
Novel 1-benzyl-3-hydroxymethylindazole derivatives and
use thereof in the treatment of diseases based on the
expression of MCP-1 , CX3CR1 and p40 FIELD OF THE
INVENTION The present invention relates to
1-benzyl-3-hydroxymethylindazole derivatives, to a
pharmaceutical composition comprising them, and to
their use in the treatment of diseases based on the
expression of MCP-1 , CX3CR1 and p40. In particular,
the present invention relates to novel
1-benzyl-3-hydroxymethylindazole derivatives according
to formula (I) below, and to a pharmaceutical
composition comprising them together with a
pharmaceutically acceptable vehicle. In addition, the
present invention relates to the use of 1-
benzyl-3-hydroxymethylindazole derivatives for
preparing a pharmaceutical composition that is active
in the treatment of diseases based on the expression
of MCP-1 , CX3CR1 and p40, and to their use in a
method for treating or preventing diseases based on
the expression of MCP-1 , CX3CR1 and p40. BACKGROUND
OF THE ART As is known, MCP-1 (Monocyte Chemotactic
Protein-1 ) is a protein belonging to the b subfamily
of chemokines. MCP-1 has powerful chemotactic action
on monocytes and exerts its action also on T
lymphocytes, mastocytes and basophils (Rollins BJ. ,
Chemokines, Blood 1997; 90: 909-928; M. Baggiolini,
Chemokines and leukocyte traffic, Nature 1998; 392:
565-568). Other chemokines belonging to the b
subfamily are, for example, MCP-2 (Monocyte
Chemotactic Protein-2), MCP-3, MCP-4, MIP-1 a and
MIP-1 b, RANTES. The b subfamily differs from the a
subfamily in that, in the structure, the first two
cysteines are adjacent for the b subfamily, whereas
they are separated by an intervening amino acid for
the a subfamily. MCP-1 is produced by various types of
cells (leukocytes, platelets, fibroblasts, endothelial
cells and smooth muscle cells). Among all the known
chemokines, MCP-1 shows the highest specificity for
monocytes and macrophages, for which it constitutes
not only a chemotactic factor but also an activation
stimulus, consequently inducing processes forproducing
numerous inflammatory factors (superoxides,
arachidonic acid and derivatives,
cytokines/chemokines) and amplifying the phagocytic
activity. The secretion of chemokines in general, and
of MCP-1 in particular, is typically induced by
various pro-inflammatory factors, for instance
interleukin-1 (IL-1 ) , interleukin-2 (IL-2), TNFa
(Tumour Necrosis Factor a) , interferon- g and
bacterial lipopolysaccharide (LPS). Prevention of the
inflammatory response by blocking the
chemokine/chemokine receptor system represents one of
the main targets of pharmacological intervention
(Gerard C. and Rollins B.J., Chemokines and disease.
Nature Immunol. 2001 ; 2:108-1 15). There is much
evidence to suggest that MCP-1 plays a key role during
inflammatory processes and has been indicated as a new
and validated target in various pathologies. Evidence
of a considerable physiopathological contribution of
MCP-1 has been obtained in the case of patients with
articular and renal inflammatory diseases (rheumatoid
arthritis, lupus nephritis, diabetic nephropathy and
rejection following transplant). However, more
recently, MCP-1 has been indicated among the factors
involved in inflammatory pathologies of the CNS
(multiple sclerosis, Alzheimer's disease,
HIV-associated dementia) and other pathologies and
conditions, with and without an obvious inflammatory
component, including atopic dermatitis, colitis,
interstitial lung pathologies, restenosis,
atherosclerosis, complications following a surgical
intervention (for instance angioplasty, arterectomy,
transplant, organ and/or tissue replacement,
prosthesis implant), cancer (adenomas, carcinomas and
metastases) and even metabolic diseases such as
insulin resistance and obesity. In addition, despite
the fact that the chemokine system is involved in
controlling and overcoming viral infections, recent
studies have demonstrated that the response of certain
chemokines, and in particular of MCP-1 , may have a
harmful role in the case of host-pathogen
interactions. In particular, MCP-1 has been indicated
among the chemokines that contribute towards organ and
tissue damage in pathologies mediated by alpha viruses
characterized by monocyte/macrophage infiltration in
the joints and muscles (Mahalingam S. et al.
Chemokines and viruses: friend or foes? Trends in
Microbiology 2003; 11:383-391 ; RuIIi N. et al. Ross
River Virus: molecular and cellular aspects of disease
pathogenesis. 2005; 107: 329-342). Monocytes are the
main precursors of macrophages and dendritic cells,
and play a critical role as mediators of inflammatory
processes. CX3CR1 , with its ligand CX3CL1
(fractalkine), represents a key factor in regulating
the migration and adhesiveness of monocytes. CX3CR1 is
expressed in monocytes, whereas CX3CL1 is a
transmembrane chemokine in endothelial cells. Genetic
studies in man and in animal models have demonstrated
an important role in the physiopathology of
inflammatory diseases of CX3CR1 and CX3CL1 . There is
in fact much evidence to suggest a key contribution of
CX3CR1 and of its ligand in the pathogenesis and
progression of articular, renal, gastrointestinal and
vascular inflammatory diseases (e.g. rheumatoid
arthritis, lupus nephritis, diabetic nephropathy,
Crohn's disease, ulcerative colitis, restenosis and
atherosclerosis). The expression of CX3CR1 is
over-regulated in T cells, which are believed to
accumulate in the synovium of patients suffering from
rheumatoid arthritis. In addition, the expression of
CX3CL1 is over-regulated in endothelial cells and
fibroblasts present in the synovium of these patients.
Consequently, the CX3CR1/CX3CL1 system plays an
important role in controlling the type of cell and the
mode of infiltration of the synovium and contributes
towards the pathogenesis of rheumatoid arthritis
(Nanki T. et al., "Migration of CX3CR1- positive T
cells producing type 1 cytokines and cytotoxic
molecules into the synovium of patients with
rheumatoid arthritis", Arthritis & Rheumatism (2002),
vol. 46, No. 11, pp. 2878-2883). In patients suffering
form renal damage, the majority of the inflammatory
leukocytes that infiltrate the kidneys express CX3CR1
, and in particular it is expressed on two of the main
cell types involved in the most common inflammatory
renal pathologies and in kidney transplant rejection,
T cells and monocytes (Segerer S. et al., Expression
of the fractalkine receptor (CX3CR1 ) in human kidney
diseases, Kidney International (2002) 62, pp.
488-495). Participation of the CX3CR1/CX3CL1 system
has been suggested also in inflammatory bowel diseases
(IBD). In point of fact, in the case of patients
suffering from IBD (e.g. Crohn's disease, ulcerative
colitis), a significant increase in the production of
CX3CL1 by the intestinal capillary system and a-
Asignificant increase in CX3CR1 -positive cells have
been demonstrated, both at the circulatory level and
in the mucosa (Sans M. et al., "Enhanced recruitment
of CX3CR1 + T cells by mucosal endothelial
cell-derived fractalkine in inflammatory bowel
diseases", Gastroenterology 2007, vol. 132, No. 1, pp.
139-153). Even more interesting is the demonstration
of the key role played by the CX3CR1/CX3CL1 system in
vascular damage and in particular under pathological
conditions, for instance atherosclerosis and
restenosis. CX3CR1 is indicated as a critical factor
in the process of infiltration and accumulation of
monocytes in the vascular wall, and CX3CR1
polymorphism in man is associated with a reduced
prevalence of atherosclerosis, coronary disorders and
restenosis (Liu P. et al., "Cross-talk among Smad,
MAPK and integrin signalling pathways enhances
adventitial fibroblast functions activated by
transforming growth factor-1 and inhibited by Gax"
Arterioscler. Thromb. Vase. Biol. 2008; McDermott D.H.
et al., "Chemokine receptor mutant CX3CR1- M280 has
impaired adhesive function and correlates with
protection from cardiovascular diseases in humans", J.
Clin. Invest. 2003; Niessner A. et al., 



Thrombosis and Haemostasis 2005). IL-12 and IL-23 are
members of a small family of proinflammatory
heterodimeric cytokines. Both cytokines share a common
subunit, p40, which is covalently bonded either to the
p35 subunit to produce the mature form of IL-12, or to
the p19 subunit to produce the mature form of IL-23.
The receptor for IL-12 is constituted by the subunits
IL-12Rb1 and IL-12Rb2, while the receptor for IL-23 is
constituted by the subunits IL-12Rb1 and IL-23R. IL-12
and IL-23 are mainly expressed by activated dendritic
cells and by phagocytes. The receptors for the two
cytokines are expressed on the T and NK cells, and NK
T cells, but low levels of complexes of the receptor
for IL-23 are also present in monocytes, macrophages
and dendritic cells. Despite these similarities, there
is much evidence to suggest that IL-12 and IL-23
control different immunological circuits. In point of
fact, whereas IL- 12 controls the development of Th1
cells, which are capable of producing gamma-interferon
(IFN-g) , and increases the cytotoxic, antimicrobial
and antitumoral response, IL-23 regulates a circuit
that leads to the generation of CD4+ cells, which are
capable of producing IL-17. The induction of
IL-23-dependent processes leads to the mobilization of
various types of inflammatory cell, for instance
TH-17, and it has been demonstrated as being crucial
for the pathogenesis of numerous inflammatory
pathologies mediated by immonological responses.
Typical examples of pathologies associated with the
expression of p40 are chronic inflammatory diseases of
the articular apparatus (e.g. rheumatoid arthritis),
of the dermatological apparatus (e.g. psoriasis) and
of the gastrointestinal apparatus (e.g. Crohn's
disease). However, IL-23 also exerts a role in
promoting tumour incidence and growth. In point of
fact, IL-23 regulates a series of circuits in the
tumoral microenvironment, stimulating angiogenesis and
the production of inflammation mediators. Psoriasis is
a chronic inflammatory skin disease that affects 3% of
the world's population (Koo J. Dermatol. Clin. 1996;
14:485-96; Schon M.P. et al., N. Engl. J. Med. 2005;
352: 1899-912). A type-1 aberrant immune response has
been correlated with the pathogenesis of psoriasis,
and the cytokines that induce this response, such as
IL-12 and IL-23, may represent suitable therapeutic
objects. The expression of IL-12 and IL-23, which
share the subunit p40, is significantly increased in
psoriasis plaques, and preclinical studies have
demonstrated a role of these cytokines in the
pathogenesis of psoriasis. More recently, the
treatment of anti- IL-12 and IL-23 monoclonal
antibodies of patients suffering from psoriasis proved
to be effective in improving the signs of progression
and seriousness of the disease and has subsequently
reinforced the role of IL-12 and IL-23 in the
physiopathology of psoriasis. Crohn's disease is a
chronic inflammatory pathology of the digestive
apparatus and may affect any region thereof - from the
mouth to the anus. It typically afflicts the terminal
tract of the ileum and well-defined areas of the large
intestine. It is often associated with systemic
autoimmune disorders, such as mouth ulcers and
rheumatic arthritis. Crohn's disease affects over 500
000 people in Europe and 600 000 people in the United
States. Crohn's disease is a pathology associated with
a Th1 cell-mediated excessive activity of cytokines.
IL-12 is a key cytokine in the initiation of the
inflammatory response mediated by Th1 cells. Crohn's
disease is characterized by increased production of
IL-12 by cells presenting the antigenin intestinal
tissue, and of gamma-interferon (IFN-g) and TNFa by
lymphocytes and intestinal macrophages. These
cytokines induce and support the inflammatory process
and thickening of the intestinal wall, which are
characteristic signs of the pathology. Preclinical and
clinical evidence has demonstrated that inhibition of
IL-12 is effective in controlling the inflammatory
response in models of intestinal inflammation and/or
in patients suffering from Crohn's disease. The
relationship between cancer and inflammation is now an
established fact. Many forms of tumours originate from
sites of inflammation, and inflammation mediators are
often produced in tumours. IL-23 has been identified
as a cytokine associated with cancer and, in
particular, the expression of IL-23 is significantly
high in samples of human carcinomas when compared with
normal adjacent tissues. In addition, the absence of a
significant expression of IL-23 in the normal adjacent
tissues suggests an over-regulation of IL-23 in
tumours, reinforcing its role in tumour genesis.
European patent EP-B-O 382 276 describes a number of
1-benzyl-3- hydroxymethylindazole derivatives endowed
with analgesic activity. In turn, European patent
EP-B-O 510 748 describes, on the other hand, the use
of these derivatives for preparing a pharmaceutical
composition that is active in the treatment of
autoimmune diseases. Finally, European patent EP-B-1
005 332 describes the use of these derivatives for
preparing a pharmaceutical composition that is active
in treating diseases derived from the production of
MCP-1 . 2-Methyl-2-{[1-(phenylmethyl)-1
H-indazol-3-yl]methoxy}propanoic acid is thought to be
capable of inhibiting, in a dose-dependent manner, the
production of MCP-1 and TNF- a induced in vitro in
monocytes from LPS and Candida albicans, whereas the
same compound showed no effects in the production of
cytokines IL-1 and IL-6, and of chemokines IL-8, MIP-1
a, and RANTES (Sironi M. et al., "A small synthetic
molecule capable of preferentially inhibiting the
production of the CC chemokine monocyte chemotactic
protein- 1", European Cytokine Network. Vol. 10, No.
3, 437-41 , September 1999). European patent
application EP-A-1 185 528 relates to the use of
triazine derivatives for inhibiting the production of
IL-12. European patent application EP-A-1 188 438 and
EP-A-1 199 074 relate to the use of inhibitors of
theenzyme PDE4, for instance Rolipram, Ariflo and
diazepine-indole derivatives, in the treatment and
prevention of diseases associated with excessive
production of IL-12. European patent application
EP-A-1 369 119 relates to the use of hyaluronane with
a molecular weight of between 600 000 and 3 000 000
daltons for controlling and inhibiting the expression
of IL-12. European patent application EP-A-1 458 687
relates to the use of pyrimidine derivatives for
treating diseases related to an overproduction of
IL-12. European patent application EP-A-1 819 341
relates to the use of nitrogenous heterocyclic
compounds, for instance pyridine, pyrimidine and
triazine derivatives, for inhibiting the production of
IL-12 (or of other cytokines, such as IL-23 and IL- 27
which stimulate the production of IL-12). European
patent application EP-A- 1 827 447 relates to the use
of pyrimidine derivatives for treating diseases
related to an overproduction of IL-12, IL-23 and
IL-27. European patent applications EP-A-1 869 055,
EP-A-1 869 056 and EP-A- 1 675 862 describe
1,3-thiazolo-4,5-pyrimidine derivatives that are
capable of acting as CX3CR1 receptor antagonists. The
preparation of compound [1-(2,4-dichlorobenzyl)-1
H-indazol-3- yl]methanol is described in patent
applications US2007/0015771 and US2007/0043057
(compound 58). Compound 58 is used as an intermediate
for syntheses of aldehyde derivatives, and is not
associated with any pharmacological activity. The
preparation of compound (1-benzyl-1
H-indazol-3-yl)methanol is described in Henke B.R. et
al.; Optimization of 3-(1 H-lndazol-3-ylmethyl)-1 ,5-
benzodiazepines as Potent, Orally Active CCK-A
Agonists." Journal of Medicinal Chemistry ( 1997),
40(1 7), 2706-2725 (compound 59). Compound 59 is used
as an intermediate for syntheses of benzodiazepine,
and is not associated with any pharmacological
activity. The preparation of compound
[1-(4-chlorobenzyl)-1 H-indazol-3- yl]methanol is
described in Corsi G, Palazzo G.; "1-halobenzyl-1
H-indazoles- 3-carboxylic acids. A new class of
antispermatogenic agents". Journal of Medicinal
Chemistry (1976), 19(6), 778-783 (compound 46).
Compound 46 is used as an intermediate for the
synthesis of carboxylic derivatives, and is not
associated with any pharmacological activity. Despite
the activity developed thus far, there is still felt
to be a need fornovel pharmaceutical compositions and
compounds that are effective in the 



treatment of diseases based on the expression of MCP-1
, CX3CR1 and p40. The Applicant has found,
surprisingly, novel 1-benzyl-3- hydroxymethylindazole
derivatives with pharmacological activity. The
Applicant has found, surprisingly, that the
1-benzyl-3- hydroxymethylindazole derivatives
according to formula (I) of the present invention are
capable of reducing the production of the chemokine
MCP-1 . More surprisingly, the Applicant has found
that the 1-benzyl-3- hydroxymethylindazole derivatives
according to formula (I) of the present invention are
capable of reducing the expression of the chemokine
MCP-1 . Even more surprisingly, the Applicant has
found that the 1-benzyl-3- hydroxymethylindazole
derivatives according to formula (I) of the present
invention are capable of reducing the expression of
the subunit p40 involved in the production of the
cytokines IL-12 and IL-23, and the expression of the
receptor CX3CR1 . Thus, in a first aspect, the present
invention consists of a compound of formula (I) in
which: A may be a bond s, -Xr or -XrO-X 2- , in which
Xi and X2, which may be identical or different each
other, may be an alkyl group having from 1 to 5 carbon
atoms, optionally substituted with one or more alkyl
groups having from 1 to 5 carbon atoms or one or more
alkoxy groups having from 1 to 3 carbon atoms, Y is H
when A is a bond s , or Y may be H, -OH, or -N(R1
1)(R12) , when A is - X1- Or - X1-O-X2- , in whichR1 1
may be hydrogen, an alkyl group having from 1 to 5
carbon atoms, or R1 1 together with R12 forms a 4- to
7-membered heterocycle, R12 may be hydrogen, an alkyl
group having from 1 to 5 carbon atoms, or R12 together
with R1 1 forms a 4- to 7-membered heterocycle, R1 and
R2, which may be identical or different each other,
may be hydrogen, an alkyl group having from 1 to 5
carbon atoms, R3, R4 and R8, which may be identical or
different each other, may be hydrogen, an alkyl group
having from 1 to 5 carbon atoms, an alkoxy group
having from 1 to 3 carbon atoms, a halogen atom, -OH,
-N(R')(R"), -N(R')COR", -CN, -CONR'R", -SO2NR R",
-SO2R', nitro and trifluoromethyl; with R' and R",
which may be identical or different each other,
represented by hydrogen and an alkyl group having from
1 to 5 carbon atoms, R5 may be hydrogen, an alkyl
group having from 1 to 5 carbon atoms, an alkoxy group
having from 1 to 3 carbon atoms, a halogen atom, -OH,
- N(R')(R"), -N(R')C0R", nitro and trifluoromethyl, or
R5 together with one from between R6 and R7 forms a
ring having 5 or 6 carbon atoms; with R' and R", which
may be identical or different each other, represented
by hydrogen and an alkyl group having from 1 to 5
carbon atoms, R6 and R7, which may be identical or
different each other, may be hydrogen, an alkyl group
having from 1 to 5 carbon atoms, or together form a
group C=O, or one from between R6 and R7, together
with R5, forms a ring having 5 or 6 carbon atoms, with
the proviso that when A is a bond s, and Y, R1, R2,
R6, and R7 are hydrogen atoms,  if R8 is a hydrogen
atom, then the group linked to the nitrogen atom in
the 1-position of the indazole ring is different from
a benzyl group, a 4- chlorobenzyl group, or a
2-4-dichlorobenzyl group,  if R8 is a fluorine atom in
the 5-position of the indazole ring, then the group
linked to the nitrogen atom in the 1-position of the
indazole ring is different from
5-chloro-2-methoxybenzyl group, and  if R8 is a
trifluoromethyl group in the 6-position of the
indazole ring, then the group linked to the nitrogen
atom in the 1-position of the indazole ring is
different from a 2-4-dichlorobenzyl group. In a second
aspect, the present invention relates to a
pharmaceuticalcomposition comprising the novel
1-benzyl-3-hydroxymethylindazole derivatives according
to formula (I) or a pharmaceutically acceptable salt
thereof together with at least one pharmaceutically
acceptable vehicle. The over-regulation and/or the
increase of the expression of the above mentioned
MCP-1 , CX3CR1 , and p40, the latest resulting
consequently in IL- 12 and/or IL-23
expression/production, which results in a development
of a pathology and/or a disease is often referred in
the art with the term "overexpression". For the
purpose of the present invention, the term expression
is intended to include overexpression as known in the
art. Surprisingly, the Applicant has found that the
1-benzyl-3- hydroxymethylindazole derivatives
according to formula ( 1 ) of the present invention
may be used for the preparation of a pharmaceutical
composition that is active in the treatment of
diseases based on the expression of the chemokine
MCP-1 , of the subunit p40, and consequently of the
cytokines IL- 12 and IL-23, and of the receptor CX3CR1
. Thus, in a third aspect, the present invention
relates to the use of a compound of formula (I) in
which: A may be a bond s,-Xr or -XrO-X 2- , in which
Xi and X2, which may be identical or different each
other, may be an alkyl group having from 1 to 5 carbon
atoms, optionally substituted with one or more alkyl
groups having from 1 to 5 carbon atoms or one or more
alkoxy groups having from 1 to 3 carbon atoms, Y is H
when A is a bond s, or Y may be H, -OH, or -N(R1
1)(R12) , when A is - X1- Or - X1-O-X2- ,in which Rn
may be hydrogen, an alkyl group having from 1 to 5
carbon atoms, or R1 1 together with R12 forms a 4- to
7-membered heterocycle, R -I2 may be hydrogen, an
alkyl group having from 1 to 5 carbon atoms, or R12
together with R1 1 forms a 4- to 7-membered
heterocycle, R1 and R , which may be identical or
different each other, may be hydrogen, an alkyl group
having from 1 to 5 carbon atoms, R3, R and Rs, which
may be identical or different each other, may be
hydrogen, an alkyl group having from 1 to 5 carbon
atoms, an alkoxy group having from 1 to 3 carbon
atoms, a halogen atom, -OH, -N(R')(R"), -N(R')COR",
-CN, -CONR'R", -SO2NR R", -SO2R', nitro and
trifluoromethyl; with R' and R", which may be
identical or different each other, represented by
hydrogen and an alkyl group having from 1 to 5 carbon
atoms, R5 may be hydrogen, an alkyl group having from
1 to 5 carbon atoms, an alkoxy group having from 1 to
3 carbon atoms, a halogen atom, -OH, - N(R')(R"),
-N(R')C0R", nitro and trifluoromethyl, or R5 together
with one from between R6 and R7 forms a ring having 5
or 6 carbon atoms; with R' and R", which may be
identical or different each other, represented by
hydrogen and an alkyl group having from 1 to 5 carbon
atoms, R and R7, which may be identical or different
each other, may be hydrogen, an alkyl group having
from 1 to 5 carbon atoms, or together form a group
C=O, or one from between R6 and R7, together with R5,
forms a ring having 5 or 6 carbon atoms, for preparing
a pharmaceutical composition for the treatment of
diseases based on the expression of MCP-1 , CX3CR1 and
p40. In addition, in a fourth aspect, the present
invention relates to a method for treating or
preventing diseases based on the expression of MCP-1 ,
CX3CR1 and p40, characterized by the administration to
a person in need thereof an effective amount of the
compound of formula (I) previously described.DETAILED
DESCRIPTION OF THE INVENTION In formula (I) previously
described, residue A is represented by a bond s, the
group - X1- or the group - X1-O-X2- . Preferably, in
formula (I) previously described, Xi and X2 are,
independently of one another, an alkyl group having
from 1 to 4 carbon atoms, optionally substituted with
one or more alkyl groups having from 1 to 3 carbon
atoms or one or more alkoxy groups having 1 or 2
carbon atoms. 



More preferably, Xi is a group CH2, a group CH2CH2, a
group C(CH3)2, or a group C(CH3)2CH2, and X2 is a
group CH2, a group CH2CH2Or a group CH2CH2CH2.
Advantageously, in formula (I) previously described,
residue A is represented by a bond s, a group CH2CH2,
a group CH2CH2CH2, a group C(CHs)2CH2, a group
CH2CH2OCH2, a group CH2CH2OCH2CH2, a group
C(CHs)2CH2OCH2, and a group C(CHs)2CH2OCH2CH2. In
formula (I) previously described, when A is a bond s,
then Y is a hydrogen atom, while when A is -Xr Or -
X1-O-X2- then Y may be hydrogen, - OH Or -N(R 1
1)(R12) . Advantageously, R1 1 is represented by a
hydrogen atom, an alkyl group having from 1 to 3
carbon atoms, or R1 1 together with R12 forms a 5- or
6- membered heterocycle. Advantageously, R12 is
represented by a hydrogen atom, an alkyl group having
from 1 to 3 carbon atoms, or R12 together with R1 1
forms a 5- or 6- membered heterocycle. Preferably, R1
and R2, which may be identical or different, are
represented by a hydrogen atom, an alkyl group having
from 1 to 3 carbon atoms. Preferably, R3, R and Rs,
which may be identical or different, are represented
by a hydrogen atom, an alkyl group having from 1 to 3
carbon atoms, an alkoxy group having 1 or 2 carbon
atoms, a Br, Cl or F atom, the OH group, the nitro
group, the trifluoromethyl group or the group
N(R')(R"), - N(R')C0R"; -CN, -CONR'R", -SO2NR R",
-SO2R', with R' and R", which may be identical or
different, represented by a hydrogen atom and an alkyl
group having from 1 to 3 carbon atoms. Advantageously,
R5 is represented by a hydrogen atom, an alkyl group
having from 1 to 3 carbon atoms, an alkoxy group
having 1 or 2 carbon atoms,a halogen atom, an OH
group, or R5, together with one from between R6 and
R7, forms a ring having 5 or 6 carbon atoms.
Preferably, R6 and R7, which may be identical or
different, are represented by a hydrogen atom, an
alkyl group having from 1 to 3 carbon atoms, or
together form a group C=O, or one from between R6 and
R7, together with R5, forms a ring having 5 or 6
carbon atoms. In the case of certain substituents, the
compound of formula (I) according to the present
invention may be an asymmetric carbon atom and may
then be in the form of stereoisomers and enantiomers.
Depending on the nature of the substituents, the
compound of formula (I) may form addition salts with
physiologically acceptable organic or mineral acids or
bases. Typical examples of suitable physiologically
acceptable mineral acids are hydrochloric acid,
hydrobromic acid, sulfuric acid, phosphoric acid and
nitric acid. Typical examples of suitable
physiologically acceptable organic acids are acetic
acid, ascorbic acid, benzoic acid, citric acid,
fumaric acid, lactic acid, maleic acid,
methanesulfonic acid, oxalic acid,
para-toluenesulfonic acid, benzenesulfonic acid,
succinic acid, tannic acid and tartaric acid. Typical
examples of suitable physiologically acceptable
mineral bases are hydroxides, carbonates and hydrogen
carbonates of ammonium, calcium, magnesium, sodium and
potassium, for instance ammonium hydroxide, calcium
hydroxide, magnesium carbonate, sodium hydrogen
carbonate and potassium hydrogen carbonate. Typical
examples of suitable physiologically acceptable
organic bases are: arginine, betaine, caffeine,
choline, N,N-dibenzylethylenediamine, diethylamine,
2-diethylaminoethanol, 2-dimethylaminoethanol,
ethanolamine, ethylenediamine, N-ethylmorpholine,
N-ethylpiperidine, N-methylglucamine, glucamine,
glucosamine, histidine, N-(2-hydroxyethyl)piperidine,
N-(2- hydroxyethyl)pyrrolidine, isopropylamine,
lysine, methylglucamine, morpholine, piperazine,
piperidine, theobromine, triethylamine,
trimethylamine, tripropylamine and tromethamine.
Depending on the nature of the substituents, the
compound of formula (I) may form esters with
physiologically acceptable organic acids.
Typicalexamples of suitable physiologically acceptable
organic acids are acetic acid, ascorbic acid, benzoic
acid, citric acid, fumaric acid, lactic acid, maleic
acid, methanesulfonic acid, oxalic acid,
para-toluenesulfonic acid, benzenesulfonic acid,
succinic acid, tannic acid and tartaric acid. The
compounds of the present invention also include the
prodrugs, stereoisomers, enantiomers and
pharmaceutically acceptable salts or esters of the
compounds represented by formula (I) described in the
claims. The prodrug of a compound of formula (I) is a
substance in substantially inactive form, which, when
administered to a living being, is metabolized into a
compound of formula (I). The terms "pharmaceutically
acceptable" and "physiologically acceptable" are
intended to define, without any particular limitation,
any material suitable for preparing a pharmaceutical
composition to be administered to a living being. The
compounds according to formula (I) of the present
invention may be used for the preparation of a
pharmaceutical composition that is active in the
treatment of diseases (or pathologies) based on the
expression of the chemokine MCP-1 , the cytokine p40,
the subunit p40 (involved in the production of
cytokines IL-12 and IL-23) and the receptor CX3CR1 .
Preferably, the pathologies associated with the
expression of MCP-1 and CX3CR1 are articular diseases,
renal diseases, cardiovascular diseases, metabolic
syndrome, obesity, diabetes, insulin resistance and
cancer. In particular, the pathologies associated with
the expression of MCP-1 are rheumatoid arthritis,
arthritis induced by viral infections, psoriatic
arthritis, arthrosis, lupus nephritis, diabetic
nephropathy, glomerulonephritis, polycystic kidney
disease, interstitial lung disease, fibrosis, multiple
sclerosis, Alzheimer's disease, HIV-associated
dementia, atopic dermatitis, psoriasis, vasculitis,
restenosis, atherosclerosis, myocardial infarction,
angina, acute coronary diseases, adenomas, carcinomas
and metastases, metabolic diseases and complications
following surgical interventions such as, for example,
angioplasty, arterectomy, circulation recovery
techniques, transplants, organ replacements, tissue
replacements and prosthesis implants. In particular,
the pathologies associated with the expression of
CX3CR1 are rheumatoid arthritis, lupus nephritis,
diabetic nephropathy, Crohn'sdisease, ulcerative
colitis, coronary disorders, restenosis,
atherosclerosis, myocardial infarction, angina, and
complications following surgical interventions such
as, for example, angioplasty, arterectomy and
circulation recovery techniques. Preferably, the
pathologies associated with the expression of p40, and
thus of IL-12 and IL-23, are autoimmune diseases, such
as chronic degenerative inflammatory diseases, and
cancer. In particular, the pathologies associated with
the expression of p40 are rheumatoid arthritis,
psoriasis, glomerulonephritis, diabetes, lupus
erythematosus, diabetes, Crohn's disease, and tumours
such as, for example, colon carcinomas, breast
carcinomas, lung carcinomas and prostate carcinomas,
and skin and CNS neoplasias. Preferably, the
pharmaceutical compositions of the present invention
are prepared in suitable dosage forms comprising an
effective dose of at least one compound of formula
(I), or a pharmaceutically acceptable salt, ester or
prodrug thereof, and at least one pharmaceutically
acceptable vehicle. Examples of pharmaceutically
acceptable vehicles known in the prior art are, for
example, glidants, binders, disintegrants, fillers,
diluents, flavourings, colorants, fluidizers,
lubricants, preserving agents, humectants, absorbents
and sweeteners. Useful examples of pharmaceutically
acceptable excipients are sugars, such as lactose,
glucose or sucrose, starches, such as corn starch and
potato starch, cellulose and derivatives thereof, for
instance sodium carboxymethylcellulose, ethylcellulose
and cellulose acetate, gum tragacanth, 



malt, gelatin, talc, cocoa butter, waxes, oils, such
as groundnut oil, cottonseed oil, safflower oil,
sesame oil, olive oil, corn oil and soybean oil,
glycols such as propylene glycol, polyols such as
glycerol, sorbitol, mannitol and polyethylene glycol,
esters such as ethyl oleate and ethyl laurate,
agar-agar, and the like. Examples of suitable dosage
forms are tablets, capsules, coated tablets, granules,
solutions and syrups for oral administration;
medicated plasters, solutions, pastes, creams and
ointments for transdermal administration;
suppositories for rectal administration and sterile
solutions for injection or aerosol administration.
Other suitable dosage forms are sustained-release
forms and liposomebased forms, for either the oral or
injection route. The dosage forms may also contain
other conventional ingredients such as: preserving
agents, stabilizers, surfactants, buffers, osmotic
pressure regulators, emulsifiers, sweeteners,
colorants, flavourings and the like. When required for
particular therapies, the pharmaceutical composition
of the present invention may contain other
pharmacologically active ingredients whose
simultaneous administration is useful. The amount of
compound of formula (I) or of pharmaceutically
acceptable salt, ester or prodrug thereof in the
pharmaceutical composition of the present invention
may vary within a wide range as a function of known
factors, for instance the type of pathology to be
treated, the severity of the disease, the body weight
of the patient, the dosage form, the chosen route of
administration, the number of daily administrations
and the efficacy of the chosen compound of formula
(I). However, the optimum amount may be determined
simply and routinely by a person skilled in the art.
Typically, the amount of compound of formula (I) or of
pharmaceutically acceptable salt, ester or prodrug
thereof in the pharmaceutical composition of the
present invention will be such that it ensures a level
of administration of between 0.001 and 100 mg/kg/day.
Preferably, the level of administration is between
0.05 and 50 mg/kg/day and even more preferably between
0.1 and 10 mg/kg/day. The dosage forms of the
pharmaceutical composition of the present invention
may be prepared according to techniques that are well
known to pharmaceutical chemists, including mixing,
granulation, compression, dissolution, sterilization
and the like. The activity of the compounds of the
present invention on MCP-1 and CX3CR1 was demonstrated
in vitro in human monocytes via techniques of gene
expression analysis with "real-time" RT-PCR and by
protein production analysis via an immunoenzymatic
test. As is known to those skilled in the art, the
abovementioned experimental models are considered
useful for checking the activity of the compounds with
regard to the expression and production of MCP-1 and
the expression of CX3CR1 . Consequently, the
abovementioned models may be considered as predictive
of the activity in man for the treatment of
pathologies characterized by the expression and
production ofMCP-1 , by the expression of CX3CR1 and
by inflammatory conditions with the presence of
infiltrates rich in monocytes and macrophages. The
activity of the compounds of the present invention on
p40 was demonstrated in vitro in human monocytes via
gene expression analysis techniques with "real-time"
RT-PCR. As is known to those skilled in the art, the
abovementioned experimental model is useful for
checking the activity of compounds with regard to the
expression of p40 and may be considered as predictive
of the activity in man for the treatment of
pathologies characterized by the expression of p40.
The preparation of the compounds of general formula
(I) may be performed according to one of the following
procedures. Method (A) is applied when substituent A
of formula (I) is equal to a bond s. Methods (B), (C)
and (D) are applied when substituent A of formula (I)
is different from a bond s. Method (A): (II) (III) In
method (A), the esters of indazolcarboxylic acid of
general formula (II), in which AIk indicates an alkyl
group containing from 1 to 5 carbon atoms, are reduced
to the respective alcohols of general formula (III).
The substituents Ri to R8 have the meanings given
previously for the compounds of formula (I). Method
(A) may be performed according to conventional
methods. For example, the reduction of the carboxylic
esters of formula (II) may be performed with the aid
of reducing reagents such as lithium aluminium
hydride, sodium borohydride or organometallic agents
such as Grignard reagents. In general, the reaction is
performed in a suitable aprotic solvent such as, for
example, tetrahydrofuran, diethyl ether and
1,4-dioxane. The reactions are generally performed at
a temperature that may vary from about 00C to the
reflux temperature of the solvent, while they may last
from 1-2 hours to 24 hours. Method (B): In method (B),
the products of general formula (IV), in which Q
indicates a leaving group chosen from the group
comprising halogen, CH3SO3- and p- CH3PhSO3- , are
reacted with the alcohols of general formula (V). The
substituents Ri to R , A and Y have the meanings given
previously for the compounds of formula (I). Method
(B) may be performed according to conventional
techniques. For example, the alcohols of formula (V)
are reacted with the derivatives of formula (IV).
Preferably, Q is a leaving group chosen from the group
comprising a chlorine atom, a bromine atom and a
methanesulfonyl group. The reaction is performed in
the presence of a suitable base and in a suitable
solvent. The bases that may be used are NaH,
butyllithium and lithium diisopropylamide, whereas the
solvents that are suitable for this type of reaction
are generally polar aprotic solvents such as, for
example, tetrahydrofuran, diethyl ether and
1,4-dioxane. Generally, the reaction is performed at a
temperature between room temperature and the reflux
temperature of the solvent used. Reactions of this
type may last from a few hours to a few days. Method
(C):(Vl) (D In method (C), the products of general
formula (Vl), in which Q indicates a leaving group
chosen from the group comprising halogen, CH3SO3- and
p- CH3PhSO3- , are reacted with the alcohols and
amines of general formula (VII). The substituents Ri
to R , A and Y have the meanings given previously for
the compounds of formula (I). Method (C) may be
performed according to conventional techniques. For
example, the amines of general formula (VII) are
reacted with the derivatives of formula (Vl) in the
presence of a suitable base and in a suitable solvent.
Preferably, Q is a leaving group preferably chosen
from the group comprising a chlorine atom, a bromine
atom and a methanesulfonyl group. The bases preferably
used are sodium carbonate, potassium carbonate, and
aliphatic amines such as triethylamine,
diisopropylethylamine or the same reactive amine
(VII). Preferably, the solvents used are polar aprotic
solvents such as N,N-dimethylformamide,
tetrahydrofuran and dichloromethane. In general, the
reaction is performed at a temperature between room
temperature and the reflux point of the solvent used.
Reactions of this type may last from a few hours to a
few days. When the compounds of formula (VII) are
alcohols, the standard reaction techniques may use a
strong base such as NaH, butyllithium or lithium
diisopropylamide, and suitable polar aprotic solvents
such as tetrahydrofuran, diethyl ether or 1,4-dioxane.
In general, the reaction is performed at a temperature
between room temperature and the reflux point of the
solvent used. Reactions of this type may last from a
few hours to a few days. Method (D):(VIII) (I) In
method (D), the esters or amides of general formula
(VIII) are reduced, respectively, to the alcohols or
amines of general formula (I). The substituents Ri to
R8, A and Y have the meanings given previously for the
compounds of formula (I), and in which the group B-CH2
has the same meaning as A. 



Method (D) may be performed according to the standard
methods. For example, the reduction of the carbonyl
compounds of formula (VIII) may be performed with the
aid of reducing reagents such as lithium aluminium
hydride, sodium borohydride or organometallic agents
such as Grignard reagents. In general, the reaction is
performed in suitable aprotic solvents, for instance
tetrahydrofuran, diethyl ether and 1,4-dioxane. The
reactions are generally performed at a temperature
that may range from about 0 C to the reflux point of
the solvent, while the reaction time may range from
1-2 hours to 24 hours. The examples that follow are
intended to illustrate the present invention without,
however, limiting it in any way. Preparative examples
The compounds of formula (I) listed in Table A below
were prepared using the preparation methods previously
described. TABLE ASubstituted oligo- or polythiophenes
The present application relates to novel bridged
2,2'-dithiophene derivates and their use as organic
semiconductor in organic devices as well as to a
semiconducter device comprising said bridged
dithiophene derivate. A large number of oligo- and
polythiophenes already have been prepared since
exhibit interesting electronic properties, e.g. for
the development of lightweight batteries,
electrochromic display devices, light-emitting diodes,
optical switches (see, for example, Donat-Bouillud et
al., Chem. Mater. (1997) 2815). While the properties
of these compounds are widely determined by their
substituents, a number of substitution patterns, such
as 2,2'-dithiophenes substituted in 3,3' and/or 4,4'-
positions, so far have not been easily accessible or
not accessible at all. The present invention thus
pertains to a process for the preparation of a
substituted 2,2'- dithiophene, which process comprises
the steps a) reaction of a compound of the formula
wherein Hal stands for hydrogen or halogen, especially
Br, R 1 and RV indepently are hydrogen or a
substituent, n ranges from 0 to 6, preferably being 0;
Y, if present, is substituted or unsubstituted
phenylene, thiene, 1,2-ethylene, or is 1,2-
ethinylene; R2 and R2' indepently are hydrogen or are
selected from CrC 25alkyl, C3-Ci 2cycloalkyl, C4-
C25aryl, C5-C25alkylaryl or C5-C25aralkyl, each of
which is unsubstituted or substituted; with a suitable
lithium organic compound, preferably Li-alkyl or
Li-alkylamide;b) optional exchange of lithium against
another metal selected from Mg, Zn and Cu by reaction
with a suitable metal salt or metal organic compound;
followed by c) reaction of the metallated intermediate
obtained in step (a) or (b) with a suitable
electrophil, which is CO2 or an aldehyde (addition
reaction), or a compound Y'-R1 7 or V-R18-Z
(substitution reaction), where R17 is a suitable
hydrocarbon or acyl or silyl residue, R18 is selected
from CO, CO-CO, , , , ,  , where R4, R5, and R10 are
selected from CrC 25alkyl, C3-Ci 2cycloalkyl,
C4-C25aryl, C5-C25alkylaryl or C5-C25aralkyl, each of
which is unsubstituted or substituted; Y' and Z are
suitable leaving groups allowing for a reaction with
the metal thienyl intermediate formed in step (a) or
(b); and optionally d) modification of the product
obtained in step (c), e.g. by introducing one or more
conjugating moieties Y as defined above, ring closure
between suitable monovalent residues R17, exchange or
extension of functional groups or substituents such as
addition to carbonyl or substitution of carbonyl in R
17 or R 18. Modification reactions as under step (d)
usually are carried out in analogy to methods well
known in the art. Metal reagents for the exchange of
lithium against Mg, Zn or Cu are well known in the
art, examples are bromides, chlorides, iodides,
carbonates, sulphates of Mg(II), Zn(II), Mn(II),
Cu(II) or Cu(I). The reaction may be carried out in
close analogy and under conditions known for metal
exchange reactions. An aldehyde used in the addition
reaction step (c) is often selected from OCH-R20,
where R20 is H or Cr Ci2alkyl or C6-Ci 2aryl or
-arylalkyl. R17 as a hydrocarbon or acyl or silyl
residue is often selected fromCi-Ci 2alkyl, C3-Ci
2cycloalkyl, C4-Ci 2aryl, C5-Ci 2alkylaryl or C5-Ci
2aralkyl, Ci-Ci 2acyl, and SiRR'R" where R, R' and R"
are as explained further below. Y' and Z' as leaving
groups are, independently, often selected from Ci-Ci
2alkoxy, d - Ci2acyloxy, NH2, Ci-Ci 2alkylamino,
halogen such as iodo, or Y' and Z' are linked together
to form, together with R18, a 5- or 6-membered
heterocyclic ring. Preferred Y' and Z' as linked
moiety include -NH-CH2-CH2-NH-, -0-CH 2-CH3-O-, and
substituted variants thereof. Substituents, if
present, are mainly selected from halogen, OR, CrCi
8alkyl, C2-Ci 8alkenyl, Ci-Ci 8alkylthio, Ci-Ci 8acyl,
C4-Ci 0aryl, C3-Ci 2cycloalkyl, Ci-Ci 8acyloxy, or
from the residues COR, CH=NR, CH=N-OH, CH=N-OR, COOR,
CONHR, CONRR', CONH-NHR, CONHNRR', SO2R, SO3R, SO2NHR,
SO2NRR', SO2NH-NHR, SO2NH-NRR', S(O)R, S(O)OR,
S(O)NHR, S(O)NRR', S(O)NH-NHR, S(O)NH-NRR', SiRR'R",
PORR', PO(OR)R', PO(OR)2, PO(NHR)2, PO(NRR')2, CN,
NO2, NHR, NRR', NH-NHR, NH-NRR', CONROH; where R, R'
and R" independently are selected from Ci-Ci 8alkyl,
Ci-Ci 8haloalkyl, C5-Ci 0aryl, C3-Ci 2cycloalkyl,
preferably from d-C 6alkyl, phenyl, cyclopentyl,
cyclohexyl; and R may also be hydrogen. Addition of
CO2 in the above step (c) primarily leads to the
introduction of a carboxyl function, e.g. as in the
compound wherein X' is H or an equivalent of a cation;
addition of an aldehyde OCH-R20 leads to a
hydroxylated product such as- A- ; these OH or COOH
functions obtained may conveniently be transformed in
subsequent step (d). Preferred products accessible by
the present process are 2,2'-dithiophenes which are
substituted in both positions 3,3' (or interlinked in
this position to form an annelated tricyclic module),
especially preferred are persubstituted end products,
i.e. those which additionally carry substituents (or
annellated rings) in the 4,4',5,5'-positions. Examples
for some preferred end products of the present process
are those of the formulae and wherein R1 and R1'
independently of each other are H or a substituent,
halogen or, in case that n is not O, may be SiR6R4R5;
R2 and R2' may be the same or different and are
selected from CrC 25alkyl, C3-Ci 2cycloalkyl,
C2-C25alkenyl, C2-C25alkynyl, C4-C25aryl,
C5-C25alkylaryl or C5-C25aralkyl, each of which is
unsubstituted or substituted; and in case that R3 and
R3', or R7 and R7', together are the bridging group ,
R2 and R2' independently may also be hydrogen;R4, R5,
R6, R4', R5', R6' independently are selected from Ci-C
25alkyl, C3-Ci 2cycloalkyl, C4- C25aryl, or
C5-C25aralkyl; and the neighbouring residues R4 and
R5, and correspondingly R4' and R5\ may further be
interlinked to form a divalent hydrocarbon residue of
4 to 25 carbon atoms which may be substituted and/or
interrupted; R3 and R3\ independently, are as defined
for R7, R7'; R7, R7' independently are Ci-C 25alkyl,
C2-C25alkenyl, C2-C25alkynyl, Ci-C 25acyl, C2-
C25alkoxycarbonyl, Ci-C 25acyloxy, C3-Ci 2cycloalkyl,
C4-C25aryl, C5-C25alkylaryl or C5- C25aralkyl, each of
which is unsubstituted or substituted; or R7 and R7',
together are a bridging group selected from N N and,
especially R3 and R3' together, may also form a
bridging group R9 k ; M is Si or Ge; Y is selected
from n ranges from 0 to 6; R8 and R8' independently
are H or a substituent; R9 and R9' together form a
bridging group selected from ; R10 is Ci-C 25alkyl,
C3-Ci 2cycloalkyl, C4-C25aryl, C5-C25alkylaryl or
C5-C25aralkyl, each of which is unsubstituted or
substituted; R 11 is as defined for R8 or is OR8; one
of R12 and R13 may be hydrogen while the other, or
both R12 and R13, are substituents; or both R12 and
R13 are interlinked to form a divalent hydrocarbon
residue of 2 to 25 carbon atoms which may be
substituted and/or interrupted;m is 0, 1, 2, 3 or 4,
and R14 is a substituent, or 2 or 3 neighbouring
residues R14 may be interlinked to form a divalent or
trivalent hydrocarbon residue of 4 to 25 carbon atoms
which may be substituted and/or interrupted; and 



any substituent, if present, is selected from halogen,
OR, CrCi 8alkyl, C2-Ci 8alkenyl, d - Ci8alkylthio,
Ci-Ci 8acyl, C4-Ci 0aryl, C3-Ci 2cycloalkyl, Ci-Ci
8acyloxy, or from the residues COR, CH=NR, CH=N-OH,
CH=N-OR, COOR, CONHR, CONRR', CONH-NHR, CONHNRR',
SO2R, SO3R, SO2NHR, SO2NRR', SO2NH-NHR, SO2NH-NRR',
S(O)R, S(O)OR, S(O)NHR, S(O)NRR', S(O)NH-NHR,
S(O)NH-NRR', SiRR'R", PORR', PO(OR)R', PO(OR)2,
PO(NHR)2, P0(NRR') 2, CN, NO2, NHR, NRR', NH-NHR,
NH-NRR', CONROH; where R, R' and R" independently are
selected from Ci-Ci 8alkyl, Ci-Ci 8haloalkyl, C5-Ci
0aryl, C3-Ci 2cycloalkyl, preferably from d-C 6alkyl,
phenyl, cyclopentyl, cyclohexyl; and R may also be
hydrogen. 11 R N Products wherein R7 and R7',
together, are a bridging group selected from , ,  ,
are conveniently formed in the
modification/derivatization step noted above. For
example, a compound containing the moiety may be
formed from the carbonyl precursor by reaction with an
amine H2N-R1 1; a compound containing the moiety may
be formed from the carbonyl precursor by reaction with
suitable reagents introducing R12 and R13, which lead
to addition on the carbonyl-C and substition of the OH
or OR formed; a compound containing the moiety may be
formed from the dicarboxy or dicarboxylate precursor
described above by a suitable reaction forming an
anhydride, thioanhydride or imide;N N a compound
containing the moiety R9 k may be formed from the
dicarbonyl precursor (R7 and R7' together forming the
bridging group ) by reaction with a suitable diamine .
Further reaction details and
transformation/modification reactions are described
below and in the present examples. In a process of
special industrial interest, the intermediate obtained
in step (a) or (b) from the educt compound of the
formula s reacted in step (c) with - , wherein R
independently is as defined above, obtain which is
optionally further modified in step (d), e.g. in a
manner as described above. Some novel compounds
obtained in the process of the invention have
especially valuable properties for electric or
electronic applications. The invention therefore
includes a compound of the formulaor wherein R1 and
R1' independently of each other are H or a
substituent, halogen or, in case that n is not 0, may
be SiR6R4R5; R2 and R2' may be the same or different
and are selected from CrC 25alkyl, C3-Ci 2cycloalkyl,
C2-C25alkenyl, C2-C25alkynyl, C4-C25aryl,
C5-C25alkylaryl or C5-C25aralkyl, each of which is
unsubstituted or substituted; and in case that R3 and
R3', or R7 and R7', together are the bridging group ,
R and R independently may also be hydrogen; R4, R5,
R6, R4', R5', R6' independently are selected from Cr
C25alkyl, C3-Ci 2cycloalkyl, C4- C25aryl, or
C5-C25aralkyl; and the neighbouring residues R4 and
R5, and correspondingly R4' and R5', may further be
interlinked to form a divalent hydrocarbon residue of
4 to 25 carbon atoms which may be substituted and/or
interrupted; R3 and R3', independently, are as defined
for R7, R7'; R7, R7' independently are Ci-C 25alkyl,
C2-C25alkenyl, C2-C25alkynyl, C2-C25alkoxycarbonyl,
Ci-C 25acyl, Ci-C 25acyloxy, C3-Ci 2cycloalkyl,
C4-C25aryl, C5-C25alkylaryl or C5-C25aralkyl, each of
which is unsubstituted or substituted;or R7 and R7',
together are a bridging group selected from and,
especially R3 and R3' together, may also form a
bridging group ; M is Si or Ge; Y is selected from n
ranges from 0 to 6; R8 and R8' independently are H or
a substituent; R9 and R9' together form a bridging
group selected from , ; R10 is Ci-C 25alkyl, C3-Ci
2cycloalkyl, C4-C25aryl, C5-C25alkylaryl or
C5-C25aralkyl, each of which is unsubstituted or
substituted; R 11 is as defined for R8 or is OR8; one
of R12 and R13 may be hydrogen while the other, or
both R12 and R13, are substituents; or both R12 and
R13 are interlinked to form a divalent hydrocarbon
residue of 2 to 25 carbon atoms which may be
substituted and/or interrupted; m is 0, 1, 2, 3 or 4,
and R14 is a substituent, or 2 or 3 neighbouring
residues R14 may be interlinked to form a divalent or
trivalent hydrocarbon residue of 4 to 25 carbon atoms
which may be substituted and/or interrupted; and any
substituent, if present, is selected from halogen, OR,
CrCi 8alkyl, C2-Ci 8alkenyl, d - Ci8alkylthio, Ci-Ci
8acyl, C4-Ci 0aryl, C3-Ci 2cycloalkyl, Ci-Ci 8acyloxy,
or from the residues COR, CH=NR, CH=N-OH, CH=N-OR,
COOR, CONHR, CONRR', CONH-NHR, CONHNRR', SO2R, SO3R,
SO2NHR, SO2NRR', SO2NH-NHR, SO2NH-NRR', S(O)R,
S(O)OR,S(O)NHR, S(O)NRR', S(O)NH-NHR, S(O)NH-NRR',
SiRR'R", PORR', PO(OR)R', PO(OR)2, PO(NHR)2, P0(NRR')
2, CN, NO2, NHR, NRR', NH-NHR, NH-NRR', CONROH; where
R, R' and R" independently are selected from CrCi
8alkyl, Ci-Ci 8haloalkyl, C5-Ci 0aryl, C3-Ci
2cycloalkyl, preferably from d-C 6alkyl, phenyl,
cyclopentyl, cyclohexyl; and R may also be hydrogen;
provided that if R7 and R7' together are -CO-, at
least one of R2 and R2' contains at least 2 carbon
atoms, especially 4 or more carbon atoms. R12, R13
different from hydrogen most preferably are F, Ci-C
25alkyl, or together are interlinked to form a
divalent hydrocarbon residue of 2 to 12 carbon atoms
which may be substituted and/or interrupted. Examples
of especially valuable compounds of this class conform
to the formula wherein R1 and R1' are independently of
each other H, halogen or SiR6R4R5; R2 and R2' may be
the same or different and are selected from
C4-C25alkyl, C2-C25alkenyl, C2- C25alkynyl, C5-Ci
2cycloalkyl, C4-C25aryl, C5-C25alkylaryl or
C5-C25aralkyl, each of which is unsubstituted or
substituted; and in case that R1 or R1' is SiR6R4R5,
and/or X is the bridging group , R2 and R2'
independently may also be hydrogen or d-C 3alkyl; R4,
R5, R6, R4', R5', R6' independently are selected from
Cr Ci2alkyl, C5-Ci 2cycloalkyl, phenyl, or C7-Ci
2phenylalkyl;X is a bridging group selected from Y is
selected from n ranges from 0 to 6; R8 and R8'
independently are H or as defined for R; R9 and R9'
together form a bridging group selected from , ; R10
is Ci-Ci 2alkyl, C5-Ci 2cycloalkyl, phenyl, C7-Ci
2alkylphenyl or C7-Ci 2phenylalkyl, each of which is
unsubstituted or substituted; R 11 is as defined for
R8 or is OR8; one of R12 and R13 may be hydrogen while
the other, or both R12 and R13, are substituents; or
both R12 and R13 are interlinked to form a divalent
hydrocarbon residue of 2 to 25 carbon atoms which may
be substituted and/or interrupted; m is 0, 1, 2, 3 or
4, and R14 is a substituent, or 2 or 3 neighbouring
residues R14 may be interlinked to form a divalent or
trivalent hydrocarbon residue of 4 to 25 carbon atoms
which may be substituted and/or interrupted; and any
substituent, if present, is selected from halogen, OR,
CrCi 8alkyl, C2-Ci 8alkenyl, d - Ci2alkylthio, Ci-Ci
8acyl, C4-Ci 0aryl, C3-Ci 2cycloalkyl, d-Ci 8acyloxy,
C5-Ci 0aryloxy, C5- Ci2cycloalkyloxy, or from the
residues COR, CH=NR, CH=N-OH, CH=N-OR, COOR, CONHR,
CONRR', CONH-NHR, CONH-NRR', SO2R, SO3R, SO2NHR,
SO2NRR', SO2NHNHR, SO2NH-NRR', S(O)R, S(O)OR, S(O)NHR,
S(O)NRR', S(O)NH-NHR, S(O)NH-NRR', SiRR'R", PORR',
PO(OR)R', PO(OR)2, PO(NHR)2, P0(NRR') 2, CN, NO2, NHR,
NRR', NHNHR, NH-NRR', CONROH; where R, R' and R"
independently are selected from Ci-Ci 8alkyl, phenyl,
cyclopentyl, cyclohexyl; and R may also be
hydrogen.Preferred residues R1 and R1' independently
of each other are H, halogen or, especially in case
that n is not 0, SiR6R4R5; Some more preferred
compounds are those wherein R1 and R1' are
independently of each other H, halogen or SiR6R4R5; R2
and R2' may be the same or different and are selected
from C4-Ci 8alkyl or C5- C25thienylalkyl or
phenylalkyl; and in case that X is the bridging group
, R and R independently may also be hydrogen or d-C
3alkyl; R4, R5, R6, R4\ R5\ R6' independently are
selected from Cr Ci8alkyl; 



O R3 and R3\ or R7 and R7', together, and X are a
bridging group selected from , and, especially X or R3
and R3' together, may also form a N N bridging group
R9 R9 ; n ranges from 0 to 3; R8 and R8' independently
are H, CrCi 8alkyl, phenyl, cyclopentyl, cyclohexyl;
R9 and R9' together form a bridging group selected
from ; and R 11 is H, OH, Ci-Ci 8alkyl or Cr
Ci8alkoxy. Of special industrial interest are
..symmetrical" compounds, i.e. those wherein R 1 =
R1', both Y and indices n are identical, R2 = R2', R3
= R3\ R4R5R6 are identical with R4'R5'R6', R7 = R7'
etc.Dithiophene units as of the above formulae are
well suitable as monomers for the preparation of
conductive or semiconductive polymers. The invention
thus further pertains to an oligomer or polymer
comprising at least 2 structural units of the formula
wherein R2 and R2' may be the same or different and
are selected from Ci-C 25alkyl, C3-Ci 2cycloalkyl,
C2-C25alkenyl, C2-C25alkynyl, C4-C25aryl,
C5-C25alkylaryl or C5-C25aralkyl, each of which is
unsubstituted or substituted; and in case that R7 and
R7', together are the bridging group , R and R
independently may also be hydrogen; R7, R7'
independently are Ci-C 25alkyl, C2-C25alkenyl,
C2-C25alkynyl, Ci-C 25acyl, C2- C25alkoxycarbonyl,
Ci-C 25acyloxy, C3-Ci 2cycloalkyl, C4-C25aryl,
C5-C25alkylaryl or C5- C25aralkyl, each of which is
unsubstituted or substituted; or R7 and R7', together
are a bridging group selected from and, may also form
a bridging group ; M is Si or Ge; Y and Y"
independently are selected from , ,n and p
independently range from Oto 6; R8 and R8'
independently are H or a substituent; R9 and R9'
together form a bridging group selected from , ; R10
is Ci-C 25alkyl, C3-Ci 2cycloalkyl, C4-C25aryl,
C5-C25alkylaryl or C5-C25aralkyl, each of which is
unsubstituted or substituted; R 11 is as defined for
R8 or is OR8; one of R12 and R13 may be hydrogen while
the other, or both R12 and R13, are substituents; or
both R12 and R13 are interlinked to form a divalent
hydrocarbon residue of 2 to 25 carbon atoms which may
be substituted and/or interrupted; m is 0, 1, 2, 3 or
4, and R14 is a substituent, or 2 or 3 neighbouring
residues R14 may be interlinked to form a divalent or
trivalent hydrocarbon residue of 4 to 25 carbon atoms
which may be substituted and/or interrupted; and any
substituent, if present, is selected from halogen, OR,
CrCi 8alkyl, C2-Ci 8alkenyl, d - Ci8alkylthio, Ci-Ci
8acyl, C4-Ci 0aryl, C3-Ci 2cycloalkyl, Ci-Ci 8acyloxy,
or from the residues COR, CH=NR, CH=N-OH, CH=N-OR,
COOR, CONHR, CONRR', CONH-NHR, CONHNRR', SO2R, SO3R,
SO2NHR, SO2NRR', SO2NH-NHR, SO2NH-NRR', S(O)R, S(O)OR,
S(O)NHR, S(O)NRR', S(O)NH-NHR, S(O)NH-NRR', SiRR'R",
PORR', PO(OR)R', PO(OR)2, PO(NHR)2, P0(NRR') 2, CN,
NO2, NHR, NRR', NH-NHR, NH-NRR', CONROH; where R, R'
and R" independently are selected from Ci-Ci 8alkyl,
Ci-Ci 8haloalkyl, C5-Ci 0aryl, C3-Ci 2cycloalkyl,
preferably from d-C 6alkyl, phenyl, cyclopentyl,
cyclohexyl; and R may also be hydrogen. Preferred
oligomers or polymers of this class contain residues
as defined for the dithiophenes provided by the
invention and defined above. End groups of the
oligomers or polymers are usually as defined for R 1
and R1' above. Besides the above structural units of
the formula (XIII), oligomers or polymers of the
invention may contain further monomer units,
especially those useful for the preparation of
electroconductive or semiconductive polymers. The
polymerization starting from suitable monomers, e.g.
of present formulae (X) - (XII), may be effected in
analogy to reactions described in WO08/000664. Classes
of suitable comonomer units, such
asdiketopyrrolopyrrole, dithiophene, and branching
units, as well as methods for copolymerization, are
likewise described in WO08/000664 (see pages 5-26
therein). Acyl stands for a residue of a sulfonic acid
or especially organic carboxylic acid, which is formed
formally by abstraction of the acid OH; examples are
formyl, acetyl, propionyl, benzoyl. Generally, CrCi 8
acyl stands for a radical X'-Rn, wherein X' is CO or
SO2 and Rn is selected from monovalent aliphatic or
aromatic organic residues, usually from molecular
weight up to 300; for example, Rn may be selected from
CrCi 8alkyl, C2-Ci 8alkenyl, C5- Cioaryl which may be
unsubstituted or substituted by Ci-C 8alkyl or halogen
or Ci.C 8alkoxy, C6-Ci 5arylalkyl which may be
unsubstituted or substituted in the aromatic part by
Ci-C 8alkyl or halogen or Ci.C 8alkoxy, C4-Ci
2cycloalkyl, and in case that X' is CO, Rn may also be
H. Acyl is preferably an aliphatic or aromatic residue
of an organic acid -CO-Rn, usually of 1 to 30 carbon
atoms, wherein R1 1 embraces aryl, alkyl, alkenyl,
alkynyl, cycloalkyl, each of which may be substituted
or unsubstituted and/or interrupted as described
elsewhere inter alia for alkyl residues, or R' may be
H (i.e. COR' being formyl). Preferences consequently
are as described for aryl, alkyl etc.; more preferred
acyl residues are substituted or unsubstituted
benzoyl, substituted or unsubstituted CrC 17alkanoyl
or alkenoyl such as acetyl or propionyl or butanoyl or
pentanoyl or hexanoyl, substituted or unsubstituted
C5-C12cycloalkylcarbonyl such as cyclohexylcarbonyl.
Where aryl (e.g. in C4-C25aryl or CrC 14-aryl) is
used, this preferably comprises monocyclic rings or
polycyclic ring systems with the highest possible
number of double bonds, such as preferably phenyl,
naphthyl, anthrachinyl, anthracenyl or fluorenyl. The
term aryl mainly embraces C -i-C18aromatic moieties,
which may be heterocyclic rings (also denoted as
heteroaryl) containing, as part of the ring structure,
one or more heteroatoms mainly selected from O, N and
S; hydrocarbon aryl examples mainly are Ce-C18
including phenyl, naphthyl, anthrachinyl, anthracenyl,
fluorenyl, especially phenyl. Heteroaryl such as CrC
3heteroaryl or C4-C18heteroaryl stands for an aryl
group containing at least one heteroatom, especially
selected from N, O, S, among the atoms forming the
aromatic ring; examples include pyridyl, pyrimidyl,
pyridazyl, pyrazyl, thienyl, benzothienyl, pyrryl,
furyl, benzofuryl, indyl, carbazolyl, benzotriazolyl,
chinolyl, isochinolyl, triazinyl, tetrahydronaphthyl,
thienyl, pyrazolyl, diazolyl, triazolyl, imidazolyl.
Preferred are C4-C18aryl, e.g. selected from phenyl,
naphthyl, pyridyl, tetrahydronaphthyl, furyl,
thiophenyl, pyrryl, chinolyl, isochinolyl,
anthrachinyl, anthracenyl,phenanthryl, pyrenyl,
benzothiazolyl, benzoisothiazolyl, benzothienyl,
especially C6-Ci 0aryl; most preferred is phenyl,
naphthyl, furyl, thienyl. Halogen denotes I , Br, Cl,
F, preferably Cl, Br, especially Br. Alkyl stands for
any acyclic saturated monovalent hydrocarbyl group;
alkenyl denotes such a group but containing at least
one carbon-carbon double bond (such as in allyl);
similarly, alkynyl denotes such a group but containing
at least one carbon-carbon triple bond (such as in
propargyl). In case that an alkenyl or alkynyl group
contains more than one double bond, these bonds
usually are not cumulated, but may be arranged in an
alternating order, such as in -[CH=CH-] n or -[CH=C(CH
3)-]n, where n may be, for example, from the range
2-50. Where not defined otherwise, preferred alkyl
contains 1-22 carbon atoms; preferred alkenyl and
alkinyl each contains 2-22 carbon atoms, especially
3-22 carbon atoms. Where indicated as interrupted, any
alkyl moiety of more than one, especially more than 2
carbon atoms, or such alkyl or alkylene moieties which
are part of another moiety, may be interrupted by a
heterofunction such as O, S, COO, OCNR10, OCOO,
OCONR10, NR10CNR10, or NR10, where R10 is H, d-Ci
2alkyl, C3-Ci 2cycloalkyl, phenyl. They can be
interrupted by one or more of these spacer groups, one
group in each case being inserted, in general, into
one carbon-carbon bond of the alkyl or alkylene moiety
or a carbon-carbon bond the moiety is bonding to.
Hetero-hetero bonds, for example 0-0, S-S, NH-NH,
etc., usually do not occure; if the interrupted alkyl
is additionally substituted, the substituents are
generally not a to the heteroatom. If two or more
interrupting groups of the type -0-, -NR10-, -S- occur
in one radical, they often are identical. Examples for
interrupted cycloalkyls are dioxanyl, morpholinyl,
piperidinyl, piperazinyl. The term alkyl, whereever
used, thus mainly embraces especially uninterrupted
and, where appropriate, substituted Ci-C 22alkyl such
as methyl, ethyl, propyl, isopropyl, n-butyl,
secbutyl, isobutyl, tert-butyl, 2-ethylbutyl,
n-pentyl, isopentyl, 1-methylpentyl,
1,3-dimethylbutyl, n-hexyl, 1-methylhexyl, n-heptyl,
isoheptyl, 1, 1 ,3,3-tetramethylbutyl, 1-methylheptyl,
3- methylheptyl, n-octyl, 2-ethylhexyl, 1, 1
,3-trimethylhexyl, 1, 1 ,3,3-tetramethylpentyl, nonyl,
decyl, undecyl, 1-methylundecyl, dodecyl, 1, 1
,3,3,5,5-hexamethylhexyl, tridecyl, tetradecyl,
pentadecyl, hexadecyl, heptadecyl, octadecyl. Alkoxy
is alkyl-O-; alkylthio is alkyl-S-.Haloalkyl denotes
alkyl substituted by halogen; this includes
perhalogenated alkyl such as perfluoroalkyl,
especially Ci-Ci 2perfluoroalkyl, which is a branched
or unbranched radical such as for example -CF3,
-CF2CF3, -CF2CF2CF3, -CF(CF3)2, -(CF2)3CF3, and
-C(CF3)3. 



Aralkyl is, within the definitions given, usually
selected from C7-C24aralkyl radicals, preferably C7-Ci
5aralkyl radicals, which may be substituted, such as,
for example, benzyl, 2-benzyl-2- propyl, b-phenethyl,
a-methylbenzyl, a,a-dimethylbenzyl, w-phenyl-butyl,
w-phenyl-octyl, w-phenyl-dodecyl; or phenyl-Ci-C
4alkyl substituted on the phenyl ring by one to three
d - C4alkyl groups, such as, for example,
2-methylbenzyl, 3-methylbenzyl, 4-methylbenzyl, 2,4-
dimethylbenzyl, 2,6-dimethylbenzyl or
4-tert-butylbenzyl.or
3-methyl-5-(1',1',3',3'-tetramethylbutyl)- benzyl. The
term alkenyl, whereever used, thus mainly embraces
uninterrupted and, where appropriate, substituted
C2-C22alkyl such as vinyl, allyl, etc. Alkynyl such as
C2-24alkynyl is straight-chain or branched and
preferably C2-8alkynyl, which may be unsubstituted or
substituted, such as, for example, ethynyl,
1-propyn-3-yl, 1-butyn-4- yl, 1-pentyn-5-yl,
2-methyl-3-butyn-2-yl, 1,4-pentadiyn-3-yl,
1,3-pentadiyn-5-yl, 1-hexyn-6-yl,
cis-3-methyl-2-penten-4-yn-1 -yl,
trans-3-methyl-2-penten-4-yn-1 -yl, 1,3-hexadiyn-5-yl,
1-octyn-8-yl, 1-nonyn-9-yl, 1-decyn-10-yl, or
1-tetracosyn-24-yl. Aliphatic cyclic moieties include
cycloalkyl, aliphatic heterocyclic moieties, as well
as unsaturated variants thereof such as cycloalkenyl.
Cycloalkyl such as C3-Ci 8cycloalkyl, is preferably
C3-Ci 2cycloalkyl or said cycloalkyl substituted by
one to three Ci-C 4alkyl groups, and includes
cyclopropyl, cyclobutyl, cyclopentyl,
methylcyclopentyl, dimethylcyclopentyl, cyclohexyl,
methylcyclohexyl, dimethylcyclohexyl,
trimethylcyclohexyl, tert-butylcyclohexyl,
cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl,
cyclododecyl, 1-adamantyl, or 2-adamantyl. Cyclohexyl,
1-adamantyl and cyclopentyl are most preferred. C3-Ci
2cycloalkyl includes cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
cyclononyl, cyclodecyl, cycloundecyl, cyclododecyl;
preferred among these residues are C3-C6cycloalkyl as
well as cyclododecyl, especially cyclohexyl. Further
ring structures occuring are heterocyclic aliphatic
rings (heterocycloalkyl) usually containing 5 to 7
ring members, among them at least 1, especially 1-3,
heteromoieties, usually selected from O, S, NR10,
where R10 is as explained above for interrupting
NR10-groups; examples include C4-Ci 8cycloalkyl,which
is interrupted by S, O, or NR10, such as piperidyl,
tetrahydrofuranyl, piperazinyl and morpholinyl;
examples for C2-C4heterocycloalkyl include oxiranyl,
oxetanyl, piperazinyl, morpholinyl. Unsaturated
variants may be derived from these structures by
abstraction of a hydrogen atom on 2 adjacent ring
members with formation of a double bond between them.;
an example for such a moiety is cyclohexenyl. Alkoxy
such as CrC 24alkoxy is a straight-chain or branched
radical, e.g. methoxy, ethoxy, npropoxy, isopropoxy,
n-butoxy, sec-butoxy, tert-butoxy, amyloxy, isoamyloxy
or tert-amyloxy, heptyloxy, octyloxy, isooctyloxy,
nonyloxy, decyloxy, undecyloxy, dodecyloxy,
tetradecyloxy, pentadecyloxy, hexadecyloxy,
heptadecyloxy and octadecyloxy. C6-Ci 8cycloalkoxy is,
for example, cyclopentyloxy, cyclohexyloxy,
cycloheptyloxy or cyclooctyloxy, or said cycloalkoxy
substituted by one to three Ci-C 4alkyl, for example,
methylcyclopentyloxy, dimethylcyclopentyloxy,
methylcyclohexyloxy, dimethylcyclohexyloxy,
trimethylcyclohexyloxy, or tert-butylcyclohexyloxy.
C6-C24aryloxy is typically phenoxy or phenoxy
substituted by one to three Ci-C 4alkyl groups, such
as, for example o-, m- or p-methylphenoxy,
2,3-dimethylphenoxy, 2,4-dimethylphenoxy,
2,5-dimethylphenoxy, 2,6-dimethylphenoxy,
3,4-dimethylphenoxy, 3,5-dimethylphenoxy, 2-
methyl-6-ethylphenoxy, 4-tert-butylphenoxy,
2-ethylphenoxy or 2,6-diethylphenoxy. C6-C24aralkoxy
is typically phenyl-CrC 9alkoxy, such as, for example,
benzyloxy, a- methylbenzyloxy, a,a-dimethylbenzyloxy
or 2-phenylethoxy. Ci-C 24alkylthio radicals are
straight-chain or branched alkylthio radicals, such as
e.g. methylthio, ethylthio, propylthio, isopropylthio,
n-butylthio, isobutylthio, pentylthio, isopentylthio,
hexylthio, heptylthio, octylthio, decylthio,
tetradecylthio, hexadecylthio or octadecylthio. SiIyI
such as SiRR'R" is preferably Si substituted by two or
preferably three moieties selected from unsubstituted
or substituted hydrocarbyl or hydrocarbyloxy (wherein
the substituents are preferably other than substituted
silyl), as defined above, or by unsubstituted or
substituted heteroaryl. In case that Si carries only
two substituents, the silyl group is of the type
-SiH(R 2) with R2 preferably being hydrocarbyl or
hydrocarbyloxy. Preferred hydrocarbyl(oxy) are Ci-C
20alkyl(oxy), aryl(oxy) such as phenyl(oxy), Ci-C
9alkylphenyl(oxy),where "(oxy)" stands for the
optional linker "-O-" which may be present or not.
More preferred are three CrC 2o-alkyl or -alkoxy
substituents, i.e. substituted silyl then is Si(RI 2)3
with R12 being d-C 2o-alkyl or -alkoxy, especially
three Ci-C 8-alkyl substitutents, such as methyl,
ethyl, isopropyl, t-butyl or isobutyl. Cyclic
structures formally formed by ring closure, e.g. by
interlinking 2 or more adjacent residues to form a
bridge such as a hydrocarbon residue of 2 to 25 carbon
atoms which may be substituted and/or interrupted,
often comprise 5 to 12 ring atoms in total. Examples
are hydrocarbon rings such as benzene, naphthalene,
anthracene, phenanthrene, cycloaliphatic rings such as
C5-Ci 2cycloalkyl, heteroaryl as explained above in
more detail, or heterocyclic rings such as morpholine,
piperidine, piperazine, tetrahydrofuran. As initially
mentioned, it is an object of the present invention to
provide a novel approach to substituted dithiophenes.
A key step of the process of the invention relates to
reactions of the intermediate 3,3'-dilithio-
2,2'-dithiophene wherein the residues are as defined
further above; especially preferred is the one with n
= 0. This intermediate is usually formed in situ, and
reacted further to form the desired 3,3'-
disubstituted dithiophenes, according to the following
scheme:VII wherein Hal stands for halogen, especially
Br, further residues are as defined above, where
identically named residues such as R 1 may be
identical or different. R 1 is usually different from
hydrogen and preferably halogen (such as Br) or silyl
(e.g. SiR4R5R6 as defined above). Y' and Z are
advantageously selected from moieties able to form a
covalent bond with thienyl-lithium, examples for
suitable reagents Y'-R7 and Y'-X-Z are DMF, CO2,
esters, amides, acylchlorides, carbamoylchlorides,
chlorosilanes, boronates etc.The lithiating agent may
be a Li-alkyl such as butyllithium. The reactions are
usually carried out in analogy to lithium reactions
known in the art, e.g. under exclusion of oxygen (e.g.
using N2, Ar), at low temperature (e.g. -100 to 00C),
using a suitable solvent such as ethers (diethylether,
THF, dioxane etc.) or hydrocarbons (e.g.
C5-C8alkanes). An example is the reaction of
3,3'-dilithio-5,5'-di-trimethylsilyl-2,2'-dithiophene:
The products of the above reaction may be conveniently
derivatized in close analogy to methods known in the
art to obtain further compounds of the invention, e.g.
by introducing one or more conjugating moieties Y,
ring closure as indicated in the above scheme,
exchange or extension of bridging members or
substituents, polymerization to obtainhomopolymers, or
copolymerization with further suitable monomers as
explained further above. An example for a further
derivatization is given in the following scheme:
wherein R14 is preferably a residue containing one or
more double bonds (YH, such as aryl, vinyl, 1-ethinyl)
in conjugation with the bisthiophene moiety. An
example for a reaction sequence leading to products of
the invention and embracing the novel process of the
invention is outlined in the following scheme:Mb ohgo-
/ polymer Many of the preparation methods for
precursors of the present compounds are known or can
be carried out in analogy to known methods. Thus,
2,2', 3,3' substituted bisthiophenes may be obtained
according to Bull.Soc.Chim. BeIg., 1996, 615-634; an
example is shown in the following scheme:Ia R 1 = H Ma
R 1 = H Ib R 1 = R4R5R6(Si) Mb R 1 = R4R5R6(Si) Mc Br
R2 may be any moiety which derives from a Grignard
reagent, preferably alkyl or aryl, including Grignard
compatible functional groups, or other coupling
reactions like Suzuki (boronic acid derivatives) or
Stille (trialkyltin derivatives), Nigishi (ZnCI
derivatives); an example for a catalytic coupling
reaction is the Sonogashira-coupling as described in
Helv.Chim.Acta, 1996, 755-766: wherein the
ethinylbenzene reagent may be replaced by other
alkynyl compounds to obtain further carbon bonded
substituents R2, whose initial triple bond may be
converted into a C,C double or single bond or used for
the introduction of one or more substituents according
to well known methods such as hydorgenation or further
addition reactions. Alternatively, suitably
substituted dithiophene precursors may be obtained
from monomeric educts according to the following
methods:  using at least 2 eq. of heavy metal (such as
copper) for the coupling and 2 eq. of zinc for the
precursor (e.g. tetrahedron letters, 2006, 2829-2833:
Kumada-type reactions (e.g. J.Chem.Soc.Chem.Commun,
1987, 1021-1023):NiCLdppp  Hc may be prepared with at
least 2 eq. of silver for the coupling and 2 eq. of
zinc for the pre-cursor (JACS 2006, 10930-10933): The
above substances Il (such as Na or lib) may be further
converted into the corresponding
3,3',5,5'-tetrabrominated compounds III, wherein the
5-bromo may be replaced to obtain IV; 



an example of this reaction sequence is shown in the
following scheme: Ma R 1 = H Mb R 1 = R4R5R6(Si) IV
IVa R 1 = H IVb R 1 = R4R5R6(Si) Preferred examples
for compounds of the invention include those - of type
Vl, derived from V, in which R 1 = H, Br or silyl and
all other R mean C-substitution, e.g. of the formulae:
VIb Via VIc + arri des R9, R10, R1 1 = H, al kyl ,
arylstructures of type VII, derived from V as claimed,
in which R 1 = H, Br or silyl and all other R mean
C-substitution, preferred examples: Heterocycles VIIc
VIIe VIIf Cycles derived from structures of type Vl
Introduction of a silyl R2 groups may, for example,
follow the following scheme: The compounds and
polymers of the invention can be used as the
semiconductor layer in semiconductor devices.
Accordingly, the present invention also relates to
semiconductor devices, comprising a compound of
formulae (Xl), (XII) and/or an oligo/polymer of the
formula (XIII). The semiconductor device is especially
a diode, an organic field effect transistor and/or a
solar cell, or a device containing a diode and/or an
organic field effect transistor, and/or a solar cell.
There are numerous types of semiconductor devices.
Common to all is the presence of one or more
semiconductor materials. Semiconductor devices have
been described, for example, by S. M. Sze in Physics
of Semiconductor Devices, 2nd edition, John Wiley and
Sons, New York (1981). Such devices include
rectifiers, transistors (of which there are many
types, including p-n-p, n-p-n, and thin-film
transistors), light emitting semiconductor devices
(for example, organic light emitting diodes in display
applications orbacklight in e.g. liquid crystal
displays), photoconductors, current limiters, solar
cells, thermistors, p-n junctions, field-effect
diodes, Schottky diodes, and so forth. In each
semiconductor device, the semiconductor material is
combined with one or more metals and/or insulators to
form the device. Semiconductor devices can be prepared
or manufactured by known methods such as, for example,
those described by Peter Van Zant in Microchip
Fabrication, Fourth Edition, McGraw-Hill, New York
(2000). In particular, organic electronic components
can be manufactured as described by D.R. Gamota et al.
in Printed Organic and Molecular Electronics, Kluver
Academic Publ., Boston, 2004. A particularly useful
type of transistor device, the thin-film transistor
(TFT), generally includes a gate electrode, a gate
dielectric on the gate electrode, a source electrode
and a drain electrode adjacent to the gate dielectric,
and a semiconductor layer adjacent to the gate
dielectric and adjacent to the source and drain
electrodes (see, for example, S. M. Sze, Physics of
Semiconductor Devices, 2.sup.nd edition, John Wiley
and Sons, page 492, New York (1981 )). These
components can be assembled in a variety of
configurations such as top-gate, bottom-gate or as
vertical transistor. More specifically, an organic
thin-film transistor (OTFT) has an organic
semiconductor layer. Typically, a substrate supports
the OTFT during manufacturing, testing, and/or use.
Optionally, the substrate can provide an electrical
function for the OTFT. Useful substrate materials
include organic and inorganic materials. For example,
the substrate can comprise silicon materials inclusive
of various appropriate forms of silicon, inorganic
glasses, ceramic foils, polymeric materials (for
example, acrylics, polyester, epoxies, polyamides,
polycarbonates, polyimides, polyketones, poly(oxy-1
,4-phenyleneoxy-1 ,4- phenylenecarbonyl-1
,4-phenylene) (sometimes referred to as poly(ether
ether ketone) or PEEK), polynorbornenes,
polyphenyleneoxides, poly(ethylene
naphthalenedicarboxylate) (PEN), poly(ethylene
terephthalate) (PET), poly(phenylene sulfide) (PPS)),
filled polymeric materials (for example,
fiber-reinforced plastics (FRP)), and coated metallic
foils. The gate electrode can be any useful conductive
material. For example, the gate electrode can comprise
doped silicon, or a metal, such as aluminum, chromium,
gold, silver, nickel, palladium, platinum, tantalum,
and titanium. Conductive oxides, such as indium tin
oxide, or conducting inks/pastes comprised of carbon
black/graphite or colloidal silver dispersions,
optionally containing polymer binders can also be
used. Conductive polymers also can beused, for example
polyaniline or
poly(3,4-ethylenedioxythiophene)/poly(styrene
sulfonate) (PEDOT:PSS). In addition, alloys,
combinations, and multilayers of these materials can
be useful. In some OTFTs, the same material can
provide the gate electrode function and also provide
the support function of the substrate. For example,
doped silicon can function as the gate electrode and
support the OTFT. The gate dielectric is generally
provided on the gate electrode. This gate dielectric
electrically insulates the gate electrode from the
balance of the OTFT device. Useful materials for the
gate dielectric can comprise, for example, an
inorganic electrically insulating material. The gate
dielectric (insulator) can be a material, such as, an
oxide, nitride, or it can be a material selected from
the family of ferroelectric insulators (e.g. organic
materials such as poly(vinylidene
fluoride/trifluoroethylene or poly(m-xylylene
adipamide)), or it can be an organic polymeric
insulator (e.g. poly(methacrylate)s, poly(acrylate)s,
polyimides, benzocyclobutenes (BCBs), parylenes,
polyvinylalcohol, polyvinylphenol (PVP), polystyrenes,
polyester, polycarbonates) as for example described in
J. Veres et al. Chem. Mat. 2004, 16, 4543 or A.
Facchetti et al. Adv. Mat. 2005, 17, 1705. Specific
examples of materials useful for the gate dielectric
include strontiates, tantalates, titanates,
zirconates, aluminum oxides, silicon oxides, tantalum
oxides, titanium oxides, silicon nitrides, barium
titanate, barium strontium titanate, barium zirconate
titanate, zinc selenide, and zinc sulphide, including
but not limited to PbZrxTi1-xO3 (PZT), Bi4Ti3Oi2,
BaMgF4, Ba(Zr1-xTix)O3 (BZT). In addition, alloys,
hybride materials (e.g. polysiloxanes or
nanoparticle-filled polymers) combinations, and
multilayers of these materials can be used for the
gate dielectric. The thickness of the dielectric layer
is, for example, from about 10 to 1000 nm, with a more
specific thickness being about 100 to 500 nm,
providing a capacitance in the range of 0.1 - 100
nanofarads (nF). The source electrode and drain
electrode are separated from the gate electrode by the
gate dielectric, while the organic semiconductor layer
can be over or under the source electrode and drain
electrode. The source and drain electrodes can be any
useful conductive material favourably providing a low
resistance ohmic contact to the semiconductor layer.
Useful materials include most of those materials
described above for the gate electrode, for example,
aluminum, barium, calcium, chromium, gold, silver,
nickel, palladium, platinum, titanium, polyaniline,
PEDOT:PSS, other conducting polymers, alloys thereof,
combinationsthereof, and multilayers thereof. Some of
these materials are appropriate for use with n-type
semiconductor materials and others are appropriate for
use with p-type semiconductor materials, as is known
in the art. In order to improve charge injection,
various methods for doping the electrode(surface) have
been described in the literature. The thin film
electrodes (that is, the gate electrode, the source
electrode, and the drain electrode) can be provided by
any useful means such as physical vapor deposition
(for example, thermal evaporation or sputtering) or
(ink jet) printing methods. The patterning of these
electrodes can be accomplished by known methods such
as shadow masking, additive photolithography,
subtractive photolithography, printing, microcontact
printing, and pattern coating. The present invention
further provides a thin film transistor device
comprising a plurality of electrically conducting gate
electrodes disposed on a substrate; a gate insulator
layer disposed on said electrically conducting gate
electrodes; a plurality of sets of electrically
conductive source and drain electrodes disposed on
said insulator layer such that each of said sets is in
alignment with each of said gate electrodes; an
organic semiconductor layer disposed in the channel
between source and drain electrodes on said insulator
layer substantially overlapping said gate electrodes;
wherein said organic semiconductor layer comprise a
compound of formulae (Xl), (XII) and/or an
oligo/polymer of the formula (XIII), or a mixture
containing one or more such compounds. The present
invention further provides a process for preparing a
thin film transistor device comprising the steps of:
depositing a plurality of electrically conducting gate
electrodes on a substrate; depositing a gate insulator
layer on said electrically conducting gate electrodes;
depositing a plurality of sets of electrically
conductive source and drain electrodes on said layer
such that each of said sets is in alignment with each
of said gate electrodes; depositing a layer of a
compound of formulae (Xl), (XII) and/or an
oligo/polymer of the formula (XIII) on said insulator
layer such that said layer of the compound of the
invention, or mixture containing such a compound,
substantially overlaps said gate electrodes; thereby
producing the thin film transistor device.A mixture
containing a compound of formulae (Xl), (XII) and/or
an oligo/polymer of the formula (XIII) results in a
semi-conducting layer comprising a compound of
formulae (Xl), (XII) and/or 



an oligo/polymer of the formula (XIII) (typically 5%
to 99.9999% by weight, especially 20 to 85 % by
weight) and at least another material. The other
material can be, but is not restricted to a fraction
of the same polymer of formula (XIII) with different
molecular weight, another compound of the invention, a
semi-conducting polymer, organic small molecules,
carbon nanotubes, a fullerene derivative, inorganic
particles (quantum dots, quantum rods, quantum
tripods, TiO2, ZnO etc.), conductive particles (Au, Ag
etc.), insulator materials like the ones described for
the gate dielectric (PET, PS etc.). For heterojunction
solar cells the active layer comprises preferably a
mixture of a polymer of formula I and a fullerene,
such as [6O]PCBM (= 6,6-phenyl-C61 -butyric acid
methyl ester), or [7O]PCBM, in a weight ratio of 1:1
to 1:3. Any suitable substrate can be used to prepare
the thin films of the compounds and/or polymers of the
present invention. Preferably, the substrate used to
prepare the above thin films is a metal, silicon,
plastic, paper, coated paper, fabric, glass or coated
glass. Alternatively, a TFT is fabricated, for
example, by solution deposition of a compound and/or
polymer of the invention on a highly doped silicon
substrate covered with a thermally grown oxide layer
followed by vacuum deposition and patterning of source
and drain electrodes. In yet another approach, a TFT
is fabricated by deposition of source and drain
electrodes on a highly doped silicon substrate covered
with a thermally grown oxide and then solution
deposition of the compound and/or polymer to form a
thin film. The gate electrode could also be a
patterned metal gate electrode on a substrate or a
conducting material such as, a conducting polymer,
which is then coated with an insulator applied either
by solution coating or by vacuum deposition on the
patterned gate electrodes. Any suitable solvent can be
used to dissolve, and/or disperse the compounds and/or
polymers of the present invention, provided it is
inert and can be removed partly, or completely, from
the substrate by conventional drying means (e.g.
application of heat, reduced pressure, airflow etc.).
Suitable organic solvents for processing the
semiconductorsof the invention include, but are not
limited to, aromatic or aliphatic hydrocarbons,
halogenated such as chlorinated or fluorinated
hydrocarbons, esters, ethers amides, such as
chloroform, tetrachloroethane, , tetrahydrofuran,
toluene, tetraline, anisole, xylene, ethyl acetate,
methyl ethyl ketone, dimethyl formamide,
dichlorobenzene, trichlorobenzene, propylene glycol
monomethyl ether acetate (PGMEA) and mixtures thereof.
The solution, and/or dispersion is then applied by a
method, such as, spin-coating, dip-coating, screen
printing, microcontact printing, doctor blading or
other solution application techniques known in the art
on the substrate to obtain thin films of the
semiconducting material. The term "dispersion" covers
any composition comprising the semiconductor material
of the present invention, which is not fully dissolved
in a solvent. The dispersion can be done selecting a
composition including at least a compound of formulae
(Xl), (XII) and/or an oligo/polymer of the formula
(XIII), or a mixture containing such a compound, and a
solvent, wherein the compound/polymer exhibits lower
solubility in the solvent at room temperature but
exhibits greater solubility in the solvent at an
elevated temperature, wherein the composition gels
when the elevated temperature is lowered to a first
lower temperature without agitation; - dissolving at
the elevated temperature at least a portion of the
compound/polymer in the solvent; lowering the
temperature of the composition from the elevated
temperature to the first lower temperature; agitating
the composition to disrupt any gelling, wherein the
agitating commences at any time prior to, simultaneous
with, or subsequent to the lowering the elevated
temperature of the composition to the first lower
temperature; depositing a layer of the composition
wherein the composition is at a second lower
temperature lower than the elevated temperature; and
drying at least partially the layer. The dispersion
can also be constituted of (a) a continuous phase
comprising a solvent, a binder resin, and optionally a
dispersing agent, and (b) a disperse phase comprising
a compound of formulae (Xl), (XII) and/or an
oligo/polymer of the formula (XIII), or mixture
containing a compound and/or polymer of the present
invention. The degree of solubility of the present
compound/polymer in the solvent may vary for example
from 0% to about 20% solubility, particularly from 0%
to about 5% solubility. Preferably, the thickness of
the organic semiconductor layer is in the range of
from about 5 to about 1000 nm, especially the
thickness is in the range of from about 10 to about
100 nm.The compounds/polymers of the invention can be
used alone or in combination as the organic
semiconductor layer of the semiconductor device. The
layer can be provided by any useful means, such as,
for example, vapor deposition (for materials with
relatively low molecular weight) and printing
techniques. The compounds of the invention may be
sufficiently soluble in organic solvents and can be
solution deposited and patterned (for example, by spin
coating, dip coating, ink jet printing, gravure
printing, flexo printing, offset printing, screen
printing, microcontact (wave)-printing, drop or zone
casting, or other known techniques). The
compounds/polymers of the invention can be used in
integrated circuits comprising a plurality of OTFTs,
as well as in various electronic articles. Such
articles include, for example, radio-frequency
identification (RFID) tags, backplanes for flexible
displays (for use in, for example, personal computers,
cell phones, or handheld devices), smart cards, memory
devices, sensors (e.g. light-, image-, bio-, chemo-,
mechanical- or temperature sensors), especially
photodiodes, or security devices and the like. Due to
its ambi-polarity the material can also be used in
Organic Light Emitting Transistors (OLET). The
invention provides organic photovoltaic (PV) devices
(solar cells) comprising a polymer according to the
present invention. The PV device comprise in this
order: (a) a cathode (electrode), (b) optionally a
transition layer, such as an alkali halogenide,
especially lithium fluoride, (c) a photoactive layer,
(d) optionally a smoothing layer, (e) an anode
(electrode), (f) a substrate. The photoactive layer
comprises the polymers of the present invention.
Preferably, the photoactive layer is made of a
conjugated polymer of the present invention, as an
electron donor and an acceptor material, like a
fullerene, particularly a functionalized fullerene
PCBM, as an electron acceptor.The fullerenes useful in
this invention may have a broad range of sizes (number
of carbon atoms per molecule). The term fullerene as
used herein includes various cage-like molecules of
pure carbon, including Buckminsterfullerene (C6o) and
the related "spherical" fullerenes as well as carbon
nanotubes. Fullerenes may be selected from those known
in the art ranging from, for example, C2o-Ciooo-
Preferably, the fullerene is selected from the range
of C6o to C96. Most preferably the fullerene is C60 or
C70, such as [6O]PCBM, or [7O]PCBM. It is also
permissible to utilize chemically modified fullerenes,
provided that the modified fullerene retains
acceptor-type and electron mobility characteristics.
The acceptor material can also be a material selected
from the group consisting of another compound and/or
polymer of present invention or any semi-conducting
polymer provided that the polymers retain
acceptor-type and electron mobility characteristics,
organic small molecules, carbon nanotubes, inorganic
particles (quantum dots, quantum rods, quantum
tripods, TiO 2, ZnO etc.). The electrodes are
preferably composed of metals or "metal substitutes".
Herein the term "metal" is used to embrace both
materials composed of an elementally pure metal, e.g.,
Mg, and also metal alloys which are materials composed
of two or more elementally pure metals, e.g., Mg and
Ag together, denoted Mg:Ag. Here, the term "metal
substitute" refers to a material that is not a metal
within the normal definition, but which has the
metal-like properties that are desired in certain
appropriate applications. An example is a printable
conductive ink, as described in WO08/1 35632. Commonly
used metal substitutes for electrodes and charge
transfer layers would include doped wide-bandgap
semiconductors, for example, transparent conducting
oxides such as indium tin oxide (ITO), gallium indium
tin oxide (GITO), and zinc indium tin oxide (ZITO).
Another suitable metal substitute is the transparent
conductive polymer polyanaline (PANI) and its chemical
relatives, or PEDOT:PSS. Metal substitutes may be
further selected from a wide range of non-metallic
materials, wherein the term "non-metallic" is meant to
embrace a wide range of materials provided that the
material is free of metal in its chemically uncombined
form. Highly transparent, non-metallic, low resistance
cathodes or highly efficient, low resistance
metallic/non-metallic compound cathodes are, for
example, disclosed in US-B-6,420,031 and
US-B-5,703,436. The substrate can be, for example, a
plastic (flexible substrate), or glass substrate.In
another preferred embodiment of the invention, a
smoothing layer is situated between the anode and the
photoactive layer. A preferred material for this
smoothing layer comprises a film of
3,4-polyethylenedioxythiophene (PEDOT), or 3,4-
polyethylenedioxythiophene:polystyrene-sulfonate
(PEDOT:PSS). In a preferred embodiment of the present
invention, the photovoltaic cell comprises, as 



described for example, in US-B-6,933,436 a transparent
glass carrier, onto which an electrode layer made of
indium/tin oxide (ITO) is applied. This electrode
layer generally has a comparatively rough surface
structure, so that it is covered with a smoothing
layer made of a polymer, typically PEDOT, which is
made electrically conductive through doping. The
photoactive layer is made of two components, has a
layer thickness of, for example, 100 nm to a few mm
depending on the application method, and is applied
onto this smoothing layer. Photoactive layer is made
of a conjugated compound and/or polymer of the present
invention, as an electron donor and a fullerene,
particularly functionalized fullerene PCBM, as an
electron acceptor. These two components are mixed with
a solvent and applied as a solution onto the smoothing
layer by, for example, the spin-coating method, the
casting method, the Langmuir-Blodgett ("LB") method,
the ink jet printing method and the dripping method. A
squeegee or printing method could also be used to coat
larger surfaces with such a photoactive layer. Instead
of toluene, which is typical, a dispersion agent such
as chlorobenzene is preferably used as a solvent.
Among these methods, the vacuum deposition method, the
spin-coating method, the ink jet printing method and
the casting method are particularly preferred in view
of ease of operation and cost. In the case of forming
the layer by using the spin-coating method, the
casting method and ink jet printing method, the
coating can be carried out using a solution and/or
dispersion prepared by dissolving, or dispersing the
composition in a concentration of from 0.01 to 90% by
weight in an appropriate organic solvent such as
benzene, toluene, xylene, tetrahydrofurane,
methyltetrahydrofurane, N,N-dimethylformamide,
acetone, acetonitrile, anisole, dichloromethane,
dimethylsulfoxide, chlorobenzene, 1,2-dichlorobenzene
and mixtures thereof. Before a counter electrode is
applied, a thin transition layer, which must be
electrically insulating, having a layer thickness of,
for example, 0.6 nm, is applied to photoactive layer
4. In this exemplary embodiment, this transition layer
is made of an alkali halogenide, namely alithium
fluoride, which is vapor deposited in a vacuum of 2 10
6 torr at a rate of 0.2 nm/minute. If ITO is used as a
hole-collecting electrode, aluminum, which is vapor
deposited onto the electrically insulating transition
layer, is used as an electron-collecting electrode.
The electric insulation properties of the transition
layer obviously prevent influences which hinder the
crossing of the charge carrier from being effective,
particularly in the transition region from the
photoactive layer to the transition layer. In a
further embodiment on the invention, one or more of
the layers may be treated with plasma prior to
depositing the next layer. It is particularly
advantageous that the PEDOT:PSS layer be subject to a
mild plasma treatment prior to deposition of the next
layer. The photovoltaic (PV) device can also consist
of multiple junction solar cells that are processed on
top of each other in order to absorb more of the solar
spectrum. Such structures are, for example, described
in App. Phys. Let. 90, 143512 (2007), Adv. Funct.
Mater. 16, 1897-1903 (2006) and WO2004/1 12161 . A so
called 'tandem solar cell' comprise in this order: (a)
a cathode (electrode), (b) optionally a transition
layer, such as an alkali halogenide, especially
lithium fluoride, (c) a photoactive layer, (d)
optionally a smoothing layer, (e) a middle electrode
(such as Au, Al, ZnO, TiO2 etc.) (f) optionally an
extra electrode to match the energy level, (g)
optionally a transition layer, such as an alkali
halogenide, especially lithium fluoride, (h) a
photoactive layer, (i) optionally a smoothing layer,
(j) an anode (electrode), (k) a substrate. The PV
device can also be processed on a fiber as described,
for example, in US20070079867 and US 20060013549.Due
to their excellent self-organising properties the
inventive compounds, materials or films can also be
used alone or together with other materials in or as
alignment layers in LCD or OLED devices, as described
for example in US2003/0021913. The following examples
are included for illustrative purposes only and are
not to be construed to limit the scope of the claims.
Unless otherwise stated, all parts and percentages are
by weight. Room temperature denotes a range 18-23C;
analytical data are compiled in the table at the end
of the preparation examples. Abbreviations: NBS
N-bromosuccinimide LDA Lithium diisopropylamide
Examples Example 1 a) A solution of 40 g of 1 in 200
ml of dry tetrahydrofuran (THF) is added rapidly to a
solution of lithium diisopropylamide (LDA, prepared
from 100 ml of 2.7 M solution of butyllithium in
hexane and 28.8 g diisopropylamine in 200 ml of dry
THF) at -70 0C under nitrogen atmosphere. After the
colour of the mixture has become orange-brown, the
mixture is allowed to warm to -20 0C and then 100 ml
of water are added. The organic phase is separated,
washed with brine, dried and evaporated. The residue
is recrystallized from methanol to obtain 36.5 g of
4,4'-dibromo-2,2'-dithiophene as an off-white powder
(yield: 9 1.2%). A solution of n-dodecyl magnesium
bromide in ether (prepared from 9 g of magnesium
turnings and 87.0 g n-dodecylbromide in 200 ml of
diethylether) is slowly added to a solution of 40 g of
4,4'-dibromo-2,2'-dithiophene. 1 mol% NiCI2(dppp)
(dppp = Ph2PCH2Ch2CH2PPh2) in 200 ml of diethylether
is added in such a way, that the internal temperature
does not exceed 20 0C. Then the mixture is stirred at
room temperature for 2 hours and 200 ml of water are
added thereto. The organic phase is separated, washed
with diluted hydrochloricacid and brine, dried and
evaporated. The residue is suspended in methanol and
55.8 g of 4,4'-n-didodecyl-2,2-dithiophene is obtained
as a beige powder by filtation (yield: 70%). 12.8 g of
bromine are added dropwise to a solution of 10.1 g
4,4'-n-didodecyl-2,2- dithiophene in 100 ml chloroform
and 40 ml acetic acid at 0 0C under nitrogen
atmosphere. The mixture is heated at 60 0C for 16
hours. After cooling to room temperature the mixture
is treated with 50 ml of a saturated solution of
sodium sulfite. The organic phase is separated, washed
with a saturated aqueous solution of sodium hydrogen
carbonate and brine, dried and evaporated. The residue
is suspended in methanol and 14.5 g of 2 is obtained
as a beige powder by filtration (yield: 88.4%). b) 10
g of 2 are dissolved in 150 ml dry THF and 70 ml
heptane under nitrogen atmosphere and the solution is
cooled to -20 0C. After adding of 9.5 ml of a 2.7 M
solution of butyllithium in heptane the obtained
solution is stirred at -20 0C for 1 hour, 3 ml of
trimethylsilyl chloride (TMSCI) is added thereto, the
resulting mixture is stirred at -20  for 15 minutes
and then allowed to warm to room temperature. After
stirring for an additional hour 50 ml of water are
added. The organic phase is separated, washed with
brine, dried and evaporated to obtain 9.9 g of 3 as an
orange-brown semisolid residue (yield: 100%). c) Educt
3 is dissolved in 500 ml of dry THF under nitrogen
atmosphere and the solution is cooled to -60 0C. A 2.7
M solution of BuLi in heptane are added at once and
the mixture is allowed to warm to -30 0C followed by
addition of 11.5 ml dimethylcarbamyl chloride. After
stirring at -20 0C for 15 minutes the mixture is
allowed to warm to 0 0C and 100 ml of waterare added
thereto. The organic phase is separated, washed with
brine, dried and evaporated to obtain 4 as a red
residue (yield: 58%). d) For the further reaction to
5, it is not necessary to isolate 4. The organic phase
of c) is separated and washed with brine. 37.4 g of
N-bromosuccinimide (NBS) are added thereto at 0 0C,
the mixture is stirred at 0 0C for 30 minutes and at
room temperature for an additional hour. After
evaporation the residue is washed with water and
suspended in 200 ml of methanol. The mixture is heated
under reflux for 1 hour and after cooling to room
temperature. The product 5 is obtained as dark-violett
flakes by filtation (yield: 55%). e) 0.94 g of
tetrakistriphenylphosphino palladium are added to a
degassed solution of 11.13 g of 5 and 15.1 g of 6 in
100 ml of toluene and the mixture is heated under
reflux for 16 h, cooled to room temperature and
filtered through silica gel. The filtrate is
evaporated, the residue is suspended in 100 ml of
methanol, stirred for 1 hour and 10.5 g of the 3,5-
didodecyl^
q-dKthien^-yO-cyclopentapj-bsS^-b'Jdithiophen^-one 7
are obtained as darkbluish solid by filtration (yield:
95%). 11.15 g of the preceding product are dissolved
in 100 ml of THF and the solution is cooled to 0 0C.
5.7 g NBS are added thereto, and the resulting mixture
is stirred at 0 0C for 30 minutes and at room
temperature for an additional hour. The solvent is
evaporated, the residue is suspended in methanol and
13.0 g of 7 are obtained as dark-bluish solid by
filtration (yield: 95%). Using 4-alkylated
2(tributyltin)-thiophene (with alkyl = n-butyl [7a],
2-ethylhexyl [7b], ndodecyl [7c]) rather than 6, the
corresponding dialkylated variants 7a, 7b or 7c are
obtained 



in an analogous procedure. f) A further reaction
sequence in analogy to the one described under item
(e) above and using the reagents identified in the
below schemes f i or fii leads to the product 8 or
8':Example 2 9 10 a) A solution of 3 (see example 1b
above) in 150 ml of dry THF is cooled to -40 0C. 16 ml
of a 2.7 M solution of BuLi in heptane are added and
the resulting solution is stirred at -20 0C for 15
minutes. 2.58 g of dimethyl dichloro silane are added
thereto and the mixture is stirred at 0 0C for 30
minutes and at room temperature for an additional hour
followed by adding of 50 ml of 1 N hydrochloric acid.
The organic phase is separated, washed with brine,
dried and evaporated to obtain 9 as colourless liquid
(yield: 95%). b) Bromination using NBS in analogy to
the method shown in example 1e yields 10. c) The same
reaction sequence shown in the above sections (a) and
(b), but replacing dimethyl dichloro silane with the
equivalent amount of diphenyl dichloro silane, gives
30 in 90 % overall yield: 30 d) The same reaction
sequence shown in the above section (a), but starting
from4,4'-di-n-hexyl-3,3',-dibromio-5,5'-di(trimethylsi
lyl)-2,2-dithiophene 3' rather than from the
corresponding 4,4'-n-didodecyl educt 3 yields 38: 38
e) The same reaction sequence shown in section (e) of
example 1, but starting from the above educt 10 rather
than from educt 5, yields 40: 40 Example 3 11 12 a) 1
1 is obtained as red powder (yield: 40%) according to
example 2a with the exception that 3.20 g of
1,4-dimethylpiperazine-2,3-dione are used instead of
dichlorodimethylsilane. b) Bromination using NBS in
analogy to the method shown in example 1e yields 12.
Example 4 :
3,3'-dibromo-5,5'-di-trimethylsilyl-2,2'-dithiopheneTo
a freshly prepared LDA solution (82 ml butyllithium
[2.7 m in heptane], 22.6 g di-isopropyl amine and 300
ml dry THF) at -78 0C under a nitrogen atmosphere, a
solution of 32.4 g 3,3'- dibromo-2,2'-dithiophene 13
in 150 ml of dry THF is slowly added. The solution is
slowly warmed to -20 0C, stirred for 15 minutes and
then re-cooled to -78 0C. 27.2 g trimethyl
silylchloride is added at once and the solution is
slowly allowed to warm to 0 0C. After stirring for 1
hour at 0 0C the reaction mixture is quenched by
adding 100 ml water. The phases are separated and the
organic phase is washed twice with brine and dried
over sodium sulphate. The residue is suspended in
methanol and the formed solid is recovered by
filtration and dried under vacuum. Affords 43 g (92 %)
of the title compound 15 as an off-white powder.
Example 5 : 1,6
di-trimethylsilyl-S^-cyclopentathiophenone and 1,6
dibromo-S^-cyclopentathiophenone (R = H) 46.8 g
3,3'-dibromo-5,5'-di-trimethylsilyl-2,2'-dithiophene
is dissolved in 500 ml of dry THF under a nitrogen
atmosphere and cooled to -60 0C. 78 ml butyl lithium
(2.7 M in heptane) is added at once. The temperature
rises to approximately - 40 0C. The dry ice bath is
removed and the reaction mixture is slowly warmed to -
30 0C. At this point 11.5 ml dimethyl
carbamoylchloride in 20 ml dry THF is added at once.
The temperature rises to approximately -20 0C and the
reaction mixture is stirred at that temperature for 15
minutes and then slowly warmed to 0 0C. The reaction
mixture is quenched by adding 100 ml water. The phases
are separated and the organic phase is washed twice
with brine and dried over sodium sulphate. Evaporation
of the solvent affords 33.1 g of a red residue, which
contains approximately 90 % product 16 (NMR;
corresponds to 88.5% yield). Purification can be
achieved either by flash chromatography or suspension
in methanol. 1,6 dibromo-S^-cyclopentathiophenone 17:
The reaction mixture is quenched by adding 100 ml
water. The phases are separated and the organic phase
is once washed with brine. After phase separation 37.4
g N-bromo succinimide are added to the organic ohase
at once at 00C. The reaction mixture is stirred for 30
minutes at 0 0C and 1 hour at room temperature. After
evaporation to dryness the residue is washed twice
with 200 ml water each, which is decanted, and then
boiled for 1 hour in 200 ml methanol. After cooling to
room temperature the product is collected by
filtration. Affords 30.1 g (85.2 %) of the title
compound 17 as darkviolet flakes. Example 6 : 1,6
dibromo-S^-cyclopentathiophenone oxime 17 18 60 g 1,6
dibromo-S^-cyclopentathiophenone 17, 4O g
hydroxylamine hydrochloride and 50 g pyridine in 500
ml ethanol are refluxed for 2 hours. The red
suspension is cooled to room temperature, diluted with
200 ml water and filtered. The filter cake is
sequentially washed with water and methanol and dried
under vacuum. Affords 60 g (96 %) of the title
compound 18 as a dark red powder. Example 7 :
7,7-Dimethyl-2,5-bis-trimethylsilanyl-7H-3,4-dithia-7-
sila-cyclopenta[a]pentalene 15 19 A solution of 9.37 g
3,3'-dibromo-5,5'-di-trimethylsilyl-2,2'-dithiophene
in 150 ml dry THF is cooled to - 40 0C. 16 ml butyl
lithium (2.7 M in heptane) are added at once and the
resulting solution is stirred for 15 minutes at -20
0C. 2.58 g dimethyl dichloro silane are added at once
and the reaction mass is stirred for 30 minutes at 0
0C and 1 hour at room temperature. The reaction
mixture is quenched by adding 50 ml 1 N HCI. The
phases are separated and the organic phase is washed
twice with brine and dried over sodium sulphate.
Evaporation of the solvent affords 6.95 g (95 % of
th.) of the title compound as colourless liquid, which
is almost pure as determined by NMR.The same reaction
sequence with dimethyl germanium dichloride gives Y in
75 % overall yield: 31 Example 8 :
2,7-Bis-trimethylsilanyl-benzo[2,1-b;
3,4-b']dithiophene-4,5-dione and derivatives A
solution of 9.37 g
3,3'-dibromo-5,5'-di-trimethylsilyl-2,2'-dithiophene
in 150 ml dry THF is cooled to - 40 0C. 16 ml butyl
lithium (2.7 M in heptane) are added at once and the
resulting solution is stirred for 15 minutes at -20
0C. 3.20 g of 1,4-Dimethyl-piperazine-2,3-dione are
added in one portion and the reaction mixture is
allowed to warm to room temperature and stirred for an
additional hour at this temperature. The reaction
mixture is quenched by adding 50 ml 1 N HCI. The
phases are separated and the organic phase is washed
twice with brine and dried over sodium sulphate.
Evaporation of the solvent affords a red residue,
which is suspended in hexane. The obtained slurry is
stirred for 1 hour and then filtered. The filter cake
is washed with hexane and dried under vacuum. Affords
3.4 g (46 % of th.) of the title compound as a dark
red powder. b) By reacting the above product 2 1 of
example 8a with o-diaminobenzene, the following
compound 22 is obtained; using
1,2-diamino-4,5-di(2-ethylhexyloxy)-benzene instead of
odiaminobenzene yields 22b. General procedure: 10 mmol
21_ and 10 mmol of the aromatic ortho-diamine are
dissolved in 50 ml of ethanol and refluxed for 2
hours. After cooling to 0 0C the yellow precipitate is
filtered and washed with cold ethanol and dried in a
vacuum oven affording the corresponding quinoxaline 22
or 22b.Bromination To a solution of 22 or 22b in 100
ml THF, 2 equivalents of N-bromo-succinimide are added
in one portion and the reaction mixture is heated to
40 C and stirred at this temperature for 16 hours. The
solvent is then evaporated and residue is washed
several times with water and then recrystallized from
ethanol. The corresponding quinoxaline 22a or 22c (R =
Br) in 60-80 % yield. Example 8c: 1.82 g (5mmol) of 2
1 and 0.94 g (5mmol) of 2-amino-4-bromoaniline is
refluxed overnight in 10 ml Ethanol, cooled down to RT
and product is filtered off. Yield 2.4 g ( 93%) of
product 38.2.4 g (4.65 mmol) of product 38, 0.93 g
(6.97 mmol) potassium vinyltrifluoroborate, 0.42 g
(0.465 mmol) tris(dibenzylideneacetone)dipalladium(0),
6.7 g (23.25 mmol) tri-tbutylphosphonium
tetrafluoroborate are mixed in 20ml THF, degassed and
heated to 50 0C. Degassed aqueous solution of
potassium phosphate is added and reaction mixture is
stirred at reflux for 3h. Product is purified by
column chromatography with hexane : ethyl acetate ( 1
: 20). Yield 1.3 g (59.1%) of product 39. Example 9 :
Polymer of
3,5-Didodecyl-2,6-di-(5-bromo)thiophen-2-yl-cyclopenta
[2,1-b;3,4- b']dithiophen-4-one (Yamamoto
polymerization) 7 24 A 100 ml reactor is charged in a
nitrogen flushed glove-box with 1.48 g NiCOD2 and 0.84
g 2,2'-bipyridine. After the addition of 20 ml toluene
(degassed) the reactor is sealed with a septum and the
reaction mixture is homogenized in an ultra sound bath
until a deep-blue slurry is obtained. 3 g
3,5-Didodecyl-2,6-di-(5-bromo)thiophen-2-yl-cyclopenta
[2,1-b;3,4- b']dithiophen-4-one are dissolved in 15 ml
toluene and degas-sed. This solution is added via a
syringe to the nickel solution from above and the
whole mixture is heated to 80 0C. After 30 minutes,
the product is isolated as a solid, rubber-like
dark-blue mass. Using the tetraalkylated starting
materials 7a, 7b or 7c, polymers 23, 25 and 26 of
structure 



analogous to 24, but containing 4 alkyl groups in each
monomer unit, are obtained. Example 10:19 32 5 g 19
and 5 eq. trimethyl chloro silane are dissolved in 50
ml THF and cooled to -10 C. A freshly prepared
LDA-solution (from 2.1 eq. butyl lithium and 2.2 eq.
diisopropyl amine in 20 ml THF) is slowly dropped to
the solution above. The solution is stirred for 1 hour
at - 10 C and then slowly warmed to 0 C. The reaction
is quenched by the addition of saturated
NH4CI-solution. Work-up gives 32 in 90 % yield.
Example 1 1 : c) NBS 35 a) A solution of 0.5 g 4 in 5
ml THF is treated at - 20 C with 1. 1 eq. butyl
lithium and then slowly warmed to 0 C. The reaction is
quenched by the addition of 1. 1 eq. trifluoro acetic
anhydride and stirred for an additional hour at room
temperature. 10 ml tert.butylmethylether are added the
the reaction mixture is washed with sodium bicarbonate
and brine. The organic phase is separated and dried
over sodium sulphate and evaporated to dryness. The
residue is dissolved in 5 ml DMSO and 0.1 ml
trifluoroacetic acid and stirred for 5 hours at 70 C,
cooled down and poured onto a saturated sodium
bicarbonate solution. The aqueous slurry is extracted
twice with tert.butyl-methylether, thecombined organic
phases are washed with brine, dried over sodium
sulphate and evaporated to dryness. Afford 0.35 g 33
as a greyish-white solid. b) A solution of the product
from above in toluene is treated with 3 eq. Red-AI ( 1
M in THF) and stirred at 80 0C for 2 hours. After
cooling down the reaction mixture is subsequently
washed with diluted HCI and brine. The organic phase
is dried over sodium sulphate and evaporated to
dryness. The residue from above is dissolved in DMSO
and, after the addition of 1.5 eq. butyl bromide, 5
eq. KOH and a catalytical amount of Kl, stirred for 16
hours at room temperature. The reaction mass is poured
onto diluted HCI and the aqueous slurry is extracted
twice with hexane. The combined organic phases are
washed with brine, dried over sodium sulphate and
evaporated to dryness. The residue is further purified
by flash chromatography affording 0.29 g 34 as a white
solid. c) Bromination according to the method
described in the last step of example 8 yields 35.
Example 12: a) 10 g 3 are lithiated as described in
Ex.1 c) and then cooled to - 78 0C. 5 g solid carbon
dioxide is added in one portion and the solution is
allowed to warm to room temperature. The solution is
again cooled to 00C, quenched with diluted HCI and
twice extracted with TBME. The combined organic phases
are washed with brine, dried over sodium sulphate and
evaporated to dryness. 50 ml acetic anhydride is added
to the residue and the suspension is refluxed for 2
hours. After cooling down the slurry is extracted
several times with hexane, the combined hexane phases
are evaporated to dryness and further dried in a
vacuum oven affording 7.4 g 36 as a reddish-white
solid. b) The product from above is dissolved in THF,
treated at 0 0C with 2.2 eq. hexylamine and stirred
for 1 hour at room temperature. After standard work-up
(TBME, diluted HCI, brine) the residue is suspended in
acetic acid, treated with 10 eq. each of acetic
anhydride and sodiumacetate and refluxed for 16 hours.
Then most of the solvent is evaporated and the residue
is suspended in aqueous sodium bicarbonate, followed
by extraction with TBME. The combined organic layers
are washed with brine, dried and evaporated dryness
affording 7.6 g 37 as a yellowish solid. Physical Data
of a number of compounds prepared are compiled in the
following table:Medium chain dicarboxylic acids, their
derivates and metabolic disorders The present
invention relates in general to medium chain
dicarboxylic acids, their derivatives and uses
thereof. In particular, the present invention relates
to a composition comprising medium chain dicarboxylic
acids and to the use of medium chain dicarboxylic
acids and their derivatives for the preparation of
products to treat or prevent metabolic disorders.
Diabetes mellitus is a metabolic condition
characterized primarily by high blood glucose levels
that result from the body's inability to make or use
insulin. Hyperglycemia can lead to numerous clinical
complications including blindness, limb amputations,
heart attack or stroke. In 2007, it was estimated that
246 million of adults have diabetes, and if nothing is
done to slow down the epidemic, within 25 years the
number will reach more than 380 million. The most
common types of diabetes are insulin-dependent
diabetes (Type-1 diabetes, T 1D) and type-2 diabetes
(T2D), which is by far the most abundant type. The
increase in type-2 diabetes is mainly driven by
increasing obesity rates. Today, more than 1.1 billion
people are estimated to be overweight, of which around
320 million are obese. The pathophysiology of the
development of T2D is complex and multifactorial.
Obesity, sedentary life style and/or increased age may
lead to insulin resistance and to increased
circulating insulin concentrations over time. At some
point a loss of control of blood glucose begins to
emerge, resulting in impaired glucose tolerance (IGT)
or impaired fasting glucose (IFG) and may ultimately
result in T2D. Therefore IGT and IFG refer to
metabolic states intermediate between normal glucose
homeostasis and diabetes. A further test, the oral
glucose tolerance test (OGTT), may be performed to
assess whether the patient is diabetic or has IGT. The
OGTT consists of a glucose drink containing 75g of
glucose. The patient's blood sugar level is measured
at one and two hours following administration of the
drink.As glucose is an essential nutrient for the
human body, its circulating levels must be carefully
maintained constant, in order to supply adequate
amounts to peripheral tissues. The liver plays a
central role in glucose homeostasis by balancing its
uptake and storage via glycogenesis and its release
via glycogenosis and gluconeogenesis. An impairment of
glucose homeostasis is a typical feature of T2D.
Patients with T2D exhibit increased hepatic glucose
production (HGP), which is identified as the main
cause of fasting hyperglycaemia and is associated with
a reduced plasma glucose clearance (Gastaldelli A, et
al., Diabetes 2000; 49:1 367-1 373 ) , and a 25-45%
reduced synthesis of glycogen compared with
non-diabetic subjects (Roden M, et al., Best Pract Res
Clin Endocrinol Metab. 2003;1 7:365-83). Limiting
blood glucose peaks after a meal in diabetic subjects
also constitutes an important target of the overall
glycemic control strategy. Actual treatments for T2D
comprise several classes of drugs, which can be used
alone or in combination with insulin. Biguanides work
by reducing the amount of glucose produced by the
liver. Obese patients with T2D are usually started on
biguanides. Common side effects include abdominal
discomfort, diarrhea, nausea or vomiting, loss of
appetite, and metallic taste. Alpha-glucosidase
inhibitors slow the digestion of carbohydrates, delay
glucose absorption, and reduce the increase in blood
glucose after a meal. Common side effects include
abdominal pain, diarrhea, and flatulence. In animals
and humans, medium-chain dicarboxylic acids (DA),
which include adipic (C6), suberic (C8), sebacic (C1
0), and dodecanedioic (C1 2) acids, derive from
cooxidation of the corresponding fatty acids or from
the b-oxidation of longer-chain dicarboxylic acids. In
plants, DA are components of the natural protective
polymers cutin and suberin (Mingrone G, et al., Nutr
Rev. 2006; 64:449-56). DA energy density is
intermediate between glucose and fatty acids.US
5,272,1 77 describes the use of sebacic acid and
derivates as a suitable fuel substrate in enteral and
parenteral nutrition during severe catabolic stages
such as sepsis, shock, multiple trauma and burns.
Starting out from the prior art it was the object of
the present invention to improve the state of the art
and in particular to provide the art with a
composition and a use that allows it to manage glucose
levels in the blood of human or animal patients that
is safe to use and does not exhibit the side effects
that are common to the medications known in the art.
This composition should be suitable for enteral or
oral application. The present inventors were surprised
to see that this object could be achieved by the
subject matter of the independent claims. The
dependant claims further develop the idea of the
present invention. It was found that a composition
comprising at least one medium chain dicarboxylic acid
or a derivative thereof achieves the object of the
present invention and can, e.g., successfully be used
for the preparation of a product to treat or prevent
metabolic disorders. Consequently, one embodiment of
the present invention relates to a composition
comprising at least one medium chain dicarboxylic acid
(DA) and/or a derivative thereof to treat or prevent
metabolic disorders. 



It also relates to the use of a composition comprising
at least one medium chain dicarboxylic acid (DA)
and/or a derivative thereof for the preparation of a
product to treat or prevent metabolic disorders.
Metabolic disorders include for example peripheral
insulin resistance, impaired glucose tolerance and
diabetes. Medium chain dicarboxylic acids are
preferably selected from the group consisting of
C4-C14 dicarboxylic acids. More preferably the medium
chain dicarboxylic acids are selected from the group
consisting of C6-C1 2 dicarboxylic acids and comprise
C6, C7, C8, C9, C 10, C 11 and C 12 dicarboxylic
acids. Examples are succinic acid,glutaric acid,
adipic acid, pimelic acid, suberic acid, azelaic acid,
sebacic acid, phthalic acid, isophthalic acid,
terephthalic acid. Most preferred are the naturally
occurring medium chain dicarboxylic acids selected
from the group consisting of adipic (C6) acid, suberic
(C8) acid, sebacic (C1 0) acid, dodecanedioic (C1 2)
acid. The medium chain dicarboxylic acids may be used
alone or in mixtures of two or more dicarboxylic
acids. The derivatives of medium chain dicarboxylic
acids comprise for example all compounds which after
hydration, de-esterification or acidification yield
the medium chain dicarboxylic acids. The derivatives
of medium chain dicarboxylic acids are preferably
selected from the group consisting of salt forms of
the dicarboxylic acids, preferably sodium, potassium,
calcium, magnesium or amino acids salts, and esters of
dicarboxylic acids, preferably glycerol esters, in
particular triglycerides, or ethanol esters. Naturally
occurring medium chain dicarboxylic acids and their
derivatives are in particular preferred for the
purpose of the present invention. They may be isolated
from naturally occurring foodstuff and are, hence,
usually very well tolerated by the body. Furthermore,
they may be provided in the form of extracts from
foodstuff, so that no extensive purification procedure
is required. The amount of the at least one medium
chain dicarboxylic acid or derivative thereof to be
administered in accordance with the present invention
is not particularly limited and will depend, e.g., on
the weight and age of the patient to be treated, its
condition, in particular health condition and the
amount and kind of food consumed. In therapeutic
applications, compositions are administered in an
amount sufficient to at least partially cure or arrest
the symptoms of the disease and its complications. An
amount adequate to accomplish this is defined as "a
therapeutically effective dose". In prophylactic
applications, compositions according to the invention
are administered to a patient susceptible to or
otherwise at risk of a particular disease inan amount
that is sufficient to at least partially reduce the
risk of developing a disorder. Such an amount is
defined to be "a prophylactic effective dose". The
composition of the present invention is typically used
in a therapeutically effective dose and/or a
prophylactic effective dose. These dosages can be
determined by those of skill in the art. Typically,
the at least one medium chain dicarboxylic acid and/or
derivative thereof may be present in the product
and/or composition in an amount in the range of 0,5-
10Og per daily dose, preferably in the range of 1g-50g
per daily dose, for example in the range of 1g-40g per
daily dose. The product prepared by the use of the
present invention may be a food product, a food
supplement, a nutraceutical, a pet food product or a
medicament, for example. It may also be a beverage or
a cosmetic product. The product, in particular if it
is a food product or a beverage may also comprise a
protein source, a carbohydrate source and/or a lipid
source. The present inventors have found that this
composition can very well be applied orally or
enterally. In contrast to a parental application this
has the advantage that unnecessary puncturing of the
skin of the patients and corresponding risks for,
e.g., infections are avoided. Furthermore, while
parenteral compositions usually do not comprise a
protein source, a carbohydrate source and a lipid
source simultaneously, since this might lead to
clotting during storage, resulting in severe health
risks for the patient after injection, this is in
contrast very well possible for oral and enteral
application forms. The product of the present
invention may be a nutritionally complete formula. As
protein source any suitable dietary protein may be
used, for example animal proteins (such as milk
proteins, meat proteins and egg proteins); vegetable
proteins (such as soy protein, wheat protein, rice
protein, and pea protein); mixtures of free amino
acids; or combinations thereof. Milk proteins such as
casein and whey, and soy proteins are particularly
preferred. The proteins may be intact or hydrolysed or
a mixture of intact and hydrolysed proteins. It may be
desirable to supply partiallyhydrolysed proteins
(degree of hydrolysis between 2 and 20%), for example
for animals believed to be at risk of developing cows'
milk allergy. If hydrolysed proteins are required, the
hydrolysis process may be carried out as desired and
as is known in the art. For example, a whey protein
hydrolysate may be prepared by enzymatically
hydrolysing the whey fraction in one or more steps. If
the whey fraction used as the starting material is
substantially lactose free, it is found that the
protein suffers much less lysine blockage during the
hydrolysis process. This enables the extent of lysine
blockage to be reduced from about 15% by weight of
total lysine to less than about 10% by weight of
lysine; for example about 7% by weight of lysine which
greatly improves the nutritional quality of the
protein source. If the product includes a fat source,
the fat source preferably provides 5% to 40% of the
energy of the composition; for example 20% to 30% of
the energy. A suitable fat profile may be obtained
using a blend of canola oil, corn oil and high-oleic
acid sunflower oil. Fat source may also include
coconut oil or palm oil, rich in medium chain
triglycerides. A carbohydrate source may preferably
provide 40% to 80% of the energy of the composition.
Any suitable carbohydrate may be used, for example
sucrose, lactose, glucose, fructose, corn syrup
solids, maltodexthns, and mixtures thereof. Dietary
fibre may also be added if desired. Dietary fibre
passes through the small intestine undigested by
enzymes and functions as a natural bulking agent and
laxative. Dietary fibre may be soluble or insoluble
and in general a blend of the two types is preferred.
Suitable sources of dietary fibre include soy, pea,
oat, pectin, guar gum, gum Arabic,
fructooligosacchahdes, galacto-oligosacchahdes,
sialyllactose and oligosaccharides derived from animal
milks. A preferred fibre blend is a mixture of inulin
with shorter chain fructo-oligosacchahdes. Preferably,
if fibre is present, the fibre content is between 2
and 40 g/l of the composition as consumed, more
preferably between 4 and 10 g/l. The composition may
also contain minerals and micronuthents such as trace
elements and vitamins in accordance with the
recommendations of Government bodies such as the USRDA
and guidelines such as FSMP.For example, the
composition may contain per daily dose one or more of
the following micronuthents in the ranges given:- 300
to 500 mg calcium, 50 to 100 mg magnesium, 150 to 250
mg phosphorus, 5 to 20 mg iron, 1 to 7 mg zinc, 0.1 to
0.3 mg copper, 50 to 200 mg iodine, 5 to 15 mg
selenium, 1000 to 3000 mg beta carotene, 10 to 80 mg
Vitamin C, 1 to 2 mg Vitamin B 1, 0.5 to 1.5 mg
Vitamin B6, 0.5 to 2 mg Vitamin B2, 5 to 18 mg niacin,
0.5 to 2.0 mg Vitamin B 12, 100 to 800 mg folic acid,
30 to 70 mg biotin, 1 to 5 mg Vitamin D, 3 to 10 mg
Vitamin E. One or more food grade emulsifiers may be
incorporated into the composition if desired; for
example diacetyl tartaric acid esters of mono- and
di-glycehdes, lecithin. The product of the present
invention may further contain protective hydrocolloids
(such as gums, proteins, modified starches), binders,
film forming agents, encapsulating agents/materials,
wall/shell materials, matrix compounds, coatings,
emulsifiers, surface active agents, solubilizing
agents (oils, fats, waxes, lecithins etc.),
adsorbents, carriers, fillers, co-compounds,
dispersing agents, wetting agents, processing aids
(solvents), flowing agents, taste masking agents,
weighting agents, jellifying agents, gel forming
agents, antioxidants and antimicrobials. The
composition may also contain conventional
pharmaceutical additives and adjuvants, excipients and
diluents, including, but not limited to, water,
gelatine of any origin, vegetable gums,
ligninsulfonate, talc, sugars, starch, gum arabic,
vegetable oils, polyalkylene glycols, flavouring
agents, preservatives, stabilizers, emulsifying
agents, buffers, lubricants, colorants, wetting
agents, fillers, and the like. In all cases, such
further components will be selected having regard to
their suitability for the intended recipient. The
product prepared by the use of the present invention
may also comprise at least one kind of food grade
bacteria, in particular probiotics. "Food grade
bacteria" means bacteria that are used and generally
regarded as safe 



for use in food. Probiotics are microorganisms which
when administered in adequate amounts confer a health
benefit on the host."Probiotic" means microbial cell
preparations or components of microbial cells with a
beneficial effect on the health or well-being of the
host. (Salminen S, Ouwehand A . Benno Y . et al
"Probiotics: how should they be defined" Trends Food
Sci. Technol. 1999:1 0 107-1 0). Modifications of the
intestinal flora are thought to be associated with
obesity. These changes were demonstrated in obese mice
to affect the metabolic potential of gut microbiota
resulting in an increased capacity to harvest energy
from the diet (Turnbaugh PJ, et al., Microbial
ecology: human gut microbes associated with obesity.
Nature. 2006). Such modifications of the gut
microbiota are proposed to contribute to the
pathophysiology of obesity. Probiotics, the beneficial
bacteria present in food or food supplements, are
known to modify the intestinal microbiota (Fuller R &
Gibson GR, Modification of the intestinal microflora
using probiotics and prebiotics. Scand J .
Gastroenterol. 1997). Probiotics that are preferably
used in the product of the present invention may be
selected from the group consisting of Bifidobacterium,
Lactobacillus, Streptococcus and Saccharomyces or
mixtures thereof, in particular selected from the
group consisting of Bifidobacterium longum,
Bifidobacterium lactis, Lactobacillus acidophilus,
Lactobacillus rhamnosus, Lactobacillus johnsonii,
Lactobacillus plantarum, Lactobacillus salivahus,
Streptococcus faecium, Saccharomyces boulardii and
Lactobacillus reuteri or mixtures thereof, preferably
selected from the group consisting of Lactobacillus
johnsonii NCC 533 (CNCM 1-1 225), Bifidobacterium
longum NCC 490 (CNCM 1-21 70), Bifidobacterium longum
NCC 2705 (CNCM 1-261 8) , Bifidobacterium lactis Bb1
2, Bifidobacterium lactis NCC281 8 (CNCM I-3446),
Lactobacillus paracasei NCC 2461 (CNCM 1-21 16),
Lactobacillus rhamnosus GG, Lactobacillus rhamnosus
NCC4007 (CGMCC 1.3724) Enterococcus faecium SF 68
(NCIMB 1041 5), and mixtures thereof. Prebiotics may
also be added, for example to support the function of
the probiotics or because they have a positive effect
on digestion by themselves. Consequently, the product
prepared by the use of the present invention may
further contain at least one prebiotic."Prebiotic"
means food substances intended to promote the growth
of probiotic bacteria in the intestines. They are not
broken down in the stomach and/or upper intestine or
absorbed in the Gl tract of the person ingesting them,
but they are fermented by the gastrointestinal
microflora and/or by probiotics. Prebiotics are for
example defined by Glenn R. Gibson and Marcel B.
Roberfroid, Dietary Modulation of the Human Colonic
Microbiota: Introducing the Concept of Prebiotics, J.
Nutr. 1995 125: 1401 -1412. Preferably the prebiotic
may be selected from the group consisting of
oligosaccharides and optionally contain galactose,
mannose, soy and/or inulin; dietary fibers; or
mixtures thereof. Preferably, the product prepared by
the use of the present invention is to be administered
to pre-diabetic or diabetic subjects. Insulin
resistance represents an insensitivity of the
peripheral tissues (e.g., muscle, liver, adipose
tissue) to the effects of insulin on glucose uptake.
To compensate for this, the pancreas releases much
more insulin such that the cells are adequately
triggered to absorb glucose. This leads to high plasma
insulin levels (hyperinsulinemia). Insulin resistance
in normoglycemic people is defined as a fasting plasma
insulin level > 16.7 mU/l (Ascaso JF,et al., Diabetes
Care. 2003:3320-5). Pre-diabetes is characterized by
an impaired fasting glucose and an impaired glucose
tolerance. At some point a loss of control of blood
glucose begins to emerge, resulting in impaired
glucose tolerance (IGT) or impaired fasting glucose
(IFG) and may ultimately result in T2D. Therefore IGT
and IFG refer to metabolic states intermediate between
normal glucose homeostasis and diabetes. IFG is
defined as fasting blood sugar levels of between 6.1
and 7.0 mmol/L. IGT is indicated if the blood sugar
level is between 7.8 and 11.1 mmol/L two hours
following administration of a glucose drink containing
75g of glucose Diabetes is a metabolic condition
characterized primarily by high blood glucose levels
that result from the body's inability to make or use
insulin. Fasting blood sugar levelsof more than 7.8
mmol/L or blood sugar levels of more than 11.1 mmol/L
indicate diabetes. Reference is made in this respect
to Figure 1. Type-1 diabetes (T1 D), also called
insulin-dependent diabetes, is caused by an auto
immune disease reaction where the body's defence
system attacks the insulinproducing cells. People with
T 1D produce very little or no insulin. Type-2
diabetes (T2D), which is the most common type (about
90% of all diabetes), is strongly associated to an
excess of body fat, especially when concentrated
within the abdomen. The product prepared by the use of
the present invention is considered to be in
particularly effective, if it is administered during
or after a meal. Of course the product prepared by the
use of the present invention may be a part of the meal
or may even represent a full meal. After the meal
means within 1 hour, preferably within 30 minutes,
even more preferred within 15 minutes after completion
of the meal. The present inventors were surprised to
find that the product prepared by the use of the
present invention have several beneficial effects on a
body. Subjects treated exhibited a significant
decrease in postprandial glycemia. Their insulin
secretion rate decreased markedly. Also the endogenous
glucose production and the gluconeogenesis decreased.
Simultaneously, a significant increase in postprandial
glucose clearance was observed. Consequently the
product prepared by the use of the present invention
may be used to treat or prevent hyperglycemia. Several
disorders are linked to hyperglycemia. Consequently,
these disorders may be treated or prevented by the use
of the present invention as well, for example,
nephropathy, retinopathy, heart and cardiovascular
diseases may be prevented by the use of the present
invention.The product prepared according to the
present invention may further be used to improve
glucose clearance. Also, it may be used to at least
partially inhibit hepatic glucose production and/or to
decrease endogenous glucose production. A further
embodiment of the present invention relates to the use
of the product to treat or prevent diabetes, in
particular diabetes type 1 and diabetes type 2 . A
further embodiment of the present invention relates to
a composition, in particular a food composition,
comprising at least one added medium chain
dicarboxylic acid or a derivative thereof. All
features described above for the use of the present
invention may be applied equally to this composition
of the present invention. In particular, the
composition of the present invention may optionally a
probiotic. Further, it may contain a prebiotic. It is
clear to those skilled in the art that they can freely
combine all features described herein without
departing from the scope of the invention as
disclosed. In particular, all features described for
the use of the present invention apply also to the
composition described in the present invention and
vice versa. Further embodiments and advantages of the
present invention are apparent from the following
examples and figures. Figure 1 shows how
hypehnsulinemia leads from insulin resistance to
impaired glucose tolerance and how hyperglycemia leads
from impaired glucose tolerance to diabetes. Figure 2
shows the time course of plasma glucose and insulin in
healthy people after ingestion of no C 10, 50% CHO,
15% protein and 35% lipids plus water; 23 g C 10, 50%
CHO, 15% protein and 35% C 10 DA (23 g) plus water or
10 g C 10, 50% CHO, 15% protein and 35% lipids plus 10
g of C 10 plus water. Ingestion of the different meals
was performed at 100 min. Figure 3 shows the time
course of plasma glucose and insulin in T2D patients
after ingestion of no C 10, 50% CHO, 15% protein and
35% lipids plus water; 23 g C10,50% CHO, 15% protein
and 35% C 10 DA (23 g) plus water or 10 g C 10, 50%
CHO, 15% protein and 35% lipids plus 10 g of C 10 plus
water. Ingestion of the different meals was performed
at 100 min. Figure 4 reports the time course of plasma
sebacate in healthy subjects. Figure 5 reports the
time course of plasma sebacate in T2D subjects.
Examples: The acute effects of oral ingestion of
sebacic acid on postprandial glycemia, hepatic
gluconeogenesis and glycogenosis were tested in T2D
subjects and healthy volunteers during ingestion of a
mixed meal at breakfast. 



Type 2 diabetic patients and healthy subjects were
matched for gender distribution, age, and body mass
index as reported in the following table 1: The
subjects ingested the following formula meal No C 10
group (control group): 50% CHO, 15% protein and 35%
lipids plus water 23 g C 10 group: 50% CHO, 15%
protein and 35% C 10 DA (23 g) plus water 1Og C 10
group: 50% CHO, 15% protein and 35% lipids plus 10 g
of C 10 plus water The results of the cross-over
single-blind pilot study showed in T2D subjects (n=1
0) A significant decrease in postprandial: Glycemia
area under the curve (AUC) with the 10 g (-1 7%) and
23g C 10 DA (- 16%) meal  Insulin secretion rate with
the 23 g C 10 DA meal (-35%)  Endogenous Glucose
Production with the 10 g (-1 0%) and 23g C 10 DA (-9%)
meal  Gluconeogenesis (%) with the 10 g (-2.1 %) and
23g C 10 DA (-2.3%) meal A significant increase in
postprandial:  Glucose clearance with the 10 g
(+12.6%) and 23g C 10 DA (+8.2%) meal In healthy
subjects (n=1 0), only the postprandial insulinemia
AUC was significantly decreased (-38%; 23 g sebacic
acid) In T2D patients the effect of C 10 was more
pronounced as shown in Figure 3 respectively for
plasma glucose and plasma insulin time courses. Figure
4 reports the time course of plasma sebacate in
healthy subjects. The peak was reached after 320
minutes from the beginning of the experiment, i.e. 200
minutes after the ingestion of the meal enriched with
C10. C 10 peaked later (delay of 40 minutes) after 23
g C 10 ingestion. Figure 5 reports the time course of
plasma sebacate in T2D subjects. The concentration of
plasma C 10 raised to values about 1.5 times higher
than those reached in controls, however the peak times
were maintained. Another difference was that in
diabetics the two curves (10 g vs. 23 g) were
overlapped up to 320 minutes, and then the
concentration of C10 declined slower in the 23g C 10
fed patients compared with 10 g of C 10 . Table 2
summarizes the mean values and the standard error of
the means (SEM) for insulin area under the curve
(AUCs), glucose AUCs and Insulin secretion Rates (ISR)
after the meals. Glucose AUC was significantly lower
in diabetic patients after the meal containing 10g of
C 10 .The ISR was significantly reduced after the meal
in which lipids were substituted with 23g C 10 in both
healthy subjects and diabetic patients. Table 3
reports the Endogenous Glucose Production (EGP), the
total Rate of Appearance of deuterated glucose (Ra),
the GlucoNeoGenesis (GNG) and the glucose clearance
for both healthy subjects and type 2 diabetic
patients. In type 2 diabetics EGP was significantly
reduced after C10 enriched meals compared with the
standard meal. GNG was higher in the diabetic patients
compared with healthy subjects after the standard test
meal, but it was significantly reduced after both C 10
enriched meals. C 10 ingestion significantly improved
the glucose clearance in both healthy subjects and in
diabetic patients.EGP, endogenous glucose production;
Ra, rate of appearance; GNG, gluconeogenesis = P<0.02;
# = PO.01;  = P<0.05 In T2D subjects, a possible
explanation of the effect of sebacic acid in reducing
plasma glucose concentration after a energy balanced
mixed meal is that C 10 DA improves tissue glucose
uptake - as shown by the higher glucose clearance -
and likely increases the storage of glucose in the
liver, as glycogen, and decreases hepatic glucose
output. Of relevance is that this effect is also
observed after administration of 10g of C 10 DA, even
in presence of lipids in the test meal. A typical
nutritional formula containing medium chain DA may
contain 1 to 30 g DA per serving for an adult
person.Claims 1. Use of a composition comprising at
least one medium chain dicarboxylic acid and/or a
derivative thereof for the preparation of a product to
treat or prevent metabolic disorders. 2 . Use in
accordance with claim 1 wherein the product is a food
product, a food supplement, a nutraceutical, a pet
food product or a medicament. 3 . Use in accordance
with one of the preceding claims wherein the product
further comprises a protein source, a carbohydrate
source and/or a lipid source and is for oral or
enteral application. 4 . Use in accordance with one of
the preceding claims wherein medium chain dicarboxylic
acids are selected from the group consisting of adipic
(C6) acid, suberic (C8) acid, sebacic (C1 0) acid,
dodecanedioic (C1 2) acid, and mixtures thereof. 5 .
Use in accordance with one of the preceding claims
wherein derivatives of medium chain dicarboxylic acids
are selected from the group consisting of salt forms
of the dicarboxylic acids, preferably sodium,
potassium, calcium, magnesium or amino acids salts,
and esters of dicarboxylic acids, preferably glycerol
esters, in particular triglycerides, or ethanol
esters. 6 . Use in accordance with one of the
preceding claims wherein the at least one medium chain
dicarboxylic acid or derivative thereof is present in
the product in amount of 1g-50g per daily dose. 7 .
Use in accordance with one of the preceding claims
wherein the product comprises at least one kind of
food grade bacteria, in particular probiotics. 8 . Use
in accordance with claim 7, characterized in that the
probiotics are selected from the group consisting of
group consisting of Bifidobacterium, Lactobacillus,
Streptococcus and Saccharomyces or mixtures thereof,
in particular selected from the group consisting of
Bifidobacterium longum, Bifidobacterium lactis,
Lactobacillus acidophilus, Lactobacillus
rhamnosus,Lactobacillus johnsonii, Lactobacillus
plantarum, Lactobacillus salivarius, Streptococcus
faecium, Saccharomyces boulardii and Lactobacillus
reuteri or mixtures thereof, preferably selected from
the group consisting of Lactobacillus johnsonii NCC
533 (CNCM 1-1 225), Bifidobacterium longum NCC 490
(CNCM 1-21 70), Bifidobacterium longum NCC 2705 (CNCM
1-261 8) , Bifidobacterium lactis Bb1 2,
Bifidobacterium lactis NCC281 8 (CNCM I-3446),
Lactobacillus paracasei NCC 2461 (CNCM 1-21 16),
Lactobacillus rhamnosus GG, Lactobacillus rhamnosus
NCC4007 (CGMCC 1.3724) Enterococcus faecium SF 68
(NCIMB 1041 5), and mixtures thereof. 9 . Use in
accordance with one of the preceding claims wherein
the product contains at least one prebiotic,
preferably selected from the group consisting of
oligosaccharides and optionally contain galactose,
mannose, soy and/or inulin; dietary fibers; or
mixtures thereof. 10 .Use in accordance with one of
the preceding claims wherein the product is to be
administered to pre-diabetic or diabetic subjects.
11.Use in accordance with one of the preceding claims
wherein the product is to be administered during or
after a meal. 12 .Use in accordance with one of the
preceding claims to treat or prevent hyperglycemia, to
improve glucose clearance and/or to improve insulin
sensitivity. 13 .Use in accordance with one of the
preceding claims to inhibit hepatic glucose
production, to decrease endogenous glucose production,
and/or to treat or prevent diabetes, in particular
diabetes type 1 and diabetes type 2 . 14. Use in
accordance with one of the preceding claims to treat
or prevent hyperglycemia related disorders, such as
nephropathy, retinopathy, heart and cardiovascular
diseases. 15 .Food composition comprising at least one
added medium chain dicarboxylic acid and/or a
derivative thereof and optionally a probiotic and
further optionally a prebiotic. 


