
PYRAZINE DERIVATIVES AND USE AS PI3K INHIBITORS Field
of the invention This present invention is related to
the use of pyrazine derivatives of Formula (I) for the
treatment and/or prophylaxis of autoimmune disorders
and/or inflammatory diseases, cardiovascular diseases,
neurodegenerative diseases, bacterial or viral
infections, allergy, asthma, pancreatitis, multi-organ
failure, kidney diseases, platelet aggregation,
cancer, transplantation, sperm motility, erythrocyte
deficiency, graft rejection or lung injuries.
Specifically, the present invention is related to
pyrazine derivatives for the modulation, notably the
inhibition of the activity or function of the
phosphoinositide-3-kinases, PBKs. Background of the
invention Phosphoinositide 3-kinases (PBKs) have a
critical signalling role in cell proliferation, cell
survival, vascularization, membrane trafficking,
glucose transport, neurite outgrowth, membrane
ruffling, superoxide production, actin reorganization
and chemotaxis {Cantley, 2000, Science, 296,
1655-1657). The term PBK is given to a family of lipid
kinases which, in mammals, consists in eight
identified PBKs that are divided into three
sub-families according to their structure and their
substrate specificity. Class I group of PBKs consists
in two sub-groups, Class IA and Class IB. Class IA are
a family of heterodimeric lipid kinases consisting in
a 85 kDa regulatory unit (responsible for
protein-protein interactions via the interaction of
Src homology 2 (SH2) domain with phosphotyrosine
residues of other proteins) and a catalytic sub-unit
of HOkDa that generate second messenger signals
downstream of tyrosine kinases, thereby controlling
cell metabolism, growth, proliferation,
differentiation, motility and survival. Three
catalytic forms (pl l Oa, p l l Ob and p l l Od) and
five regulatory isoforms (p85a, p85b, p55g, p55a and
p50a) exist for this class.Class IB are stimulated by
G protein bg sub-units of heterodimeric G proteins.
The only characterized member of Class IB is PBKg (pi
l Og catalytic sub-unit complex with a 101-kDa
regulatory protein, p 101) . Class II PBKs comprises
a, b and g isoforms, which are approximately of 170
kDa and characterized by the presence of a C-terminal
C2 domain. Class III PBKs includes the
phosphatidylinositol specific 3-kinases. The
evolutionary conserved isoforms p i 10a and b are
ubiquitously expressed, while d and g are more
specifically expressed in the haematopoetic cell
system, smooth muscle cells, myocytes and endothelial
cells {Vanhaesebroeck et ah, 2001, Annu. Rev.
Biochem., 70, 535-602). Their expression might also be
regulated in an inducible manner depending on the
cellular-, tissue type and stimuli as well as disease
context. PBKs are enzymes involved in phospholipid
signalling and are activated in response to a variety
of extra-cellular signals such as growth factors,
mitogens, integrins (cell-cell interactions) hormones,
cytokines, viruses and neurotransmitters and also by
intra-cellular cross regulation by other signalling
molecules (cross-talk, where the original signal can
activate some parallel pathways that in a second step
transmit signals to PBKs by intra-cellular signalling
events), such as small GTPases, kinases or
phosphatases for example. Phosphatidylinositol
(Ptdlns) is the basic building block for the
intracellular inositol lipids in eukaryotic cells,
consisting of D-myo-inositol-1 -phosphate (InslP)
linked via its phosphate group to diacylglycerol. The
inositol head group of Ptdlns has five free hydroxy
groups and three of these are found to be
phosphorylated in cells in different combinations.
Ptdlns and its phosphorylated derivatives are
collectively referred as inositol phospholipids or
phosphoinositides (PIs). Eight PI species have been
documented in eukaryotic cells {Vanhaesebroeck et ah,
2001, above). PIs all reside in membranes and are
substrates for kinases, phosphatases and lipases. In
vitro, PBKs phosphorylate the 3-hydroxyl group of the
inositol ring in three different substrates:
phosphatidylinositol (Ptdlns),
phosphatidylinositol-4-phosphate (PI(4)P) and
phosphatidylinositol-4,5-biphosphate (PI(4,5)?2)
respectively generating three lipid products, namely
phosphatidylinositol 3-monophosphate (PI(3)P),
phosphatidylinositol 3,4-bisphosphate (PI(3,4)P2) and
phosphatidylinositol 3,4,5-trisphosphate (PI(3,4,5)P3
(see Scheme A below).PI(3)P (Phosphatidylinositol
3-monophosphate) 



Scheme A The preferred substrate for Class I PBKs is
PI(4,5)P2. Class II PIKs have a strong prefererence
for Ptdlns as substrate over PI(4)P and PI(4,5)P2
Class III PBKs can only use Ptdlns as substrate in
vivo and are likely to be responsible for the
generation of most PI(3)P in cells (Vanhaesebroeck et
al., 2001, above). The phosphoinositides intracellular
signalling pathway begins with the binding of a
signalling molecule (extracellular ligands, stimuli,
receptor dimidiation, transactivation by heterologous
receptor (e.g. receptor tyrosine kinase)) to a
G-protein linked transmembrane receptor integrated
into the plasma membrane resulting in the activation
of PBKs. Once activated, PBKs convert the membrane
phospholipid PI(4,5)P2 into PI(3,4,5)P3 which in turn
can be further converted into another 3'
phosphorylated form of phosphoinositides by 5'-
specific phosphoinositide phosphatases, thus PBK
enzymatic activity results either directly or
indirectly in the generation of two
3'-phosphoinositide sub-types that function as second
messengers in intra-cellular signal transduction
(Toker et al., 2002, Cell MoI. Life Sci. 59(5) 761-
79).The role as second messengers of phosphorylated
products of Ptdlns act is involved in a variety of
signal transduction pathways, including those
essential to cell proliferation, cell differentiation,
cell growth, cell size, cell survival, apoptosis,
adhesion, cell motility, cell migration, chemotaxis,
invasion, cytoskeletal rearrangement, cell shape
changes, vesicle trafficking and metabolic pathway
(Stein, 2000, MoI Med. Today 6(9) 347-57). Chemotaxis
- the directed movement of cells toward a
concentration gradient of chemical attractants, also
called chemokines is involved in many important
diseases such as inflammation/auto-immunity,
neurodegeneration, angiogenesis, invasion/metastasis
and wound healing (Wyman et al, 2000, Immunol Today
21(6) 260-4 and Gerard et al, 2001, Nat Immunol. 2(2)
108-15). PB -kinase activation, is therefore believed
to be involved in a range of cellular responses
including cell growth, differentiation, migration and
apoptosis (Parker et al, 1995, Current Biology, 5,
577-99; Yao et al, 1995, Science, 267, 2003-05).
Recent biochemical studies revealed that, Class I PBKs
(e.g. Class IB isoform PBK g) are dualspecific kinase
enzymes, i.e. they display both lipid kinase activity
(phosphorylation of phosphoinositides) as well as
protein kinase activity, as they are able to induce
the phosphorylation of other protein as substrates,
including auto-phosphorylation as intra-molecular
regulatory mechanism. PBKs appear to be involved in a
number of aspects of leukocyte activation. A
p85-associated PB -kinase activity has been shown to
physically associate with the cytoplasmic domain of
CD28, which is an important co-stimulatory molecule
for the activation of T-cells in response to antigen.
These effects are linked to increases in the
transcription of a number of genes including
interleukin-2 (IL-2), an important T cell growth
factor (Fraser et al, 1991, Science, 251, 313- 16).
Mutation of CD28 such that it can longer interact with
PB-kinase leads to a failure to initiate IL-2
production, suggesting a critical role for PB-kinase
in T cell activation. Cellular processes in which PBKs
play an essential role include suppression of
apoptosis, reorganization of the actin skeleton,
cardiac myocyte growth, glycogen synthase stimulation
by insulin, TNFa-mediated neutrophil priming and
superoxide generation, and leukocyte migration and
adhesion to endothelial cells.Recently, it has been
described that PBK g relays inflammatory signals
through various G(i)- coupled receptors {Laffargue et
al, 2002, Immunity 16(3) 441-51) and its central to
mast cell function, stimuli in context of leukocytes,
immunology includes cytokines, chemokines, adenosines,
antibodies, integrins, aggregation factors, growth
factors, viruses or hormones for example (Lawlor et
al., 2001, J. Cell. ScL, 114 (Pt 16) 2903-1). Two
compounds, LY294002 and Wortmannin (cf.hereinafter),
have been widely used as PBkinase inhibitors. These
compounds are non-specific PBK inhibitors, as they do
not distinguish among the four members of Class I
PB-kinases. LY 294002 Wortmannm IC50 values of
Wortmannin against each of the various Class I
PB-kinases are in the range of 1- 10 nM and IC50
values for LY294002 against each of these PB-kinases
are about 15-20 mM {Fruman et al., 1998, Ann. Rev.
Biochem., 67, 481-507), also 5-10 mM on CK2 protein
kinase and some inhibitory activity on phospho
lipases. 



Wortmannin is a fungal metabolite which irreversibly
inhibits PBK activity by binding covalently to the
catalytic domain of this enzyme. Inhibition of PBK
activity by wortmannin eliminates the subsequent
cellular response to the extracellular factor (Thelen
et al., 1994, Proc. Natl. Acad. Sci. USA, 91,
4960-64). Experiments with wortmannin, show that PBK
activity in cells of hematopoietic lineage,
particularly neutrophils, monocytes, and other types
of leukocytes, is involved in many of the non-memory
immune response associated with acute and chronic
inflammation. Based on studies using Wortmannin, there
is evidence that PB -kinase function is also required
for some aspects of leukocyte signalling through
G-protein coupled receptors (Thelen et al., 1994,
above). Moreover, it has been shown that Wortmannin
and LY294002 block neutrophil migration and superoxide
release. Some results have indicated that PBK
inhibitors, for example, LY294002, can increase the in
vivo antitumor activity of certain cytotoxic agents
(e.g. paclitaxel) (Grant, 2003, Current Drugs, 6(10),
946-948).However, in as much as these compounds do not
distinguish among the various isoforms of PBK, it
remains unclear which particular PBK isoform or
isoforms are involved in these phenomena. Specific
inhibitors against individual members of a family of
enzymes provide valuable tools for deciphering
functions of each enzyme as depending on the disease
application, varying the degree of selectivity for PBK
isoforms can be of interest. p i l Od is expressed
predominantly in cells of hemopoeitic origin such as
leukocytes. To assess the role of the d isoform of the
p i 10 catalytic subunit of PBKs, PBK d-null mice have
been recently developed (Jou et ah, 2002, Molecular
and Cellular biology, 22(4), 8580-8591) and their
specific immunological phenotype has been well
characterized (Vanhaesebroeck et ah, 2005, Trends in
Biochemical Sciences, 30(4), 194-204). These
experiments show that the PBK d- null animals are
viable and that a deficiency in PBK d results in a
very specific loss of the function of the B-cell
antigen specific receptor complex, while signalling
through the cytokine receptor complexes is unaffected
{Jou et ah, 2002, above). It has been also shown that
the inactivation of the p i l Od isoform of PBK in
mast cells leads to defective stem cell
factor-mediated in vitro proliferation, adhesion and
migration and to impaired allergen-IgE-induced
degranualtion and cytokine release. Inactivation of
pllO d protects mice against anaphylactic allergic
responses, suggesting p l l Od as a target for
therapeutic intervention in allergy and
mast-cell-related pathologies (AIi. et ah, 2004,
Nature, 431, 1007-1010). Mast cells have emerged as a
unique immune cell that could participate in a variety
of inflammatory diseases in the nervous system (e.g.
multiple sclerosis), skin, joints as well as
cardiopulmonary, intestinal and urinary systems
(Theoharides et al, 2004, J. of Neuroimmunology, 146,
1-12). The high relevance of the PBK pathway in some
widely spread diseases stresses the need to develop
inhibitors, including selective inhibitors, of PIK
isozymes, in order that the functions of each isozyme
can be better characterized. Recently, PBK inhibitors
have been developed: thiazole derivatives (WO
2005/021519; and WO 04/078754), thiazolidine
derivatives (WO 2004/007491 and WO 2004/056820) and
Quinazolinones derivatives (WO 03 /035075). Summary of
the inventionAccording to one aspect of the invention,
are provided substances which are suitable for the
treatment and/or prevention of disorders related to
phosphoinositide-3-kinases, PBKs, such as PBK alpha or
PBK gamma or PBK delta. According to another aspect of
the invention, are provided substances which are
suitable for the treatment and/or prevention of
auto-immune and/or inflammatory disorders. According
to another aspect of the invention, are provided
substances which are suitable for the treatment and/or
prevention of cardiovascular diseases. According to
another aspect of the invention, are provided
substances which are suitable for the treatment and/or
prevention of neurodegenerative disorders. According
to another aspect of the invention, are provided
substances which are suitable for the treatment and/or
prevention of cancers. According to another aspect of
the invention, are provided substances which are
suitable for the treatment and/or prevention of a
disorder selected from bacterial and viral infections,
allergy, 



asthma, pancreatitis, multi-organ failure, kidney
diseases, platelet aggregation, cancer,
transplantation, sperm motility, erythrocyte
deficiency, graft rejection, lung injuries,
respiratory diseases and ischemic conditions.
According to another aspect of the invention, are
provided chemical compounds which are able to
modulate, especially inhibit the activity or function
of phosphoinositide-3-kinases, PBKs in disease states
in mammals, especially in humans. According to another
aspect of the invention, are provided a new category
of pharmaceutical formulations for the treatment of
and/or diseases mediated selected from auto-immune,
inflammatory disorders, cardiovascular diseases,
neurodegenerative disorders, bacterial and viral
infections, allergy, asthma, pancreatitis, multi-organ
failure, kidney diseases, platelet aggregation,
cancer, transplantation, sperm motility, erythrocyte
deficiency, graft rejection, lung injuries,
respiratory diseases and ischemic conditions.
According to another aspect of the invention, are
provided a method for the treatment and/or prevention
of disorders selected from auto-immune, inflammatory
disorders, cardiovascular diseases, neurodegenerative
disorders, bacterial and viral infections, allergy,
asthma, pancreatitis,multi-organ failure, kidney
diseases, platelet aggregation, cancer,
transplantation, sperm motility, erythrocyte
deficiency, graft rejection, lung injuries,
respiratory diseases and ischemic conditions. In a
first aspect, the invention provides pyrazine
derivatives of Formula (I): (I) wherein n, A, B, D, E,
R, R1, R2, R3 and R4 are defined in the detailed
description below. In a second aspect, the invention
provides a compound according to Formula (I) for use
as a medicament. In a third aspect, the invention
provides a use of a compound according to Formula (I)
for the preparation of a pharmaceutical composition
for the treatment of a disorder selected from
autoimmune, inflammatory disorders, cardiovascular
diseases, neurodegenerative disorders, bacterial and
viral infections, allergy, asthma, pancreatitis,
multi-organ failure, kidney diseases, platelet
aggregation, cancer, transplantation, sperm motility,
erythrocyte deficiency, graft rejection, lung
injuries, respiratory diseases and ischemic conditions
and other diseases and disorders associated with the
phosphoinositide-3 -kinases, PBKs, comprising PBK a, g
or d. In a fourth aspect, the invention provides a
pharmaceutical composition comprising at least one a
compound according to Formula (I) and a
pharmaceutically acceptable carrier, diluent or
excipient thereof. In a fifth aspect, the invention
provides a method for treating a patient suffering
from a disorder selected from auto-immune,
inflammatory disorders, cardiovascular diseases,
neurodegenerative disorders, bacterial and viral
infections, allergy, asthma, pancreatitis, multi-organ
failure, kidney diseases, platelet aggregation,
cancer, transplantation, sperm motility, erythrocyte
deficiency, graft rejection, lung injuries,
respiratory diseases and ischemic conditions and other
diseases anddisorders associated with the
phosphoinositide-3-kinases, PBKs. The method comprises
administering a compound according to Formula (I). In
a sixth aspect, the invention provides methods of
synthesis of a compound according to Formula (I). In a
seventh aspect, the invention provides compounds
according to Formula (II). In an eighth aspect, the
invention provides compounds according to Formula
(XI). Detailed description of the invention: The
following paragraphs provide definitions of the
various chemical moieties that make up the compounds
according to the invention and are intended to apply
uniformly through-out the specification and claims
unless an otherwise expressly set out definition
provides a broader definition. "C1-C6 -alkyl" refers
to monovalent alkyl groups having 1 to 6 carbon atoms.
This term is exemplified by groups such as methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
tert-butyl, nhexyl and the like. By analogy, "C1-C12
-alkyl" refers to monovalent alkyl groups having 1 to
12 carbon atoms, including "Ci-C -alkyl" groups and
heptyl, octyl, nonyl, decanoyl, undecanoyl and
dodecanoyl groups and "C1-C10 -alkyl" refers to
monovalent alkyl groups having 1 to 10 carbon atoms,
"Ci-Cs -alkyl" refers to monovalent alkyl groups
having 1 to 8 carbon atoms and "Ci-C 5-alkyl" refers
to monovalent alkyl groups having 1 to 5 carbon atoms.



"Heteroalkyl" refers to C1-C12 -alkyl, preferably Ci-C
-alkyl, wherein at least one carbon has been replaced
by a heteroatom selected from O, N or S, including
2-methoxy ethyl. "Aryl" refers to an unsaturated
aromatic carbocyclic group of from 6 to 14 carbon
atoms having a single ring (e.g., phenyl) or multiple
condensed rings (e.g., naphthyl). Aryl include phenyl,
naphthyl, phenantrenyl and the like. "d-C 6-alkyl
aryl" refers to aryl groups having a d-C 6-alkyl
substituent, including methyl phenyl, ethyl phenyl and
the like. "Aryl d-C 6-alkyl" refers to d-C 6-alkyl
groups having an aryl substituent, including 3-
phenylpropanoyl, benzyl and the like. "Heteroaryl"
refers to a monocyclic heteroaromatic, or a bicyclic
or a tricyclic fused-ring heteroaromatic group.
Particular examples of heteroaromatic groups include
optionally substituted pyridyl, pyrrolyl, pyrimidinyl,
furyl, thienyl, imidazolyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, pyrazolyl, 1,2,3-triazolyl,
1,2,4-triazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl,
1,2,5-oxadiazolyl, l,3,4-oxadiazolyl,l,3,4-triazinyl,
1,2,3-triazinyl, benzofuryl, [2,3- dihydro]benzofuryl,
isobenzofuryl, benzothienyl, benzotriazolyl,
isobenzothienyl, indolyl, isoindolyl, 3H-indolyl,
benzimidazolyl, imidazo[l,2-a]pyridyl, benzothiazolyl,
benzoxazolyl, quinolizinyl, quinazolinyl, pthalazinyl,
quinoxalinyl, cinnolinyl, napthyridinyl, pyrido[3,4-
b]pyridyl, pyrido[3,2-b]pyridyl, pyrido[4,3-b]pyridyl,
quinolyl, isoquinolyl, tetrazolyl, 5,6,7,8-
tetrahydroquinolyl, 5,6,7,8-tetrahydroisoquinolyl,
purinyl, pteridinyl, carbazolyl, xanthenyl or
benzoquinolyl. "Ci-C -alkyl heteroaryl" refers to
heteroaryl groups having a Ci-C -alkyl substituent,
including methyl furyl and the like. "Heteroaryl Ci-C
-alkyl" refers to Ci-C -alkyl groups having a
heteroaryl substituent, including furyl methyl and the
like. "C2-C6-alkenyl" refers to alkenyl groups
preferably having from 2 to 6 carbon atoms and having
at least 1 or 2 sites of alkenyl unsaturation.
Preferable alkenyl groups include ethenyl (- CH=CH2),
n-2-propenyl (allyl, -CH2CH=CH2) and the like.
"C2-C6-alkenyl aryl" refers to an aryl groups having a
C2-C6-alkenyl substituent, including vinyl phenyl and
the like. "Aryl C2-C6-alkenyl" refers to a
C2-C6-alkenyl groups having an aryl substituent,
including phenyl vinyl and the like. "C2-C6-alkenyl
heteroaryl" refers to heteroaryl groups having a
C2-C6-alkenyl substituent, including vinyl pyridinyl
and the like. "Heteroaryl C2-C6-alkenyl" refers to
C2-C6-alkenyl groups having a Heteroaryl substituent,
including pyridinyl vinyl and the like.
"C2-C6-alkynyl" refers to alkynyl groups preferably
having from 2 to 6 carbon atoms and having at least
1-2 sites of alkynyl unsaturation, preferred alkynyl
groups include ethynyl (-CCH), propargyl (-CH2CCH),
and the like. "C3-C8-cycloalkyl" refers to a saturated
carbocyclic group of from 3 to 8 carbon atoms having a
single ring (e.g., cyclohexyl) or multiple condensed
rings (e.g., norbornyl). C3-Cs-cycloalkyl include
cyclopentyl, cyclohexyl, norbornyl and the like.
"Heterocycloalkyl" refers to a C3-Cs-cycloalkyl group
according to the definition above, in which up to 3
carbon atoms are replaced by heteroatoms chosen from
the group consisting of O, S, NR, R being defined as
hydrogen or methyl. Heterocycloalkyl include
pyrrolidine, piperidine, piperazine, morpholine,
tetrahydrofurane and the like. "Ci-C 6-alkyl
cycloalkyl" refers to C3-Cs-cycloalkyl groups having a
Ci-C6-alkyl substituent, including methyl cyclopentyl
and the like."Cycloalkyl Ci-C -alkyl" refers to Ci-C
-alkyl groups having a C3-Cs-cycloalkyl substituent,
including 3-cyclopentyl propyl and the like. "Ci-C
-alkyl heterocycloalkyl" refers to heterocycloalkyl
groups having a Ci-C6-alkyl substituent, including
1-methylpiperazine and the like. "Heterocycloalkyl
Ci-Co-alkyl" refers to Ci-C -alkyl groups having a
heterocycloalkyl substituent, including 4-methyl
piperidyl and the like. "Carboxy" refers to the group
-C(O)OH. "Carboxy Ci-C -alkyl" refers to Ci-C -alkyl
groups having a carboxy substituent, including 2-
carboxyethyl and the like. 



"Acyl" refers to the group -C(O)R where R includes H,
"Ci-Ci 2-alkyl", preferably "Ci-C6- alkyl", "aryl",
"heteroaryl", "C3-C8-cycloalkyl", "heterocycloalkyl",
"aryl Ci-C6-alkyl", "heteroaryl Ci-C6-alkyl",
"C3-C8-cycloalkyl Ci-C6-alkyl" or "heterocycloalkyl
Ci-C6-alkyl". "Acyl Ci-C -alkyl" to Ci-C -alkyl groups
having an acyl substituent, including acetyl, 2-
acetylethyl and the like. "Acyl aryl" refers to aryl
groups having an acyl substituent, including
2-acetylphenyl and the like. "Acyloxy" refers to the
group -OC(O)R where R includes H, "Ci-C 6-alkyl",
"C2-C6-alkenyl", "C2-C6-alkynyl", "C3-C8-cycloalkyl",
"heterocycloalkyl", "aryl", "heteroaryl", "aryl Ci-C6-
alkyl" or "heteroaryl Ci-C6-alkyl", "aryl
C2-C6-alkenyl", "heteroaryl C2-C6-alkenyl", "aryl C2-
C6-alkynyl", "heteroaryl C2-C6-alkynyl", "cycloalkyl
Ci-C6-alkyl", "heterocycloalkyl Ci-C6- alkyl".
"Acyloxy Ci-C -alkyl" refers to Ci-C -alkyl groups
having an acyloxy substituent, including propionic
acid ethyl ester and the like. "Alkoxy" refers to the
group -O-R where R includes "Ci-C -alkyl" or "aryl" or
"hetero-aryl" or "aryl Ci-Co-alkyl" or "heteroaryl
Ci-C6-alkyl". Preferred alkoxy groups include for
example, methoxy, ethoxy, phenoxy and the like.
"Alkoxy Ci-C -alkyl" refers to alkoxy groups having a
Ci-C -alkyl substituent, including methoxy,
methoxyethyl and the like. "Alkoxycarbonyl" refers to
the group -C(O)OR where R includes H, "Ci-C6-alkyl" or
"aryl" or "heteroaryl" or "aryl Ci-C6-alkyl" or
"heteroaryl Ci-C6-alkyl" or "heteroalkyl".
"Alkoxycarbonyl Ci-Co-alkyl" refers to Ci-Cs-alkyl
groups having an alkoxycarbonyl substituent, including
2-(benzyloxycarbonyl)ethyl and the like.
"Aminocarbonyl" refers to the group -C(O)NRR' where
each R, R' includes independently hydrogen or Ci-C
-alkyl or aryl or heteroaryl or "aryl Ci-Co-alkyl" or
"heteroaryl Ci-Co-alkyl", including N-phenyl
formamide."Aminocarbonyl Ci-C6-alkyl" refers to Ci-C
-alkyl groups having an aminocarbonyl substituent,
including 2-(dimethylaminocarbonyl)ethyl, N-ethyl
acetamide, N,N-Diethyl-acetamide and the like.
"Acylamino" refers to the group -NRC(O)R' where each
R, R' is independently hydrogen, "C1- Ce-alkyl",
"C2-C6-alkenyl", "C2-C6-alkynyl", "C3-C8-cycloalkyl",
"heterocycloalkyl", "aryl", "heteroaryl", "aryl
Ci-C6-alkyl" or "heteroaryl Ci-C6-alkyl", "aryl
C2-C6-alkenyl", "heteroaryl C2-C6-alkenyl", "aryl
C2-C6-alkynyl", "heteroaryl C2-C6-alkynyl",
"cycloalkyl Ci-C6-alkyl", "heterocycloalkyl
Ci-C6-alkyl". "Acylamino Ci-C -alkyl" refers to Ci-C
-alkyl groups having an acylamino substituent,
including 2-(propionylamino)ethyl and the like.
"Ureido" refers to the group -NRC(O)NR R" where each
R, R', R" is independently hydrogen, "Ci-Cg-alkyl",
"C2-C6-alkenyl", "C2-C6-alkynyl", "C3-C8-cycloalkyl",
"heterocycloalkyl", "aryl", "heteroaryl", "aryl
Ci-C6-alkyl" or "heteroaryl Ci-C6-alkyl", "aryl
C2-C6-alkenyl", "heteroaryl C2-C6-alkenyl", "aryl
C2-C6-alkynyl", "heteroaryl C2-C6-alkynyl",
"cycloalkyl Ci- C -alkyl", "heterocycloalkyl
Ci-Co-alkyl", and where R' and R", together with the
nitrogen atom to which they are attached, can
optionally form a 3-8-membered heterocycloalkyl ring.
"Ureido Ci-C -alkyl" refers to Ci-C -alkyl groups
having an ureido substituent, including
2-(Ifmethylureido) ethyl and the like. "Carbamate"
refers to the group -NRC(O)OR' where each R, R' is
independently hydrogen, "Ci-Cg-alkyl",
"C2-C6-alkenyl", "C2-C6-alkynyl", "C3-C8-cycloalkyl",
"heterocycloalkyl", "aryl", "heteroaryl", "Ci-C6-alkyl
aryl" or "heteroaryl Ci-C6-alkyl", "aryl
C2-C6-alkenyl", "heteroaryl C2-C6-alkenyl", "aryl
C2-C6-alkynyl", "heteroaryl C2-C6-alkynyl",
"cycloalkyl Ci- Ce-alkyl", "heterocycloalkyl
Ci-C6-alkyl". "Amino" refers to the group -NRR' where
each R, R' is independently hydrogen or "C1-C6- alkyl"
or "aryl" or "heteroaryl" or "Ci-C6-alkyl aryl" or
"Ci-C 6-alkyl heteroaryl", or "cycloalkyl", or
"heterocycloalkyl", and where R and R', together with
the nitrogen atom to which they are attached, can
optionally form a 3-8-membered heterocycloalkyl ring.
"Amino Ci-C -alkyl" refers to Ci-Cs-alkyl groups
having an amino substituent, including
2-(lpyrrolidinyl) ethyl and the like. 



"Ammonium" refers to a positively charged group -N+RR
R", where each R, R',R" is independently "Ci-C6-alkyl"
or "Ci-C6-alkyl aryl" or "Ci-C 6-alkyl heteroaryl", or
"cycloalkyl", or "heterocycloalkyl", and where R and
R', together with the nitrogen atom to which they are
attached, can optionally form a 3-8-membered
heterocycloalkyl ring. "Ammonium Ci-C6-alkyl" refers
to Ci-C -alkyl groups having an ammonium substituent,
including 1-ethylpyrrolidinium and the like."Halogen"
refers to fiuoro, chloro, bromo and iodo atoms.
"Sulfonyloxy" refers to a group -OSO 2-R wherein R is
selected from H, "Ci-C 6-alkyl", "Ci-C6- alkyl"
substituted with halogens, e.g., an -OSO 2-CF3 group,
"C2-C6-alkenyl", "C2-C6-alkynyl", "C3-C8-cycloalkyl",
"heterocycloalkyl", "aryl", "heteroaryl", "ary 1
Ci-C6-alkyl" or "heteroaryl Ci-Ce-alkyl", "aryl
C2-C6-alkenyl", "heteroaryl C2-C6-alkenyl", "aryl
C2-C6-alkynyl", "heteroaryl C2-C6-alkynyl",
"cycloalkyl Ci-C6-alkyl", "heterocycloalkyl
Ci-C6-alkyl". "Sulfonyloxy Ci-C6-alkyl" refers to
Ci-C6-alkyl groups having a sulfonyloxy substituent,
including 2-(methylsulfonyloxy)ethyl and the like.
"Sulfonyl" refers to group "-SO 2-R" wherein R is
selected from H, "aryl", "heteroaryl", "Ci-C6- alkyl",
"Ci-C6-alkyl" substituted with halogens, e.g., an -SO
2-CF3 group, "C2-C6-alkenyl", "C2- Cg-alkynyl",
"C3-C8-cycloalkyl", "heterocycloalkyl", "aryl",
"heteroaryl", "aryl Ci-C6-alkyl" or "heteroaryl
Ci-C6-alkyl", "aryl C2-C6-alkenyl", "heteroaryl
C2-C6-alkenyl", "aryl C2-C6- alkynyl", "heteroaryl
C2-C6-alkynyl", "cycloalkyl Ci-C6-alkyl",
"heterocycloalkyl Ci-C6-alkyl". "Sulfonyl Ci-C6-alkyl"
refers to Ci-Cs-alkyl groups having a sulfonyl
substituent, including 2- (methylsulfonyl)ethyl and
the like. "Sulfmyl" refers to a group "-S(O)-R"
wherein R is selected from H, "Ci-C6-alkyl", "Ci-C6-
alkyl" substituted with halogens, e.g., a -SO-CF 3
group, "C2-C6-alkenyl", "C2-C6-alkynyl", "C3-
Cs-cycloalkyl", "heterocycloalkyl", "aryl",
"heteroaryl", "aryl Ci-C6-alkyl" or "heteroaryl Ci-
Ce-alkyl", "aryl C2-C6-alkenyl", "heteroaryl
C2-C6-alkenyl", "aryl C2-C6-alkynyl", "heteroaryl
C2-C6-alkynyl", "cycloalkyl Ci-C6-alkyl",
"heterocycloalkyl Ci-C6-alkyl". "Sulfmyl Ci-C6-alkyl"
refers to Ci-C6-alkyl groups having a sulfmyl
substituent, including 2- (methylsulfinyl)ethyl and
the like. "Sulfanyl" refers to groups -S-R where R
includes H, "Ci-C 6-alkyl", "Ci-C6-alkyl" substituted
with halogens, e.g., a -SO-CF 3 group,
"C2-C6-alkenyl", "C2-C6-alkynyl", "C3-C8-cycloalkyl",
"heterocycloalkyl", "aryl", "heteroaryl", "aryl
Ci-C6-alkyl" or "heteroaryl Ci-C6-alkyl", "aryl
C2-C6-alkenyl", "heteroaryl C2-C6-alkenyl", "aryl
C2-C6-alkynyl", "alkynylheteroaryl C2-C6", "cycloalkyl
Ci-C6-alkyl", "heterocycloalkyl Ci-C6-alkyl".
Preferred sulfanyl groups include methylsulfanyl,
ethylsulfanyl, and the like. "Sulfanyl Ci-C6-alkyl"
refers to Ci-Cs-alkyl groups having a sulfanyl
substituent, including 2- (ethylsulfanyl)ethyl and the
like. "Sulfonylamino" refers to a group -NRSO 2-R'
where each R, R' includes independently hydrogen,
"Ci-C6-alkyl", "C2-C6-alkenyl", "C2-C6-alkynyl",
"C3-C8-cycloalkyl", "heterocycloalkyl", "aryl",
"heteroaryl", "aryl Ci-C6-alkyl" or "heteroaryl
Ci-C6-alkyl", "aryl C2-C6-alkenyl", "heteroaryl
C2-C6-alkenyl", "aryl C2-C6-alkynyl", "heteroaryl
C2-C6-alkynyl", "cycloalkyl Ci-C6-alkyl",
"heterocycloalkyl Ci-C6-alkyl"."Sulfonylamino Ci-C
-alkyl" refers to Ci-C -alkyl groups having a
sulfonylamino substituent, including
2-(ethylsulfonylamino)ethyl and the like.
"Aminosulfonyl" refers to a group -SO -NRR' where each
R, R' includes independently hydrogen, "Ci-C 6-alkyl",
"C2-C6-alkenyl", "C2-C6-alkynyl", "C3-C8-cycloalkyl",
"heterocycloalkyl", "aryl", "heteroaryl", "aryl
Ci-C6-alkyl" or "heteroaryl Ci-C6-alkyl", "aryl
C2-C6-alkenyl", "heteroaryl C2-C6-alkenyl", "aryl
C2-C6-alkynyl", "heteroaryl C2-C6-alkynyl",
"cycloalkyl Ci-C6-alkyl", "heterocycloalkyl
Ci-C6-alkyl". "Aminosulfonyl Ci-Co-alkyl" refers to
Ci-C -alkyl groups having an aminosulfonyl
substituent, including
2-(cyclohexylaminosulfonyl)ethyl and the like.
"Substituted or unsubstituted": Unless otherwise
constrained by the definition of the individual
substituent, the above set out groups, like "alkenyl",
"alkynyl", "aryl", "heteroaryl", "cycloalkyl",
"heterocycloalkyl" etc. groups can optionally be
substituted with from 1 to 5 substituents selected
from the group consisting of "Ci-C -alkyl",
"C2-C6-alkenyl", "C2-C - alkynyl", "cycloalkyl",
"heterocycloalkyl", "Ci-C 6-alkyl aryl", "Ci-C 6-alkyl
heteroaryl", "Ci-C 6- alkyl cycloalkyl", "d-Ce-alkyl
heterocycloalkyl", "amino", "ammonium", "acyl",
"acyloxy", 



"acylamino", "aminocarbonyl", "alkoxycarbonyl",
"ureido", "aryl", "carbamate", "heteroaryl",
"sulfmyl", "sulfonyl", "alkoxy", "sulfanyl",
"halogen", "carboxy", trihalomethyl, cyano, hydroxy,
mercapto, nitro, and the like. "Substituted" refers to
groups substituted with from 1 to 5 substituents
selected from the group consisting of "Ci-Cg-alkyl",
"C2-C6-alkenyl", "C2-C6-alkynyl", "cycloalkyl",
"heterocycloalkyl", "Ci-Cg-alkyl aryl", "Ci-C 6-alkyl
heteroaryl", "Ci-C 6-alkyl cycloalkyl", "Ci-C 6-alkyl
heterocycloalkyl", "amino", "aminosulfonyl",
"ammonium", "acyl amino", "amino carbonyl", "aryl",
"heteroaryl", "sulfmyl", "sulfonyl", "alkoxy", "alkoxy
carbonyl", "carbamate", "sulfanyl", "halogen",
trihalomethyl, cyano, hydroxy, mercapto, nitro, and
the like. "Pharmaceutically acceptable salts or
complexes" refers to salts or complexes of the
belowidentified compounds of Formula (I) that retain
the desired biological activity. Examples of such
salts include, but are not restricted to acid addition
salts formed with inorganic acids (e.g., hydrochloric
acid, hydrobromic acid, sulfuric acid, phosphoric
acid, nitric acid, and the like), and salts formed
with organic acids such as acetic acid, oxalic acid,
tartaric acid, succinic acid, malic acid, fumaric
acid, maleic acid, ascorbic acid, benzoic acid, tannic
acid, pamoic acid, alginic acid, polyglutamic acid,
naphthalene sulfonic acid, naphthalene disulfonic
acid, and polygalacturonic acid. Said compounds can
also be administered as pharmaceutically acceptable
quaternary salts known by a person skilled in the art,
which specifically include the quarternary ammonium
salt of the formula -NR,R',R" + Z , wherein R, R', R"
is independently hydrogen, alkyl, or benzyl,
Ci-C6-alkyl, C2-C6-alkenyl, C2-C6-alkynyl, Ci-C6-alkyl
aryl, Ci-C6-alkylheteroaryl, cycloalkyl,
heterocycloalkyl, and Z is a counterion, including
chloride, bromide, iodide, -O-alkyl, toluenesulfonate,
methylsulfonate, sulfonate, phosphate, or carboxylate
(such as benzoate, succinate, acetate, glycolate,
maleate, malate, fumarate, citrate, tartrate,
ascorbate, cinnamoate, mandeloate, and
diphenylacetate). Also comprised are salts formed by
reaction of compounds of Formula (I) with organic or
inorganic bases such as hydroxide, carbonate or
bicarbonate of a metal cation such as those selected
in the group consisting of alkali metals (sodium,
potassium or lithium), alkaline earth metals (e.g.
calcium or magnesium), or with an organic primary,
secondary or tertiary alkyl amine. Amine salts derived
from methyl amine, dimethylamine, trimethylamine,
ethylamine, diethylamine, triethylamine, morpholine,
ammonium, N-methyl-D-glucamine, N,N'-
bis(phenylmethyl)-l,2-ethanediamine, tromethamine,
ethanolamine, diethanolamine, ethylenediamine,
N-methylmorpholine, procaine, piperidine, piperazine
and the like are contemplated being within the scope
of the instant invention. "Pharmaceutically active
derivative" refers to any compound that upon
administration to the recipient, is capable of
providing directly or indirectly, the activity
disclosed herein. The term "indirectly" also
encompasses prodrugs which may be converted to the
active form of the drug via endogenous enzymes or
metabolism. It has now been found that compounds of
the present invention are modulators of the
Phosphatoinositides 3-kinases (PBKs), comprising PBK
a, g or d. When the phosphatoinositides 3-kinase (PBK)
enzyme is inhibited by the compounds of the present
invention, PBK is unable to exert its enzymatic,
biological and/or pharmacological effects. The
compounds of the present invention are therefore
useful in the treatment and prevention of autoimmune
disorders and/or inflammatory diseases, cardiovascular
diseases, neurodegenerative diseases, bacterial or
viral infections, allergy, asthma, pancreatitis,
multi-organ failure, kidney diseases, platelet
aggregation, cancer, transplantation, sperm motility,
erythrocyte deficiency, graft rejection or lung
injuries. General Formula (I) according to the present
invention also comprises its tautomers, its
geometrical isomers, its optically active forms as
enantiomers, diastereomers and its racemate forms, as
well as pharmaceutically acceptable salts thereof.
Preferred pharmaceutically acceptable salts of the
Formula (I) are base addition salts formed by reaction
of compounds of formula (I) with pharmaceutically
acceptable bases like sodium, potassium or calcium of
hydroxides, ammonium or N-methyl-D-glucamine.The
compounds according to Formula (I) are suitable for
the modulation, notably the inhibition of the activity
of phosphatoinositides 3-kinases (PBK). It is
therefore believed that the compounds of the present
invention are also particularly useful for the
treatment and/or prevention of disorders, which are
mediated by PBKs, particularly PBK a and/or PBK 



g and/or PBK d . Said treatment involves the
modulation - notably the inhibition or the down
regulation - of the phosphatoinositides 3-kinases. The
compounds according to Formula (I) are suitable for
use as a medicament. In one embodiment, the invention
provides pyrazine derivatives of Formula (I): (I)
wherein: A, B, D and E are independently selected from
C and N, such that the ring R is a stable aromatic
ring, including optionally substituted phenyl and
optionally substituted pyridinyl; R1 is selected from
H; halogen, including chloro; nitro; optionally
substituted Ci-C -alkyl, including methyl; optionally
substituted C2-C6-alkenyl and optionally substituted
C2-C6-alkynyl; R is selected from H; optionally
substituted Ci-C -alkyl, including methyl; optionally
substituted C2-C6-alkenyl and optionally substituted
C2-C6-alkynyl; R3 is selected from H; halo, including
chloro; optionally substituted Ci-C -alkyl; optionally
substituted C2-C6-alkenyl; optionally substituted
C2-C6-alkynyl, optionally substituted alkoxy,
including methoxy; optionally substituted aryl;
optionally substituted heteroaryl, including pyrrolyl;
R4 is selected from optionally substituted Ci-C
-alkyl, including methyl, ethyl, butyl, propyl,
carboxy Ci-C -alkyl (e.g. butanoic acid),
alkoxycarbonyl Ci-C6-alkyl (e.g. methyl-4-butanoate);
optionally substituted C2-C6-alkenyl; optionally
substituted C2-C6-alkynyl; optionally substituted
aryl, including optionally substituted phenyl such as
cyano phenyl (e.g. 4-cyano phenyl, 2-cyano phenyl,
3-cyano phenyl), phenyl, halo phenyl such as fluoro
phenyl (e.g. 3-fluorophenyl, 4- fluorophenyl,
2-fluorophenyl), chloro phenyl (e.g. 2-chloro phenyl,
3-chloro phenyl), 4-chlorophenyl), iodo phenyl (e.g.
4-iodo phenyl) and bromo phenyl (e.g. 4-bromo phenyl),
sulfonyl phenyl (e.g. 4-methyl sulfonyl phenyl,
3-methyl sulfonyl phenyl), optionally substituted
C1-C6- alkyl phenyl (e.g. 4-methyl phenyl, 3-methyl
phenyl, 4-trifluoromethyl phenyl), carboxy phenyl
(e.g. 3-benzoic acid, 4-benzoic acid, 3-propanoic acid
phenyl), optionally substituted acyl amino phenyl
(3-methyl acetamide phenyl), optionally substituted
alkoxy phenyl (e.g. 4-methoxy phenyl, 3-methoxy
phenyl), optionally substituted acyl phenyl (eg.
4-acetyl phenyl), alkoxycarbonyl Ci-C6-alkyl phenyl
(e.g. methyl 3-propanoate phenyl, methyl-4-benzoate,
methyl-3-benzoate, optionally substituted heteroaryl,
including optionally substituted imidazolyl (e.g.
1-methyl imidazolyl, l,2-dimethyl-imidazol-5-yl),
optionally substituted thiophenyl such as halo
thiophenyl (e.g. 5-bromo-thiophenyl, 4,5-dichloro
thiophenyl), thiophen-3-yl, carboxy thiophenyl (e.g.
thiophene-2-carboxylic acid), alkoxycarbonyl
Ci-C6-alkyl thiophenyl (e.g.
methyl-3-thiophene-2-carboxylate) and alkoxycarbonyl
thiophenyl (e.g. methyl 3-thiophen-2-yl), optionally
substituted pyridinyl (e.g.
6-morpholin-4-yl-pyridin-3-yl), optionally substituted
pyrazolyl such as halo pyrazolyl (e.g. 5-chloro-l,3
dimethyl-pyrazol-4-yl), optionally fused heteroaryl
ring such as optionally substituted
dihydro-benzodioxinyl (e.g. 2,3-dihydro-l,4-
benzodioxinyl), optionally substituted oxo
dihydro-benzothiazolyl (e.g. 3-methyl-2-oxo-2,3-
dihydro-l,3-benzothiazolyl), optionally substituted
dihydro-benzothiadiazolyl (e.g. 2,1,3-
benzothiadiazolyl), optionally substituted
benzoxadiazolyl (e.g. 2,l,3-benzoxadiazol-4-yl);
optionally substituted C -Cs cycloalkyl; optionally
substituted heterocycloalkyl, including optionally
substituted pyrrolidinyl; optionally substituted aryl
Ci-C -alkyl; optionally substituted heteroaryl Ci-C
-alkyl, including optionally substituted Ci-C -alkyl
pyridinyl such as pyridinyl methyl (e.g.
pyridinyl-3-methyl, pyridinyl-2-methyl); optionally
substituted C -Cs cycloalkyl Ci- C -alkyl; optionally
substituted heterocycloalkyl Ci-C6-alkyl; optionally
substituted aryl C -C - alkenyl, including phenyl
ethylenyl; optionally substituted heteroaryl
C2-C6-alkenyl; n is an integer selected from 0, 1, 2,
3 and 4; as well as its geometrical isomers, its
optically active forms as enantiomers, diastereomers,
tautomers and its racemate forms, as well as
pharmaceutically acceptable salts thereof for use as a
medicament. In another embodiment, the invention
provides pyrazine derivatives of Formula (I):(I)
wherein: A, B, D and E are independently selected from
C and N, such that the ring R is a stable aromatic
ring, including optionally substituted phenyl and
optionally substituted pyridinyl; R1 is selected from
H; halogen, including chloro; nitro; optionally
substituted Ci-C -alkyl, 



including methyl; optionally substituted C2-C6-alkenyl
and optionally substituted C2-C6-alkynyl; R is
selected from H; optionally substituted Ci-C -alkyl,
including methyl; optionally substituted C2-C6-alkenyl
and optionally substituted C2-C6-alkynyl; R3 is
selected from H; halo, including chloro; optionally
substituted Ci-C -alkyl; optionally substituted
C2-C6-alkenyl; optionally substituted C2-C6-alkynyl,
optionally substituted alkoxy, including methoxy;
optionally substituted aryl; optionally substituted
heteroaryl, including pyrrolyl; R4 is selected from
optionally substituted Ci-C -alkyl, including methyl,
ethyl, butyl, propyl, carboxy Ci-C -alkyl (e.g.
butanoic acid), alkoxycarbonyl Ci-C6-alkyl (e.g.
methyl-4-butanoate); optionally substituted
C2-C6-alkenyl;optionally substituted C2-C6-alkynyl;
optionally substituted aryl, including optionally
substituted phenyl such as cyano phenyl (e.g. 4-cyano
phenyl, 2-cyano phenyl, 3-cyano phenyl), phenyl, halo
phenyl such as fluoro phenyl (e.g. 3-fluorophenyl, 4-
fluorophenyl, 2-fluorophenyl), chloro phenyl (e.g.
2-chloro phenyl, 3-chloro phenyl), 4-chloro phenyl),
iodo phenyl (e.g. 4-iodo phenyl) and bromo phenyl
(e.g. 4-bromo phenyl), sulfonyl phenyl (e.g. 4-methyl
sulfonyl phenyl, 3-methyl sulfonyl phenyl), optionally
substituted C1-C6- alkyl phenyl (e.g. 4-methyl phenyl,
3-methyl phenyl, 4-trifluoromethyl phenyl), carboxy
phenyl (e.g. 3-benzoic acid, 4-benzoic acid,
3-propanoic acid phenyl), optionally substituted acyl
amino phenyl (3-methyl acetamide phenyl), optionally
substituted alkoxy phenyl (e.g. 4-methoxy phenyl,
3-methoxy phenyl), optionally substituted acyl phenyl
(eg. 4-acetyl phenyl), alkoxycarbonyl Ci-C6-alkyl
phenyl (e.g. methyl 3-propanoate phenyl,
methyl-4-benzoate, methyl-3-benzoate); optionally
substituted heteroaryl, including optionally
substituted imidazolyl (e.g. 1-methyl imidazolyl,
l,2-dimethyl-imidazol-5-yl), optionally substituted
thiophenyl such as halo thiophenyl (e.g.
5-bromo-thiophenyl, 4,5-dichloro thiophenyl),
thiophen3-yl, carboxy thiophenyl (e.g.
thiophene-2-carboxylic acid), alkoxycarbonyl Ci-C
-alkyl thiophenyl (e.g.
methyl-3-thiophene-2-carboxylate) and alkoxycarbonyl
thiophenyl (e.g. methyl 3-thiophen-2-yl), optionally
substituted pyridinyl (e.g.
6-morpholin-4-yl-pyridin-3-yl), optionally substituted
pyrazolyl such as halo pyrazolyl (e.g. 5-chloro-l,3
dimethyl-pyrazol-4-yl), optionally fused heteroaryl
ring such as optionally substituted
dihydro-benzodioxinyl (e.g. 2,3-dihydro-l,4-
benzodioxinyl), optionally substituted
dihydro-benzothiazolyl (e.g. 3-methyl-2,3-dihydro-l,3
benzothiazolyl), optionally substituted
dihydro-benzothiadiazolyl (e.g.
2,1,3-benzothiadiazolyl), optionally substituted
benzoxadiazolyl (e.g. 2,l,3-benzoxadiazol-4-yl);
optionally substituted C3- Cs cycloalkyl; optionally
substituted heterocycloalkyl, including optionally
substituted pyrrolidinyl; optionally substituted aryl
Ci-C -alkyl; optionally substituted heteroaryl C1-C6-
alkyl, including optionally substituted Ci-C -alkyl
pyridinyl such as pyridinyl methyl (e.g.
pyridinyl-3-methyl, pyridinyl-2-methyl); optionally
substituted C -Cs cycloalkyl Ci-C -alkyl; optionally
substituted heterocycloalkyl Ci-C -alkyl; optionally
substituted aryl C2-C6-alkenyl, including phenyl
ethylenyl; optionally substituted heteroaryl
C2-C6-alkenyl; n is an integer selected from 0, 1, 2,
3 and 4; with the first proviso that when R4 is
thiophenyl, it is not a group selected from
unsubstituted thiophenyl, unsubstituted chloro-5-
thiophenyl or unsubstituted bromo-5- thiophenyl; with
the second proviso that when R4 is a phenyl, it is a
mono-substituted phenyl that is not selected from the
group consisting of: p-bromo phenyl, p-methoxy phenyl,
p-ethoxy phenyl, o-, m- or p-chloro phenyl; m- or
p-methyl phenyl; o- or p- fiuoro phenyl; o-CF3-phenyl;
p- or mnitro phenyl; p-NHAc-phenyl and p-amino phenyl;
or it is a multi-substituted phenyl, that is not an
unsubsituted bi-substituted phenyl selected from the
group consisting of: m-,p-dimethyl phenyl;
m-,m-dimethyl phenyl; o-,p-dimethyl phenyl;
o-,m-dimethyl phenyl; o-methyl p-fluoro phenyl;
m-,m-dichloro phenyl; o-,m-dichloro phenyl; p-chloro
m-nitro phenyl;o-ethoxy mbromo- phenyl; with the final
proviso that wherein R4 is a 1,4 benzodioxin it is a
substituted benzodioxin; as well as its geometrical
isomers, its optically active forms as enantiomers,
diastereomers, tautomers and its racemate forms, as
well as pharmaceutically acceptable salts thereof; In
a specific embodiment, the invention provides pyrazine
derivatives of Formula (I) wherein R1 selected from H
and halogen, including chloro. In another specific
embodiment, the invention provides pyrazine
derivatives of Formula (I) wherein R2 is methyl.In
another specific embodiment, the invention provides
pyrazine derivatives of Formula (I) 



wherein R3 is selected from H and optionally
substituted alkoxy, including methoxy. In another
specific embodiment, the invention provides pyrazine
derivatives of Formula (I) wherein R3 is selected from
halo, including chloro, optionally substituted aryl
and optionally substituted heteroaryl, including
pyrrolyl. In another specific embodiment, the
invention provides pyrazine derivatives of Formula (I)
wherein R4 is selected from optionally substituted
Ci-C -alkyl, optionally substituted C -C - alkenyl,
optionally substituted C2-C6-alkynyl, optionally
substituted aryl Ci-C -alkyl and optionally
substituted heteroaryl Ci-C -alkyl. In another
specific embodiment, the invention provides pyrazine
derivatives of Formula (I) wherein R4 is selected from
optionally substituted aryl and optionally substituted
heteroaryl. In another specific embodiment, the
invention provides pyrazine derivatives of Formula (I)
wherein A, B, D and E are C. In another further
specific embodiment, the invention provides pyrazine
derivatives of Formula (I) wherein A is N; B, D and E
are C. In another further specific embodiment, the
invention provides pyrazine derivatives of Formula (I)
wherein A, B and E are C; D is N. In another specific
embodiment, the invention provides pyrazine
derivatives of Formula (I) wherein R1 selected from H
and halogen; R2 is methyl; R3 is selected from H and
optionally substituted alkoxy; R, n, R4, A, B, D and E
are as defined above. In another specific embodiment,
the invention provides pyrazine derivatives of Formula
(I) wherein R1 selected from H and halogen; R2 is
methyl; R3 is selected from H and optionally
substituted alkoxy; A, B, D and E are C; R, n and R4
are as defined above. In another specific embodiment,
the invention provides pyrazine derivatives of Formula
(I)Wherein R1 is H; R2 is methyl; R3 is selected from
H and alkoxy; n is 3; A, B, D and E are independently
selected from C and N, such that the ring R is
optionally substituted pyridinyl; R4 is as defined
above. Compounds of the present invention include in
particular those of the group consisting of:INTEGRATED
PROCESS FOR THE PREPARATION OF A POLYESTER RESIN Field
of the invention The present invention provides an
integrated process for the preparation of a polyester
resin, a polyester resin obtainable by such process,
and a formulation comprising such polyester resin.
Processes for the preparation of polyester resins are
well known in the art. In this specification, the term
"polyester resin" means the polymers formed by
condensation of dicarboxylic acids such as phthalic
acid and isophtalic acid, or dicarboxylic acid
anhydrides such as maleic anhydride, phthalic
anhydride with polyhydric alcohols such as 1
,2-propylene diol, diethylene glycol and neopentyl
glycol, leading to alternating copolymers, as defined
in Kirk-Othmer, Encyclopedia of Chemical Technology,
Vol. 18, p .575 (1982). GB 956,180 A relates to a
process for the manufacture of esters and polyesters,
wherein (i) olefinically or cyclo-olef inically
unsaturated compounds containing at least 3 carbon
atoms (propylene is mentioned as an example thereof)
are epoxidised with saturated aliphatic monocarboxylic
per-acids containing at least 5 carbon atoms, and (ii)
the resulting mixture consisting of the epoxidised
compound and the higher saturated aliphatic
monocarboxylic acid containing at least 5 carbon atoms
is converted into the ester by heating. An
accelerator, such as zinc chloride, may be used in
step (i) . The monocarboxylic acid used in step (ii)
is derived from the 



per-acid used in step (i) . It is suggested in GB
956,180 A that before heating of the epoxides
formedtogether with the monocarboxylic acids arising
from the per-acids, polycarboxylic acids are added,
such as unsaturated or saturated dicarboxylic acids,
for manufacturing polyesters. In the Examples of GB
956,180 A such polyesters are not prepared. In the
process of GB 956,180 A , the epoxidised compound is
not separated from the monocarboxylic acid derived
from the per-acid (which is the oxidant used in step
(i) ), before carrying out (poly) ester production in
step (ii) . On the contrary, both said products from
said step (i) are reactants in step (ii) . Said two
steps (i) and (ii) are carried out as a one-pot
reaction. Processes for the manufacture of polyester
resins conventionally comprise contacting the raw
materials at high temperatures under continuous
removal of water. A faster and more energy efficient
process described in US-A-5880251 employs alkylene
oxide instead of an equivalent amount of mono-alkylene
glycols. In this process, the alkylene oxide reacts
with acid- and alcohol-functional compounds in an
exothermic reaction and without release of water. A
disadvantage of the use of alkylene oxides resides in
the cumbersome handling on an industrial scale, i.e.
several thousand of tons per annum. In particular,
storage, transport and handling of the environmentally
hazardous and toxic alkylene oxides, such as ethylene
oxide and propylene oxide are cumbersome and cost
intensive . A disadvantage of the use of alkylene
oxides in the manufacture of polyester resins resides
in the presence of poly (alkylene) oxide in the
alkylene oxides. The presence of the poly (alkylene
oxide) can be detrimental to the polyester production
process due to gel formation,and frequently leads to
undesired deviation in the properties of the desired
polyester resin, such as molecular weight, molecular
weight distribution, viscosity and functionality, and
final application properties, for instance reduced
applicability and reduced chemical stability of
coatings. Due to the above reason, the use of alkylene
oxide in polyester manufacture had been restricted to
small-scale production and niche applications.
Accordingly, the present invention provides for an
integrated process for the preparation of a polyester
resin, comprising the steps of (a) reacting an alkene
with a suitable oxidant in the presence of an
epoxidation catalyst to form an alkylene oxide, and
(b) separating a crude alkylene oxide fraction
comprising from 95% by weight to 99.95% by weight of
alkylene oxide, and (c) reacting the crude alkylene
oxide fraction with one or more compounds selected
from the group consisting of dicarboxylic acids,
dicarboxylic acid anhydrides and 



polyhydric alcohols to obtain a polyester resin.
Applicant found that the above-identified
disadvantages could be overcome by employing an
essentially crude alkylene oxide fraction, which has
not been subjected to complex purification treatments.
The subject process permits to manufacture polyester
resins at an industrial scale on the basis of alkylene
oxide, and with significantly reduced environmental
risks and impact. "Integrated process" within the
subject specification has the meaning that the
processes for the manufacture of the alkylene oxide
and of the polyester resin are combined into a single
process. The integrationwith a process to produce
alkylene oxide not only has the technical advantage of
avoiding issues with poly (alkylene) oxide, but also
results in a simpler process, and in significant cost
reduction and reduced environmental risk due to the
reduced handling, transport and intermediate storage.
Furthermore, the capital and energy intensive
purification of the alkylene oxide as otherwise
required can be reduced or completely avoided. This
may be conveniently achieved by placing the polyester
manufacturing unit in the vicinity of the alkylene
oxide manufacturing unit, which permits to directly
transfer the crude alkylene oxide to the reactor.
"Directly" within the subject specification has the
meaning of a direct pipe connection, optionally with
intermediate storage facilities, however not involving
transport via road car tanker, or any other form of
mobile tank. In the present specification, the term
"crude alkylene oxide fraction" refers to a crude
alkylene oxide fraction comprising from 95.00% by
weight to 99.95% by weight of alkylene oxide and of
from 5.0% by weight to 0.05% by weight of compounds
selected from the group consisting of water,
aldehydes, ketones and acids, as obtainable by the
subject process. The terms "wet" or "dry" crude
alkylene oxides refer to alkylene oxide fractions as
obtainable by process steps (a), (bl) and (b2), or (a)
and (bl) to (b3) , respectively, as set out
herein-below. Previously, only further purified
alkylene oxide (further referred to herein as "pure
alkylene oxide") having an alkylene oxide content of
more than 99.95% by weight was generally considered as
satisfactory for the manufacture of alkylene oxide
derivates. Pure alkyleneoxide is generally prepared
from crude alkylene oxide by complex and expensive
purification treatments. This additional purification
usually comprises multiple process steps, as the
removal of impurities boiling close to the alkylene
oxide, and/or forming azeotropic mixtures with the
alkylene oxide is particularly difficult. Such
purification requires complex equipment, and consumes
large amounts of energy as well as involving the
undesired handling of alkylene oxide, as outlined in
EP-A-0755716, US-A-3578568 , and WO-A-02/0704 97 . The
above-described purification treatments also tend to 



generate poly (alkylene oxide) of high molecular
weight in the purified alkylene oxide, which is known
to lead to application problems, as described in
US-A-4692535 and WO-A-02/070497 . Pure alkylene oxide
is generally prepared from crude alkylene oxide by
submitting crude alkylene oxide to one or more
fractioned and/or extractive distillations of the
crude alkylene oxide, whereby the alkylene oxide is
separated as overhead product from contaminants having
a higher boiling point for instance the extractive
distillation under addition of heavier hydrocarbons,
such as ethyl benzene or octane, whereby the alkylene
oxide is separated as overhead product, as described
in US-A-3, 881, 996 and US-A-6, 024, 840 . Other
suitable purification treatments include filtration
and adsorption treatments with suitable adsorbents as
described in US-A-5, 352, 807 . Pure alkylene oxide is
considered to comprise on total composition more than
99.95% by weight of alkylene oxide. Preferably, pure
alkylene oxide contains esters, aldehydes, and ketones
in concentrations of less than 100 ppmw, preferably
less than 50 ppmw, and most preferably less than 30
ppmw.Suitable crude alkylene oxide for the subject
process contains one or more of those alkylene oxides
known to be useful in the preparation of polyester
resins. Such alkylene oxides comprise advantageously
aliphatic compounds comprising of from 2 to 8 carbon
atoms, preferably comprising of from 2 to 6 carbon
atoms, and most preferably comprising of from 2 to 4
carbon atoms. Preferred alkylene oxides are selected
from the group consisting of crude ethylene oxide,
crude propylene oxide, and crude butylene oxide. More
preferred crude alkylene oxides contain ethylene oxide
and propylene oxide, of which crude propylene oxide is
the most preferred. Crude alkylene oxide as used in
the subject process is prepared according to steps (a)
and (b) . In step (a) , an alkene feed is reacted with
a suitable oxidant. Suitable oxidants are capable of
epoxidation of the alkene to the corresponding
alkylene oxide. The oxidants include oxygen, and
oxygen-containing gases or mixtures such as air and
nitrous oxide. Other suitable oxidants are
hydroperoxide compounds, such as aromatic or aliphatic
hydroperoxides. The hydroperoxide compounds preferably
include hydrogen peroxide, tertiary butyl
hydroperoxide, ethyl benzene hydroperoxide, and
isopropyl benzene hydroperoxide, of which ethyl
benzene hydroperoxide is most preferred. Preferably,
the oxidant is not a saturated aliphatic
mono-carboxylic per-acid. More preferably, the oxidant
is not a per-acid. Suitable epoxidation catalysts may
vary, depending on the substrate and oxidant. Suitable
processes for the production of alkylene oxide include
those described in US-A-4904807, US-A-5519152 and
WO-A-2004/101141 . For instance, the preparation of
propylene oxide frompropylene and an organic
hydroperoxide oxidizing agent, such as ethyl benzene
hydroperoxide or tertiary butyl 



hydroperoxide may be performed in the presence of a
solubilized molybdenum catalyst, as for instance
described in US-A-3351635, or a heterogeneous titania
on silica catalyst, as describe in US-A-4367342 and
US-A-6504038 . Olefin epoxidation using hydrogen
peroxide and a titanium silicate zeolite is described
in US-A-4833260 . Another commercially practiced
technology is the direct epoxidation of ethylene to
ethylene oxide by reaction with oxygen over a silver
catalyst. Further, the direct epoxidation of olefins
with oxygen and hydrogen in the presence of a
catalyst, has for example been described in
JP-A-4-352771, US-A-5859265, US-A-6008388,
US-A-6281369, JP-A-4-352771, US-A-64 98259,
US-A-6441204, and US-A-6307073 which disclose the
production of alkylene oxides using heterogeneous
catalysts that incorporate a noble metal such as
palladium or gold and a carrier such as titania or
zeolites. A particularly preferred process for the
preparation of propylene oxide is an integrated
styrene monomer/propylene oxide process, as for
instance described in US-A-6504038. This process is
particularly interesting if the polyester resin to be
prepared is an unsaturated polyester resin.
Preferably, in this process, at least part of the
dicarboxylic acid or dicarboxylic acid anhydride
comprises a compound capable of radically
copolymerizing with the vinyl group of styrene
monomer. Preferably, said compound is maleic acid
and/or maleic acid anhydride. The reaction mixture
obtained in step (a) contains water and alkylene oxide
as well as the oxidant, unreacted alkene and
by-products of the reaction.Alkylene oxide that is
formed in step (a) is then separated in step (b) as a
crude alkylene oxide fraction. This crude alkylene
oxide fraction is generally known as "wet crude"
alkylene oxide, and contains from 95% by weight to
99.95% by weight of alkylene oxide and of from 5% by
weight to 0.05% by weight of compounds selected from
the group consisting of water, aldehydes, ketones and
acids. These impurities have boiling points close to
the alkylene oxide, and/or form azeotropic mixtures
with the alkylene oxide, which makes them difficult to
remove. Step (b) generally consists of (bl) removing
unreacted alkene from the reaction mixture, and (b2)
separating the wet crude alkylene oxide from the
mixture obtained in step (bl) by at least one
distillation treatment. The wet crude alkylene oxide
obtained in steps (bl) and (b2) contains minor
quantities of by-products having a boiling point close
to the alkylene oxides and/or forming azeotropic
mixtures with the alkylene oxide such as aldehydes, as
set out above, as well as water. It preferably
contains from 50 to 5000 ppmw (parts per million by
weight) of water, more preferably from 100 to 4800
ppmw of water. Yet more preferably, the wet crude
alkylene oxide obtained from step (b) contains at 



most 4500 ppmw, again more preferably at most 4000
ppmw, yet more preferably at most 3500 ppmw, and most
preferably at most 3000 ppmw of water. In step (bl), a
first distillation of the reaction mixture containing
the alkylene oxide gives an overhead fraction
containing unreacted alkene and some low boiling
impurities. The distillation treatment can be carried
out at a pressure of from 1 to 2 0 x 105 N/m 2 (bar) ,
and at a temperature range of from 10 0C to 250 0C .
Thedistillation can remove the unreacted alkenes along
with other low boiling impurities can be removed from
the crude alkylene oxide. Preferably, the crude
alkylene oxide as used in the subject process is
prepared in a process including the steps (a), (bl)
and (b2), as this permits to reduce the size of the
distillation unit of step (b2) while maintaining a
high throughput. In step (b2), crude alkylene oxide is
generally removed together with lower boiling
contaminants as an overhead product from the reaction
mixture obtained in step (bl) . The distillation
treatment can be carried out at a pressure of from 0.1
to 2 0 x 105 N/m2, and at a temperature range of from
0 0C to 250 0C . Preferably, the distillation
treatment is carried out at a pressure in the range of
from 0.1 to 1 x 105 N/m2, and at a temperature in the
range of from 10 0C to 200 0C . Wet crude alkylene
oxide can be accommodated in the polyester resin
production without or solely very small modification
of the polyester formulation, since during the
polyester formation these by-products become
incorporated into the polyester resin. Without wishing
to be bound to any particular theory, it is believed
that in step (c) , the water present in the wet crude
alkylene oxide advantageously acts as a two-functional
alcohol, or reacts with anhydrides present in the
reaction mixture to form acids. Since the water is
either reacting away into the polymer, or is removed
continuously, no negative influence on the subject
process was found. Although wet crude alkylene oxide
is the preferred raw material, for polyester
formulations where the presence of water is undesired,
"dry crude" alkylene oxide may be employed, which may
be obtained by adding an optional step (b3) . In this
step (b3) , part of the waterstill present in the
alkylene oxide fraction obtained in step (b2) may be
removed as an overhead product from the crude alkylene
oxide, as for instance described in US-A-3607669 . In
such distillation treatment, one or more entrailer
components may be added to the crude alkylene oxide.
Entrailer components are compounds that are added to
the material to be separated, and which facilitate a
distillation, for instance by changing of the
equilibrium of an azeotrope, and hence simplify the
separation and thus the process. Preferred entrailer
components are aliphatic hydrocarbons having 4 or 5
carbon atoms. The distillation treatment can be
carried out at a pressure of from 1 to 2 0 x 10 N/m ,
and at a temperature range of from 0 0C to 200 0C .
Preferably, the distillation 



treatment is carried out at a pressure in the range of
5 2 from 5 to 10 x 10 N/m , and at a temperature in
the range of from 10 0C to 150 0C . The dry crude
alkylene oxide obtained in step (b3) preferably
contains from 0.01 to 150 ppmw of water, more
preferably from 10 to 150 ppmw of water. Yet more
preferably the dry crude alkylene oxide obtained from
step (b3) contains less than 120 ppmw of water, again
more preferably less than 100 ppmw of water, even more
preferably less than 80 ppmw, and most preferably less
than 50 ppmw of water. The crude alkylene oxide
fraction comprises on total composition from 95% by
weight to 99.95% by weight of an alkylene oxide
selected from the group consisting of ethylene oxide,
propylene oxide or butylene oxide, and of from 5.0% by
weight to 0.05% by weight of compounds other than
alkylene oxide. Preferably, the crude alkylene oxide
fraction comprises at least 96% by weight of alkylene
oxide, more preferably more than 96% by weight, even
more preferably at least 97% by weight, more
preferably morethan 97% by weight, even more
preferably at least 99% by weight, again more
preferably more than 99% by weight, and most
preferably at least 99.5% by weight of alkylene oxide.
Preferably, the crude alkylene oxide fraction
comprises at most 99.93% by weight of alkylene oxide,
more preferably less than 99.90% by weight, again more
preferably at most 99.85% by weight, yet more
preferably less than 99.83% by weight, again more
preferably at most 99.8% by weight, more preferably
less than 99.8% by weight, yet more preferably at most
99.79% by weight, and most preferably at most 99.78%
by weight of alkylene oxide, the remainder being
compounds originating from the epoxidation reaction of
step (a) , or reaction products of these compounds
during steps (a) and/or (b) . The crude alkylene oxide
fraction may contain hydrocarbons such as alkenes and
alkanes, and oxygen containing by-products such as
aldehydes, ketones, alcohols, ethers, acids and
esters, such as water, acetone, acetic aldehyde,
propionic aldehyde, methyl formate, and the
corresponding carbon acids. The crude alkylene oxide
fraction may also comprise a small quantity of poly
(alkylene oxide) having a weight average molecular
weight of more than 2000, however preferably less than
50 ppmw. Unless stated otherwise, the molecular
weights mentioned are weight average molecular
weights, and the functionality is the nominal
functionality (Fn) . The crude alkylene oxide fraction
more preferably contains at most 30 ppmw of poly
(alkylene oxide) having a weight average molecular
weight of more than 2000, yet more preferably at most
2 0 ppmw particularly more preferably at most 15 ppmw,
again more preferably at most 12 ppmw, yet more
preferably at most 5 ppmw, and mostpreferably contains
at most 3 ppmw of poly (alkylene oxide) having a
weight average molecular weight of more than 2000.
Whereas the separation of most of the water, 



and lighter boiling impurities such as unreacted
alkene can be effected without difficulty by steps
(bl) and (b2), the separation of hydrocarbons,
aldehydes and acids from the alkylene oxide is
particularly difficult, even by fractional
distillation. Separation of these closeboiling
contaminants requires for instance columns with a very
high tray-number, and hence strongly limited
throughput. Preferably, the dry crude alkylene oxide
contains at least 5 , ppmw of water, more preferably
10 ppmw of water, since a further reduction of the
water content would be costly and cumbersome.
Accordingly, the subject process preferably also
relates to the co-polymerization of an alkylene oxide,
a polyhydric alcohol and/or a dicarboxylic acid and/or
dicarboxylic acid anhydride, an aldehyde and/or
ketone. Under the conditions for polyester
manufacture, the aldehyde or ketone will react into
the polyester resin with any nucleophilic group, such
as alcohols under formation of an acetal or ketal
structure. The present invention also pertains to the
polyester resins obtainable by the subject process.
These polyester resins preferably contain from 0.02 to
5 % by weight of units derived from an aldehyde,
alcohol, acid or ketone as obtained as by-products of
steps (a) and (b) . The crude alkylene oxide fraction
separated in step (b) comprises of from 5.0% by weight
to 0.05% by weight of compounds other than alkylene
oxide (impurities) . Because of these impurities, the
final polyester resin prepared from such crude
alkylene oxide is different from one having been
prepared from purealkylene oxide. Therefore, the
polyester resin obtainable by the present process is
different from prior art polyester resins which have
been made from pure starting materials . The crude
alkylene oxide may be employed according to the
subject invention as sole alkylene oxide, or in
combination with at least one pure alkylene oxide.
This may be advantageous, if for instance at the
polyol production site only one crude alkylene oxide
is produced, whereas other alkylene oxides not
produced at the site are required in the polyol
formulation. Hence, these additional alkylene oxides
may be sourced as commercially available pure alkylene
oxides. Pure alkylene oxide may be introduced into the
polyester formulation prior or during the process, for
instance by first feeding a crude alkylene oxide, and
in a later stage of the process by feeding a mixture
of a crude and pure alkylene oxide, or by mixing crude
alkylene oxide and pure alkylene oxide in situ
throughout the process, or by mixing the alkylene
oxides before the addition to the other components of
the reaction. Advantageously, in a formulation where
more than one alkylene oxide is required, for instance
for polyester resins containing propylene oxide and
ethylene oxide moieties, a combination containing from
50 to 99% by weight of at 



least one crude alkylene oxide, and from 50 to 1% by
weight of at least one pure alkylene oxide is
employed. Preferably, the combination contains at
least 75% by weight of crude alkylene oxide, more
preferably at least 80% by weight and most preferably
85% by weight of crude alkylene oxide. The subject
process is preferably carried out in such way, that
the mixture of crude and pure alkylene oxide comprises
on total composition from 95% byweight to 99.95% by
weight of one or more alkylene oxides selected from
the group consisting of ethylene oxide, propylene
oxide and butylene oxide, and of from 5% by weight to
0.05% by weight of compounds other than alkylene oxide
stemming from the production of the crude alkylene
oxide. In step (c) , the crude alkylene oxide fraction
obtained in step (b) is reacted with other raw
materials to form the unsaturated polyester resin.
This involves an initial reaction between a carboxylic
acid functional compound and the alkylene oxide,
optionally in the presence of a catalyst to form a
hydroxyalkyl ester reaction product, which then can
react further with alkylene oxide and/or andydride
present. Preferably, the crude alkylene oxide and one
or more dicarboxylic acid anhydrides are reacted under
the initiation by an initiator compound having one or
more active hydrogen atoms. Initiator compounds
according to the subject process are compounds having
at least 1 , preferably from 2 to 6 active hydrogen
atoms. The active hydrogen atoms are typically present
in the form of hydroxyl groups, but may also be
present in the form of e.g. amine groups, thiol groups
or carboxylic groups. Suitable initiator compounds
include water, alcohols containing at least one active
hydrogen atom per molecule available for reaction with
either the anhydride, or the propylene oxide. Suitable
aliphatic initiator compounds include polyhydric
alcohols containing of from 2 to 6 hydroxyl groups per
molecule. Examples of such initiator compounds are
water, diethylene glycol, dipropylene glycol,
glycerol, di- and polyglycerols, pentaerythritol,
trimethylolpropane, triethanolamine, sorbitol,
mannitol, 2 ,2 '-bis (4- hydroxylphenyl) propane
(bisphenol A), 2 ,2 '-bis (4-hydroxylphenyl) butane
(bisphenol B ) and 2 ,2 '-bis (4- hydroxylphenyl)
methane (bisphenol F ) . Preferred are aliphatic
alcohols containing at least 1 , more preferably at
least 2 active hydrogen groups in the form of hydroxyl
groups. Preferably, the aliphatic alcohols contain at
most 5 , more preferably at most 4 , and most
preferably at most 3 hydroxyl groups per molecule. The
ring-opening reaction between initiator compound and
the anhydride, or the alkylene oxide leads to a
polymerization of alternating units of the alkylene
oxide mono-glycol and dicarboxylic acid, bonded by
ester linkages, although ether linkages are possible,
and can be tolerated in the final polyester resin.
Preferably, the dicarboxylic acid anhydride used in
step (c) of the present process is a cyclic anhydride.



The reaction of step (c) preferably is effected in the
presence of a suitable catalyst. Suitable catalysts
comprise compounds comprising a divalent metal
selected from the group consisting of zinc, tin,
manganese, magnesium and/or calcium, such as the
equivalent oxides, chlorides, acetates, butyrates,
phosphates, nitrates, stearates, octanoates, oleates
and naphthenates, or amines, as described in
US-A-4306056, and alkyl quaternary amine compounds
US-A-4560788 . Compounds of zinc, such as zinc
chloride, zinc acetate or zinc oxide are particularly
desirable inasmuch as light colored products are
obtained by their use. Other suitable catalysts
include ion exchange resins such as Amberlite IR-45
(OH) (amine type resin) Amberlite IRC-50 (carboxylic
acid type resin) , and salts of lead, cobalt, rare
earth, cadmium and nickel. The catalyst may be
employed in various amounts, for example, in a range
of 0.001 to 1% by weight, based upon the dicarboxylic
acidanhydride and the initiator compound. The reaction
is generally carried out at a temperature in the range
of from 100 0C to 240 0C , and at a pressure in the
range of from 1 to 15 bar. This preferred embodiment
of the present process permits to produce unsaturated
polyester resins having the desired properties for
various applications. Different functionality of the
initiator molecules, as well as temperatures and
weight ratio of the crude alkylene oxide to the
dicarboxylic acid anhydride allows producing polyester
resins with different molecular weights, and molecular
weight distribution and functionality. Such resins may
be for instance formulated on the basis of a crude
propylene oxide fraction, phthalic acid anhydride and
maleic acid anhydride. Alternatively, the reaction in
step (c) may be effected in several different steps,
optionally also involving a condensation reaction.
Preferably, the crude alkylene oxide fraction is first
reacted with a dicarboxylic acid to obtain an ester
oligomer. After completion of this first stage,
polyhydric alcohol and diacid or diacid anhydride are
added, and the reaction mixture is allowed to react
further at a temperature in the range of from 100 0C
to 240 0C , eventually yielding the desired
unsaturated polyester product. This allows to
introduce different functionalities, and to design a
specific resin structure of different blocks. However,
all of the raw materials may be present in the
reactor, and the reaction of step (c) may also be
conducted as a single stage reaction. Step (c) may be
performed in a single reactor, or if conducted in
separate stages, the oligomer may be separated first,
and then reacted. Preferably, however, the reaction
isperformed in a single reactor, and in presence of
all or most of the raw materials used. Suitable
dicarboxylic acids or dicarboxylic acid anhydrides
include for instance phthalic acid, phthalic
anhydride, isophthalic acid, terephthalic acid,
hexahydrophthalic anhydride, 



tetrahydro phthalic anhydride, adipic acid, sebacic
acid, and/or azelaic acid, which may be used alone or
in combination with a,b- unsaturated dicarboxylic
acids, such as fumaric acid, maleic acid, itaconic
acid, citraconic acid, mesaconic acid, chloromaleic
acid, and anhydrides thereof. Preferred are phthalic
acid or phthalic anhydride, isophthalic acid, fumaric
acid, maleic acid and maleic anhydride. The first
stage addition reaction is generally carried out at a
temperature in the range of from 100 0C to 240 0C ,
and at a pressure in the range of from 0.1 to 1.5 MPa
(1 to 15 bar) . Suitable polyhydric alcohols include
diols such as ethylene glycol, diethylene glycol,
propylene glycol, dipropylene glycol, trimethylene
glycol, 1,3-butane diol, 1,4-butane diol, 2-methyl- 1
, 3- propane diol, 1,6-hexane diol, cyclohexane diol,
neopentyl glycol, 2,2,4- trimethyl-1 ,3-pentane diol,
1 ,4-cyclohexane dimethanol; glycols such as
hydrogenated bisphenol A , alkylene oxide adducts of
hydrogenated bisphenol A , alkylene oxide adducts of
bisphenol A ; triols such as glycerol; trimethylol
propane; or tetraols such as pentaerythritol, all of
which may be used alone or in combination. In step (c)
of the present process, the crude alkylene oxide
fraction is reacted with one or more compounds
selected from the group consisting of dicarboxylic
acids, dicarboxylic acid anhydrides and polyhydric
alcohols. Preferably, said one or more compounds are
selected from the group consisting ofdicarboxylic acid
anhydrides and polyhydric alcohols. More preferably,
said one or more compounds are dicarboxylic acid
anhydrides. Preferably at least part of the
dicarboxylic acid and/or dicarboxylic acid anhydride
comprises an unsaturation capable of copolymerization
with the styrene monomer. Such unsaturation includes
in particular ethylenically unsaturated compounds,
such as fumaric acid and maleic acid. The unsaturation
is required in order to allow the polyester resin to
copolymerize with styrene monomer, which is employed
as both solvent as well as comonomer for the polyester
resin. Further raw materials commonly used as
co-monomers for the unsaturated polyester resin
include vinyl esters and alcohols, and other
acetylenically and olefinically unsaturated compounds,
provided that at least a small degree of
copolymerization with styrene monomer is possible.
Preferably, the unsaturated polyester resin according
to the present invention includes, but is not
specifically limited to, the reaction products of an
a,b-unsaturated carboxylic acids with a polyhydric
alcohol. Preferred examples of the a,b-unsaturated
dicarboxylic acid include fumaric acid, maleic acid,
itaconic acid, citraconic acid, mesaconic acid,
chloromaleic acid, and anhydrides thereof. These
a,b-unsaturated carboxylic compounds may be used alone
or in combination. The unsaturated polyester resins
according to the subject invention are 



formulated in such way, that they can copolymerize
with styrene monomer in their final application. This
copolymerization is usually effected by the addition
of radical starter, i.e. a compound that will create
radicals upon exposure to heat, such as organic
peroxides, inorganic, as for instance alkali metal
saltsof peracids and azo-compounds . Copolymerization
is as defined in Young, Polymer Handbook, Chapter II,
J . Brandrub, E .H . Immergut and W . McDowell, Eds .
, Wiley- Interscience, New York, 1975. Again more
preferably, in step (c) of the subject process, the
unsaturated compound comprises maleic acid, and/or
more preferably, maleic acid anhydride. The double
bond of the maleic acid or anhydride has a cisconf
iguration, leading to polyester chains that have a
high degree of steric hindrance. This usually
decreases the rate of the final crosslinking reaction
with styrene monomer. However, if during the polyester
condensation reaction the temperature is brought into
the range of from 180 to 200 0C , the cis-conf igured
double bond is transformed to the trans-isomer, i.e. a
fumaric acid structure. Polyester resins containing
fumaric acid units in the polyester resin chain have a
2 0 times higher reactivity towards styrene than those
containing solely maleic acid units. Without wishing
to be bound to any particular theory, this is
attributed to the reduced steric hindrance due to the
more linear configuration. Accordingly, the present
process is preferably conducted in such way, that
steps (c) are performed in such way, that at least
part of any maleic acid unit present are converted to
the fumaric acid configuration, more preferably that
essentially all of the all maleic acid units are
converted to the fumaric acid configuration. The
subject invention also relates to a process for the
manufacture of an unsaturated polyester resin.
"Unsaturated polyester resin" means the polymers
formed by condensation of unsaturated dicarboxylic
acids such as maleic acid or the respective
dicarboxylic acid anhydridewith a polyhydric alcohols
and the alkylene oxide. The obtained polyester resin
is then blended with styrene monomer, and optionally
with other resin types such as thermoplastic resins,
epoxy resins or polyurethanes as required by the final
application, as described Koon-Ling Ring et al .,
"Unsaturated Polyester Resins", Chemical Economics
Handbook, 580.1200, April 1999 and "Polyesters,
Unsaturated", Encyclopedia of Polymer Science and
Engineering; 3d ed., Vol. 12. p . 256. In the case of
unsaturated polyester resins, the alkylene oxide
preferably is propylene oxide stemming from an
integrated propylene oxide/styrene monomer process.
This allows the use of minimally stabilized styrene
monomer, and adds to the cost efficiency and reduced
environmental risk by directly linking the two
processes together. Accordingly, the subject process
is therefore preferably directly linked to the styrene



monomer/alkylene oxide process. Styrene monomer is
usually stabilized against uncontrolled polymerization
by the addition of small amounts of a radical
inhibitor, usually a phenolic compounds such as for
instance hydroquinone, trimethyl hydroquinone,
p-tertiary butyl catechol, tertiary butyl
hydroquinone, toluyl hydroquinone, p-benzoquinone,
naphthoquinone, hydroquinone monomethyl ether,
phenothiazine, copper naphthenate, copper chloride and
the like. In particular the quinone type radical
inhibitors need the presence of dissolved oxygen in
about stoichiometric quantities in order to remain
active, an are employed in the range of from 10 to 50
parts per million. An unsaturated polyester resin
blended with stabilized styrene monomer requires an
increased amount of the radical initiator in
application in order toneutralize the effect of the
stabilization, resulting in increased costs and higher
concentration of highly dangerous compounds. The
presence of stabilizers in styrene monomer reduces the
reactivity. Therefore, the styrene monomer obtained in
step (b) is preferably directly transferred to the
reactor of step (c) , and more preferably not
stabilized, or only stabilized to the level required
for intermediate storage and transfer to the polyester
reactor. Styrene monomer is preferably added to the
unsaturated polyester resin in amount, so that a
weight ratio of polyester resin to styrene monomer
from 40:60 to 99:1 weight /weight, preferably, in the
range of from 55:45 to 97:3 is achieved. The
determination of the required amounts of styrene
monomer and polyester resin is within the normal
skills of a person skilled in the art. A further raw
material of considerable importance for unsaturated
polyester resins is dicyclopentadiene (DCPD) . This
compound is usually added during the process for the
preparation of unsaturated polyester resins. Above a
temperature of 140 0C , the DCPD dissociates into two
cyclopentadiene molecules. These then undergo a Diels-
Alder reaction with cis-conf igured maleic anhydride,
thereby introducing a rigid bicyclic structure into
the polyester resin structure. This increases rigidity
and hence the glass transition temperature of the
polyester, while also increasing the hydrophobicity of
the material. As a result, drying times in hand lay up
applications are reduced, as well as the required
amounts of styrene. Further, due to the high
hydrophobicity of such resins, these unsaturated
polyester resins are widely used in marine and
sanitary applications. Accordingly, step (d) is
preferably performed at a temperature of at least140C
and in the presence of dicyclopentadiene . A
disadvantage of the use of dicyclopentadiene is the
strong typical smell of this product. Even in minimal
amounts, DCPD will impart its typical smell to all
tubing, piping and tanks that it is brought into
contact with. It is generally considered difficult and
cost intensive to clean the equipment sufficiently to
remove 



this smell, and hence dedicated transport and handling
material is usually required. Accordingly, the present
process is preferably performed in such way, that it
is performed at a location where DCPD is manufactured,
The DCPD can then directly be used in the subject
process without intermediate handling and storage
and/or transport, rendering the amount of dedicated
equipment minimal. The unsaturated polyester resins
are formulated in such way that they can copolymerize
with styrene monomer in their final application. This
copolymerization is usually effected by the addition
of radical starter, i.e. a compound that will create
radicals upon exposure to heat, ultraviolet light,
electron beams or similar sources of initiation
energy. The amount of the radical starter is
preferably within a range of 0.1-10 parts by weight,
and particularly within a range of 1-5 parts by weight
based on 100 parts by weight of the unsaturated
polyester resin composition. Heat-activated radical
starters include organic peroxides, such as for
instance diacyl peroxides, peroxy esters,
hydroperoxides, ketone peroxide, alkyl peresters and
percarbonate compounds, and alkali metal salts of
peracids . Ultraviolet lightactivated radical starters
are photosensitive compounds, for instance
acylphosphine oxide, benzoyl ether, benzophenone,
acetophenone, thioxantone compounds.Electron
radiation-activated radical starters include
halogenated alkylbenzene, disulfide compounds and
similar compounds. Further additives that can
accelerate or mediate the radical reaction, and which
may be used in combination with the above described
curing agent include metal salts such as cobalt
naphthenate and cobalt octonate, tertiary aromatic
amines such as N ,N-dimethylaniline, N ,N-di
(hydroxyethyl) p-toluidine and dimethylacetoacetamide
. Depending on the desired application, to the
polyester resin formulation optionally other resins
and additives may be added. These include
thermoplastic resins, epoxy resins or polyurethanes .
Therefore, the present invention also relates to a
formulation comprising a polyester resin obtainable by
the process according to the present invention, said
formulation further comprising a thermoplastic resin,
an epoxy resin, and/or a polyurethane resin.C L A I M
S 1 . An integrated process for the preparation of a
polyester resin, comprising the steps of (a) reacting
an alkene with a suitable oxidant in the presence of
an epoxidation catalyst to form an alkylene oxide, and
(b) separating a crude alkylene oxide fraction
comprising from 95% by weight to 99.95% by weight of
alkylene oxide, and (c) reacting the crude alkylene
oxide fraction with one or more compounds selected
from the group consisting of dicarboxylic acids,
dicarboxylic acid anhydrides and 



polyhydric alcohols to obtain a polyester resin. 2 . A
process according to claim 1 , comprising a further
step of removing water from the crude alkylene oxide
fraction by at least one distillation treatment prior
to step (c) . 3 . A process according to claim 1 or
claim 2 , wherein the crude alkylene oxide fraction
comprises on total composition from 95% by weight to
99.95% by weight of one or more alkylene oxides
selected from the group consisting of ethylene oxide,
propylene oxide and butylene oxide. 4 . A process
according to any one of claims 1 to 3 , wherein the
crude alkylene oxide fraction comprises from 50 to
5000 ppmw of water, based on total composition. 5 . A
process according to any one of claims 1 to 4 ,
wherein the alkylene oxide is propylene oxide as
obtained in a process for the joint preparation of
styrene monomer and propylene oxide.6 . A process
according to claim 5 , wherein at least part of the
dicarboxylic acid or dicarboxylic acid anhydride
comprises a compound capable of radically
copolymerizing with the vinyl group of styrene
monomer. 7 . A process according to claim 6 , wherein
the dicarboxylic acid or dicarboxylic acid anhydride
comprises maleic acid and/or maleic acid anhydride. 8
. A process according to any one of claims 1 to 7 ,
wherein step (c) is conducted by reacting the crude
alkylene oxide fraction with one or more dicarboxylic
acid anhydrides under initiation by a compound having
one or more active hydrogen atoms. 9 . A process
according to any one of claims 5 to 8 , wherein step
(c) is performed at a temperature of at least 140 0C
in the presence of dicyclopentadiene . 10. A process
according to any one of claims 7 to 9 , wherein the
styrene monomer is added to the polyester resin to
obtain an unsaturated polyester resin formulation
having a weight ratio of polyester resin to styrene
monomer from 40:60 to 99:1 weight/weight. 11. A
polyester resin obtainable by the process according to
any one of claims 1 to 10. 12. A formulation
comprising a polyester resin obtainable by the process
according to any one of claims 1 to 10, further
comprising a thermoplastic resin, an epoxy resin,
and/or a polyurethane resin. 


