
PYRIDAZINONE DERIVATIVES AS THYROID HORMONE RECEPTOR
AGONISTS The present invention is directed to novel
thyroid receptor ligands, particularly to pyridazinone
analogs of formula (I) wherein: A is O, CH2, S, SO or
SO2; X and Y are each independently selected from the
group consisting of Br, Cl and -CH 3; R1 is selected
from the group consisting of -(CH2)nCOOH; -OCH2COOH;
-NHC(=0)C00H; -NHCH2COOH; Z is H, or -CN; R2 is lower
alkyl having from 1 to 4 C atoms; CS / 11.5.06R3 is H
or lower alkyl; n is 1 or 2 ; p is 1 or 2; or a
pharmaceutically acceptable salt or ester thereof. The
invention is also directed to methods of preparing
such compounds which are useful for treating metabolic
diseases such as obesity, hyperlipidemia,
hypercholesterolemia and diabetes and may be useful
for other disorders and diseases such as NASH
(nonalcoholic steatohepatitis), liver steatosis,
atherosclerosis, cardiovascular diseases,
hypothyroidism, thyroid cancer and related disorders
and diseases. All documents cited or relied upon below
are expressly incorporated herein by reference.
Thyroid hormones are critical for normal growth and
development and for maintaining metabolic homeostasis
(Paul M. Yen Physiological reviews, Vol. 81(3): pp.
1097-1126 (2001)). Circulating levels of thyroid
hormones are tightly regulated by feedback mechanisms
in the hypothalamus/pituitary/thyroid (HPT) axis.
Thyroid dysfunction leading to hypothyroidism or
hyperthyroidism clearly demonstrates that thyroid
hormones exert profound effects on cardiac function,
body weight, metabolism, metabolic rate, body
temperature, cholesterol, bone, muscle and behavior.
Thyroid hormone is produced by the thyroid gland and
secreted into circulation as two distinct forms,
3,5,3',5'-tetra-iodo-L-thyronine (T4) and
3,5,3'-tri-iodo-L-thyronine (T3). While T4 is the
predominant form secreted by the thyroid gland, T3 is
the more biologically active form. T4 is converted to
T3 by tissue specific deiodinases in all tissues but
predominantly in the liver and kidney. The biological
activity of thyroid hormones is mediated by thyroid
hormone receptors (TRs) (M.A. Lazar Endocrine Reviews,
Vol. 14: pp. 348-399 (1993)) TRs belong to the
superfamily known as nuclear receptors. TRs form
heterodimers with the retinoid receptor that act as
ligand-inducible transcription factors. TRs have a
ligand binding domain, a DNA binding domain, and an
amino terminal domain, and regulate gene expression
through interactions with DNA response elements and
with various nuclear co-activators and co-repressors.
The thyroid hormone receptors are derived from two
separate genes, a and b. These distinct gene products
produce multiple forms of their respective receptors
through differential RNA processing. The major thyroid
receptorisoforms are al , a2, bl and B2. Thyroid
hormone receptors al , l and 2 bind thyroid hormone.
It has been shown that the thyroid hormone receptor
subtypes can differ in their contribution to
particular biological responses. Recent studies
suggest that TRbl plays an important role in
regulating TRH (thyrotropin releasing hormone) and on
regulating thyroid hormone actions in the liver. TRB2
plays an important role in the regulation of TSH
(thyroid stimulating hormone) (Abel et. al. J. Clin.
Invest., VoI 104: pp. 291-300 (1999)). TRbl plays an
important role in regulating heart rate (B. Gloss et.
al. Endocrinology, Vol. 142: pp. 544-550 (2001); C.
Johansson et. al. Am. J. Physiol., Vol. 275: pp.
R640-R646 (1998)). Some of the effects of thyroid
hormones may be therapeutically beneficial if adverse
effects can be minimized or eliminated (Paul M. Yen
Physiological Reviews, Vol. 81(3): pp. 1097- 1126
(2001); Paul Webb Expert Opin. Investig. Drugs, Vol.
13(5): pp. 489-500 (2004)). For example, thyroid
hormones increase metabolic rate, oxygen consumption
and heat production and thereby reduce body weight.
Reducing body weight will have a beneficial effect in
obese patients by ameliorating the co-morbidities
associated with obesity, and may also have a
beneficial effect on glycemic control in obese
patients with Type 2 diabetes. Another therapeutically
beneficial effect of thyroid hormone is the lowering
of serum low 



density lipoprotein (LDL) (Eugene Morkin et. al.
Journal of Molecular and Cellular Cardiology, Vol. 37:
pp. 1137-1146 (2004)). It has been found that
hyperthyroidism is associated with low total serum
cholesterol, which is attributed to thyroid hormone
increasing hepatic LDL receptor expression and
stimulating the metabolism of cholesterol to bile
acids (JJ. Abrams et. al. J. Lipid Res., Vol. 22: pp
323-38 (1981)). Hypothyroidism, in turn, has been
associated with hypercholesterolemia and thyroid
hormone replacement therapy is known to lower total
cholesterol (M. Aviram et. al. CUn. Biochem., Vol. 15:
pp. 62-66 (1982); JJ. Abrams et. al. J. Lipid Res.,
Vol. 22: pp. 323-38 (1981)). Thyroid hormone has been
shown in animal models to have the beneficial effect
of increasing HDL cholesterol and improving the ratio
LDL to HDL by increasing the expression of apo A-I,
one of the major apolipoproteins of HDL (Gene C. Ness
et. al. Biochemical Pharmacology, Vol. 56: pp. 121-129
(1998); GJ. Grover et. al. Endocrinology, Vol. 145:
pp. 1656-1661 (2004); GJ. Grover et. al. Proc. Natl.
Acad. Sci. USA, Vol. 100: pp. 10067-10072 (2003)).
Through its effects on LDL and HDL cholesterol, it is
possible that thyroid hormones mayalso lower the risk
of atherosclerosis and other cardiovascular diseases.
The incidence of atherosclerotic vascular disease is
directly related to the level of LDL cholesterol.
Additionally, there is evidence that thyroid hormones
lower Lipoprotein (a), an important risk factor which
is elevated in patients with atherosclerosis (Paul
Webb Expert Opin. Investig. Drugs, Vol. 13(5): pp.
489-500 (2004); de Bruin et. al. J. CUn. Endo. Metab.,
Vol. 76: pp. 121-126 (1993)). With the incidence of
obesity and its co-morbidities, diabetes, metabolic
syndrome, and atherosclerotic vascular disease rising
at epidemic rates, the utility of compounds capable of
treating these diseases would be highly desirable. To
date, the therapeutic uses of the naturally occurring
thyroid hormone have been limited by the adverse side
effects associated with hyperthyroidism, especially
cardiovascular toxicity. Therefore, efforts have been
made to synthesize thyroid hormone analogs which
exhibit increased thyroid hormone receptor beta
selectivity and/or tissue selective action. Such
thyroid hormone mimetics may yield desirable
reductions in body weight, lipids, cholesterol, and
lipoproteins, with reduced impact on cardiovascular
function or normal function of the
hypothalamus/pituitary/thyroid axis (A.H. Underwood et
al. Nature, Vol. 324: pp. 425-429 (1986), G. J. Grover
et. al. PNAS, Vol. 100: pp. 10067-10072 (2003); GJ.
Grover Endocrinology, Vol. 145: pp 1656-1661(2004);
Yi-Un Li et. al. PCT Int. Appl. WO 9900353 (1999);
Thomas S. Scanlan et. al. PCT Int. Appl. WO 9857919
(1998); Keith A. Walker et. al. U.S. Patent Number
5,284,971 (1994); Mark D. Erion et. al. PCT Int. Appl.
WO 2005051298 (2005); Malm Johan Current
Pharmaceutical Design, Vol. 10(28): pp. 3525-3532
(2004); Expert Opin. Ther. Patents, Vol. 14: pp
1169-1183 (2004); Thomas S. Scalan Current Opinion in
Drug Discovery & Development, Vol. 4 (5): pp. 614-622
(2001); Paul Webb Expert Opinion on Investigational
Drugs, Vol. 13 (5): pp 489-500 (2004)). The
development of thyroid hormone analogs which avoid the
undesirable effects of hyperthyroidism and
hypothyroidism while maintaining the beneficial
effects of thyroid hormones would open new avenues of
treatment for patients with metaboUc diseases such as
obesity, hyperUpidemia, hypercholesterolemia, diabetes
and other disorders and diseasessuch as liver
steatosis and NASH, atherosclerosis, cardiovascular
diseases, hypothyroidism, thyroid cancer, thyroid
diseases, and related disorders and diseases.
Pyridazinone compounds that are structurally different
from the compounds of the present invention have been
previously disclosed (Teruomi et. al. Agricultural and
Biological Chemistry, Vol. 38(6): 1169-76 (1974); P.D.
Leeson et. al. J. Med. Chem. Vol. 32: pp. 320-326
(1989); Eur. Pat. Appl. EP 188351 (1986); Damien John
Dunnington PCT Int. Appl. WO 9702023 (1997); and Eur.
Pat. Appl. EP 728482 (1996)). Against this background
there is still a need, therefore, for novel thyroid
hormone mimetics such as, for example, novel
pyridazinone thyroid hormone mimetics, that have the
beneficial effects of thyroid hormone while avoiding
the undesirable effects. It is to be understood that
the terminology employed herein is for the purpose of
describing particular embodiments, and is not intended
to be limiting. Further, although any methods, devices
and materials similar or equivalent to those described
herein can be used in the practice or testing of the
invention, the preferred methods, devices and
materials are now described. As used herein, the term
"alkyl" means, for example, a branched or unbranched,
cyclic or acyclic, saturated or unsaturated (e.g.
alkenyl or alkynyl) hydrocarbyl group which may be
substituted or unsubstituted. Where cyclic, the alkyl
group is preferably C3 to Cn, more preferably C4 to
Ci0, more preferably C4 to C7. Where acyclic, the
alkyl group is preferably 



Ci to Cio, more preferably Ci to C , more preferably
methyl, ethyl, propyl (n-propyl or isopropyl), butyl
(n-butyl, isobutyl or tertiary-butyl) or pentyl
(including n-pentyl and isopentyl), more preferably
methyl. It will be appreciated therefore that the term
"alkyl" as used herein includes alkyl (branched or
unbranched), substituted alkyl (branched or
unbranched), alkenyl (branched or unbranched),
substituted alkenyl (branched or unbranched), alkynyl
(branched or unbranched), substituted alkynyl
(branched or unbranched), cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl,
cycloalkynyl and substituted cycloalkynyl.As used
herein, the term "lower alkyl" means, for example, a
branched or unbranched, cyclic or acyclic, saturated
or unsaturated (e.g. alkenyl or alkynyl) hydrocarbyl
group wherein said cyclic lower alkyl group is C5, C6
or C7, and wherein said acyclic lower alkyl group is
C1, C2, C3, C4, C5, or C , preferably from 1 to 4
carbon atoms. Typical lower alkyl groups include
methyl, ethyl, propyl (n-propyl or isopropyl), butyl
(n-butyl, isobutyl or tertiary-butyl), pentyl and
hexyl. It will be appreciated therefore that the term
"lower alkyl" as used herein includes, for example,
lower alkyl (branched or unbranched), lower alkenyl
(branched or unbranched), lower alkynyl (branched or
unbranched), cycloloweralkyl, cycloloweralkenyl and
cycloloweralkynyl. When attached to another functional
group, lower alkyl as used herein may be divalent,
e.g., -lower alkyl-COOH. Acyclic, branched or
unbranchen lower alkyl groups are preferred. At
position R2 of formula (I), lower alkyl has from 1 to
4 carbon atoms. A preferred R2 is lower alkyl having 3
carbon atoms. More preferred is isopropyl. As used
herein, the term "aryl" means, for example, a
substituted or unsubstituted carbocyclic aromatic
group, such as phenyl or naphthyl, or a substituted or
unsubstituted heteroaromatic group containing one or
more, preferably one, heteroatom, such as pyridyl,
pyrrolyl, furanyl, thienyl, thiazolyl, isothiazolyl,
oxazolyl, isoxazolyl, oxadiazolyl, thiadiazolyl
pyrazolyl, imidazolyl, triazolyl, pyrimidinyl
pyridazinyl, pyrazinyl, triazinyl, indolyl, indazolyl,
quinolyl, quinazolyl, benzimidazolyl, benzothiazolyl,
benzisoxazolyl and benzisothiazolyl. The alkyl and
aryl groups may be substituted or unsubstituted. Where
substituted, there will generally be, for example, 1
to 3 substituents present, preferably 2 substituents.
Substituents may include, for example:
carbon-containing groups such as alkyl, aryl,
arylalkyl (e.g. substituted and unsubstituted phenyl,
substituted and unsubstituted benzyl); halogen atoms
and halogen-containing groups such as haloalkyl (e.g.
trifluoro methyl); oxygen-containing groups such as
alcohols (e.g. hydroxyl, hydroxyalkyl,
aryl(hydroxyl)alkyl), ethers (e.g. alkoxy, aryloxy,
alkoxyalkyl, aryloxyalkyl), aldehydes (e.g.
carboxaldehyde), ketones (e.g. alkylcarbonyl,
alkylcarbonylalkyl, arylcarbonyl, arylalkylcarbonyl,
arycarbonylalkyl), acids (e.g. carboxy, carboxyalkyl),
acid derivatives such as esters (e.g. alkoxycarbonyl,
alkoxycarbonylalkyl,
alkylcarbonyloxy,alkylcarbonyloxyalkyl), amides (e.g.
aminocarbonyl, mono- or di-alkylaminocarbonyl,
aminocarbonylalkyl, mono-or
di-alkylaminocarbonylalkyl, arylaminocarbonyl),
carbamates (e.g. alkoxycarbonylamino,
arloxycarbonylamino, aminocarbonyloxy, mono-or
dialkylaminocarbonyloxy, arylminocarbonloxy) and ureas
(e.g. mono- or dialkylaminocarbonylamino or
arylaminocarbonylamino); nitrogen-containing groups
such as amines (e.g. amino, mono- or di-alkylamino,
aminoalkyl, mono- or di-alkylaminoalkyl), azides,
nitriles (e.g. cyano, cyanoalkyl), nitro;
sulfur-containing groups such as thiols, thioethers,
sulfoxides and sulfones (e.g. alkylthio,
alkylsulfinyl, alkylsulfonyl, alkylthioalkyl,
alkylsulfinylalkyl, alkylsulfonylalkyl, arylthio,
arysulfinyl, arysulfonyl, arythioalkyl,
arylsulfinylalkyl, arylsulfonylalkyl); and
heterocyclic groups containing one or more, preferably
one, heteroatom, (e.g. thienyl, furanyl, pyrrolyl,
imidazolyl, pyrazolyl, thiazolyl, isothiazolyl,
oxazolyl, oxadiazolyl, thiadiazolyl, aziridinyl,
azetidinyl, pyrrolidinyl, pyrrolinyl, imidazolidinyl,
imidazolinyl, pyrazolidinyl, tetrahydrofuranyl,
pyranyl, pyronyl, pyridyl, pyrazinyl, pyridazinyl,
piperidyl, hexahydroazepinyl, piperazinyl,
morpholinyl, thianaphthyl, benzofuranyl,
isobenzofuranyl, indolyl, oxyindolyl, isoindolyl,
indazolyl, indolinyl, 7- azaindolyl, benzopyranyl,
coumarinyl, isocoumarinyl, quinolinyl, isoquinolinyl,
naphthridinyl, cinnolinyl, quinazolinyl,
pyridopyridyl, benzoxazinyl, quinoxalinyl, chromenyl,
chromanyl, isochromanyl, phthalazinyl and carbolinyl).
The lower alkyl groups may be substituted or
unsubstituted, preferably unsubstituted. Where
substituted, there will generally be, for example, 1
to 3 substitutents present, preferably 2 substituents.
As used herein, the term "alkoxy" means, for example,
alkyl-O- and "alkoyl" means, for example, alkyl-CO-.
Alkoxy substituent groups or alkoxy-containing
substituent groups may be substituted by, for example,
one or more alkyl groups. 



As used herein, the term "halogen" means, for example,
a fluorine, chlorine, bromine or iodine group,
preferably a chlorine or bromine group, and more
preferably a chlorine group. "Pharmaceutically
acceptable," such as pharmaceutically acceptable
carrier, excipient, etc., means pharmacologically
acceptable and substantially non-toxic to the subject
to whom the particular compound is
administered."Pharmaceutically acceptable salt" refers
to conventional acid-addition salts or baseaddition
salts that retain the biological effectiveness and
properties of the compounds of formula I and are
formed from suitable organic or inorganic acids or
organic or inorganic bases. Sample acid-addition salts
include those derived from inorganic acids such as
hydrochloric acid, hydrobromic acid, hydroiodic acid,
sulfuric acid, sulfamic acid, phosphoric acid and
nitric acid, and those derived from organic acids such
as p - toluenesulfonic acid, salicylic acid,
methanesulfonic acid, oxalic acid, succinic acid,
citric acid, malic acid, lactic acid, fumaric acid,
and the like. Sample base-addition salts include those
derived from ammonium, potassium, sodium and,
quaternary ammonium hydroxides, such as for example,
tetramethylammonium hydroxide. The chemical
modification of a pharmaceutical compound (i.e. drug)
into a salt is a well known technique which is used in
attempting to improve properties involving physical or
chemical stability, e.g., hygroscopicity, flowability
or solubility of compounds. See, e.g., H. Ansel et.
al., Pharmaceutical Dosage Forms and Drug Delivery
Systems (6th Ed. 1995) at pp. 196 and 1456-1457.
"Pharmaceutically acceptable ester" refers to a
conventionally esterified compound of formula I having
a carboxyl group, which esters retain the biological
effectiveness and properties of the compounds of
formula I and are cleaved in vivo (in the organism) to
the corresponding active carboxylic acid. In the
present invention, esters may be present, for example,
where R1 is -(CH 2)nCOOH, -OCH2COOH, -NHC(=O)COOH, or
- NHCH2COOH. Examples of ester groups which are
cleaved (in this case hydrolyzed) in vivo to the
corresponding carboxylic acids are those in which the
hydrogen is replaced with -lower alkyl which is
optionally substituted, e.g., with heterocycle,
cycloalkyl, etc. Examples of substituted lower alkyl
esters are those in which -lower alkyl is substituted
with pyrrolidine, piperidine, morpholine,
N-methylpiperazine, etc. The group which is cleaved in
vivo may be, for example, ethyl, morpholino ethyl, and
diethylamino ethyl. In connection with the present
invention, -CONH2 is also considered an ester, as the
-NH 2 may be cleaved in vivo and replaced with a
hydroxy group, to form the corresponding carboxylic
acid. Further information concerning examples of and
the use of esters for the delivery of pharmaceutical
compounds is available in Design of Prodrugs.
Bundgaard H. ed. (Elsevier,1985). See also, H. Ansel
et. al., Pharmaceutical Dosage Forms and Drug Delivery
Systems (6th Ed. 1995) at pp. 108-109;
Krogsgaard-Larsen, et. al., Textbook of Drug Design
and Development (2d Ed. 1996) at pp. 152-191.In more
detail, the present invention is concerned with
compounds of the formula (I): wherein: A is O, CH2, S,
SO or SO2; X and Y are each independently selected
from the group consisting of Br, Cl and -CH 3; R1 is
selected from the group consisting of: -(CH2)nCOOH;
-OCH2COOH; -NHC(=O)COOH; -NHCH2COOH; Z is H, or -CN;
R2 is lower alkyl; R3 is H or lower alkyl; n is 1, 2
or 3; p is 1 or 2; or a pharmaceutically acceptable
salt or ester thereof.Compounds of formula (I) are
individually preferred and physiologically acceptable
salts thereof are individually preferred and
pharmaceutically acceptable esters thereof are
individually preferred, with the compounds of formula
(I) being particularly preferred. The compounds of
formula (I) can have one or more asymmetric C or S
atoms and can therefore exist as an enantiomeric
mixture, mixture of stereoisomers or as optically pure
compounds. Preferred compounds of formula (I) as
described above are those, wherein X and Y are each
Br. Other preferred compounds are those, wherein X and
Y are each Cl. Still other preferred compounds are
those, wherein X and Y are each -CH 3. Furthermore, it
is preferred that X is Cl, and Y is -CH 3. Preferred
compounds of formula (I) as described above are those,
wherein R1 is selected 



from the group consisting of: -(CH2)nCOOH; -OCH2COOH;
-NHC(=O)COOH; and -NHCH2COOH; and esters thereof.
Preferably, wherein R1 is -(CH 2)nCOOH. Preferably, n
is 1. Other preferred compounds are those, wherein R1
is -NHC(=O)COOH. Other preferred compounds are those,
wherein R1 is: More preferably, wherein R1
isPreferably, Z is CN. In the compounds of formula
(I), as described above, it is preferred that R2 is
lower alkyl having from 1 to 4 C atoms. More
preferably, R2 is lower alkyl having from 1 to 3 C
atoms. Other preferred compound of formula (I) as
described above, are those, wherein R3 is CH3. A
particularly preferred compound of formula (I) as
defined above is or a pharmaceutically acceptable salt
or ester thereof. Another particularly preferred
compound of formula (I) as defined above is or a
pharmaceutically acceptable salt thereof. Another
particularly preferred compound of formula (I) as
defined above isor a pharmaceutically acceptable salt
or ester thereof. Another particularly preferred
compound of formula (I) as defined above is or a
pharmaceutically acceptable salt or ester thereof.
Another particularly preferred compound of formula (I)
as defined above is or a pharmaceutically acceptable
salt or ester thereof. Another particularly preferred
compound of formula (I) as defined above isor a
pharmaceutically acceptable salt or ester thereof.
Preferred are compounds as defined above, which have
an ester group corresponding to R1 which is
-NHC(=O)COOR, wherein the ester group corresponding to
said "R" is NH2. Particularly preferred compounds of
formula (I) as defined above are those selected from
the group consisting of
[4-(5-isopropyl-6-oxo-l,6-dihydro-pyridazin-3-yloxy)-3
,5-dimethyl-phenyl]-acetic acid,
[3-Chloro-4-(5-isopropyl-6-oxo-l,6-dihydro-pyridazin-3
-yloxy)-5-methyl-phenyl]-acetic acid,
[3,5-Dibromo-4-(5-isopropyl-6-oxo-l,6-dihydro-pyridazi
n-3-yloxy)-phenyl]-acetic acid,
[3,5-Dichloro-4-(5-isopropyl-6-oxo-l,6-dihydro-pyridaz
in-3-yloxy)-phenyl]-acetic acid,
3-[3,5-Dibromo-4-(5-isopropyl-6-oxo-l,6-dihydro-pyrida
zin-3-yloxy)-phenyl]-proprionic acid,
[3,5-Dichloro-4-(5-isopropyl-6-oxo-l,6-dihydro-pyridaz
in-3-yloxy)-phenylamino]-acetic acid,
N-[3,5-Dichloro-4-(5-isopropyl-6-oxo-l,6-dihydro-pyrid
azin-3-yloxy)-phenyl]-oxalamic acid,
2-[3,5-Dichloro-4-(5-isopropyl-6-oxo-l,6-dihydro-pyrid
azin-3-yloxy)-phenyl]-3,5-dioxo-
2,3,4,5-tetrahydro-[l,2,4]triazine-6-carbonitrile,
2-[3,5-Dichloro-4-(5-isopropyl-6-oxo-l,6-dihydro-pyrid
azin-3-yloxy)-phenyl]-2H- [l,2,4]triazine-3,5-dione,
[3,5-Dichloro-4-(5-isopropyl-l-methyl-6-oxo-l,6-dihydr
o-pyridazin-3-yloxy)-phenyl]-acetic acid,
[3,5-Dichloro-4-(5-isopropyl-l-methyl-6-oxo-l,6-dihydr
o-pyridazin-3-yloxy)-phenyl]-acetic
acid,2-[3,5-Dichloro-4-(5-isopropyl-6-oxo-l,6-dihydro-
pyridazin-3-ylmethyl)-phenyl]-3,5-
dioxo-2,3,4,5-tetrahydro-[l,2,4]triazine-6-carbonitril
e,
2-[3,5-Dichloro-4-(5-isopropyl-6-oxo-l,6-dihydro-pyrid
azin-3-ylmethyl)-phenyl]- [l,2,4]triazine-3,5-dione,
[3,5-Dichloro^^S-isopropyl-6-oxo-l^-dihydro-pyridazin-
3-ylmethy^-phenyy-acetic acid,
[3,5-Dibromo-4-(5-isopropyl-6-oxo-l,6-dihydro-pyridazi
n-3-ylmethyl)-phenyl]-acetic acid,
2-[3,5-dichloro-4-(5-isopropyl-l-methyl-6-oxo-l,6-dihy
dro-pyridazin-3-yloxy)-phenyl]-3,5-
dioxo-2,3,4,5-tetrahydro[l,2,4]triazine-6-carbonitrile
,
[3,5-Dichloro^^S-isopropyl-6-oxo-l^-dihydro-pyridazin-
3-ylsulfany^-phenyy-acetic acid,
[3,5-Dichloro-4-(5-isopropyl-6-oxo-l,6-dihydro-pyridaz
ine-3-sulfinyl)-phenyl]-acetic acid,
[3,5-Dichloro^^S-isopropyl-6-oxo-l^-dihydro-pyridazine
-3-sulfony^-phenyy-acetic acid,
2-[3,5-Dichloro-4-(5-isopropyl-6-oxo-l,6-dihydro-pyrid
azine-3-sulfonyl)-phenyl]-3,5-
dioxo-2,3,4,5-tetrahydro-[l,2,4]triazine-6-carbonitril
e,
2-[3,5-Dichloro-4-(5-isopropyl-6-oxo-l,6-dihydro-pyrid
azine-3-sulfonyl)-phenyl]-2H-
[l,2,4]triazine-3,5-dione, and 



2-[3,5-Dichloro-4-(5-isopropyl-l-methyl-6-oxo-l,6-dihy
dro-pyridazin-3-ylmethyl)-phenyl]-
3,5-dioxo-2,3,4,5-tetrahydro-[l,2,4]triazine-6-carboni
trile, or a pharmaceutically acceptable salt or ester
thereof. It will be appreciated that the compounds of
general formula (I) in this invention may be
derivatised at functional groups to provide
derivatives which are capable of conversion back to
the parent compound in vivo.As described above, the
novel compounds of the present invention have been
found to be thyroid hormone analogs. The compounds of
the present invention can therefore be used in the
treatment and/or prophylaxis of diseases which are
modulated by thyroid hormone analogs, particularly
metabolic diseases, such as obesity, hyperlipidemia,
hypercholesterolemia and diabetes, and may be useful
for other diseases such as NASH (nonalcoholic
steatohepatitis), atherosclerosis, cardiovascular
diseases, hypothyroidism, thyroid cancer and related
disorders and diseases. An obese patient is a human
with a body mass index of 25 or greater. The invention
therefore also relates to pharmaceutical compositions
comprising a compound as defined above and a
pharmaceutically acceptable carrier and/or adjuvant.
The invention likewise embraces compounds as described
above for use as therapeutically active substances,
especially as therapeutically active substances for
the treatment and/or prophylaxis of diseases which are
modulated by thyroid hormone analogs, particularly
metabolic diseases, such as obesity, hyperlipidemia,
hypercholesterolemia and diabetes, and NASH
(nonalcoholic steatohepatitis), atherosclerosis,
cardiovascular diseases, hypothyroidism, thyroid
cancer and related disorders and diseases. In another
preferred embodiment, the invention relates to a
method for the therapeutic and/or prophylactic
treatment of diseases which are modulated by thyroid
hormone analogs, particularly metabolic diseases, such
as obesity, hyperlipidemia, hypercholesterolemia and
diabetes, and NASH (nonalcoholic steatohepatitis),
atherosclerosis, cardiovascular diseases,
hypothyroidism, thyroid cancer and related disorders
and diseases, which method comprises administering a
compound as defined above to a human being or animal.
Preferably, the amount of the compound administered is
from about 0.01 mg/kg to about 50 mg/kg per day, more
preferably from about 0.3 mg/kg to about 10 mg/kg per
day, even more preferably from about 0.70 mg/kg to
about 3.5 mg/kg per day. The invention also embraces
the use of compounds as defined above for the
therapeutic and/or prophylactic treatment of diseases
which are modulated by thyroid hormone analogs,
particularly metabolic diseases, such as obesity,
hyperlipidemia, hypercholesterolemia anddiabetes, and
NASH (nonalcoholic steatohepatitis), atherosclerosis,
cardiovascular diseases, hypothyroidism, thyroid
cancer and related disorders and diseases. The
invention also relates to the use of compounds as
described above for the preparation of medicaments for
the therapeutic and/or prophylactic treatment of
diseases which are modulated by thyroid hormone
analogs, particularly metabolic diseases, such as
obesity, hyperlipidemia, hypercholesterolemia and
diabetes, and NASH (nonalcoholic steatohepatitis),
atherosclerosis, cardiovascular diseases,
hypothyroidism, thyroid cancer and related disorders
and diseases. Such medicaments comprise a compound as
described above. Prevention and/or treatment of
metabolic diseases is the preferred indication.
Diabetes is more preferred, particularly non insulin
dependent diabetes (type 2). Obesity also is more
preferred. Hyperlipidemia also is more preferred,
particularly hypercholesterolemia.Compounds of the
present invention can be prepared beginning with
commercially available starting materials and
utilizing general synthetic techniques and procedures
known to those skilled in the art. Chromatography
supplies and equipment may be purchased from such
companies as for example AnaLogix, Inc, Burlington,
WI; Analytical Sales and Services, Inc., Pompton
Plains, NJ; Teledyne Isco, Lincoln, NE; VWR
International, Bridgeport, NJ; and Rainin Instrument
Company, Woburn, MA. Chemicals may be purchased from
companies such as for example Aldrich, Argonaut
Technologies, VWR and Lancaster. Outlined below are
reaction schemes suitable for preparing such
compounds. Further exemplification is found in the
specific Examples detailed below. 1b : X = CI 2b : X =
Cl 66% 3b : X = Cl EtOH, NaCN Scheme 2 sulfone, CH3CN,
H2O 67%+ isomer (minor) 6a : X = CH3 8a : X = CH3 67% 



6b: X = Cl 8b : X = Cl 78% isomers 7:1 NaOH, MeOH
NaOAc / HOAc 100% + isomer 100C 1-2 d (minor) 9a : X =
CH3 10a : X = CH3 65% 9b : X = Cl isomers 7:1 10b : X
= CI 32% Compounds 10a and 10b were synthesized
following a series of reactions outlined in schemes
1-3. The starting material for the synthesis of 10a
was 4-hydroxy-2,6-dimethyl phenyl acetic acid methyl
ester, 6a, which was synthesized in five steps from
commercially available 2,6-dimethyl phenol as shown in
scheme 1 using the procedure described by Gardner, P.
D., et. al in J. Amer. Chem. Soc, 1959, 81, 3364.
3,6-dichloropyridazine, was alkylated to give compound
7 (scheme 2) (see for example, Organic Preparations
and Procedures International, 1988, 20(1-2), 117-121).
Compound 6a was condensed with compound 7 using a base
and a catalytic amount of an organometallic halide at
elevated temperatures to afford 8a (see for example,
Yuhpyng L. C , et.al. PCT Int. Appl. (1996) WO
9639388). Base hydrolysis of the methyl ester of 8a
was performed via conventional procedures to afford
compound 9a. Conversion of the chloropyridazine 9a to
pyridizinone 10a was performed under acidic conditions
(see for example, J. Chem. Soc. Perkin Trans. 1: Org.
and Bioorg. Chem., 1988, 12, 3103-3111). Compound 10b
was synthesized in thesame manner as 10a starting from
compound 6b. Compound 6b was synthesized in an
analogous manner as 6a (scheme 1) starting from
compound Ib. Compound 14 was synthesized following a
series of reactions outlined in scheme 4. The starting
material for the synthesis of 14 was
2-(4-hydroxyphenyl)ethanol which was converted to 11
under conventional bromination conditions (see for
example, J. Amer. Chem. Soc, 1989, 111(24),
8912-8914). Condensation of compound 7 and compound 11
was accomplished with potassium t-butoxide in ./V
N-dimethyl acetamide at high temperatures to produce
compound 12. Compound 12 was oxidized to produce
compound 13 using a similar procedure as described by
Anelli, P.L., et. al, J. Org. Chem., 1987, 52(12),
2559-2562. The chloropyridazine 13 was converted to
the pyridizinone 14 under conditions as described
previously.Compound 19 was synthesized following a
series of reactions outlined in scheme 5. The starting
material for the synthesis of 19 was methyl
4-hydroxyphenyl acetate which was converted to
compound 15 under conventional chlorination conditions
(see for example, Maeda, R., et. al., Chem. Pharm.
Bull., 1983, 31(10), 3424-3445). Compound 15 was
reduced to compound 16 using lithium aluminum hydride
in tetrahydrofuran at low temperature and short
reaction times. Compound 16 was converted in three
steps to pyridizinone 19 under conditions which were
described previously.Scheme 6 h 20 21 Compound 23 was
synthesized following a series of reactions outlined
in scheme 6. Bromination of 2-(4-hydroxyphenyl)ethanol
to produce compound 20 was performed under conditions
previously described. Compound 20 was condensed with
compound 7 using potassium -butoxide in ,
-dimethylacetamide at high temperatures to produce
compound 21. Compound 2 1 was oxidized to compound 22
by Jones oxidation (see for example, Bowden, K., et.
al., J. Chem. Soc, 1946, 39-45). The chloropyridazine
analog 22 was then converted to the pyridazinone 23
under conditions previously described. The 3,5-
dichlorophenyl analog of 23, the 3,5-dimethylphenyl
analog of 23, the 3-chloro-5- methylphenyl analog of
23, 3-bromo-5-methylphenyl analog of 23, and the
3-bromo-5- chlorophenyl analog of 23 can be
synthesized in a similar manner.Compound 26 was
synthesized following a series of reactions outlined
in scheme 7. The starting material,
4-amino-2,6-dichlorophenol, was condensed with
compound 7 to produce compound 24 by the procedure
described previously. The chloropyridazine 24 was
converted to the pyridazinone by the procedure
described previously. Hydrolysis of the resulting
acetamide was performed under standard aqueous basic
conditions to produce compound 25. Compound 25 was
then converted to compound 26 via reductive amination
using cyanoborohydride on resin (MP-cynanoborohydride,
commercially available from Argonaut Technologies) and
glyoxylic acid. The 3,5-dibromophenyl analog of 26,
the 3,5- dimethylphenyl analog of 26, the
3-chloro-5-methylphenyl analog of 26, 3-bromo-5-
methylphenyl analog of 26, and the
3-bromo-5-chlorophenyl analog of 26 can be synthesized
in a similar manner.Compound 29 was synthesized
following a series of reactions outlined in scheme 8. 



Compound 24 was converted to compound 27 via acylation
of the amine with methyl oxalyl chloride (see for
example, Sellstedt. J.H., et. al, J. Med. Chem., 1975,
18(9), 926-933). Compound 27 was converted to compound
28 by hydrolysis of the a-keto ester to the OCketo
acid using standard conditions (see for example,
Minisci, F., et. al., J. Org. Chem., 1995, 60,
5430-5433). The chloropyridazine 28 was converted to
the pyridazinone 29 by the procedure described
previously. The 3,5-dibromophenyl analog of 29, the
3,5- dimethylphenyl analog of 29, the
3-chloro-5-methylphenyl analog of 29, 3-bromo-5-
methylphenyl analog of 29, and the
3-bromo-5-chlorophenyl analog of 29 can be synthesized
in a similar manner.25 30 31 Compound 3 1 was
synthesized following a series of reactions outlined
in scheme 9. Compound 25 was converted to the
cyanoacetylurethane 30 following the procedure of
Carroll, R.D., et. al., J. Med. Chem., 1983, 26,
96-100. Cyclization of the urethane of compound 30 to
produce cyano-azauracil 3 1 was carried out following
the procedure of Carroll, R.D., et. al., J. Med.
Chem., 1983, 26, 96-100. The 3,5-dibromophenyl analog
of 31, the 3,5-dimethylphenyl analog of 31, the
3-chloro-5-methylphenyl analog of 31, 3-
bromo-5-methylphenyl analog of 31, and the
3-bromo-5-chlorophenyl analog of 3 1 can be
synthesized in a similar manner. Scheme 10 31 32 33
Compound 33 was synthesized following a series of
reactions outlined in scheme 10. Compound 3 1 was
converted to compound 32 by hydrolyzing the cyano
group to acarboxylic acid via the procedure described
by Carroll, R.D., et. al., J. Med. Chem., 1983, 26,
96-100. Compound 32 was then converted to compound 33
by decarboxylation following the procedure described
by Carroll, R.D., et. al., J. Med. Chem., 1983, 26,
96- 100. The 3,5-dibromophenyl analog of 33, the
3,5-dimethylphenyl analog of 33, the 3-
chloro-5-methylphenyl analog of 33,
3-bromo-5-methylphenyl analog of 33, and the 3-
bromo-5-chlorophenyl analog of 33 can be synthesized
in a similar manner. Compound 37 was synthesized
following a series of reactions outlined in scheme 11.
The chloropyridazine 17 was converted to the
pyridazinone 34 by the procedure described previously.
The pyridazinone 34 was alkylated using base and
methyl iodide to produce compound 35 following the
procedure similar to that described in J. Med. Chem.,
1989, 32(10), 2381-2388. The acetate 35 was hydrolyzed
to the alcohol 36 under standard basic conditions (see
for example, Hauser, C. R., et. al., J. Amer. Chem.
Soc, 1945, 67, 409-412). Compound 36 was then oxidized
to compound 37 by Jones oxidation. The 3,5-
dibromophenyl analog of 37, the 3,5-dimethylphenyl
analog of 37, the 3-chloro-5- methylphenyl analog of
37, 3-bromo-5-methylphenyl analog of 37, and the
3-bromo-5- chlorophenyl analog of 37 can be
synthesized in a similar manner. Compound 42 was
synthesized following a series of reactions outlined
in scheme 12. Compound 11 was converted to compound 42
in five steps using previously describedconditions.
The 3,5-dichlorophenyl analog of 42, the
3,5-dimethylphenyl analog of 42, the
3-chloro-5-methylphenyl analog of 42,
3-bromo-5-methylphenyl analog of 42, and the 3-
bromo-5-chlorophenyl analog of 42 can be synthesized
in a similar manner. 46 47 48 Compound 48 was
synthesized following a series of reactions outlined
in scheme 13. The starting material,
l,2,3-trichloro-5-nitrobenzene, was converted to
compound 43 by selectively displacing the chloro at
the 2-position with the anion formed from tert-butyl
cyanoacetate (see for example, Salturo, F., et. al.,
PCT WO 00/17204). The nitro group of compound 43 was
reduced to an amine using standard conditions. The
tert-butyl ester of 43 was hydrolyzed and
decarboxylated to give compound 44 (see for example,
Salturo, F., et. al., PCT WO 00/17204). The anion of
compound 44 was condensed with compound 7 to give
compound 45 using a similar procedure described by
Salturo, F., et. al., PCT WO00/17204. The
chloropyridazine 45 was converted to the pyridazinone
46 under acidic conditions at high temperatures. Under
these conditions, the cyano group was hydrolyzed to
the carboxylic acid and then decarboxylated using the
procedure described by Carroll, R. D., et. al., J.
Med. Chem., 1983, 26, 96-100. Compound 46 was
converted to compound 48 in two steps which were
previously described. The 3,5-dibromophenyl analog of
48, the 3,5-dimethylphenyl analog of 48, the
3-chloro-5-methylphenyl analog of 48, 3-bromo-5-
methylphenyl analog of 48, and the
3-bromo-5-chlorophenyl analog of 48 can be synthesized
in a similar manner. Compound 50 was synthesized
following a series of reactions outlined in scheme 14.
Compound 50 was obtained from compound 48 in two steps
that were described previously. The 3,5-dibromophenyl
analog of 50, the 3,5-dimethylphenyl analog of 50, the
3-chloro-5-methylphenyl analog of 50,
3-bromo-5-methylphenyl analog of 50, and the 3-
bromo-5-chlorophenyl analog of 50 can be synthesized
in a similar manner.Compound 56 was synthesized
following a series of reactions outlined in scheme 15.
The 



amine of compound 46 was converted to the bromide of
compound 5 1 using standard conditions (see for
example, Doyle, M.P., et. al., J. Org. Chem., 1977,
42(14), 2426-2431). The bromide 5 1 was converted to
the methyl ester 52 by palladium catalyzed
carbonylation in methanol (see for example, Takatori,
K., et. al., Tetrahedron, 1998, 54, 15861-15869).
Compound 52 was reduced to compound 53 by standard
reduction conditions, treatment with
diisobutylaluminum hydride in tetrahydrofuran (see for
example, Yoon, N.M., et. al., J. Org. Chem., 1985, 50,
2443-2450). The alcohol 53 was converted to bromide 54
usingstandard conditions (see for example, Lan, Aj. J.
Y., et. al., J. Amer. Chem. Soc, 1987, 109,
2738-2745). The bromide 54 was displaced with sodium
cyanide to produce nitrile 55 using the procedure
described by Law, H., et. al. J. Med. Chem., 1998, 41,
2243-2251. The nitrile 55 was hydrolyzed to acid 56 by
a conventional procedure to hydrolyze a nitrile to a
carboxylic acid under aqueous acidic conditions (see
for example, Wenner, O., Org. Synth.; CoU. Vol. IV,
1963, 760). The 3,5-dimethylphenyl analog of 56, the
3-chloro-5- methylphenyl analog of 56,
3-bromo-5-methylphenyl analog of 56, and the
3-bromo-5- chlorophenyl analog of 56 can be
synthesized in a similar manner.Scheme 16 Compound 64
was synthesized following a series of reactions
outlined in scheme 16. The starting material, methyl
3,5-dibromo-4-methylbenzoate, was brominated to
produce compound 57 under standard bromination
conditions (see for example, Buu-Hoy, .P., et. al., J.
Org. Chem., 1953, 18, 649-652). Compound 57 was
converted to compound 59 intwo steps that were
described previously. The alcohol 59 was converted to
ether 60 by a conventional procedure to convert an
alcohol to a tetrahydropyranyl ether (see for example,
Miyashita, M., et. al., J. Org. Chem., 1977, 42,
3882-3774). Condensation of compound 7 and compound 60
was accomplished with sodium hydride in ,
-dimethylformamide at high temperatures to produce
compound 6 1 using a similar procedure as described by
Salturo, R , et. al., PCT WO 00/17204. Compound 6 1
was treated under acidic conditions at elevated
temperatures. These reaction conditions resulted in
the conversion of the chloropyridazine to the
pyridzinone, hydrolysis of the nitrile moiety to the
carboxylic acid followed by decarboxylation of the
acid, and conversion of the tetrahydropyranyl
protected alcohol to the benzyl chloride of compound
62. The chloride of compound 62 was displaced with
sodium cyanide to produce nitrile 63 using a procedure
similar to that of Law, H., et. al. J. Med. Chem.,
1998, 41, 2243-2251. Compound 64 was synthesized from
compound 63 following a procedure that was described
previously.68 69 Compound 69 was synthesized following
a series of reactions outlined in scheme 17. The
starting material, 4-amino-2,6-dichloro-phenol, was
condensed with compound 7 using potassium t-butoxide
in , -dimethylacetamide at elevated temperature. The
resulting intermediate was then treated with phthalic
anhydride at elevated temperatures to form the
phthalimide. The resulting phthalimide was heated in
glacial acetic acid with sodium acetate to produce
compound 65. The pyridizinone nitrogen of compound 65
was methylated under the conditions similar to those
found in Sotelo, E., et. al., Synth. Commun., 2002,
32(11), 1675-1680 to form compound 66. The phthalimide
protecting group of compound66 was removed using
butylamine in methanol at elevated temperatures to
afford compound 67. Compound 67 was then converted to
compound 68 using previously described methods.
Compound 68 was converted to compound 69 using
potassium acetate in N,Ndimethylacetamide at elevated
temperatures. The 3,5-dibromophenyl analog of 69, the
3,5- dimethylphenyl analog of 69, the
3-chloro-5-methylphenyl analog of 69, 3-bromo-5-
methylphenyl analog of 69, and the
3-bromo-5-chlorophenyl analog of 69 can be synthesized
in a similar manner. Compound 76 was synthesized
following a series of reactions outlined in scheme 18.
The alcohol 16 was protected with a
tert-butyldiphenylsilyl ether to produce compound
70following a standard procedure as described in
Chaudhary, S.K., et. al., Tet. Lett., 1979, 20(2),
99-102. The phenol 70 was converted to the thiophenol
73 using a three step procedure as described by D.M.
Springer, et. al., Bioorg Med. Chem., 2003, 11,
265-279. Condensation of compound 7 and compound 73
was accomplished with potassium carbonate in dimethyl
sulfoxide at high temperatures to produce compound 74.
Compound 74 was converted to the pyridizinone acid 76
in two steps that have been previously described. The
3,5-dibromophenyl analog of 76, the 3,5-dimethylphenyl
analog of 76, the 3-chloro-5-methylphenyl analog of
76, 3-bromo-5-methylphenyl analog of 76, and the 3-
bromo-5-chlorophenyl analog of 76 can be synthesized
in a similar manner. Scheme 19 Compounds 77 and 78
were synthesized through a series of reactions
outlined in scheme 19. The thioether 76 was oxidized
using formic acid and hydrogen peroxide to form a
separable mixture of the sulfoxide 77 and the sulfonyl
78 (see for example, Cragoe, E. J., et. al. US4582842
April 15 1986). The 3,5-dibromophenyl analog of 77 and
78, the 3,5- dimethylphenyl analog of 77 and 78, the
3-chloro-5-methylphenyl analog of 77 and 78, 3- 



bromo-5-methylphenyl analog of 77 and 78, and the
3-bromo-5-chlorophenyl analog of 77 and 78 can be
synthesized in a similar manner.Compound 88 was
synthesized following a series of reactions outlined
in scheme 20. The starting material,
2,6,-dichloro-4-nitrophenol, was converted to compound
79 under conditions that have been previously
described. Compound 79 was converted to compound 80
under conditions that have been previously described.
The nitro group of compound 80 was reduced to the
amine 8 1 using standard reaction conditions, iron
powder in an acidicmedium (see for example, Org. Syn.
Coll. Vol. 2, 1943, 471). Compound 8 1 was then
converted to compound 88 under conditions that have
been previously described. The 3,5- dibromophenyl
analog of 88, the 3,5-dimethylphenyl analog of 88, the
3-chloro-5- methylphenyl analog of 88,
3-bromo-5-methylphenyl analog of 88, and the
3-bromo-5- chlorophenyl analog of 88 can be
synthesized in a similar manner. Scheme 21 Compound 9
1 was synthesized following a series of reactions
outlined in scheme 21. Compound 87 was converted to
compound 9 1 under conditions that have been
previously described. The 3,5-dibromophenyl analog of
91, the 3,5-dimethylphenyl analog of 91, the
3-chloro-5-methylphenyl analog of 91,
3-bromo-5-methylphenyl analog of 91, and the 3-
bromo-5-chlorophenyl analog of 9 1 can be synthesized
in a similar manner.94 95 96 Compound 96 was
synthesized following a series of reactions outlined
in scheme 22. The amine 46 was treated with phthalic
anhydride under acidic conditions at elevated
temperatures to form the phthalimide 92 (see for
example, Vera, L.M.S., et. al., Farmaco, 2003, 58(12),
1283-1288). The pyridizinone nitrogen of compound 92
was methylated under the conditions outlined in
Sotelo, E., et. al., Synth. Commun., 2002, 32(11),
1675- 1680. The phthalimide protecting group of
compound 93 was removed under acidic conditions at
elevated temperatures to afford compound 94. Compound
94 was converted to compound 96 under conditions that
have been previously described. The 3,5- dibromophenyl
analog of 96, the 3,5-dimethylphenyl analog of 96, the
3-chloro-5- methylphenyl analog of 96,
3-bromo-5-methylphenyl analog of 96, and the
3-bromo-5- chlorophenyl analog of 96 can be
synthesized in a similar manner. Proposed SynthesesThe
alcohol 17 may be converted to bromide 97 using
standard conditions (see for example, Lan, Aj. J. Y.,
et. al., J. Amer. Chem. Soc, 1987, 109, 2738-2745).
The bromide of compound 97 can be displaced with
sodium cyanide to produce nitrile 98 using a procedure
similar to that of Law, H., et. al. J. Med. Chem.,
1998, 41, 2243-2251. Nitriles such as 98 can be
converted to tetrazoles like 98 using known
procedures, for example by treatment of 98 with
ammonium chloride and sodium azide at elevated
temperature (see for example, Synthesis, 1998, 6,
910-914). Conversion of the chloropyridazine 99 to
pyridizinone 100 may be accomplished under acidic
conditions (see for example, J. Chem. Soc. Perkin
Trans. 1: Org. and Bioorg. Chem., 1988, 12,
3103-3111). The 3,5-dibromophenyl analog of 100, the
3,5-dimethylphenyl analog of 100, the
3-chloro-5-methylphenyl analog of 100, 3-
bromo-5-methylphenyl analog of 100, and the
3-bromo-5-chlorophenyl analog of 100 can be
synthesized in a similar manner.106 The ester of
methyl 3,5-dichloro-4-hydroxybenzoate can be reduced
to afford alcohol 101 using a reducing agent such as
lithium aluminum hydride at low temperature (see for
example, J. Org. Chem., 1998, 63, 5658-5661). Compound
101 may then be condensed with compound 7 using a base
at elevated temperatures to afford 102 (see for
example, Yuhpyng L. C , et.al. PCT Int. Appl. (1996)
WO 9639388). The alcohol 102 can be converted to
compound 106 using conditions previously described.
The 3,5-dibromophenyl analog of 106, the
3,5-dimethylphenyl analog of 106, the
3-chloro-5-methylphenyl analog of 106,
3-bromo-5-methylphenyl analog of 106, and the
3-bromo-5-chlorophenyl analog of 106 can be
synthesized in a similar manner.111 The bromide 54 may
be homologated to ester 107 using conditions as
illustrated in Can. J. Chem. 2001, 79(5-6), 752-759.
Esters such as 107 can be converted to alcohols like
108 using known procedures, for example by treatment
of 107 with diisobutylammonium hydride in
tetrahydrofuran (see for example, Yoon, N.M., et.al.,
J. Org. Chem., 1985, 50, 2443-2450). Conversion of the
alcohol 108 to tetrazole 111 may be accomplished
underconditions as previously described. The
3,5-dibromophenyl analog of 111, the 3,5-
dimethylphenyl analog of 111, the
3-chloro-5-methylphenyl analog of 111, 3-bromo-5-
methylphenyl analog of 111, and the
3-bromo-5-chlorophenyl analog of 111 can be
synthesized in a similar manner. 55 112 Conversion of
the nitrile 55 to tetrazole 112 may be accomplished
using conditions as previously described. The
3,5-dibromophenyl analog of 112, the
3,5-dimethylphenyl analog of 112, the
3-chloro-5-methylphenyl analog of 112,
3-bromo-5-methylphenyl analog of 112, 



and the 3-bromo-5-chlorophenyl analog of 112 can be
synthesized in a similar manner.115 116 Conversion of
compound 74 to compound 116 may be accomplished using
conditions as previously described. The
3,5-dibromophenyl analog of 116, the
3,5-dimethylphenyl analog of 116, the
3-chloro-5-methylphenyl analog of 116,
3-bromo-5-methylphenyl analog of 116, and the
3-bromo-5-chlorophenyl analog of 116 can be
synthesized in a similar manner.116 117 118 Conversion
of compound 116 to compounds 117 and 118 may be
accomplished using conditions as previously described.
The 3,5-dibromophenyl analog of 117 and 118, the 3,5-
dimethylphenyl analog of 117 and 118, the
3-chloro-5-methylphenyl analog of 117 and 118,
3-bromo-5-methylphenyl analog of 117 and 118, and the
3-bromo-5-chlorophenyl analog of 117 and 118 can be
synthesized in a similar manner.Conversion of compound
101 to compound 127 may be accomplished using
conditions as previously described. The
3,5-dibromophenyl analog of 127, the
3,5-dimethylphenyl analog of 127, the
3-chloro-5-methylphenyl analog of 127,
3-bromo-5-methylphenyl analog of 127, and the
3-bromo-5-chlorophenyl analog of 127 can be
synthesized in a similar manner.Conversion of compound
127 to compounds 128 and 129 may be accomplished using
conditions as previously described. The
3,5-dibromophenyl analog of 128 and 129, the 3,5-
dimethylphenyl analog of 128 and 129, the
3-chloro-5-methylphenyl analog of 128 and 129,
3-bromo-5-methylphenyl analog of 128 and 129, and the
3-bromo-5-chlorophenyl analog of 128 and 129 can be
synthesized in a similar manner.The starting material,
2,6-dichloro-benzene-l,4-diol, may be treated with
bromo-acetic acid methyl ester and base at elevated
temperatures to produce compound 130 using a procedure
similar to that of J. Het. Chem., 1994, 31(6),
1439-43. Conversion of compound 130 to compound 131
may be accomplished using conditions as previously
described. Hydrolysis of ester 131 to compound 132 may
be accomplished using standard aqueous basic
conditions. Conversion of compound 132 to compound 133
may be accomplished using conditions as previously
described. The 3,5-dibromophenyl analog of 133, the
3,5- dimethylphenyl analog of 133, the
3-chloro-5-methylphenyl analog of 133, 3-bromo-5-
methylphenyl analog of 133, and the
3-bromo-5-chlorophenyl analog of 133 can be
synthesized in a similar manner. Compound 46 may be
converted to compound 134 under similar conditions as
illustrated in Gattermann, L. (1914), Die Praxis des
organischen Chemikers (12), 228. Conversion of
compound 134 to compound 136 may be accomplished using
conditions as previouslydescribed. The
3,5-dibromophenyl analog of 136, the
3,5-dimethylphenyl analog of 136, the
3-chloro-5-methylphenyl analog of 136,
3-bromo-5-methylphenyl analog of 136, and the
3-bromo-5-chlorophenyl analog of 136 can be
synthesized in a similar manner. Conversion of
compound 130 to compound 141 may be accomplished using
conditions as previously described. The
3,5-dibromophenyl analog of 141, the
3,5-dimethylphenyl analog of 141, the
3-chloro-5-methylphenyl analog of 141,
3-bromo-5-methylphenyl analog of 141, and the
3-bromo-5-chlorophenyl analog of 141 can be
synthesized in a similar manner.Conversion of compound
141 to compounds 142 and 143 may be accomplished using
conditions as previously described. The
3,5-dibromophenyl analog of 142 and 143, the 3,5-
dimethylphenyl analog of 142 and 143, the
3-chloro-5-methylphenyl analog of 142 and 143,
3-bromo-5-methylphenyl analog of 142 and 143, and the
3-bromo-5-chlorophenyl analog of 142 and 143 can be
synthesized in a similar manner.Conversion of compound
94 to compound 149 may be accomplished using
conditions as previously described. The
3,5-dibromophenyl analog of 149, the
3,5-dimethylphenyl analog of 149, the
3-chloro-5-methylphenyl analog of 149,
3-bromo-5-methylphenyl analog of 149, and the
3-bromo-5-chlorophenyl analog of 149 can be
synthesized in a similar manner.Conversion of compound
85 to compound 154 may be accomplished using
conditions as previously described. The
3,5-dibromophenyl analog of 154, the
3,5-dimethylphenyl analog of 154, the
3-chloro-5-methylphenyl analog of 154,
3-bromo-5-methylphenyl analog of 154, and the
3-bromo-5-chlorophenyl analog of 154 can be
synthesized in a similar manner.Conversion of compound
154 to compounds 155 and 156 may be accomplished using
conditions as previously described. The
3,5-dibromophenyl analog of 155 and 156, the 3,5-
dimethylphenyl analog of 155 and 156, the
3-chloro-5-methylphenyl analog of 155 and 156,
3-bromo-5-methylphenyl analog of 155 and 156, and the
3-bromo-5-chlorophenyl analog of 155 and 156 can be
synthesized in a similar manner.Conversion of compound
152 to compound 162 may be accomplished using
conditions as previously described. The
3,5-dibromophenyl analog of 162, the
3,5-dimethylphenyl analog of 162, the
3-chloro-5-methylphenyl analog of 162,
3-bromo-5-methylphenyl analog of 162, and the
3-bromo-5-chlorophenyl analog of 162 can be
synthesized in a similar manner.Scheme 39 Conversion
of compound 162 to compounds 163 and 164 may be
accomplished using conditions as previously described.
The 3,5-dibromophenyl analog of 163 and 164, the 3,5-
dimethylphenyl analog of 163 and 164, the
3-chloro-5-methylphenyl analog of 163 and 164,
3-bromo-5-methylphenyl analog of 163 and 164, and the
3-bromo-5-chlorophenyl analog of 163 and 164 can be
synthesized in a similar manner.In the practice of the
method of the present invention, an effective amount
of any one of the compounds of this invention or a
combination of any of the compounds of this invention
or a pharmaceutically acceptable salt or ester
thereof, is administered via any of the usual and
acceptable methods known in the art, either singly or
in combination. The compounds or 



compositions can thus be administered orally (e.g.,
buccal cavity), sublingually, parenterally (e.g.,
intramuscularly, intravenously, or subcutaneously),
rectally (e.g., by suppositories or washings),
transdermally (e.g., skin electroporation) or by
inhalation (e.g., by aerosol), and in the form or
solid, liquid or gaseous dosages, including tablets
and suspensions. The administration can be conducted
in a single unit dosage form with continuous therapy
or in a single dose therapy ad libitum. The
therapeutic composition can also be in the form of an
oil emulsion or dispersion in conjunction with a
lipophilic salt such as pamoic acid, or in the form of
a biodegradable sustained-release composition for
subcutaneous or intramuscular administration. Useful
pharmaceutical carriers for the preparation of the
compositions hereof, can be solids, liquids or gases;
thus, the compositions can take the form of tablets,
pills, capsules, suppositories, powders, enterically
coated or other protected formulations (e.g. binding
on ion-exchange resins or packaging in lipid-protein
vesicles), sustained release formulations, solutions,
suspensions, elixirs, aerosols, and the like. The
carrier can be selected from the various oils
including those of petroleum, animal, vegetable or
synthetic origin, e.g., peanut oil, soybean oil,
mineral oil, sesame oil, and the like. Water, saline,
aqueous dextrose, and glycols are preferred liquid
carriers, particularly (when isotonic with the blood)
for injectable solutions. For example, formulations
for intravenous administration comprise sterile
aqueous solutions of the active ingredient(s) which
are prepared by dissolving solid active ingredient(s)
in water to produce an aqueous solution, and rendering
the solution sterile. Suitable pharmaceutical
excipients include starch, cellulose, talc, glucose,
lactose, talc, gelatin, malt, rice, flour, chalk,
silica, magnesium stearate, sodium stearate, glycerol
monostearate, sodium chloride, dried skim milk,
glycerol, propylene glycol, water, ethanol, and the
like. The compositions may be subjected to
conventional pharmaceutical additives such as
preservatives, stabilizing agents, wetting or
emulsifying agents, salts for adjusting osmotic
pressure, buffers and the like. Suitable
pharmaceutical carriers and their formulation are
described in Remington's Pharmaceutical Sciences by E.
W. Martin. Such compositions will, in any event,
contain an effective amount of the active compound
together with asuitable carrier so as to prepare the
proper dosage form for proper administration to the
recipient. The pharmaceutical preparations can also
contain preserving agents, solubilizing agents,
stabilizing agents, wetting agents, emulsifying
agents, sweetening agents, coloring agents, flavoring
agents, salts for varying the osmotic pressure,
buffers, coating agents or antioxidants. They can also
contain other therapeutically valuable substances,
including additional active ingredients other than
those of formula I . The compounds of the present
invention are useful as medicaments for the treatment
of metabolic diseases such as obesity, hyperlipidemia,
hypercholesterolemia and diabetes, and may be useful
for other diseases such as NASH, atherosclerosis,
cardiovascular diseases, hypothyroidism, thyroid
cancer and related disorders and diseases. An obese
patient is a human with a body mass index of 25 or
greater. The therapeutically effective amount or
dosage of a compound according to this invention can
vary within wide limits and may be determined in a
manner known in the art. Such dosage will be adjusted
to the individual requirements in each particular case
including the specific compound(s) being administered,
the route of administration, the condition being
treated, as well as the patient being treated. In
general, in the case of oral or parenteral
administration to adult humans weighing approximately
70 kg, a daily dosage of from about 0.01 mg/kg to
about 50 mg/kg should be appropriate, although the
upper limit may be exceeded when indicated. The dosage
is preferably from about 0.3 mg/kg to about 10 mg/kg
per day. A preferred dosage may be from about 0.70
mg/kg to about 3.5 mg/kg per day. The daily dosage can
be administered as a single dose or in divided doses,
or for parenteral administration it may be given as
continuous infusion. The compounds of formula (I) are
thyroid hormone analogs. The TR/RXR/GRIP Assay was
used to test compounds of formula (I), as shown in the
Examples below. Thus, the tested compounds are thyroid
hormone receptor agonists, having EC50 of 1000 mM or
less, with a preferred EC50 of 100 mM or less.The
invention will now be further described in the
Examples below, which are intended as an illustration
only and do not limit the scope of the
invention.EXAMPLES Scheme 1: Synthesis of
4-hydroxy-2,6-dimethyl phenyl acetic acid methyl ester
(6a) and 2-chloro-4-hydroxy-6-methyl phenyl acetic
acid methyl ester (6b) acetone, DMA MeI, Et2O EtOH,
reflux crude 



1a :X = CH3 2a : X= CH3 46% 3a :X =:CH 1b :X = Cl 2b :
X = Cl 66% 3b :X =ci MeOH, H2SO4 EtOH, NaCN 70C 4a : X
= CH3 60% 5a : X= CH3 84% 6a : X= CH3 86% 4b : X = Cl
55% 5b :X = Cl 97% 6b :X = Cl 9 1% Scheme 2: Synthesis
of 3,6-dichloro-4-isopropyl pyridazine (7) sulfone,
CH3CN, H2O 67% 7 Scheme 3: Synthesis of
[4-(5-Isopropyl-6-oxo-l,6-dihydro-pyridazin-3-yloxy)-3
,5- dimethyl-phenyl] -acetic acid (10a) and Synthesis
of [3-Chloro-4-(5-isopropyl-6-oxol,
6-dihydro-pyridazin-3-yloxy)-5-methyl-phenyl]-acetic
acid (10b)+ isomer (minor) isomers 7:1 NaOH, MeOH
NaOAc / HOAc 100% + isomer 100C 1-2 d (minor) 9a : X =
CH3 10a : X = CH3 65% 9b : X = Cl isomers 7:1 10b : X
= CI 32%Example 1: Synthesis of
[4-(5-isopropyl-6-oxo-l,6-dihydro-pyridazin-3-yloxy)-3
,5- dimethyl-phenyl] -acetic acid (10a) Step 1:
Preparation of
4-dimethylaminomethyl-2,6-dimethyl-phenol (2a) A
solution of 2,6-dimethyl phenol (20 g, 0.163 mol) in
ethanol (100 mL) at room temperature was treated with
dimethylamine (19 mL of a 40% solution of
dimethylamine in water, 0.163 mol) followed by
formaldehyde (13.5 mL of a 37% solution of
formaldehyde in water, 0.163 mol). The reaction was
heated to reflux for 12 h. The reaction mixture was
cooled to 00C in an ice bath, diluted with water (100
mL) and brought to pH = 5 with a IN aqueous
hydrochloric acid solution. The water layer was
extracted with diethyl ether (2 x 150 mL). The aqueous
layer was brought to pH = 8 by the addition of a IN
aqueous sodium hydroxide solution, cooled to 00C in an
ice bath and was extracted with diethyl ether (3 x 200
mL). The organics were washed with a saturated aqueous
sodium chloride solution, dried with magnesium
sulfate, filtered and concentrated under vacuum. The
resulting oil was dried under high vacuum overnight to
afford 4-dimethylaminomethyl-2,6- dimethyl-phenol as
an off-white solid (13.42 g, 46%); EI(+)-HRMS m/z
calcd for C HH I7NO (M+) 179.1310, found 179.1308.
Molecular Weight =179.2642; Exact Mass =179.1310 Step
2: Preparation of 2,
6-dimethyl-4-trimethylaminomethylphenol (3a) A
suspension of
4-dimethylaminomethyl-2,6-dimethyl-phenol (2a) (3.0 g,
0.016 mol) in diethyl ether (25 mL) was treated with
methyl iodide (2.08 mL, 0.033 mol) at roomtemperature.
Additional diethyl ether (20 mL) was added to the
reaction. The reaction mixture was stirred at room
temperature overnight. The resulting solids were
filtered and washed with diethyl ether. NMR and LCMS
indicated the presence of starting material. The
solids were resubmitted to the reaction conditions.
The reaction was stirred at room temperature for 2 d.
At this time, additional methyl iodide (2.08 mL, 0.033
mol) was added. The reaction was stirred at room
temperature overnight. At this time, the resulting
solids were filtered and washed with diethyl ether.
The solids were dried under high vacuum to afford
2,6-dimethyl-4-trimethylaminomethylphenol (3a) (5.1 g,
crude) as a white solid which was used without further
purification. Molecular Weight =195.3073; Exact Mass
=195.1623 Step 3: Preparation of
(3,5-dimethyl-4-hydroxy-phenyl)-acetonitrile (4a) A
solution of 2, 6-dimethyl-4-trimethylaminomethylphenol
(3a) (theoretically, 0.016 mol) in ethanol (50 mL)
under argon was treated with sodium cyanide (976 mg,
0.019 mol) at room temperature. The reaction mixture
was heated to reflux overnight. The reaction mixture
was then diluted with water and was acidified by the
addition of a IN aqueous hydrochloric acid solution.
The mixture was extracted with ethyl acetate (3 x 200
mL). The combined organics were washed with water (I x
200 mL) and a saturated aqueous sodium chloride
solution (1 x 200 mL), dried with magnesium sulfate,
filtered and concentrated under vacuum to afford a
brown solid. The solids were slurried in diethyl ether
(50 mL) and collected by filtration. The solid was
purified by column chromatography using silica gel
eluted with 10-15% ethyl acetate in petroleum ether to
afford 3,5-dimethyl-4-hydroxyphenyl)- acetonitrile
(4a) as a yellow solid (1.61 g, 60% yield for the two
steps); EI(+)- HRMS m/z calcd for CioHnNO (M+)
161.0841, found 161.0841. Molecular Weight 



=161.2053; Exact Mass =161.0841 Step 4 : Preparation
of (3,5-dimethyl-4-hydroxy-phenyl)-acetic acid (5a) A
suspension of
(3,5-dimethyl-4-hydroxy-phenyl)-acetonitrile (4a) (550
mg, 0.003 mol) in water (0.98 mL) was treated with
ethylene glycol dimethyl ether (6.6 mL, 0.063 mol)
followed by potassium hydroxide (1.34 g, 0.024 mol).
The reaction mixture was heated to reflux for 2 d. The
reaction mixture was concentrated under vacuum. The
resulting solid was diluted with water (100 mL) and
extracted with ethyl acetate (2 x 75 mL). The organic
layers were discarded. The aqueous layer was acidified
to pH = 2 by the addition of a INaqueous hydrochloric
acid solution and was extracted with ethyl acetate (2
x 100 mL). The organic layers were combined, washed
with a saturated aqueous sodium chloride solution (2 x
50 mL), dried with magnesium sulfate, filtered and
concentrated under vacuum. The solid was purified by
column chromatography using silica gel eluted with
15-25% ethyl acetate in petroleum ether to afford
(3,5-dimethyl-4-hydroxy-phenyl)-acetic acid (5a) (30
mg, 5%) as a yellow solid; EI(+)-HRMS m/z calcd for
Ci0Hi2O3 (M+) 180.0786, found 180.0782. Molecular
Weight =180.2053; Exact Mass =180.0786 Step 5:
Preparation of (3,5-dimethyl-4-hydroxy-phenyl)-acetic
acid methyl ester (6a) A solution of
(3,5-dimethyl-4-hydroxy-phenyl)-acetic acid (5a) (12.4
g, 0.069 mmol) in methanol (300 mL) was treated with
concentrated sulfuric acid (6.25 mL). The resulting
solution was heated to 700C overnight. At this time,
the reaction was cooled to room temperature. The
reaction was concentrated under vacuum. The residue
was diluted with ethyl acetate (700 mL) and was washed
with water (2 x 250 mL). The organics were dried over
magnesium sulfate, filtered and concentrated under
vacuum to give an orange solid. The solid was slurried
in 10% ethyl acetate/petroleum ether and was stirred
for 1 h. The solid was collected by filtration, washed
with 10% ethyl acetate/petroleum ether, and dried
under vacuum overnight. The residue was purified by
column chromatography using silica gel eluted with
10-15% ethyl acetate in petroleum ether to afford
(3,5-dimethyl-4-hydroxyphenyl)- acetic acid methyl
ester (6a) (1.93 g, 86%) as an off-white solid;
EI(+)-HRMS m/z calcd for CnHi 4O3 (M+) 194.0943, found
191.0942. Molecular Weight =194.2324; Exact Mass
=194.0943 Step 6: Preparation of
3,6-dichloro-4-isopropyl pyridazine (7) A solution of
3,6-dichloropyridazine (22.5 g, 0.15 mol) in
acetonitrile (35 mL), tetramethylene sulfone (107 mL)
and water (245 mL) at room temperature was treated
with isobutyric acid (14 mL, 0.151 mol) followed by
silver nitrate (13 g, 0.075 mol). The reaction mixture
was heated to 55C. A solution of concentrated sulfuric
acid (24 mL) in water (75 mL) was added in one portion
followed by the dropwise addition over 35 min of a
solution of ammonium persulfate (51.5 g, 0.22 mol) in
water (75 mL). The reaction mixture was heated to 700C
for 20 min and then cooled to room temperature and
stirred for 24 h. At this time, the reaction was
cooled to 00C and 28-30% ammonium hydroxide (100 mL)
was added slowly dropwise to bring the reaction to pH
= 8. The reaction was dilutedwith water (500 mL) and
was filtered over celite and washed well with ethyl
acetate (500 mL). The water layer and the organic
layer were separated. The organic layer was saved. The
aqueous layer was extracted with ethyl acetate (2 x
500 mL). The combined organics were washed with water
(I x 400 mL) and a saturated aqueous sodium chloride
solution (1 x 400 mL), dried with magnesium sulfate,
filtered and concentrated under vacuum. The resulting
oil was purified by column chromatography using silica
gel eluted with petroleum ether followed by 10% ethyl
acetate in petroleum ether to afford
3,6-dichloro-4-isopropyl pyridazine (7) (19.26 g, 67%)
as an oil; (+)-HRMS m/z calcd for C7H8Cl2N2 (M+)
190.0065, found 190.0059. Molecular Weight =191.0612;
Exact Mass =190.0065 Step 7: Preparation of
[4-(6-Chloro-5-isopropyl-pyridazin-3-yloxy)-3,5-dimeth
yl-phenyl]- acetic acid methyl ester (8a) A solution
of (3,5-dimethyl-4-hydroxy-phenyl)-acetic acid methyl
ester (6a) (12.5 g, 0.064 mol) in anhydrous dimethyl
sulfoxide (256 mL) under argon at room temperature was
treated with 3,6-dichloro-4-isopropyl pyridazine (7)
(18.43 g, 0.096 mol) followed by anhydrous potassium
carbonate (17.69 g, 0.12 mol) and copper (I) iodide
(6.09 g, 0.032 mol). The reaction mixture was heated
to 900C for 24 h. At this time, the reaction was
cooled to room temperature and was poured onto a IN
aqueous hydrochloric acid solution (200 mL) and ice.
The aqueous layer was diluted with water (100 mL) and
extracted with ethyl acetate (2 x 500 mL). The aqueous
layer was made basic (pH=8) by the addition of a IN
aqueous sodium hydroxide solution. The water layer was
extracted again with ethyl acetate (I x 500 mL). The
combined organics were washed with a saturated aqueous
sodium chloride solution, dried with magnesium
sulfate, filtered and concentrated under vacuum. The
resulting residue was purified by column
chromatography using silica gel 



eluted with 5-15% ethyl acetate in petroleum ether to
afford [4-(6-chloro-5-isopropylpyridazin-
3-yloxy)-3,5-dimethyl-phenyl]-acetic acid methyl ester
(8a) (15 g, 67%) and a minor amount of isomer as a
white solid; EI(+)-HRMS m/z calcd for C18H21CIN2O3
(M+) 348.1241, found 348.1237. Molecular Weight
=348.8327; Exact Mass =348.1241 Step 8: Preparation of
[4-(6-Chloro-5-isopropyl-pyridazin-3-yloxy)-3,5-dimeth
yl-phenyl]- acetic acid (9a) A solution of
[4-(6-chloro-5-isopropyl-pyridazin-3-yloxy)-3,5-dimeth
yl-phenyl]-acetic acid methyl ester (8a) (1.66 g, 4.75
mmol, contains a minor amount of isomer) in methanol
(50mL) at room temperature was treated dropwise with a
IN aqueous sodium hydroxide solution (9.5 mL, 9.50
mmol). The reaction was stirred at room temperature
for 24 h. At this time, the reaction mixture was
concentrated under vacuum. The resulting solid was
diluted with water (200 mL) and extracted with ethyl
acetate (200 mL). The ethyl acetate layer was
discarded. The water layer was acidified to pH = 4 by
the addition of a IN aqueous hydrochloric acid
solution and was extracted with ethyl acetate (2 x 200
mL). The organic layers were combined, washed with a
saturated aqueous sodium chloride solution, dried with
magnesium sulfate, filtered and concentrated under
vacuum to afford a solid. The solid was dried
overnight under high vacuum to afford
[4-(6-chloro-5-isopropylpyridazin-
3-yloxy)-3,5-dimethyl-phenyl]-acetic acid (9a) (1.58
g, 100%, contains a minor amount of isomer) as an
off-white solid; EI(+)-HRMS m/z calcd for Ci7Hi9ClN2O3
(M+) 334.1084, found 334.1083. Molecular Weight
=334.8056; Exact Mass =334.1084 Step 9: Preparation of
[4-(5-Isopropyl-6-oxo-l,6-dihydro-pyridazin-3-yloxy)-3
,5-dimethylphenyl] -acetic acid (10a) A solution of
[4-(6-chloro-5-isopropyl-pyridazin-3-yloxy)-3,5-dimeth
yl-phenyl]-acetic acid (9a) (0.10 g, 0.29 mol) in
glacial acetic acid (3 mL) was treated with sodium
acetate (54 mg, 0.65 mol) at room temperature. The
reaction mixture was heated to 1000C for 24 h. At this
time, the reaction mixture was cooled to room
temperature and was concentrated under vacuum. The
resulting residue was diluted with water (100 mL),
made basic by the addition of a IN aqueous sodium
hydroxide solution and was extracted with ethyl
acetate (200 mL). The ethyl acetate layer was
discarded. The water layer was acidified to pH = 4 by
the addition of a IN aqueous hydrochloric acid
solution and was extracted with ethyl acetate (2 x 200
mL). The organic layers were combined, washed with a
saturated aqueous sodium chloride solution, dried with
magnesium sulfate, filtered and concentrated under
vacuum to afford a solid. The solid was dissolved in
ethyl acetate by adding methanol to form a solution
and it was absorbed onto silica and concentrated under
vacuum. The preabsorbed solid was purified by column
chromatography using silica gel eluted with 20% ethyl
acetate in hexanes containing 2% glacial acetic acid.
The desired fractions were concentrated as several
separate batches and placed under high vacuum for 1 h.
1H NMRs were obtained to determine if batches
contained only the desired isomer. The best batches
were combined, diluted with a 1:1 methylene
chloride:hexanes solution. This process was performed
three times. The solid was dried under high vacuum
overnight and then slurriedin acetonitrile and
filtered. The resulting solid was dried in the vacuum
oven at 600C for 24 h to afford
[4-(5-isopropyl-6-oxo-l,6-dihydro-pyridazin-3-yloxy)-3
,5-dimethyl-phenyl]- acetic acid (10a) (61 mg, 65%) as
a white solid; EI(+)-HRMS m/z calcd for Ci7H20N2O4
(M+) 316.1423, found 316.1427. Molecular Weight
=316.3599; Exact Mass =316.1423 Example 2: Preparation
of
[3-Chloro-4-(5-isopropyl-6-oxo-l,6-dihydro-pyridazin-3
- yloxy)-5-methyl-phenyl] -acetic acid (10b) Step 1:
Preparation of
2-Chloro-4-dimethylaminomethyl-6-methyl-phenol (2b) A
solution of 2-chloro-6-methyl phenol (5.0 g, 0.035
mol) in ethanol (25 mL) at room temperature was
treated with dimethyl amine (3.95 mL of a 40% solution
of dimethylamine in water, 0.035 mol) followed by
formaldehyde (2.85 mL of a 37% solution of
formaldehyde in water, 0.035 mol). The reaction was
heated to reflux for 24 h. At this time, the reaction
mixture was cooled to room temperature and
concentrated under vacuum. The resulting oil was
diluted with water (200 mL) and acidified to pH=2 by
addition of a IN aqueous hydrochloric acid solution.
The water layer was extracted with ethyl acetate
(30OmL). The ethyl acetate layer was discarded. The
water layer was made basic to pH=10 by the addition of
a IN aqueous sodium hydroxide solution and was
extracted with ethyl acetate (2 x 350 mL). The
organics were washed with a saturated aqueous sodium
chloride solution, dried with magnesium sulfate,
filtered and concentrated under vacuum. The resulting
oil was dried under high vacuum overnight to afford
2-chloro- 4-dimethylaminomethyl-6-methyl-phenol (2b)
(4.62 g, 66%) as an off-white solid; EI(+)-HRMS m/z
calcd for C I0H 14CINO (M+) 199.0764, found 199.0767.
Molecular Weight =199.6822; Exact Mass =199.0764 Step
2: Preparation of
2-CMoro-6-methyl-4-trimethylaminomethylphenol (3b) 



A suspension of
2-cMoro-4-dimethylaminomethyl-6-methyl-phenol (2b)
(65.5 g, 0.328 mol) in ether (1.5 L) under argon was
treated with methyl iodide (40.83 mL, 0.65 mol) at
room temperature. The reaction mixture was stirred at
room temperature overnight. At this time, the
resulting solids were filtered and washed with ether.
The solids were dried under high vacuum to afford
2-chloro-6-methyl-4-trimethylaminomethylphenol (3b) as
an off-white solid which was used as is for the next
step. Molecular Weight =215.7252; Exact Mass =215.1077
Step 3: Preparation of
(3-Chloro-4-hydroxy-5-methyl-phenyl)-acetonitrile (4b)
A suspension of
2-chloro-6-methyl-4-trimethylaminomethylphenol (3b)
(theoretically 0.32 mol) in ethanol (2 L) under argon
was treated with sodium cyanide (16.01 g, 0.32 mol) at
room temperature. The reaction mixture was heated to
reflux for 2 d. At this time, the reaction mixture was
concentrated under vacuum. The resulting residue was
diluted with water and was acidified to pH =2 by the
addition of a IN aqueous hydrochloric acid solution.
The water layer was extracted with ethyl acetate (3 x
600 mL). The organic layers were combined, washed with
a saturated aqueous sodium chloride solution, dried
with magnesium sulfate, filtered and concentrated
under vacuum to afford a brown solid. The solid was
dissolved in carbon tetrachloride (250 mL) and the
remaining dark gums were removed via filtration.
Precipitates formed in the filtrate upon standing at
room temperature. The solids were filtered, rinsed
with hexanes, and dried under high vacuum to afford
(3-chloro-4-hydroxy-5-methyl-phenyl)-acetonitrile (4b)
(30.3 g) as a yellow solid. The filtrate was
concentrated and the resulting residue was purified by
column chromatography using silica gel eluted with
5-10% ethyl acetate in petroleum ether to afford
(3-chloro-4-hydroxy-5-methyl-phenyl)-acetonitrile (4b)
(2.28 g, 55% combined yield for 2 steps) as a yellow
solid; EI(+)-HRMS m/z calcd for C9H8ClNO (M+)
181.0294, found 181.0295. Molecular Weight =181.6232;
Exact Mass =181.0294 Step 4 : Preparation of
(3-Chloro-4-hydroxy-5-methyl-phenyl)-acetic acid (5b)A
suspension of
(3-chloro-4-hydroxy-5-methyl-phenyl)-acetonitrile (4b)
(1.3 g, 0.0071 mol) in water (2.06 mL) was treated
with ethylene glycol dimethyl ether (13.93 mL, 0.133
mol) followed by potassium hydroxide (2.8 g, 0.0071
mol). The reaction mixture was heated to reflux for 24
h. At this time, the reaction mixture was concentrated
under vacuum. The resulting solid was diluted with
water (100 mL) and extracted with ethyl acetate (2 x
50 mL). The organic layers were discarded. The water
layer was acidified to pH = 2 by the addition of a IN
aqueous hydrochloric acid solution and was extracted
with ethyl acetate (2 x 50 mL). The organic layers
were combined, washed with a saturated aqueous sodium
chloride solution (50 mL), dried with magnesium
sulfate, filtered and concentrated under vacuum. The
resulting solid was dried under high vacuum overnight
to afford (3-chloro-4- hydroxy-5-methyl-phenyl)-acetic
acid (5b) (1.4 g, 97%) as a white solid; EI(+)-HRMS
m/z calcd for C9H9ClO3 (M+) 200.0240, found 200.0247.
Molecular Weight =200.6233; Exact Mass =200.0240 Step
5: Preparation of
(3-Chloro-4-hydroxy-5-methyl-phenyl)-acetic acid
methyl ester (6b) A solution of
(3-chloro-4-hydroxy-5-methyl-phenyl)-acetic acid (5b)
(1.4 g, 6.98 mmol) in methanol (60 mL) was treated
with concentrated sulfuric acid (0.5 mL) at room
temperature under argon. The reaction mixture was
heated to 700C for 24 h. At this time, the reaction
mixture was concentrated under vacuum. The resulting
oil was diluted with ethyl acetate (100 mL). The
organics were washed with water (2 x 50 mL), dried
with magnesium sulfate, filtered and concentrated. The
resulting residue was purified by column
chromatography using silica gel eluted with 10% ethyl
acetate in petroleum ether to afford
3-chloro-4-hydroxy-5-methyl-phenyl)-acetic acid methyl
ester (6b) (1.36 g, 91%) as a white solid; EI(+)-HRMS
m/z calcd for Ci0Hi1CIO3 (M+) 214.0397, found
214.0400. Molecular Weight =214.6504; Exact Mass
=214.0397 Step 6: Preparation of
[3-Chloro-4-(6-chloro-5-isopropyl-pyridazin-3-yloxy)-5
-methylphenyl]- acetic acid methyl ester (8b) A
solution of 3-chloro-4-hydroxy-5-methyl-phenyl)-acetic
acid methyl ester (6b) (909 mg, 0.004 mol) in
anhydrous dimethyl sulfoxide (8 mL) under argon at
room temperature was treated with
3,6-dichloro-4-isopropyl pyridazine (7) (1.2 g, 0.006
mol), anhydrous potassium carbonate (1.15 g, 0.008
mol) and copper (I) iodide (239 mg, 0.001 mol). The
reaction mixture was heated to 900C overnight. At this
time, the reaction mixture wascooled to room
temperature, poured onto a IN aqueous hydrochloric
acid solution and was extracted with ethyl acetate.
The organics were washed with a saturated aqueous
sodium chloride solution, dried with magnesium
sulfate, filtered and concentrated under vacuum. The
resulting residue was purified by column
chromatography using silica gel eluted with 10% ethyl
acetate in petroleum ether to afford
[3-chloro-4-(6-chloro-5-isopropyl-pyridazin- 



3-yloxy)-5-methyl-phenyl]-acetic acid methyl ester
(8b) (1.2 g, 78%) as a yellow solid; EI(+)-HRMS m/z
calcd for Ci7H18Cl2N2O3 (M+) 369.0767, found 369.0766.
Molecular Weight =369.2506; Exact Mass =368.0694 Step
7: Preparation of
[3-Chloro-4-(6-chloro-5-isopropyl-pyridazin-3-yloxy)-5
-methylphenyl]- acetic acid (9b) A solution of
[3-chloro-4-(6-chloro-5-isopropyl-pyridazin-3-yloxy)-5
-methyl-phenyl]-acetic acid methyl ester (8b) (1.1 g,
2.97 mmol) in methanol (30 mL) at room temperature was
treated dropwise with a IN aqueous sodium hydroxide
solution (5.9 mL, 5.9 mmol). The reaction was stirred
at room temperature for 4 d. At this time, the
reaction mixture was concentrated under vacuum. The
resulting solid was diluted with water and ethyl
acetate. The ethyl acetate layer was discarded. The
water layer was acidified by the addition of a IN
aqueous hydrochloric acid solution and was extracted
with ethyl acetate. The organic layers were washed
with a saturated aqueous sodium chloride solution,
dried with magnesium sulfate, filtered and
concentrated under vacuum to afford
[3-chloro-4-(6-chloro-5-
isopropyl-pyridazin-3-yloxy)-5-methyl-phenyl]-acetic
acid (9b) (1.05 g, 100%) as a white solid. This
material was used without further purification;
EI(+)-HRMS m/z calcd for Ci6H16Cl2N2O3 (M+) 355.0611,
found 355.0610. Molecular Weight =355.2235; Exact Mass
=354.0538 Step 8: Preparation of
[3-Chloro-4-(5-isopropyl-6-oxo-l,6-dihydro-pyridazin-3
-yloxy)-5- methyl-phenyl]-acetic acid (10b) A solution
of
[3-chloro-4-(6-chloro-5-isopropyl-pyridazin-3-yloxy)-5
-methyl-phenyl]-acetic acid (9b) (1.0 g, 2.81 mmol) in
glacial acetic acid (30 mL) was treated with sodium
acetate (808 mg, 9.83 mmol) at room temperature. The
reaction mixture was heated to 1050C for 24 h. At this
time, the reaction mixture was cooled to room
temperature and concentrated under vacuum. The
resulting residue was diluted with water, brought to
pH =10 by the addition of a IN aqueous sodium
hydroxide solution and was extracted with ethyl
acetate.The ethyl acetate layer was discarded. The
water layer was acidified by the addition of a 3N
aqueous hydrochloric acid solution and was extracted
with ethyl acetate. The organic layers were combined,
washed with water and a saturated aqueous sodium
chloride solution, dried with magnesium sulfate,
filtered and concentrated under vacuum. The resulting
solid was dissolved in methylene chloride and methanol
and then was absorbed onto silica. The preabsorbed
solid was purified by column chromatography using
silica gel eluted with 20% ethyl acetate in hexanes
containing 2% glacial acetic acid. The desired
fractions were concentrated as several separate
batches and placed under high vacuum for 15 min. The
solid was diluted with a 1:1 methylene
chloride:hexanes solution. This process was performed
three times. The solid was dried under high vacuum
overnight. The solid was then slurried in
acetonitrile, filtered, and dried in the vacuum oven
at 800C overnight to afford
[3-chloro-4-(5-isopropyl-6-oxo-l,6-dihydro-pyridazin-3
-yloxy)-5-methyl-phenyl]- acetic acid (10b) (300 mg,
32%) as a white solid; EI(+)-HRMS m/z calcd for
Ci6Hi7ClN2O4 (M+H)+ 337.0950, found 337.0949.
Molecular Weight =336.7779; Exact Mass =336.0877
Scheme 4: Synthesis of
[3,5-Dibromo-4-(5-isopropyl-6-oxo-l,6-dihydro-pyridazi
n-3- yloxy)-phenyl] -acetic acid (14)Static support
bed for purification, separation, detection,
modification and/or immobilization of target entities
and method using thereof The present invention relates
to a static support bed for purification, separation,
detection, modification and/or immobilization of
target chemical entities or target biological entities
present in a fluid. BACKGROUND ART Different
analytical, biochemical and diagnostic methods involve
immobilization of a specific reagent or a biological
binding partner of a biological molecule onto high
surface area substrates. On one hand cells are often
cultured in reactors to produce biological and
pharmacological products. Such cells can be animal,
plant, fungi, or microbial cells. In order to maintain
a cell culture, oxygen and other nutrients generally
must be supplied to the cells. Cell cultures are
usually maintained in reactors by perfusion, wherein a
cell culture medium, including oxygen and other
nutrients, is directed through the cell culture
reactor. Cell-culture reactors, however, can support
only small cell loadings per unit of reactor volume.
They can only operate within low flow rate or
agitation rates. Similarly, biocatalytic reactions are
performed in reactors, where an enzyme catalyst is
retained on a porous inorganic support. 



On the other hand, immobilization has also been used
to perform chemical and biological separations.
Separation of macromolecules such as proteins has a
considerable cost in the manufacture of
pharmacological products. Chromatography has been used
for decades to perform such type of separations.
Chemically modified cellulose or silica are used for
the stationary phase in the manufacture of
commercially important biomolecules in the food,
biopharmaceutical, biotechnology and pharmaceutical
industries. Alternative stationary phases can include
metals and metal oxides, for example, particulate
aluminum oxide. Membrane adsorbents, i.e. membranes
with functionalized sites on the surface for
chromatography, can also be used. Many analytical
methods involve immobilization of a biological binding
partner of a biological molecule on a surface. The
surface is exposed to a mediumsuspected to contain the
molecule, and the existence or extent of molecule
coupling to the surface-immobilized binding partner is
determined. Likewise, the majority of biotechnological
processes for producing pharmaceutical or diagnostic
products involve the purification of biomolecules from
a variety of sources. Purification of a biomolecule is
often initiated via the use of adsorption
chromatography on a conventional packed bed of solid
support adsorbent. This frequently requires
clarification of the crude culture before application
onto the chromatography column. Actual processes of
production and purification of plasmidic DNA from
bacterial lysates, are based on conventional packed
bed chromatography. This method is hampered by the
physical characteristics of these compounds (e.g. size
of plasmids, viscosity of solutions, fragility of
plasmids, chemical similarity with other nucleic acids
from the microorganism, etc.), setting stringent
limitations in terms of operating bed capacity and
pressure drop. Furthermore, it may be necessary to
eliminate the plasmid fraction that does not
contribute to the therapeutic effect due to the fact
that the expression of the genes contained in the
non-therapeutic portion entails a danger for the
receptor of such plasmid, risk of unspecific effects,
risk of chromosomal integration, etc. Adsorption
chromatography methods are carried out not only on a
conventional packed bed (packed bed chromatography;
PBC), but also on an expanded bed (expanded bed
adsorption; EBA) or a fluidized bed (fluidized bed
adsorption; FBA). All of these chromatographic methods
contain particles as adsorption support. Other
chromatographic methods used in separation and
purification, use fibrous media as stationary phase.
Thus, J. Chromatography 1992, 598/2: pp. 169-180
describes a continuous stationary phase consisting of
yarns woven into a fabric rolled and packed into
liquid chromatography columns. The yarns described
have a characteristic width of 200-400 mm, are made
from 10-20 mm fibers of 95% poly(m-phenylene
isophthalamide) and 5% poly(pphenylene
terephthalamide). J. Oleo Science 2002, 51/12:
789-798, describes a liquid chromatography method with
polyester and cellulosic filament yarns as the
stationary phase to remove oily soils from a fiber
substrate with an aqueous surfactant micellarsolution.
EP 328256 discloses a glass fiber coated with a porous
hydrophilic matrix material which is derivatized to
bind a suitable ligand or biological material in a
chromatographic process. Finally, WO 03/00407 relates
to aluminum hydroxide fibers highly electropositive
and approximately 2 nanometers in diameter. Such
fibers can filter bacteria and nano size particulates
such as viruses and colloidal particles at high flux
through the filter. They can also be used for
purification and sterilization of water, biological,
medical and pharmaceutical fluids, as a
collector/concentrator for detection and assay of
microbes and viruses, and also as a substrate for
growth of cells. Amorphous glass coated microwires are
known in the art. Due to their magnetic properties at
high frequencies are used in miniature electronic
components, and for filtering of electromagnetic
interference in printed circuits and cables. The
microwires have also conducting properties and,
therefore, may be used in electro magnetic
applications like: miniature coils, miniature cables,
high voltage transformers and miniature antennas. 



Nevertheless, the amorphous glass coated microwires
have never been proposed for their use in a method for
purification, separation, detection, modification
and/or immobilization of target substrates contained
in a fluid. J. Magnetism and Magnetic Materials 2002,
249: 357-367 describes the use of nanoporous membranes
partially filled with magnetic hollow wires to
separate magnetic beads present in a fluid. The
magnetic beads, previously loaded with specific
biological entities, are separated by passing the
fluid containing the magnetic beads through the
membrane while applying an external magnetic field in
order to magnetize the ferromagnetic cylinders, and
therefore the biological entities bound to the
magnetic beads are trapped on the walls of the
capillaries while the unbound units are passed
through. J. Magnetism and Magnetic Materials 2005,
293: 671-676 describes the sensitivity of glass
covered amorphous microwires to the Giant
Magnetoimpedance effect (GMI) for the detection of
magnetic microparticles settled on and near its
surface when a magnetic field is applied. Themicrowire
is covered with a polymer containing specific
bioreceptors for the target biomolecules present in
the surface of the magnetic microparticles which are
subsequently detected. WO 2005/101464 relates to
metallic glass coated microwires wherein the
biochemical reagents and enzymes of the PCR reaction
are encapsulated or loaded into nano- or micropores
etched on the glass surface that is either a part of
the glass-coated microwire or is deposited thereon by
dipping, spraying, or some other method. SUMMARY OF
THE INVENTION The problem to be solved by the present
invention is to provide an improved method for
purification, separation, detection, modification
and/or immobilization of target chemical entities or
target biological entities present in a fluid avoiding
or minimizing some of the inconveniences above
mentioned for other methods. The solution is based on
the provision of a method carried out using a static
support bed containing one or more microwire supports
secured by their ends as stationary phase, said
microwire supports being suitable for the attachment
of target chemical entities or target biological
entities. Accordingly, a first aspect of the present
invention relates to a static support bed (SSB) for
purification, separation, detection, modification,
and/or immobilization of target chemical entities or
target biological entities present in a fluid, where
said static support bed comprises one or more
microwire supports secured by their ends, these
microwire supports having a multilayer structure
segregated into a central core and one or more coating
layers, and being suitable for the attachment of
target chemical entities or target biological
entities, with the proviso that if a magnetic field is
acting upon said static support bed then the magnetic
field is not used to separate and/or detect
magnetically susceptible particles present in the
fluid through the magnetic interaction established
between the microwire supports and said magnetically
susceptible particles. The microwire supports are also
subject-matter of the invention. Thus, asecond aspect
of the invention relates to the microwire supports
which are integrated in the static support bed of the
invention, having the features mentioned above, thus
said microwire supports have a multilayer structure
segregated into a central core and one or more coating
layers, wherein the surface of the microwire is
modified by: a) attachment of ligands; or b) by
coating it with a functional coating, with the proviso
that the functional coating is not a polymeric
coating. A third aspect of the invention relates to a
method for purification, separation, detection,
modification, and/or immobilization of target chemical
entities or target biological entities present in a
fluid, using the static support bed defined above,
wherein said method comprises: a) loading a sample
fluid containing the target chemical entities or
target biological entities into the inner volume of a
channel containing the static support bed; b)
attaching the target chemical entities or target
biological entities on the microwire supports of the
static support bed; c) optionally, carrying out a
chemical or biological 



modification on the target entity, such as a
biocatalytical modification of the target molecule; d)
optionally, washing the channel and discharging
undesired components and impurities of the sample
fluid; and e) eluting the resulting chemical entities
or the resulting biological entities, with the proviso
that if a magnetic field is acting upon said static
support bed then the magnetic field is not used to
separate and/or detect magnetically susceptible
particles present in the fluid through the magnetic
interaction established between the microwire supports
and said magnetically susceptible particles. This
method is particularly useful for the separation,
purification and/or modification of biomolecules such
as proteins, glycoproteins, nucleic acids, such as
RNA, DNA, cDNA, oligonucleotides and plasmids,
peptides, hormones, antigen, antibodies, lipids and
complexes including one or more of these molecules.
Definitions In the following the term "biological
entity" is intended to include components of
biological origin. It includes animal, plant, fungi,
or microbial cells, tissue cultures, antibodies,
antibiotics, antigens, plasmids,
oligonucleotides,peptides, hormones, coenzymes,
enzymes, proteins, either naturally or recombinantly
produced, glycosylated or not, cellular components,
nucleic acids, viruses, carbohydrates, body fluids,
blood components, microorganisms, and derivatives
thereof, or parts thereof as well as any other
biological molecule of interest. As used herein, the
term "chemical entity" includes any organic or
inorganic compound, including drugs. As used herein,
the term "purification" refers to the process of
separating a substance of interest from foreign or
contaminating elements in a sample by removing
impurities. As used herein, the term "separation"
refers to a process that transforms a mixture of
substances into two or more compositionally-distinct
products. As used herein, the term "modification"
refers to an alteration in the structure of a molecule
by chemical or biological means. As used herein, the
term "immobilization" refers to the act of attaching
by covalent or non-covalent forces a chemical compound
or a biomolecule. Immobilization of cells, to produce
vaccines, proteins, eukaryotic genes, tissue grafts,
proteins from recombinant DNA, etc. is a particular
use of the microwires of the present invention. As
used herein, the term "maximum cross-sectional
dimension" of any given object refers to the maximum
distance found between any two given points contained
within the largest perimeter defined by the
intersection of the object and a plane perpendicular
to the longest dimension of the object. The term
"microwire", as used herein, refers to a solid, i.e.
not hollow, thin element, which may be of circular or
non-circular cross-section, and which has a maximum
cross-sectional dimension smaller than 1000 mm. The
terms "microwire" and "microwire support" are used
indistinctly in this document. As used herein the term
"static support bed" refers to a matrix composed of
one or more microwire supports, grouped together in a
recurring pattern andimmobilized by either end. The
term "bundle of microwire supports", as used herein,
refers to a plurality of microwire supports, i.e. more
than one microwire support grouped together in a
recurring pattern. DETAILED DESCRIPTION OF THE
INVENTION: An important issue in present day
industrial processes is scalability limitation due to
the technology applied. This limitation may cause that
a successful process at small laboratory scale fails
to yield the expected results when applied at large
industrial scale. Therefore, the dimensions of static
support bed devices, according to the present
invention, preferably cover the range from 0.5 cm of
maximum crosssectional dimension and 0.5 cm in length
to 1.5 m of maximum crosssectional dimension and 10 m
in length. However, due to the high capacity of static
support bed technology, the use of very large static
support bed devices is very rare therefore, more
preferably dimensions of static support bed devices
for industrial processes cover the range from 0.5 cm
of maximum 



cross-sectional dimension and 5 cm in length to 50 cm
of maximum crosssectional dimension to 1.5 m in
length. One of the advantages of static support bed
technology is its ability to provide large available
surface area combined with high porosity within the
boundaries of a static support bed device. This
advantage results from the filamentous shape of the
microwire supports employed in this invention i.e.,
given a particular porosity of the static support bed
device, larger available surface area will be provided
within the static support bed device when thinner
microwire supports are employed. However, thicker
microwire supports are more resistant to fracture, for
this reason large devices or harsh process conditions
require the use of thicker microwire supports. The
length of the microwire supports is not particularly
restricted to any specific range, insofar as generally
it is equal to or larger than the length of the column
or reactor. Nevertheless, the above mentioned
considerations result in the convenience of using the
microwire supports having preferably amaximum
cross-sectional dimension in the range of 1 mm to 1000
mm and, to maintain their filamentous shape, a length
to maximum cross-sectional dimension ratio larger than
5. More preferably, their maximum cross-sectional
dimension is in the range of 1 mm to 100 mm and the
length to maximum cross-sectional dimension ratio is
larger than 50. Even more preferably, the length to
maximum cross-sectional dimension ratio is larger than
500. Most preferably, the length to maximum
cross-sectional dimension ratio is larger than 1000.
Static support bed technology, as described herein, is
most advantageous when applied to the processing of
large fluid volumes, fast flowing fluids, viscous
fluids and fluids with solids in suspension. In any of
these four instances, application of existing
technologies results either in low productivity or in
limiting backpressure. Backpressure arises when the
processing device interposed in the flow of the fluid
that is being processed exerts resistance to the flow.
This resistance is the consequence of the large
viscosity or large flow speed applied compared to the
porosity at any given cross-section of the device. The
porosity of the device is affected by the design of
the device, the size and geometry of the supports
contained within the device and also by the filtering
effect on solids in suspension that accumulate within
the device and reduce the effective porosity of the
device. In static support bed technology microwire
supports are secured by either end to provide a static
support bed where the spatial distribution of
microwire supports remains stable independently of the
nature of the fluid applied or the velocity of the
flow applied. The securing of the ends results in
adjacent microwire supports forming a particular
angle. In order to avoid backpressure and filtering
effect on solids in suspension, the most convenient
arrangement of the microwire supports within the
static support bed device is when adjacent microwire
supports form an angle of cero degrees with each
other. However, it is important that solids of
dimensions larger than the distance between adjacent
microwire supports pass unhindered through the bed by
pushing away adjacent microwire supports and
distorting temporarily the spatial distribution of
adjacent microwire supports what results in adjacent
microwires forming an angle of up to ten degrees.
Moreover, design andconstruction limitations may
require increasing the angle between adjacent
microwire supports up to forty-five degrees.
Therefore, according to a preferred embodiment of the
present invention, any given individual microwire
support forms an angle between 0  and 45  with any
other neighboring microwire support. More preferably,
any given individual microwire support forms an angle
between 0  and 10  with any other neighboring
microwire support. In a preferred embodiment, the
microwires are placed in the column or reactor in such
a manner that they are completely extended from one
end to the other end of the column or reactor,
immobilized by their ends, and the feeding flow runs
through one end to the other end. In a particularly
preferred embodiment, the microwire supports are
placed in such a way that the feeding flow makes an
angle between 0 and 45 with the microwire supports. 



Nevertheless, other dispositions may be allowed. The
total coverage of the inner volume of the column or
reactor with microwire supports requires a uniform
distribution throughout the column or reactor of the
microwire supports, as such or grouped in bundles.
This uniform distribution can be achieved by
immobilizing the microwire supports or bundles by
their ends, on either end of the column or reactor in
such a way that the immobilized ends form a grid,
zigzag or parallel lines pattern on either end of the
column or reactor. Accordingly, the SSB are placed
within the column or reactor in an optimised
distribution pattern to achieve the desired values of
scale and uniform bed porosity. These values are kept
constant throughout the life spam of any SSB device.
In a preferred embodiment of the invention, the
microwire supports of the static support bed have a
central core and coating layers made of different
materials. Therefore, the microwire supports according
to this preferred embodiment, does not present a
hollow structure, unlike the hollow-fiber like wires.
The materials of the central core and the coating
layers are selected from the group consisting of
glass, metallic, ceramic, polymeric and plastic
material. In a more preferred embodiment, the central
core of said microwiresupports is made of metal, and
at least one coating layer is made of glass. The
metallic core of the microwire supports may have an
amorphous and/or crystalline microstructure.
Preferably, the metallic core has an amorphous
microstructure. In a preferred embodiment, the core of
the microwire supports is made of a metal, metallic
alloys or combinations of at least one metal and a
metal alloy. Preferred metals used as such or in
alloys are cupper, gold, silver, platinum, cobalt,
nickel, iron, silicon, germanium, boron, carbon,
phosphorus, chromium, tungsten, molybdenum, indium,
gallium, lead, hafnium and zirconium. In a more
preferred embodiment, the core of the microwire
supports consists of an alloy containing cobalt, iron,
nickel, chromium, boron, silicon and molybdenum.
Examples of composition of cores particularly
preferred in the present invention are those included
in Table 1. Table 1.The vitreous coating composition
may comprise metal oxides such as SiO2, AI2O3, B2O3,
Na2O and K2O, among others. In a preferred embodiment
of the invention, the surface of the microwire
supports is modified by attachment of ligands or by
coating it with a functional coating, therefore the
purification, separation, detection, modification,
and/or immobilization occurs through the attachment of
the target chemical entity or target biological entity
to the functional coating or to the ligand present in
the surface of the microwire supports. In a preferred
embodiment of the invention, the surface of the
microwire supports is suitably modified by coating the
surface with a proteic, gelatin, or collagen coating.
Therefore, in this case, the surface of the microwire
support is suitably modified by a functional coating.
Thus the term "functional coating", as used herein,
refers to a coating which may interact by covalent or
non-covalent coupling with the target entity. In
another preferred embodiment of the invention, the
surface of the microwire supports is suitably modified
by attachment of a ligand to the surface of the
microwire support, directly or through a linker.
Preferred ligands are those selected from the group
consisting of cells, biological tissues, antibodies,
antibiotics, antigens, nucleic acids, peptides,
hormones, coenzymes, biological catalysts, chemical
catalysts, chemical reactants, lipids, sugars, amino
acids, proteins, nucleotides, a compound containing a
functional group selected from the group consisting of
diethylaminoethyl, quaternary aminoethyl, quaternary
ammonium, carboxymethyl, sulphopropyl, methyl
sulphonate, butyl, octal, and phenyl, and mixtures of
them. Particularly preferred ligands are cells,
biological tissues, antibodies, antibiotics, antigens,
nucleic acids, peptides, hormones, coenzymes,
biological catalysts, chemical catalysts, chemical
reactants, lipids, sugars, aminoacids, proteins,
nucleotides, and mixtures of them. 



Preferred linkers are those selected from the group
consisting of polymeric coating, proteic coating,
gelatin coating, collagen coating, cells, antibodies,
antigens, nucleic acids, peptides, coenzymes, lipids,
sugars, aminoacids, proteins, nucleotides, cyanuric
chloride, quinine, p-mercurybenzoate, phenyl boronic
acid, and a compound containing a functional group
selected from thegroup consisting of aldehyde,
aromatic amine, nitrene, maleimide, carboxylic acid,
isocyanate, diethylaminoethyl, quaternary aminoethyl,
quaternary ammonium, carboxy methyl, sulphopropyl,
methyl sulphonate, butyl, octal, and phenyl, and
mixtures of them. The glass-coated microwires may be
prepared by any suitable method known in the art, such
as Taylor-Ulitovski method (Fizika Metallov I Metal
lovedeneie 1987, 67: 73). Different metallic
compositions of the core may be used, as well as
different compositions of the coating glass may be
used. A functionalized glass-coated microwire support
as defined above can be prepared by a process
comprising the following steps: (i) providing a
glasscoated microwire support; (ii) oxidizing its
surface; (iii) activating the surface of the resulting
oxidized microwire; and (iv) functionalizing with an
appropriate ligand through covalent or non-covalent
coupling of the ligand to the linker attached in step
(iii). Preferably the oxidation step (ii), involves a
treatment with H2O2ZNH3 aq. ( 1 :4) followed by a
treatment with H2SO4 cone, Other oxidizing conditions
can also be used (cf, J. Am. Chem. Soc; 2003, 125,
12096; Langimur, 2004, 20, 7753; Anal. Chem.; 1993,
65, 1635; J. Am. Chem. Soc; 1996, 118, 9033).
Preferably, the activation step (iii) comprises
attachment of a suitable linker to the surface of the
microwire which contains suitable functional groups
for covalent or non-covalent (electrostatic,
hydrophilic, hydrophobic or affinity interaction)
coupling to the ligand. The activating step (iii) of
the microwire supports, can be performed in a single
step or through several reaction steps. For example,
the activating step (iii) can be carried out by a
process comprising the following steps: (iii-1 )
reacting the oxidized microwire to a silane compound;
and (iii-2) reacting the resulting microwire product
of step (iii-1 ) to a compound containing a maleimide,
carboxylic or isocyanate group. Preferred silane
compounds are 3-aminopropyletoxisilane, 7-oct-1-
eniltriclorosilane and
3-isocianotepropyltrietoxisilane. The functional
ization step (iv) can be carried out by coupling the
linker attached to the surface of the microwire
supports to the ligand through electrostatic
interactions, hydrophilic interactions, hydrophobic
interactions,affinity interactions or covalent bonds.
That coupling can be achieved using any of the
following combinations: a) covalent coupling of
ligands: a.1 ) an amine function on the ligand linked
via imine bond to aldehyde function on the surface.
a.2) an amine function on the ligand bound via
nucleophilic substitution of the surface
functionalized with cyanuric chloride. a.3) an amine
function on the ligand bound via Michael additions to
quinone functions on the surface. a.4) a tyrosine or
histidine residue on the ligand bound through an azo
group to aromatic amines linked to the surface. a.5)
an amine residue on the ligand bound to a nitrene
function on the surface generated through
photochemical activation of phenylazide groups. a.6) a
thiol function on the ligand bound to
p-mercurybenzoate, iodoacetamide or maleimide groups
on the surface via siloxane bridging, disulfide bonds
or Michael addition. a.7) a cis-diol site (present on
the sugars of glycoproteins) on the ligand can be
bound to phenyl boronic acid groups on the surface.
a.8) carboxylic or isocyanate groups on the surface
bond to amine groups on the ligand. b) non-covalent
coupling of ligands: b.1 ) electrostatic interaction,
as for example the interaction through charged thiols
between a self-assembled monolayer of octadecylthiol
and dodecylthiol on the surface and fumarate reductase
b.2) hydrophilic or hydrophobic interactions, as for
example an ATPase 



embedded in a liposome bound to the surface through
the interaction of the liposome to a layer of
dimyristoylphosphatidylethanolamine on the surface.
b.3) affinity interactions, as for
example:antibody-labelled ligands bound to
antigen-coated surfaces, biotin-labelled ligands bound
to avidin or streptavidin coated surfaces,
glycoproteins bound to lectin coated surfaces,,
alpha-D-mannopyranose containing ligand bound to
concanavalin A coated surfaces, choline-binding domain
on the ligand bound to choline coated surfaces,
FAD-dependent enzyme bound to FAD (flavin adenine
dinucleotide)coated surfaces, and cofactor dependent
enzymes bound to cofactor analogue coated surfaces.
The static support bed adsorption method described
herein, can be used in different applications. Thus,
it can be used in a method: (i) as a biocatalytical
reactor by immobilizing enzymes on the surface of the
microwire supports; (ii) to modify target chemical or
biological molecules by use of a catalyst, whether
biocatalyst or not, bound to the surface of the
microwire support; (iii) to separate target chemical
or biological molecules from the fluid in which they
are contained, through the interaction of said target
chemical or biological molecules with interacting
entities bound to the surface of the microwire
support; (iv) to simultaneously separate and modify
target chemical or biological molecules contained in a
fluid through the action of a catalyst on said target
chemical or biological molecules while bound to an
interacting entity, being both the catalyst and the
interacting entity or only one of them bound to the
surface of the microwire support; (v) to immobilize
target chemical or biological molecules which further
interact with target chemical or biological molecules
contained in the fluid by any of the means described
above; (vi) to modify the composition of a fluid
through the activity of cells on the components of
said fluid, being said cells bound to the surface of
the microwire support; (vii) to multiply the number of
dividing cells by having said cells divide on the
surface of the microwire support; (viii) to modify the
composition of a fluid by exchanging target chemical
or biological molecules contained in said fluid with
target chemical orbiological molecules bound to the
surface of the microwire support; (ix) to develop
chemical reactions involving one or more than one step
through the action of one or more than one agent on
molecular entities bound to the surface of the
microwire support, i.e. as solid phase synthesis
support; (x) to modify the physical properties of a
fluid through the activity of different entities
immobilized on the surface of the microwire support or
through the action of physical forces conveyed to the
fluid though the microwire support; (xi) to purify
plasmid DNA through the interaction of said plasmid
DNA with the surface of microwire supports
functionalized with suitable oligonucleotides which
are complementary to a target sequence inserted into
the plasmid DNA; (xii) for biocatalytical modification
of plasmids through functionalization of the surface
of the microwire supports with suitable
oligonucleotides which are complementary to a target
sequence inserted into the plasmid, and a restriction
enzyme and a ligase enzyme; (xiii) for immobilization
and cultivation of cells on the surface of the
microwire supports. These microwires with immobilized
cells on their surface may be used as biofermentor for
cell growth; (xiv) for solid-phase PCR by
immobilization of suitable primers for that method.
(xv) to decontaminate of fluids by inmobilizing
contaminating agents on the surface of the microwire
supports. (xv) for any of the above mentioned
applications when dealing with viscous fluids with
high concentration of solids in suspension and/or with
high-speed flow. 



In a particular embodiment of the method, a magnetic
field or electric current is applied through the
static support bed, to aid achieving proper agitation
of the microwire support and elution of bound
substances on the surface of themicrowire support or
to adjust the temperature of the microwire support.
When an electric current is applied through the
microwires, the temperature of the static support bed
can be regulated. Furthermore, when a magnetic field
is applied to the static support bed, the method of
the present invention can be used to separate
magnetically susceptible particles from the fluid in
which they are contained through the magnetic
interaction established between the microwire support
and said magnetically susceptible particles. Compared
with other chromatographic methods known in the art,
the static support bed adsorption method described in
the present invention, has improved features as shown
in Table 2. Table 2.Therefore, a major feature of SSB
technology is its scalability. Microwire supports can
be produced at the desired length and assembled to
fill the desired column diameter. Besides standardised
sizes, the devices can be customised to meet
particular requirements. Furthermore, SSB technology
shows three major improvements: - reduced number of
downstream processing steps; - operational parameters
independent of flow velocity; - larger specific
surface area than particulated process supports. SSB
is a seamless technology that facilitates production
through improved processability: - better resolution
than competing technologies; - suitability for highly
viscous liquors and solids content; - abolished
leakage of support particles to the product.
Therefore, according to the method for purification,
separation, detection, modification, and/or
immobilization of target chemical entities or target
biological entities present in a fluid as described
herein, the fluid containing the target entities is
passed through the SSB device, then the target
entities will specifically bind to the functional
coating of the modified surface of the microwire
supports, and/or interact with the ligands present in
the surface of the microwire supports, while
impurities and the fluid will pass by unhindered. If
necessary, a chemical or biological modification can
be carried out on the target entity. Optionally,
additional steps of washing the channel and
discharging undesired components and impurities of the
sample fluid can be carried out and finally the
resulting chemical entities or the resulting
biological entities are eluted or desorpted and
recovered. In a preferred embodiment, microwire
supports provide an excellent surface for growth of
adherent cells. Disposable SSB devices are designed to
provide sterile growth surface and continuous supply
of fresh culture media. The system is suitable for
continuous extracellular protein production and for
cell production following a harvesting step.In another
preferred embodiment, the use of SSB as solid support
for solid phase synthesis shows an increase of the
productivity of solid phase synthesis by providing
higher specific area and faster flow conditions with
improved processability. Throughout the description
and claims the word "comprise" and variations of the
word, such as "comprising", is not intended to exclude
other technical features, additives, components, or
steps. Additional objects, advantages and features of
the invention will become apparent to those skilled in
the art upon examination of the description or may be
learned by practice of the invention. The following
examples are provided by way of illustration, and are
not intended to set the limits of the present
invention. EXAMPLES Example 1. Example of microwire
support production The production of a continuous
microwire support with an external diameter of 24.4
micrometers is described: A glass tube with an
external diameter of 7 to 10 mm and wall thickness of
1.0 to 1.4 mm filled with a metallic alloy consisting
of 69 % cobalt, 4 % iron, 1 % nickel, 13 % boron and
11 % silicon was fed at a feeding speed between 0.9 



and 1.5 mm min-1 to the induction oven of a microwire
production machine. The oven temperature was set
between 1,260 and 1,330 0C. The resulting
metal-filled, microwire support was cooled with
running water and wound at a winding speed between 150
and 250 m min 1 to form a spool that was stored at
room temperature until use. The thickness of the glass
layer of the microwire support and the total diameter
of the microwire support can be modified by adjusting
the temperature of the induction oven, the winding
speed and the feeding speed. Example 2. Production of
EcoR l-activated microwire support (C-S bond):The
microwire support was treated with a mixture of seven
volumes of sulphuric acid and three volumes of 30 %
hydrogen peroxide for thirty minutes at room
temperature. The support was then thoroughly rinsed in
running water, then in ethanol and then in chloroform.
Finally the support was dried in a nitrogen stream.
Then the microwire support was treated with 2 %
(3-aminopropyl)triethoxisylane in water under nitrogen
atmosphere at room temperature. Then the support was
rinsed in dichloromethane and exposed to a nitrogen
stream. Following an ethanol wash, the microwire
support was treated with 2 mM 4-maleimidobutyric acid
N-hydroxysuccinimide ester in ethanol for 16 h and
rinsed in ethanol. The microwire support was then
treated with 600 units of EcoR I enzyme per meter of
microwire support in TE buffer, pH 8.0 (0.1 M
tris(hydroxymethyl)aminomethane and 1 mM
ethylendiaminetetraacetic acid in water; pH adjusted
to 8.0 with hydrochloric acid) for 16 h and washed in
TE buffer. Example 3. Application of EcoR l-activated
microwire support to the treatment of a EcoR I
sensitive plasmid 2.5 ug ml_ 1 of pCMS-EGFP plasmid
(BD Biosciences, Catalogue number 6101-1 ) containing
a unique target site for EcoR I enzyme was exposed to
the activity of EcoR l-activated micro-wire support
for 4 hours in an aqueous solution containing 50 mM
NaCI, 100 mM tris(hydroxymethyl)aminomethane, 10 mM
MgCI2 and 0,025 % Triton X-100 at pH 7.5 and 37 0C.
The activity of the EcoR l-activated micro-wire
support on the plasmid molecules was analyzed by
agarose gel electrophoresis. Non-activated microwire
support was used as negative control. Electrophoretic
analysis of the activity of EcoR l-activated
micro-wire support on the plasmid molecules 600 ml_
samples of the supernatant obtained following
treatment with EcoR Iactivated micro-wire support were
precipitated in 70 % ethanol, solubilised in water and
electrophoresed for 40 minutes at 10.5 Vcm 1 in a 0.8
% agarose gel in TAE (0.04 M
tris(hydroxymethyl)aminomethane; 0.001 M
ethylenediamine tetraacetic acid, pH adjusted to 8.5
with glacial acetic acid), using TAE as running
buffer. The gel was stained in 0.5 mg ml_ 1 Ethidium
bromide in TAE for 20 minutes and observed under
ultraviolet light. OnlyEcoR l-activated micro-wire
support had any effect on the plasmid molecules.
Example 4. Production of avidin-activated microwire
support (Amida bond and Urea bond): The microwire
support was incubated for 20 minutes in a solution
consisting of 1 volume of 33 % hydrogen peroxide and 4
volumes of concentrated ammonia. The microwire support
was then washed three times in water and treated twice
with concentrated sulphuric acid for 30 minutes. The
microwire support was then thoroughly rinsed in water
and sonicated for 10 minutes in water, rinsed in
ethanol and dried in a nitrogen stream. Then two
different procedures, Procedure 1 or Procedure 2, were
followed to obtain the avidinactivated microwire
support. Procedure 1 (Amida bond): The microwire
support was then incubated in dichloromethane
containing 2 % of 7-oct-i-enyltrichlorosil for 16
hours at room temperature under nitrogen atmosphere
and then rinsed first in dichloromethane, second in
methanol and finally in water. The resulting microwire
support was incubated in an aqueous solution of 0.5 mM
KMnO4, 14.7 mM NaIO4 and 3 mM K2CO3 for 24 hours and
then washed in water and treated with an aqueous
solution of 0.05 M NHydroxysuccinimide and 0.2 M
N-(3-Dimethylaminopropyl)-N ' - 



ethylcarbodiimide hydrochlorade for 7 minutes. The
microwire support was then rinsed in phosphate buffer
saline (PBS) pH 7.0 and incubated for 16 hours in PBS
containing 0.2 mg ml_ 1 avidin. The avidin-activated
microwire support was washed in water, then in 20 %
ethanol, dried in a nitrogen stream and kept at room
temperature until use. Procedure 2 (Urea bond): The
microwire support was then treated with 2 %
3-(lsocyanatopropyl)- triethoxysilane in
Dichloromethane at room temperature for 16 hours under
nitrogen atmosphere. The resulting microwire support
was incubated in Dimethylformamide containing 0.2 mg
ml_ 1 avidin for 1 hour at room temperature and
thoroughly washed in water.Example 5. Application of
Avidin-activated microwire support to the
immobilization of biotin-bound substrates The ability
of avidin-activated microwire support to bind biotin
was analyzed in the following way. Avidin-activated
microwire support was incubated with
fluorescein-biotin conjugate in Phosphate buffered
saline (PBS) for 45 minutes at room temperature. Then
the support was washed in PBS and the fluorescence
emitted by the biotin-bound fluorescein on the surface
of the avidin-activated microwire support was observed
in a microscope under ultraviolet light. Non-activated
microwire support was used as negative control.
Example 6. Production of oligonucleotide-activated
microwire support: Procedure 1 (Amida bond): The
microwire support was incubated for 20 minutes in a
solution consisting of 1 volume of 33 % hydrogen
peroxide and 4 volumes of concentrated ammonia. The
microwire support was then washed three times in water
and treated twice with concentrated sulphuric acid for
30 minutes. The microwire support was then thoroughly
rinsed in water and sonicated for 10 minutes in water,
rinsed in ethanol and dried in a nitrogen stream. The
microwire support was then incubated in
dichloromethane containing 2 % of 7-oct-1-
enyltrichlorosil for 16 hours at room temperature
under nitrogen atmosphere and then rinsed first in
dichloromethane, second in methanol and finally in
water. The resulting microwire support was incubated
in an aqueous solution of 0.5 mM KMnO4, 14.7 mM NaIO4
and 3 mM K2CO3 for 24 hours and then washed in water
and treated with an aqueous solution of 0.05 M
NHydroxysuccinimide and 0.2 M
N-(3-Dimethylaminopropyl)-N ' - ethylcarbodiimide
hydrochlorade for 7 minutes. The microwire support was
then rinsed in phosphate buffer saline (PBS) pH 7.0
and incubated for 16 hours in PBS containing 10 nmol
of H2N-d(CTT)7 oligonucleotide per square meter of
microwire support surface. The
oligonucleotide-activated microwire support was washed
in water, then in ethanol, dried in a nitrogen stream
and kept at room temperature until use. Procedure 1
(avidin - biotin bridge):Alternatively,
oligonucleotide-activated microwire support was
produced by incubating avid in-activated microwire
support in phosphate buffered saline (PBS), pH 7.5
containing 0.2 mM biotin-d(CTT) 7 oligonucleotide for
45 minutes followed by a wash step in PBS. Example 7.
Application of microwire support as substrate for cell
growth Sterile microwire support was incubated for two
hours in a vessel containing culture medium for
eukaryotic cell growth. All the process was carried
out in sterility conditions. Then, a suspension of a
eukaryotic cell line at 1.5X1 06 cells per ml_ was
poured into the vessel containing the microwire
support and incubated at 37 0C overnight in a 5 % CO2
atmosphere. The following day the culture medium was
replaced with fresh medium and the vessel was
connected to a pumping system for continuous
replacement of the medium. Cell growth on the surface
of the microwire support was confirmed by direct
observation of the cells on the microwire support
surface under the microscope. Example 8. Application
of microwire supports to the construction of static
support bed (SSB) devices In order to produce the
microwire support based device, the static support bed
(SSB) device, the microwire support was arranged in
such a way that a 



number of continuous, parallel microwire support
elements were aligned from top to bottom of every
functional unit of the device, being a functional unit
the length of the device that only contains whole
microwire support elements and being a microwire
support element every distinct length of microwire
support that goes from top to bottom of a functional
unit. The inlet of the microwire support device was
connected to the feed-containing vessel through
silicon tubing and the outlet of the device was
connected, also through silicon tubing, to a three-way
valve that led either to the product reservoir or to
the waste depending on the regulation of the valve.
Example 9. Application of oligonucleotide-activated
microwire support to the purification of plasmid
DNATwo oligonucleotides, d[GATC(GAA) 17GTATACT] (SEQ
ID NO:2) and d[GATCAGTATAC(TTC)i 7] (SEQ ID NO:3)
where 5'-phosphorylated and annealed together to form
a double stranded DNA affinity sequence. Plasmid
pCMS-EGFP/GAA17 was constructed by inserting the DNA
affinity sequence SEQ ID NO:2, into the BgI Il
restriction site of pCMS-EGFP.
Oligonucleotideactivated micro-wire support was
equilibrated for 30 minutes in Binding buffer (2 M
NaCI, 0.2 M Sodium acetate, pH 4.5). Then the
oligonucleotide-activated micro-wire support was
incubated for two hours in Binding buffer containing
10 mg mL-1 plasmid pCMS-EGFP/GAA17 at room
temperature. Plasmid pCMS-EGFP/GAA17 contains a
(GAA)17 nucleotide sequence (SEQ ID No.:4) that binds
to the (CTT)7 oligonucleotide sequence (SEQ ID NO:1 )
on the oligonucleotide-activated microwire support.
The support was then washed in Binding buffer and a
sample was withdrawn for microscopy analysis. The
support was then incubated for 1 hour in Elution
buffer ( 1 M tris(hydroxymethyl)aminomethane; 0.05 M
ethylenediamine tetraacetic acid, pH 9.5). The
material recovered in the Elution buffer contained 1.2
mg ml_ 1 of plasmid pCMS-EGFP/GAA17 as determined by
spectrofluorometry. Plasmid pCMS-EGFP, which is devoid
of the complementary nucleotide sequence (GAA)17 , was
used as negative control. Analysis of plasmid-loaded
micro-wire support: Oligonucleotide-activated
micro-wire support loaded with plasmid pCMSEGFP/ GAA17
as described above was washed in Visualisation buffer
(0.1 M NaCI, 0.02 M Sodium acetate, pH 4.5). Then the
support was incubated for 10 minutes in a 1:400
dilution of PicoGreen (Molecular Probes; USA), a
DNAbinding fluorescent reagent, in Visualisation
buffer. The support was then washed in Visualisation
buffer and observed in a microscope under fluorescent
light. Only oligonucleotide-activated micro-wire
support treated with pCMS-EGFP/GAA17 plasmid showed
fluorescence due to the emission of light from
DNA-binding fluorescent reagent bound to plasmid
pCMSEGFP/ GAA17 on the surface of the support. Example
10. Application of SSB adsorption to the modification
of immobilized plasmid DNA molecules A microwire
support activated with d(CTT) 7 oligonucleotide and
BsrB Irestriction enzyme was arranged to form a static
support bed (SSB) device and this SSB device was
connected to vessels using silicon tubing, a pump and
a valve as described in previous examples. Binding
buffer (2 M NaCI, 0.2 M Sodium acetate, pH 4.5)
containing 10 mg ml_ 1 plasmid pCMSEGFP/ GAA17, which
contains two target sites for BsrB I enzyme and a DNA
sequence complementary to (CTT)7, was pumped through
the system at room temperature for two hours at 1 cm
min 1 . Then the feed of the system was changed to
Restriction buffer (0.1 M NaCI, 0.02 M Sodium acetate,
10 mM MgCI2, pH 5.5) for 2 hours. Then the feed of the
system was changed to Elution buffer ( 1 M
tris(hydroxymethyl)aminomethane; 0.05 M
ethylenediamine tetraacetic acid, pH 9.5) while
magnetic shaking was applied as described in following
examples. The effect of the activated-SSB on the
plasmid molecules was assessed by measuring the size
of the resulting DNA fragments in an agarose gel
following treatment of the modified molecules of
plasmid pCMS-EGFP/GAA17 with EcoR I. Example 11.
Particulate material separation on SSB devices The
system can be used to separate particles from the
fluid in which they are contained as described in the
following example: 



A SSB device based on microwire support was built as
described above. This device was set in a system as
described in previous examples. A suspension of
magnetic particles in water was continuously pumped at
a flow of 1mL min- 1 through the SSB device while an
external magnetic field was applied using fixed
magnets. When the magnetic particles are settled on
the surface of the microwire support, the magnetic
particles can be detected through their magnetic
interaction with the microwire support. When the
concentration of magnetic particles breaking through
the SSB device was the same as that of the feeding
suspension as measured by turbidimetry, the inlet flow
was changed to water and the external magnetic field
was eliminated by withdrawing the magnets. The
magnetic particles were recovered in the product
reservoir of the SSB system. Example 12. Magnetic
shaking of the static support bed A magnetic shaking
procedure has been devised to aid during the elution
orde-sorption step from the microwire support during a
static support bed process. This is exemplified in the
following description: an oligonucleotideactivated
static support bed was arranged as described for the
production of microwire support devices. A 10 mg ml_ 1
plasmid pCMS-EGFP/GAA17 solution in Binding buffer (2
M NaCI, 0.2 M Sodium acetate, pH 4.5) was recirculated
through the system by pumping at 1 ml_ min 1 for two
hours. Then the flow was changed to Washing binding
buffer (0.1 M NaCI, 0.02 M Sodium acetate, pH 4.5) for
5 minutes. Then a shaking movement was applied to the
SSB by applying an oscillating external magnetic field
while the inlet flow was changed to Elution buffer ( 1
M tris(hydroxymethyl)aminomethane; 0.05 M
ethylenediamine tetraacetic acid, pH 9.5). The
material recovered in the eluate contained 2.1 mg ml_
1 plasmid pCMS-EGFP/GAA17 as measured by
spectrofluorometry. Example 13. Solid phase synthesis
of DNA on SSB using temperature shifts induced by
applying electric current through the microwire
support Primer-activated microwire support was
produced as described in previous examples for
oligonucleotide-activated microwire support with the
only difference of the substitution of
H2N-d(TTTGTGATGCTCGTCAGGG) oligonucleotide (SEQ ID
NO:5) for H2N-d(CTT) 7 oligonucleotide (SEQ ID NO:1 )
. This primer-activated microwire support was used to
produce a static support bed (SSB) as described in
previous examples. The metallic core of all the
microwire support elements in one end of the static
support bed were connected to the positive pole of a
power supply, while the metallic core of all the
microwire support elements in the other end of the
static support bed were connected to the negative pole
of the power supply. This SSB was arranged in such a
way as to produce a SSB device as described in
previous examples where the electric connections of
either end of the bed were electrically isolated from
the inner space of the SSB device. By applying
different electric current between the poles, the
temperature of the SSB could be regulated between 30
0C and 95 0C. Two thermostatic devices were connected
to the ends of the SSB device, in such a way that the
temperature of the inflowing and outflowing liquid
could be adjusted between 30 0C and 95 0C. These
devices consisted of water filled coils surrounding
the outlet tubing connected to the SSB device. An
aqueous solution at pH 8.8 containing 200 mM dNTP,20
mM Tris-HCI, 10 mM KCI, 10 mM (NH4 2SO4, 0,1 % Triton
X-100, 0.3 unit mL Taq DNA polymerase, 0.5 mM
d(TTTGTGATGCTCGTCAGGG) (SEQ ID NO:5) and 1 pg ml_ 1 of
a linear double stranded DNA fragment containing the
sequence TTTGTGATGCTCGTCAGGGAATTC (SEQ ID NO:6) on the
5' end and the sequence GAATTCCCTGACGAGCATCACAAA (SEQ
ID NO:7) on the 3' end, was continuously recirculated
through the system described above while 30
temperature shift cycles, each consisting of 2 minutes
at 90 0C, 2 minutes at 55 0C and 5 minutes at 72 0C,
were applied. Then 1 unit ml_ 1 EcoR I enzyme was
added to the solution contained on the system and the
temperature was kept at 37 0C for 1 hour. Finally the
solution contained in the system was recovered and
applied to a gel filtration chromatography system to
separate the amplified double stranded DNA fragment
from the enzymes and residual reaction components. 



Example 14. Application of microwire supports to the
construction of a static support bed (SSB) device for
cell growth Thirteen bundles of microwire supports
were produced in the following way: microwire supports
11 cm in length were arranged in 13 groups of 100
parallel microwire supports per group. A bundle was
produced from each of the groups of microwire supports
by binding together the ends on one side of the
microwire supports and applying melted plastic
material. Then the same procedure was applied at the
other end of the microwire supports. Eight filter
membranes with 0.2 mm pore size, 10.75 cm long and the
shape of hollow fibers with a lumen of 0.5 mm were
prepared so that the lumen at one of the ends of every
fiber was blocked by collapsing the fiber at that end
while the other end remained open. Then the bundles
and the filter membranes were aligned parallel to each
other so that four filter membranes had the open end
on one side of the alignment and the other four had
the open end on the other side. Then all the ends on
one side of the alignment were embedded in a plastic
disc 15 mm in diameter and 5 mm thick. The ends on the
other side of the alignment were embedded in a disc
similar to the previous one but perforated in the
centre to produce an inoculation port consisting of a
1 mm hole through the disc. The ends of the bundles
went though the discs exactly to the point that the
surfaceat the other side of the disc was reached. Open
ends of filter membranes went through the discs
exactly to the point were the open end was available
from the other side of the disc. Closed ends of filter
membranes went through the disc half the distance
between both sides of the disc. This arrangement
containing the bundles, filter membranes and discs was
sterilised and the hole on the disc was sealed with a
removable seal. The arrangement was then introduced in
sterility conditions in a sterile 11 cm long glass
cylinder with a 15 mm internal diameter. Then the
discs and the openings of the glass cylinder were
sealed together to form the Cell growth SSB device.
The end of the Cell growth SSB device with the
non-perforated disc was connected under sterile
conditions to silicon tubing and culture media at 37
0C and saturated in a 5 % CO2 atmosphere was fed
upwards through the tube until the Cell growth SSB
device was partially filled. Then a suspension of a
eukaryotic cell line at 1.5X1 06 cells per ml_ was
injected into the Cell growth SSB device through the
inoculation port and the inoculation port was sealed.
Silicone tubing was connected to the open side of the
Cell growth SSB device and culture media at 37 0C and
saturated in a 5 % CO2 atmosphere was continuously fed
to the Cell growth SSB device.CLAIMS 1. A static
support bed for purification, separation, detection,
modification, and/or immobilization of target chemical
entities or target biological entities present in a
fluid, wherein said static support bed comprises one
or more microwire supports secured by their ends,
these microwire supports having a multilayer structure
segregated into a central core and one or more coating
layers, and being suitable for the attachment of
target chemical entities or target biological
entities, with the proviso that if a magnetic field is
acting upon said static support bed then the magnetic
field is not used to separate and/or detect
magnetically susceptible particles present in the
fluid through the magnetic interaction established
between the microwire supports and said magnetically
susceptible particles. 2. The static support bed
according to claim 1 wherein the surface of the
microwire is modified by: a) attachment of ligands; or
b) by coating it with a functional coating; wherein
such purification, separation, detection,
modification, and/or immobilization occurs through
attachment of the target chemical entity or target
biological entity to the functional coating or to the
ligand present on the surface of the microwire
supports. 3. The static support bed according to any
of the claims 1 to 2, wherein the central core and the
coating layers are made of a different material, being
the materials selected from the group consisting of
glass, metallic, ceramic, 



polymeric and plastic material. 4. The static support
bed according to claim 3, wherein the central core of
said microwire supports is made of metal, and at least
one coating layer of said microwire supports is made
of glass. 5. The static support bed according to any
of the claims 1 to 4, wherein said static support bed
has a maximum cross-sectional dimension in the range
of 0.5 cm to 1.5 m, and a length in the range of 0.5
cm to 10 m. 6. The static support bed according to
claim 5, wherein the maximum crosssectional dimension
is in the range of 0.5 cm to 50 cm and the length is
in the range of 5 cm to 1.5 m. 7. The static support
bed according to any of the claims 1 to 6, wherein the
microwire supports have a maximum cross-sectional
dimension in the range of 1 mm to 1000 mm and a length
to maximum cross-sectional dimension ratio larger than
5. 8. The static support bed according to claim 7,
wherein the microwire supports have a maximum
cross-sectional dimension in the range of 1 mm to 100
mm and a length to maximum cross-sectional dimension
ratio is larger than 50. 9. The static support bed
according to any of the claims 7 to 8, wherein the
microwire supports have a length to maximum
cross-sectional dimension ratio larger than 500. 10.
The static support bed according to any of the claims
7 to 9, wherein the microwire supports have a length
to maximum cross-sectional dimension ratio larger than
1000. 11. The static support bed according to any of
the claims 1 to 10, wherein any given individual
microwire support forms an angle between 0  and 45
with any other neighbouring microwire support. 12. The
static support bed according to claim 11, wherein the
angle between any given individual microwire support
and any other neighbouring microwire support is
between 0  and 10  . 13. The static support bed
according to any of the claims 1 to 12, wherein the
static support bed occupies the inner volume of a
channel. 14. The static support bed according to any
of the claims 1 to 13, wherein the surface of the
microwire supports is modified by coating the surface
with a functional coating selected from the group
consisting of polymeric, proteic, gelatin, or collagen
coating.15. The static support bed according to any of
the claims 1 to 13, wherein the surface of the
microwire supports is modified by attachment of a
ligand to the surface of the microwire support,
directly or through a linker. 16. The static support
bed according to claim 15, wherein the ligand is
selected from the group consisting of cells,
biological tissues, antibodies, antibiotics, antigens,
nucleic acids, peptides, hormones, coenzymes,
biological catalysts, chemical catalysts, chemical
reactants, lipids, sugars, aminoacids, proteins,
nucleotides, a compound containing a functional group
selected from the group consisting of
diethylaminoethyl, quaternary aminoethyl, quaternary
ammonium, carboxymethyl, sulphopropyl, methyl
sulphonate, butyl, octal, and phenyl, and mixtures of
them. 17. The static support bed according to any of
the claims 15 to 16, wherein the ligand is selected
from the group consisting of cells, biological
tissues, antibodies, antibiotics, antigens, nucleic
acids, peptides, hormones, coenzymes, biological
catalysts, chemical catalysts, chemical reactants,
lipids, sugars, aminoacids, proteins, nucleotides, and
mixtures of them. 18. The static support bed according
to claim 15, wherein the linker is selected from the
group consisting of polymeric coating, proteic
coating, gelatin coating, collagen coating, cells,
antibodies, antigens, nucleic acids, peptides,
coenzymes, lipids, sugars, aminoacids, proteins,
nucleotides, cyanuric chloride, quinine,
p-mercurybenzoate, phenyl boronic acid, and a compound
containing a functional group selected from the group
consisting of aldehyde, aromatic amine, nitrene,
maleimide, carboxylic acid, isocyanate,
diethylaminoethyl, quaternary aminoethyl, quaternary
ammonium, carboxymethyl, sulphopropyl, methyl
sulphonate, butyl, octal, and phenyl, and mixtures of
them. 



19. A microwire support for the integration in the
static support bed of any of the claims 1 to 18, said
microwire support having a multilayer structure
segregated into a central core and one or more coating
layers, wherein the surface of the microwire is
modified by: a) attachment of ligands; or b) by
coating it with a functional coating, with the proviso
that the functional coating is not a polymeric
coating.20. The microwire support according to claim
19, wherein the central core and the coating layers
are made of a different material, being the materials
selected from the group consisting of glass, metallic,
ceramic, polymeric and plastic material. 2 1. The
microwire support according to any of the claims 19 to
20, wherein the core of said microwire support is made
of metal and at least one coating layer is made of
glass. 22. The microwire support according to any of
the claims 19 to 2 1, wherein its maximum
cross-sectional dimension is in the range of 1 mm to
1000 mm and its length to maximum cross-sectional
dimension ratio is larger than 5. 23. The microwire
support according to any of the claims 19 to 22,
wherein its surface is modified by coating the surface
with a polymeric, proteic, gelatin, or collagen
coating. 24. The microwire support according to any of
the claims 19 to 22, wherein its surface is modified
by attachment of a ligand to the surface of the
microwire support, directly or through a linker. 25. A
method for purification, separation, modification,
and/or immobilization of target chemical entities or
target biological entities present in a fluid, using
the static support bed defined in any of the claims 1
to 18, said method comprising: a) loading a fluid
containing the target chemical entities or target
biological entities into the inner volume of a channel
containing the static support bed; b) attaching the
target chemical entities or target biological entities
to the microwire supports of the static support bed;
c) optionally, carrying out a chemical or biological
modification on the target entity; d) optionally,
washing the channel and discharging undesired
components and impurities of the fluid; and e) eluting
the resulting chemical entities or the resulting
biological entities; with the proviso that if a
magnetic field is acting upon said static support bed
then the magnetic field is not used to separate and/or
detect magneticallysusceptible particles present in
the fluid through the magnetic interaction established
between the microwire supports and said magnetically
susceptible particles. 26. The method according to
claim 25, wherein a electric current is applied to the
static support bed. 27. The method according to any of
the claims 25 to 26, wherein a magnetic field is
applied to the static support bed for shaking and/or
heating the system. 28. The method according to any of
the claims 25 to 27, for immobilization and
cultivation of cells. 29. The method according to
claim 28, wherein the step a) comprises loading a
culture media and a suspension of at least one cell
line, and optionally continuously loading a culture
media into the inner volume of the channel containing
the static support bed. 


