
BENZAMIDE DERIVATIVES AS EP4 RECEPTOR AGONISTS This
invention relates to benzamide derivatives, to
processes for their preparation, to pharmaceutical
compositions containing them and to their use in
medicine. The compounds of the present invention are
EP4 receptor agonists. A number of review articles
describe the characterization and therapeutic
relevance of the prostanoid receptors as well as the
most commonly used selective agonists and antagonists:
Eicosanoids; From Biotechnology to Therapeutic
Applications, Folco, Samuelsson, Maclouf, and VeIo
eds, Plenum Press, New York, 1996, chap. 14, 137- 154
and Journal of Lipid Mediators and Cell Signalling,
1996, 14, 83-87 and Prostanoid Receptors, Structure,
Properties and Function, S Narumiya et al,
Physiological Reviews 1999, 79(4), 1193-126. The EP4
receptor is a 7-transmembrane receptor and its natural
ligand is the prostaglandin PGE2. PGE2 also has
affinity for the other EP receptors (types EP1, EP2
and EP3) . The prostanoid EP4 receptor falls into a
group of receptors normally associated with elevation
of intracellular cyclic adenosine monophosphate (cAMP)
levels. The EP4 receptor is associated with smooth
muscle relaxation, intraocular pressure, pain (in
particular inflammatory, neuropathic and visceral
pain), inflammation, neuroprotection, lymphocyte
differentiation, bone metabolic processes, allergic
activities, promotion of sleep, renal regulation,
gastric or enteric mucus secretion and duodenal
bicarbonate secretion. Therefore EP4 receptor agonists
may be useful for the treatment of pain, inflammation
and other conditions associated with the EP4 receptor.
The EP4 receptor also plays an important role in
closure of the ductus arteriosus, vasodepression,
inflammation and bone remodeling as reviewed by
Narumiya in Prostaglandins & Other Lipid Mediators
2002, 68-69 557-73.A number of publications have
demonstrated that PGE2 acting through the EP4 receptor
subtype, and EP4 agonists alone, can regulate
inflammatory cytokines after an inflammatory stimulus.
Takayama et al in the Journal of Biological Chemistry
2002, 277(46), 44147-54 showed PGE2 modulates
inflammation during inflammatory diseases by
suppressing macrophage derived chemokine production
via the EP4 receptor. In Bioorganic & Medicinal
Chemistry 2002, 10(7), 2 103-21 10, Maruyama et al
demonstrate the selective EP4 receptor agonist
(ONO-AE1-437) suppresses LPS induced TNF-a in human
whole blood whilst increasing the levels of IL-10. An
article from Anesthesiology, 2002, 97,170-176 suggests
that a selective EP4 receptor agonist (ONO-AE1-329)
effectively inhibited mechanical and thermal
hyperalgesia and inflammatory reactions in acute and
chronic monoarthritis. Two independent articles from
Sakuma et al in Journal of Bone and Mineral Research
2000, 15(2), 2 18-227 and Miyaura et al in Journal of
Biological Chemistry 2000, 275(26), 19819-23, report
impaired osteoclast formation in cells cultured from
EP4 receptor knock-out mice. Yoshida et al in
Proceedings of the National Academy of Sciences of the
United States of America 2002, 99(7), 4580- 4585, by
use of mice lacking each of the PGE2 receptor EP
subtypes, identified EP4 as the receptor that mediates
bone formation in response to PGE2 administration.
They also demonstrated a selective EP4 receptor
agonist (ONO-481 9) consistently induces bone
formation in wild type mice. Additionally, Terai et al
in Bone 2005, 37(4), 555-562 have shown the presence
of a selective EP4 receptor agonist (ONO- 481 9)
enhanced the bone-inducing capacity of rhBMP-2, a
therapeutic cytokine that 



can induce bone formation. Further research by Larsen
et al shows the effects of PGE2 on secretion in the
second part of the human duodenum is mediated through
the EP4 receptor (Acta. Physiol. Scand. 2005, 185,
133-140). Also, it has been shown a selective EP4
receptor agonist (ONO-AE1 -329) can protect against
colitis in rats (Nitta et al in Scandinavian Journal
of Immunology 2002, 56(1 ) , 66-75).Dore et al in The
European Journal of Neuroscience 2005, 22(9), 2
199-206 have shown that PGE2 can protect neurons
against amyloid beta peptide toxicity by acting on EP2
and EP4 receptors. Furthermore Dore has demonstrated
in Brain Research 2005, 1066(1 -2), 7 1-77 that an EP4
receptor agonist (ONO-AE1 -329) protects against
neurotoxicity in an acute model of excitotoxicity in
the brain. Woodward et al in Journal of Lipid
Mediators 1993, 6(1 -3), 545-53 found intraocular
pressure could be lowered using selective prostanoid
agonists. Two papers in Investigative Ophthalmology &
Visual Science have shown the prostanoid EP4 receptor
is expressed in human lens epithelial cells
(Mukhopadhyay et al 1999, 40(1 ) , 105-1 2), and
suggest a physiological role for the prostanoid EP4
receptor in modulation of flow in the trabecular
framework of the eye (Hoyng et al 1999, 40(1 1) ,
2622-6). Compounds exhibiting EP4 receptor binding
activity have been described in, for example,
WO98/55468, WO00/1 8744, WO00/03980, WO00/1 5608,
WO001 6760, WO00/21 532, EP0855389, EP0985663,
WO02/50031 , WO02/50032, WO02/50033, WO02/064564,
WO03/1 03604, WO03/07791 0, WO03/086371 , WO04/03781
3, WO04/067524, WO04/085430, US20041 42969, WO05/021
508, WO05/1 05733, WO05/1 05732, WO05/080367,
WO05/03781 2, WO05/1 1601 0, and WO06/1 22403.
Derivatives of indoprofen such as [4-(1 -oxo-1
,3-dihydro-2H-benzo[f]isoindol-2-
yl)phenyl]-2-propionic acid, sodium salt have been
described by Rufer et. al. in Eur. J. Med. Chem. -
Chimica Therapeutica, 1978, 13, 193. The present
invention provides compounds of formula (I) and/or
pharmaceutically acceptable derivatives thereof,(I)
wherein, R1 represents halogen or Ci -4 alkyl; R2
represents Ci -4 alkyl or chloro; R3 represents H, Ci
-4 alkyl or halogen; R4 represents H; R5 independently
each represents halogen or Ci -4 alkyl; m represents 0
or 1; n represents 0, 1 or 2; and X represents O or
NH; with the proviso that when n represents 2 and R5
represents halogen, the R5 groups together with the
phenyl group to which they are attached do not form a
2,3-difluorophenyl moiety. In one embodiment: R1
represents halogen; R represents Ci -4 alkyl or
chloro; R3 represents H, Ci -4 alkyl or halogen; R4
represents H; R5 independently each represents halogen
or Ci -4 alkyl; 



m represents 0 or 1; n represents 0, 1 or 2; and X
represents O or NH;with the proviso that when n
represents 2 and R5 represents halogen, the R5 groups
together with the phenyl group to which they are
attached do not form a 2,3-difluorophenyl moiety. In
one embodiment of the invention R1 represents halogen,
such as chloro. In another embodiment of the invention
R1 is attached to the C(2) position of the phenyl ring
and represents chloro. In a further embodiment of the
invention R1 is attached to the C(3) position of the
phenyl ring and represents chloro. In a still further
embodiment R1 represents methyl. In a yet further
embodiment R1 is methyl and is attached to the C(3)
position of the phenyl ring. In another embodiment R1
represents fluoro. In a further embodiment R1 is
fluoro and is attached to the C(3) position of the
phenyl ring. In one embodiment R2 represents chloro.
In one embodiment of the invention, R2 represents Ci
-4 alkyl. In a further embodiment R2 represents
methyl. In one embodiment of the invention R3
represents H. In another embodiment of the invention
R3 represents fluoro. In one embodiment of the
invention R5 represents chloro or fluoro. In another
embodiment of the invention R5 represents chloro. In a
further embodiment of the invention R5 represents
fluoro. In one embodiment of the invention R5
represents Ci -4 alkyl. In a further embodiment R5
represents methyl. In another embodiment R5 is in the
C(3) position on the phenyl ring relative to -CH
2COOH. In a still further embodiment R5 represents
methyl in the C(3) position on the phenyl ring
relative to -CH 2COOH. In one embodiment of the
invention m represents 0. In one embodiment of the
invention m represents 1. In one embodiment of the
invention n represents 0. In one embodiment of the
invention n represents 1. In one embodiment of the
invention n represents 2. Inanother embodiment of the
invention n represents 2 and one R5 is fluoro and the
other is chloro or fluoro. In one embodiment of the
invention X represents O. In another embodiment of the
invention X represents NH. In one embodiment of the
invention: R1 represents halogen; R2 is Ci -4 alkyI;
R3 is H; R5 represents Ci -4 alkyl; m represents 1; n
represents 1; and X represents O. In another
embodiment of the invention: R1 represents chloro; R2
is Ci -4 alkyl; R3 is H; R5 represents Ci -4 alkyl; m
represents 1; n represents 1; and X represents O. 



In a further embodiment of the invention: R1
represents halo; R2 is methyl; R3 is H; R5 represents
Ci -4 alkyl; m represents 1; n represents 1; and X
represents O.In a further embodiment of the invention:
R1 represents chloro; R2 is methyl; R3 is H; R5
represents Ci -4 alkyl; m represents 1; n represents
1; and X represents O. In a further embodiment of the
invention: R1 represents chloro; R2 is methyl; R3 is
H; R5 represents methyl; m represents 1; n represents
1; and X represents O. In a further embodiment of the
invention: R1 represents chloro in the C(3) position
on the phenyl ring; R2 is methyl; R3 is H; R5
represents methyl in the C(3) position on the phenyl
ring relative to - CH2COOH ; m represents 1; n
represents 1; and X represents O. In another
embodiment of the invention there is provided a
compound of formula (I) selected from the group
consisting of:(3-chloro-4-{[(2-chloro-5-{[(3-
chlorophenyl)methyl]oxy}phenyl)carbonyl]amino}phenyl)a
cetic acid;
{3-chloro-4-[({2-chloro-5-[(phenylmethyl)oxy]phenyl}ca
rbonyl)amino]phenyl}acetic acid;
(4-{[(2-chloro-5-{[(3-
chlorophenyl)methyl]oxy}phenyl)carbonyl]amino}phenyl)a
cetic acid;
(4-{[(2-chloro-5-{[(3-chlorophenyl)methyl]oxy}phenyl)c
arbonyl]amino}-2- fluorophenyl)acetic acid;
(4-{[(2-chloro-5-{[(3-chlorophenyl)methyl]oxy}phenyl)c
arbonyl]amino}-3- fluorophenyl)acetic acid;
(4-{[(2-chloro-5-{[(3-chlorophenyl)methyl]oxy}phenyl)c
arbonyl]amino}-2,5- difluorophenyl)acetic acid;
(3-chloro-4-{[(2-chloro-5-{[(3-chlorophenyl)methyl]oxy
}phenyl)carbonyl]amino}-2- fluorophenyl)acetic acid; 



(4-{[(2-chloro-5-{[(3-chlorophenyl)methyl]oxy}phenyl)c
arbonyl]amino}-3- methylphenyl)acetic acid;
{4-[({2-chloro-5-[(phenylmethyl)amino]phenyl}carbonyl)
amino]phenyl}acetic acid; (4-{[(2-chloro-5-{[(3-
chlorophenyl)methyl]amino}phenyl)carbonyl]amino}phenyl
)acetic acid; (4-{[(2-chloro-5-{[(2-
chlorophenyl)methyl]amino}phenyl)carbonyl]amino}phenyl
)acetic acid;
(5-chloro-4-{[(2-chloro-5-{[(3-chlorophenyl)methyl]oxy
}phenyl)carbonyl]amino}-2- fluorophenyl)acetic acid;
(4-{[(5-{[(3-chlorophenyl)methyl]oxy}-2-
methylphenyl)carbonyl]amino}phenyl)acetic acid;
{4-[({2-methyl-5-[(phenylmethyl)oxy]phenyl}carbonyl)am
ino]phenyl}acetic acid;
(4-{[(6-Chloro-3-{[(3-chlorophenyl)methyl]oxy}-2-
fluorophenyl)carbonyl]amino}phenyl)acetic acid;
{4-[({6-chloro-2-fluoro-3-[(phenylmethyl)oxy]phenyl}ca
rbonyl)amino]phenyl}acetic acid;
{3-chloro-4-[({2-methyl-5-
[(phenylmethyOoxylphenylJcarbonyOaminolphenylJacetic
acid;(3-chloro-4-{[(5-{[(3-chlorophenyl)methyl]oxy}-2-
methylphenyl)carbonyl]amino}phenyl)acetic acid;
{3-chloro-4-[({6-chloro-2-fluoro-3-
[(phenylmethyOoxylphenylJcarbonyOaminolphenylJacetic
acid;
(3-chloro-4-{[(6-chloro-3-{[(3-chlorophenyl)methyl]oxy
}-2- fluorophenyl)carbonyl]amino}phenyl)acetic acid;
(4-{[(2-chloro-5-{[(3-fluorophenyl)methyl]oxy}phenyl)c
arbonyl]amino}-3- methylphenyl)acetic acid;
(4-{[(2-chloro-5-{[(3-fluorophenyl)methyl]oxy}phenyl)c
arbonyl]amino}-3- fluorophenyl)acetic acid;
(4-{[(5-{[(3-chlorophenyl)methyl]oxy}-2-methylphenyl)c
arbonyl]amino}-3- fluorophenyl)acetic acid;
(4-{[(5-{[(3-chlorophenyl)methyl]oxy}-2-methylphenyl)c
arbonyl]amino}-3- methylphenyl)acetic acid;
(4-{[(2-chloro-5-{[(3-methylphenyl)methyl]oxy}phenyl)c
arbonyl]amino}-3- fluorophenyl)acetic acid;
(4-{[(2-chloro-5-{[(3-methylphenyl)methyl]oxy}phenyl)c
arbonyl]amino}-3- methylphenyl)acetic acid;
(4-{[(2-chloro-5-{[(2-
chlorophenyl)methyl]oxy}phenyl)carbonyl]amino}phenyl)a
cetic acid; (3-chloro-4-{[(2-chloro-5-{[(2-
chlorophenyl)methyl]oxy}phenyl)carbonyl]amino}phenyl)a
cetic acid; (3-chloro-4-{[(2-chloro-5-{[(4-
chlorophenyl)methyl]oxy}phenyl)carbonyl]amino}phenyl)a
cetic acid; (3-chloro-4-{[(2-chloro-5-{[(3-
fluorophenyOmethylloxyJphenyOcarbonyllaminoJphenyOacet
ic acid; (3-chloro-4-{[(2-chloro-5-{[(3-
methylphenyOmethylloxyJphenyOcarbonyllaminoJphenyOacet
ic acid;
(3-fluoro-4-{[(5-{[(3-fluorophenyl)methyl]oxy}-2-
methylphenyl)carbonyl]amino}phenyl)acetic acid; 



(4-{[(5-{[(3-fluorophenyl)methyl]oxy}-2-methylphenyl)c
arbonyl]amino}-3- methylphenyl)acetic acid;
(3-fluoro-4-{[(2-methyl-5-{[(3-
methylphenyOmethylloxyJphenyOcarbonyllaminoJphenyOacet
ic acid; (3-chloro-4-{[(2-methyl-5-{[(3-
methylphenyOmethylloxyJphenyOcarbonyllaminoJphenyOacet
ic acid;
(4-{[(2-chloro-5-{[(3-chlorophenyl)methyl]oxy}phenyl)c
arbonyl]amino}-3,5- difluorophenyl)acetic acid;
(3-methyl-4-{[(2-methyl-5-{[(3-
methylphenyOmethylloxyJphenyOcarbonyllaminoJphenyOacet
ic acid;
(3-chloro-4-{[(5-{[(3-fluorophenyl)methyl]oxy}-2-
methylphenyl)carbonyl]amino}phenyl)acetic acid;
(4-{[(6-chloro-3-{[(3-chlorophenyl)methyl]oxy}-2-fluor
ophenyl)carbonyl]amino}-3- fluorophenyl)acetic acid;
(4-{[(5-{[(3-chlorophenyl)methyl]oxy}-2-methylphenyl)c
arbonyl]amino}-3,5- difluorophenyl)acetic acid;
(4-{[(6-chloro-3-{[(3-chlorophenyl)methyl]oxy}-2-fluor
ophenyl)carbonyl]amino}-3- methylphenyl)acetic acid;
(3-chloro-4-{[(6-chloro-2-fluoro-3-{[(3-
fluorophenyOmethylloxyJphenyOcarbonyllaminoJphenyOacet
ic acid;
(4-{[(6-chloro-2-fluoro-3-{[(3-fluorophenyl)methyl]oxy
}phenyl)carbonyl]amino}-3- fluorophenyl)acetic acid;
(4-{[(6-chloro-2-fluoro-3-{[(3-fluorophenyl)methyl]oxy
}phenyl)carbonyl]amino}-3- methylphenyl)acetic acid;
(4-{[(6-chloro-2-fluoro-3-{[(3-methylphenyl)methyl]oxy
}phenyl)carbonyl]amino}-3- fluorophenyl)acetic acid;
and/or a pharmaceutically acceptable derivative
thereof. The present invention covers all combinations
of the embodiments described herein. As used herein,
the term 'Ci -4 alkyl' includes straight chain and
branched chain alkyl groups containing 1 to 4 carbon
atoms, such as methyl, ethyl, n-propyl, isopropyl,
n-butyl and /so-butyl.As used herein, 'halogen' means
fluorine (or fluoro), chlorine (or chloro), bromine
(or bromo) or iodine (or iodo). By pharmaceutically
acceptable derivative is meant any pharmaceutically
acceptable salt or ester, or salt of such ester of the
compounds of formula (I), or any other compound which
upon administration to the recipient is capable of
providing (directly or indirectly) a compound of
formula (I) or an active metabolite or residue
thereof. It will be appreciated that, for
pharmaceutical use, the salts referred to above will
be the pharmaceutically acceptable salts, but other
salts may find use, for example in the preparation of
compounds of formula (I) and the pharmaceutically
acceptable salts thereof. Pharmaceutically acceptable
salts include those described by Berge, Bighley and
Monkhouse, J. Pharm. Sci., 1977, 66, 1- 19. The term
"pharmaceutically acceptable salts" refers to salts
prepared from pharmaceutically acceptable bases
including inorganic bases and organic bases. Salts
derived from inorganic bases include aluminum,
ammonium, calcium, copper, ferric, ferrous, lithium,
magnesium, manganic salts, manganous, potassium,
sodium, zinc, and the like. Salts derived 



from pharmaceutically acceptable organic bases include
salts of primary, secondary, and tertiary amines;
substituted amines including naturally occurring
substituted amines; and cyclic amines. Particular
pharmaceutically acceptable organic bases include
arginine, betaine, caffeine, choline,
N,N'-dibenzylethylenediamine, diethylamine,
2-diethylaminoethanol, 2-dimethylaminoethanol,
ethanolamine, ethylenediamine, N-ethyl-morpholine,
N-ethylpiperidine, glucamine, glucosamine, histidine,
hydrabamine, isopropylamine, lysine, methylglucamine,
morpholine, piperazine, piperidine, procaine, purines,
theobromine, triethylamine, trimethylamine, tripropyl
amine, tris(hydroxymethyl)aminomethane, and the like.
Salts may also be formed from basic ion exchange
resins, for example polyamine resins.It will be
appreciated that the compounds of formula (I) may be
produced in vivo by metabolism of a suitable prodrug.
Such prodrugs may be for example physiologically
acceptable metabolically labile esters of compounds of
formula (I). These may be formed by esterification of
the carboxylic acid group in the parent compound of
formula (I) with, where appropriate, prior protection
of any other reactive groups present in the molecule
followed by deprotection if required. Examples of such
metabolically labile esters include Ci -4alkyl esters
e.g. methyl ethyl or t-butyl esters esters, C3-6
alkenyl esters e.g. allyl substituted or unsubstituted
aminoalkyl esters (e.g. aminoethyl, 2-(N,N-
diethylamino) ethyl, or 2-(4-morpholino)ethyl esters
or acyloxyalkyl esters such as, acyloxymethyl or
1-acyloxyethyl e.g. pivaloyloxymethyl,
1-pivaloyloxyethyl, acetoxymethyl, 1- acetoxyethyl,1
-(1 -methoxy-1 -methyl)ethylcarbonyloxyethyl, 1-
benzoyloxyethyl, isopropoxycarbonyloxymethyl,
1-isopropoxycarbonyloxyethyl,
cyclohexylcarbonyloxymethyl,
1-cyclohexylcarbonyloxyethyl ester,
cyclohexyloxycarbonyloxymethyl,
1-cyclohexyloxycarbonyloxyethyl, 1-(4-
tetrahydropyranyloxy)carbonyloxyethyl or 1-(4-
tetrahydropyranyl)carbonyloxyethyl. It is to be
understood that the present invention encompasses all
isomers of the compounds of formula (I) and their
pharmaceutically acceptable derivatives, including all
geometric, tautomeric and optical forms, and mixtures
thereof (e.g. racemic mixtures). Since the compounds
of formula (I) are intended for use in pharmaceutical
compositions, it will be understood that they are each
provided in substantially pure form, for example at
least 50% pure, more suitably at least 75% pure and
preferably at least 95% pure (% are on a wt/wt basis).
Impure preparations of the compounds of formula (I)
may be used for preparing the more pure forms used in
the pharmaceutical compositions. Although the purity
of intermediate compounds of the present invention is
less critical, it will be readily understood that the
substantially pure form is preferred as for the
compounds of formula (I).Preferably, whenever
possible, the compounds of the present invention are
obtained in crystalline form. When some of the
compounds of this invention are allowed to crystallise
or are recrystallised from organic solvents, solvent
of crystallisation may be present in the crystalline
product. This invention includes within its scope such
solvates, including solvates of the free acid molecule
and solvates of salts derived from the free acid
molecule. Similarly, some of the compounds of this
invention may be crystallised or recrystallised from
solvents containing water. In such cases water of
hydration may be formed. This invention includes
within its scope stoichiometric hydrates as well as
compounds containing variable amounts of 



water that may be produced by processes such as
lyophilisation. In addition, different crystallisation
conditions may lead to the formation of different
polymorphic forms of crystalline products. This
invention includes within its scope all polymorphic
forms of the compounds of formula (I). The present
invention also includes within its scope all
isotopically-labelled compounds of formula (I). Such
compounds are identical to those recited above except
that one or more atoms therein are replaced by an atom
having an atomic mass or mass number different from
the atomic mass or mass number usually found in
nature. Examples of isotopes that can be incorporated
into compounds of formula (I) and pharmaceutically
acceptable salts thereof include isotopes of hydrogen,
carbon, nitrogen, oxygen, chlorine and fluorine, such
as 2H, 3H, 11C, 13C, 14C, 15N, 17O, 180, 36Cl and 18F.
Isotopically-labelled compounds of formula (I), for
example those into which radioactive isotopes such as
3H, 14C are incorporated, are useful in drug and/or
substrate tissue distribution assays. Tritiated, i.e.,
3H, and carbon-14, i.e., 14C, isotopes are
particularly preferred for their ease of preparation
and detectability. 11C and 18F isotopes are
particularly useful in PET (positron emission
tomography), and are useful in brain imaging. Further
substitution with heavierisotopes such as deuterium,
i.e., 2H, can afford certain therapeutic advantages
resulting from greater metabolic stability, for
example increased in vivo half-life or reduced dosage
requirements and, hence, may be preferred in some
circumstances lsotopically labelled compounds of
formula (I) may be prepared by carrying out the
synthetic procedures disclosed in the Schemes and/or
in the Examples below, by substituting a readily
available isotopically labelled reagent for a
non-isotopically labelled reagent. The compounds of
formula (I) are EP4 receptor agonists and may
therefore be useful in treating EP4 receptor mediated
diseases. These diseases include those mediated by the
action, or loss of action, of PGE2 at EP4 receptors.
In particular the compounds of formula (I) may be
useful in the treatment of pain, for example, chronic
articular pain (e.g. rheumatoid arthritis,
osteoarthritis, rheumatoid spondylitis, gouty
arthritis and juvenile arthritis) including the
property of disease modification and joint structure
preservation; musculoskeletal pain; lower back and
neck pain; sprains and strains; neuropathic pain;
sympathetically maintained pain; myositis; pain
associated with cancer and fibromyalgia; pain
associated with migraine; pain associated with
influenza or other viral infections, such as the
common cold; rheumatic fever; pain associated with
functional bowel disorders such as non-ulcer
dyspepsia, non-cardiac chest pain and irritable bowel
syndrome; pain associated with myocardial ischemia;
post operative pain; headache; toothache; and
dysmenorrhea. The compounds of formula (I) may be
particularly useful in the treatment of neuropathic
pain and symptoms associated therewith. Neuropathic
pain syndromes include: diabetic neuropathy; sciatica;
non-specific lower back pain; multiple sclerosis pain;
fibromyalgia; HIV-related neuropathy; post-herpetic
neuralgia; trigeminal neuralgia; and pain resulting
from physical trauma, amputation, cancer, toxins or
chronic inflammatory conditions. Symptoms of
neuropathic pain include spontaneous shooting and
lancinating pain, or ongoing, burning pain. In
addition, there is included pain associated with
normally nonpainful sensations such as "pins and
needles" (paraesthesias and dysesthesias), increased
sensitivity to touch (hyperesthesia), painful
sensation following 



innocuous stimulation (dynamic, static or thermal
allodynia), increased sensitivity to noxious stimuli
(thermal, cold, mechanical hyperalgesia), continuing
pain sensation after removal of the stimulation
(hyperpathia) or an absence of or deficit in selective
sensory pathways (hypoalgesia). The compounds of
formula (I) may also be useful in the treatment of
inflammation, for example in the treatment of skin
conditions (e.g. sunburn, burns, eczema, dermatitis,
psoriasis); ophthalmic diseases such as glaucoma,
retinitis, retinopathies, uveitis and of acute injury
to the eye tissue (e.g. conjunctivitis); lung
disorders (e.g. asthma, bronchitis, emphysema,
allergic rhinitis, respiratory distress syndrome,
pigeon fancier's disease, farmer's lung, COPD;
gastrointestinal tract disorders (e.g. aphthous ulcer,
Crohn's disease, atopic gastritis, gastritis
varialoforme, ulcerative colitis, coeliac disease,
regional ileitis, irritable bowel syndrome,
inflammatory bowel disease, gastrointestinal reflux
disease, diarrhoea, constipation); organ
transplantation; other conditions with an inflammatory
component such as vascular disease, migraine,
periarteritis nodosa, thyroiditis, aplastic anaemia,
Hodgkin's disease, sclerodoma, myaesthenia gravis,
multiple sclerosis, sorcoidosis, nephrotic syndrome,
Bechet's syndrome, polymyositis, gingivitis,
myocardial ischemia, pyrexia, systemic lupus
erythematosus, polymyositis, tendinitis, bursitis, and
Sjogren's syndrome. The compounds of formula (I) may
also be useful in the treatment of immunological
diseases such as autoimmune diseases, immunological
deficiency diseases or organ transplantation. The
compounds of formula (I) may also be effective in
increasing the latency of HIV infection. The compounds
of formula (I) may also be useful in the treatment of
diseases of excessive or unwanted platelet activation
such as intermittent claudication,unstable angina,
stroke, and acute coronary syndrome (e.g. occlusive
vascular diseases). The compounds of formula (I) may
also be useful as a drug with diuretic action, or may
be useful to treat overactive bladder syndrome. The
compounds of formula (I) may also be useful in the
treatment of impotence or erectile dysfunction. The
compounds of formula (I) may also be useful in the
treatment of bone disease characterised by abnormal
bone metabolism or resorption such as osteoporosis
(especially postmenopausal osteoporosis),
hyper-calcemia, hyperparathyroidism, Paget's bone
diseases, osteolysis, hypercalcemia of malignancy with
or without bone metastases, rheumatoid arthritis,
periodontitis, osteoarthritis, ostealgia, osteopenia,
calculosis, lithiasis (especially urolithiasis), gout
and ankylosing spondylitis, tendinitis and bursitis.
The compounds of formula (I) may also be useful in
bone remodelling and/or promoting bone generation
and/or promoting fracture healing. The compounds of
formula (I) may also be useful for attenuating the
hemodynamic side effects of NSAIDs and COX-2
inhibitors. The compounds of formula (I) may also be
useful in the treatment of cardiovascular diseases
such as hypertension or myocardial ischemia;
functional or organic venous insufficiency; varicose
therapy; haemorrhoids; and shock states associated
with a marked drop in arterial pressure (e.g. septic
shock). The compounds of formula (I) may also be
useful in the treatment of 



neurodegenerative diseases and neurodegeneration such
as dementia, particularly degenerative dementia
(including senile dementia, Alzheimer's disease,
Pick's disease, Huntingdon's chorea, Parkinson's
disease andCreutzfeldt-Jakob disease, ALS, motor
neuron disease); vascular dementia (including
multi-infarct dementia); as well as dementia
associated with intracranial space occupying lesions;
trauma; infections and related conditions (including
HIV infection); metabolism; toxins; anoxia and vitamin
deficiency; and mild cognitive impairment associated
with ageing, particularly Age Associated Memory
Impairment. The compounds of formula (I) may also be
useful in the treatment of neurological disorders and
may be useful as neuroprotecting agents. The compounds
of the invention may also be useful in the treatment
of neurodegeneration following stroke, cardiac arrest,
pulmonary bypass, traumatic brain injury, spinal cord
injury or the like. The compounds of formula (I) may
also be useful in the treatment of complications of
Type 1 diabetes (e.g. diabetic microangiopathy,
diabetic retinopathy, diabetic nephropathy, macular
degeneration, glaucoma), nephrotic syndrome, aplastic
anaemia, uveitis, Kawasaki disease and sarcoidosis.
The compounds of formula (I) may also be useful in the
treatment of kidney dysfunction (nephritis,
particularly mesangial proliferative
glomerulonephritis, nephritic syndrome), liver
dysfunction (hepatitis, cirrhosis) and
gastrointestinal dysfunction (diarrhoea). It is to be
understood that as used herein any reference to
treatment includes both treatment of established
symptoms and prophylactic treatment. According to a
further embodiment the invention, there is provided a
compound of formula (I) or a pharmaceutically
acceptable derivative thereof for use in human or
veterinary medicine. According to another embodiment
of the invention, there is provided a compound of
formula (I) or a pharmaceutically acceptable
derivative thereof for use in thetreatment of a
condition which is mediated by the action, or loss of
action, of PGE2 at EP4 receptors. According to a
further embodiment of the invention, there is provided
a method of treating a human or animal subject
suffering from a condition which is mediated by the
action, or by loss of action, of PGE2 at EP4 receptors
which comprises administering to said subject an
effective amount of a compound of formula (I) or a
pharmaceutically acceptable derivative thereof.
According to a further embodiment of the invention
there is provided a method of treating a human or
animal subject suffering from a pain, or an
inflammatory, immunological, bone, neurodegenerative
or renal disorder, which method comprises
administering to said subject an effective amount of a
compound of formula (I) or a pharmaceutically
acceptable derivative thereof. According to another
embodiment of the invention, there is provided the use
of a compound of formula (I) or a pharmaceutically
acceptable derivative thereof for the manufacture of a
medicament for the treatment of a condition which is
mediated by the action, or loss of action, of PGE2 at
EP4 receptors. According to another embodiment of the
invention there is provided the use of a compound of
formula (I) or a pharmaceutically acceptable
derivative thereof for the manufacture of a medicament
for the treatment or prevention of a condition such as
a pain, or an inflammatory, immunological, bone,
neurodegenerative or 



renal disorder. The compounds of formula (I) and their
pharmaceutically acceptable derivatives are
conveniently administered in the form of
pharmaceutical compositions. Such compositions may
conveniently be presented for use in conventional
manner in admixture with one or more physiologically
acceptable carriers or diluents.Thus, in another
aspect of the invention, there is provided a
pharmaceutical composition comprising a compound of
formula (I) or a pharmaceutically acceptable
derivative thereof adapted for use in human or
veterinary medicine. While it is possible for the
compounds of formula (I) or a pharmaceutically
acceptable derivative thereof to be administered as
the raw chemical, it is preferable to present it as a
pharmaceutical formulation. The formulations of the
present invention comprise the compounds of formula
(I) or a pharmaceutically acceptable derivative
thereof together with one or more acceptable carriers
or diluents therefor and optionally other therapeutic
ingredients. The carrier(s) must be "acceptable" in
the sense of being compatible with the other
ingredients of the formulation and not deleterious to
the recipient thereof. Thus, in one embodiment the
invention provides a pharmaceutical composition
comprising a compound of formula (I) or a
pharmaceutically acceptable derivative thereof and a
pharmaceutically acceptable carrier or diluent
therefor. The formulations include those suitable for
oral, parenteral (including subcutaneous e.g. by
injection or by depot tablet, intradermal,
intrathecal, intramuscular e.g. by depot and
intravenous), rectal and topical (including dermal,
buccal and sublingual) administration although the
most suitable route may depend upon for example the
condition and disorder of the recipient. The
formulations may conveniently be presented in unit
dosage form and may be prepared by any of the methods
well known in the art of pharmacy (see for example
methods disclosed in 'Remington - The Science and
Practice of Pharmacy', 2 1st Edition, Lippincott,
Williams & Wilkins, USA, 2005 and references therein).
All methods include the step of bringing into
association the compound of formula (I) or a
pharmaceutically acceptable acid addition salt thereof
("active ingredient") with the carrier which
constitutes one or more accessory ingredients. In
general the formulations are prepared by uniformly and
intimately bringing into association the active
ingredient with liquid carriers or finely divided
solid carriers or both and then, if necessary, shaping
the product into the desired formulation.Formulations
of the present invention suitable for oral
administration may be presented as discrete units such
as capsules, cachets or tablets (e.g. chewable tablets
in particular for paediatric administration) each
containing a predetermined amount of the active
ingredient; as a powder or granules; as a solution or
a suspension in an aqueous liquid or a non-aqueous
liquid; or as an oil-in-water liquid emulsion or a
water-in-oil liquid emulsion. The active ingredient
may also be presented as a bolus, electuary or paste.
A tablet may be made by compression or moulding,
optionally with one or more accessory ingredients.
Compressed tablets may be prepared by compressing in a
suitable machine the active ingredient in a
free-flowing form such as a powder or granules,
optionally mixed with a binder, lubricant, inert
diluent, lubricating, surface active or dispersing
agent. Moulded tablets may be made by moulding in a
suitable machine a mixture of the powdered compound
moistened with an inert liquid diluent. The tablets
may optionally be coated or scored and may be 



formulated so as to provide slow or controlled release
of the active ingredient therein. Formulations for
parenteral administration include aqueous and
non-aqueous sterile injection solutions which may
contain anti-oxidants, buffers, bacteriostats and
solutes which render the formulation isotonic with the
blood of the intended recipient; and aqueous and
non-aqueous sterile suspensions which may include
suspending agents and thickening agents. The
formulations may be presented in unit-dose or
multi-dose containers, for example sealed ampoules and
vials, and may be stored in a freeze-dried
(lyophilised) condition requiring only the addition of
a sterile liquid carrier, for example,
water-for-injection, immediately prior to use.
Extemporaneous injection solutions and suspensions may
be prepared from sterile powders, granules and tablets
of the kind previously described.Formulations for
rectal administration may be presented as a
suppository with the usual carriers such as cocoa
butter, hard fat or polyethylene glycol. Formulations
for topical administration in the mouth, for example
buccally or sublingually, include lozenges comprising
the active ingredient in a flavoured basis such as
sucrose and acacia or tragacanth, and pastilles
comprising the active ingredient in a basis such as
gelatin and glycerin or sucrose and acacia. The
compounds of formula (I) may also be formulated as
depot preparations. Such long acting formulations may
be administered by implantation (for example
subcutaneously or intramuscularly) or by intramuscular
injection. Thus, for example, the compounds of formula
(I) may be formulated with suitable polymeric or
hydrophobic materials (for example as an emulsion in
an acceptable oil) or ion exchange resins, or as
sparingly soluble derivatives, for example, as a
sparingly soluble salt. In addition to the ingredients
particularly mentioned above, the formulations may
include other agents conventional in the art having
regard to the type of formulation in question, for
example those suitable for oral administration may
include flavouring agents. The compounds of formula
(I) may be used in combination with other therapeutic
agents, for example COX-2 inhibitors, such as
celecoxib, rofecoxib, valdecoxib or parecoxib;
5-lipoxygenase inhibitors; analgesics such as
paracetamol; NSAID's, such as diclofenac,
indomethacin, nabumetone, naproxen or ibuprofen;
leukotriene receptor antagonists; DMARD's such as
methotrexate; sodium channel blockers, such as
lamotrigine; N-type calcium channel antagonists; NMDA
receptor modulators, such as glycine receptor
antagonists; gabapentin, pregabalin and related
compounds; tricyclic antidepressants such as
amitriptyline; neurone stabilising antiepileptic
drugs; mono-aminergic uptake inhibitors such as
venlafaxine; opioid analgesics; local anaesthetics;
5HTi agonists, such as triptans, for example
sumatriptan, naratriptan, zolmitriptan,eletriptan,
frovatriptan, almotriptan or rizatriptan; EPi receptor
ligands; EP2 receptor ligands; EP3 receptor ligands;
EP1 antagonists; EP2 antagonists and EP antagonists;
cannabanoid receptor agonists; VR1 antagonists. When
the compounds are used in combination with other
therapeutic agents, the compounds may be administered
either sequentially or simultaneously by any
convenient route. The invention thus provides, in a
further embodiment, a combination comprising a
compound of formula (I) or a pharmaceutically
acceptable derivative thereof 



together with a further therapeutic agent or agents.
In a further embodiment of the invention there is
provided a combination comprising an EP4 receptor
agonist of formula (I) or a pharmaceutically
acceptable derivative thereof and paracetamol. The
combinations referred to above may conveniently be
presented for use in the form of a pharmaceutical
formulation and thus pharmaceutical formulations
comprising a combination as defined above together
with a pharmaceutically acceptable carrier or diluent
comprise a further aspect of the invention. The
individual components of such combinations may be
administered either sequentially or simultaneously in
separate or combined pharmaceutical formulations. When
a compound of formula (I) or a pharmaceutically
acceptable derivative thereof is used in combination
with a second therapeutic agent active against the
same disease, the dose of each compound may differ
from that when the compound is used alone. Appropriate
doses will be readily appreciated by those skilled in
the art. In one embodiment of the invention there is
provided a method of treating a human or animal
subject suffering from a condition which is mediated
by the action, or by loss of action, of PGE2 at EP4
receptors which comprisesadministering to said subject
an effective amount of a compound of formula (I) or a
pharmaceutically acceptable derivative thereof and
paracetamol. A proposed daily dosage of compounds of
formula (I) or their pharmaceutically acceptable salts
for the treatment of man is from 0.001 to 30 mg/kg
body weight per day and more particularly 0.1 to 3
mg/kg body weight per day, calculated as the free
acid, which may be administered as a single or divided
dose, for example one to four times per day. The dose
range for adult human beings is generally from 0.1 to
1000 mg/day, such as from 10 to 800 mg/day, preferably
10 to 200 mg/day, calculated as the free acid. A
suitable daily dosage of paracetamol is up to 4000 mg
per day. Suitable unit doses include 200, 400, 500 and
1000 mg, one, two, three or four times per day. The
precise amount of the compounds of formula (I)
administered to a host, particularly a human patient,
will be the responsibility of the attendant physician.
However, the dose employed will depend on a number of
factors including the age and sex of the patient, the
precise condition being treated and its severity, the
route of administration, and any possible combination
therapy that may be being undertaken. The present
invention provides a process for preparing the
compounds of formula (I) and pharmaceutically
acceptable derivatives thereof. Thus, in one
embodiment there is provided a process for preparing a
compound of formula (I) or a pharmaceutically
acceptable derivative thereof, which process comprises
reacting a compound of formula (II),wherein, R1, R2,
R3, R4, R5, m, n and X are as defined in formula (I)
and R represents a suitable alkyl ester protecting
group, such as a methyl, ethyl or benzyl group, with
an aqueous acid, and optionally thereafter forming a
pharmaceutically acceptable derivative of the compound
so formed. A suitable acid is 2N hydrochloric acid.
The above-mentioned reaction involving a compound of
formula (II) and an acid may be conveniently carried
out in a solvent such as acetic acid, at an elevated
temperature, for example 9O0C. In a further embodiment
of the invention there is provided a process for 



preparing a compound of formula (I) or a
pharmaceutically acceptable derivative thereof, which
process comprises reacting a compound of formula (II),
wherein, R1, R2, R3, R4, R5, m, n and X are as defined
in formula (I) and R represents a suitable alkyl ester
protecting group, such as a methyl, ethyl or benzyl
group, with a base and optionally thereafter forming a
pharmaceutically acceptable derivative of the compound
so formed.Suitable bases include sodium hydroxide and
lithium hydroxide. The abovementioned reaction
involving compound (II) and a base may be conveniently
carried out in a solvent or a mixture of solvents,
such as methanol/water, ethanol/water or
1,4-dioxane/water. The reaction may be performed at
ambient or an elevated temperature. Compounds of
formula (II) where X represents O or NH may be
prepared according to Scheme 1 below: Scheme 1
wherein, R1, R2, R3, R4, R5, m, n and X are as defined
in formula (I) and R represents a suitable alkyl ester
protecting group, such as a methyl, ethyl or benzyl
group .Compounds of formula (II) may be obtained from
compounds of formulae (C) and (D) using an amide
coupling reagent such as dicyclohexylcarbodiimide or
N- (3-dimethylaminopropyl)- L/'-ethylcarbodiimide
hydrochloride. The reaction is conveniently carried
out in a solvent, such as dichloromethane, with or
without a base, such as triethylamine, and at ambient
or elevated temperature. Alternatively, compounds of
formula (II) may be obtained from compounds of formula
(C) by a two-step procedure which entails first
converting a compound of formula (C) to an acid
chloride. This is conveniently achieved by treating a
compound of formula (C) with a reagent such as thionyl
chloride or oxalyl chloride at ambient or elevated
temperature, and optionally in the presence of a
sub-stoichiometric quantity of dimethylformamide.
After removal of excess reagent by evaporation and, if
necessary, azeotropic distillation with toluene, the
crude acid chloride is treated with a compound of
formula (D), typically in a solvent, such as
dichloromethane, in the presence of a base, such as
pyridine or triethylamine, and at ambient or elevated
temperature. Compounds of formula (D) are commercially
available or may be prepared in accordance with
methods known in the art. For example, ethyl (4-
aminophenyl)acetate is available from Lancaster
Synthesis. Compounds of formula (C) may be
conveniently obtained by treating a compound of
formula (B) with base, such as lithium hydroxide. The
reaction may be conveniently carried out in a mixture
of solvents, such as 1,4-dioxane/water, and at ambient
or elevated temperature, for example 6O0C. Compounds
of formula (B) may be obtained by treating a compound
of formula (A) with a benzylating agent, such as a
benzyl halide. The reaction is conveniently carried
out in a solvent, such as dimethylformamide, in the
presence of a base, such as potassium carbonate and at
ambient or elevated temperature, for example
6O0C.Compounds of formula (A) are commercially
available or may be prepared in accordance with
methods known in the art. For example, 2-chloro-5-
hydroxybenzoic acid is available from Apin Chemicals
Ltd., UK.Compounds of formula (II) where X represents
NH may also be prepared according to Scheme 2 below:
Scheme 2 wherein, R1, R2, R3, R4, R5, m and n are as
defined in formula (I) and R 



represents a suitable alkyl ester protecting group,
such as a methyl, ethyl or benzyl group Compounds of
formula (II) may be obtained by treating a compound of
formula (G) with a benzylating agent, such as a benzyl
halide. The reaction is conveniently carried out in a
solvent, such as dimethylformamide, in the presence of
a base, such as potassium carbonate and at ambient or
elevated temperature.Alternatively, compounds of
formula (II) may be obtained by treating a compound of
formula (G) with an aldehyde, in the presence of a
reducing agent, such as sodium triacetoxyborohydride
and in a solvent, such as dichloromethane or
dichloroethane. The reaction is typically carried out
at low or ambient temperature, and with or without a
catalytic quantity of an acid, such as acetic acid.
Compounds of formula (G) may be obtained by reduction
of a compound of formula (F) with a mixture of iron
powder and acetic acid in a solvent, such as ethanol.
The reaction is typically carried out at elevated
temperature, for example 8O0C. Compounds of formula
(F) may be obtained from compounds of formula (E) by a
two-step procedure which entails first converting a
compound of formula (E) to an acid chloride. This is
conveniently achieved by treating a compound of
formula (E) with a reagent such as thionyl chloride or
oxalyl chloride at ambient or elevated temperature and
with or without a sub-stoichiometric quantity of
dimethylformamide. After removal of excess reagent by
evaporation and, if necessary, azeotropic distillation
with toluene, the crude acid chloride is treated with
a compound of formula (D), typically in a solvent,
such as dichloromethane, in the presence of a base,
such as pyridine or triethylamine, and at ambient or
elevated temperature. Compounds of formula (E) are
commercially available or may be prepared in
accordance with methods known in the art. For example,
2-chloro-5-nitrobenzoic acid is available from Apollo
Scientific. Compounds of formula (II) where X
represents O may also be prepared according to Scheme
3 below:Scheme 3 wherein, R1, R2, R3, R4, R5, m and n
are as defined in formula (I) and R represents a
suitable alkyl ester protecting group, such as a
methyl, ethyl or benzyl group Compounds of formula
(II) may be obtained by treating a compound of formula
(K) with a benzylating agent, such as a benzyl halide.
The reaction is conveniently carried out in a solvent,
such as dimethylformamide, in thepresence of a base,
such as potassium carbonate and at ambient or elevated
temperature. Compounds of formula (K) may be obtained
by treating a compound of formula (J) with a reagent
such as boron tribromide in a solvent, such as
dichloromethane and at reduced temperature, for
example -780C to O0C. Compounds of formula (J) may be
obtained from compounds of formula (I) by a two-step
procedure which entails first converting a compound of
formula (I) to an acid chloride. This is conveniently
achieved by treating a compound of formula (I) with a
reagent such as thionyl chloride or oxalyl chloride at
ambient or elevated temperature and with or without a
sub-stoichiometric quantity of dimethylformamide.
After removal of excess reagent by evaporation and, if



necessary, azeotropic distillation with toluene, the
crude acid chloride is treated with a compound of
formula (D), typically in a solvent, such as
dichloromethane, in the presence of a base, such as
pyridine or triethylamine, and at ambient or elevated
temperature. Compounds of formula (I) may be obtained
by treating a compound of formula (H) with an
organometallic reagent, such as n-butyllithium,
followed by solid carbon dioxide. The reaction may be
conveniently carried out in a solvent, such as
tetrahydrofuran, and at between low temperature (e.g.
-780C) and ambient temperature. Compounds of formula
(H) are commercially available or may be prepared in
accordance with methods known in the art. For example,
4-chloro-2-fluoro-1 - (methyloxy)benzene is available
from Sigma-Aldrich. The following examples illustrate
the preparation of the compounds of formula (I). The
examples show the preparation of intermediates
("Intermediates") and compounds of formula (I)
("Examples"). The starting material for the
preparation of intermediates may not necessarily have
been prepared from the batchreferred to unless
expressly indicated. The intermediates for the
preparation of the examples may not necessarily have
been prepared from the batch referred to unless
expressly indicated. Abbreviations DCM Dichloromethane
DMAP 4-(Dimethylamino)pyridine DMF Dimethylformamide
DMSO Dimethylsulfoxide EtOH Ethanol EtOAc Ethyl
acetate HCI Hydrochloric acid LC/MS Liquid
chromatography/Mass spectroscopy MeOH Methanol MDAP
Mass Directed Auto Preparation NaOH Sodium hydroxide
Analytical procedures For LC/MS data the 5 minute
method is used unless stated otherwise. LC/MS - 5
minute method: Hardware  Agilent 1100 Gradient Pump
Agilent 1100 Autosampler  Agilent 1100 DAD Detector
Agilent 1100 Degasser  Agilent 1100 Oven  Agilent 1100
Controller  Waters ZQ Mass Spectrometer or Waters ZMD
Mass Spectrometer  Sedere Sedex 75, Sedere Sedex 85 or
Polymer Labs PL-ELS-21 00 Software Waters MassLynx
version 4.0 SP2 ColumnThe column used is a Waters
Atlantis, the dimensions of which are 4.6mm x 50mm.
The stationary phase particle size is 3mm. Solvents 



A : Aqueous solvent = Water + 0.05% Formic Acid B :
Organic solvent = Acetonitrile + 0.05% Formic Acid
Method  The above method has a flow rate of 3ml/mins.
The injection volume for the generic method is 5ul
The column temperature is 30deg  The UV detection
range is from 220 to 330nm All retention times are
measured in minutes. LC/MS - 2 minute method: Hardware
Waters Acquity Binary Solvent Manager Waters Acquity
Sample Manager Waters Acquity PDA Waters ZQ Mass
Spectrometer Sedere Sedex 75, Sedere Sedex 85 or
Polymer Labs PL -ELS-21 00 Software Waters MassLynx
version 4.1Column Acquity UPLC BEH Ci8 1.7mm 2.1 mm x
50mm Column oven set to 40 degrees centigrade Solvents
A:. Aqueous solvent = Water 0.1 % Formic Acid + 1OmM
Ammonium Acetate B:. Organic solvent = MeCN: Water
95:5 +0.05% Formic Acid Weak wash Solvent = MeOH:
Water 50:50 Strong Wash Solvent = MeOH Instrument
settings Injection volume: 0.5ml Injection technique:
Partial loop overfill Weak Wash: 500ml Strong Wash:
500ml UV detection: 220 to 330 nm UV sampling rate: 40
points per second MS scan range: 100 to 1000 amu MS
scanning rate: 0.2 second scan with a 0.1 second inter
scan delay MS scan function: Electrospray with pos neg
switching Cycle time: 2minut.es and 30 seconds
Gradient NMR1H NMR spectra were recorded on a Bruker
AVANCE 400 NMR spectrometer or a Bruker DPX250 NMR
spectrometer. Chemical shifts are expressed in parts
per million (ppm, d units). Coupling constants (J) are
in units of hertz (Hz). Splitting patterns describe
apparent multiplicities and are designated as s
(singlet), d (doublet), t (triplet), q (quartet), dd
(double doublet), dt (double triplet), m (multiplet),
br (broad). Purification Techniques Purification of
the Examples may be carried out by conventional
methods such as chromatography and/or
recrystallisation using suitable solvents.
Chromatographic methods include column chromatography,
flash chromatography, HPLC (high performance liquid
chromatography), SFC 



(supercritical fluid chromatography), SCX (strong
cation exchange chromatography) and MDAP (mass
directed autopreparation). The term "Biotage" when
used herein refers to commercially available pre
packed silica gel cartridges. Mass Directed Auto
Preparation (MDAP) Column Waters Atlantis: 19mm x
100mm (small scale); and 30mm x 100mm (large scale).
Stationary phase particle size, 5mm. Solvents A:
Aqueous solvent = Water + 0.1 % Formic Acid B: Organic
solvent = Acetonitrile + 0.1 % Formic Acid Make up
solvent = Methanol : Water 80:20 Needle rinse solvent
= Methanol MethodsFive methods were used depending on
the analytical retention time of the compound of
interest: ( 1 ) Large/Small Scale 1.0-1 .5 = 5-30% B
(2) Large/Small Scale 1.5-2.2 = 15-55% B (3)
Large/Small Scale 2.2-2.9 = 30-85% B (4) Large/Small
Scale 2.9-3.6 = 50-99% B Runtime, 13.5 minutes,
comprising 10-minute gradient followed by a 3.5 minute
column flush and re-equilibration step. (5)
Large/Small Scale 3.6-5.0 = 80-99% B Runtime, 13.5
minutes, comprising 6-minute gradient followed by a
7.5 minute column flush and re-equilibration step.
Flow rate 20mls/min (Small Scale) or 40mls/min (Large
Scale). Examples Intermediate 1:
(3-Chlorophenyl)methyl 2-chloro-5-{[(3-
chlorophenyl)methyl]oxy}benzoateTo a mixture of
2-chloro-5-hydroxybenzoic acid (500 mg, 2.9 mmol) in
DMF (20 ml) were added potassium carbonate ( 1 .0 g,
7.3 mmol, 2.5 eq) and 3- chlorobenzyl bromide (0.8 ml,
6.1 mmol, 2.1 eq). The mixture was heated at 6O0C for
2.5 hours. On cooling the mixture was diluted with
ethyl acetate (300 ml) and washed with water (2x1 00
ml) then brine (70 ml). Organic layer dried and
evaporated in vacuo. The residue was purified by
column chromatography (Biotage SP4, 100 g silica
column) eluting with 0-30% ethyl acetate in hexanes to
afford the title compound as a clear oil ( 1 . 1 6g).
MS (ES+) m/z 421 [M+H]+ (C2IH15 35CI3O3) . 1H-NMR
(400MHz, c/6-DMSO) d 5.1 9 (2H,s), 5.35 (2H,s), 7.26 (
1 H,dd, J 8.8, J 3.2), 7.40-7.56 ( 10H, m).
Intermediate 2 :
2-Chloro-5-{[(3-chlorophenyl)methyl]oxy}benzoic acid A
solution of (3-chlorophenyl)methyl 2-chloro-5-{[(3-
chlorophenyl)methyl]oxy}benzoate (970 mg, 2.3 mmol) in
dioxane (30 ml) and water ( 15 ml) was treated with
lithium hydroxide (monohydrate) (145 mg, 3.5 mmol, 1.5
eq). The resulting mixture was stirred at room
temperature for 2 hours. The solvent was then
evaporated in vacuo, the residue take up into water
(50 ml) and washed with ether ( 100 ml). The aqueous
layer was then acidified with 2M 



HCI the extracted with ether (2x1 50 ml). Organic
layers combined, washed with brine, dried and
evaporated in vacuo to afford the title product as a
white solid (600 mg). MS (ES-) m/z 295 [M-H] (Ci 4H10
35CI2O3) . 1H-NMR (400MHz, c/6- DMSO) 5.1 7 (2H,s),
7.1 7-7.20 ( 1H, m), 7.38-7.53 (6H,m), 13.4 ( 1H, s).
Intermediate 3 : Ethyl
(4-amino-3-chlorophenyl)acetateN-chlorosuccinimide (
1eq, 7.45g, 55.8mmol) was added to a solution of ethyl
Aaminophenylacetate ( 1Og, 55.8mmol) in chloroform
(20OmIs). The reaction mixture was stirred at room
temperature, under argon, for 15 minutes. The reaction
mixture was washed with water (25OmIs) and the organic
layer collected using a hydrophobic frit. This was
evaporated to dryness to give a dark brown oil, 9.8g.
This was purified in 2 batches using the Biotage
Horizon, reverse phase 100g C 18 cartridge. The
product was eluted using a 5-1 00% gradient of
acetonitrile in water. Approx. 120OmIs solvent was
used for each batch. Clean fractions from the first
batch were combined and evaporated to dryness to yield
the title compound as a dark red/brown oil, 2.28g. MS
(ES+) m/z 214 [M+H]+ (Ci OH12 35CINO2) . 1H-NMR
(400MHz, CDCI3) d 1.25 (3H, t , J 11.2), 3.47 (2H, s),
4.00 (2H, bs), 4.14 (2H, t , J 12), 6.71 ( 1 H, d, J
13.2), 6.98 ( 1H, dd, J 13.3, J 3.2), 7.1 9 ( 1H, d, J
3.2). Intermediate 4 : Ethyl
(3-chloro-4-{[(2-chloro-5-{[(3-
chlorophenyl)methyl]oxy}phenyl)carbonyl]amino}phenyl)a
cetate A solution of
2-chloro-5-{[(3-chlorophenyl)methyl]oxy}benzoic acid
(230 mg, 0.77 mmol) in dichloromethane (3 ml) was
treated with L/-[2-(dimethylamino)ethyl]- L/'-
ethylcarbodiimide hydrochloride ( 178 mg, 0.93 mmol,
1.2 eq) and stirred at room temperature for 30
minutes. A solution of ethyl
(4-amino-3-chlorophenyl)acetate( 198 mg, 0.93 mmol,
1.2 eq) in dichloromethane (2 ml) was added and the
resulting mixture heated at 4O0C overnight. As some
starting material was still present, another 100 mg of
L/-[2-(dimethylamino)ethyl]- L/'-ethylcarbodiimide
hydrochloride were added and the mixture heated at
4O0C for another 2 hours. On cooling, the mixture was
diluted with dichloromethane (50 ml) and water (30
ml), the layers separated and the aqueous layer
extracted again into dichloromethane (50 ml). Organic
layers combined, washed with brine, dried over
magnesium sulphate and evaporated to afford the title
compound as a yellow oil. The aqueous layer containing
an insoluble solid was evaporated in vacuo, the
residue purified by SCX cartridge eluting with
methanol to afford a further crop of the title
compound as a yellow oil (72 mg total). MS (ES+) m/z
492 [M+H]+ (C24H20 35CI3NO4) . 1H-NMR (400MHz,
c/6-DMSO) d 1.20 (3H, t , J 7.2), 3.72 (2H, s), 4.10
(2H, q, J 7.2), 5.20 (2H,s), 7.1 5-7.62 ( 10H, m). The
following intermediates 5 and 6 were prepared in a
similar manner to ethyl
(3-chloro-4-{[(2-chloro-5-{[(3-
chlorophenyOmethylJoxyJphenyOcarbonylJaminoJphenyOacet
ate, without recovering a second crop from the aqueous
phase and with additional purification by silica
chromatography, as appropriate:Intermediate 7 : Ethyl
phenylmethyl (2-fluoro-4-nitrophenyl)propanedioate
Sodium hydride (504mg, 12.6mmol) was added portionwise
to an ice bath chilled solution of benzyl ethyl
malonate (2.9g, 12.6mmol) in dry DMF (20ml) and
stirred for 10 minutes. At room temperature
3,4-difluoronitrobenzene (2g, 12.6mmol) 



was added and stirred under argon. Heated at 1000C for
20 hours. The reaction mixture was cooled and
partitioned between 2N Hydrochloric acid (75ml) and
ethyl acetate (75ml). The aqueous layer was extracted
with ethyl acetate (2x 75ml) and the combined organics
were evaporated to a yellow oil. Purified by
chromatography on silica gel eluting with ethyl
acetate/hexane ( 1 :4) to give the title compound as a
yellow oil (3.86g, 10.6mmol). LC/MS: Rt=3.40, [MH]+
362 Intermediate 8 : Ethyl
(4-amino-2-fluorophenyl)acetate Ethyl phenylmethyl
(2-fluoro-4-nitrophenyl)propanedioate (3.86g,
10.6mmol) dissolved in ethanol, was treated with
ammonium formate (6.7g, 10.6mmol) and palladium on
carbon 10% paste (380mg) was added under argon. The
reaction mixture was refluxed for 3 hours, cooled and
filtered. Evaporated and purified by chromatography on
silica gel eluting with ethyl acetate/hexane ( 1 : 1 )
to give the title compound as a yellow oil ( 1 .26g).
LC/MS: Rt=2.1 0, [MH]+ 198. The following
intermediates 9 and 10 were prepared in a similar
manner to ethyl (4-amino-2-fluorophenyl)acetate, using
the appropriate starting materials.Intermediate 10 was
prepared according to the method of intermediate 8
(including the method of intermediate 7) using the
appropriate starting materials except for the
following differences: Differerences from the method
of intermediate 7: Stirred for 30 minutes; Heated at
1000C for 5 hours and then overnight; Extracted with
ethyl acetate, washed with water (x2) and brine, dried
over sodium sulphate, filtered and then evaporated;
Chromatography was run in a gradient of 10-20% ethyl
acetate in hexane. Differences from the method of
intermediate 8: Heated at 6O0C for 2 hours;
Chromatography was run in a gradient of 0 to 50% ethyl
acetate in hexane. Intermediate 11: diethyl
(2,5-difluoro-4-nitrophenyl)propanedioateCrushed
sodium hydroxide pellets (2.26 g, 56.5 mmol) were
added portionwise over 20 minutes to solution of
1,2,4-trifluoro-5-nitrobenzene (5.0 g, 28.2 mmol) and
diethyl chloropropanedioate (4.57 ml, 56.5 mmol) in
dry DMF (50ml) at O0C under argon. The reaction
mixture was allowed to warm to room temperature and
stirred overnight. The reaction mixture was cooled to
OC and acidified with 2N Hydrochloric acid (50 ml)
then extracted with ethyl acetate ( 150ml) and washed
with water ( 150 ml). The organic layer was dried over
magnesium sulphate, filtered and evaporated to an
orange oil. Purified by chromatography on silica gel
(Biotage SP4, 100g silica column) eluting with 0-20%
ethyl acetate/hexane to give the title compound as a
yellow oil (4.84 g, 15.3mmol). LC/MS: Rt=3.07, [MH] 3
16. The following intermediates 12 and 13 were
prepared in a similar manner to diethyl
(2,5-difluoro-4-nitrophenyl)propanedioate using the
appropriate starting materials.Intermediate 14:
diethyl (4-amino-2,5-difluorophenyl)propanedioate 10%
Pd/C (wet paste, 484 mg) was added to a solution of
diethyl (2,5-difluoro-4- nitrophenyl)propanedioate
(4.84 g, 15.3 mmol) and ammonium formate (5 eq, 4.81
g, 76.34 mmol) in ethanol ( 100 ml_). The reaction
mixture was heated to reflux under argon for one hour.
The reaction was allowed to cool and then filtered
through celite to remove the Pd residues. The filtrate
was evaporated to dryness and then partitioned between
ethyl acetate ( 100 ml_) and water ( 100 



ml_). The organic layer was separated, dried over
magnesium sulfate, filtered and then evaporated to
dryness to give the title compound as an orange oil
(4.39 g) LC/MS Rt = 1.07 min, [MH]+ 288. The following
intermediates 15 and 16 were prepared in a similar
manner to diethyl
(4-amino-2,5-difluorophenyl)propanedioate using the
appropriate starting materials with additional
purification by silica chromatography as
appropriate:Intermediate 17: Ethyl
(4-amino-2,5-difluorophenyl)acetate. Sodium hydroxide
(903mg, 22.58mmol) in water (7ml) was added to a
solution of diethyl
(4-amino-2,5-difluorophenyl)propanedioate (4.32g,
15.05mmol) in ethanol (35ml). The reaction mixture was
heated to 9O0C under argon for 1 hr. The reaction
mixture was allowed to cool and then the solvent was
evaporated. The residue was acidified (2M HCI, 200ml)
and then extracted with ethyl acetate (200ml). The
organic layer was dried (Mg SO4) and the solvent
evaporated. The residue was purified by flash
chromatogaphy (Biotage SP4, 40+M, 0 25% ethyl acetate
/ hexane) to afford the title compound as a pale
yellow oil ( 1 .3g). MS (ES+) m/z 2 16 [M+H+] (Ci
0HnFNO 2) . The following intermediates 18 and 19 were
prepared in a similar manner to diethyl
(4-amino-2,5-difluorophenyl)propanedioate using the
appropriate starting materials:Intermediate 20: Ethyl
(4-{[(2-chloro-5-{[(3-
chlorophenyl)methyl]oxy}phenyl)carbonyl]amino}-2-fluor
ophenyl)acetate A solution of
2-chloro-5-{[(3-chlorophenyl)methyl]oxy}benzoic acid
(207 mg, 0.7 mmol) in dichloromethane (3 ml) was
treated with L/-[2-(dimethylamino)ethyl]- L/'-
ethylcarbodiimide hydrochloride (201 mg, 1.05 mmol,
1.5 eq) and stirred at room temperature for 30
minutes. A solution of ethyl
(4-amino-2-fluorophenyl)acetate (207 mg, 1.05 mmol,
1.5 eq) in dichloromethane (2 ml) was added and the
resulting mixture heated at 4O0C overnight. On
cooling, the mixture was diluted with methanol and
purified by SCX cartridge eluting with methanol to
afford the title compound as a yellow oil ( 1 10 mg).
MS (ES+) m/z 476 [M+H]+ (C24H2O35CI2FNO4) . 1H-NMR
(400MHZ, C/ 6-DMSO) d 1.19 (3H, t , J 7.2), 3.68 (2H,
s), 4.09 (2H, q, J 7.2), 5.20 (2H,s), 7.1 5-7.68 (
10H, m). The following intermediates 2 1 and 22 and
were prepared in a similar manner to ethyl
(4-{[(2-chloro-5-{[(3-chlorophenyl)methyl]oxy}phenyl)c
arbonyl]amino}-2- fluorophenyl)acetate, with the
addition of L/,L/-dimethylaminopyridine (DMAP) as a
catalyst, longer heating times as
appropriate:Intermediate 23: Ethyl
(3-chloro-4-{[(2-chloro-5-{[(3-
chlorophenyl)methyl]oxy}phenyl)carbonyl]amino}-2-fluor
ophenyl)acetate A solution of
2-chloro-5-{[(3-chlorophenyl)methyl]oxy}benzoic acid
(200 mg, 0.67 mmol) in dichloromethane (3 ml) was
treated with oxalyl chloride (9OuI, LOmmol) and DMF (
1 drop). Effervescence was observed and the mixture
was stirred at room temperature for 30 minutes. The
solvent was then evaporated in vacuo and azeotroped
with toluene. The resulting solid was dissolved in
dichloromethane (3ml) and treated with triethylamine
(14OuI, LOmmol) and a solution of ethyl (4-
amino-3-chloro-2-fluorophenyl)acetate (230mg, LOmmol)
in dichloromethane (2ml). The mixture was stirred at
room temperature for 2 hours. The mixture was then
diluted with acetonitrile and purified by SCX
cartridge eluting with acetonitrile. Fractions
combined and evaporated, residue puridfied by MDAP to
give the title compound as a white solid ( 1 10 mg).
MS (ES+) m/z 5 10 [M+H] + (C24H19 35CI3FNO4) . 1H-NMR
(400MHz, c/6-DMSO) d 1.20 (3H, t , J 7.2), 3.81 (2H, 



s), 4.12 (2H, q, J 7.2), 5.20 (2H,s), 7.1 6-7.55
(9H,m). The following intermediates 24 to 27 were
prepared in a similar manner to ethyl
(3-chloro-4-{[(2-chloro-5-{[(3-chlorophenyl)methyl]oxy
}phenyl)carbonyl]amino}-2-fluorophenyl)acetate with
longer reaction times, aqueous work up, or without the
need for purification by MDAP as appropriate: Example
1: (3-Chloro-4-{[(2-chloro-5-{[(3-
chlorophenyl)methyl]oxy}phenyl)carbonyl]amino}phenyl)a
cetic acidA solution of ethyl
(3-chloro-4-{[(2-chloro-5-{[(3-
chlorophenyOmethylloxyJphenyOcarbonyllaminoJphenyOacet
ate (72mg, 0.1 5mmol) in acetic acid (3ml) and 2M HCI
(3ml) was heated at 9O0C for 2 hours. On cooling water
was added and the mixture filtered. The resulting
solid was dried in vac oven, then triturated with
ether to afford the title compound as an offwhite
solid (32mg). MS (ES+) m/z 464 [M+H]+ (C24H20
35CI3NO4) . 1H-NMR (400MHz, c/e-DMSO) d 3.63 (2H,s),
5.20 (2H,s), 7.1 7 ( 1 H,dd, J 8.8, J 2.8), 7.25- 7.60
( 1OH, m), 10.1 8 ( 1H, s), 12.5 ( 1H, s). The
following examples of the invention were prepared in a
similar manner to Example 1 from the intermediates
described above, with the addition of extra reagent or
an organic solvent, longer reaction time and with
additional purification by MDAP instead of or in
addition to trituration as appropriate:Manufacture
process The present Invention relates to new iron
containing phosphate adsorbent, process for its
production, uses thereof and pharmaceutical
compositions containing it. Background of the
Invention Phosphorus is critical for bone
mineralization, cellular structure, genetic coding,
and energy metabolism. Many organic and inorganic
forms exist. Phosphorus is present in nearly all
foods, and Gl absorption or dietary forms is very
efficient. Phosphorus homeostasis normally is
maintained through several mechanisms (renal
excretion, cellular release, hormonal control, etc).
When the phosphorus load (from Gl absorption,
exogenous administration, or cellular release) exceeds
renal excretion and tissue uptake, hyperphosphatemia
occurs. Hyperphosphatemia is associated with
significant increase in morbidity and mortality, and
may induce severe complications, such as hypocalcemia,
decreasing of vitamin D production, metastatic
calcification. Hyperphosphatemia is also contributing
to the increased incidence of cardiovascular disease
among dialysis-dependent patients, and can result in
bone pathology. At least 70% of patients with renal
insufficiency or renal failure show hyperphosphatemia.
In many cases, restricting intake of dietary
phosphorus is not sufficient to reduce serum phosphate
levels into the normal range, and oral phosphate
binders need to be taken. Calcium and aluminium salts
orally taken as treatment for hyperphosphatemia are
known. But there are concerns regarding their
long-term safety. The traditional aluminium-based
phosphate binders have the drawback of side effects
due to aluminium absorption (osteomalacia,
encephalopathy, microcytic anaemia).
Calcium-containing phosphate binders (calcium
carbonate or calcium acetate) may aggravate metastatic
calcification, particularly if they are taken together
with vitamin D analogues and a high calcium dialysate
concentration. An iron-based ferric citrate phosphate
binder, known as Zerenex(tm), is described in US
6,903,235B. Zerenex(tm) is an oral, inorganic,
iron-based compound that has the capacity to bind
phosphorous and form non-adsorbable complexes. Since
this product is soluble its long term administration
may induce an increase of the concentration of iron in
gastrointestinal tract, which may be safety issue as
mentioned hereinabove.Sevelamer, a synthetic polymer
commercialized by Gerrzyme under the name of Renagel ,
poly(allylamine-co--N,N'-diallyl-1,3-diamino-2-hydroxy
propane) hydrochloride is an iron 



exchange gel matrix. The phosphate binding capacity of
metal oxide hydroxides is known in the art. The
possible medical application of metal hydroxides and
metai oxide hydroxides as phosphate binders is also
described. For example WO9201458 discloses a method of
controlling serum phosphate level in patients by iron
oxy-hydnoxides which bind to ingested phosphate. For
example, US 6,174,442, the content thereof being
enclosed herewith by reference, describes an adsorbent
for phosphate which contains polynuclear -iron
hydroxide stabilized by carbohydrates and/or humic
acid. WO 2006/000547, the content thereof being also
enclosed herewith by reference, describes an adsorbent
for phosphate which is obtained from iron(lll) nitrate
or sulfate and is stabilized by starch and sucrose.
The phosphate binding capacity of the known phosphate
adsorbents containing oxide hydroxides is limited.
Furthermore, the processes described to manufacture
such compounds are not suitable for preparing larger
amounts of compounds. The possible release of iron
under physiological conditions from any iron
containing drugs or compounds, in particular in case
of the phosphate adsorbent described in US 6,174,442,
may be a safety issue, since excess iron is toxic to
body organs. Preferably the daily release of iron
should not be higher than 20mg iron per day. A too
high release of iron can particularly problematic in
case of patients suffering from haemochromatosis.
Haemochromatosis s a very common genetic disorder of
iron metabolism wherein absorption of iron through the
intestine is uncontrolled even when body saturation
levels have been reached. Furthermore the available
phosphate binders and the phosphate adsorbents
described in the prior art bind not more than about
120mg phosphate per gram of product. Because of the
relatively low adsorption capacity of these phosphate
adsorbents, the amount of adsorbent, e.g. the amount
and/or number of oral dosage forms containing it to be
taken every daymust be high. For example the average
daily dosage to be taken by dialysis patients in order
to avoid/treat hyperphosphatemia is of about 9
capsules in case of Zerenex(tm), and of 14 film coated
tablets in case of Renagel This Indicates that the
patient compliance of the available phosphate
adsorbents is very low. Due to the high levels of
phosphate contained in diet and the relatively low
adsorption capacity of the phosphate adsorbents
available or described in the prior art, it is
necessary to administer such adsorbents in high dose
in order to efficiently control the blood level of
phosphate. Therefore even a small increase in
phosphate binding capacity may permit to decrease the
dose of adsorbent to be administered every day, for
example to lower the number of oral dosage forms to be
administered every day. So even a small increase in
phosphate binding capacity would be beneficial to the
patient, e.g. would improve patient compliance.
Therefore there is a need to provide a phosphate
adsorbent with a high phosphate binding capacity to be
usable as a pharmaceutical. Furthermore there is a
need to provide a manufacture process which lead to an
adsorbent which is homogenous and stable, and which
can be easily formulated and/or packaged, and which
can be performed on a large scaling without affecting
the properties of the adsorbent, i.e. its phosphate
binding capacity. Summary The present invention
provides a new phosphate adsorbent containing
tron(lll) oxidehydroxide having higher phosphate
binding capacity than the phosphate adsorbent
available yet, or than the iron(lll)-based phosphate
adsorbent described in the prior art, as well as uses
thereof and pharmaceutical compositions containing it.
In particular the present 



invention pertains to a polynuclear iron(lll)-based
phosphate adsorbent comprising i) an adsorbent base
material, preferably a non soluble carbohydrate, ii)
polynuclear iron(lll) oxide hydroxides, and iii) a
soluble carbohydrate, wherein the soluble carbohydrate
is incorporated, e.g. partially incorporated, into the
polynuclear iron(lll) oxide hydroxides. The
polynuclear iron oxide hydroxides may be stabilized by
soluble carbohydrates. The iron(lll)-basedphosphate
adsorbent may further comprise a carbonate; the
carbonate may partially incorporated, e.g. partially
incorporated, into the polynuclear iron(lll) oxide
hydroxides. The present invention further provides an
iron(lll)-based phosphate adsorbent containing
polynuclear iron(lll) oxide hydroxides wherein the
polynuclear iron oxide hydroxide contains polynuclear
gamma-iron oxide hydroxides, and optionally
ferrihydrite, e.g. traces of ferrihydrite. The
polynuclear iron oxide hydroxide may be stabilized by
soluble carbohydrates. It is believed that the
iron(lll)-based phosphate adsorbent according to the
present invention is a complex formed with polynuclear
iron(lll) oxide hydroxides, insoluble carbohydrate
such as starch, and soluble carbohydrate such glucose
derivative (e.g. sucrose or maltodextrin). The iron
oxide-hydroxide contained in the iron(lll)-based
phosphate adsorbent according to the present invention
would then be a complex, as a whole insoluble under
the physiological conditions, which is stabilized by
the glucose derivative. The glucose derivative is
probably acting by preventing the phosphate adsorbent
from being overdried during its purification, as
overdrying would lead to a loss of the phosphate
binding capacity. The present invention further
provides a manufacture process for producing an
iron(lll) based phosphate adsorbent. In particular
there is provided a process for manufacturing and
isolating the iron(lll) based phosphate adsorbent in a
form which is easily packaged, e.g. as a dry powder
suitable for direct sachet filling. Furthermore the
present invention provides a manufacture process for
preparing oxidehydroxide of iron having
gamma-configuration from iron (III), i,e, a
manufacture process for preparing oxide-hydroxide of
iron(lll) having gamma-configuration. Figures Fig 1:
Light Microscopy of the iron(lll)-based phosphate
adsorbent according to one embodiment of the present
invention Fig 2: Scanning Electron Microscopy (SEM)
plus Energy Dispersive X-ray Analysis (EDX) (block
phase analysis) of the iron(lll)-based phosphate
adsorbent according to oneembodiment o F the present
invention it represents a more detailed picture of one
of the particles shown in Fig 1. Description.
Iron(llI)-based phosphate adsorbent. Surprisingly it
has been found that by using dedicated reaction
conditions during the manufacture process of a
polynuclear iron it is possible to prepare a
polynuclear iron(lll)- based phosphate adsorbent which
has a higher phosphate binding capacity than the
phosphate adsorbents of the prior art, in particular
than the iron-based phosphate adsorbents described in
the prior art. Furthermore, in order to obtain an iron
oxide-hydroxide containing compound having a good
phosphate binding capacity which can be used as a
pharmaceutical, it is necessary to have an iron-based
compound which is stable, it is known that iron
oxide-hydroxides, in particular iron(lll)
oxide-hydroxides, are not stable compounds: during
time ageing occurs which leads to the re-grouping of
initially randomly placed molecules and to the
formation of a more or less regular crystal lattice.
Ageing usually not only involves crystallization but
also particle enlargement. Such ageing may alter the
phosphate binding of an iron oxide-hydroxide based
phosphate adsorbent. 



Such an ageing may also lead to an iron-based
phosphate adsorbent which does release iron. The
possible release of iron from an iron-containing drug
could be a safety concern since an excess of iron is
toxic to body organs. Therefore there is a need to
provide an iron(lll)-bas bd phosphate adsorbent which
does not release iron, or does release only small
amounts of iron under physiological conditions, e.g.
an iron amount smaller than the daily acceptable
dosage of 20mg iron. This means that there is a need
to provide an iron(lll)- based phosphate adsorbent
which has a low bioavailability, preferably which is
not bioavalaible at all. Therefore it is necessary to
avoid the undesired transformation into iron-oxides
which would have a lower phosphate binding capacity
and/or a higher iron bioavailability. Surprisingly, it
has been found that it is possible to prevent ageing
of the iron oxide-hydroxide by usingdedicated reaction
conditions and auxiliary materials like soluble and
soluble carbohydrates, e.g. starch and sucrose.
According to the invention there is provided a new
iron-based phosphate adsorbent for the adsorption of
phosphate, which has higher phosphate binding capacity
than the phosphate adsorbents of the prior art, as
herein defined as "phosphate adsorbent of the
invention" or "compound of the invention". Higher
phosphate binding capacity means about 15% higher than
the phosphate adsorbents known in the art, e.g. at
least 20% higher, e.g. at least 25% hSgher, e.g. at
least 30% higher e.g. than the adsorbent described in
US 6,174,442. For example, the compound of the
invention may adsorb more than about 12%m/m phosphate,
preferably more than about 14%m/m, even more
preferably about or more than about 20% m/m. As herein
defined, .%m/m refers to percentage of mass to mass,
i.e. to the amount of phosphate (calculated as PO4 3-)
being adsorbed (in g) by 1 g of phosphate adsorbent.
According to the invention, there is provided an
iron-based phosphate adsorbent comprising i) an
adsorbent base material, preferably a non soluble
carbohydrate, ii) polynuclear iron (lll) oxide
hydroxides, and iii) a soluble carbohydrate, wherein
the soluble carbohydrate is partially incorporated
into the polynuclear iron(lll) oxide hydroxides. As
herein defined "partially incorporated" means that
about 10 to 20 % by weight of the soluble
carbohydrate, based on the total weight of the
phosphate adsober, are incorporated into the
polynuclear iron (III) oxide hydroxides, i.e. can not
be removed by washing the phosphate adsober. As herein
defined, "adsorbent base material" refers to a porous
material, preferably having organic or inorganic OH
groups, e.g. non soluble carbohydrates; organic
polymer or copolymer; natural semisynthetic or
synthetic linear and/or branch-chained; soluble or
insoluble polyhydroxyl compounds (e.g. polyvinyl
alcohol); inorganic supports, e.g. based on silicon
dioxide and/or silicates such as glycetyl-modified
glasses. Preferred adsorbent base materials are non
soluble carbohydrates. Examples of non soluble
carbohydrates include starch, agarose, dextran,
dextrin, cellulose. Preferred non soluble carbohydrate
is starch.According to the present invention, "soluble
carbohydrate" refers to glucose derivatives, such as
sucrose, maltodextrin or mixture thereof. Preferred
soluble carbohydrate is sucrose. Preferably the
iron-based phosphate adsorbent of the invention is a
iron(lll) oxide-hydroxide containing compound,
comprising a soluble carbohydrate such as a glucose
derivative (e.g. sucrose or maltodextrin), and starch.
In one embodiment of the invention, the phosphate
adsorbent may be defined as a complex formed with
polynuclear iron(III) oxide hydroxides, starch and the
glucose derivative (e.g. sucrose or maltodextrin,
preferably sucrose). In a preferred embodiment, the
polynuclear iron oxide hydroxides is bound to the
adsorbent base material, e.g. starch. 



In one embodiment of the invention, the compound of
the invention comprises starch particles covered by
iron(lll) oxide-hydroxide and optionally stabilized by
a glucose derivative such as sucrose, maltodextrin or
mixture thereof. Preferably the iron is homogenously
distributed on the surface of the particles. In yet a
further aspect of the invention there is provided a
new iron-based phosphate adsorbent which releases
little iron in simulated gastric fluids (as defined in
Pharmacopeia). For example, the phosphate adsorbent of
the invention does not significantly release iron at a
pH range above 2 up to 10, In one example, 10 g of the
phosphate adsorbent of the invention may release less
than about 20mg of iron at pH's above 2. In yet a
further aspect of the invention the compound of the
invention may contain about 10 to about 35wt%, e.g.
about 20 to about 30 wt%, preferably at least about 20
weight % of non soluble carbohydrate, e.g. starch, for
example about 10 to 30, e.g. about 30, e.g. about 28
weight % of starch, based on the total weight of the
compound. In yet a further aspect of the invention
there is provided a new phosphate adsorbent containing
iron (III) oxide-hydroxide and starch, which contains
about 5 to about 50 weight % of soluble carbohydrate,
e.g. about 10 to about 40 weight % , e.g. about 12 to
about 30 weight %, based on the total weight of the
adsorbent. For example, the adsober of the invention
contains at least about 10 weight % of sucrose,
maitodextrin or mixture thereof(preferably sucrose),
for example at ieast about 14 weight % of sucrose,
maltodextrin or mixture thereof (preferably sucrose),
for example about 28 wt% of sucrose, maltodextrin or
mixture thereof (preferably sucrose), based on the
total weight of the compound. In yet a further aspect
of the invention there is provided a new phosphate
adsorbent containing iron(lll) oxide-hydroxide, which
contains more than about 5 weight% of water, for
example about 5 to about 10 weight%, for example about
5 to about 8 weight %, based on the total weight of
the compound. In yet a further aspect of the invention
the phosphate adsorbent of the invention contains at
least about 10 weight% of iron, for example at least
about 18 weight %, for example about 30 weight% of
iron, e.g. iron(lll), based on the total weight of the
adsorbent. In another aspect of the invention the iron
content of the compound of the invention is about 10
to about 35 weight %, for example about 15 to about 30
weight %, for example about 25 to about 30 weight %,
based on the total weight of the compound. In yet
another aspect of the invention there is provided a
new iron(lll)-based phosphate adsorbent comprising
starch and a glucose derivative such as sucrose,
maltodextrin or mixture thereof (preferably sucrose),
which contains about 5 to about 10 weight% of water,
about 20 to about 30 weight% of iron, based on the
total weight of the adsorbent. Preferably the
phosphate adsorbent of the invention comprises
iron(lll), more preferably g- iron(lll)
oxide-hydroxide, optionally mixed to ferrihydrite. In
a preferred embodiment, the potynuclear iron oxide
hydroxide of the phosphate adsorbent consists of
gamma-iron oxide hydroxide (preferably gamma-iron(lll)
oxide hydroxide) or mixture of gamma-iron oxide
hydroxide with ferrihydrite. In another embodiment of
the inventton, the compound of the invention is x-ray
amorphous. The phosphate adsorbent of the invention is
obtained by reacting an aqueous solution of an iron
salt, preferably an iron(lll) salt, with an aqueous
base wherein the precipitation of the sait s performed
in presence of an insoluble carbohydrate, preferably
starch. The resulting iron oxide hydroxide is
stabilized by adding a soluble carbohydrate to the
precipitate before the iron hydroxide ages.Gamma-iron
(III) manufacture process It was not expected that it
is possible to selectively obtain gamma-iron(lll)
(g-iron (III)) oxidehydroxide, as well as mixtures of
g -iron (III) oxide-hydroxide with ferrihydrite,
directly from an 



iron(lll) source (such as iron (III) chloride) without
having to use iron(ll) and a subsequent oxidation
step. The present invention also includes a new
process for the preparation of gamma-iron(lll)
oxide-hydroxide, which process comprises the steps of
reacting an aqueous solution of an iron (lll) salt
with an aqueous base, at pH comprised between 6 and
10, optionally in presence of starch. Starch may be
added after the reaction of step a), i.e. after the
after the complete mixing of the iron salt with the
base. If not present in step a), starch may be added
in a further step (step b), e.g. after the complete
mixing of the iron salt with the base. In another
embodiment, starch is added in step a) and more starch
is added in step b). . In both embodiments, the
precipitation of the salt by the base is done in
presence of starch. Optionally the obtained
precipitate is isolated and washed, as hereinbelow
defined. In another embodiment of the reaction, the
aqueous base may consist of an aqueous basic mixture
of a base and starch. The reaction may be performed at
ambient temperature, or preferably t low temperature.
The iron salt may be iron(lll) chloride, iron(lll)
nitrate or iron(lll) sulfate, preferably the iron salt
is iron chloride. The iron(lll) oxide-hydroxide
obtained by that process has gamma configuration.
Small amounts of ferrihydrite, e.g. traces thereof,
may also be present. lron(III)-based phosphate
adsorbent manufacture process. Surprisingly, it has
been found that it is possible to obtain iron
oxide-hydroxide containing phosphate adsorbent in an
excellent quality, i.e. homogenous and stable, by
havingcarbohydrates, e.g. starch and/or sucrose,
present during the reaction of the iron with the base
and/or by carefully controlling the pH of that
reaction. The presence of the carbohydrates prevent
the ageing of the iron oxide-hydroxide, i.e. the
conversion of the initially formed iron
oxide-hydroxide to a less potent phosphate binder.
Unexpectedly it has been found that by carefully
controlling the pH of reaction, a product with an
unexpected high phosphate binding capacity can be
synthesized. The preparation of iron oxide-hydroxides
is known in the prior art and is described in U.
Schwertmann and M. R. Cornell "Iron oxides in the
Laboratory", Wiley-VCH, Second, completed revised and
extended edition, 1991. This document teaches that it
is possible to prepare b-iron (III) hydroxide i.e. to
obtain iron(lll) hydroxide with the -configuration
(betaconfiguration) from iron(lll), and to prepare
gamma-iron (II) oxide-hydroxide, i.e. to obtain iron
oxide-hydroxide having gamma-configuration (i.e.
g-configuration) from iron (II). It is known that even
minor changes in the reaction conditions used to
prepare the iron oxide-hydroxide, such as pH, ratio of
the base to the iron, iron concentration, etc, may
prevent the desired product from being obtained (see
page 65 of U. Schwertmann and M. R. Cornell). In
particular simply scaling the quantities up or down to
produce different amounts, in particular higher
amounts, of iron oxide-hydroxide may result in the
production of a product having a different structure.
In order to obtain an iron-base compound which can be
used as a pharmaceutical, it is necessary to have a
manufacture process leading to a product always
showing a high phosphate binding capacity, e.g. always
having the same structure. This need must particularly
be fulfilled in case of large scaling up.
Surprisingly, it has been found that it is possible to
prepare large amounts of an homogeneous iron(lll)
based phosphate adsorbent, e.g. several grams thereof,
by using adequate reaction conditions, i e by using a
stabilizer during the thermal stress, such as sucrose,
and/or by isolating the product by a mild method such
as spray drying or fluidized spray drying. 



The present invention also includes a process for the
preparation of a iron(lll)-based phosphate adsorbent
comprising iron(lll) oxide-hydroxide, insoluble
carbohydrate (e.g. starch) and a soluble carbohydrate
(e.g. glucose derivative), which process comprises the
steps ofi) reacting, e.g. simultaneously mixing, an
aqueous solution of iron(lll) salt with an aqueous
base, at pH between 6 and 10, e.g. between 6 and 8,
between 6.5 and 7.5, preferably around 7, either
performing step i) in presence of an insoluble
carbohydrate, e.g. starch, and optionally adding more
insoluble carbohydrate after the complete mixing: or
adding the insoluble carbohydrate after the reaction
of step i), e.g. after the complete mixing, wherein in
both cases the insoluble carbohydrate is added before
completion of the salt precipitation; ii) isolating
the precipitate formed, and optionally washing, e.g.
with water; iii) suspending the precipitate, e.g. in
water; and iv) adding a soluble carbohydrate ; and
optionally v) adding at least one excipient selected
from a preservative and a binder. in step i) the
aqueous bolution of iron(lll) salt with the aqueous
base ieads first to nucleation and then to
precipitation of the iron oxide hydroxide. The
nucleation may be performed in presence of the
insoluble carbohydrate, e.g. starch, or the
carbohydrate may be added after the nucleation, and
before the precipitation. According to the invention,
the precipitation of the salt is performed in presence
of the insoluble carbohydrate, preferably starch. The
insoluble carbohydrate may be added before the
precipitation occurs, or during the precipitation.
Preferably the insoluble carbohydrate is added before
the precipitation is complete. Preferably, the aqueous
solution of iron(lll) salt is mixed to the aqueous
base in presence of the insoluble carbohydrate, e.g.
starch. Optionally additional insoluble carbohydrate
is then added. In another embodiment of the invention,
the insoluble carbohydrate is added only after having
mixed the aqueous base with the iron salt, for example
after the precipitation of the iron salt has started.
It is believed that the insoluble carbohydrate may
stabilize the precipitate. Unexpectedly, it has been
found that performing the precipitation in presence of
an insoluble carbohydrate increases the phosphate
binding capacity of the iron(lll)-based compound thus
obtained,preferably starch. The resulting iron oxide
hydroxide may be stabilized by adding a soluble
carbohydrate to the precipitate before the iron
hydroxide ages. The iron(lll) salt may be iron(lll)
chloride, iron(lll) nitrate or iron(lll) sulfate,
preferably the iron salt is iron(lll) chloride, e.g.
solid iron(lll)chloride hexahydrate. The aqueous
solution of iron(lll) salt may be in particular a
solution of iron(lll) salt, as herein above defined,
in water. The solution of iron salt may comprise from
about 3 to about 35 wt/wt%, e.g. 20 to about 30 wt/wt%
of iron salt, preferably about 25 wt/wt% of iron salt,
based on the total weight of the iron salt.
Preferably, a solution of iron(lll) chloride at about
20 to 30 wt/wt%, preferably about 25 wt/wt%, based on
the total weight of the iron salt, is used. According
to the Invention, it is also possible to use other
aqueous iron solution, such as iron alum (e.g.
KFe(SO4)2 or NH4Fe(SO4) 2) or sulfuric-acid-containing
solutions or iron(lll). e.g. of iron (III) sulfate.
The base to be used may be hydroxide or carbonates of
alkali or alkaline earth metals. Alkali carbonates,
alkali btcarbonates and alkali metal hydroxides (e.g.
of sodium) are preferred. In particular, the base may
be selected from LiOH, KOH, NaOH, Ca(OH)2, Mg(OH)2, Li
CO3, K CO3, CaCO3, MgCO3, preferably Na2CO3.The base
solution may comprise about 20 to 



about 30, e.g. about 22 to about 27, e.g. about 25.5
vo|% of base, based on the total volume of the
solution. The aqueous base may consist of an aqueous
solution containing a base, as hereinabove defined,
and an insoluble carbohydrate, e.g. starch. The amount
of base is chosen in order to obtain the desired pH,
e,g. to adjust the pH of the solution resulting from
the mixture with the aqueous solution of iron(lll)
salt to a pH between about 6 and 10, preferably about
6 and 8, more preferably about 6.5 and 7.5, even more
preferably around 7. Starch may be selected from corn,
wheat, rice, maize or potato starch, and mixture
thereof. Starch may also contain part of soluble
starch (e.g. maltodextrin). For example, starch may be
a mixture of 80 wt% or more of potato starch and 20wt
% or less of soluble starch, e.g. 80 wt% or more of
potato starch and 20wt % or less of maltodextrin. In
another embodimentof the invention, the starch is
replaced by a dietary fiber, e.g. Benefiber (produced
by Novartis AG). Preferably starch is potato starch.
Preferably e.g. 1 g of insoluble carbohydrate, e.g.
starch, is added per about 0.5 to about 30 g of iron
salt, e.g. per about 1.0 to about 20 g of iron salt,
e.g. per about 1.5 to about 10 g of iron salt, e.g.
per about 2.0 to about 15 g of iron salt. In a
preferred embodiment of the invention, in step i) the
pH of the solution is maintained constant at a pH
between 6 and 8, preferably around 7, during all the
mixing. By simultaneously addition of the iron salt
and the base, the pH can be adjusted to the desired
value. According to the invention, the reaction, in
particular step i), is preferably made at a
temperature between about 1 and 20 preferably 2 to 10,
preferably about 5C. n o her embodiment step i) is
performed at ambient temperature. Subsequently to step
ii) the suspension may stagnate for a short time, e.g.
more than 1 hour, preferably during 1 to 5 hours, more
preferably over night. During that time, the
suspension can be stirred. According to the invention,
the soluble carbohydrate may be a glucose derivative.
Glucose derivatives may be selected from agarose,
dextran, dextrin, dextran derivatives, cellulose,
cellulose derivatives, sucrose, maltose, lactose,
mannitol and mixture thereof. Preferred glucose
derivatives are sucrose, maltodextrin and mixture
thereof. Most preferred glucose derivative is sucrose.
According to the invention, the amount of soluble
carbohydrate, e.g. glucose derivative, added in step
iv) may be of about 5 to about 15%wt, preferably about
5 to about 10, based on the weight of the phosphate
adsorbent. Preferably about 5 to about 15 weight%
sucrose or about 5 to about 10 weight% sucrose is
used.According to the invention, the precipitate
obtained in step i) may be washed, at least one time.
According to the invention, in step ii) the obtained
precipitate is isolated, e.g. by decantation,
filtration, centrifugation, preferably by decantation,
and then washed. The washing i performed with water or
an aqueous solution of NaHCO3, preferably with water.
Combinations of water washings and NaHCO3-washings may
be used. The precipitate is washed once or several
times, preferably several times. Washing can be done
until the level of impurities is down to a predefined
level, e.g. from a few hours up to a few days.
Preferably 2 to 5 washings are done, more preferably 3
to 5. After each washing operation the water or
washing solution is removed by decantation,
filtration, centrifugatton, preferably by decantation.
Preferably, the product is not completely dried. The
product is then resuspended in water. A minimum amount
of water is needed so that the suspension can be
processable. For example the ratio amount of
water/final phosphate 



adsorbent may be from about 0.8 to about 2, preferably
1.1. to 1.5, more preferably about 1. The resulting
aqueous suspension of phosphate adsorbent has
approximately a neutral pH value in the range of about
6 .5 to 7.5. The suspension may also be done in
presence of a soluble carbohydrate as herein above
defined, e.g. sucrose, e.g. the suspension is
performed with an aqueous solution of soluble
carbohydrate. Or the soluble carbohydrate.is added in
a further step, after the precipitate is resuspended.
In step iv), preferred soluble carbohydrate is
sucrose. In step iv), the preservative may be a
soluble preservative, such as e.g. chlorhexidien or
phydroxy- benzoic acid ester, or an alcohol, such as
e.g. ethanol, methanol, 2-propanol or combination
thereof. Preferably, the preservative is an alcohol.
Preferred alcohol is ethanol. In one embodiment of the
invention, the phosphate adsorbent resulting from step
v) is not dried, e.g. not completely dried.Optionally
a further step (i.e. step vi) can be added which
consists of isolating the phosphate adsorbent. Such an
isolation may be made by filtration, decantation,
spray drying or fluidized spray drying. Preferably
spray drying or fluidized spray drying, e.g. fluidized
bed spray drying is performed. Unexpectedly, it was
found that such a technique leads to produce a well
granulated, free flowing and dust free powder which is
suitable for direct sachet filling, without the use of
excipients. That powder can easily be manipulated,
e.g. during processing or packaging. According to the
invention, there is provided a process for
manufacturing an iron(lll)-based adsorbent having high
phosphate binding capacity in form of a dry powder, as
hereinabove described, wherein the process further
comprises a step of isolating the product by spray
drying or fluidized spray drying. Surprisingly, it has
been found that fluidized bed spray drying is suitable
to directly and continuously produce a well
granulated, free flowing and dust free powder which is
suitable for direct sachet filling or can be easily
granulated to yield a granulate. In another preferred
embodiment of the invention, the surface area of the
iron{lli)-based phosphate adsorbent is increased, e.g.
by adding a porous excipient, e.g. silicon dioxides,
for example Aerosil, during the manufacture of the
phosphate adsorbent, e.g. during step vi) as herein
above described. Furthermore a formulation step may be
performed. For example a step of mixing, granulating,
encapsulating and/or tableting the phosphate adsorbent
may be done, with adequate excipients if necessary. in
one embodiment of the invention, the process further
comprises the step vii) of granulating th powder,
optionally in presence of at least one excipient
selected from a binder and a lubricant, to yield an
iron(lll)-based phosphate adsorbent as a granulate In
another embodiment of the invention, the process
further comprises the step viii) of tabletting the
product, i.e. tabletting either the powder obtained in
step vi) or the granulate obtained in step vii). The
tabletting step is optionally performed in presence of
an excipient selected from a filler, a binder, a
disintegrant, a flow agent, a lubricant, and mixture
thereof. FormulationIt is known that iron oxides are
difficult to be manufactured because of their
dustiness. Such a dustiness may also be problematic
for formulating iron oxides containing compounds in
form of pharmaceutical compositions and/or for
packaging such compounds. In particular, if iron
oxides are to be taken as powder, fine dust can be
whirled by air or can even be inhalated, which may
lead Io losing part of the iron oxides, or taking an
incorrect dosage thereof. Therefore it is important to
prepare a pharmaceutical composition containing an
lron(lll)-based phosphate adsorbent which can be
safety administered to the patients, in 



particular whose dosage can be controlled when taken
by the patients. In order to obtain an iron oxides
containing phosphate adsorbent efficiently suitable as
pharmaceutical which can be orally administered, it is
necessary to obtain a compound which can be formulated
into oral pharmaceutical compositions. Typical oral
formulation contain excipients present to facilitate
automatic compaction or sachet filling. However
addition of such excipients may affect the phosphate
binding capacity of the adsorbent. Therefore in a
preferred embodiment of the invention, the phosphate
adsorbent is in form of a powder. Surprisingly it has
now been found that by using dedicated processing
conditions during the manufacture process, addition of
such excipients may be avoided. Due to the daily
amount of phosphate eaten every day through food
intake and the relative low binding phosphate capacity
of the phosphate adsorbents, patients who need to take
such compounds, e.g. suffering from
hyperphosphaleamia, need to take high amount of them
every day. Therefore there is a need to provide a
phosphate adsorbents in a formulation which could
improve patience compliance, for example in case of
elderly or pediatric patients. A formulation in form
of a powder could improve patience compliance in
comparison to the phosphate adsorbents commercially
available, since the powder could be diluted in water
and then permit to take higher doses of phosphate
adsorbent with a low amount of liquid. Surprisingly
the inventors of the present invention were able to
prepare an iron oxides containing phosphate adsorbent
in form of a non-dusty and free-flowing powder without
the use of excipients while maintaining the high
phosphate binding capacity of the compound. That
powder can easily be manipulated, e.g. during
processing or packaging. For example that powder can
be easily filled, e.g. mechanically filled, into
sachets or stick packs.The present invention provides
a phosphate adsorbent which is free-flowing, almost
dustfree and then can be filled into sachets or stick
packs, e.g. automatically filled. According to the
present invention, pharmaceutical composition of the
invention refers to pharmaceutical composition
containing iron (III)-based phosphate adsorbent, e.g.
the containing the phosphate adsorbent of the
invention. Pharmaceutical compositions according to
the invention may be formulated in any conventional
form, preferably oral dosage forms, e.g. powders,
granules, granulates, capsules, sachets, stick packs,
bottles (optionally together with adequate dosing
systems, e.g., calibrated spoons), tablets,
dispersibfe tablets, film coated tablets, or uniquely
coated tablets Pharmaceutical compositions according
to the invention may also be formulated as semi solid
formulations, e.g. aqueous and non aqueous gel
swallowable gel, chewy bar, fastdispersing dosage,
cream ball chewable dosage form, chewable dosage
forms, or edible sachet as defined hereinbelow.
Preferred formulations are powder, granulate, tablet,
for example dispersible tablet. In a preferred
embodiment of the invention, the pharmaceutical
composition is prepared in the form of a powder or a
granulated product (i.e. granulated powder or
ganulates), which is optionally filled into powder
containers such as bottle, capsule, sachet or stick
pack. Optionally such a sachet or stick pack is
supplied with a child resistant easy opening feature.
A lubr cant, as defried hereinbelow, may be added, for
example in case the phosphate adsorbent of the
Invention, e.g. as prepared according to the
manufacture process defined hereinabove, is filled
into a capsule. The granulated product may be prepared
by dry granulation, e.g. roller compaction, or wet
granulation, for example in a fluid bed or high shear
mixer. The granulation may be done in presence of a
binder, e.g. MCC, in order to improve the mechanical
stability of the granulate. 



The granulates may be filled then into e.g. bottles,
capsules, sachets or stick packs. In one embodiment of
the invention such filling can be performed by
automatically working systems.The sachet or slick
packs may contain between about 0.5 to 10g, e.g. from
about 0,5 to 5 9 of granulated product. The
pharmaceutical composition of the invention may
contain a binder, e.g. dry binder, such as sucrose or
microcrystalline cellulose (MCC). In another
embodiment of the invention, the pharmaceutical
composition of the invention may contain a lubricant,
e.g. Mg-stearate or hydrophilic lubricant, such as PEG
6000 or PEG 4000. The invention provides a capsule
containing the iron(lll)-based phosphate adsorbent,
e.g. as a powder or a granulate, and preferably
further comprising a lubricant. According to one
embodiment of the invention, the pharmaceutical
composition is in form of a tablet. For better
applicability or ease of differentiation, a subsequent
film coating of the tablet may be performed. The
tablet may be produced by tabletting, e.g. direct
compressing, the phosphate adsorbent as a pure powder,
i.e. without containing excipient. in another
embodiment of the invention, the tablet is prepared by
compression of the pure powder, i.e. a powder of the
phosphate adsorbent without excipient, together with
suitable excipients, such as excipients selected from
fifler, binder, disintegrant, flow agent, lubricant,
and mixture thereof. In yet another embodiment of the
invention, the tablet is obtained by compression of
the granulated powders (i.e. the "inner phase")
together with further excipients (the "outer phase").
The inner phase of the pharmaceutical composition
according to the invention may comprise the phosphate
adsorbent, and at least one excipient selected from a
filler, a binder, a disintegrant, and mixture thereof.
The outer phase of the pharmaceutical composition
according to the invention may comprise at least one
excipient selected from a flow agent, a lubricant, a
filler, a disintegrant and mixture thereof. Preferably
the outer phase comprises a flow agent, a lubricant,
and optionally a filler and/or disintegrant. The
pharmaceutical compositions according to the present
invention may comprise a filler to provide
processability.Suitable filler materials are
well-known to the art (see, e.g., Remington's
Pharmaceutical Sciences, 18th Ed, (1990), Mack
Publishing Co., Easton, PA, pp. 1635-1636), and
include microcrystalline cellulose, lactose and other
carbohydrates, starch, pregelatinized starch, e.g.,
starch 1500R (Colorcon Corp.), com starch, dicalcium
phosphate, potassium bicarbonate, sodium bicarbonate,
cellulose, calcium phosphate dibasic anhydrous,
sugars, sodium chloride, and mixtures thereof, of
which lactose, micro-crystalline cellulose,
pregelatinized starch, and mixtures thereof, are
preferred. Owing to its superior disintegration and
compression properties, microcrystalline cellulose
(Avicel grades, FMC Corp.), and mixtures comprising
microcrystalline cellulose and one or more additional
fillers, e.g., corn starch or pregelatinized starch,
are particularly useful. Preferably the filler is
microcrystalline cellulose. The filler may be present
in an amount of about 10 to 40 wt.%, based on the
total weight of the pharmaceutical composition,
preferably 20 to 40 wt%, more preferably about 30 wt%.
The pharmaceutical composition of the invention may
contain also the following classes of excipients: a)
well-known tableting binders
(e.g.,hydroxypropylmethylcellulose,starch, starch
pregela tinized (starch 1500) .gelatin, sugars,
natural and synthetic gums, such as
carboxymethylcellulose, methylcellulose,
polyvinylpyrrolidone,low substituted
hydroxypropylcellulose, ethylcellulose,
polyvinylacetate, polyacrylates, gelatin, natural and
synthetic gums), microcrystalline cellulose, and
mixtures of the foregoing. In a preferred embodiment
the binder 



consists of low substituted hydroxypropylcellulose HPC
(e.g. HP cellulose-LH22) or
hydroxypropylmethylcellulose HPMC, e.g. 3 or 6 cps.
The tableting binder may be comprised between about 1
and about 10 wt.%, and preferably about 1 and aboul 5
wt%, based on the total weight of the pharmaceutical
composition. In a preferred embodiment, the binder is
used at about 3 wt %, based on the total weight of the
pharmaceutical composition. b) disintegrants, e.g.
carboxymethylcellulose, cross-linked sodium
carboxymethyl- cellulose (croscarmelose sodium),
crospovidone, sodium starch glycolate. Preferred
disintegrants are crospovidone and croscarmelose
sodium.The disintegrant may be comprised between about
3 and about 15 wt.%, preferably about 5 and about10
wt%. based on the total weight of the pharmaceutical
composition. For example, the disintegrant is
crospovidone, croscarmelose sodium or mixture
thereof,and is contained at about 10 wt %, based on
the total weight of the pharmaceutical composition. c)
lubricants, e.g. magnesium stearate, stearic acid,
calcium stearate, glyceryl behenate, hydrogenated
vegetable oil, carnauba wax and the like, polyethylene
oxides such as PEG 6000 or PEG 4000. In a preferred
embodiment lubricant is magnesium stearate. The
lubricant, e.g. magnesium stearate, may be present
from about 0.5 to about 5 wt %, e.g. from about 3 to
about 5 wt %, preferably about 2 to about 3%, based on
the total weight of the pharmaceutical composition. d)
flow agents, e.g. silicon dioxide or talc, preferrably
silicon dioxide colloidal (e.g. Aerosil). The flow
agent, e.g. silicon dioxide colloidal, may be present
from about at about 0.1-2 wt %, e.g. 0.5 w %, based on
the total weight of the pharmaceutical composition. e)
anti-adherents or glidants, e.g., talc; f) sweeteners;
g) opacifying or coloring mediums, e.g. titanium
dioxide, iron oxide or aluminum lakes; h) flavoring
mediums; i) antioxidants. According to the invention,
there is provided a tablet containing the
iron(lll)-based phosphate adsorbent, and a lubricant,
and optionally at least one further excipient selected
from a filler a binder, a disintegrant, and a flow
agent, as hereinabove described. The tablet may
further comprise at least one excipient selected from
an anti-adherent, a glidant, a sweetener, an
opacifying or coloring medium, and a flavoring medium,
as hereinabove described.The tablet may be coated,
e.g. may comprise a film coating. Examples of suitable
film formers in film coating compositions to be
applied to pharmaceutical compositions of the
invention comprise e.g. polyethylene glycol,
polyvinylpyrrolidone, polyvinyl alcohol, hydrophiiic
polymers such as cationic polymers containing
dimethylamino-ethyf methacrylale as functional groups
(e.g. Eudragit E and EPO), hydroxypropylcellulose,
hydroxymethylcellulose, and hydroxypropylmethylcell
uJose or the like, of which
hydroxypropylmethylcelluios b is preferred. The film
coating composition ingredients include plasticizers,
e.g. polyethylene glycols (e.g. polyethylene glycol
6000), triethylcitrate, diethyl phthalate, propylene
glycol, glycerin in conventional amounts, as well as
the above- mentioned opacifiers such as titanium
dioxide, and colorants, e.g. iron oxide, aluminum
lakes, etc. Preferably dry mixtures as Sepifilm or
Opadry mixtures, latter prepared by Colorcon Corp. are
used. These products may be individually prepared dry
pre-mixtures of film forming polymers, opacifiers,
colorants and plasticizers which are further processed
to aqueous film coating suspensions. The film coating
may be generally applied to achieve a weight increase
of the tablet of about 1 to 10 wt.%, and preferably
about 2 to 6 wt.%, based on the total weight of the
pharmaceutical composition. 



The film coating can be applied by conventional
techniques in a suitable coating pan or fluidized bed
apparatus using water and/or conventional organic
solvents (e.g., methyl alcohol, ethyl alcohol,
isopropyl alcohol), ketones (acetone), etc. In another
embodiment of the invention, the iron(lll)-based
phosphate adsorbent is formulated as an uniquely
coated tablet The tablet according to the invention
may be made by direct compression of the iron(lll)-
based phosphate (the drug substance) and by addition
of high concentrations of Mg-stearate (e.g. about 3 to
about 5%). The tablet may further comprise binders as
e.g. HPMC 3cPs. HP-Cellulose LH-22.Electrostatic dry
powder deposition process may increase the structural
integrity of the tablet without adding major amounts
of material and also provides the opportunity for an
unique appearance of the dosage form. The tablet may
be coated by a electrostatic dry powder deposition
process, e.g. as follows: The coating mixture is
prepared by melt-extrusion of a mixture of polymer
(preferably Eudragits, e.g. type E, RS. L , RL and
additionally PVP/VA, HPMPC, HPMCAS). coloring agent
(e.g. titan dioxide) and other additives (e.g.
PEG30Q0). A further step of micronization of the
produced melt-extrudate is optionally performed, e.g.
with aboul 7 to 10 micron. The coating process may
consist of i) fixing the core (e.g. by vacuum) on a
wheel, charged, transported through the coating
chamber and attaching the opposite charged coating
powder to the core surface, if) transporting the
powder layered core on the wheel to an IR lamp were
the coat melts, iii) transferring the core to the
adjacent second wheel and repeating the process for
the bottom part of the tablet core. Typical coat
weights are 3-4% of the core weight and are about
20-5Gmm thick. Heat fixation step; The fusion cycle
varies from product to product but typically is around
80s per side. This includes heating up the tablets
from room temperature, so the temperature at the
surface of the tablet peaks at approximately 100C and
in the tablet core approximately 70C for about 20s.
According to the invention, the iron(lll}-based
phosphate adsorbent according Io the invention may
also be formulated as semi solid formulations. Such
compositions are comfortable to swallow, in particular
for elderly and children, and may be considered as a
daily supplement rather than a medicine. Furthermore
such semi-solid dosage forms have the advantage that
they may be filled into multiple or single dose
containers. In one embodiment of the invention, the
composition of the invention is in form of an aqueous
gel formulation. Such an aqueous gel may contain a
viscosity enhancer which preferably has wetting
properties, or a thickener. The viscosity may be
selected from polyoxyethylene sorbitan fatty acid
esters, polyethylene glycols, and glycerol. The
thickener may be selected from starch (e.g. corn
starch, potato starch), the starch being preferably
heated up, cellulose derivative (e.g.
hydroxypropylmethyl cellulose), alginate salt (e.g.
sodium alginate), carborner, colloidal silicon
dioxide, and other paste former (such as e.g. PVP,
polyacrylic acid, arabic gum, xanthan gum and mixture
thereof).In addition, preservatives may be added, such
as e.g. p-hydroxybenzoic acid methyl ester and salt
thereof, p-hydroxyl benzoic acid propylester and salt
thereof, sorbic acid and salt thereof, benzoic acid
and salt thereof or chlorhexidine. Flavours and
sweeteners may also be added. The aqueous gel may
contain a buffering system, e.g. citrate or acetate
buffer, to ensure the antimicrobial efficacy of the
preservative system. The aqueous gel may further
contain at least one agent selected from a sweetener,
such as e.g. saccharin sodium, aspartame, sucralose
and a flavour, such e.g. as strawberry or passion. The
aqueous gel may be prepared by solubilizing all
excipients, with the exception of the 



thickener in water purified, dispersing the phosphate
adsorbant until vigorous mixing and then by adding the
thickener. Possible semi solid formulations include,
but are not limited to, swallowable gel, e.g. aqueous
or non aqueous gel (the phosphate adsorbent being
optionally encapsulated or granulated); chewy bar,
e.g. a cereal bar, fast-dispersing dosage, such as
orally dispersing wafer; cream ball chewable dosage
form; chewable dosage forms, such as candy, soft
capsule, or nugget; or edible sachet. In such semi
solid formulations, the iron(lll)-based phosphate
adsorbent may contain dietary fiber as insoluble
carbohydrate, e.g. the starch may be replaced by
dietary fibers. Semi solid formulations have the
advantage that they may be perceived as a daily
supplement rather than a medicine, which means that
rather large dosage form may be acceptable for the
patients. Preferably, these formulations are given to
elderly and pediatric patients. Swallowable gel has
the advantage of be comfortable to swallow and be
possibly perceived as a daily supplement rather than a
medicine, In addition there is a wide choice of flavor
options. Non-aqueous gels are preferred. Encapsulation
of the iron hydroxide and/or a granulation step is
preferably included, in order to overcome problems
with mouth feeling, e.g. grittyness. According to the
invention, the chewy bar may contain ingredients
selected from the groups consisting of malt extract,
skimmed milk powder, fat reduced cacao, glucose syrup,
egg,hardened palm oil (e.g. about 30 weight %, based
on the total weight of the bar), yeast, sodium
chloride (e.g. about 0.1 weight %, based on the total
weight of the bar), vitamin (e.g. vitamin E), favor
(e.g. vanilla flavor), one or more stabilizers (e.g.
E339, E435, E472b, E475, soy bean lecithin), thickener
(e.g. carob flour, E460). The bar may be covered by a
milk chocolate layer, e.g. containing sugar, cacao,
cacao butter, whole milk, skimmed milk powder,
hazelnuts, butterfat, soy bean lecithin. The cover may
weight 33% of the total weight of the chewy bar. The
manufacturing process may comprise blending of all the
ingredients in a mixer at elevated temperature and
filling the blend into a mold. The bars may be
packaged after cooling to room temperature and removal
from the mold. Chewing of a chewy bar, e.g. a cereal
bar is a convenient and patient friendly
administration and may be perceived as part of the
daily routine, i.e. daily supplement rattier than a
medicine. Such a dosage form has only minor
limitations with respect to the size. In addition
there is a wide choice of flavor options. Orally
dispersing wafers are versatile fast-dispersing dosage
form. Orally dispersing wafers containing the
phosphate adsorbent of the invention, e.g.
iron(lll)-based phosphate are particularly suited for
pediatric and geriatric populations, since they are
comfortable to swallow and may be perceived as a daily
supplement rather than a medicine. According to the
invention, a rapidly dispersing dosage form may
release its active ingredient, i.e. the
iron(lll)-based phosphate adsorbent within a period of
less than about ninety seconds. These dosage forms may
exhibit a three-dimensional shape, which can be
retained for adequate storage but may be readily
dispersed in the presence of excess moisture.
According to the invention, the rapidly dispersing
dosage, e.g. the orally dispersing wafer, may be
manufactured by a solid, free-form fabrication
technique in which objects are built in a laminated
fashion through sequential addition of patterned thin
layers, e.g. three dimensional printing (3DP).
According to the invention the semi-solid dosage may
be a cream ball chewable dosage form. In one
embodiment of the invention, the phosphate adsorbent
is suspended in a cream 



or gel and then layered on a core. Various flavors may
be used. Such a form may provide better chewability
and mouth feeling than other chewable dosage forms.
This formulation may be comfortable to swallow and may
be perceived as a daily supplement rather than a
medicine.According to the invention, chewable dosage
forms include for example candy, soft capsule, and
nugget. A wide choice of flavor may be used. Fancy
shapes and colors can be designed. The chewable dosage
form may be packed in a tablet dispenser or
individually wrapped. According to the invention, the
chewable dosage form may contain ingredients selected
from the group consisting of: com syrup, sugar,
partially hydrogenated soybean and cottonseed oil,
nonfat milk powder, soy lecithin, natural or
artificial flavor, citric acid, glyceryl monostearate,
Carrageenan, Red 40, Vitamin (e.g. Vitamin D3 or K1),
tricalcium phosphate, alpha tocopheryl, salt,
niacinamide, calclium pantothenate, pyridoxine
hydrochloride, riboflavin, and thiamine mononitrate.
The ingredients may be dissolved in water or in milk
to form a syrup, which may be boiled unti) it reaches
the desired concentration or the sugar starts to
caramelize. The liquid may then be filled onto molds
and cooled down to harden the dosage form. According
to the invention, the phosphate adsorbent, may be
formulated as an edible sachet. Eating a sachet is a
convenient and patient friendly administration and may
be perceived as part of the daily routine, i.e. as a
daily supplement rather than a medicine. The filing of
the edible sachet may be made e.g. consist of, of
granules, which may be made of the material as
hereinabove described for the chewy bars. For example,
the filing of the edible sachet may be made by milling
of the bars after removal from the mold. The sachet
material may be made of water soluble polysaccharide,
e.g. starch, mashed vegetable or fruits, optionally
with lipids. The sachet may be manufactured by
spraying the fruit or vegetable puree on a fast
rotating teflonized disk where t forms a thin film
which is dried in a next step. In another embodiment
of the invention, the non soluble carbohydrate
contained in the iron(lll)-based phosphate adsorbent
is a dietary fiber, e.g. Benefiber(r). For example, in
step i) and/or step ii) of the manufacture process as
described hereinabove, starch is replaced by dietary
fiber, e.g. Benefiber(r). Such a formulation combines
the benefits of phosphate binding and of dietary
fibers in one product.Uses The iron(lll)-based
phosphate adsorbent according to the invention exhibit
valuable pharmacological properties, e.g. adsorbing
inorganic phosphate or phosphate bound to foodstuffs
from body fluids or foodstuffs, e.g. as indicated in
in vitro and in vivo tests and are therefore indicated
for therapy. The iron(lll)-based phosphate adsorbents
according to the invention are, therefore, useful in
the treatment and/or prevention of hyperphosphataemia,
hypercalcemia, hyperparathyroidism reduction, in
cardiovascular morbidity and mortality, renal
osteodystrophy, calciphyiaxis and soft tissue
calcifications. In particular the iron(lll)-based he
phosphate adsorbents according to the invention are
suitable for the treatment and/or prevention of
hyperphosphataemia, in humans and warm-blooded
animals, in particular companion animals such as dogs
and in particular cat The phosphate adsorbents of the
invention, and pharmaceutical compositions containing
them are more particularly useful in patients with
hyperphosphataemia, e.g. for dialysisdependent
patients, e.g. hemodialysis, or patients suffering
from advanced chronic kidney diseases (CKD), chronic
renal failure, chronic renal insufficiency, end-stage
renal disease. The phosphate adsorbent according to
the invention may be administered by any 



conventional route, in particular enterally, e.g.
orally, e.g. in the form of tablets or capsules. In
some cases the phosphate adsorbent may be administered
through nasogastric tubes, e.g. pediatric naso-gastric
tubes. Pharmaceutical compositions comprising the
compound of the invention in association with at least
one pharmaceutical acceptable carrier or diluent may
be manufactured in conventional manner by mixing with
a pharmaceutically acceptable carrier or diluent. Unit
dosage forms for oral administration contain, for
example, from about 0.5g to about 7g, e.g. from about
0.5 to about 5 g, e.g. from about 1.0 to about 3 g,
preferably from about t toabout 1.5, more preferably
about 1 to about 1.5 g, even more preferably about 1
to about 1.25 g of phosphate adsorbent. The phosphate
adsorbent according to the invention may also be used
for the absorption of phosphate bound to foodstuffs.
They may be admixed with foodstuffs. Utility of the
iron(lll)-based phosphate adsorbent of the invention,
in the treatment of hyperphosphateamia, may be
demonstrated in animal test methods as well as in
clinic, for example in accordance with the methods
hereinafter described. A- Phosphate Binding capacity
may be determined in assay done according to published
methods, e.g. as described in WO07/088343, the content
thereof being incorporated by reference, or according
to Example 3 hereinabove. B- Clinical Trial: open
label, time-lagged, multiple dose, switch study in
patients with CKD (chronic kidney diseases) on
hemodialysis. Patients remain on their current
sevelamer treatment during a 2-week run-in period,
then enter a 1- to 2-week wash out period prior to
being switched to the iron(lll)-based phosphate
adsorbent as described in Example 1 for 4 weeks; 3.75
g/day, 7.5 g/day, 11.25 g/day, 15 g/day, 22.5 g/day.
Each cohort enrolls 10 patients. Patients are
stratified by pre-study sevelamer dose: Strata 1 is
less than 7.2 g/day of sevelamer in cohorts of 3.75
g/day and 7.5 g/day of the iron(lll)-based phosphate
adsorbent. Strata 2 is greater or equal to 7.2 g/day
of sevelamer in other cohorts of the iron(lll)-based
phosphate adsorbent treatment. In accordance with the
foregoing the present invention provides: 1.1 An
iron(lll)-based phosphate adsorbent characterized by a
phosphate binding capacity of at least about 120 mg
adsorbed phosphate by 1 g of phosphate adsorbent,
preferably of about 140 mg adsorbed phosphate by 1 g
of phosphate adsorbent.1.2 An iron(lll)-based
polynuclear iron(lll)-based phosphate adsorbent
comprising i) an adsorbent base material, preferably a
non soluble carbohydrate, ii) polynuclear iron(III)
oxide hydroxides, and iii) a soluble carbohydrate,
e.g. glucose derivative, and iv) optionally a
carbonate, wherein the soluble carbohydrate is
partially incorporated into the polynuclear iron ((H)
oxide hydroxides. 1.3 A polynuclear iron(lll)-based
phosphate adsorbent comprising i) starch, ii)
polynuclear iron(lll) oxide hydroxides, and iii) a
glucose derivative selected from sucrose, maltodextrin
and mixture thereof, e.g. sucrose, wherein the glucose
derivative is partially incorporated into the
polynuclear iron(lll) oxide hydroxides. Optionally the
polynuclear iron oxide hydroxides are stabilized by
said glucose derivative. 1.4 A polynuclear
iron(lll)-based phosphate adsorbent comprising i) a
non soluble carbohydrate, e.g. starch, ii) polynuclear
iron(lll) oxide hydroxides, and iii) a glucose
derivative selected from sucrose, maltodextrin and
mixture thereof, e.g. sucrose, woerein the polynuclear
iron oxide hydroxide contains polynuclear gamma-iron
oxide hydroxide, and optionally ferrihydrite.
Optionally the glucose derivative is partially
incorporated into the polynuclear iron (III) oxide
hydroxides. 1.5 An iron(lll)-based phosphate adsorbent
comprising an adsorbent base material, preferably a
non soluble carbohydrate (e g starch), polynuclear
iron (III) oxide 



hydroxides, and glucose derivative selected from
sucrose, maltodextrin or mixture thereof (e.g.
sucrose), wherein the polynuclear iron oxide
hydroxides are stabilized by said glucose derivative.
1.6 An iron(lll)-based phosphate adsorbent containing
polynuclear gamma-iron oxide hydroxide and optionally
ferrihydrite. In accordance with the foregoing the
present invention further provides: 2.1 A process for
the preparation of an iron(lll)-based phosphate
adsorbent containing iron(lll) oxide-hydroxide,
insoluble carbohydrate (preferably starch) and a
glucose derivative, which process comprises the steps
of(i) reacting, e g. simultaneously mixing, an aqueous
solution of iron(lll) salt with an aqueous base at pH
comprised between about 6 and 10, wherein the reaction
is optionally performed in the presence of said
insoluble carbohydrate (preferably starch) (ii) either
adding said insoluble carbohydrate (preferably starch)
if it was not present in step i) or optionally adding
more of said insoluble carbohydrate (preferably
starch); (iii) isolating the precipitate formed; and
optionally washing, e.g. with water; (iv) suspending
the precipitate in an aqueous solution; and (v) adding
a soluble carbohydrate (preferably a glucose
derivative, such as sucrose or maitodextrin) to yield
an iron(lll)-based phosphate adsorbent. 2.2 A process
for the preparation of an iron(III)-based phosphate
adsorbent containing iron(lll) oxide-hydroxide,
insoluble carbohydrate (preferably starch) and a
glucose derivative. which process comprises the steps
of i) reacting, e.g. simultaneously mixing, an aqueous
solution of iron(lll) salt with an aqueous base at pH
comprised between about 6 and 10, wherein the reaction
is performed in the presence of said insoluble
carbohydrate (preferably starch); ii) optionally
adding more of said insoluble carbohydrate (preferably
starch) before the precipitation of the iron(lll) is
complete, e.g. has started; wherein steps iii) to v)
are performed as defined under 2.1 . 2.3. A process
for the preparation of an iron(lll)-based phosphate
adsorbent containing iron(lll) oxide-hydroxide,
insoluble carbohydrate (preferably starch) and a
glucose derivative, which process comprises the steps
of i) reacting, e.g. simultaneously mixing, an aqueous
solution of iron(lll) salt with an aqueous base at pH
comprised between about 6 and 10; ii) adding said
insoluble carbohydrate (preferably starch), before the
precipitation of the iron(lll) is complete, e.g. has
started;wherein steps iii) to v) are performed as defi
ed under 2.1. 2.4 A process for the preparation of an
iron(lll)-based phosphate adsorbent containing
iron(lll) oxide-hydroxide, starch and a glucose
derivative, which process comprises the steps of i)
reacting, e.g. simultaneously mixing, an aqueous
solution of iron(lll) salt with an aqueous base, and
ii) either performing step i) i presence of an
insoluble carbohydrate, e.g. starch, and optionally
adding more insoluble carbohydrate after the complete
mixing: or adding the insoluble carbohydrate after the
reaction of step i), e.g. after the complete mixing,
wherein steps iii) to v) are performed as defined
under 2.1. 2.5. A process for the preparation of an
iron(lll)-based phosphate adsorbent containing 



iron(lll) oxide-hydroxide, insoluble carbohydrate
(preferably starch) and a glucose derivative, which
process comprises the steps of i) reacting, e.g.
simultaneously mixing, an aqueous solution of
iron(lll) salt with an aqueous base, in presence of an
insoluble carbohydrate (preferably starch), wherein
the pH of the solution is maintained at a value
between about 6 and 8; wherein steps iii) to v) are
performed as defined under 2.1 . 2.6. A process as
defined under 2.1 to 2.5 wherein the process further
comprises the step vi) of isolating the product,
preferably by spray drying or fluidized spray drying
to give an iron(lll)-based phosphate adsorbent as dry
powder. 2.7. A process as defined under 2.1 to 2.6
wherein the process further comprises the step of
granulating the powder, optionally in presence of at
least one excipient selected from a binder and a
lubricant, to yield an iron(lll)-based phosphate
adsorbent as a granulate. 2.8. A process as defined
under 2.1 to 2.7 wherein the process further comprises
the step viii) of tabletting either the powder
obtained in step vi) or the granulate obtained in step
vii), wherein the tabletting step is optionally
performed in presence of an excipientseiected from a
filler, a binder , a disintegrant, a flow agent, a
lubricant, and mixture thereof, as hereinabove
described. Furthermore according to the invention
there is provided: 3. A process for the preparation of
garnma-iron(lll) oxide-hydroxide, which process
comprises the steps of a) reacting an aqueous solution
of iron(lll) salt (e.g. iron(lll) chloride) with a
aqueous base at pH comprised between 6 and 10, wherein
the reaction is optionally performed in the presence
of starch; b) adding starch if starch was not present
in step a), and optionally a) isolating the solids and
washing. I accordance with the foregoing the present
invention further provides: 4 1 A method for
preventing or treating disorders or diseases such as
indicated above, in a subject in need of such
treatment, i.e. a human or a warm-blooded animal, In
particular companion animal such as dog and cat, which
method comprises administering to said subject an
effective amount of an iron(lll)-based phosphate
adsorbent according to the invention. 4.2 A method for
controlling serum phosphate and serum
calcium-phosphate product levels, while maintaining
normal serum calcium levels, in a subject in need of
such treatment, e.g. in patients on chronic
hemodialysis, which method comprises administering to
said subject an effective amount of an iron(lll)-based
phosphate adsorbent according to the invention. 4.3 A
method for selectively removing inorganic phosphate or
eliminating inorganic phosphate, e.g. from dialysis
fluids, whole blood, plasma, in a subject in need of
such treatment, e.g. in patients on dialysis, e.g. on
chronic hemodialysis, which method comprises
administering to said subject an effective amount of
an iron(lll)-based phosphate adsorbent according to
the invention.4.4 A method for selectively removing
inorganic phosphate bound to foodstuffs. 5.1 A
phosphate adsorbent according to the invention for u
as a pharmaceutical, e.g. in any of the methods as
indicated under 4.1 to 4.3 above. 6. Composition for
use as a pharmaceutical preparation for the selective
elimination of inorganic phosphate from liquids,
wherein the composition is insoluble in water and
contains an iron(lll)-based phosphate adsorbent as
defined in any preceding claims 7.1 A pharmaceutical
composition, e.g. for use in any of the methods as in
4.1 to 4.3 



above comprising an iron(lll)-based phosphate
adsorbent according to the invention in association
with a pharmaceutically acceptable diluent or carrier
therefore, e.g. comprising at least one excipient
selected from a preservative and a binder. 7.2 A
pharmaceutical composition, e.g. for use as a
pharmaceutical preparation for the selective
elimination of inorganic phosphate from liquids, e.g.
dialysis fluids, whole blood or plasma, wherein the
composition contains an iron(lll)-based phosphate
adsorbent material according to the invention. 7.3 A
pharmaceutical composition suitable for oral
administration, e.g. a solid or semi solid dosage
form, containing the iron(lll)-based phosphate
adsorbent according to the invention. 7.4 A solid or
semi solid dosage form containing the iron(lll)-based
phosphate adsorbent according to the invention. 7.5
Pharmaceutical composition, preferably a powder or a
granulate, comprising the iron(lll)-based phosphate
adsorbent according to the invention and further
comprising a preservative (e.g. an alcohol, preferably
ethanol) and optionally a binder (e.g. sucrose,
microcrystalline cellulose or mixture thereof). 7.6
Pharmaceutical composition according to the invention
which is in form of a tablet and further comprises a
lubricant, and optionally at least one further
excipient selected from a filler, a binder, a
disintegrant, and a flow agent.8. An iron(lll)-based
phosphate adsorbent according to the invention for use
in the preparation of a pharmaceutical composition for
use in any of the method as in 4.1 to 4.3 above.
According to the invention, the phosphate adsorbent
may be administered as the sole active ingredient or
together with another phosphate reducing agent, such
as sevelamer; Fosrenol; Ca acetate; or Ca carbonate.
It may also be administered in combination with a
calcimimetic such as cinacalcet; vitamin D; or
calcitriol. In accordance with the foregoing the
present invention provides in a yet further aspect: 9
. A method as defined above comprising
co-administration, e,g. concomitantly or in sequence,
of a therapeutically effective amount of a phosphate
adsorbent according to the invention, and a second
drug substance, said second drug substance being
another Phosphate reducing agent, a calcimimetic,
vitamin D, or calcitriol, e.g. as indicated above. 10.
A therapeutic combination, e.g. a kit, comprising a) a
phosphate adsorbent according to the invention, and b)
at least one second agent selected from an another
Phosphate reducing agent, a calcimimetic, vitamin D
and calcitriol. Component a) and component b) may be
used concomitantly or in sequence. The kit may
comprise instructions for its administration. Where a
phosphate adsorbent according to the invention is
administered in conjunction with another phosphate
reducing agent, such as sevelamer, Fosrenol, Ca
acetate or Ca carbonate; a calcimimetic such as
cinacalcet; or with vitamin D or calcitriol, e.g. for
preventing or treating hyperphosphataemia or other
diseases or disorders as hereinabove specified,
dosages of the coadministered compound will of course
vary depending on the type of co-drug employed, on the
condition being treated and so forth.Examples The
following examples are illustrative of the invention.
Example 1: Preparation of iron(lll)-based phosphate
adsorbent To a mixture of 41kg potato starch, 118kg
sodium carbonate and 480kg water a solution of 148kg
iron(lll) chloride hexahydrate dissolved in 588kg
water is added over 30 minutes time span at a
temperature of 20-35C. The resulting brown suspension
is stirred for at least 60 



minutes at 25C then filtered and washed three times
with 968kg water each using a decanter centrifuge.
Subsequent 160kg water, 41kg sucrose and 129kg ethanol
are added and the mixture is stirred for at least 60
minutes, 172kg of the final product are isolated as a
reddish brown powder, obtained by spray drying using a
NIRO SD42 with appropriate spray drying parameters or
with an atomization pressure of 1.2 bar, an outlet
temperature of 65C and an Inlet temperature of 140C.
The product may be filled without any other processing
directly into sachets or stick packs. Example 2:
Preparation of iron(lll)-based phosphate adsorbent An
aqueous solution of 21.1 g sodium carbonate dissolved
in 105g water (solution A) and an aqueous solution of
26.5g iron(lll) chloride hexahydrate dissolved in 55g
water (solution B) are prepared. Solution A (4.2g/min)
and B (2.7g/min) are dosed to a suspension of 7.36g
potato starch in 40g water over a time span of 30
minutes by continuous mixing of solution A and B and
subsequent addition to the potato starch suspension.
The resulting brown-reddish suspension is stirred for
at least one hour al 25C, filtered and washed three
times with 173.6g water each. To the resulting reddish
brown solids 14.6g water, 7.36g sucrose and 24.2g
ethanol are added and the mixture is stirred for 60
minutes. 18.4g of the final product are obtained by
fluidized spray drying using appropriate FSD
conditions. Example 3: phosphate binding capacity of
the material described in Example 1 or Example 2
determined by ion chromatography/conductivity
detection. Separation mechanism used is ion
exchange.Reagents: Highly pure water (e.g. from
Milli-Q-System (Millipore)); Sodium hydroxide (50%
(m/m) solution, carbonate free, e.g. Merck 1.58793);
0.1 N Hydrochloric acid (HCI); Hydrochloric acid 37%;
Sodium hydrogen phosphate (Na2HPO4). Equipment: Ion
chromatograph with gradient pump; Anion exchange
column (e.g. Dionex lonPac AS1 1-HC Length 250 mm,
internal diameter 4 mm; or equivalent); SeIf
regenerating anion suppressor (e.g. Dionex ASRS-ULTRA
Il 4 mm, anion suppressor system), PVDF niter (e.g.
Infochroma: 8817E-PV-4 ECO HPLC-Filter PVDF 0.45 mm).
Chromatographic conditions Gradient elution using
degassed water as eiuent 1 and 80 mM sodium hydroxide
in water as eluent 2. System suitability test (SST)
The system suitability test proves that chloride and
phosphate are sufficiently separated. Moreover the
repeatability of injection is shown by repetitive
injection of the comparison solution for calculation,
A blank chromatogram shows that no interfering peak
exist in the solvent. A 1/100 dilution of the
comparison solution for calculation is used to show
sensitivity of the system. Preparation of
solutionsTest solution Accurately weigh (to within
0.01 mg) 365.0 to 385.0 mg of the test substance into
a 25 mL (prepare in duplicate TSx. 1 volumetric flask.
Add 20.0 mL of CS1 to this substance and let stand for
10 min. and TSx.2) Adjust the pH of this suspension to
pH 2.0 with HCf 0.1 N and fill to the mark with water.
The tightly closed flask is then kept in a water bath
of 37C for 2 hours. Approximately, every half an hour
the suspension is stirred manually by shaking the
vial. Afterwards, filter approximately 2.0 mL of the
resulting suspension through a 0.45 mm filter (PVDF)
into a vial. Take 1.0 mL of this filtrate into a 25 mL
volumetric flask 



and fill to the mark with water. The clear and
colorless solution will be used directly for
chromatography. Comparison stock solution
Concentration (PO4 -) level for CS1 - 4273 mg/mL
(prepare single: CS1) Preparation: Accurately weigh
(to within 0.1 mg) 6350 mg to 6425 mg of Na HPO4 into
a 1000 mL volumetric fiask, dissolve with app. 900 mL
water and set to pH 2.0 with HCI 37% and 0.1 N. Then
fill to the mark with solvent. Comparison solution for
Concentration. (PO43-) level for CS2 = 170.9 mg/mL
calculation Preparation: Pipette 2;0 mL of CS1 into a
50 mL volumetric (prepare single: CS2) flask and fill
to the mark with solvent. Evaluation/assessment The
analyte peaks in the chromatograms of the test
solution is identified by comparing the retention
times with those of the peaks in the chromatograms of
the comparison solutions. The peak areas for each
analyte peak is determined in the chromatograms of the
test solutions. The peak areas for each analyte peak
is also determined in the chromatograms of the CS2
solutions. Calculation Per cent adsorption (%) (m/m)
of phosphateEWTS Weight of the material described in
Example 1 or Example 2 in test solution [mg] WNa2HPO4
Weight of sodium hydrogen phosphate in CS1 solution
[mg] PATS Peak area of phosphate in test solution
PACS2 Peak area of phosphate in comparison solution 2
3- MWPO4 Molecular weight of phosphate: 94.97 g/mol
MWNa2HPO4 Molecular weight of sodium hydrogen
phosphate; 141 .96 g/mol Results: The compound of
example 1 adsorbs 14.2%m/m phosphate. The compound of
example 2 adsorbs 20% m/m phosphate. Example 4. Sachet
90 % of the produd as prepared in example 1 is mixed
together with corn starch (10 %) to prepare the final
blend. The final blend is then filled into sachets.
Example 5 Capsules (direct fill with lubricant). 90%
of the product as prepared in example 1 is filled into
a mixer. A pre-mix of 7-8% of the same product and
2-3% Mg-stearate is prepared. The premix is screened
through a screen (1000 micron mesh size) into the
mixer wilh the rest of the product to prepare the
final blend. The final blend is then filled into hard
gelatin capsules. Example 6: capsules (direct fill
with lubricant and additional excipient). 80 % of the
product as prepared in example 1 is mixed together
with MCC (10%) or preferably com starch (10 %). A
pre-mix of 7-8% of the same product and 2-3%
Mg-stearate is prepared. The premix is screened
through a screen (1000 micron mesh size) into the
mixer with the rest of the product to prepare the
final blend. The final blend is then filled into hard
gelatin capsules. Example 7: sachet, stick pack or
capsule (granulation by dry compaction)68% of the
product as prepared in example 1 is mixed together
with MCC (20 - 30%). Mgstearate (2%) is screened (1000
micron mesh size) and added to this pre-mixture. The
final blend is prepared, and then compacted and/or
compressed. The compaction is made with a tabletting
machine with big punches or a roller compaction
machine Then the comprimates are milled through a
screen, mesh size 2 mm. Subsequently, the screened
granulate is filled into sachets or stickpacks. 



The granulate could also be filled together with a
lubricant into capsules . Example 8: sachet, stick
pack or capsule (wet granulation) The product as
prepared in example 1 is granulated with about 15 %
water, related to the dry powder in a high shear
mixer. Then the granulate is dried until a LOD (loss
on drying) of approx. 6-7 % is reached. Then the dried
granulate is screened through a screen, mesh size 2 mm
Finally the screened granulate is filled into stick
packs. Optionally, the granulate may also be filled
together with a lubricant into capsules . Example 9:
sachet, stick pack or capsule (by wet granulation with
additional binder) About 97% of the product as
prepared in example 1 is mixed with about 2%
hydroxyproyl methylcellulose-HPMC-3 cps, grade 2910 as
binder, and granulated with approximately 10% water,
related to the dry powder. The binder is added as
solution after dissolving in the corresponding amount
of water. The subsequent steps are as described in the
example above. Example 10: Tablet (direct compression
with lubricant) 90% of the product as prepared in
example 1 is filled into a mrxer. A pre-mix of 7% of
the same product and 3% Mg-stearate is prepared. The
premix is screened through a screen (1000 micron mesh
size) into the mixer with the rest of the product to
prepare the final blend. The final blend is then
compressed on a tabletting machine to tablets of 644mg
weight (corresponds to 625mg of product 1). Example
11: Tablet (direct compression with lubricant and
additional excipients) 50% of the product as prepared
in example 1 is filled into a mixer together with 30%
microcrystalline cellulose and about10% crospovidone.
A pre-mix of approx. 7% of the same product and 3%
Mg-stearate is prepared. The premix is screened
through a screen (1000micron mesh size) into the mixer
with the rest of the product to prepare the final
blend. The final blend is then compressed on a
tabletting machine to ovaloid tablets of 1100 mg
weight (corresponds to 625 mg of product). The tablets
are coated with an aqueous suspension of film forming
polymer (HPMC 3 cps), coloring agent(s), titanium
dioxide (white pigment), talk (glidant) and
plaslicizer(s). Example 12: Tablet (granulation by dry
compaction) Proceed as described in example 7 but
disintegranl is additionally contained in the
granulate. Also, an external phase comprising a
filler, disintegrant, gfidant and lubricant is added
to the screened granulate and the final blend is then
compressed to tablets which may subsequently be
coated. Example 13; Tablet (by wet granulation with
additional binder and other excipients) 50% of the
product as prepared in example 1 is granulated
together with approx. 20% microcrystalline cellulose
and approx. 5 % crospovidone, with approximalively 18
% water, related to the dry powder, in a high shear
mixer. Then the granulate dried until a LOD (loss on
drying) of about 6-7 % is reached. Then the dried
granulate is screened through a screen, mesh size
approx. 1.25 mm into a mixer together with 10 %
microcrystalline cellulose and approx.5 %
crospovidone. A pre-mix of approx. 7% of this mix and
about 2% Mg-stearate is prepared. The premix is
screened through a screen (1000 micron mesh size) into
the mixer with the rest of the product to prepare the
final blend. The final blend is then compressed on a
tabletting machine to ovaloid tablets of 1100 mg
weight (corresponds to 625 mg of product). The tablets
are coated with an aqueous suspension of HPMC 3 cps,
titanium dioxide, talk and plasticizer(s) or of the
corresponding Opadry mixture. Example 14: Tablet (wet
granulation with additional binder) As describe above
but with the addition of about 3% hydroxyproyl
methylcellulose- HPMC- 3 cps, grade 2910 in the inner
phase whereby the binder is added in the dry state or
partially 



or entirely dissolved in the granulation liquid; the
amount of binder is compensated by the amount of
filler in the granulate. The subsequent steps are as
described in the example above. Example 14: Gel(Plain
aqueous gel) 80 mL of water is heated up to about
70-75C. 20 g of the product as prepared in example 2
is added and the suspension is kept at 70C until a
jelly mass is being formed. The gel is maintained at
70C for some minutes to stabilize the gel forming
process. After cooling to room temperature, water is
added to compensate for potential losses of evaporated
water during manufacture. Example 15: Gel 1.5 mg/ml of
benzoate sodium is dissolved in water purified, add
0.2 mg/mL ot saccharin sodium, 1.0 mg/mL of strawberry
flavor and the citrate buffering system. After
complete dissolution, 5 mg/mL of polysorbate 20 s
added, then the phosphate adsorbent is dispersed under
mixing. A homogeneous suspension is formed. Finally,
30 mg/mL of hydroxypropylmethyl cellulose is slowly
added under mixing. Examples 16-20: The following
ingredients (in mg) are dissolved or suspended in
glycerol, mixed together and filled-into stick
pack.Examples 21-22: oral dispersing wafer The
following ingredients (mg) are mixed together .
Throughout this specification and in the claims that
follow, unless the context requires otherwise, the
word "comprise", or variations such as "comprises" or
"comprising", will be understood to imply the
inclusion of a stated integer or step or group of
integers or steps but not the exclusion of any other
integer or step or group of integers or steps.CLAIMS 1
lron(lll)-based phosphate adsorbent characterized by a
phosphate binding capacity of at least about 120 mg
adsorbed phosphate by 1 g of phosphate adsorbent,
preferably of about 140 mg adsorbed phosphate by 1 g
of phosphate adsorbent. 2- A polynuclear
iron(lll)-based phosphate adsorbent comprising i) an
adsorbent base material, preferably a non soluble
carbohydrate, ii) polynuclear iron(lll) oxide
hydroxides, and iii) a soluble carbohydrate, wherein
the soluble carbohydrate is partially incorporated
into the polynuclear iron(lll) oxide hydroxides. 3- An
iron(lll)-based phosphate adsorbent according to claim
2 wherein the polynuclear iron oxide hydroxides are
stabilized by soluble carbohydrates. 4- An
iron(lll)-based phosphate adsorbent according to claim
2 or 3 wherein the soluble carbohydrate is a glucose
derivative. 5- An iron(lll)-based phosphate adsorbent
according to any one of claims 2 to 4 that further
comprises a carbonate. 6- An iron(lll)-based phosphate
adsorbent according to any one of claims 2 to 5
wherein the adsorbent base material is a non soluble
carbohydrate, preferably starch. 7- An iron(lll)-based
phosphate adsorbent according to any one of claims 2
to 6 wherein the polynuclear iron oxide hydroxide
contains polynuclear gamma-iron oxide hydroxide, and
optionally ferrihydrite. 8- An iron(lll)-based
phosphate adsorbent according to any one of claims 1
to 7 tor use as a pharmaceutical. 9- Composition for
use as a pharmaceutical preparation for the selective
elimination of inorganic phosphate from liquids,
wherein the composition is insoluble in water and
contains an iron(lll)-based phosphate adsorbent as
defined in any preceding claims.10- Pharmaceutical
composition comprising an iron(lll)-based phosphate
adsorbent according to any one of claims 1 to 7 and
further comprising at least one excipient selected
from a preservative and a binder. 



11- Composition according to claim 10 wherein the
preservative is an alcohol, preferably ethanol. 12-
Composition according to claim 10 or 11 wherein the
composition does not contain binder. 13- Composition
according to any one of claims 10 to 12 in form of a
powder or a granulated product. 14- Composition
according to claim 10 or 11 which is in form of a
tablet and further comprises a lubricant, and
optionally at least one further excipient selected
from a filler, binder, a disintegrant, and a flow
agent. 15- A process for the preparation of
iron(lll)-based phosphate adsorbent containing
iron(lll) oxide-hydroxide, insoluble carbohydrate and
a soluble carbohydrate, which process comprises the
steps of: (i) reacting an aqueous solution of
iron(lll) salt with a aqueous base at pH comprised
between 6 and 10, wherein the reaction is optionally
performed in the presence of insoluble carbohydrate;
(ii) adding insoluble carbohydrate if it was not
present In step i); (ii) isolating the precipitate
formed; (iv) suspending the precipitate in an aqueous
solution; and (v) adding a soluble carbohydrate to
yield an iron(lll)-based phosphate adsorbent, and
optionally at least one excipient selected from a
preservative and a binder.16- A process according to
claim 15 wherein at least one washing is performed
between step iii) and iv). 17- A process according to
claim 15 or 16 wherein in step i) the pH of the
solution is maintained at a constant value between 6
and 8, preferably about 7. 18- A process according to
any one of claims 15 to 17 wherein in step i) the pH
of the solution is maintained at a value between 6 and
8, and starch is added at step i). 19- A process
according to any one of claims 15 to 18 wherein the
soluble carbohydrate is a glucose derivative,
preferably sucrose, maltodextrin or mixture thereof.
20- A process according to any one of claims 15 to 19
wherein the insoluble carbohydrate is starch. 21- A
process according to any one of claims 15 to 20
wherein the process further comprises the step vi) of
isolating the product by spray drying or fluidized
spray drying to yield an iron(lll)-based phosphate
adsorbent as a dry powder. 22- A process according to
claim 2 1 wherein the process further comprises the
step vii) of granulating the powder, optionally in
presence of at least one excipient selected from a
binder and a lubricant, to yield an iron(lll)-based
phosphate adsorbent as a granulate. 23- A process
according to claim 2 1 or 22 wherein the process
further comprises the step viii) of tabletting either
the powder obtained in step vi) or the granulate
obtained in step vii). wherein the tabletting step is
optionally performed In presence of an excipient
selected from a filler, a binder , a disintegrant, a
flow agent, a iubricant, and mixture thereof.24- An
iron(lll) based phosphate adsorbent obtainable with a
process according to any one of claims 15 to 23. 25- A
solid or semi-solid dosage form containing the
iron(lll)-based phosphate adsorbent according to any
one of claims 1 to 7 or according to claim 24. 26- A
solid dosage form according to claim 25 which is a
powder, a granulate or a tablet, wherein the powder
and the granulate is optionally filled in into a
sachet, a stickpack or a capsule. 27- A semi-solid
dosage form according to claim 25 which is an aqueous
gel, non-aqueous gel. swallowable gel, chewy bar,
fast-dispersing dosage, cream ball chewable dosage
form, 



chewable dosage form, or edible sachet. 28- Use of a
iron(lll)-based phosphate adsorbent according to any
one of claims 1 to 7 or according to claim 24 for the
manufacture of a medicament for treating or preventing
hyperphosphatemia, hypercalcaemia, hyperparathyroidism
reduction, in cardiovascular morbidity and mortality,
renal osteodystrophy, calciphylaxis and soft tissue
calcifications, and diseases and disorders related
thereto. 29- Method for treating diseases and
disorders related to hyperphosphatemia in a patient in
need thereof, which method comprises administering to
said subject an effective amount of an iron(lll)-based
phosphate adsorbent according to any one of claims 1
to 7 or according to claim 24. 30- A method for
controlling serum phosphate and serum
calcium-phosphate product levels, while maintaining
normal serum calcium levels, in a subject in need of
such treatment, which method comprises administering
to said subject an effective amount of an
iron(lll)-based phosphate adsorbent according to any
one of claims 1 to 7 or according to claim 24. 31-A
method for selectively removing inorganic phosphate or
eliminating inorganic phosphate from liquid such as
dialysis fluids, whole blood or plasma, in a subject
in need ofsuch treatment, which method comprises
adding the iron(lll)-based phosphate adsorbent
according to any one of claims 1 to 7 or according to
claim 24 to said fluid. 32- A therapeutic combination
comprising a) an iron(lll)-based phosphate adsorbent
according to any one of claims 1 to 7 or according to
claim 24, and b) at feast one second agent selected
from an another Phosphate reducing agent, a
calcimimetic, vitamin D and calcitriol. 33- A process
for the preparation of gamma-iron(lll)
oxide-hydroxide, which process comprises the steps of
a) reacting an aqueous solution of iron(lll) salt
(e.g. iron(lll) chloride) with a aqueous base at pH
comprised between 6 and 10, wherein the reaction is
optionally performed in the presence of starch; b)
adding starch if starch was not present in step a),
and optionally c) isolating the precipitate. 


