
Imidazole variants as modulators of GABA receptor for
the treatment of GI disorders. Field of the invention
The present invention relates to novel compounds
having a positive allosteric GABA B receptor (GBR)
modulator effect, methods for the preparation of said
compounds and their use for the inhibition of
transient lower esophageal sphincter relaxations, for
the treatment of gastroesophageal reflux disease, as
well as for the treatment of functional
gastrointestinal disorders and irritable bowel
syndrome (IBS). Background of the invention The lower
esophageal sphincter (LES) is prone to relaxing
intermittently. As a consequence, fluid from the
stomach can pass into the esophagus since the
mechanical barrier is temporarily lost at such times,
an event hereinafter referred to as "reflux".
Gastroesophageal reflux disease (GERD) is the most
prevalent upper gastrointestinal tract disease.
Current pharmacotherapy aims at reducing gastric acid
secretion, or at neutralizing acid in the esophagus.
The major mechanism behind reflux has been considered
to depend on a hypotonic lower esophageal sphincter.
However, recent research (e.g. Holloway & Dent (1990)
Gastroenterol. CHn. N. Amer. 19, pp. 517-535) has
shown that most reflux episodes occur during transient
lower esophageal sphincter relaxations (TLESR), i.e.
relaxations not triggered by swallows. It has also
been shown that gastric acid secretion usually is
normal in patients with GERD. Consequently, there is a
need for a therapy that reduces the incidence of TLESR
and thereby prevents reflux. GABA -receptor agonists
have been shown to inhibit TLESR, which is disclosed
in WO 98/1 1885 Al.Functional gastrointestinal
disorders, such as functional dyspepsia, can be
defined in accordance with Thompson WG, Longstreth GF,
Drossman DA, Heaton KW, Irvine EJ, Mueller-Lissner SA.
C. Functional Bowel Disorders and Functional Abdominal
Pain. In: Drossman DA, Talley NJ, Thompson WG,
Whitehead WE, Coraziarri E, eds. Rome II: Functional
Gastrointestinal Disorders: Diagnosis, Pathophysiology
and Treatment. 2 ed. McLean, VA: Degnon Associates,
Inc.; 2000:351-432 and Drossman DA, Corazziari E,
Talley NJ, Thompson WG and Whitehead WE. Rome II: A
multinational consensus document on Functional
Gastrointestinal Disorders. Gut 45(Suppl.2), II I
-1181.9-1-1999. Irritable bowel syndrome (IBS) can be
defined in accordance with Thompson WG, Longstreth GF,
Drossman DA, Heaton KW, Irvine EJ, Mueller-Lissner SA.
C. Functional Bowel Disorders and Functional Abdominal
Pain. In: Drossman DA, Talley NJ, Thompson WG,
Whitehead WE, Coraziarri E, eds. Rome II: Functional
Gastrointestinal Disorders: Diagnosis, Pathophysiology
and Treatment. 2 ed. McLean, VA: Degnon Associates,
Inc.; 2000:351-432 and Drossman DA, Corazziari E,
Talley NJ, Thompson WG and Whitehead WE. Rome II: A
multinational consensus document on Functional
Gastrointestinal Disorders. Gut 45(Suppl.2), III
-1181.9-1-1999. GABA B receptor agonists GABA
(4-aminobutanoic acid) is an endogenous
neurotransmitter in the central and peripheral nervous
systems. Receptors for GABA have traditionally been
divided into GABA A and GABA B receptor subtypes. GABA
B receptors belong to the superfamily of Gprotein
coupled receptors (GPCRs). The most studied GABA B
receptor agonist baclofen
(4-amino-3-(p-chlorophenyl)butanoic acid; disclosed in
CH 449046) is useful as an antispastic agent. EP
356128 A2 describes the use of the GABA B receptor
agonist (3-aminopropyl)methylphosphinic acid for use
in therapy, in particular in the treatment of central
nervous system disorders.EP 463969 Al and FR 2722192
Al disclose 4-aminobutanoic acid derivatives having
different heterocyclic substituents at the 3-carbon of
the butyl chain. EP 181833 Al discloses substituted
3-aminopropylphosphinic acids having high affinities
towards GABA B receptor sites. EP 399949 Al discloses
derivatives of (3- s aminopropyl)methylphosphinic
acid, which are described as potent GABA B receptor
agonists. Still other (3-aminopropyl)methylphosphinic
acids and (3- aminopropyl)phosphinic acids have been
disclosed in WO 01/41743 Al and WO 01/42252 Al,
respectively. Structure-activity relationships of
several phosphinic acid analogues with respect to
their affinities to the GABAB receptor are discussed
in J. Med. Chem. (1995), 38, 



o 3297-3312. Sulphinic acid analogues and their GABAB
receptor activities are described in Bioorg. & Med.
Chem. Lett. (1998), 8, 3059-3064. For a more general
review on GABA ligands, see Curr. Med. Chem.-Central
Nervous System Agents (2001), 1, 27-42. Positive
allosteric modulation of GABA B receptors s 2,6-Di-ter
-butyl-4-(3-hydroxy-2,2-dimethylpropyl)phenol
(CGP7930) and 3-(3,5-di-ter -
butyl-4-hydroxyphenyl)-2,2-dimethylpropanal (disclosed
in US 5,304,685) have been described to exert positive
allosteric modulation of native and recombinant GABA B
receptor activity (Society for Neuroscience, 301
Annual Meeting, New Orleans , La., Nov. 4-9, 2000:
Positive Allosteric Modulation of Native and
Recombinant GABA Receptor o Activity, S. Urwyler et
al.\ Molecular Pharmacol. (2001), 60, 963-971).
N,N-Dicyclopentyl-2-methylsulfanyl-5-nitro-pyrimidine-
4,6-diamine has been described to exert positive
allosteric modulation of the GABAB receptor (The
Journal of Pharmacology and Experimental Therapeutics,
307 (2003), 322-330). 5 lH-imidazole-5-carboxylic acid
derivatives A few 4-amino-l H-imidazole-5-carboxylic
acid ethyl esters are disclosed as intermediates for
the synthesis of purines (Tetrahedron Lett. (1966),
1885-1889) or imidazo[4,5- 0 d]pyrimidones and
imidazo[4,5,-b]pyridines (Monatshefte r Chemie (1976),
107:1413- 1421). Also, 1,7-dihydro-6H-purine-6-ones
are prepared from 4-acylamino-l H-imidazole-
5-carboxylic acid ethyl esters (Tetrahedron (1982),
38:1435-1441). However, thesecompounds are not known
as positive allosteric modulators of the GABA B
receptor and have not been described as being useful
for the treatment of GERD or functional
gastrointestinal disorders. For a recent review on
allosteric modulation of GPCRs, see: Expert Opin.
Ther. Patents (2001), 11, 1889-1904.Outline of the
invention The present invention provides novel
compounds of formula I : (I) wherein R1 represents C1-
C10 alkyl; C2- C 0 alkenyl; C2-Ci Oalkynyl; or C3-Ci
cycloalkyl, each optionally and independently
substituted by Ci-Cio alkoxy, C3- C10 cycloalkyl,
C1-C10 thioalkoxy, halogen, hydroxy, mercapto,
carboxylic acid, carboxylic acid ester, carboxylic
acid amide, nitrile or one or two aryl or heteroaryl
groups; aryl or heteroaryl, each optionally and
independently substituted by Ci -C10 alkyl, C2-Ci O
alkenyl, C2-CiO alkynyl, C3-Qo cycloalkyl, C1-C10
alkoxy, C1-C10 thioalkoxy, halogen, hydroxy, mercapto,
nitro, keto, carboxylic acid, carboxylic acid ester,
carboxylic acid amide, nitrile or one or two aryl or
heteroaryl groups; R2 represents C1-C10 alkoxy or
Ci-Ci 0 thioalkoxy, each optionally and independently
substituted by Ci-Cj 0 thioalkoxy, halogen, hydroxy,
mercapto, carboxylic acid, carboxylic acid ester,
carboxylic acid amide, nitrile or one or two aryl or
heteroaryl groups; R3 represents Ci-Ci 0 alkoxy,
optionally substituted by CJ-CIQ thioalkoxy, C3-C10
cycloalkyl, keto, halogen, hydroxy, mercapto,
carboxylic acid, carboxylic acid ester, carboxylic
acid amide, nitrile or one or two aryl or heteroaryl
groups; Ci-Cio alkyl; C2-CiO alkenyl; C2-Ci 0 alkynyl;
or C3-Ci 0 cycloalkyl, each optionally and
independently substituted by C]-C10 alkoxy, C3-Ci 0
cycloalkyl, keto, C -C10 thioalkoxy,halogen, hydroxy,
mercapto, carboxylic acid, carboxylic acid ester,
carboxylic acid amide, nitrile or one or two aryl or
heteroaryl groups; aryl or heteroaryl, each optionally
and independently substituted by Cj-Ci 0 alkyl, C2-Ci
O alkenyl, C2-Ci 0 alkynyl, C3-Ci 0 cycloalkyl, Ci-Cio
alkoxy, Ci-Cio thioalkoxy, halogen, hydroxy, mercapto,
nitro, keto, carboxylic acid, carboxylic acid ester,
carboxylic acid amide, nitrile or one or two aryl or
heteroaryl groups; or amino, optionally mono- or
disubstituted with Ci-Ci 0 alkyl, C2-Ci Oalkenyl,
C2-Ci 0 alkynyl or C3-CiO cycloalkyl; R4 represents
Ci-Ci 0 alkyl; C2-Ci 0 alkenyl; C2-Ci 0 alkynyl;
Ci-Cio alkoxy; or C3-Ci O cycloalkyl, each optionally
and independently substituted by Cj-Ci 0 alkoxy, C3-Ci
O cycloalkyl, Q-Cio thioalkoxy, halogen, hydroxy,
mercapto, carboxylic acid, carboxylic acid ester,
carboxylic acid amide, nitrile or one or two aryl or
heteroaryl groups; aryl or heteroaryl, each optionally
and independently substituted by Ci-Cio alkyl, C2-Ci 0
alkenyl, C2- C1O alkynyl, C3- C10 cycloalkyl, Cj-Cio
alkoxy, CpCio thioalkoxy, halogen, 



hydroxy, mercapto, nitro, keto, carboxylic acid,
carboxylic acid ester, carboxylic acid amide, nitrile
or one or two aryl or heteroaryl groups; with the
exceptions of:  lH-imidazole-5-carboxylic acid,
4-(acetylamino)-l-methyl-2-(methylthio)-, ethyl ester;
lH-imi'dazole-5-carboxylic acid,
4-(acetylamino)-2-(methyithio)-l -phenyl-, ethyl
ester;  lH-imidazole-5-carboxylic acid,
4-[(4-chlorobenzoyl)ammo]-l-(2-furanylmethyl)-
2-(methylthio)-, ethyl ester;
lH-imidazole-5-carboxylic acid,
4-(acetylamino)-l-(2-furanylmethyl)-2- (methylthio)-,
ethyl ester;  lH-imidazole-5-carboxylic acid,
4-(acetylamino)-2-(methylthio)-l-(2- thienylmethyl)-,
ethyl ester; l -imidazole-5-carboxylic acid,
2-(methylthio)-4-[[(5-nitro-2-
furanyl)carbonyl]amino]-l-(2-thienylmethyl)-, ethyl
ester;  l -imidazole-5-carboxylic acid,
4-[[4-(l,l-dimethylethyl)benzoyl]amino]-l-(2-
methoxyphenyl)-2-(methylthio)-, ethyl ester;  l
-imidazole-5-carboxylic acid,
4-[(2,4-dichlorobenzoyl)amino]-l-[4-(lmethylethyl)
phenyl]-2-(methylthio)-, ethyl ester;  l
-imidazole-5-carboxylic acid,
l-[4-(l-methylethyl)phenyl]-4-[(2-methyl-loxopropyl)
amino]-2-(methylthio)-, ethyl ester;
lH-imidazole-5-carboxylic acid,
l-[2-thienylmethyl]-4-[(chloro-acetyl)amino]-2-
(methylthio)-, ethyl ester;  lH-imidazole-5-carboxylic
acid,
l-[2-thienylmethyl]-4-[(dichloro-acetyl)amino]-2-
(methylthio)-, ethyl ester; and
lH-imidazole-5-carboxylic acid,
l-[2-methoxyphenyl]-4-[(trichloro-acetyl)amino]-
2-(methylthio)-, ethyl ester. In one embodiment of the
present invention, R2 is Ci-Cio alkoxy, optionally
substituted by Ci-C o thioalkoxy, halogen, hydroxy,
mercapto, carboxylic acid, carboxylic acid ester,
carboxylic acid amide, nitrile or one or two aryl or
heteroaryl groups. In a further embodiment of the
invention, R2 is C1-CiOthioalkoxy, optionally
substituted by Ci-Cio thioalkoxy, halogen, hydroxy,
mercapto, carboxylic acid, carboxylic acid ester,
carboxylic acid amide, nitrile or one or two aryl or
heteroaryl groups. This new class of compounds, of
formula I above, lH-imidazole-5-carboxylic acid ethyl
esters or amides, are useful as positive allosteric
GABA B receptor modulators. The general terms used in
the definition of formula I have the following
meanings: Ci-Cio alkyl is a straight or branched alkyl
group, having from 1 to 10 carbon atoms, for example
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
secondary butyl, tertiary butyl, pentyl, isopentyl,
hexyl or heptyl. The alkyl may be substituted by one
or more ofCi-Cio alkoxy, CI-CJO thioalkoxy, halogen,
hydroxy, mercapto, carboxylic acid, carboxylic acid
ester, carboxylic acid amide, nitrile or one or two
aryl or heteroaryl groups. The alkyl groups may
contain one or more heteroatoms selected from O, N and
S, i.e. one or more of the carbon atoms may be
substituted by such a heteroatom. Examples of such
groups are methyl-ethylether, methyl-ethylamine and
methyl-thiomethyl. The alkyl group may form part of a
ring. One or more of the hydrogen atoms of the alkyl
group may be substituted for a fluorine atom. C2-Ci0
alkenyl is a straight or branched alkenyl group,
having 2 to 10 carbon atoms, for example vinyl,
isopropenyl and 1-butenyl. The alkenyl may be
substituted by one or more of Cj-Cio alkoxy, CI-CJO
thioalkoxy, halogen, hydroxy, mercapto, carboxylic
acid, carboxylic acid ester, carboxylic acid amide,
nitrile or one or two aryl or heteroaryl groups. The
alkenyl groups may contain one or more heteroatoms
selected from O, N and S, i.e. one or more of the
carbon atoms may be substituted by such a heteroatom.
One or more of the hydrogen atoms of the alkenyl group
may be substituted for a fluorine atom. C2-CiOalkynyl
is a straight or branched alkynyl group, having 2 to
10 carbon atoms, for example ethynyl, 2-propynyl and
but-2-ynyl. The alkynyl may be substituted by one or
more of Ci-Cio alkoxy, Cj-Cio thioalkoxy, halogen,
hydroxy, mercapto, carboxylic acid, carboxylic acid
ester, carboxylic acid amide, nitrile or one or two
aryl orheteroaryl groups. The alkynyl groups may
contain one or more heteroatoms selected from O, N and
S, i.e. 



one or more of the carbon atoms may be substituted by
such a heteroatom. One or more of the hydrogen atoms
of the alkynyl group may be substituted for a fluorine
atom. C -C10 cycloalkyl is a cyclic alkyl, having 3 to
10 carbon atoms such as cyclopropyl, cyclobutyl,
cyclopentyl or cyclohexyl. The cycloalkyl may also be
unsaturated. The cycloalkyl may be substituted by one
or more of Ci-Cio alkoxy, Ci-Cio thioalkoxy, halogen,
hydroxy, mercapto, carboxylic acid, carboxylic acid
ester, carboxylic acid amide, nitrile or one or two
aryl or heteroaryl groups. The cycloalkyl groups may
have one or more heteroatoms selected from O, N and S,
i.e. one or more of the carbon atoms may besubstituted
by such a heteroatom. One or more of the hydrogen
atoms of the cycloalkyl group may be substituted for a
fluorine atom. Ci-Cio alkoxy is an alkoxy group having
1 to 10 carbon atoms, for example methoxy, ethoxy,
n-propoxy, n-butoxy, isopropoxy, isobutoxy, secondary
butoxy, tertiary butoxy, pentoxy, hexoxy or a heptoxy
group. The alkoxy may be cyclic, partially unsaturated
or unsaturated, such as in propenoxy or cyclopentoxy.
The alkoxy may be aromatic, such as in benzyloxy or
phenoxy. The alkoxy groups may contain one or more
heteroatoms selected from O, N and S, i.e. one or more
of the carbon atoms may be substituted by such a
heteroatom. The alkoxy may be substituted by one or
more of Cj-Ci 0 alkoxy, CJ-CJO thioalkoxy, halogen,
hydroxy, mercapto, carboxylic acid, carboxylic acid
ester, carboxylic acid amide, nitrile or one or two
aryl or heteroaryl groups. Ci-Cio thioalkoxy is a
thioalkoxy group having 1 to 10 carbon atoms, for
example thiomethoxy, thioethoxy, n-thiopropoxy,
n-thiobutoxy, thioisopropoxy, thioisobutoxy, secondary
thiobutoxy, tertiary thiobutoxy, thiopentoxy,
thiohexoxy or thioheptoxy group. The thioalkoxy may be
unsaturated, such as in thiopropenoxy or aromatic,
such as in thiobenzyloxy or thiophenoxy. The
thioalkoxy may be substituted by one or more of Ci-
Cio alkoxy, Cj-Cio thioalkoxy, halogen, hydroxy,
mercapto, carboxylic acid, carboxylic acid ester,
carboxylic acid amide, nitrile or one or two aryl or
heteroaryl groups. The term aryl is herein defined as
an aromatic ring having from 6 to 14 carbon atoms
including both single rings and polycyclic compounds,
such as phenyl, benzyl or naphtyl, optionally
substituted by one or more substituents such as Q-Ci
Qalkyl, C2-Ci 0 alkenyl, C2-CiO alkynyl, C3-CiO
cycloalkyl, Ci-Cio alkoxy, CJ-CIQ thioalkoxy, halogen,
hydroxy, mercapto, nitro, keto, carboxylic acid,
carboxylic acid ester, carboxylic acid amide, nitrile,
or one or two aryl or heteroaryl groups, such as in
biphenyl. Polycyclic rings are saturated, partially
unsaturated or saturated.The term heteroaryl is herein
defined as an aromatic ring having 3 to 14 carbon
atoms, including both single rings and polycyclic
compounds in which one or several of the ring atoms is
either oxygen, nitrogen or sulphur, such as furanyl,
thiophenyl or imidazopyridine. The heteroaryl is
optionally substituted by one or more substituents
such 5 as Ci-Cio alkyl, C2-Ci alkenyl, C2-Ci 0
alkynyl, C3-Ci 0 cycloalkyl, Ci-Cio alkoxy, Cj- Cio
thioalkoxy, halogen, hydroxy, mercapto, nitro, keto,
carboxylic acid, carboxylic acid ester, carboxylic
acid amide, nitrile or one or two aryl or heteroaryl
groups, such as in biphenyl. Polycyclic rings are
saturated, partially unsaturated or saturated. Halogen
as used herein is selected from chlorine, fluorine,
bromine or iodine. 10 When the compounds of formula I
have at least one asymmetric carbon atom, they can
exist in several stereochemical forms. The present
invention includes the mixture of isomers as well as
the individual stereoisomers. The present invention
further includes geometrical isomers, rotational
isomers, enantiomers, racemates and diastereomers. I5
Where applicable, the compounds of formula I may be
used in neutral form, e.g. as a carboxylic acid, or in
the form of a salt, preferably a pharmaceutically
acceptable salt such as the sodium, potassium,
ammonium, calcium or magnesium salt of the compound at
issue. 20 The compounds of formula I are useful as
positive allosteric GBR (GABA B receptor) modulators.
A positive allosteric modulator of the GABAB receptor
is defined as a compound which makes the GABA B
receptor more sensitive to GABA and GABAB receptor
agonists by binding to the GABA B receptor protein at
a site different from that 5 used by the endogenous
ligand. The positive allosteric GBR modulator acts
synergistically 



with an agonist and increases potency and/or intrinsic
efficacy of the GABA B receptor agonist. It has also
been shown that positive allosteric modulators acting
at the GABA B receptor can produce an agonistic
effect. Therefore, compounds of formula I can be
effective as full or partial agonists. 0A further
aspect of the invention is a compound of the formula I
for use in therapy. As a consequence of the GABA B
receptor becoming more sensitive to GABA B receptor
agonists upon the administration of a positive
allosteric modulator, an increased inhibition of
transient lower esophageal sphincter relaxations
(TLESR) for a GABAB agonist is observed. Consequently,
the present invention is directed to the use of a
positive allosteric GABA B receptor modulator
according to formula I, optionally in combination with
a GABA B receptor agonist, for the preparation of a
medicament for the inhibition of transient lower
esophageal sphincter relaxations (TLESRs). A further
aspect of the invention is the use of a compound of
formula I, optionally in combination with a GABA B
receptor agonist, for the manufacture of a medicament
for the prevention of reflux. Still a further aspect
of the invention is the use of a compound of formula
I, optionally in combination with a GABA B receptor
agonist, for the manufacture of a medicament for the
treatment of gastroesophageal reflux disease (GERD).
Effective management of regurgitation in infants would
be an important way of preventing, as well as curing
lung disease due to aspiration of regurgitated gastric
contents, and for managing failure to thrive, inter
alia due to excessive loss of ingested nutrient. Thus,
a further aspect of the invention is the use of a
compound of formula I, optionally in combination with
a GABA B receptor agonist, for the manufacture of a
medicament for the treatment of lung disease. Another
aspect of the invention is the use of a compound of
formula I, optionally in combination with a GABA B
receptor agonist, for the manufacture of a medicament
for the management of failure to thrive.Another aspect
of the invention is the use of a compound of formula
I, optionally in combination with a GABA B receptor
agonist, for the manufacture of a medicament for the
treatment or prevention of asthma, such as
reflux-related asthma. A further aspect of the
invention is the use of a compound of formula I,
optionally in combination with a GABA B receptor
agonist, for the manufacture of a medicament for the
treatment or prevention of laryngitis or chronic
laryngitis. A further aspect of the present invention
is a method for the inhibition of transient lower
esophageal sphincter relaxations (TLESRs), whereby a
pharmaceutically and pharmacologically effective
amount of a compound of formula I, optionally in
combination with a GABA B receptor agonist, is
administered to subject in need of such inhibition.
Another aspect of the invention is a method for the
prevention of reflux, whereby a pharmaceutically and
pharmacologically effective amount of a compound of
formula I, optionally in combination with a GABA B
receptor agonist, is administered to a subject in need
of such prevention. Still a further aspect of the
invention is a method for the treatment of
gastroesophageal reflux disease (GERD), whereby a
pharmaceutically and pharmacologically effective
amount of a compound of formula I, optionally in
combination with a GABA B receptor agonist, is
administered to a subject in need of such treatment.
Another aspect of the present invention is a method
for the treatment or prevention of regurgitation,
whereby a pharmaceutically and pharmacologically
effective amount of a compound of formula I,
optionally in combination with a GABA B receptor
agonist, is administered to a subject in need of such
treatment. Yet another aspect of the invention is a
method for the treatment or prevention of
regurgitation in infants, whereby a pharmaceutically
and pharmacologically effectiveamount of a compound of
formula I, optionally in combination with a GABA B
receptor agonist, is administered to a subject in need
of such treatment. Still a further aspect of the
invention is a method for the treatment, prevention or
inhibition of lung disease, whereby a pharmaceutically
and pharmacologically effective amount of a compound
of formula I, optionally in combination with a GABA B
receptor agonist, is administered to a subject in need
of such treatment. The lung disease to be treated may
inter alia be due to aspiration of regurgitated
gastric contents. 



Still a further aspect of the invention is a method
for the management of failure to thrive, whereby a
pharmaceutically and pharmacologically effective
amount of a compound of formula I, optionally in
combination with a GABA B receptor agonist, is
administered to a subject in need of such treatment. A
further aspect of the invention is a method for the
treatment or prevention of asthma, such as
reflux-related asthma, whereby a pharmaceutically and
pharmacologically effective amount of a compound of
formula I, optionally in combination with a GABA B
receptor agonist, is administered to a subject in need
of such treatment. A further aspect of the invention
is a method for the treatment or prevention of
laryngitis or chronic laryngitis, whereby a
pharmaceutically and pharmacologically effective
amount of a compound of formula I, optionally in
combination with a GABA B receptor agonist, is
administered to a subject in need of such treatment. A
further embodiment is the use of a compound of formula
I, optionally in combination with a GABA B receptor
agonist, for the manufacture of a medicament for the
treatment of a functional gastrointestinal disorder
(FGD). Another aspect of the invention is a method for
the treatment of a functional gastrointestinal
disorder, whereby an effective amount of a compound of
formula I, optionally in combination with a GABAB
receptor agonist, is administered to a subject
suffering from said condition.A further embodiment is
the use of a compound of formula I , optionally in
combination with a GABA B receptor agonist, for the
manufacture of a medicament for the treatment of
functional dyspepsia. Another aspect of the invention
is a method for the treatment of functional dyspepsia,
whereby an effective amount of a compound of formula
I, optionally in combination with a GABA B receptor
agonist, is administered to a subject suffering from
said condition. Functional dyspepsia refers to pain or
discomfort centered in the upper abdomen. Discomfort
may be characterized by or combined with upper
abdominal fullness, early satiety, bloating or nausea.
Etiologically, patients with functional dyspepsia can
be divided into two groups: 1- Those with an
identifiable pathophysiological or microbiologic
abnormality of uncertain clinical relevance (e.g.
Helicobacter pylori gastritis, histological
duodenitis, gallstones, visceral hypersensitivity,
gastroduodenal dysmotility) 2- Patients with no
identifiable explanation for the symptoms. Functional
dyspepsia can be diagnosed according to the following:
At least 12 weeks, which need not be consecutive
within the preceding 12 months of 1- Persistent or
recurrent dyspepsia (pain or discomfort centered in
the upper abdomen) and 2- No evidence of organic
disease (including at upper endoscopy) that is likely
to explain the symptoms and 3- No evidence that
dyspepsia is exclusively relieved by defecation or
associated with the onset of a change in stool
frequency or form. Functional dyspepsia can be divided
into subsets based on distinctive symptom patterns,
such as ulcer-like dyspepsia, dysmotility-like
dyspepsia and unspecified (non-specific)
dyspepsia.Currently existing therapy of functional
dyspepsia is largely empirical and directed towards
relief of prominent symptoms. The most commonly used
therapies still include antidepressants. A further
aspect of the invention is the use of a compound
according to formula I, optionally in combination with
a GABA B receptor agonist, for the manufacture of a
medicament for the treatment or prevention of
irritable bowel syndrome (IBS), such as constipation
predominant IBS, diarrhea predominant IBS or
alternating bowel movement predominant IBS. A further
aspect of the invention is a method for the treatment
or prevention of irritable bowel syndrome (IBS),
whereby a pharmaceutically and pharmacologically
effective amount of a compound of formula I,
optionally in combination with a GABA B receptor
agonist, is administered to a subject in need of such
treatment. IBS is herein defined as a chronic
functional disorder with specific symptoms that
include continuous or recurrent abdominal pain and
discomfort accompanied by altered bowel function,
often with abdominal bloating and abdominal
distension. It is generally divided 



into 3 subgroups according to the predominant bowel
pattern: 1- diarrhea predominant 2- constipation
predominant 3- alternating bowel movements. Abdominal
pain or discomfort is the hallmark of IBS and is
present in the three subgroups. IBS symptoms have been
categorized according to the Rome criteria and
subsequently modified to the Rome II criteria. This
conformity in describing the symptoms of IBS has
helped to achieve consensus in designing and
evaluating IBS clinical studies. The Rome II
diagnostic criteria are: 1- Presence of abdominal pain
or discomfort for at least 12 weeks (not necessarily
consecutively) out of the preceding year2- Two or more
of the following symptoms: a) Relief with defecation
b) Onset associated with change in stool frequency c)
Onset associated with change in stool consistency A
further aspect of the invention is the use of a
compound according to formula I, optionally in
combination with a GABA B receptor agonist, for the
manufacture of a medicament for the treatment or
prevention CNS disorders, such as anxiety. A further
aspect of the invention is a method for the treatment
or prevention of CNS disorders, such as anxiety,
whereby a pharmaceutically and pharmacologically
effective amount of a compound of formula I,
optionally in combination with a GABA B receptor
agonist, is administered to a subject in need of such
treatment. A further aspect of the invention is the
use of a compound according to formula I, optionally
in combination with a GABA B receptor agonist, for the
manufacture of a medicament for the treatment or
prevention of depression. A further aspect of the
invention is a method for the treatment or prevention
of depression, whereby a pharmaceutically and
pharmacologically effective amount of a compound of
formula I, optionally in combination with a GABA B
receptor agonist, is administered to a subject in need
of such treatment. For the purpose of this invention,
the term "agonist " should be understood as including
full agonists as well as partial agonists, whereby a
"partial agonist" should be understood as a compound
capable of partially, but not fully, activating GABA B
receptors. The wording "TLESR", transient lower
esophageal sphincter relaxations, is herein defined in
accordance with Mittal, R.K., Holloway, R.H.,
Penagini, R., Blackshaw, L.A., Dent, J , 1995;
Transient lower esophageal sphincter relaxation.
Gastroenterology 109, pp. 601-610.The wording "reflux"
is defined as fluid from the stomach being able to
pass into the esophagus, since the mechanical barrier
is temporarily lost at such times. The wording "GERD",
gastroesophageal reflux disease, is defined in
accordance with van Heerwarden, M.A., Smout A.J.P.M.,
2000; Diagnosis of reflux disease. Bailliere's Clin.
Gastroenterol. 14, pp. 759-774. A "combination"
according to the invention may be present as a "fix
combination" or as a "kit of parts combination". A
"fix combination" is defined as a combination wherein
(i) a compound of formula I; and (ii) a GABA B
receptor agonist are present in one unit. One example
of a "fix combination" is a pharmaceutical composition
wherein (i) a compound of formula I and (ii) a GABA B
receptor agonist are present in admixture. Another
example of a "fix combination" is a pharmaceutical
composition wherein (i) a compound of formula I and
(ii) a GABA B receptor agonist; are present in one
unit without being in admixture. A "kit of parts
combination" is defined as a combination wherein (i) a
compound of formula I and (ii) a GABA B receptor
agonist are present in more than one unit. One example
of a "kit of parts combination" is a combination
wherein (i) a compound of formula I and (ii) a GABA B
receptor agonist are present separately. The
components of the "kit of parts combination" may be
administered simultaneously, sequentially or
separately, i.e. separately or together. The term
"positive allosteric modulator" is defined as a
compound which makes a receptor more sensitive to
receptor agonists by binding to the receptor protein
at a site different from that used by the endogenous
ligand. 



The term "therapy" and the term "treatment" also
include "prophylaxis" and/or prevention unless stated
otherwise. The terms "therapeutic" and
"therapeutically" should be construed
accordingly.Pharmaceutical formulations The compound
of formula I can be formulated alone or in combination
with a GABA B receptor agonist. For clinical use, the
compound of formula I, optionally in combination with
a GABA B receptor agonist, is in accordance with the
present invention suitably formulated into
pharmaceutical formulations for oral administration.
Also rectal, parenteral or any other route of
administration may be contemplated to the skilled man
in the art of formulations Thus, the compound of
formula I, optionally in combination with a GABA B
receptor agonist, is formulated with a
pharmaceutically and pharmacologically acceptable
carrier or adjuvant. The carrier may be in the form of
a solid, semi-solid or liquid diluent. In the
preparation of oral pharmaceutical formulations in
accordance with the invention, the compound of formula
I, optionally in combination with a GABA B receptor
agonist, to be formulated is mixed with solid,
powdered ingredients such as lactose, saccharose,
sorbitol, mannitol, starch, amylopectin, cellulose
derivatives, gelatin, or another suitable ingredient,
as well as with disintegrating agents and lubricating
agents such as magnesium stearate, calcium stearate,
sodium stearyl fumarate and polyethylene glycol waxes.
The mixture is then processed into granules or
compressed into tablets. Soft gelatine capsules may be
prepared with capsules containing a mixture of a
compound of formula I, optionally in combination with
a GABA B receptor agonist, with vegetable oil, fat, or
other suitable vehicle for soft gelatine capsules.
Hard gelatine capsules may contain a compound of
formula I, optionally in combination with a GABA B
receptor agonist, in combination with solid powdered
ingredients such as lactose, saccharose, sorbitol,
mannitol, potato starch, corn starch, amylopectin,
cellulose derivatives or gelatine. Dosage units for
rectal administration may be prepared (i) in the form
of suppositories which contain the active substance(s)
mixed with a neutral fat base; (ii) in the form of
agelatine rectal capsule which contains a compound of
formula I, optionally in combination with a GABA B
receptor agonist, in a mixture with a vegetable oil,
paraffin oil, or other suitable vehicle for gelatine
rectal capsules; (iii) in the form of a ready-made
micro enema; or (iv) in the form of a dry micro enema
formulation to be reconstituted in a suitable 5
solvent just prior to administration. Liquid
preparations for oral administration may be prepared
in the form of syrups or suspensions, e.g. solutions
or suspensions, containing a compound of formula I,
optionally in combination with a GABA B receptor
agonist, and the remainder of the formulation io
consisting of sugar or sugar alcohols, and a mixture
of ethanol, water, glycerol, propylene glycol and
polyethylene glycol. If desired, such liquid
preparations may contain colouring agents, flavouring
agents, saccharine and carboxymethyl cellulose or
other thickening agents. Liquid preparations for oral
administration may also be prepared in the form of a
dry powder to be reconstituted with a suitable solvent
prior to use. I5 Solutions for parenteral
administration may be prepared as a solution of a
compound of formula I, optionally in combination with
a GABA B receptor agonist, in a pharmaceutically
acceptable solvent. These solutions may also contain
stabilizing ingredients and/or buffering ingredients
and are dispensed into unit doses in the form of
ampoules or vials. 0 Solutions for parenteral
administration may also be prepared as a dry
preparation to be reconstituted with a suitable
solvent extemporaneously before use. In one aspect of
the present invention, a compound of formula I,
optionally in combination with a GABA B receptor
agonist, may be administered once or twice daily,
depending on 5 the severity of the patient's
condition. A typical daily dose of the compounds of
formula I is from 0.1 to 100 mg per kg body weight of
the subject to be treated, but this will depend on
various factors such as the route of administration,
the age and weight of the patient as well as of the
severity of the patient's condition. 0Methods of
preparation The compounds according to formula I of
the present invention, wherein R1, R2, R3 and R4 are
each and independently defined as above, may be
prepared by the following general 5 method (Scheme 1;
related literature: Tetrahedron (1982), 38:1435-1441).



(H) (I) Scheme 1 where aminoimidazoles (II)
efficiently are acylated into (I), using acyl
chlorides (typically io 1.5-2.5 equivalents) in
organic solvents such as THF or the like. The reaction
is performed in the presence of polymer- supported
diisopropylethylamine (PS-DIPEA; 1.5-3 equivalents) at
ambient temperature to 50C with agitation over 4-18
hours. Filtration of the reaction mixture over the
nucleophilic anion exchange resin Isolute-NH2, elution
with THF and evaporation in vacuo yields the desired
products as oils or amorphous solids. I5 The
aminoimidazoles (II) are prepared from intermediates
(III) or (IV) by heating the reagents under basic
conditions with an alpha halo carbonyl compound
(Scheme 2; literature: Tetrahedron Lett. (1966),
1885-1889 and Monatshefte b r Chemie (1976),
107:1413-1421) 20 Scheme 2Intermediate (III), where R2
is a Ci-C7 alkoxy group, is prepared by substitution
of the thiomethoxy group in intermediate (IV) by the
corresponding Ci-C7 alkoxy group according to Scheme
3. Intermediate (IV) is prepared by treating
dimethylcyanodithioimidocarbonate in ethanol with 1-2
equivalent of the primary amine and reflux for 3-5
hours (see Scheme 4). The reaction mixture is allowed
to cool, evaporated in vacuo and then the desired
compounds are either collected by filtration directly
or subsequently after the product has precipitated out
by the addition of water. Scheme 4 An alternative
route to intermediate (II) consist of the treatment of
intermediate (IV) with an alpha halo carbonyl compound
in the presence of a base such as potassium carbonate
providing intermediate (V). Subsequent treatment of
intermediate (V) with nucleophiles such as e.g. alkoxy
or thioalkoxy derivatives (e.g. NaOMe, NaOEt) provides
intermediate (II) via thiomethyl group substitution
and ring closure.Scheme 5 Furthermore, the
intermediate (II) can be generated in an analogous way
as described above by using diphenylcyanocarbonimidate
as a starting material instead of
dimethylcyanodithioimidocarbonate (Scheme 6; compare
Bioorg. Med. Chem. Lett. 2001, 11, 2225-2228 and
Bioorg. Med. Chem. Lett. 2004, 14, 4225-4229). Scheme
6Multiple Parallel Synthesis
of4-acylamino-lH-imidazole-5-carboxylic acid ethyl
esters Scheme 7 To 80 wells of a Robbins Flex Chem
teflon 96 well block is added polymer-supported
diisopropyethylamine (35 mg, 3.5 mmol/g) using a Titan
Resin Loader (tm). To these 80 wells is subsequently
added lH-imidazole-5-carboxylic acid,
4-amino-2-(methylthio)-l- (phenylmethyl)-, ethyl ester
in THF (600 ml, 0.05 mmol) followed by 1 of 80 acyl
chlorides (2-2.5 eq) dissolved in THF (600 ml). The
block is sealed and rotated for 18h at room
temperature, after which time each well is filtered
over Isolute-NH2 (200 mg) eluting with THF (1.5 ml).
The THF is evaporated in vacuo to yield the acylated
products as amorphous solids or oils. Multiple
Parallel Synthesis of
4-acylamino-lH-imidazole-5-carboxylic acid ethyl
esters Scheme 8 To 24 wells of a Robbins Flex Chem
teflon 96 well block is added polymer-supported
diisopropyethlamine (70 mg, 3.5 mmol/g) using a Titan
Resin Loader (tm). To these wells is subsequently
added 1 of 8 aminoimidazole per column in THF (600 ml,
0.1 mmol) followed by lof 3 acyl chlorides (2-2.5 eq)
per row dissolved in THF (600 ml). The blockis sealed
and rotated for 18h at room temperature, after which
time each well is filtered over Isolute-NH2 (400 mg)
eluting with THF (2.5 ml). The THF is evaporated in
vacuo to yield the acylated products as amorphous
solids or oils. EXAMPLES Example 1: Synthesis of l
-imidazole-5-carboxylic acid,
4-[(3,4-dichlorobenzoyl)amino]-
2-(methylthio)-l-(phenylmethyl)-, ethyl ester
lH-imidazole-5-carboxylic acid,
4-amino-2-(methylthio)-l-(phenylmethyl)-, ethyl ester
(29 mg, 0.1 mmol) was dissolved in THF (700 ml) in a
1ml vial. 50 mg of polymer supported
diisopropylethylamine (3.5 mmol/g) and subsequently
3,4-dichlorobenzoyl 



chloride (31 mg, 0.15 mmol) was added. The reaction
mixture was stirred overnight at room temperature and
then filtered over an Isolute-NH2 column (200 mg)
washing through with THF (ImI). The THF was evaporated
in vacuo to yield the product (35 mg, 75%). NMR 1H
400MHz (CDC13): 1.15(3H, t, COOCH2CH3), 2.85 (3H, s,
SCH3), 4.3 (2H, q, COOCH2CH3), 5.45 (2H, s, Ar-CH2),
7.1 (2H, Ar-H), 7.2-7.35 (3H, m, Ar-H), 7.55(1H,
Ar-H), 7.75 (IH, Ar-H), 8.05 (IH, Ar-H), 10.0 (IH, s,
NH)Example 2: Synthesis of lH-imidazole-5-carboxylic
acid, 4-amino-2-(methylthio)-l- (phenylmethyl)-, ethyl
ester (used as intermediate) Scheme 10
Carbamimidothioic acid, iV-cyano- -(phenylmethyl)-,
methyl ester (2 g, 9.7 mmol), bromo ethyl acetate
(1.79 g, 10.7 mmol) and potassium carbonate (1.48 g,
10.7 mmol) was dissolved/suspended in DMF (20 ml) and
stirred for Ih at 60C. During the same time 0.56 g of
sodium metal was dissolved in 12 ml of ethanol
(99.9%). The reaction was cooled and the sodium
ethoxide solution was added dropwise over 5 minutes.
The reaction was then taken up to 90C for 5 minutes,
cooled to room temperature and water added until
precipitation of the product. The product was filtered
and washed with ethanol/water (1:1) to yield 1.9 g
(67%) of lH-imidazole-5-carboxylic acid,
4-amino-2-(methylthio)-l- (phenylmethyl)-, ethyl
ester. 0.5 g was recrystallised from ethanol/water to
provide >95% pure (410mg) lH-imidazole-5-carboxylic
acid, 4-amino-2-(methylthio)-l-(phenylmethyl)-, ethyl
ester. NMR 1H 400MHz (CDC13): 1.15(3H, t, COOCH2CH3),
2.60 (3H, s, SCH3), 4.25 (2H, q, COOCH2CH3), 4.95(1H,
br. s, NH2), 5.40 (2H, s, Ar-CH2), 7.1 (2H, Ar-H),
7.2-7.35 (3H, m, Ar-H) Example 3 : Synthesis of
carbamimidothioic acid, JV-cyano-iV-(phenylmethyl)-,
methyl ester (used as intermediate) Scheme 11To
dimethylcyanodithioimidocarbonate (8.2 g, 56 mmol)
dissolved in ethanol (150 ml, 99.9%) was added
benzylamine (10 g, 93 mmol). A thick white precipitate
formed after about 10 seconds. The mixture was heated
at reflux for 3 hours. The reaction was cooled to room
temperature and the precipitate formed was collected
by filtration and washed with ethanol (yield 6.43 g).
The filtrate was evaporated and ethanol (50 ml) added.
The resultant white precipitate was filtered, washed
with ethanol to give a second crop (yield 2.66 g).
Total yield of carbamimidothioic acid,
iV-cyano-iV-(phenylmethyl)-,methyl ester was 79%. NMR
1H 400MHz (DMSO): 2.6 (3H, s, SCH3), 4.5 (2H, s,
Ar-CH2), 7.2-7.4 (5H, m, Ar- H), 8.9 (2H, br. s,
NH2)The following compounds were synthesized in an
analogous method to Example 1 (RT : retention time,
TOF ES+ = electrospray MS, i.e. molecular
weight+1):Systems and Methods for Scalably Encoding
and Decoding Data [001] The present application refers
to methods and systems for scalably encoding data as
well to a respective computer program product resident
on a computer readable medium. [002] With the
proliferation of digital technology in the past
decades, digital audiovisual formats have essentially
replaced their analog counterparts as the mainstream
carrier for multimedia contents and have been widely
adopted in numerous multimedia applications, such as
CD/DVD, Digital TV, Video on demand (VoD), and Network
radio, etc. By and large, digital multimedia signal is
characterized by high data rates and delivery through
communication channel would inevitably require
compression technologies before transmission.
Nowadays, there are a lot of data compression
technologies that are specifically designed for
compression of multimedia signals, e.g., H.263 and
MPEG 4 video for video signal, MPEG audio layer III
(mr3), MPEG-AAC and Dolby AC-3 for audio signal, and
G.723.1 and AMR for speech signal, and many of them
are widely deployed. [003] Recently, the universal
multimedia access (UMA) paradigm has been emerging as
an important technology for multimedia communication
where the audiovisual contents are delivered to
various playback devices with different capabilities
through a heterogeneous access networks, and consumed
by users with very diverse preferences. The UMA
paradigm has placed some new constraints on the
digital audiovisual formats in its framework; in
particular, in order to cater for various network
bandwidth conditions, as well as the diversity in the
device capabilities and user preferences, the digital
formats should provide the scalabilities 



that quality of its contents can be easily made
adaptive within the delivering network. This
scalability is usually accomplished by employing the
scalable coding technology, which generate a scalable
bit-stream that can be easily truncated to lower data
rates, and in turn, decoded to audiovisual
presentation with lower qualities. [004] In principle,
a scalable bit-stream can be constructed via a
"layered" structure which is demonstrated in the Fig.
1. In a layered structure, the input signal is first
passed through a base layer encoder to generate the
base layer bit-stream, which represents the minimum
quality/rate representation of the original signal.
The difference, or error signal obtained by
subtracting reconstruction signal of the baselayer
bit-stream to the original is then encoded with an
enhanced layer encoder to generate the enhanced layer
bit-stream. The process can be continued so on and so
forth to generate multi enhanced layer bit-stream as
illustrated in Fig. 1. The base layer bit-stream is
then multiplex with the enhanced layer bit-streams to
produce the scalable bit-stream (Fig. 2). In the
decoder, the base layer bit-stream and the multi
enhanced layer bit-stream are parsed from the scalable
bit-stream and the outputs are simply added together
to generate the decoded output. While there are other
approaches to achieve scalable coding, e.g., the
bit-plane coding approach in image coding, they are
fundamentally the same in the coding mechanism as the
approach described above. [005] The advantage of this
scalable coding approach lies in its ability to adapt
its quality of the reconstruction to the network
bandwidth as well as the devices capabilities and the
user preferences. For example, in an application that
streams a multimedia signal through a variable
bandwidth communication channel, a scalable coding
system can generate a bit-stream that can adapt its
bit-rate according to the available bandwidth of the
communication channel during the transmission; when
the available bandwidth becomes insufficient for the
full rate bit-stream, the transmission system can
simply discard some enhanced layer bit-streams to
reduce its bit-rate so that it can still be
transmitted through the communication channel. In this
case, instead of interrupting the streaming program as
in the case of steaming a nonscalable bit-stream, the
receiving terminal only suffer slightly quality
degradation, but can still enjoy a continues streaming
program which is generally more favorable from the
user's point of view. [006] Despite its advantages, a
scalable coding system is usually inferior to a
non-scalable coding system in terms of the coding
efficiency and complexity. That is, when working at a
certain given data rate, a scalable system will
generally result in reconstruction with worse quality
compared with a non-scalable coding system which
results from the fact that the layer structure of a
scalable coding system limits the freedom of the
encoder to optimize to a certain target rate as it
does in a non-scalable coding system. In addition, a
scalable coding system is usually more complex than a
non-scalable one in both its structure and the
computation power demanded in the coding/decoding
process. [007] Accordingly, what is needed is a system
and method for coding data which includes the
advantageous features of both scalable and
non-scalable systems.Summary of the Invention [008]
The present invention provides a hybrid
scalable/non-scalable system (HSNS) for coding a data
stream, such as multimedia signals. The system is
based upon the observation that not all the components
in the data stream need be scalable coded. In
particular, it is inefficient to scalable code
perceptually irrelevant components, as the goal for a
scalable coding system is to achieve the perceptual
quality vs. data rate scalability; and those
perceptually irrelevant components (e.g., data outside
the range of human perception such as sight and
vision) do not, by definition, contribute to the final
perceptual quality of the reconstruction. For these
data components, the systems and methods of the
present invention employ a nonscalable coder. This
hybrid scaling and non-scaling technique is thus
operable to provide a scalable bit stream, while
incorporating the advantages of a non-scalable system.
[009] A method of scalably encoding coded data in
accordance with one embodiment of the invention
includes receiving a data stream comprising a
plurality 



of data, and classifying, based upon at least one
predetermined criteria, each of the plurality of data
as either (i) perceptually relevant data or (ii)
perceptually irrelevant data. Perceptually relevant
data includes that data which corresponds to
information within the sensory range of a particular
party, for example, data corresponding to audio and/or
video information within an average person's audio and
visual range. Conversely, perceptually irrelevant data
will comprise that data which corresponds to
information generally outside (either higher or lower)
of the party's sensory range. [0010] Next, the
perceptually relevant data is scalably coded, and the
perceptually irrelevant data is non-scalably coded.
Non-exhaustive examples of nonscalable coding include
sample-by-sample coding with Huffman and arithmetic
code, and an exemplary embodiment of scalable encoding
includes layered coding and bitplane encoding.
Subsequently, the scalably coded perceptually relevant
data and the non-scalably coded perceptually
irrelevant are combined into (e.g., multiplexed onto)
a coded data stream for transmission. [0011] A system
operable to scalaby encode data in accordance with one
embodiment of the invention includes a perceptual
relevance classifier, a scalable coder, a non-scalable
coder, and a multiplexer. The system includes an input
configured to receive a data stream comprising a
plurality of data, the perceptualrelevance classifier
operable to classify, based upon at least one
predetermined criteria, each of the plurality of data
as either (i) perceptually relevant data, or (ii)
perceptually irrelevant data. The scalable coder has
an input coupled to receive the perceptually relevant
data and to apply scalable coding thereto to produce
coded perceptually relevant data. The non-scalable
coder has an input coupled to receive the perceptually
irrelevant data and to apply non-scalable coding
thereto to produce coded perceptually irrelevant data.
The multiplexer has first and second inputs coupled to
receive the coded perceptually relevant and irrelevant
data, respectively, the multiplexer operable to
combine the coded perceptually relevant and irrelevant
data into a coded data stream. [0012] In an optional
feature of the invention, a perceptual relevance
classification (PRC) record is generated during the
encoding process, the PRC record including information
as to which data has been deemed perceptually
relevance and which data perceptually irrelevant. When
implemented, the PRC record can be used to reconstruct
a copy of the original data stream in the decoder.
Further optionally, the encoder and decoder may employ
domain transformation techniques to facilitate data
processing. Such transforms may include the discrete
fourier, discrete cosine, discrete wavelet and
discrete sine transforms, for example. [0013] These
and other features of the invention will be more fully
understood when read in light of the following
description and figures. Brief Description of the
Drawings [0014] Fig. 1 illustrates a conventional
scalable coding system as known in the art. [0015]
Fig. 2 illustrates scalable bit streams which are
produced by the conventional scalable coding system of
Fig. 1. [0016] Figs. 3A and 3B illustrate respective
methods for scalably encoding and decoding data in
accordance with one embodiment of the present
invention. [0017] Fig. 4 illustrates a scalable
encoder and scalable decoder in accordance with one
embodiment of the present invention. [0018] Fig. 5
illustrates one embodiment of a bit stream which is
produced by the scalable encoder of Fig. 4. [0019]
These and other features of the present invention will
be better understood when viewed in light of the
following drawings and detailed description.Detailed
Description of Specific Embodiments [0020] Figs. 3A
and 3B illustrates respective methods for scalably
encoding and decoding data in accordance with one
embodiment of the present invention. Referring first
to the encoding method shown in Fig. 3A, an input
signal comprising a plurality of data is initially
received at 302. The input signal may undergo some
intermediate processing, as will exemplified below,
however this is not necessary for the operation of the
invention. 



[0021] Next at 304, each of the received data is
classified as being either (i) perceptually relevant
or (ii) perceptually irrelevant. The classification
involves for each data, comparing the level of one or
more predetermined criteria to a threshold value, the
data being deemed perceptually relevant or irrelevant
depending upon the outcome of the comparison.
Exemplary categories of the predetermined criteria
include the data's frequency, energy level, or its
perceptual significance estimated by using the
perceptual model for the human perceptual system.
[0022] When, for example, energy level is selected as
the classification criterion, perceptual relevance of
a data , i = 0,...,L - 1 is determined using the
equation: t L-I = - x 2 <THR (1) T -i where THR is a
predetermined threshold value, below which the
coefficient is determined to be perceptually
irrelevant. [0023] Alternatively, the absolute mean
value level of the coefficient can be used as a
classification criteria: \Xl \<THR (2) [0024] In
another embodiment, perceptual significance is
estimated by means of a perceptual model for the human
perceptual system. In such an embodiment, the
following ratio to the masking threshold may be used:
-( L-I -Vx 2 - <THR, (3) JND Wwhere JND is the level
of the just noticeable distortion for that signal.
This criteria is conventionally used in perceptual
audio coding where the JND is the masking threshold
evaluated by using a psychoacoustics model. See, for
example, J.D. Johnston, Transform coding of audio
signals using perceptual noise criteria, pp 314 - 323,
IEEE Journal on Selected Areas in Communications,
Volume: 6, Issue: 2, Feb. 1988. [0025] Next at 306,
the data which has been classified as perceptually
irrelevant is non-scalably coded. Numerous types of
non-scalable coding can be used in this process, the
selection of which will mostly depend upon the
particular data format and content. In an exemplary
embodiment in which the data comprises imaging data,
scalable coding may be performed using
sample-by-sample Huffman or arithmetic encoding. These
are only a few examples of the type of coding
possible, and those of skill in the art will
appreciate that there are many others applicable under
the present invention. [0026] Subsequently at 308, the
data classified as perceptually relevant is scalably
coded. This process is also implementable in numerous
ways, one example being bit-plane coding as described
in may be a Bit-plane coder as described in "A New,
Fast, and Efficient Image Codec based on Set
Partitioning in Hierarchical Trees," A. Said and W. A.
Pearlman, IEEE Transactions on Circuits and Systems
For Video Technology, vol. 6, no. 3, pp. 243-250, June
1996, or "Bit Plane Golomb Coding for Sources with
Laplacian Distributions," R. Yu and et al, ICASSP
2003. Those skilled in the art will appreciate that
other scaling processes may also be implemented in
alternative embodiments under the present invention.
[0027] Next at 310, the scalably and non-scalably
coded data are multiplexed onto a coded data stream.
This process may be implemented by a conventional
multiplexer or such equivalent hardware, software of
firmware. [0028] Referring next to Fig. 3B in which a
method for scalably decoding a signal is presented,
the process begins at 352 by receiving a coded data
stream, the coded data stream comprising both scalable
and non-scalable data. Next at 354, the coded data
stream is de-multiplexed into separate streams of
scalably coded data and non-scalably coded data. This
operation may be performed by a demultiplexer or some
such equivalent device in hardware, software or
firmware. [0029] Subsequently at 356, the stream of
scalable coded data is decoded. This 



process will typically employ the inverse process of
the encoding technique selectingin 306 above.
Similarly, at 358, the stream of non-scalably coded
data is decoded, also preferably using the inverse
process of the encoding process selected in 308. The
perceptually relevant and irrelevant decoded data is
subsequently combined at 360 to form a reconstructed
version of the input data supplied in 302. [0030] Fig.
4 illustrates an exemplary encoder and decoder in
accordance with embodiments of the present invention.
Referring first to the encoder 420, the system
includes an optional transform module 421, a switch
422 (a single-pole, double throw switch in one
embodiment), a perceptual relevance classifier 423, a
scalable coder 426, a non-scalable coder 427, and a
multiplexer 428. As those of skill in the art will
appreciate, the components may be realized as software
modules, firmware or hardware, or a combination of
these implementation modalities. [0031] The transform
module 420 is an optional component of the present
invention, but may be used in particular embodiments.
When so used, it is operable to domain transform the
input signal to a stream of transform coefficients
421a, for example transforming a sequence of time or
spatial coefficients to a corresponding sequence of
frequency coefficients. The transform module may
employ any particular transform, a few possible
examples being the discrete cosine transform, the
discrete fourier transform, the discrete sine
transform, the discrete wavelet transform, modified
versions of these, as well as others. In a particular
embodiment, the transform module performs the
transformation operation as described in applicant's
concurrently filed application entitled "Method for
Transforming a Digital Signal form the Time Domain
into the Frequency Domain and Vice Versa," herein
incorporated by reference. Further particularly, the
input signal is processed as two parallel input data
blocks, the transformation resulting in the generation
of two transform coefficient blocks. Embodiments of
this process are further described the applicant's
concurrently filed applications. Once generated, the
transform coefficients are then supplied to a
single-pole switch 422 and to the perceptual relevance
classifier 423. [0032] The perceptual relevance
classifier (PRC) 423 receives the transform
coefficients, and determines, based upon a
predetermined criteria, whether the transform
coefficient is perceptually relevant or not. Exemplary
categories of the predetermined criteria include the
coefficient's frequency, energy level, or perceptual
significance estimated by using a perceptual model as
described above. In a particular embodiment in which
an integer modified discrete cosine transform
(IntMDCT) isused to transform an input signal, for
example, an audio signal, perceptual relevance is
based upon whether the signal coefficients have an
average absolute value of less than 1, as in this case
the signal is mainly dominated with rounding errors in
the IntMDCT operation instead of the real audio
signal. Those skilled in the art will appreciate that
of course other selection criteria may be used, and
that the invention is not limited to the exemplary
criteria illustrated here. [0033] Responsive to its
classification, the PRC 423 controls the output state
of the switch 422 to output the perceptually relevant
data to the scalable encoder 426, and the perceptually
irrelevant data to the non-scalable encoder 427. The
two groups of data are then coded by their respective
coders and combined onto a scalable bit stream 429 by
use of a multiplexer 428. The scalable and
non-scalable coders may consist of any hardware,
software or firmware implementations of coding systems
running the desired coding operations, such as
bit-plane coding, Huffman coding, arithmetic coding,
as well as others. The invention is not limited to a
particular coding algorithm, and those skilled in the
art will appreciate that many forms of scalable and
non-scalable coding can be implemented under the
present invention. [0034] Optionally, a PRC record 425
containing information as to which data (coefficients)
were classified as perceptually relevant and
irrelevant is generated, supplied to the multiplexer
428 and combined onto the bit stream 429 for
transmission to the decoder 460. In a particular
embodiment, the PRC record 425 is appended as a
preamble of the bit stream so as to inform the decoder
which data are perceptually relevant before processing
the stream. [0035] Referring now to the encoder 460,
it includes a de-multiplexer 461, 



scalable and non-scalable decoders 462 and 463, a
switch 465, and an optional inverse transform module
466. The de-multiplexer 461 is operable to receive the
scalable bit stream transmitted from the encoder 420
or equivalent thereof, and separately outputting the
perceptually relevant coded data to the scalable
decoder 462, the perceptually irrelevant coded data to
non-scalable decoder 463, and the optionally included
PRC record to the switch 464. The scalable and
non-scalable decoders 462 and 463 perform inverse
operations of their corresponding encoders 426 and
427, their specific implementations (i.e., in
software, hardware, or firmware) being similar to that
of the encoders in a particular embodiment. [0036]
Switch 465 (a single-pole double throw switch in one
embodiment), generates a stream of reconstructed
transform coefficients 465a by selectivelychoosing
between the decoded perceptually relevant and
irrelevant coefficients. The stream of reconstructed
transform coefficients 465a is thus substantially
similar, if not identical to the stream of transform
coefficients 421a generated in the encoder 420. [0037]
The manner by which switch 465 is informed to select
between the perceptually relevant and irrelevant
decoded data to reconstruct a true copy of the
transform stream 421a can vary under the present
invention. In one embodiment, the switch possesses a
priori knowledge (perhaps through a previous
synchronization operation or by embedded programming)
as to which coefficient is needed in the present frame
in order to reconstruct a true copy of the original
data stream 421a. Alternatively, the switch 465 may be
informed by the de-multiplexed PRC record which
coefficient is needed in the present frame. [0038]
Should the encoding system 420 include a transform
module 421, the decoding system 460 will preferably
include an inverse transform module 466 which operates
in a complementary fashion. Accordingly, it applies
the inverse domain transformation operation on the
reconstructed transform coefficient stream 465a to
generate the decoded version of the input signal. In a
particular embodiment, inverse transform module
employs the inverse transformation operation as
described in applicant's co-pending application
entitled "Method for Performing a Domain
Transformation of a Digital Signal form the Time
Domain into the Frequency Domain and Vice Versa".
Further particularly, the reconstructed data stream
465a comprises a block of two parallel data streams
which are processed concurrently to provide two
concurrently produced blocks of decoded data, as
described in the applicant's concurrently filed patent
applications. The inverse transform module 466 is
typically, albeit not exclusively, implemented in the
same manner as the transform module 421 by means of
software, hardware, firmware or a combination of
these. [0039] Fig. 5 illustrates a scalable bit stream
produced by the encoding system 420 in accordance with
one embodiment of the present invention. In one
embodiment, the scalable bits 510 are positioned
at/near the beginning of the data frame, and the
non-scalable bit 520 near the end of the frame. This
arrangement allows the non-scalable coefficients 520
to be truncated (e.g., because of transmission through
a narrow bandwidth channel), thereby preserving the
scalable coefficients 510. In the embodiment in which
the PRC record 425 is used, it may be attached as a
preamble 505 ahead of the scalable coefficients 510,
so as to inform the decoding system which coefficients
are to be used during the signal reconstruction
process.[0040] The present invention has wide
applicability in coding system, and is particularly
advantageous in a scalable to lossless coding system
where the coding system generates a bit-stream that,
if not truncated, can be decoded to a mathematically
lossless reconstruction to the original signal. In
such a coding system, a large amount of the
perceptually irrelevant components, which would
usually be discarded in a normal scalable coding
system, still need to be transmitted in the lossless
bit-stream to meet this lossless coding constraint. As
a result, it's the coding efficiency and performance
can be significantly improved using the system and
methods of the present invention. Incorporated
References [0041] The following references are herein
incorporated by reference in their entirety for all
purposes: R. Yu, Xiao Lin, S. Rahardja and H.Huang,
"Proposed Core Experiment for 



improving coding efficiency in MPEG-4 audio scalable
coding (SLS)" International Organization for
Standarisation, Organization, Coding of Moving
Pictures and Audio, ISO/IEC JTC1/SC29/WG11,
MPEG2003/M10136, Oct 2003, Brisbane, Australia; J.Li,
"Embedded audio coding (EAC) with implicit auditory
masking", ACM Multimedia 2002, Nice, France, Dee.
2002; R. Geiger, J. Herre, J. Koller, and K.
Brandenburg, "INTMDCT - A link between perceptual and
lessless audio coding," IEEE Proc. ICASSP 2002; T.
Moriya, N. Iwakami, T. Mori, and A. Jin, "A design of
lossy and lossless scalable audio coding," IEEE Proc.
ICASSP 2000; R. Yu, X. Lin, S. Rahardja and C. C. Ko,
"A Fine Granular scalable perceptually lossy and
lossless audio codec", IEEE Proc. ICME 2003; M. Raad
and A. Mertings, "From Lossy to Lossless Audio Coding
Using SPIHT", Proc. 5th International Conference of
Digital Audio Effect, 2003; A. Said and W.A. Pearlman,
"A New, Fast, and Efficient Image Codec based on Set
Partitioning in Hierarchical Trees," IEEE Transactions
on Circuits and Systems For Video Technology, vol. 6,
no. 3, pp. 243-250, June 1996; R. Yu and et al, "Bit
Plane Golomb Coding for Sources with Laplacian
Distributions," ICASSP 2003; and Khalid Sayhood,
"Introduction to Data Compression," Morgan Kaufmann,
2000.[0042] While the above is a detailed description
of the present invention, it is only exemplary and
various modifications, alterations and equivalents may
be employed in various apparti and processes described
herein. Accordingly, the scope of the present
invention is hereby defined by the metes and bounds of
the following claims.What is claimed is: 1. A method
for scalably encoding data, comprising: receiving a
data stream comprising a plurality of data;
classifying, based upon at least one predetermined
criteria, each of the plurality of data as either (i)
perceptually relevant data or (ii) perceptually
irrelevant data; scalably coding the perceptually
relevant data; non-scalably coding the perceptually
irrelevant data; and combining the scalably coded
perceptually relevant data and the non-scalably coded
perceptually irrelevant data into a coded data stream.
2. The method of claim 1, wherein receiving a
plurality of data comprises receiving plurality of
coefficients produced through a discrete
transformation. 3. The method of claim 2, wherein the
discrete transformation comprises a Discrete Cosine
Transformation, a Modified Discrete Cosine
Transformation, a Discrete Wavelet Transformation, or
a Discrete Fourier Transformation. 4. The method of
claim 1, wherein each of the data comprises a
frequency component, and wherein classifying comprises
classifying, based upon the frequency component of
each data, said data as either (i) perceptually
relevant data or (ii) perceptually irrelevant data. 5.
The method of claim 1, wherein each of the data
comprises an energy level component, and wherein
classifying comprises classifying, based upon the
energy level component of each data, said data as
either (i) perceptually relevant data or (ii)
perceptually irrelevant data. 6. The method of claim
1, wherein each of the data comprises a perception
significance component, and wherein classifying
comprises classifying, based upon the perception
significance component of each data, said data as
either (i) perceptually relevant data or (ii)
perceptually irrelevant data.7. The method of claim 1,
further comprising: generating a perceptual
relevance/irrelevance record comprising information as
to which data are perceptually relevant and which data
are perceptually irrelevant; and combining the
perceptual relevance/irrelevance record with the
scalably-coded data and the non-scalably coded data in
the coded data stream. 8. The method of claim 1,
wherein scalably coding the perceptually relevant data



comprises bit plane coding the perceptually relevant
data. 9. The method of claim 1, wherein non-scalably
coding the perceptually irrelevant data comprises
Huffman coding the perceptually irrelevant data. 10.
The method of claim 1, wherein non-scalably coding the
perceptually irrelevant data comprises arithmetically
coding the perceptually irrelevant data. 11. The
method of claim 1, further comprising discarding from
the coded data stream, one or more of the non-scalably
coded perceptually irrelevant data. 12. The method of
claim 1, wherein the scalably coded perceptually
relevant data is combined onto the data stream ahead
of the non-scalably coded perceptually irrelevant
data. 13. A method for scalably decoding data,
comprising: receiving a coded data stream comprising
perceptually relevant coded data and coded
perceptually irrelevant coded data; scalably decoding
the perceptually relevant coded data into perceptually
relevant decoded data; non-scalably decoding the
perceptually irrelevant coded data into perceptually
irrelevant decoded data; and combining the
perceptually relevant and irrelevant decoded data into
a decoded data stream.14. The method of claim 13,
wherein scalably decoding the perceptually relevant
coded data comprises bit plane decoding the
perceptually relevant data. 15. The method of claim
13, wherein non-scalably decoding the perceptually
irrelevant coded data comprises Huffman decoding the
perceptually irrelevant data. 16. The method of claim
13, wherein non-scalably decoding the perceptually
irrelevant coded data comprises arithmetically
decoding the perceptually irrelevant data. 17. The
method of claim 13, wherein the coded data stream
comprises a perceptual relevance/irrelevance record
comprising information as to which coded data are
perceptually relevant coded data and which coded data
are perceptually irrelevant coded data, and wherein
the perceptual relevance/irrelevance record is used to
construct the decoded data stream. 18. The method of
claim 13, further comprising taking the discrete
transform of the data stream to obtain a decoded
signal. 19. The method of claim 18, wherein the
discrete transform comprises an Inverse Discrete
Cosine Transform, an Inverse Modified Discrete Cosine
Transformation, an Inverse Wavelet Transform or an
Inverse Fast Fourier Transform. 20. A system operable
to scalably encode data, the system comprising: a
perceptual relevance classifier having an input
configured to receive a data stream comprising a
plurality of data, the data classifier operable to
classify, based upon at least one predetermined
criteria, each of the plurality of data as either (i)
perceptually relevant data, or (ii) perceptually
irrelevant data a scalable coder having an input
configured to receive the perceptually relevant data
and to apply scalable coding thereto to produce coded
perceptually relevant data; a non-scalable coder
having an input configured to receive the perceptually
irrelevant data and to apply non-scalable coding
thereto to produce coded perceptually irrelevant data;
a multiplexer having first and second inputs coupled
to receive the coded perceptually relevant and
irrelevant data, respectively, the multiplexer
operable to combine the coded perceptually relevant
and irrelevant data into a coded data stream. 21. The
system of claim 20, wherein the data comprises a
plurality of coefficients produced through a discrete
transformation. 22. The system of claim 20, wherein
the discrete transformation comprises a Discrete
Cosine Transformation, a Modified Discrete Cosine
Transformation, a Discrete Wavelet Transformation or a
Discrete Fourier Transformation. 23. The system of
claim 20, wherein each of the data comprises a
frequency component, and wherein the perceptual
relevance classifier is operable to classify, based
upon the frequency component of each data, said data
as either (i) perceptually 



relevant data or (ii) perceptually irrelevant data.
24. The system of claim 20, wherein each of the data
comprises an energy level component, and wherein the
perceptual relevance classifier is operable to
classify, , based upon the energy level component of
each data, said data as either (i) perceptually
relevant data or (ii) perceptually irrelevant data.
25. The system of claim 20, wherein each of the data
comprises a perception significance component, and
wherein the perceptual relevance classifier is
operable to classify, based upon the perception
significance component of each data, said data as
either (i) perceptually relevant data or (ii)
perceptually irrelevant data. 26. The system of claim
20, wherein the perceptual relevance classifier is
further operable to generate a perceptual
relevance/irrelevance record comprising information as
to which data are perceptually relevant and which data
are perceptually irrelevant, and wherein the
multiplexer is further operable to combine the
perceptual relevance/irrelevance record with the coded
perceptually relevant and irrelevant data in the coded
data stream.27. The system of claim 20, wherein the
scalable coder comprises a bit plane encoder. 28. The
system of claim 20, wherein the non-scalable coder
comprises a Huffman encoder. 29. The system of claim
20, wherein the non-scalable coder comprises an
arithmetic encoder. 30. The system of claim 20,
further comprising means for discarding from the coded
data stream, one or more of the non-scalably coded
perceptually irrelevant data. 31. The system of claim
20, wherein the multiplexer is operable to combine the
scalably coded perceptually relevant data onto to the
data stream ahead of the nonscalably coded
perceptually irrelevant data. 32. A system for
scalably decoding data, comprising: a demultiplexer
having an input operable to receive a coded data
stream comprising perceptually relevant and irrelevant
coded data, a first output operable to provide the
perceptually relevant coded data, and a second output
operable to provide the perceptually irrelevant data;
a scalable decoder coupled to receive the coded
perceptually relevant data and to apply scalable
coding thereto to produce decoded perceptually
relevant data; a non-scalable decoder having an input
configured to receive the coded perceptually
irrelevant data and to apply non-scalable coding
thereto to produce decoded perceptually irrelevant
data; and a switch having an input switchable between
a first port coupled to receive the decoded
perceptually relevant data and a second port coupled
to receive the decoded perceptually irrelevant data,
the switch further comprising an output for providing
a decoded data stream. 33. The system of claim 32,
wherein the scalable decoder comprises a bit plane
decoder.34. The system of claim 32, wherein the
non-scalable decoder comprises a Huffman decoder. 35.
The system of claim 32, wherein the non-scalable
decoder comprises an arithmetic decoder. 36. The
system of claim 32, wherein: the coded data stream
comprises a perceptual relevance classification record
comprising information as t(c)which coded data are
perceptually relevant coded data and which coded data
are perceptually irrelevant coded data, the switch has
a second input is coupled to receive the perceptual
relevance classification record, and the switch,
response to perceptual relevance classification
record, selects between the first or second input
ports to sequentially construct the decoded data
stream. 37. The system of claim 32, further comprising
discrete transform means having an input for receiving
the decode input stream and an output, the discrete
transform means operable to apply a discrete transform
algorithm to produce a decoded signal. 



38. The system of claim 37, wherein the discrete
transform comprises an Inverse Discrete Cosine
Transform, an Inverse Modified Discrete Cosine
Transformation, an Inverse Wavelet Transform or an
Inverse Discrete Fourier Transform. 39. A computer
program product resident on a computer readable
medium, the . computer program product operable to
execute instructions for scalably encoding a plurality
of received data, the computer program product
comprising: code for classifying, based upon at least
one predetermined criteria, each of the plurality of
received data as either (i) perceptually relevant data
or (ii) perceptually irrelevant data; code for
scalably coding the perceptually relevant data; code
for non-scalably coding the perceptually irrelevant
data; and code for combining the scalably coded
perceptually relevant data and the nonscalably coded
perceptually irrelevant data into a coded data
stream.40. The computer program product of claim 39,
wherein each of the data comprises a frequency
component, and wherein the code for classifying
comprises code for classifying, based upon the
frequency component of each data, said data as either
(i) perceptually relevant data or (ii) perceptually
irrelevant data. 41. The computer program product of
claim 39, wherein each of the data comprises an energy
level component, and wherein the code for classifying
comprises code for classifying, based upon the energy
level component of each data, said data as either (i)
perceptually relevant data or (ii) perceptually
irrelevant data. 42. The computer program product of
claim 39, wherein each of the data comprises a
perception sensitivity component, and wherein the code
for classifying comprises code for classifying, based
upon the perception sensitivity component of each
data, said data as either (i) perceptually relevant
data or (ii) perceptually irrelevant data. 43. The
computer program product of claim 39, wherein code for
scalably coding the perceptually relevant data
comprises bit plane coding. 44. The computer program
product of claim 39, wherein code for non-scalably
coding the perceptually irrelevant data comprises
Huffman coding. 45. The computer program product of
claim 39, wherein code for non-scalably coding the
perceptually irrelevant data comprises arithmetic
coding. 46. The computer program product of claim 39,
wherein code to combine comprises code to combine the
scalably coded perceptually relevant data onto to the
data stream ahead of the non-scalably coded
perceptually irrelevant data. 47. A computer program
product resident on a computer readable medium, the
computer program product operable to execute
instructions for scalably decoding a coded data stream
comprising perceptually relevant coded data and coded
perceptually irrelevant coded data, the computer
program product comprising;code for scalably decoding
the perceptually relevant coded data into perceptually
relevant decoded data; code for non-scalably decoding
the perceptually irrelevant coded data into
perceptually irrelevant decoded data; and code for
combining the perceptually relevant and irrelevant
decoded data into a decoded data stream. 48. The
computer program product of claim 47, wherein code for
scalably decoding the perceptually relevant coded data
comprises bit plane coding. 49. The computer program
product of claim 47, wherein code for non-scalably
decoding the perceptually irrelevant coded data
comprises Huffman coding. 50. The computer program
product of claim 47, wherein code non-scalably
decoding the perceptually irrelevant coded data
comprises arithmetic coding. 


