by treatment involving modulation of the JAK and/or
SYK pathways it is immediately apparent that new
compounds that modulate JAK and/or SYK pathways and
methods of using these compounds should provide
substantial therapeutic benefits to a wide variety of
patients. Provided herein are novel pyrrolopyrazine
derivatives for use in the treatment of conditions in
which targeting of the JAK and/or SYK pathways or
inhibition of JAK or SYK kinases, particularly JAK3,
and are therapeutically useful for the treatment of
auto-immune and inflammatory diseases. The novel
pyrrolopyrazine derivatives provided herein
selectively inhibit JAK3 and are useful for the
treatment of auto-immune and inflammatory diseases.
The compounds of the invention modulate the JAK and/or
SYK pathways and are useful novel pyrrolopyrazine
derivatives for the treatment of auto-immune and
inflammatory diseases, wherein preferred compounds
selectively inhibit JAK3. For example, the compounds
of the invention may inhibit JAK3 and SYK, wherein
preferred compounds are selective for JAK3 of the JAK
kinases and are useful novel pyrrolopyrazine
derivatives for the treatment of auto-immune and
inflammatory diseases. Furthermore, the compounds of
the invention may inhibit JAK3 and JAK2, wherein
preferred compounds are selective for JAK3 of the JAK
kinases, and are useful novel pyrrolopyrazine
derivatives for the treatment of auto-immune and
inflammatory diseases. Similarly, the compounds of the
invention may inhibit JAK3 and JAKl, wherein preferred
compounds are selective for JAK3 of the JAK kinases,
and are useful novel pyrrolopyrazine derivatives for
the treatment of auto-immune and inflammatory
diseases. The application provides a compound of
Formula I wherein: R1 is lower alkyl, lower alkoxy,
phenyl, benzyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or cycloalkylalkyl, optionally
substituted with one or more Rla; Rla is Rlb orR lc;
Rlb is halogen, oxo, hydroxy, or -CN;Rlc is -C(=O)O(R
l f), -C(=O)CH 2(Rle), -S(R l f), -S(O) 2(Rl f), or
-S(O) (R ), lower alkyl, lower alkoxy, amino, amido,
lower haloalkyl, phenyl, heteroaryl, cycloalkyl,
heterocycloalkyl, cycloalkyloxy, or
heterocycloalkyloxy optionally substituted with one or
more Rld; Rld is H, halogen, hydroxy, lower alkyl,
lower alkoxy, or lower haloalkyl; Rle is H, lower
alkyl, lower alkoxy, -CN, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl; Rl f is
H, lower alkyl, lower haloalkyl, phenyl, heteroaryl,
cycloalkyl, or heterocycloalkyl; R2 is N(R2a)2; each
R2a is independently H or R2b; each R2b is
independently lower alkyl, phenyl, heteroaryl,
cycloalkyl, 



heterocycloalkyl, or heterocycloalkyl alkylene,
optionally substituted with one or more R2c; R2c is
R2d or R2e; R2d is halogen, oxo, or hydroxy; R2e is
-N(R 2g)2, -C(=0)( R2g), -C(=0)0( R2g), -
C(=O)N(R2g)2, -N(R 2g)C(=0)( R2g), -S(=O) 2(R2g),
-S(O) 2 N(R2g) 2, lower alkyl, lower alkoxy, lower
haloalkyl, phenyl, heteroaryl, heteroaryloxy,
cycloalkyl, or heterocycloalkyl, optionally
substituted with one or more R2f; each R2f is
independently H, halogen, lower alkyl, lower alkoxy,
lower haloalkyl; each R2g is independently H, lower
alkyl, lower alkoxy, lower haloalkyl, or phenyl; R3 is
-C(=O)R 3a; R3a is lower alkyl, lower alkoxy, phenyl,
or N(R3b)2; each R3b is independently H or lower
alkyl; R4 is -O(R 4a); R4a is H or R4b;R4b is lower
alkyl, phenyl, benzyl, lower haloalkyl, cycloalkyl,
heterocycloalkyl, heteroaryl, optionally substituted
with one or more R4c; R4c is halogen, hydroxy, lower
alkyl, lower haloalkyl, or lower alkoxy; Q3 is -O-Q
3a, -S-Q 3a, -C(=O)(Q 3a), -O(CH 2)mC(=O)(Q3a),
-S(=O)(Q 3a), -S(=O) 2(Q3a), - N(Q3a)2, -N(Q
3a)S(=O)2(Q3a), -N(Q 3a)C(=O)(Q3a),-C(=O)N(Q 3a)2, or
-N(Q 3a)C(=O)N(Q3a)2; each Q3a is independently Q3b or
Q3c; m is 0, 1, or 2; Q3Ns H; Q3c is lower alkyl,
lower haloalkyl, phenyl, cycloalkyl, heterocycloalkyl,
or heteroaryl, optionally substituted with one or more
Q3d; and each Q3d is independently Q3d is Q3e or Q3f;
Q3e is halogen or hydroxy; Q3fis lower alkyl, lower
alkoxy, lower haloalkyl, phenyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Q3g; and each Q3g is
independently halogen, hydroxy, lower alkyl, lower
hydroxyalkyl, lower haloalkyl, or lower alkoxy; or a
pharmaceutically acceptable salt thereof. In one
variation of the above embodiment, R is R1. In one
variation of the above embodiment, R1 is lower alkyl.
In one variation of the above embodiment, the lower
alkyl is tert-butyl. In another variation of the above
embodiment, the lower alkyl is tert-butyl, Q is Q1,
Qla is Qlc, Qlc is Qle, Qle is Qle' , and Qle' is
pyrrolidine. In another variation of the above
embodiment, the lower alkyl is -CHC(CH 3)3. In another
variation of the above embodiment, the lower alkyl is
o-butyl. In another variation of the above embodiment,
the lower alkyl is o-propyl.In one embodiment of the
compound of Formula I , R1 is -CHC(CH 3)3. In one
embodiment of the compound of Formula I , R1 is
o-butyl. In one embodiment of the compound of Formula
I , R1 is o-propyl. In one embodiment of the compound
of Formula I , R1 is cycloalkyl. In one embodiment of
the compound of Formula I , R1 is heterocycloalkyl. In
one embodiment of the compound of Formula I , R1 is
benzyl. In one embodiment of the compound of Formula I
, R1 is phenyl. 



In one embodiment of the compound of Formula I , R is
R2. In one embodiment of the compound of Formula I , R
is R2 and R2 is NH(R2a) . In one variation of the
above embodiment, R2a is R2b . In one variation of the
above embodiment, R2b is lower alkyl. In one variation
of the above embodiment, the lower alkyl is o-propyl.
In one embodiment of the compound of Formula I , R2b
is heterocycloalkyl. In one embodiment of the compound
of Formula I , R2b is cycloalkyl. In one embodiment of
the compound of Formula I , R2b is heterocycloalkyl
alkylene. In one variation of the above embodiment,
the heterocycloalkyl is pyrrolidine. In one variation
of the above embodiment, the alkylene is methylene. In
one embodiment of the compound of Formula I , R2b is
pyrrolidine methylene. In certain embodiments of
formula I, the subject compounds are more specifically
of formula II:I I wherein R1 is lower alkyl, lower
alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or cycloalkylalkyl, optionally
substituted with one or more Rla; Rla is Rlb orR lc;
Rlb is halogen, oxo, hydroxy, or -CN; Rlc is -C(=O)O(R
l f), -C(=O)(CH 2)m(Rle), -O(CH 2)m(Rle), -S(R l f), -
S(O)2(Rl f), or -S(=O) (Rl f), lower alkyl, lower
alkoxy, amino, amido, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, heterocycloalkyl,
cycloalkyloxy, or heterocycloalkyloxy optionally
substituted with one or more Rld; Rld is H, halogen,
hydroxy, lower alkyl, amino, lower alkoxy, or lower
haloalkyl; Rle is H, lower alkyl, lower alkoxy, cyano,
lower haloalkyl, phenyl, heteroaryl, cycloalkyl, or
heterocycloalkyl; Rl f is H, lower alkyl, lower
haloalkyl, phenyl, heteroaryl, cycloalkyl, or
heterocycloalkyl; m is 0, 1, or 2; and Q3 is as
defined herein. In certain embodiments of formula II,
R1 is lower alkyl, preferably tert-butyl. In certain
embodiments of formula I, the subject compounds are
more specifically of formula III: III whereinR2b is
independently lower alkyl, phenyl, heteroaryl,
cycloalkyl, heterocycloalkyl, or heterocycloalkyl
alkylene, optionally substituted with one or more R2c;
R2c is R2d or R2e; R2d is halogen, oxo, or hydroxy;
R2e is -N(R 2g)2, -C(=O)( R2g), -C(=O)O( R2g), -
C(=O)N(R2g)2, -N(R 2g)C(=O)( R2g), -S(=O) 2(R2g),
-S(O) 2 N(R2g) 2, lower alkyl, lower alkoxy, lower
haloalkyl, phenyl, heteroaryl, heteroaryloxy,
cycloalkyl, or heterocycloalkyl, optionally
substituted with one or more R ; each R2f is
independently H, halogen, lower alkyl, lower alkoxy,
lower haloalkyl; each R2g is independently H, lower
alkyl, lower alkoxy, lower haloalkyl, or phenyl; and
Q3 is as defined herein. In certain embodiments of
formula III, R2b is lower alkyl. In certain
embodiments of either formulae I, II or III, Q3 is
-O-Q 3a, -C(=O)(Q 3a), - O(CH2)mC(=O)(Q3a), -S(=O)
2(Q3a), -N(Q 3a)2, -N(Q 3a)S(=O)2(Q3a), -N(Q
3a)C(=O)(Q3a) , - C(=O)N(Q3a)2, or -N(Q
3a)C(=O)N(Q3a)2,wherein m and Q3a are as defined
herein. In certain embodiments of either formulae I,
II or III, Q3a is lower alkyl, phenyl or cycloalkyl, 



optionally substituted with one or more Q3d. In
certain embodiments of either formulae I, II or III,
Q3 is -O-Q 3a, -C(=O)(Q 3a), - O(CH2)mC(=O)(Q3a),
-S(=O) 2(Q3a), -N(Q 3a)2, -N(Q 3a)S(=O)2(Q3a), -N(Q
3a)C(=O)(Q3a) , - C(=O)N(Q3a)2, or -N(Q
3a)C(=O)N(Q3a)2,wherein m is as defined herein and Q3a
is H, lower alkyl, phenyl or cycloalkyl, optionally
substituted with one or more Q3d. The application
provides a compound of Formula I selected from the
group consisting of:
2-(Cyclopentyl-methyl-amino)-5H-pyrrolo[2,3-b]pyrazine
-7-carboxylic acid isopropylamide;
l-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-2,2-dimethyl-propan-l-one;
l-(2-Cyclopentyloxy-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2
-dimethyl-propan-l-one;
N-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-benzamide; Cyclohexanecarboxylic acid
[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2
-yl]- amide;
N-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-N-methyl-benzamide;
N-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-benzenesulfonamide;
N-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin
-2-yl]-N-methylbenzenesulfonamide;
7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazine-2
-carboxylic acid dimethylamide;
7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazine-2
-carboxylic acid isopropylamide;
l-(2-Acetyl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethy
l-propan-l-one;
l-(2-Isobutyryl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dim
ethyl-propan-l-one; 2,2-Dimethyl-
1-[2-(2-methyl-benzoyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]
-propan- 1-one;
l-(2-Benzoyl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimeth
yl-propan-l-one;
7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazine-2
-carboxylic acid cyclopentylamide; 2,2-Dimethyl-
1-[2-(pyridine-4-carbonyl)-5H-pyrrolo[2,3-b]pyrazin-7-
yl]-propan- 1-one; 2,2-Dimethyl-
1-[2-(pyridine-3-carbonyl)-5H-pyrrolo[2,3-b]pyrazin-7-
yl]-propan- 1-one;
l-(2-Cycloheptyloxy-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2
-dimethyl-propan-l-one;
l-(2-Cyclohexyloxy-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-
dimethyl-propan-l-one;
l-(2-Isopropoxy-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dim
ethyl-propan-l-one;
l-(2-Ethoxy-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethy
l-propan-l-one; 2,2-Dimethyl-
1-[2-(2-morpholin-4-yl-2-oxo-ethoxy)-5H-pyrrolo[2,3-b]
pyrazin-7-yl]-propan- 1- one;
l-[2-(l,2-Dimethyl-propoxy)-5H-pyrrolo[2,3-b]pyrazin-7
-yl]-2,2-dimethyl-propan-l-one;
l-(2-Isobutoxy-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dime
thyl-propan-l-one;
l-[2-(l-Benzyl-lH-[l,2,3]triazol-4-yl)-5H-pyrrolo[2,3-
b]pyrazin-7-yl]-2,2-dimethyl-propan-lone;
l-Cyclohexyl-3-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[
2,3-b]pyrazin-2-yl]-urea;
l-Cycloheptyl-3-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo
[2,3-b]pyrazin-2-yl]-urea; 2,2-Dimethyl-
1-[2-(methyl-phenyl-amino)-5H-pyrrolo[2,3-b]pyrazin-7-
yl]-propan- 1-one;
l-(2-sec-Butoxy-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dim
ethyl-propan-l-one; 2,2-Dimethyl-
1-(2-phenylamino-5H-pyrrolo
[2,3-b]pyrazin-7-yl)-propan- 1-one;
l-(2-Cyclopentyloxy-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2
-dimethyl-propan-l-one;
l-[2-(Cyclopentyl-methyl-amino)-5H-pyrrolo[2,3-b]pyraz
in-7-yl]-2,2-dimethyl-propan-l-one;2,2-Dimethyl-
1-(2-phenoxy-5H-pyrrolo[2,3-b]pyrazin-7-yl)-propan-
1-one; 2,2-Dimethyl- 1- {2-[4-(4-methyl-piperazin-
1-yl)-phenylamino]-5H-pyrrolo[2,3-b]pyrazin-7- yl}
-propan- 1-one;
l-Cyclohexyl-3-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[
2,3-b]pyrazin-2-yl]-urea;
l-Cycloheptyl-3-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo
[2,3-b]pyrazin-2-yl]-urea;
l-[7-(2,2-Dimethyl-propionyl)-5 H-pyrrolo[2,3-
]pyrazin-2-yl]-2,2-dimethyl-propan-l-one; and
l-[2-(6-Methoxy-pyridin-2-ylamino)-5
H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-lone
. In one aspect, the application provides a method for
treating an inflammatory and/or autoimmune condition
comprising administering to a patient in need thereof
a therapeutically effective amount of the compound of
Formula I . In one variation of the above method, the
above method further comprises administering an
additional therapeutic agent selected from a
chemotherapeutic or anti-pro liferative agent, an ant
i inflammatory agent, an immunomodulatory or
immunosuppressive agent, a neurotrophic factor, 



an agent for treating cardiovascular disease, an agent
for treating diabetes, or an agent for treating
immunodeficiency disorders. In one aspect, the
application provides a method for treating an
inflammatory condition comprising administering to a
patient in need thereof a therapeutically effective
amount of the compound of Formula I , wherein R is R1.
In one aspect, the application provides a method for
inhibiting T-cell proliferative disorder comprising
administering to a patient in need thereof a
therapeutically effective amount of the compound of
Formula I . In one aspect, the application provides a
method for inhibiting T-cell proliferative disorder
comprising administering to a patient in need thereof
a therapeutically effective amount of the compound of
Formula I , wherein R is R2. In one variation of the
above method, the proliferative disorder is cancer.In
one aspect, the application provides a method for
treating a B-cell proliferative disorder comprising
administering to a patient in need thereof a
therapeutically effective amount of the compound of
Formula I . In one aspect, the application provides a
method for treating an immune disorder including
lupus, multiple sclerosis, rheumatoid arthritis,
psoriasis, Type I diabetes, complications from organ
transplants, xeno transplantation, diabetes, cancer,
asthma, atopic dermatitis, autoimmune thyroid
disorders, ulcerative colitis, Crohn's disease,
Alzheimer's disease, and Leukemia, comprising
administering to a patient in need thereof a
therapeutically effective amount of the compound of
Formula I . In one aspect, the application provides a
method for preventing or treating all forms of organ
rejection, including acute allograft or xenograft
rejection and chronic allograft or xenograft
rejection, of vascularized or non-vascularized
transplants, comprising administering to a patient in
need thereof a therapeutically effective amount of the
compound of Formula I . In one aspect, the application
provides a method for preventing or treating all forms
of organ rejection, including acute allograft or
xenograft rejection and chronic allograft or xenograft
rejection, of vascularized or non-vascularized
transplants, comprising administering to a patient in
need thereof the compound of Formula I . In one
aspect, the application provides a method for
inhibiting JAK3 activity comprising administering the
compound of Formula I , wherein the compound exhibits
an IC50 of 50 micromolar or less in an in vitro
biochemical assay of JAK3 activity. In one variation
of the above method, the compound exhibits an IC50 of
100 nanomolar or less in an in vitro biochemical assay
of JAK3 activity. In one variation of the above
method, the compound exhibits an IC50 of 10 nanomolar
or less in an in vitro biochemical assay of JAK3
activity. In one aspect, the application provides a
method for inhibiting SYK activity comprising
administering the compound of Formula I , wherein the
compound exhibits an IC50 of 50 micromolar or less in
an in vitro biochemical assay of SYK activity.In one
variation of the above method, the compound exhibits
an IC50 of 100 nanomolar or less in an in vitro
biochemical assay of SYK activity. In one variation of
the above method, the compound exhibits an IC50 of 10
nanomolar or less in an in vitro biochemical assay of
SYK activity. In one aspect, the application provides
a method for treating an inflammatory condition
comprising co-administering to a patient in need
thereof an anti- inflammatory compound in combination
with a therapeutically effective amount of the
compound of Formula I . In one aspect, the application
provides a method for treating an inflammatory
condition comprising co-administering to a patient in
need thereof a therapeutically effective amount of an
anti- inflammatory compound in combination with the
compound of Formula I . In one aspect, the application
provides a method for treating an immune disorder
comprising co administering to a patient in need
thereof an immunosuppressant compound in combination
with a therapeutically effective amount of the
compound of Formula I . In one aspect, the application
provides a method for treating an immune disorder
comprising coadministering 



to a patient in need thereof a therapeutically
effective amount of an immunosuppressant compound in
combination with the compound of Formula I . The
application provides a pharmaceutical composition
comprising the compound of Formula I , admixed with at
least one pharmaceutically acceptable carrier,
excipient or diluent. In one variation, the above
pharmaceutical composition further comprises an
additional therapeutic agent selected from a
chemotherapeutic or anti-pro liferative agent, an ant
i inflammatory agent, an immunomodulatory or
immunosuppressive agent, a neurotrophic factor, an
agent for treating cardiovascular disease, an agent
for treating diabetes, and an agent for treating
immunodeficiency disorders. In one aspect, the
application provides a use of the compound of Formula
I , II or III in the manufacture of a medicament for
the treatment of an inflammatory disorder. In one
aspect, the application provides a use of the compound
of Formula I in the manufacture of a medicament for
the treatment of an inflammatory disorder.In one
aspect, the application provides a use of the compound
of Formula I , II or III, in the manufacture of a
medicament for the treatment of an autoimmune
disorder. In one aspect, the application provides a
use of the compound of Formula I in the manufacture of
a medicament for the treatment of an autoimmune
disorder. In one aspect, the application provides a
compound of Formula I, II or III, for use in the
treatment of an inflammatory disorder or of an
autoimmune disorder. The application provides a
compound of Formula IV wherein: R1 is lower alkyl,
lower alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or cycloalkylalkyl, optionally
substituted with one or more Rla; Rla is Rlb orR lc;
Rlb is halogen, oxo, hydroxy, or -CN; Rlc is -C(=O)O(R
l f), -C(=O)CH 2(Rle), -S(R l f), -S(O) 2(Rl f), or
-S(O) (R ), lower alkyl, lower alkoxy, amino, amido,
lower haloalkyl, phenyl, heteroaryl, cycloalkyl,
heterocycloalkyl, cycloalkyloxy, or
heterocycloalkyloxy optionally substituted with one or
more Rld; Rld is H, halogen, hydroxy, lower alkyl,
lower alkoxy, or lower haloalkyl; Rle is H, lower
alkyl, lower alkoxy, -CN, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl; Rl f is
H, lower alkyl, lower haloalkyl, phenyl, heteroaryl,
cycloalkyl, or heterocycloalkyl; R2 is N(R2a)2; each
R2a is independently H or R2b;each R2b is
independently lower alkyl, phenyl, heteroaryl,
cycloalkyl, heterocycloalkyl, or heterocycloalkyl
alkylene, optionally substituted with one or more R2c;
R2c is R2d or R2e; R2d is halogen, oxo, or hydroxy;
R2e is -N(R 2g)2, -C(=O)( R2g), -C(=O)O( R2g), -
C(=O)N(R2g)2, -N(R 2g)C(=O)( R2g), -S(=O) 2(R2g),
-S(O) 2 N(R2g) 2, lower alkyl, lower alkoxy, lower
haloalkyl, phenyl, heteroaryl, heteroaryloxy,
cycloalkyl, or heterocycloalkyl, optionally
substituted with one or more R ; each R2f is
independently H, halogen, lower alkyl, lower alkoxy,
lower haloalkyl; each R2g is independently H, lower
alkyl, lower alkoxy, lower haloalkyl, or phenyl; R3 is
-C(=O)R 3a; R3a is lower alkyl, lower alkoxy, phenyl,
or N(R3b)2; 



each R3b is independently H or lower alkyl; R4 is -O(R
4a); R4a is H or R4b; R, 4b is lower alkyl, phenyl,
benzyl, lower haloalkyl, cycloalkyl, heterocycloalkyl,
heteroaryl, optionally substituted with one or more
R4c; R4c is halogen, hydroxy, lower alkyl, lower
haloalkyl, or lower alkoxy; Q is Q1, Q2, Q3, or Q4; Q1
is phenyl, optionally substituted with one or more
Qla; Qla is Qlb or Qlc; Qlb is halogen, hydroxy, -CN,
-S(Q le), -S(O) 2(Qle), or -S(=O)(Q le); Qlc is Qld or
Qle; or two Qla come together to form a bicyclic ring
system, optionally substituted with one or more Qlb or
Qlc;Qld is -O(Q le), -S(=O) 2(Qle), -C(=O)N(Q le)2,
-S(=O) 2(Qle), - C(=O)(Qle), -C(=O)O(Q le), -N(Q le)2;
-N(Q le)C(=O)(Q le),- N(Qle)C(=O)O(Q le), or -N(Q
le)C(=O)N(Qle)2; each Qle is independently H or Qle ;
each Qle is independently lower alkyl, phenyl, benzyl,
lower haloalkyl, cycloalkyl, heterocycloalkyl, or
heteroaryl, optionally substituted with one or more Ql
f; Ql f is Qlg or Qlh; Qlg is halogen, hydroxy, oxo,
or - C(=O)(Qlh); Qlh is lower alkyl, lower haloalkyl,
lower alkoxy, phenyl, benzyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Qh ; Qh is halogen,
hydroxy, lower alkyl, lower haloalkyl, or lower
alkoxy; Q2 is cycloalkyl, cycloalkenyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Q2a; Q2a is Q2b or Q2c;
Q2b is halogen, oxo, hydroxy, -CN, -SCH 3, -S(O)2CH 3,
or -S(=O)CH 3; Q2c is Q2d or Q2e; or two Q2a come
together to form a bicyclic ring system, optionally
substituted with one or more Q2b or Q2c; Q2d is -O(Q
2e), -S(=O) 2(Q2e), -C(=O)N(Q 2e)2, -S(O) 2(Q2e), -
C(=O)(Q2e), -C(=O)O(Q 2e), -N(Q 2e)2; -N(Q
2e)C(=O)(Q2e) , - N(Q2e)C(=O)O(Q2e), or -N(Q
2e)C(=O)N(Q2e)2; each Q2e is independently H or Q2e ;
each Q2e is independently lower alkyl, phenyl, benzyl,
lower haloalkyl, cycloalkyl, heterocycloalkyl, or
heteroaryl, optionally substituted with one or more
Q2f; Q2f is Q2g or Q2h; Q2g is halogen, hydroxy, oxo,
or - C(=O)(Q2h);Q is lower alkyl, lower haloalkyl,
lower alkoxy, phenyl, benzyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Q2 1; 



Q2 1 is halogen, hydroxy, lower alkyl, lower
haloalkyl, or lower alkoxy; Q3 is -O-Q 3a, -S-Q 3a,
-C(=O)(Q 3a), -S(=O)(Q 3a), -S(=O) 2(Q3a), -N(Q 3a)2,
- NHC(=O)(Q 3a),-C(=O)N(Q 3a)2, or -NHC(=O)N(Q 3a)2;
each Q3a is independently Q3b or Q3c; Q3Ns H; Q3c is
lower alkyl, lower haloalkyl, phenyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Q3d; Q3d is halogen,
hydroxyl, lower alkyl, lower alkoxy, or lower
haloalkyl; Q4 is Q4a or Q4b; Q4a is H or halogen; and
Q4b is lower alkyl, lower alkenyl, lower alkynyl, or
lower haloalkyl; with the proviso that when R is R4,
R4 is -O(R 4a), R4a is H, and Q4 is Q4a, then Q4a is
not H; or a pharmaceutically acceptable salt thereof.
The phrase "a" or "an" entity as used herein refers to
one or more of that entity; for example, a compound
refers to one or more compounds or at least one
compound. As such, the terms "a" (or "an"), "one or
more", and "at least one" can be used interchangeably
herein. The phrase "as defined herein above" refers to
the broadest definition for each group as provided in
the Summary of the Invention or the broadest claim. In
all other embodiments provided below, substituents
which can be present in each embodiment and which are
not explicitly defined retain the broadest definition
provided in the Summary of the Invention. As used in
this specification, whether in a transitional phrase
or in the body of the claim, the terms "comprise(s)"
and "comprising" are to be interpreted as having an
open-ended meaning. That is, the terms are to be
interpreted synonymously with the phrases "having at
least" or "including at least". When used in the
context of a process, the term "comprising" means that
the process includes at least the recited steps, but
may include additional steps. When used in thecontext
of a compound or composition, the term "comprising"
means that the compound or composition includes at
least the recited features or components, but may also
include additional features or components. As used
herein, unless specifically indicated otherwise, the
word "or" is used in the "inclusive" sense of "and/or"
and not the "exclusive" sense of "either/or". The term
"independently" is used herein to indicate that a
variable is applied in any one instance without regard
to the presence or absence of a variable having that
same or a different definition within the same
compound. Thus, in a compound in which R" appears
twice and is defined as "independently carbon or
nitrogen", both R"s can be carbon, both R"s can be
nitrogen, or one R" can be carbon and the other
nitrogen. When any variable (e.g., R2a or Q3g ) occurs
more than one time in any moiety or formula depicting
and describing compounds employed or claimed in the
present invention, its definition on each occurrence
is independent of its definition at every other
occurrence. Also, combinations of substituents and/or
variables are permissible only if such compounds
result in stable compounds. The symbols "*" at the end
of a bond or " " drawn through a bond each refer to
the point of attachment of a functional group or other
chemical moiety to the rest of the molecule of which
it is a part. Thus, for example: MeC(=O)OR4 wherein R4
= -< or -j-<] > MeC(O)O- < ] A bond drawn into ring
system (as opposed to connected at a distinct vertex)
indicates that the bond may be attached to any of the
suitable ring atoms. The term "optional" or
"optionally" as used herein means that a subsequently
described event or circumstance may, but need not,
occur, and that the description includes instances
where the event or circumstance occurs and instances
in which it does not. For example, "optionally
substituted" means that the optionally substituted
moiety may incorporate a hydrogen or a 



substituent.The phrase "come together to form a
bicyclic ring system" as used herein means join to
form a bicyclic ring system, wherein each ring may be
made up of either 4-7 carbon atoms or 4-7 carbon and
heteroatoms, and may be saturated or unsaturated. The
term "about" is used herein to mean approximately, in
the region of, roughly, or around. When the term
"about" is used in conjunction with a numerical range,
it modifies that range by extending the boundaries
above and below the numerical values set forth. In
general, the term "about" is used herein to modify a
numerical value above and below the stated value by a
variance of 20%. The definitions described herein may
be appended to form chemically-relevant combinations,
such as "heteroalkylaryl," "haloalkylheteroaryl,"
"arylalkylheterocyclyl," "alkylcarbonyl,"
"alkoxyalkyl," "cycloalkylalkyl" and the like. When
the term "alkyl" is used as a suffix following another
term, as in "phenylalkyl," or "hydroxyalkyl," this is
intended to refer to an alkyl group, as defined above,
being substituted with one to two substituents
selected from the other specifically-named group.
Thus, for example, "phenylalkyl" refers to an alkyl
group having one to two phenyl substituents, and thus
includes benzyl, phenylethyl, and biphenyl. An
"alkylaminoalkyl" is an alkyl group having one to two
alkylamino substituents. "Hydroxyalkyl" includes
2-hydroxyethyl, 2-hydroxypropyl,
1-(hydroxymethyl)-2-methylpropyl, 2-hydroxybutyl,
2,3-dihydroxybutyl, 2-(hydroxymethyl),
3-hydroxypropyl, and so forth. Accordingly, as used
herein, the term "hydroxyalkyl" is used to define a
subset of heteroalkyl groups defined below. The term
-(ar)alkyl refers to either an unsubstituted alkyl or
an aralkyl group. The term (hetero)aryl or (het)aryl
refers to either an aryl or a heteroaryl group.
Compounds of formula I may exhibit tautomerism.
Tautomeric compounds can exist as two or more
interconvertable species. Prototropic tautomers result
from the migration of a covalently bonded hydrogen
atom between two atoms. Tautomers generally exist in
equilibrium and attempts to isolate an individual
tautomers usually produce a mixture whose chemical and
physical properties are consistent with a mixture of
compounds. The position of the equilibrium is
dependent on chemical features within the molecule.
For example, in many aliphatic aldehydes and ketones,
such as acetaldehyde, the keto form predominates
while; in phenols, the enol form predominates. Common
prototropic tautomers include keto/enol (-C(=O)-CH-
-C(- OH)=CH-), amide/imidic acid (-C(=O)-NH-
-C(-OH)=N-) and amidine (-C(=NR)-NH- -C(-NHR)=N-)
tautomers. The latter two are particularly common in
heteroaryl and heterocyclic rings and the present
invention encompasses all tautomeric forms of the
compounds. Technical and scientific terms used herein
have the meaning commonly understood by one of skill
in the art to which the present invention pertains,
unless otherwise defined. Reference is made herein to
various methodologies and materials known to those of
skill in the art. Standard reference works setting
forth the general principles of pharmacology include
Goodman and Gilman's The Pharmacological Basis of
Therapeutics, 10th Ed., McGraw Hill Companies Inc.,
New York (2001). Any suitable materials and/or methods
known to those of skill can be utilized in carrying
out the present invention. However, preferred
materials and methods are described. Materials,
reagents and the like to which reference are made in
the following description and examples are obtainable
from commercial sources, unless otherwise noted. The
term "acyl" as used herein denotes a group of formula
-C(=O)R wherein R is hydrogen or lower alkyl as
defined herein. The term or "alkylcarbonyl" as used
herein denotes a group of formula C(=O)R wherein R is
alkyl as defined herein. The term Ci_6 acyl refers to
a group - C(=O)R contain 6 carbon atoms. The term
"arylcarbonyl" as used herein means a group of formula
C(=O)R wherein R is an aryl group; the term "benzoyl"
as used herein an "arylcarbonyl" group wherein R is
phenyl. The term "alkyl" as used herein denotes an
unbranched or branched chain, saturated, monovalent
hydrocarbon residue containing 1 to 10 carbon atoms.
The term "lower alkyl" denotes a straight or branched
chain hydrocarbon residue containing 1 to 6 carbon
atoms. "C1- K alkyl" as used herein refers to an alkyl
composed of 1 to 10 carbons. Examples of alkyl groups
include, but are not limited to, lower alkyl groups
include methyl, ethyl, propyl, /-propyl, -butyl,
/-butyl, /-butyl 



or pentyl, isopentyl, neopentyl, hexyl, heptyl, and
octyl. When the term "alkyl" is used as a suffix
following another term, as in "phenylalkyl," or
"hydroxyalkyl," this is intended to refer to an alkyl
group, as defined above, being substituted with one to
two substituents selected from the other
specifically-named group. Thus, for example,
"phenylalkyl" denotes the radical R'R"-, wherein R' is
a phenyl radical, and R" is an alkylene radical as
defined herein with the understanding that the
attachment point of the phenylalkyl moiety will be on
the alkylene radical. Examples of arylalkyl radicals
include, but are not limited to, benzyl, phenylethyl,
3-phenylpropyl. The terms "arylalkyl", "aryl alkyl",
or"aralkyl" are interpreted similarly except R' is an
aryl radical. The terms "heteroaryl alkyl" or
"heteroarylalkyl" are interpreted similarly except R'
is optionally an aryl or a heteroaryl radical. The
term "halo alkyl" as used herein denotes a unbranched
or branched chain alkyl group as defined above wherein
1, 2, 3 or more hydrogen atoms are substituted by a
halogen. The term "lower halo alkyl" denotes a
straight or branched chain hydrocarbon residue
containing 1 to 6 carbon atoms, wherein 1, 2, 3 or
more hydrogen atoms are substituted by a halogen.
Examples are 1-fluoromethyl, 1-chloromethyl,
1-bromomethyl, 1-iodomethyl, difluoromethyl,
trifluoromethyl, trichloromethyl, tribromomethyl,
triiodomethyl, 1-fluoro ethyl, 1-chloroethyl, 1-
bromoethyl, 1-iodoethyl, 2-fluoroethyl, 2-chloroethyl,
2-bromoethyl, 2-iodoethyl, 2,2- dichloro ethyl,
3-bromopropyl or 2,2,2-trifluoroethyl. The term
"alkylene" as used herein denotes a divalent saturated
linear hydrocarbon radical o f 1 to 10 carbon atoms
(e.g., (CH 2)n)or a branched saturated divalent
hydrocarbon radical of 2 to 10 carbon atoms (e.g.,
-CHMe- or -CH CH(Z-Pr)CH -), unless otherwise
indicated. Except in the case of methylene, the open
valences of an alkylene group are not attached to the
same atom. Examples of alkylene radicals include, but
are not limited to, methylene, ethylene, propylene, 2-
methyl-propylene, 1,1-dimethyl-ethylene, butylene,
2-ethylbutylene. The term "alkoxy" as used herein
means an -O-alkyl group, wherein alkyl is as defined
above such as methoxy, ethoxy, n-propyloxy,
z-propyloxy, n-butyloxy, z-butyloxy, -butyloxy,
pentyloxy, hexyloxy, including their isomers. "Lower
alkoxy" as used herein denotes an alkoxy group with a
"lower alkyl" group as previously defined. "C1-K)
alkoxy" as used herein refers to an-O-alkyl wherein
alkyl is C1-10 . The term "hydroxyalkyl" as used
herein denotes an alkyl radical as herein defined
wherein one to three hydrogen atoms on different
carbon atoms is/are replaced by hydroxyl groups. The
term "cycloalkyl" as used herein refers to a saturated
carbocyclic ring containing 3 to 8 carbon atoms, i.e.
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl or cyclooctyl. "C3_7 cycloalkyl" as used
herein refers to an cycloalkyl composed of 3 to 7
carbons in the carbocyclic ring. The term "halogen" or
"halo" as used herein means fluorine, chlorine,
bromine, or iodine.The term "heteroaryl" or
"heteroaromatic" as used herein means a monocyclic or
bicyclic, or tricyclic radical of 5 to 18 ring atoms
having at least one aromatic ring containing four to
eight atoms per ring, incorporating one or more N, O,
or S heteroatoms, the remaining ring atoms being
carbon, with the understanding that the attachment
point of the heteroaryl radical will be on an aromatic
ring. As well known to those skilled in the art,
heteroaryl rings have less aromatic character than
their all-carbon counter parts. Thus, for the purposes
of the invention, a heteroaryl group need only have
some degree of aromatic character. Examples of
heteroaryl moieties include monocyclic aromatic
heterocycles having 5 to 6 ring atoms and 1 to 3
heteroatoms include, but is not limited to, pyridinyl,
pyrimidinyl, pyrazinyl, pyrrolyl, pyrazolyl,
imidazolyl, oxazol, isoxazole, thiazole, isothiazole,
triazoline, thiadiazole and oxadiaxoline which can
optionally be substituted with one or more, preferably
one or two substituents selected from hydroxy, cyano,
alkyl, alkoxy, thio, lower haloalkoxy, alkylthio,
halo, haloalkyl, alkylsulfmyl, alkylsulfonyl, halogen,
amino, alkylamino,dialkylamino, aminoalkyl,
alkylaminoalkyl, and dialkylamino alkyl, nitro,
alkoxycarbonyl and carbamoyl, alkylcarbamoyl,
dialkylcarbamoyl, arylcarbamoyl, alkylcarbonylamino
and arylcarbonylamino. Examples of bicyclic moieties
include, but are not limited to, quinolinyl,
isoquinolinyl, benzofuryl, benzothiophenyl,
benzoxazole, benzisoxazole, benzothiazole and
benzisothiazole. 



The term "heterocycloalkyl", "heterocyclyl" or
"heterocycle" as used herein denotes a monovalent
saturated cyclic radical, consisting of one or more
rings, preferably one to two rings, or three rings, of
three to eight atoms per ring, incorporating one or
more ring carbon atoms and one or more ring
heteroatoms (chosen fromN,O or S(=0)o-2), wherein the
point of attachment can be through either a carbon
atom or a heteroatom, and which can optionally be
independently substituted with one or more, preferably
one or two or three substituents selected from
hydroxy, oxo, cyano, lower alkyl, lower alkoxy, lower
haloalkoxy, alkylthio, halo, haloalkyl, hydroxyalkyl,
nitro, alkoxycarbonyl, amino, alkylamino,
alkylsulfonyl, arylsulfonyl, alkylaminosulfonyl,
arylaminosulfonyl, alkylsulfonylamino,
arylsulfonylamino, alkylamino carbonyl,
arylaminocarbonyl, alkylcarbonylamino,
arylcarbonylamino, unless otherwise indicated.
Examples of heterocyclic radicals include, but are not
limited to, azetidinyl, pyrrolidinyl,
hexahydroazepinyl, oxetanyl, tetrahydrofuranyl,
tetrahydrothiophenyl, oxazolidinyl, thiazolidinyl,
isoxazolidinyl, morpholinyl, piperazinyl, piperidinyl,
tetrahydropyranyl, thiomorpholinyl, quinuclidinyl and
imidazolinyl.The phrase "organ rejection" includes
acute allograft or xenograft rejection and chronic
allograft or xenograft rejection in the setting of
vascularized and/or non-vascularized (e.g. bone
marrow, pancreatic islet cells) transplants. Commonly
used abbreviations include: acetyl (Ac), azo-
-isobutyrylnitrile (AIBN), atmospheres (Atm),
9-borabicyclo[3.3.1]nonane (9-BBN or BBN),
tt-butoxycarbonyl (Boc), di-tert-butyl pyrocarbonate
or boc anhydride (BOC O), benzyl (Bn), butyl (Bu),
Chemical Abstracts Registration Number (CASRN),
benzyloxycarbonyl (CBZ or Z), carbonyl diimidazole
(CDI), l,4-diazabicyclo[2.2.2]octane (DABCO),
diethylaminosulfur trifluoride (DAST),
dibenzylideneacetone (dba),
l,5-diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU),
N,N'-dicyclohexylcarbodiimide (DCC), 1,2-
dichloroethane (DCE), dichloromethane (DCM), diethyl
azodicarboxylate (DEAD), di-isopropylazodicarboxylate
(DIAD), di- o-butylaluminumhydride (DIBAL or DIBAL-H),
di-isopropylethylamine (DIPEA), N,N-dimethyl acetamide
(DMA), 4-N,N-dimethylaminopyridine (DMAP),
N,N-dimethylformamide (DMF), dimethyl sulfoxide
(DMSO), \,V-bis- (diphenylphosphino)ethane (dppe),
l,l'- -(diphenylphosphino)ferrocene (dppf), l-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(EDCI), ethyl (Et), ethyl acetate (EtOAc), ethanol
(EtOH), 2-ethoxy-2H-quinoline-l-carboxylic acid ethyl
ester (EEDQ), diethyl ether (Et O),
O-(7-azabenzotriazole-l-yl)-N,
N,N'N'-tetramethyluronium hexafluorophosphate acetic
acid (HATU), acetic acid (HOAc),
1-N-hydroxybenzotriazole (HOBt), high pressure liquid
chromatography (HPLC), o-propanol (IPA), lithium
hexamethyl disilazane (LiHMDS), methanol (MeOH),
melting point (mp), MeSO2- (mesyl or Ms), , methyl
(Me), acetonitrile (MeCN), m-chloroperbenzoic acid
(MCPBA), mass spectrum (ms), methyl -butyl ether
(MTBE), N-bromosuccinimide (NBS), N-carboxyanhydride
(NCA), N-chlorosuccinimide (NCS), N-methylmorpholine
(NMM), N-methylpyrrolidone (NMP), pyridinium
chlorochromate (PCC), pyridinium dichromate (PDC),
phenyl (Ph), propyl (Pr), o-propyl (/-Pr), pounds per
square inch (psi), pyridine (pyr), room temperature
(rt or RT), te/t-butyldimethylsilyl or t- BuMe2Si
(TBDMS), triethylamine (TEA or Et3N),
2,2,6,6-tetramethylpiperidine 1-oxyl (TEMPO), triflate
or CF3SO2- (Tf), trifluoro acetic acid (TFA),
\,Y-bis-2,2, b,b- tetramethylheptane-2,6-dione (TMHD),
0-benzotriazol- 1-yl-N,N,N',N'-tetramethyluronium
tetrafluoroborate (TBTU), thin layer chromatography
(TLC), tetrahydrofuran (THF), trimethylsilyl or Me3Si
(TMS), /?-toluenesulfonic acid monohydrate (TsOH or
pTsOH), 4-Me- C H SO2- or tosyl (Ts),
N-urethane-N-carboxyanhydride (UNCA),. Conventional
nomenclature including the prefixes normal (n), iso
(J-), secondary (sec-), tertiary (tert-) and neo have
theircustomary meaning when used with an alkyl moiety.
(J. Rigaudy and D. P. Klesney, Nomenclature in Organic
Chemistry, IUPAC 1979 Pergamon Press, Oxford.).
Examples of representative compounds encompassed by
the present invention and within the scope of the
invention are provided in the following Table. These
examples and preparations which follow are provided to
enable those skilled in the art to more clearly
understand and to practice the present invention. They
should not be considered as limiting the scope of the 



invention, but merely as being illustrative and
representative thereof. In general, the nomenclature
used in this Application is based on AUTONOMTM v.4.0,
a Beilstein Institute computerized system for the
generation of IUPAC systematic nomenclature. If there
is a discrepancy between a depicted structure and a
name given that structure, the depicted structure is
to be accorded more weight. In addition, if the
stereochemistry of a structure or a portion of a
structure is not indicated with, for example, bold or
dashed lines, the structure or portion of the
structure is to be interpreted as encompassing all
stereoisomers of it. TABLE I depicts exemplified
compounds according to Formula I . TABLE I
.Compositions comprising phytoestrogens selective for
estrogen beta receptor and dietary fibres FIELD OF
INVENTION The present invention relates to
compositions comprising one or more phytoestrogens in
association with dietary fibres, insoluble and
resistant to epzymatic digestion, and to the use of
said compositions for the prophylactic and/or
therapeutic treatment of intestinal mucosa and in
particular of adenopolyposis coli, and of their
progression to colorectal carcinoma. BACKGROUND OF THE
INVENTION Adenocarcinoma, or colorectal carcinoma
(CRC), is the third cause of death in the world. CRC
pathogenesis includes polyps formation onto the
intestinal mucosa, considered pre-cancerous lesions.
When diagnosed by colonoscopy, the intestinal polyps
are usually endoscopically removed. After polypectomy,
the recurrence rate is around 10-15 % per year. Among
recurrent polyps, 10% occurs as advanced adenoma,
characterised by a diameter > 1 cm and histologically
villous. The presence of one advanced adenoma, or the
presence of two new formations after polypectomy,
independently from their histological characteristics,
characterise the population with the highest risk of
developing a CRC (Vogelstein B et al. Genetic
alterations during colorectal-tumor development. NEJM
1988, 319: 525-532). Human familial adenomatous
polyposis (FAP) is caused by a germinal mutation of
the APC (Adenomatous Polyposis CoIi) tumour suppressor
gene. FAP is characterised by the development of a
large number (hundreds to thousands) of adenomas in
the colon. Whereas the genetic substrate favours the
initiation of the tumorigenic process and cannot be
pharmacologically or nutritionally modified, promotion
of tumorigenesis may be controlled, so thwarting the
progression toward cell de-differentiation and
neoplastic transformation. The primary goal of the
colonoscopic screening is the monitoring of adenomas
and their progression to advanced forms and to CRC. In
addition to colonoscopic screening, the clinical need
for chemopreventive interventions, safe and effective
in keeping low the recurrence rate of adenomas, is
certainly high, but still unmet. Cyclooxigenase-2
(COX-2) inhibition by celecoxib and rofecoxib,
although effective, is associatedwith an unbearable
risk of cardio-vascular side effects (Lance P.
Chemoprevention of colorectal cancer: some progress
but a long way to go. Gastroenterology 2008, 134:
341-343). A higher CRC prevalence in males, and a
reduced incidence in females undergoing hormone
replacement therapy (HRT) support the hypothesis that
estrogens play a protective role in colon tumorigenic
process. As a further proof of concept of the
protective role of estrogens in the intestinal mucosa,
it must be cited the recent evidence on the regression
of the adenomas in a young woman, affected by FAP,
after estro-progestinic therapy for contraceptive
purposes (Giardiello F, Hylind L, Trimbath J et al.
Oral Contraceptives and Polyp Regression in Familial
Adenomatous Polyposis. Gastroenterology 2005;
128:1077-1080). Unfortunately, in the epidemiological
studies conducted on post-menopausal women undergoing
estro-progestinic therapy, a high incidence of breast
cancer 



and cardiovascular accidents have been observed, thus
requiring the early termination of the study to
safeguard the health of the enrolled patients (Writing
Group for the Women's Health Initiative Investigators.
Risks and benefits of estrogen plus progestin in
healthy postmenopausal women. JAMA 2002, 288: 321-
333). Estrogen receptors exist in two forms: alpha
(ERa) and beta (ERb) , differently localised and
expressed in the various anatomical districts. ERa is
mainly localised in breasts, cardiovascular system,
bones, urogenital and central nervous system, whereas
ERb is expressed in prostate, salivary glands, testes,
ovaries, in the immune system and, predominantly, in
the intestine. 17b-estradiol (estrogen) is a non
selective ligand for both receptors, that performs a
proliferative activity in presence of ERa and
anti-proliferative in presence of ERb (Koehler KF et
al. Reflections on the discovery and significance of
Estrogen Receptor b. Endocr Rev 2005, 26: 465-478).
The beneficial effects observed in the above mentioned
studies on the reduced CRC incidence could therefore
depend specifically from the Erb activation. The
involvement of ERb in the adenomatous polyposis and
CRC is demonstrated by its reduced expression, with
respect to normal intestinal mucosa, in polypectomized
patients already in pre-cancerous stage (Di Leo A et
al. ER-bexpression in large bowel adenomas:
implications in colon carcinogenesis. Dig Liver Dis
2008, C40: 260-266). Significantly, ERb reduction
relates with an increased proliferation and a
progressive cell de-differentiation, demonstrating
that ERb silencing is involved in tumour progression.
The colorectal pre-cancerous lesions hence are early
warnings of CRC development in a relevant part of the
population. The dramatic decline of ERb is also
observed in the more advanced stages of the neoplastic
transformation (Konstantinopoulos PA et al. Oestrogen
receptor beta (ERb) is abundantly expressed in normal
colonic mucosa, but declines in colon adenocarcinoma
paralleling the tumor's dedifferentiation. Eur J
Cancer 2003, 39: 1251-1258). Experimental studies
conducted on C57BL/6J - APC Min/+ transgenic mice,
that carry a mutation of the germinal line of the APC
gene, support the estrogens' protective role in the
prevention of the neoplastic transformation in colonic
epithelial cells. In particular, Weyant et al. (Weyant
MJ et al. Reciprocal expression of ERa and ERb is
associated with estrogen-mediated modulation of
intestinal tumorigenesis. Cancer Res 2001, 61:
2547-2551), using female transgenic mice, demonstrated
that intestinal adenomas spontaneously develop after
ovariectomy. Ovariectomy gave rise to a 77% increase
in intestinal adenomas neoformation, whereas the
subsequent administration of 17-b-estradiol caused a
reduction in intestinal adenomas. Besides genetic
causes, it is known that exposure to carcinogens
inside the intestinal lumen or to agents potentially
genotoxic for the epithelial cells of intestinal
mucosa is an epigenetic event that facilitates the
inactivation of both alleles or the somatic mutation
of the APC gene, both in FAP and sporadic form. These
dangerous substances are normally ingested with the
diet, or they can be formed in the intestinal lumen as
an effect of the digestion, in particular of fats, or
by degradation of bile acids. For this reason, a diet
rich in fibres, believed exerting a shielding effect
on the intestinal mucosa or adsorbing potentially
genotoxic xenobiotics, is considered useful in CRC
prevention (Robertson DJ et al. Fat, fiber, meat and
the risk of colorectal adenomas. Am J Gastroenterol
2005, 100: 2789-2795). However, the clinical evidences
of such efficacy are not always convincing. This often
dependson the poor quality of the various experimental
protocols, where the expected effects are not weighed
against the total fibre dietary intake, comprised of
soluble 



and insoluble fibres. Therefore, the expected effects
due to the addition to the diet of a known amount of a
fibre qualified for its structure, degree of
solubility and digestibility, with its own viscosity
and gelling properties in the intestinal lumen, are
largely unclear. All the previously mentioned features
(i.e. structure, degree of solubility and
digestibility, viscosity and gelling properties)
heavily affect the properties of the fibre, as well as
its biological effects on the intestinal physiology of
complex organisms (Jones JR et a/. Dietary reference
Intake: implication for fiber labeling and
consumption: a summary of the International Life
Sciences Institute North America Fiber workshop, June
1-2, 2004 Washington, DC. Nutr Rev 2006, 64: 31-38).
SUMMARY OF THE INVENTION According to the Inventors,
the therapeutic need may be met by locally delivering
agents capable to act as selective agonists to the
estrogen receptor-beta involved in the progression of
the adenopolyposis to colorectal cancer, significantly
reducing the systemic absorption of such agents and
thus favouring their pharmacological action onto the
intestinal mucosa. Compositions for oral
administration comprising an association of at least
one phytoestrogen, selectively agonist to Estrogen
Receptor Beta (ERb), or more phytoestrogens with the
above properties, and insoluble dietary fibres, i.e.
fibres resistant to enzymatic digestion in the
intestinal tract, may meet the need in the medical
field of tools useful for prevention or treatment of
the adenopolyposis coli condition and its progression
to colorectal cancer. Therefore, in a first aspect it
is an object of the present invention compositions
comprising at least one phytoestrogen or a mixture of
phytoestrogens selectively agonists to the estrogen
receptor-beta (ERb), and at least one insoluble and
indigestible fibre or mixtures thereof selected from
the group consisting of nonstarch polysaccharides.
Yet, it is a further object of the invention the use
of such compositions orally administered for the
topical treatment of the intestinal mucosa, and in
particularthe treatment of adenopolyposis coli
conditions, and for the prevention of their
progression to colorectal cancer. As it will be
readily apparent from the detailed description of the
invention reported hereafter, in the presence of
pre-cancer lesions of the colon characterised by
mutations of the APC tumour suppressor, defined as
polyps or adenomas, the compositions for oral
administration can be profitably used to reduce the
number and volume of polyps and to prevent their
progression toward the neoplastic transformation,
reducing their grade of dysplasia. The compositions
for oral administration object of the present
invention can be profitably used to restore ERb
expression onto the colon mucosa, otherwise deficient
or silenced when intestinal adenomas occur, and to
restore a ratio of expression between the estrogen
receptor beta and alpha in favour of the anti
proliferative activity. Moreover, the association from
at least one phytoestrogen, selective for the estrogen
receptor-beta, and at least one insoluble dietary
fibre forming the compositions for oral administration
object of the present invention represents a
preferential delivery system for the ERb selective
phytoestrogen to the colon, where the adenopolyposis
is preferentially located, with an enrichment of the
components onto the intestinal mucosa and into the
colonocytes. The oral compositions object of the
present invention are therefore a safe and effective
delivery system for the topical treatment of the
intestinal mucosa, in conditions at high risk for the
development of adenomas and their progression to
adenocarcinoma, therefore useful in the treatment of
subjects affected by 



adenopolyposis coli, in familial and sporadic forms,
recruited to colonoscopic screening and after
polypectomy, to prevent the development of advanced
adenomas, and to prevent their potential neoplastic
transformation into adenocarcinoma, also known as
colorectal cancer (CRS). BRIEF DESCRIPTION OF THE
FIGURES Figure 1. The figure shows the genie
expression (Messenger RNA, mRNA) of estrogen receptors
in APC Min/+ mouse intestine. The levels of expression
of ERb and ERa mRNA are expressed as optical density
units in comparison with the optical density units of
constitutive 18S mRNA, relative to a structural
proteinunmodified in the experimental conditions of
the present study. The results show: a significant
increase of ERb mRNA in the silymarin 200 ppm group
(p=0.03), with respect to the control group fed
standard diet; an unexpected significant decrease of
the ERa mRNA in the group fed the insoluble fibre
lignin alone (p = 0.04); a significant increase of ERb
in the group fed the composition formed by the
association lignin+silymarin (p=0.04). Figure 2. The
figure shows the ratio between the mRNAs of estrogen
receptor alpha and beta, in the intestine of APC Min/+
mice. By comparison with the group of animals
subcutaneously treated with estrogen (known to be non
selectively active on ERb and ERa), the results
confirm the selectivity of silymarin for ERb, being
the receptor increased by the ligand. Moreover, the
results demonstrate that the association of silymarin
(even at low doses) with the insoluble fibre lignin,
by itself surprisingly active in reducing the
expression of ERa which possesses a proliferative
activity, facilitates the restoration of an expression
ratio between the estrogen receptors in favour of the
anti-proliferative activity. Figure 3. The figure
shows the ratio between the level of estrogen receptor
alpha and beta proteins, in the intestine of APC Min/+
mice, as detected by Western Blotting. With respect to
the control group of animals fed standard diet only,
an increase of the ERb protein versus the ERa protein
is observed in animals fed different diets, this
increase being higher in the group subcutaneously
treated with 17b-estradiol; in the silymarin fed
group; in the lignin fed group; in the group fed the
composition containing lignin + silymarin, even at low
doses. Figure 4. Figure 4A compares ERb/ERa mRNA ratio
in the small intestine of wild type (WT) and APC
Min/+groups, fed different diets. Silymarin (SIL),
lignin (LIG) and silymarin+lignin (SIL+LIG) restored
ERb/ERa mRNA to levels comparable with WT healthy
mucosa. ERb protein was also increased in all the
dietary managed groups (Fig. 4 B), when compared to
controls. Figure 5. TUNEL assay (A-C) and cleaved
caspase-3 (CC-3) (D) assessment of pro-apoptotic
acivity in non adenomatous and adenomatous mucosa from
APC Min/+ animals fed the standard diet (Control) or
different diets (SIL, LIG, SIL+LIG), in comparison
with wild type (WT) mice fed the standard diet. In
non-adenomatous mucosa, silymarin, lignin, and the
combination of the two restored apoptosis tolevels
comparable with the healthy mucosa from WT mice. In
adenomatous mucosa, only the association of silymarin
and lignin restored apoptosis to values comparable
with healthy mucosa from WT mice. Whereas CC-3
markedly decreased in the APC Min/+ mice fed the
standard diet, a strikingly increase was observed in
the dietary managed groups. DETAILED DESCRIPTION
According to the state of the art described above, and
considering the side effects potentially experienced
with non selective agonists of estrogen receptors, the
oral compositions object of the present invention
comprise at least one phytoestrogen selectively
agonist to estrogen receptor beta (ERb) , or mixtures
of such phytoestrogens, supported by a wide use that
sustains its/their clear safety and effectiveness
profile. 



For the purpose of the present invention, the
preferred phytoestrogens are selected from the group
consisting of flavolignans, namely silymarin,
silybinin, isosilybinin, silydianin, silychristin, the
isoflavone genistein, the flavonoid resveratrol,
coumestrol and mixtures thereof. The phytoestrogen or
phytoestrogens composing the mixture can be present in
the composition both in their purified form and as
plant extract. More preferably, the phytoestrogen is
silymarin, as such or as a Milk Thistle extract, the
most preferred one being the Milk Thistle extract
consisting of a mixture of flavolignans silymarin,
silybinin, iso-silybinin, silydianin and silychristin.
It is known that silymarin, a standardized mixture of
flavolignans extracted from Milk Thistle fruits,
widely used in traditional medicine as
hepatoprotectant, possesses a documented profile of
safety and tolerability, as well as properties of the
same as selective ERb agonist, without any relevant
activity on Era, have been described (Seidlova-Wuttke
D et al. Silymarin is a selective estrogen receptor b
(ERb) agonist and has estrogenic effect in the
metaphysis of the femur but no or antiestrogenic
effects in the uterus of ovariectomized (ovx) rats. J
Steroid Biochem MoI Biol 2003, 86: 179-188).
"Silymarin" is the common denomination used for a
plant extract containing a mixture of flavolignans:
silymarin, silybinin, iso-silybinin, silydianin and
silychristin in variable concentrations and ratios. In
the compositions object of the present invention,
"Silymarin" means the mixture of flavolignans
composing the extract, indifferent concentrations and
ratios, with particular reference to a Milk Thistle
extract with an analytical profile characterised by a
silymarin content higher than 70% and a silybinin A+B
content higher than 30%. In general, additional
components to and/or substitutes of silymarin in the
compositions object of the present invention are other
phytoestrogens, provided that they are selective for
ERb and with a anti-estrogenic activity, that is not
inducing a significant proliferative activity on
tissues that are classical targets for the estrogens,
such the above mentioned phytoestrogens, in similar
concentrations as that of silymarin. The other
essential component of the compositions for oral
administration of the present invention is an
insoluble and indigestible, i.e. resistant to
enzymatic digestion in the gastrointestinal tract,
fibre. The insoluble fibre can be present in a
purified form or as component of a natural extract,
provided that in the compositions the insoluble fibre
content is between 1% and 30%. Such fibre is selected
from plant fibres with a non-starch polysaccharidic
nature and among these fibres are preferably fibres
selected in the group consisting of
polyphenylpropanoid lignin (hereafter called also
lignin), cellulose, resistant starch, inulin and long
chain inulin and mixtures thereof. Particular
preference is given to the lignin. The insoluble fibre
can be present as a purified component as well as a
constituent of an extract. In the later case, the
above mentioned insoluble fibres can be present as a
mixture and associated with other nutritional
substances. In particular, the fibres can be used for
the compositions of the invention as follows: in the
case of lignin, as such in the polydisperse form or as
wheat bran; in the case of cellulose, as such or as a
soy extract; in the case of inulin, long chain inulin
is preferable, with a polymerisation degree of 10-65
and an average chain length of 25, as such or as
artichoke extract, chicory extract or Dandelion root
powder. The fibres present in the oral compositions
object of the present invention are anyway to be
considered add-ons to the diet, but independent from
the total dietary fibre intake. The compositions
according to the inventions have shown unexpected
biological properties, since said compositions,
characterized substantially by the association from at
least one phytoestrogen, selectively agonist to
estrogen receptor beta (ERb), or mixtures thereof and
at least one dietary insoluble fibre selected
fromfibres having a non-starch polysaccharidic nature
or mixtures thereof, proved to 



have a synergistic effect on the parameters used for
the necessary experimental validation of their
usefulness. In fact, the dietary insoluble fibre (in
particular lignin) proved to be active in maintaining
ERb proteic expression, evidence unknown to date, and
proved to be synergic with the phytoestrogen silymarin
in significantly keeping under control parameters that
are markers of the proliferation and neoplastic
progression, such as for example the volume and degree
of dysplasia of adenomatous polyps. In addition
similar synergistic unexpected effects between
phytoestrogens and fibres have been seen in other
relevant biological parameters, such as the
restoration of a pro-apoptotic activity on the
adenomatous mucosa and even more interestingly on the
non-adenomatous mucosa, to level comparable with those
observed on healthy intestinal mucosa. The unbalanced
proliferation/apoptosis ratio observed on the non
adenomatous intestinal mucosa of APC Min/+ mice fed
the standard diet - an experimental model validated to
assess both the pathobiological mechanisms as well as
the efficacy of pharmaceutical and/or nutraceutical
interventions of human clinical relevance - can
explain the clinically documented recurrence of polyps
in patients entered the screening colonoscopy program,
because of previous polyp detection and polypectomy,
and regarded as at increased risk of CRC development
and progression. The results obtained above mentioned
in summary widely support the envisaged use of the
compositions object of the present invention. In
particular, in mammals, humans or non-humans, a
composition for oral administration according to the
invention can induce the expression of the estrogen
receptor beta directly on the intestinal mucosa, when
such receptor is poorly expressed or absent because of
the presence of pre-cancerous lesions in the colon
mucosa, due to a mutation of the APC tumoral
suppressor, such as per familial (FAP) and sporadic
adenopolyposis. In addition, the oral compositions
according to the present invention could be a useful
system to preferentially target the delivery of the
phytoestrogens to the intestinal area affected from
polyp development, being this area the small intestine
in the experimental mouse model and the colon in
humans, where the insolublefibres are partially
digested. The insoluble fibres contained in the
compositions according to the present invention, and
particularly lignin, act as a shield in the upper
gastrointestinal tract, where phytoestrogens are
otherwise preferentially absorbed. Moreover, this
shielding effect allows a prolonged contact of the
phytoestrogens comprised in the compositions according
to this invention onto the intestinal mucosa and onto
colonocytes. As a proof of concept, whereas the
insoluble fibre, and particularly lignin, was per se
ineffective in counterfighting intestinal neoplasia,
as assessed by the number of developed polyps and
their volume, the compositions according to the
invention, and particularly the combination of
silymarin at the lowest effective dose with lignin
determined a maximal reduction in polyp number and
volume, comparable with the one obtained by adding the
standard diet with silymarin at the highest effective
dose. Compositions according to the invention can
therefore usefully be employed, either as
pharmaceutical products or nutraceuticals, in the
treatment of patients affected by colon adenomas,
diagnosed through colonoscopic examination, with the
aim of reducing polyp number and volume, of preventing
their progression to advanced adenomas and, possibly,
to adenocarcinoma. Compositions according to the
invention can also be employed to prevent or reduce
the development of new polyps and to prevent their
progression to an advanced form, and possibly to
adenocarcinoma, in polypectomised patients currently
recruited to screening colonoscopy program, in the
period between scheduled screening colonoscopies. 



The compositions for oral administration of the
present invention can be in both liquid and solid
form. Independently from the type of phytoestrogens
used and from the form thereof (i.e in purified form
or as extract), in said compositions the
phytoestrogens and the mixtures thereof are comprised
from 0.1% to 10% by weight, more preferably from 0.5%
to 5%, and most preferably from 1% to 2%. In fact,
when the phytoestrogen is silymarin, said solid and
liquid oral compositions preferably comprise from 0.1%
to 10% by weight, more preferably from 0.5% to 5%, and
most preferably from 1% to 2% of silymarin,
independently from the extract thereof used. In the
case of use of genistein as phytoestrogen, the solid
and liquid compositions of the present invention
preferably comprise from 0.1% to 10% by weight,
morepreferably from 0.5% to 5%, and most preferably
from 1% to 2% of genistein, independently from the
extract used. The solid and liquid compositions object
of the present invention preferably comprise from 0.1%
to 10% by weight, more preferably from 0.5% to 5%, and
most preferably from 1% to 2% of coumestrol,
independently from the extract used. The solid and
liquid compositions object of the present invention
preferably comprise from 0.1% to 10% by weight, more
preferably from 0.5% to 5%, and most preferably from
1% to 2% of mixed phytoestrogens, independently from
the extract used. With reference to the insoluble
fibre component, the solid compositions of the present
invention preferably comprise from 1% to 30% by
weight, more preferably from 5% to 25%, and most
preferably from 10% to 20% of indigestible dietary
fibre, independently from the type of extract used
(i.e. purified or as such). The liquid compositions of
the present invention preferably comprise from 1% to
20%, more preferably from 2% to 15%, and most
preferably from 5% to 10% of indigestible and
insoluble dietary fibre, independently from the type
of extract used (i.e. purified or as such). The solid
compositions can be in form of powder, effervescent
powder or chewable tablets. The powder forms can in
turn be multi-dose (bottles, canisters, jars) and
single dose (sachets) packages. The liquid forms can
be in form of syrups, solutions, suspensions or
aqueous dispersions. In such formulations, the
compositions can additionally comprise acceptable
pharmaceutical or food grade excipients, diluents,
preservatives, flavours, foaming agents, pH correcting
agents, etc., depending on the chosen form, suitable
for the oral administration. Moreover, the
compositions of the present invention can further
comprise probiotics, such as for example lactobacilli
and/or bifidobacteria, both live and tyndalized, with
the purpose of contributing to the normalization of
the intestinal microflora and to the intestinal
fermentation of the fibre, effects known contributing
to the formation of a healthy microenvironment in this
anatomical district. Probiotics are added as adjuvants
to maintain or balance the intestinal physiology and
to help metabolise the indigestible and insoluble
fibre.Compositions in accordance with the present
invention are shown in working examples 1-10. Working
examples 1-7 refer to solid formulations, and working
examples 8-10 to liquid formulations. Unless otherwise
specified, the proportions of the components
comprising the compositions in the working examples
represent the weight percentages of the respective
components relative to the final product. The
following examples further describe and demonstrate
embodiments within the scope of the present invention.
The examples are given solely for the purpose of
illustrations, and are not intended to limit the scope
of the present invention, because variations of the
present invention are possible without departing from
the spirit and scope of the invention. 



Solid formulations Example 1: Effervescent
powderPotassium Citrate 0.50 Citric Acid 1.00 Silicon
Dioxide 0.10 Flavouring 1.00 Example 3: Effervescent
powder Example 4: water-dispersible powder Example 5:
Effervescent powderLiquid formulationsExample 8:
SyrupExperimental part The C57BL/6J APC Min/+
transgenic mouse is an excellent animal model for FAP,
because the mutated APC gene is homologous to the
human one. Even in the most common form of CRC, called
sporadic, 85% of cases show the somatic mutation of
the APC tumour suppressor gene. Therefore, the APC
mutated transgenic animal model is acknowledged as the
most significant for the study of the pathogenetic
mechanisms that characterise the adenomatous polyposis
in the colon, both in FAP and sporadic form, and it is
considered a validated animal model for the set up of
nutritional and pharmacological interventions aimed at
controlling the development of adenomas and at
preventing their progression to CRC (Levy DB et al.
Inactivation of both APC alleles in human and mouse
tumors. Cancer Res 1994, 54: 5953-5958; Paulsen JE et
al. Qualitative and quantitative relationship between
dysplastic aberrant crypt foci and tumorigenesis in
the Min/+ mouse colon). For this reason, in setting up
the oral formulations object of the present invention,
and in the evaluation of their safety and efficacy,
the Inventors made use of the above mentioned C57BL/6J
APC Min/+ transgenic mouse model. Hereafter are
described the data showing the effect in C57BL/6J -
APC Min/+ transgenic mice, orally fed silymarin added
diets, containing soluble and insoluble fibres in
different proportions with the purpose of highlighting
the differentiative properties of the insoluble and
indigestible fibre. The three diets under examination,
formulated with the aim of mimicking a fat rich
dietary regimen, were as follows:b Diet 5K20 [Mucedola
SrI, Settimo Milanese (Ml)], containing 4.50% of total
fibre, composed of soluble and insoluble fibres; "
Purified diet containing 6.24% of insoluble fibre,
constituted by lignin; Purified diet containing 6.24%
of soluble fibre, constituted by Plantago ovata husk.
Silymarin up to 200 mg/kg was added to each diet. The
diets were orally administered for 10 weeks to 114
male C57BL/6J - APC Min/+ transgenic mice 5-6 weeks
old. These mice have a mutation of the APC gene, and
are prone to develop colon adenomatous polyposis.
Objective of the study was to verify the capacity of
the composition according to the present invention in
significantly reducing polyps development and
preventing their progression to severely dysplastic
forms, markers of neoplastic transformation, in an
animal model recognised as comparable to the human
pathologic situation. The statistical analysis has
been performed by means of the One-way Analysis of
Variance and the t-Student tests, considering
statistically significant a p<0.05. The animals were
divided into 14 groups, as reported in Table 1. Every
oral treatment lasted 10 weeks. The treatment scheme
was designed to highlight the effects of the type of
fibre, associated or not with increasing amounts of
silymarin. As a positive control, a group of
transgenic mice fed standard diet (5K20, Mucedola) and
subcutaneously implanted with a pellet containing 1.5
mg of 17b- estradiol (estrogen) was used. Table!.
Number of animals per group (sil= silymarin, ppm=part
per million)No difference in the daily dietary intake
(about 3+0.1 g/day) was reported among animals in the
different groups. During the treatment period, the
mortality rate was 



low in the groups fed standard diet or diet added with
compositions described in this patent application
(7.1%), whereas in groups fed diet added with Plantago
ovata husk the mortality was very high (>50%). Table 2
list the means and standard deviations of the weight
of the animals from different diet groups, at time of
sacrifice. At admission to the animal house their
average weigh was 19  1.2 g. Table 2. Mean and
standard deviation of body weights at time of
sacrifice Differently from animal groups fed the diet
containing P. ovata husk soluble fibre, in which a
high mortality rate and no reduction in polyp numbers
were observed, the association of silymarin and lignin
constituting one of the compositions according to the
present invention proved to be safe and well
tolerated, and resulted highly effective in keeping
down the number, volume, and grade of dysplasia of
adenomatous polyps in the C57BL/6J - APC Min/+
transgenic mouse model. In addition, the dietary
insoluble fibre (in this case lignin) proved to be
active in maintaining ERb proteic expression, evidence
unknown to date, and proved to be synergic with
silymarin in significantly keeping under control
parameters that are markers of the proliferation and
neoplastic progression, such as for example the volume
and degree of dysplasia of adenomatous polyps.After 10
weeks of treatment the animals received an
intraperitoneal injection of 0.75 mg of
Bromodeoxyuridine (BrdU), equivalent to 30 mg/kg, to
verify the migration of cells of the intestinal mucosa
along the villus axis (from crypt at the bottom to the
luminal tip). This parameter allows to verify the
normal esfoliative physiology of the intestinal
mucosa, through which the mucosa keeps itself composed
of healthy and vital cells. To this end, the animals
were sacrificed 24, 48 and 72 hours after injection.
Small intestine and colon were taken from every
sacrificed animal. The small intestine was divided
into three sections: proximal, medial and distal. The
proximal tract was further divided in two portions
that were subsequently scraped. One of the two was
dipped in RNAIater(r) and stored at -20C and the other
stored in liquid nitrogen. The two samples were used
for Real Time PCR and Western Blotting, respectively.
The medial and distal tracts, together with the colon,
were used for the histological analysis. After a
3-hours pre-fixative treatment with formol, the
intestinal tracts under examination were observed
under an STM1 stereomicroscope, 3x magnification. Two
blinded observers measured the number and size of
polyps. Table 3 lists mean and standard deviation (SD)
of the number of polyps observed in the animals fed
the different diets. It has to be noticed that
silymarin added at 200 ppm to the standard diet
significantly reduces the number of polyps (p=0.005),
at a level comparable with the reduction observed in
the transgenic mice of the control group,
subcutaneously treated with estradiol. Lignin alone is
ineffective on this parameter, but the association of
lignin and silymarin, object of the present invention,
significantly reduces the number of polyps, at a
silymarin dose (50 ppm) four times lower than that
required to obtain the same results with standard diet
(200 ppm).Tabella 3. Number of intestinal polyps in
animals fed different diets Table 4 lists the
silymarin content (expressed as mg/g silybinin in the
tissue, determined by HPLC) in the duodenal tract,
where silymarin is known to be preferentially
absorbed, and in the ileum after seven days feeding
200 ppm silymarin, or a composition containing 200 ppm
silymarin and a non starch polysaccharidic fibre
(lignin) as an add-on to the standard diet of C57BL/6J
mice (n=6). The association of silymarin and insoluble
fibre caused a preferential transport of the
phytoestrogen in the ileal region, the intestinal area
where polyps tipically develop in the transgenic
mouse. Moreover, it is known that such condition 



mimics the development of adenopolyposis in human
colon. Therefore, the compositions object of the
present invention can be an effective system for the
topical treatment of the area affected by adenomatous
formations. Tabella 4. Mean and standard deviation of
silymarin tissue concentration in mouse intestine
Table 5 lists mean and standard deviation (SD) of the
volume of intestinal polyps. Assuming polyps shape as
a sphere, by measuring their diameter it was
possibleto calculate their volume, expressed in mm3.
Surprisingly, lignin alone is able to reduce polyps
volume (p=0.0001). The association of silymarin with
lignin is able to significantly reduce the volume of
polyps (p=0.0001). Moreover, the association is
synergic for the two components, as suggested by the
fact that the using lower doses of phytoestrogen, the
same effect as per the higher doses of single
component is observed. Noteworthy, estradiol proved to
be ineffective on this parameter, demonstrating that
the composition object of the present invention,
containing a phytoestrogen selectively agonist to ERb,
is effective on this parameter. Table 5. Comparison of
polyps volume (mm3GSD) in animal fed the different
diets Histological preparations of randomly chosen
intestine sections of every animal from the different
treatment groups were observed by a blinded
pathologist, who graded the dysplasia of the
adenomatous formations present as minor, mild or
severe. In the estradiol-treated animals, 70% showed
polyps with dysplasia classifiable as severe, versus
21.4% in animals fed standard diet added with 200 ppm
silymarin, 30% in animals fed diet with lignin, and
20% in animals fed diet with lignin added with 50 ppm
silymarin. Table 6 lists the results concerning HLC
(highest labeled cell) in the experimental groups.
Data shows that cell migration rate, and consequently
the esfoliation rate of enterocytes in the intestinal
lumen, is significantly increased in the group treated
with lignin and silymarin (even at low doses).Table 6.
Percentage of colonocytes migration from the crypt to
the apex of the villus in transgenic animals of the
different groups With regard to the mechanism of
action of the association silymarin and lignin, data
demonstrates for the first time a potentiation of the
ERb expression on the intestinal mucosa. RT-PCR
results are shown in Figure 1. The levels of
expression of messenger RNA for ERb and ERa are
reported as average ratio between the optical density
of the messenger for each receptor and that of 18S
rRNA, relative to b-actin, a structural protein that
is unmodified in the experimental conditions of the
study. The results show a significant increase of ERb
mRNA for in the silymarin 200 ppm group (p=0.03), with
respect to the group fed standard diet. Surprisingly,
the Inventors demonstrated for the first time that the
ERa mRNA is significantly decreased in the group
treated with the insoluble fibre (p=0.04); the
reduction is more pronounced in the group fed with a
composition containing the association
silymarin-lignin (p=0.04). From comparison with the
group subcutaneously treated with estrogen (active on
both ERb and ERa), data confirms silymarin as
selective ligand to ERb and demonstrates that the
association of silymarin (even at low doses) and
lignin - the latter surprisingly active in reducing
expression of ERa known to exert proliferative
properties - further facilitates the re-establishment
of a ratio between the two estrogen receptors in
favour of the antiproliferative activity, as shown in
Figure 2 and demonstrated by the data in Tables
3-6.Figure 3 shows the level of intestinal expression
of the estrogen receptors, as ratio between ERb and
ERa proteins, determined using the Western Blotting
method. Compared to the group of animals fed standard
diet only, an increase of ERb as a protein in
comparison to ERa protein was observed, and this
increase is more 



marked in the group subcutaneously treated with
17b-estradiol, thus confirming the protective role
hypothesised for the estrogens; in the
silymarin-treated group, thus confirming its
properties as a phytoestrogen selective to ERb; and,
surprisingly, in both groups treated with lignin and
with lignin + silymarin, even at low doses. Additional
experimental were collected in order to provide
evidence of: A) altered proliferative and apoptotic
activities even on the non adenomatous mucosa of APC
Min/+ animals, in comparison with syngeneic wild type
(WT), no APC mutated, C57BL/6J intestinal mucosa
(regarded as normal and healthy), being both animal
groups fed the standard diet; B) the capability of the
oral compositions object of the present invention to
restore ERb expression, proliferative and apoptotic
activity in APC Min/+ mice, to levels comparable to
the ones observed onto the normal mucosa of WT animals
fed the standard diet. Therefore, these evidences
further support the use of such oral compositions as
an useful adjunct to screening colonoscopy program in
previously polipectomised patients, at increased risk
of developing new polyps (recurrence). Figure 4 (A, B)
shows the ratio between ERb and ERa mRNAs and the
level of expression for both receptors as a protein,
onto the non-adenomatous mucosa of WT and control APC
Min/+ fed the standard diet, or APC Min/+ fed
different diets. Figure 5 (A-D) demonstrates that: i)
the non adenomatous mucosa of APC Min/+ mice fed the
standard diet has lost proapoptotic control on cell
proliferation when compared to the WT mice fed the
standard diet, as detected by markers of apoptosis,
such as the reduced number of positive cells on the
TUNEL assay and cleaved capsase 3 protein expression,
ii) the oral compositions object of the present
invention, with particular reference to the
association of silymarin and lignin, restore apoptotic
control on cell proliferation to levels similar with
the ones observed onto the normal, healthy intestinal
mucosa of WT mice.CLAIMS 1. A composition for oral
administration comprising at least one phytoestrogen
or a mixture of phytoestrogens selectively agonists to
the estrogen receptor-beta and at least one insoluble
and indigestible fibre or mixtures thereof selected
from the group consisting of non-starch
polysaccharides. 2. The composition according to claim
1, wherein the phytoestrogens, in purified form or as
extracts, are selected from the group consisting of
silymarin, silybinin, iso-silybinin, silydianin,
silychristin, genistein, resveratrol, coumestrol and
mixtures thereof. 3. The composition according to
claim 1, wherein the phytoestrogen is the Milk Thistle
extract silymarin consisting of the mixture of
silymarin, silybinin, isosilybinin, silydianin,
silychristin. 4. The composition according to claim 1,
wherein insoluble and indigestible fibres, in purified
form or as extracts, are selected from the group
consisting of lignin, cellulose, resistant starch,
inulin, long chain inulin and mixtures thereof. 5. The
composition according to claims 1-4, wherein
phytoestrogens are in a range comprised from 0.1 to 10
% of the total weight of said composition. 6. The
composition according to claims 5, wherein
phytoestrogens are in a range comprised from 0.5 to 5%
of the total weight of said composition. 7. The
composition according to claims 5, wherein
phytoestrogens are in a range comprised from 1 to 2%
of the total weight of said composition. 8. The
composition according to claims 1-4, wherein the
insoluble and indigestible fibres are in a range
comprised from 1 to 30% of the total weight of said
composition. 9. The composition according to claim 8,
wherein the fibres are in a range 



comprised from 5 to 25% in solid formulations. 10. The
composition according to claim 8, wherein the fibres
are in a range comprised from 10 to 20% in solid
forms. 11. The composition according to claim 8,
wherein the fibres are in a range comprised from 2 to
15% in liquid forms. 12. The composition according to
claim 8, wherein the fibres are in a range comprised
from 5 to 10% in liquid forms.13 The composition
according to any one of the preceding claims 1-12,
wherein probiotics, live or tyndalized, are further
added. 14. The composition according to any one of the
preceding claims 1-13, in combination with
pharmaceutically acceptable excipients and/or diluents
suitable for solid forms selected from the group
consisting of powders, effervescent powders, chewable
tablets and tablets. 15. The composition according to
any one of the preceding claims 1-13, in combination
with food grade acceptable excipients and/or diluents
suitable for solid forms selected from the group
consisting of powders, effervescent powders, chewable
tablets and tablets. 16. The composition according to
any one of the preceding claims 1-13, in combination
with pharmaceutically acceptable excipients and/or
diluents suitable for liquid forms selected from the
group consisting of syrups, solutions, suspensions and
aqueous dispersions. 17. The composition according to
any one of the preceding claims 1-13, in combination
with food grade acceptable excipients and/or diluents
suitable for liquid forms selected from the group
consisting of syrups, solutions, suspensions and
aqueous dispersions. 18. The composition according to
any one of the preceding claims for use in the
prophylactic or therapeutic topical treatment of the
intestinal mucosa. 19. The composition according to
any one of the preceding claims for use for the
prevention and/or treatment of adenopolyposis and its
progression to adenomas and adenocarcinoma. 


