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the IL-10 regulatory cytokine. The invention also relates to novel compounds of formula (I') or a pharmaceutically acceptable salt,
prodrug and/or solvate thereof, as well as a pharmaceutical composition comprising said compound.
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5-(4-METHANESULFONYL-PHENYL)-THIAZOLE DERIVATIVES FOR THE

TREATMENT OF ACUTE AND CHRONIC INFLAMMATORY DISEASES

FIELD OF THE INVENTION

The present mvention relates to the use of compounds derived from 5-(4-
methanesulfonyl-phenyl)-thiazole m the preparation of a medicinal product for the
treatment of acute and chronic inflammatory disecases or conditions, such as rheumatoid

arthritis.

STATE OF THE ART

Immunology 1s the scientific study of the discrimination between self and non-self.
The breakdown of tolerance to self 1s 1n the origin of auto-immune diseases. Morecover,
other conditions such as transplantation, atherosclerosis, septic and nonseptic acute and
chronic inflammatory pathologies and many others discases, up to now not considered
as auto-immune, exhibit immune cell-mediated pathogenic mechanisms. Activation of
immune inflammatory effector responses 1s considered by most authors as being based

on two signals:

- Signal 1 implies the triggering of the clonal antigen’s receptor (TCR-CD3 T-cell
receptor complex), that recognize the cognate antigen embedded 1in the Major
Histocompatibility Complex (MHC) molecules. In B-cells, extracellular soluble
or membrane-bound antigens cross link the Immunoglobulin CD79 (Ig/CD79)
clonal receptor complex to deliver the signal 1 to the antibody-secreting

lymphocyte lincage.

- A second signal, in addition to antigen-delivered signal 1, 1s required to avoid
tolerance by anergy or clonal deletion. Signal 2 1s delivered by co-stimulators
such as CD86 expressed on the surface of professional antigen-presenting cells

(APC), like human monocytes and therr differentiation lincage progeny.

In mnate mmmune mflammatory responses, danger signals are promoted by

microbial and self-modified antigens or mitogens that trigger Pattern Recognition

Receptors (PRR). PRR signalling pathways, such as TLR4 (the receptor for the Gram-

negative wall bacteria lipo-polysaccharide or LPS) deliver the expression of high levels

of co-stimulatory surface molecules (1.e., CD80 or CD&6). In turn, co-stimulatory
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l[igands CD80 — CD&6 cross link CD28 on the surface of helper T-cells. The
combination of signal 1 (1.¢., anti-CD3 antibody cross linking) plus signal 2 (1.e., CD28
cross linking by specific antibodies) experimentally mimics the natural conditions of an
cfficient inflammatory effector immune response. Notably, approved immune
suppressor drugs have some troubles to inhibit the activation of pro-inflammatory
cytokine cascades under conditions of high levels of co-stimulation. The latter occur in
auto-immune discases and many other severe acute and chronic inflammatory

conditions.

APCs are not only crucial for the acquired immune system to decide the class of
immune response since they deeply mfluence whether there 1s an effector (1.e. T-cell
help, Th, cellular cytoxicity, Th, antibody production, B-cell) responses or a tolerant
response (by anergy or apoptosis) mediated by the challenged clon. APCs can also
dehiver themselves effector immediate immune responses. A well documented example
1s the production and release of high amounts of Tumour Necrosis Factor Alpha (TNF-
alpha) by monocytes m cancer patients. In these patients, TNF-alpha promotes an
augmented response and activation of the vascular endothelium, accompanied with
secretion of Interleukin 8 (IL-8) and other pro-inflammatory cytokines as well as pro-
coagulant activities. Altogether, TNF-alpha promotes thrombosis and 1schaemia with
cancer necrosis, which led to the original definition as cachectin or TNF-alpha.
However, TNF-alpha 1s a pleotropic cytokine involved 1in many other discase
conditions. There 1s long-standing evidence that, upon monocytes, LPS may trigger the
secretion of massive amounts of TNF-alpha which strongly contribute to the
development of septic shock. More recently, the production and secretion of
inadequately high amounts of TNF-alpha 1s considered as a therapeutic target i auto-
immune inflammatory disecases, such as rheumatoid arthritis, spondiloarthropathies,
Crohn’s discase, uveitis and psoriasis. Thus, the use of anti-TNF-alpha has currently
been broadly considered as a state of the art strategy to deal with those diseases 1n
which the reduction of available levels of bioactive TNF-alpha might contribute to

ameliorate the patient’s condition.

In this regard, the number of disecases which might benefit from the treatment with

TNF-alpha antagonists 1s growing rapidly and includes atherosclerosis, metabolic
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syndrome, encephalitis, viral hepatitis, glomerulonephritis, inadequate inflammatory

response to tumours and septic shock as among several others.

In addition to that produced by some somatic cells, there are two major sources of
TNF-alpha production, monocytes and T-lymphocytes. In the course of an acquired
immune response, exposition of APCs to danger signals under pro-inflammatory
instructive scenarios, triggers the secretion of IL-12 p70 (an heterodimer of p35 and
p40), being the latter a co-stimulatory molecule that polarizes the cytokine secretion
profile of the activated Th-cells towards Th-1 type. Thl-cells exhibit a characteristic
cytokine profile in which interferon gamma (IFN-gamma) secretion 1s a bona fide

footprint. These cells do secrete high amounts of TNF-alpha too.

IFN-gamma produced by Thl promotes many effects that may be relevant in the
understanding of inflammatory diseases. On one hand, it further activates monocytes
and 1ncreases the level of TNF-alpha secretion by a given stimuli. On the other hand, 1t
promotes a stronger signalling pathway downstream TNF-alpha receptors. Altogether,
IFN-gamma 1 addition to its own direct effects such as anti-viral activity, increases
expression m MHC-II and contributes to inflammation and lesions by increasing the

still strong effects of TNF-alpha.

The pro-inflammatory cascade initiated by the production of TNF-alpha in
monocytes or IFN-gamma and TNF-alpha i Thl-cells, becomes amplified through
other pro-inflammatory cytokine pathways such as IL-8. IL-8, 1n spite of 1ts original
name, was described as a chemokine produced by macrophages and other cell types
such as epithehal cells, and 1t 1s also synthesized by endothelial cells, and accordingly 1s
also termed CXCLS. While neutrophil granulocytes are the primary target cells of 1L-8
there 1s a relative wide range of cells (endothelial cells, macrophages, mast cells,
Keratmmocytes) responding to this chemokine, too. Primary function of IL-8 1s the
induction of chemotaxis in 1ts target cells (e¢.g. neutrophil granulocytes). In neutrophils
serics of cell-physiological responses required for migration and its target function
phagocytosis are also mduced like increase of intracellular Ca2+, exocytosis (e.g.
histamine release), respiratory burst. IL-8 can be secreted by any cells with TLRs which
arc mvolved in the mnate mmmune response. IL-8's primary function 1s to recruit
ncutrophils to phagocytose the antigen which trigger the antigen pattern TLRs. By

conveying IL-8 target cells to the endothelium and other target tissues IL-8 15 thus
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implicated m the amplification and execution of many of the TNF-alpha pathogenic

roles, 1in addition to its role in the body defence.

Leucocyte migration and homing are not only regulated by chemokines and their
receptors but also by a number of adhesion molecules. Among them, the selectin
CD62L 1s acknowledged as a therapeutic target to prevent leucocytes migration to the
lymph nodes and thus 1s evaluated as a parameter to rank the in vitro effects of non-

steroid anti-inflammatory drugs (NSAIDs).

Many immune suppressor and anti-TNF-alpha molecules affect the normal immune
defence mechanisms because they promote cytotoxic effects upon 1mmune cells or
inhibit the proliferative mechanism that underlie under the clonal expansion preceding

the successful effector immune responses.

Given the importance of the extracellular space secreted TNF-alpha (either
cytoplasmic membrane-mserted or secreted soluble forms), many efforts have been
displayed to design therapeutic agents that block the interaction of extracellular TNF-
alpha with both TNF-receptor I and/or TNF-receptor 1I. The most relevant approaches
have been the use of soluble decoy TNF-receptor that captures TNF-alpha and thanks to
the long time of dissociation prevents the pro-inflammatory ligand interaction with the

cellular receptors.

A second strategy has been to produce humanised anti-human TNF-alpha
antibodies either conventional or created as bis-specific single chain molecules that
target as well other molecules relevant 1n a given disease (1.e., anti-VEGF/ant1-TNF-
alpha 1in rheumatoid arthritis). Whereas the molecules described above are TNF-alpha

antagonists, they restrict therr mechanism of action to the blockade of extracellular

secreted TNF-alpha.

A comprehensive and not exhaustive list of targets that drive to TNF-alpha
production and secretion might be: a) molecules driving transcriptional expression of
TNF-alpha; b) molecules driving TNF-alpha-RNA transport from the nucleus to the
cytoplasm and RNA splicing; ¢) molecules directing TNF-alpha translation; d)
molecules regulating TNF-alpha-mRNA stability; ¢) molecules directing Golgi vesicles
to the membrane where the pro-TNF-alpha surface form 1s anchored; f) molecules such
as TNF-alpha-converting enzyme (TACE) implicated in the secretory shedding of TNF-

alpha and g) molecules regulating the internalization of the surface form of pro-TNF-
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alpha and 1ts signaling. All of these refer to cellular targets of TNF-alpha production

and secretion.

In spite of the different approaches to design therapeutic agents that block the
production of TNF-alpha, it would be highly desirable to find new drugs which
selectively blocker not only the TNF-alpha production but also the production of

another key pro-inflammatory cytokines, as IFN-gamma.

SUMMARY OF THE INVENTION

The authors of the present invention have surprisingly found that compounds of
formula (I) have shown a number of highly interesting immune modulating effects
potentially useful for the control of the pathogenic mechanisms of acute and chronic
inflammatory discases and therefore, with potential clinical applications. In particular,
the compounds used 1n the mvention have been able to inhibit TNF-alpha production by
peripheral blood mononuclear cells (PBMC) from patients suffering from a chronic
inflammatory disease, such as rheumatoid arthritis, as well as to inhibit IFN-gamma
secretion by those cells after T-cells stimulation. Additionally, compounds of formula
(I) have been able to modulate the biological response profiles of secretion of
chemokines (1.¢. IL-8) and regulatory cytokines (1.e. IL-10), and do 1t in a differential
way 1n health and disease. This whole of immune modulating effects of compounds of
formula (I) was not associated to any toxic effect on mononuclear cells from peripheral
blood and, morcover, the activation and proliferative response after mitogenic stimuli

was not modified by these compounds.

The combination, 1n only one small molecule, of inhibitory effects on several
pro-inflammatory cytokines as TNF-alpha and IFN-gamma, and the potential to
modulate IL-8 chemokine and/or IL-10 regulatory cytokine, since all of them are of
crucial importance 1 the pathophysiology of systemic and organ-specific autoimmune
disorders, transplantation, acute and chronic inflammatory discases, some metabolic and
degencrative diseases and atherosclerosis, allows compounds of formula (1) to belong to
a new category of 1mmune modulators for targeting the cascade of pro-
inflammatory/regulatory cytokines and chemokines at various potentially re-

programming levels of clinical and therapeutic relevance.

Notably the immune cells are sessile, and enter organs to patrol the body tissues
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that infiltrate mm the mflamed conditions where they concentrate in the lesions
distributed according to the disecase activity, target organs and extension of damage.
Since the compounds used in the mvention are expected to modulate some aspect of the
patho-physiological process, then mmaging studies can be used to characterize the
number of receptors, binding efficiency, receptor occupancy and medicament probe
concentration. Given the homing propertics of leukocytes, the detection of the
therapeutic target brings together mmformation about the location of the target cells and
the lesion sites.

Therefore, the compounds of formula (I) also exhibit a potential use as 1maging
biomarkers m drug development, clinical trials and individualized medicine, which
allows to provide information not only on pharmacokinetics, distribution and dosing but
also relevant data on the individualized response patterns in preclinical and clinical
trials. The latter may lead to the definition of validated, reliable, individualized
surrogate biomarkers of clinical endpoints administering to a patient who needs such
prognostic and individualized evaluation of effective amount of a compound of formula
(I) or a pharmaceutical composition thercof optimized for the distinct bio-imaging
technology known by persons skilled 1n the art.

According to a first aspect, the present invention relates to the use of a compound

of formula (I):

RZ_O\

e i

R3\ /\/
S
O// \\O

(1)
wherem:
R, 1s selected from hydrogen, substituted or unsubstituted C;-Cs alkyl,

substituted or unsubstituted cycloalkyl, substituted or unsubstituted aryl and

substituted or unsubstituted heterocycelyl;

R, 1s selected from hydrogen, substituted or unsubstituted C;-Cs alkyl,
substituted or unsubstituted cycloalkyl, and N(R’R’’) wherein R’ and R’ are
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independently hydrogen or C;-Cq alkyl; and

R3 15 a C-Cg alkyl radical,

or a pharmaceutically acceptable salt, prodrug and/or solvate thereof, in the preparation
of a medicament for the treatment of an acute or chronic mmflammatory discase, by
inhibiting the production of at least one pro-inflammatory cytokine sclected from TNF-
alpha and IFN-gamma, or by mmunomodulating the IL-8 chemokine and/or the 1L-10
regulatory cytokine.

In a particular aspect of the invention, the acute or chronic mmflammatory discase
1s sclected from acute and chronic seropositive or scroncgative olygoarthritis and
polyarthritis, spondiloarthropathies, glomerulonephritis, colagenopathics, tubulo-
interstitial nephritis, metabolic syndrome, atherosclerosis, osteoarthritis, asthma,
chronic obstructive pulmonary disease, imterstitial lung disease, multiple sclerosis,
demyelinating discases, meningitis, encephalitis, meningoencephalitis, mflammatory
radiculopathies and peripheral neuropathies, inflammatory bowel disease, cirrhosis,
hepatitis, heart failure, 1schemic disease, renal failure, mflammatory cystitis, benign
prostatic hyperplasia, prostatitis, myocarditis, pericarditis, uveitis, atopic dermatitis,
cccema, urticaria, psoriasis, rosacea, allergic rhinitis, sepsis, septic shock, multiorganic
failure, systemic autormmune diseases such as systemic lupus erythematosus, vasculitis,
dermatomyositis, amyloidosis or sarcoidosis, organ specific autormmune diseases such
as myasthenia gravis, thyroiditis or insulinitis, organ transplantation, infectious ant
tumor mduced inflammation, TNF-alpha dependent cellular degeneration, necrosis,
apoptosis, graft versus host disease, cachexia and autocrine and paracrine pathological

cell growth.

These therapeutic indications are the consequence of at least an abnormal
Immune-response, an i1mmune-disregulation, an 1mmune-disturbance, an 1mmune-
pathogenesis, an immune-therapy, an immune-suppression or an immune-modulating

biological response.

In another aspect the present mvention relates to a compound of formula (I'):
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(I")

wherein:

R; 1s selected from hydrogen, substituted or unsubstituted C-Cg alkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted aryl and substituted or

unsubstituted heterocyclyl; and
R3 15 a C-Cg alkyl radical,
or a pharmaceutically acceptable salt, prodrug and/or solvate thercof.

In a third aspect, the mvention 1s aimed at a pharmaceutical composition
comprising a compound of formula (I’) as defined above, or a pharmaceutically
acceptable salt, prodrug or solvate thercof, and at least one pharmaceutically acceptable

carricr, adjuvant and/or vehicle.

Another aspect of the present invention relates to a compound of formula (1) as

defined above, for 1ts use as a medicament.

Finally, another aspect of the invention refers to the use of a compound of
formula (I) as defined above as an imaging biomarker in 1maging and pharmaco-
imaging technologies, for finding immunological lesions, target cells and target

molecules.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1: Different fluorescent features of selected microparticles for the development

of Cytometric Bead Array (CBA).

Figure 2: Influence on TNF-alpha production in LPS-stimulated PBMC from healthy

volunteers (n=10) by compound 12. Columns represent the median and standard error of
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the duplicate cultures performed i1n cach sample 1n the different experimental
conditions. Asterisks represent statistically significant differences (p < 0.05) of the

corresponding data with respect to the vehicle for each experimental condition.

Figure 3: Influence on TNF-alpha production m LPS- or TCR/CD3+CD28-stimulated
PBMC from healthy volunteers (n=13) by compound 12. Columns represent the mean
and standard error of the duplicate cultures performed in the samples in the different
experimental conditions. Asterisks represent statistically significant differences (p <
0.05) of the corresponding data with respect to the vehicle for cach of the different

experimental conditions.

Figure 4: Influence on TNF-alpha production in PBMC from patients with rheumatoid
arthritis (n=7) by compound 12. Columns represent the mean and standard error of the
duplicate cultures performed in each sample in the different experimental conditions.
Asterisks represent statistically significant differences (p < 0.05) of the corresponding

data with respect to the vehicle for each different experimental condition.

Figure 5: Influence on IFN-gamma production in PBMC from healthy volunteers
(n=13) by compound 12. Columns represented the mean and standard error of the
duplicate cultures performed in each sample in the different experimental conditions.
The asterisk represented the statistically significant differences (p < 0.05) of the

corresponding data with respect to the vehicle for the indicated experimental condition.

Figure 6: Influence on IFN-gamma production in PBMC from patients with rheumatoid
arthritis (n=8) by compound 12. Columns represent the mean and standard error of the
duplicate cultures performed in each sample in the different experimental conditions.
Asterisks represent statistically significant differences (p < 0.05) of the corresponding

data with respect to the vehicle for each of the different experimental conditions.

Figure 7: Influence on IL-8 production m PBMC from healthy volunteers (n=13) by
compound 12. Columns represent the mean and standard error of the duplicate cultures
performed 1n each sample under the different experimental conditions. Asterisks
represent statistically significant differences (p < 0.05) of the corresponding data with

respect to the vehicle for each experimental condition.

Figure 8: Influence on IL-8 production in PBMC from patients with rheumatoid arthritis

(n=8) by compound 12. Columns represent the mean and standard error of the duplicate
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cultures mm cach sample in the different experimental conditions. Asterisks represent
statistically significant differences (p < 0.05) of the corresponding data with respect to

the vehicle for each experimental condition.

Figure 9: Influence on IL-10 production in PBMC from healthy volunteers (n=13) by
compound 12. Columns represent the mean and the standard error of the duplicate
cultures performed m cach sample m the different experimental conditions. No

statistical differences were found.

Figure 10: Influence on IL-10 production m PBMC from patients with rheumatoid
arthritis (n=8) by compound 12. Columns represent the mean and standard error of the
duplicate cultures performed 1n each sample 1n the different experimental conditions.
The asterisk represents the statistically significant differences (p < 0.05) of the

corresponding data with respect to the vehicle.

Figure 11: Effect of compound 12 (a) and vehicle (b) on the proliferative response of
PBMC from healthy volunteers (n=8) in the presence and in the absence of stimulation
with either PHA, PHA plus IL-2, or a combination of monoclonal antibodies anti-CD3
(T3) and ant1-CD28.

Figure 12: Effect of compound 12 on the shedding of CD62L m lymphocytes (a) and
monocytes (b) of PBMC from healthy volunteers.

DETAILED DESCRIPTION OF THE INVENTION

In the context of the present mvention, the following terms have the meaning
detailed below:

The term “C, alkyl” refers to a linear or branched hydrocarbon chain radical
consisting of carbon and hydrogen atoms, containing no insaturation, having on¢ to Six
carbon atoms, and which 1s attached to the rest of the molecule by a single bond, ¢. g.,
methyl, ethyl, n-propyl, 1-propyl, n-butyl, t-butyl, n-pentyl, etc. C,¢ alkyl radicals may
be optionally substituted by one or more substituents such as cycloalkyl, aryl,
heterocyclyl, halo, hydroxy, alkoxy, cyano, amino, nitro or alkylthio.

The term “cycloalkyl” refers to a stable 3-to 8-membered ring radical which 1s
saturated or partially saturated, and which consists solely of carbon and hydrogen
atoms, such as cyclohexyl or cyclopentyl. Unless otherwise stated specifically m the

specification, the term “cycloalkyl” 1s meant to include cycloalkyl radicals which are
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optionally substituted by at least one substituent independently selected from the group
consisting of hydrogen, C,¢ alkyl radical, halo, hydroxyl, -N(R3)(R4), wherein R; and
R, are independently selected from hydrogen and linear or branched C, ¢ alkyl radical.

The term “aryl” refers to a stable 5- to 8-membered aromatic ring radical, and
which consists solely of carbon and hydrogen atoms, such as phenyl or
cyclooctatetracne. Unless otherwise stated specifically 1n the specification, the term
“aryl” 18 meant to include aryl radicals which are optionally substituted by at least one
substituent independently selected from the group consisting of hydrogen, C;¢ alkyl
radical, halo, hydroxyl, -N(R3)(R4), wherein R; and R4 are independently selected from
hydrogen and linear or branched C; alkyl radical.

“Heterocyclyl” refers to a stable 3-to 8 membered ring radical which consists of
carbon atoms and from one to five heteroatoms selected from the group consisting of
nitrogen, oxygen, and sulphur. For the purposes of this invention, the heterocycle may
be partially or fully saturated or aromatic. Examples of such heterocycles mclude, but
arc not limited to pyrrolidine, pyridine, thiophene, furan, etc. Unless otherwise stated
specifically in the specification, the term “heterocyclyl” 1s meant to include heterocyclyl
radicals which are optionally substituted by at least one substituent immdependently
selected from the group consisting of hydrogen, C;¢ alkyl radical, halo, hydroxyl, -
N(R3)(R4), wherem Rj3 and R4 are independently selected from hydrogen and linear or
branched C; alkyl radical.

The term “halo” refers to bromo, chloro, 10do or fluoro.

The term “‘acute and chronic scropositive or seroncgative olygoarthritis and
polyarthritis” refers to diseases with synovitis involving one or several dyarthrodial
joints, with either positive or negative rheumatoid factor, including rheumatoid arthritis
and both primary and secondary Sjogren syndrome.

The term “spondiloarthropahies” refers to immune pathogenically HLA-B27-
associated inflammatory disecases with involvement of sacro-ileal joints and/or spinal
and/or peripheral joints, also including uveitis.

The term “glomerulonephritis” refers to mmflammatory lesions of the renal
glomerulus.

The term “tubulo-1nterstitial nephritis” refers to inflammatory diseases involving

tubules and renal interstitium.
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The term “‘colagenopathies™ refers to systemic inflammatory disecases with
pathogenic 1mmune mechanism including systemic lupus erythematosus (SLE),
dermatomyositis and sclerodermia.

The term “inflammatory bowel disease” refers to inflammatory discases of the
gastromtestinal tract with pathogenic immune mechanism, either with or without
systemic features, including Crohn's disease and ulcerative colitis.

The term “obstructive pulmonary discase” refers to bronchial diseases with
cither reversible or 1rreversible decrease of the flow expiratory volume (FEV), including
asthma and chronic obstructive pulmonary discase.

The term “interstitial lung disease” refers to mflammatory discases mvolving
lung interstitium.

The term “demyelinating discases” refers to inflammatory discases of the central
nervous system with an immune pathogenic mechanism provoking myelin lysis,
including multiple sclerosis and optical neuritis.

The term “meningitis, encephalitis and meningoencephalitis” refers to
inflammatory discases of the meninges and/or other structures of the central nervous
system.

The term “inflammatory radiculopathies and peripheral neuropathies” refers to
inflammatory diseases of the peripheral nervous system.

The term “mflammatory cystitis” refers to inflammatory diseases of the bladder.

The term “benign prostatic hyperplasia” refers to non-malignant hyperthrophy
and/or hyperplasia of the prostate.

The term “‘atopic dermatitis, eccema and urticaria” refers to allergic skin
diseases with immune pathogenic mechanism with or without involvement of IgE.

The term “psoriasis” refers to hyperkeratosic and erythematous skin reaction
with an immune system pathogenic mechanism.

The term ‘“rosacea” refers to common inflammatory condition of the skin
characterised by erythema (flushing and redness) on the central face and across the
cheeks, nose or forchead also can also less commonly affect the neck and chest.

The term “allergic rhinitis” refers to intermittent (also called seasonal) or
persistent (also called perennial) inflammatory nose mucosa discases of mmmune
hipersenivity pathogenic mechanism.

The term “‘sepsis, septic shock and multiorganic failure” refers to systemic
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inflammatory discases mediated by an abnormal immune response to microbial agents
and other ethiological factors.

The term “‘sarcoidosis and amyloidosis” refers to i1diopathic immunological
discases with organ and/or systemic involvement and no well defined ethiology 1n
which an abnormal immune response can be observed.

The term “organ specific auto-immune discases” refers to immune system-
mediated lesion of organs with no defined ethiological factors, including myastenia
gravis, tyroiditis, hypophysitis, adrenalitis and others.

The term “organ transplantation” refers to prevention and treatment of rejection
of transplanted cells, tissues and organs.

The term “infection and tumour-induced inflammation” refers to abnormal
immune responses secondary to microbial agents or cancer stimuli.

The term “TNF-alpha dependent cellular degeneration, apoptosis or necrosis”
refers to tissue degeneration or death induced by TNF-alpha.

The term “‘graft versus host discase” refers to mflammatory immune responses
induced by graft cells.

The term “caquexia” refers to systemic anorexia or malnutrition and weight loss
induced by inflammatory or neoplasic discases.

The term “‘atherosclerosis” refers to any hardening of arteries secondary to
atheroma or accumulation in the arthery walls that 1s made up of imflammatory cells
(mostly macrophage cells) and cell debris, that contain lipids.

The term “ischemic diseases” refers to lesion of organs secondary to reduced
tissue oxigenation and/or blood flow including heart and cerebrovascular 1schaemia.

The term “autocrine and paracrine pathological cell growth” refers to malignant
or benign disecases with cell use of TNF-alpha as a cytokine regulating activation and
proliferation factor for the cells.

Unless otherwise indicated, the compounds used in the mvention are mtended to
include compounds that only differ in the presence of one or more 1sotopically enriched
atoms. For example, compounds having the present structures except for the substitution
of an hydrogen with deuterium or tritium, or the substitution of a carbon with a "C- or
"“C-enriched carbon or a '°N-enriched nitrogen are within the scope of this invention.

The term “‘pharmaccutically acceptable salts, solvates or prodrugs thercof”

relates to salts, solvates or prodrugs which, when administered to the recipient, can
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provide (directly or indirectly) a compound such as the one described herein.
Nevertheless, 1t will be observed that pharmaceutically unacceptable salts are also
within the scope of the invention because they can be useful for preparing
pharmacecutically acceptable salts. Salts, prodrugs and derivatives can be prepared by
means of methods known i the state of the art. “Pharmaceutically acceptable”
preferably relates to molecular entities and compositions which are physiologically
tolerable and do not typically cause an allergic reaction or a similar unfavorable
reaction, such as gastric disorders, dizziness and the like, when administered to a human
or animal. The term “pharmaccutically acceptable” means that 1t 1s approved by a
regulatory agency of a federal or state government or 1s included 1n the US
pharmacopocia or another generally recognized pharmacopoceia for use in animals, and
more¢ particularly in humans.

For example, the pharmaceutically acceptable salts of the compounds described
previously herein are synthesized from the previously described compound containing a
basic or acidic unit by means of conventional chemical methods. Such salts are
ogenerally prepared, for example, by reacting the free acidic or basic forms of these
compounds with a stoichiometric amount of the suitable base or acid in water or 1in an
organic solvent or 1 a mixture of both. Non-aqueous media, such as ether, ethyl acetate,
cthanol, 1sopropanol or acetonitrile, are generally preferred. Examples of acid addition
salts 1nclude mineral acid addition salts such as hydrochloride, hydrobromide,
hydroiodide, sulfate, nitrate, phosphate, for example, and organic acid addition salts
such as acetate, maleate, fumarate, citrate, oxalate, succinate, tartrate, malate,
mandelate, methanesulfonate and p-toluenesulfonate, for example. Examples of alkaline
addition salts include morganic salts such as sodium, potassium, calcium, ammonium,
magnesium, aluminium and lithium, for example, and organic alkaline salts such as
cthylenediamine, ecthanolamine, N,N-dialkylenethanolamine, glucamimne and basic
amino acid salts for example.

The term “prodrug” 1s defined heremn as a chemical compound which has
undergone a chemical derivation such as a substitution or addition of an additional
chemical group in order to change (for pharmacecutical use) some of 1ts physical
chemuistry properties, such as solubility or bioavailability, for example an ester or cther
derived from an active compound giving an active compound per se after the

administration to a subject. Examples of well known methods for producing a prodrug
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from a given active compound are known by persons skilled i the art and can be found
in Krogsgaard-Larsen ¢t al., Textbook of Drug Design and Discovery, Taylor & Francis
(April 2002), for example. According to this invention, the term *““solvate™ 1s understood
to mean any form of a compound of the invention having another molecule (most likely
a polar solvent) bound to 1t through a non-covalent bond. Examples of solvates include
hydrates and alcoholates, for example methanolate.

Particularly preferred prodrugs are those increasing the bioavailability of the
compounds of this mvention when such compounds are administered to a patient
(allowing an orally administered compound to be more quickly absorbed mto the blood,
for example) or those increasing the distribution of the original compound to a
biological compartment (the brain or the lymphatic system, for example) with respect to
the origial species.

The compounds used in the mvention may be in crystalline form, i.e. as
polymorphs, either as free compounds or as solvates (hydrates, for example) and 1t 18
understood that both forms are within the scope of the present invention. Solvation
methods are generally known in the art. Suitable solvates are pharmaceutically
acceptable solvates. In a particular embodiment, the solvate 1s a hydrate.

Salts, solv<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>