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DESCRIPTION

[0001] The invention relates to a compound for use in treating a cancer, wherein the cancer
depends on the proteolytic activity of the MALT1 protease, and wherein the compound has the

general formula (1)
A

R1 (P/Z RZ
R! X R?
R1 Y R?
R’ R?
|
wherein Xis N; Y is S, O, or CH,-CHo; ()z is a C4-Cs linear or branched alkyl chain; A is NR3R4,

or OR®, or HET: R! and R? in each occurrence are independently selected from -H, -CH3, -OH,

-OCHs, -SCHs, -F, -Cl, -CF3, -NH,, and -COOH; R3, R% and R® are H, or C4-Cs linear or
branched alkyl groups, and HET is a heterocyclic ring of 5, 6, or 7 members, wherein the ring
atoms can be C, O, N, or S, the ring can be saturated or aromatic, and the ring can be
substituted with H or C4-Cg linear or branched alkyl groups; or a pharmaceutically acceptable
salt, , enantiomer, diastereomer, racemic mixture, crystalline form, amorphous form,
unsolvated form or solvate of said compound, wherein the cancer that depends on the
proteolytic activity of the MALT 1-protease is the activated B-cell subtype of diffuse -large B cell
lymphoma or MALT lymphoma. It is further disclosed herein that the compound of the invention
may further be used in the treatment of MALT 1-dependent immune diseases.

[0002] The scope of the invention is defined by the claims. Any references in the description to
methods of treatment refer to the compounds, pharmaceutical compositions and medicaments
of the present invention for use in a method for treatment of the human (or animal) body by
therapy.

[0003] In this specification, a number of documents including patent applications and
manufacturer's manuals are cited.

[0004] The mucosa-associated lymphoid tissue lymphoma translocation protein 1 (MALT1) is a
functional cysteine protease activated by T-cell receptor stimulation. MALT1 rapidly cleaves
A20 (TNFAIP) after arg439, which impairs its NF-kB inhibitor function (Coornaert et al. (2008),
Nature Immun. 9: 263-271).

[0005] Upon antigenic stimulation, MALT1 is a key mediator of upstream NF-kB signaling to

control lymphocyte activation, survival and differentiation.1 Together with CARMA1 (also known
as CARD11) and BCL10, MALT1 assembles the so called CBM complex that bridges proximal
antigen receptor signaling events to the IkB kinase (IKK) complex, the gatekeeper of the
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canonical NF-kB pathway.2 Upon T cell antigen receptor (TCR)/CD28 co-stimulation, MALT1
acts as a protein scaffold that recruits other critical signaling molecules like TRAF6, CASP8 and

A20 to the CBM complex.l Further, covalent ubiquitin modifications in MALT1 catalyzed by the
E3 ligase TRAF6 facilitates the association of the two downstream protein kinase complexes

TAB2-TAK1 and NEMOP-IKKa/B which ultimately leads to IKK activation .2

[0006] MALT1 contains a paracaspase domain that displays high homology to caspases from

mammals and metacaspases from plants and fungi.‘—‘ Just like metacaspases, MALT1 cleaves
substrates after arginine residues, indicating that the enzymatic cleavage activity is quite

distinct from caspases that in general require an aspartate at the P1 position.§ MALT1
proteolytic activity is induced upon TCR/CD28 stimulation, which promotes cleavage of the

substrates BCL10, A20 and CYLD.&2 Inhibition of MALT1 protease activity by the antagonistic
tetra-peptide Z-VRPR-FMK that was originally designed as an inhibitor of metacaspases in

plants impairs optimal NF-kB activation and IL-2 production in T cells.Z:2 Similar, mutation of
the catalytic cysteine 464 renders MALT1 proteolytically inactive and also impairs IL-2

production after complementation of MALT 1 deficient T cells.2

[0007] Disregulation of the activity of the MALT1 protease plays a crucial role in the
development of a number of diseases, in particular cancers that depend on the proteolytic
activity of the MALT1 protease and MALT 1-dependent immune diseases. A tumor-promoting
role of MALT1 has been found in a subset of diffuse-large B cell lymphomas (DLBCL) and

mucosa-associated lymphatic tissue (MALT) Iymphomas.m By gene expression profiling,
DLBCL can be classified into distinct entities and the most abundant subtypes are the

'activated B cell-like' (ABC-) DLBCL and the 'germinal center B cell-like' (GCB-) DLBCL.11-12
Based on the gene expression signature the ABC-DLBCL subtype originates from B-
lymphocytes stimulated through their B cell antigen receptor (BCR). With a 5-year survival rate
of -30 % ABC-DLBCL patients have the worst prognosis reflecting the aggressive clinical

behavior of ABC-DLBCL cells.1 The hallmark of ABC-, but not GCB-DLBCL cells, is the

constitutive activation of the NF-kB signaling pathway.ﬂ'ﬂ The identification of distinct
molecular aberrations suggested that pro-survival NF-kB signaling in ABC-DLBCL is caused by
deregulations in BCR signaling. While some ABC-DLBCL patients carry oncogenic CARMA1

mutations,18 the majority of ABC-DLBCL cells is characterized by chronic active BCR signaling
and mutations are often found in the BCR proximal regulator CD79A and B.12 Congruent with a
requirement on BCR signaling, an RNA interference screen identified CARMA1, BCL10 or
MALT1 as critical regulators of NF-kB activation, survival and growth of ABC-DLBCL.1C
Furthermore, inhibition of MALT 1 proteolytic activity by Z-VRPR-FMK inhibits NF-kB dependent

gene expression and exerts toxic effects specifically in ABC-DLBCL cells.2%2! Ferch et al.
(2009), J. Exp. Med. 206: 2313-2320 showed that aggressive activated B cell-like (ABC) diffuse
large B cell lymphoma (DLBCL) cells, but not germinal center B cell-like (GCB) DLBCL,
possess constitutively assembled CARD11-BCL10-MALT1 (CBM) complexes that continuously
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and selectively process A20. Inhibition of MALT1 blocks A20 and BCL10 cleavage, reduces
NFkB activity, and decreases the expression of NF-kB targets BCLXL (BCL2L1), IL6, and IL10.
Inhibition of MALT1 paracaspase leads to ABC-DLBCL cell death and growth retardation.
Ferch et al. (2009) concluded that MALT1 paracaspase activity has a growth-promoting role,
specifically in ABC-DLBCL cells, and proposed that MALT1 protease activity is a potential
target for pharmacologic treatment of ABC-DLBCL.

[0008] MALT lymphoma is a cancer of the B-cell lymphocytes. It usually affects older people
who are in their 60s. Most Non-Hodgkin Lymphomas (NHLs) start in the lymph nodes, but
MALT lymphoma starts in a type of lymphatic tissue called mucosa-associated lymphoid tissue
(MALT). The stomach is the most common area for MALT lymphoma to develop in, but it may
also start in other organs such as the lung, thyroid, salivary gland or bowel. Because MALT
lymphoma develops outside the lymph nodes, it's also known as extranodal lymphoma. Gastric
MALT lymphoma is frequently associated (72-98%) with chronic inflammation as a result of the
presence of Helicobacter pylori (Parsonnet J (1994). N Engl J Med 330 (18): 1267-71). The
initial diagnosis is made by biopsy of suspicious lesions on esophagogastroduodenoscopy
(EGD, upper endoscopy). Simultaneous tests for H. pylori are also done to detect the presence
of this microbe. In other sites, chronic immune stimulation is also suspected in the
pathogenesis (e.g. association between chronic autoimmune diseases such as Sjogren's
syndrome and Hashimoto's thyroiditis, and MALT lymphoma of the salivary gland and the
thyroid). In MALT lymphoma the frequent translocation t(11;18)(q21;q21) creates a fusion
between the C-terminus of MALT1 including the paracaspase domain and the N-terminus of

IAP2.22 The paracaspase domain of IAP2-MALT1 fusion protein catalyzes the cleavage of NIK

and thereby enhances non-canonical NF-kB activation, which confers apoptosis resistance.23

[0009] Taken together novel agents against the MALT1 paracaspase could be beneficial for
the treatment of lymphoma associated with deregulated MALT 1 activity and MALT 1-dependent
immune diseases. In particular, the overall five year survival rate of only ~30 % of ABC-DLBCL
patients emphasizes the clear need for alternative treatment options, in particular for this

lymphoma type.'® Thus, an object of the present invention is the provision of novel agents
against MALT 1 which can be used in the treatment of the above-discussed diseases.

[0010] WO2007/054550 discloses bicyclic quinazoline derivatives for the treatment of cancer
diseases. However, the compounds of the present are no quinazoline derivatives and based
on a tricyclic core structure.

[0011] Accordingly the invention relates in a first embodiment to a compound for use in treating
a cancer, wherein the cancer depends on the proteolytic activity of the MALT1 protease, and

wherein the compound has the general formula (1)
A

R’ (P/Z R2



DK/EP 2739285 T3

wherein Xis N; Y is S, O, or CH,-CHo; ()z is a C4-Cs linear or branched alkyl chain; A is NR3R4,
or OR®, or HET: R' and R? in each occurrence are independently selected from -H,-CHs, -OH,

-OCHs, -SCHs, -F, -Cl, -CF3, -NH,, and -COOH; R3, R% and R® are H, or C4-Cs linear or
branched alkyl groups, and HET is a heterocyclic ring of 5, 6, or 7 members, wherein the ring
atoms can be C, O, N, or S, the ring can be saturated or aromatic, and the ring can be
substituted with H or C4-Cg linear or branched alkyl groups; or a pharmaceutically acceptable

salt, enantiomer, diastereomer, racemic mixture, crystalline form, amorphous form, unsolvated
form or solvate of said compound, wherein the cancer that depends on the proteolytic activity
of the MALT1 protease is the activated B-cell subtype of diffuse-large B cell lymphoma or
MALT lymphoma.

[0012] The term "a cancer that depends on the proteolytic activity of the MALT1 protease" as
used herein defines a cancer which is partly or predominately caused by unphysiologically
elevated (proteolytic) activity of MALT1. The enzymatic activity of MALT-1 comprises a cystein
protease activity (EC 3.4.22.- cysteine endopeptidases). As it is evident from the appended
examples, the inventors have found that the compounds of the invention specifically inhibit the
activity of MALT 1. As discussed herein above in detail, MALT1 activity is responsible for optimal
NF-kB activation and IL-2 production in antigen receptor-stimulated T cells. This indicates that
MALT1 activity is essential for the physiological lymphocyte activation. Accordingly, a cancer
that depends on the proteolytic activity of the MALT1 protease is preferably a lymphoma that
depends on the proteolytic activity of the MALT1 protease. Preferred examples of lymphomas
that depend on the proteolytic activity of the MALT1 protease are the activated B-cell subtype
(ABC-subtype) of the diffuse-large B cell lymphoma and the MALT lymphoma which are
discussed in more detail herein below.

[0013] Also encompassed by the present invention are pharmaceutically acceptable salts,
enantiomers, diastereomers, racemic mixtures, crystalline forms, non-crystalline forms,
amorphous forms, unsolvated forms and solvates compound of the general formula (I).

The term "pharmaceutically acceptable salts" as used herein includes salts of the compound of
the general formula (I) which are prepared with relatively nontoxic (i.e. pharmaceutically
acceptable) acids or bases, depending on the particular substituents found on the compounds
of the present invention. If, for example, compounds of the present invention contain acidic
functionalities, base addition salts may be obtained by contacting the neutral form of such
compounds with a sufficient amount of the desired base, either neat or in a suitable inert
solvent. Non-limiting examples of pharmaceutically acceptable base addition salts include
sodium, potassium, calcium, ammonium, organic amino, or magnesium salt, or a similar salt. If
compounds of the present invention contain basic functionalities, acid addition salts may be
obtained by contacting the neutral form of such compounds with a sufficient amount of the
desired acid, either neat or in a suitable inert solvent. Non-limiting examples of
pharmaceutically acceptable acid addition salts include those derived from inorganic acids like
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hydrochloric, hydrobromic, nitric, carbonic, phosphoric, partially neutralized phosphoric acids,
sulfuric, partially neutralized sulfuric, hydroiodic, or phosphorous acids and the like, as well as
the salts derived from relatively nontoxic organic acids like acetic, propionic, isobutyric, maleic,
malonic, benzoic, succinic, suberic, fumaric, mandelic, phthalic, benzenesulfonic, p-
tolylsulfonic, citric, tartaric, methanesulfonic, and the like. Also included are salts of amino acids
such as arginate and the like, and salts of organic acids like glucuronic or galactunoric acids
and the like. Certain specific compounds of the present invention may contain both basic and
acidic functionalities that allow the compounds to be converted into either base or acid addition
salts. The neutral forms of the compounds of the present invention may be regenerated by
contacting the salt with a base or acid and isolating the parent compound in the conventional
manner. The parent form of the compound differs from the various salt forms in certain
physical properties, such as solubility in polar solvents, but otherwise the salts are equivalent to
the parent form of the compound for the purposes of the present invention.

The compounds of the present invention may possess chiral or asymmetric carbon atoms
(optical centers) and/or double bonds. The racemates, diastereomers, geometric isomers and
individual optical isomers are encompassed by the present invention. The compounds of the
present invention may exist in unsolvated forms as well as solvated forms, including hydrated
forms. In general, the solvated forms are equivalent to unsolvated forms and are also
encompassed by the present invention. The compounds of the present invention may
furthermore exist in multiple crystalline or amorphous forms.

In addition to salt forms, the compounds of the present invention may be in a prodrug form.
Prodrugs of the compounds of the invention are those compounds that readily undergo
chemical changes under physiological conditions to provide the compounds of the present
invention. Additionally, prodrugs can be converted to the compounds of the present invention
by chemical or biochemical methods in an ex-vivo environment. For example, prodrugs can be
slowly converted to the compounds of the present invention when, for example, placed in a
transdermal patch reservoir with a suitable enzyme or chemical reagent.

The compound of the invention described herein can be administered to the subject at a
suitable dose. The compound of the invention is preferably administered to mammals such as
domestic and pet animals. Non-limiting examples of domestic and pet animals are pigs, cows,
buffalos, sheep, goats, rabbits, horses, donkeys, chickens, ducks, cats, dogs, genuine pigs, or
hamsters. Most preferred it is administered to humans. The preferred way of administration
depends on the form of the compound of the invention (having the general formula (1)). As
described herein above, the compound having the general formula (l) can be in the form of
pharmaceutically acceptable salts, enantiomers, diastereomers, racemic mixtures, crystalline
forms, non-crystalline forms, amorphous forms, unsolvated forms or solvates. The compound
of the invention may be administered orally, parenterally, such as subcutaneously,
intravenously, intramuscularly, intraperitoneally, intrathecally, transdermally, transmucosally,
subdurally, locally or topically via iontopheresis, sublingually, by inhalation spray, aerosol or
rectally and the like in dosage unit formulations optionally further comprising conventional
pharmaceutically acceptable excipients.

[0014] The compound of the invention for use in accordance with the present invention can be
formulated as a pharmaceutical composition using one or more physiological carriers or
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excipient, see, for example Ansel et al., "Pharmaceutical Dosage Forms and Drug Delivery
Systems", 7th edition, Lippincott Williams & Wilkins Publishers, 1999.

[0015] For oral administration, the pharmaceutical composition of the invention can take the
form of, for example, tablets or capsules prepared by conventional means with pharmaceutical
acceptable excipients such as binding agents (e.g., pregelatinised maize starch,
polyvinylpyrrolidone, hydroxypropyl methylcellulose), fillers (e.g., lactose, microcrystalline
cellulose, calcium hydrogen phosphate), lubricants (e.g., magnesium stearate, talc, silica),
disintegrants (e.g., potato starch, sodium starch glycolate), or wetting agents (e.g., sodium
lauryl sulphate). The pharmaceutical composition can be administered with a physiologically
acceptable carrier to a patient. In a specific embodiment, the term "pharmaceutically
acceptable" means approved by a regulatory agency or other generally recognized
pharmacopoeia for use in animals, and more particularly in humans. The term "carrier" refers
to a diluent, adjuvant, excipient, or vehicle with which the therapeutic is administered. Such
pharmaceutical carriers can be sterile liquids, such as water and oils, including those of
petroleum, animal, vegetable or synthetic origin, such as peanut oil, soybean oil, mineral oil,
sesame oil and the like. Water is a preferred carrier when the pharmaceutical composition is
administered intravenously. Saline solutions and aqueous dextrose and glycerol solutions can
also be employed as liquid carriers, particularly for injectable solutions. Suitable
pharmaceutical excipients include starch, glucose, lactose, sucrose, gelatin, malt, rice, flour,
chalk, silica gel, sodium stearate, glycerol monostearate, talc, sodium ion, dried skim milk,
glycerol, propylene, glycol, water, ethanol and the like. The composition, if desired, can also
contain minor amounts of wetting or emulsifying agents, or pH buffering agents. These
compositions can be in the form of ointments, solutions, suspensions, emulsion, tablets, pills,
capsules, powders, sustained-release formulations and the like. A preferred form is an
ointment. The composition can be formulated as a suppository, with traditional binders and
carriers such as ftriglycerides. Oral formulation can include standard carriers such as
pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium saccharine,
cellulose, magnesium carbonate, etc. Examples of suitable pharmaceutical carriers are
described in "Remington's Pharmaceutical Sciences" by E.W. Martin. Such compositions will
contain a therapeutically effective amount of the aforementioned compounds, preferably in
purified form, together with a suitable amount of carrier so as to provide the form for proper
administration to the patient. The formulation should suit the mode of administration.

[0016] Liquid preparations for oral administration can be in the form of, for example, solutions,
syrups, or suspensions, or can be presented as a dry product for constitution with water or
other suitable vehicle before use. Such liquid preparation can be prepared by conventional
means with pharmaceutically acceptable additives such as suspending agents (e.g., sorbitol,
syrup, cellulose derivatives, hydrogenated edible fats), emulsifying agents (e.g., lecithin,
acacia), non-aqueous vehicles (e.g., almond oil, oily esters, ethyl alcohol, fractionated
vegetable oils), preservatives (e.g., methyl or propyl-p-hydroxycarbonates, soric acids). The
preparations can also contain buffer salts, flavouring, coloring and sweetening agents as
deemed appropriate. Preparations for oral administration can be suitably formulated to give
controlled release of the pharmaceutical composition of the invention.
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[0017] For administration by inhalation, the pharmaceutical composition of the invention is
conveniently delivered in the form of an aerosol spray presentation from a pressurised pack or
a nebulizer, with the use of a suitable propellant (e.g., dichlorodifluoromethane,
trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other suitable gas). In the
case of a pressurised aerosol, the dosage unit can be determined by providing a valve to
deliver a metered amount. Capsules and cartridges of, for example, gelatine, for use in an
inhaler or insufflator can be formulated containing a powder mix of the pharmaceutical
composition of the invention and a suitable powder base such as lactose or starch.

[0018] The pharmaceutical composition of the invention can be formulated for parenteral
administration by injection, for example, by bolus injection or continuous infusion. Site of
injections include intra-venous, intra-peritoneal or sub-cutaneous. Formulations for injection
can be presented in units dosage form (e.g., in phial, in multi-dose container), and with an
added preservative. The pharmaceutical composition of the invention can take such forms as
suspensions, solutions or emulsions in oily or aqueous vehicles, and can contain formulatory
agents such as suspending, stabilizing, or dispersing agents. Alternatively, the agent can be in
powder form for constitution with a suitable vehicle (e.g., sterile pyrogen-free water) before
use. Typically, compositions for intravenous administration are solutions in sterile isotonic
aqueous buffer. Where necessary, the composition can also include a solubilizing agent and a
local anesthetic such as lignocaine to ease pain at the site of the injection. Generally, the
ingredients are supplied either separately or mixed together in unit dosage form, for example,
as a dry lyophilised powder or water free concentrate in a hermetically sealed container such
as an ampoule or sachette indicating the quantity of active agent. Where the composition is to
be administered by infusion, it can be dispensed with an infusion bottle containing sterile
pharmaceutical grade water or saline. Where the composition is administered by injection, an
ampoule of sterile water for injection or saline can be provided so that the ingredients can be
mixed prior to administration.

[0019] The pharmaceutical composition of the invention can also, if desired, be presented in a
pack, or dispenser device which can contain one or more unit dosage forms containing the
said agent. The pack can for example comprise metal or plastic foil, such as blister pack. The
pack or dispenser device can be accompanied with instruction for administration.

[0020] The pharmaceutical composition of the invention can be administered as sole active
agent or can be administered in combination with other agents.

[0021] In accordance with the first embodiment it is preferred that X is N. Moreover, it is
preferred that Y is S. ()2 is preferably a linear C4-Cg alkyl chain, and more preferably a linear

C1-C3 alkyl chain. R! is preferably -H; and R? is preferably -H or -SCHs3. Preferably, the

preferred embodiments can be present independent of one another. In a further preferred
embodiment the features of all preferred embodiments are present.

[0022] Thus, according to a preferred embodiment the compound for use according to the
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invention has the above formula (I), wherein in formula (I) X is N; Y is S; ()z is a linear C4-Cg

alkyl chain, R'is -H; and RZis -H or -SCHj.

[0023] In accordance with a more preferred embodiment of the invention the compound for
use according to the invention has the above formula (l), wherein in formula (1) Ais HET and

HET is a 5-membered to 7-membered carbocyclic ring which is optionally interrupted with NR3.

[0024] In this regard it is preferred that HET is a 6-membered carbocyclic ring. It is even more

preferred that HET is a 6-membered carbocyclic ring which is interrupted with NR3, wherein R3
is CH3.

[0025] In accordance with a further more preferred embodiment of the invention the
compound for use according to the invention has the above formula (l), wherein in formula (1)

Ais NR3R* and R3is H or CH3 and R%is -CHa.

[0026] In this regard it is most preferred that R3 and R* are -CHs.

[0027] In accordance with another more preferred embodiment of the invention the compound
for use according to the invention has the above formula (1), wherein in formula (1) A is NR3R?,
wherein R3 is CH3, R4 is -CHg, -CoHs, or a C3-C5 linear alkyl chain the chain of which may be

interrupted by O, N or S and which forms a saturated ring with a carbon atom of ()z.

In this regard it is most preferred that R* is -CH.

[0028] In accordance with an even more preferred embodiment of the invention the compound
for use according to the invention has the above formula (1), wherein the saturated ring is a 5-
membered to 7-membered carbocyclicring which is interrupted with N.

[0029] In this regard it is preferred that the 5-membered to 7-membered alkylene ring which is
optionally interrupted with N is a 6-membered alkylene ring. It is also preferred that the
saturated ring is a 5-membered to 7-membered saturated carbocyclic ring (not interrupted with
N) and more preferably a 6-membered saturated carbocyclic ring (not interrupted with N).

[0030] In accordance with a more preferred embodiment of the invention the compound for
use according to the invention has the above formula (l), wherein in formula (1) Ais HET and
HET is N-Methylpiperidin-3-yl.

[0031] In accordance with a further more preferred embodiment of the invention the
compound for use according to the invention has the above formula (l), wherein in formula (1)

(a) Z =3 and Ais NR3R* and R3 and R* are -CHg; (b) Z =1 and A is N-methylpiperidin-3-yl; or
(c) Z =2 and A is N-methylpiperidin-2-yl.
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[0032] In accordance with the most preferred embodiment of the invention, the compound for

use according to the invention is
N
N
N
N
S ) S

Formula (Il) Formula (IIT) Formula (IV)

a
ises

yor

[0033] The compound of formula (lI) is known in the art as Mepazine. Mepazine is a
phenothiazine which was initially used as a tranquilizer (Lord and Archibald (1957), Can J
Comp Med Vet Sci., 21(11): 391-394).

[0034] The compound of formula (lll) is known in the art as Thioridazine. Thioridazine also
belongs to the phenothiazine drug group. Thioridazine is know in the art as antipsychotic drug
and was widely used in the treatment of schizophrenia and psychosis.

[0035] The compound of formula (IV) is known in the art as Promazine. Promazine is a
derivative of phenothiazine. Promazine is used in the art as antipsychotic drug, e.g., to treat
schizophrenia.

[0036] All three phenothiazine derivatives (PDs) analyzed in the appended examples have
been in clinical trials and used as antipsychotic and/or sedative drugs and this activity is

thought to primarily base on their ability to function as dopamine D2 receptor antagonists.@
Mepazine has been evaluated as an antipsychotic and tranquilizing drug under the brand
name Pacatal in the late 50s and early 60s. Whereas some clinical investigations have attested

an antipsychotic effect, others failed to do s0.2221 Some side effects were reported, including a
reduction of asthma attacks after Mepazine treatment indicating a certain immunosuppressing

activity.ﬂ To the best knowledge of the inventors, no observations concerning potential
beneficial effects on cancer patients have been reported. Neither study design nor cohort sizes
allow to draw any conclusion that Mepazine, Thioridazine and Promazine may specifically
inhibit MALT1. Thioridazine (brand name Mellaril) is still commercially available, but
prescription is reserved to the treatment of schizophrenic patients, who do not respond to other
antipsychotic drugs. Thioridazine is also considered to be beneficial for other medical

applications, as it exerts toxic effects on different cancer cell lines.2232 However, the inventors
are not aware of any prior art which shows or indicates that Thioridazine exerts toxic effects on
a cancer cell line which depends on the proteolytic MALT1 activity. In addition, Thioridazine is
considered as a candidate drug for the treatment of tuberculosis or malaria, but the reason for

its anti-microbial and anti-parasitic action is currently unknown 3334 Promazine (brand name
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Sparine), which displayed the weakest toxicity on MALT1 dependent ABC-DLBCL, is still used
to treat restless behavior.

[0037] Thus, the compounds of formula (1), (Ill) and (V) were all initially used in the art as
antipsychotic drug. In the appended examples Mepazine, Thioridazine and Promazine were
identified as three small molecule inhibitors of MALT1. To the best knowledge of the inventors
none of these compounds was know to inhibit the activity of MALT1 protease. The results
illustrated in the examples of the invention show for the fist time that the compounds of formula
(I, (1) and (1V) can be used to treat a cancer that depends on the proteolytic activity of the
MALT1 protease.

[0038] In accordance with a preferred embodiment of the invention, the cancer that depends
on the proteolytic activity of the MALT1 protease is the activated B-cell subtype of diffuse-large
B cell ymphoma or MALT lymphoma.

[0039] As it has been described herein above, diffuse large B-cell ymphoma (DLBCL) is a type
of aggressive lymphoma. One major subtype of DLBCL which has been identified based on its
genetic activity is the B-cell subtype of diffuse-large B cell lymphoma (ABC-DLBCL). As it has
been described herein above, Ferch et al. (2009), J. Exp. Med. 2006: 2313-2320 showed that
aggressive activated B cell-like (ABC) diffuse large B cell lymphoma (DLBCL) cells possess
constitutively assembled CARD11-BCL10-MALT1 (CBM) complexes that continuously and
selectively process A20. Moreover, inhibition of MALT1 paracaspase leads to ABC-DLBCL cell
death and growth retardation. Thus, the examples herein below which show that the
phenothiazines derivatives Mepazine, Thioridazine and Promazine specifically inhibit MALT1
indicate for the first time that ABC-DLBL can be treated by using the compound of the
invention.

[0040] As it has been described herein above, MALT lymphoma is a cancer of the B-cell
lymphocytes. Most NHLs start in the lymph nodes, but MALT lymphoma starts in mucosa-
associated lymphoid tissue (MALT). MALT lymphomas usually start in areas of the body where
there has been an infection or when the person has an autoimmune condition affecting that
area. Most cases of MALT lymphoma affecting the stomach are linked to infection by a bacteria
called Helicobacter pylori. In other sites, chronic immune stimulation is also suspected in the
pathogenesis (e.g. association between chronic autoimmune diseases such as Sjogren's
syndrome and Hashimoto's thyroiditis, and MALT lymphoma of the salivary gland and the
thyroid). Three translocation associated with MALT lymphoma have been identified; namely
t(11;18)(q21;921), giving rise to a API2-MLT fusion gene, t(1;14)(p22;932) which deregulates
BCL10, and t(14;18)(q32;921), which deregulates MALT 1. All three translocations are believed
to turn-on the same pathway, i.e. the pathway of API2-MALT. Thus, the examples herein below
which show that the phenothiazine derivatives Mepazine, Thioridazine and Promazine
specifically inhibit MALT1 indicate for the first time that MALT lymphoma can be treated by
using the compound of the invention.

[0041] In accordance with the present invention phenothiazine derivatives (PDs) have been
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identified as the first class of small molecule inhibitors that effectively and selectively inhibit
proteolytic activity of recombinant and cellular MALT1 protease. As it can be taken from the
examples, the best inhibitory activity was obtained with mepazine, thioridazine and promazine.
All three PDs are shown to interfere with inducible or constitutive MALT1 activity from activated
T cells or from ABC-DLBCL cells, respectively. Furthermore, these PDs cause an impaired T
cell activation as well as reduced viability selectively of the ABC subtype of DLBCL cells,

processes that have been shown to critically depend on MALT1 activity. 22921 Thus, the cellular
data further evidence the effectiveness of PDs as pharmacological MALT 1 inhibitors.

[0042] Different assay conditions were initially tested and the effects of broad spectrum
protease inhibitors to characterize cleavage activity of recombinant full length MALT1 in more
detail. Interestingly, the proteolytic activity of MALT1 resembled Arabidopsis thaliana

metacaspases AtMC4 and 9, emphasizing that the structural homology between paracaspase
and metacaspase domains is causing similar substrate binding and cleavage properties. As
MALT1 is the only human paracaspase with very distinct properties when compared to other
human caspases, specific inhibitiors as defined in accordance with the present invention are
clearly promising candidates for selective inactivation of its oncogenic activity. Selectivity is
critical, as impairing the execution of apoptosis by the inhibition of caspases other than MALT 1
would liklely trigger adverse effects that could not be tolerated for lymphoma therapy. Indeed,
all PDs tested display a high preference for MALT 1 and are not acting on the initiator caspase
CASP8 and the executioner caspase CASP3. Furthermore, as CASP8 associates with MALT1

and is required for NF-kB signaling in T cells,?’ the apparent lack of CASP8 inhibition by PDs
also underscores the requirement for proteolytic MALT1 activity to trigger optimal T cell
activation. The strong inhibition of cellular MALT1 activity even after relatively short PD
incubation clearly indicates that the substances directly affect the MALT1 protease. In addition
it is disclosed herein, that the inhibitory action of the MALT1 inhibitory compounds of the
invention on T cell activation indicates a potential medical use as mild immunosuppressants for
instance in the treatment of allergy and asthma.

[0043] Accordingly, also it is disclosed herein a compound for use in the treatment of MALT 1-
dependent immune diseases.

In accordance with a preferred embodiment thereof, the MALT 1-dependent immune disease is
an allergic inflammation.

Also described herein is a method of treating a cancer that depends on proteolytic activity of
the MALT1 protease in a subject, comprising administering a pharmaceutically effective
amount of a compound of the invention to the subject. In this regard, the cancer that depends
on proteolytic activity of the MALT1 protease is preferably the activated B-cell subtype of
diffuse-large B cell lymphoma or MALT lymphoma. Moreover, the subject is preferably a
mammal and more preferably a human.

[0044] Furthermore described herein is a method of treating a MALT1-dependent immune
disease in a subject, comprising administering a pharmaceutically effective amount of a
compound of the invention to the subject. In this regard, the MALT1-dependent immune
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disease is preferably an allergic inflammation. The MALT1-dependent immune disease also
may be a T-cell driven disease where the T-cell responses are counteracted by the
compounds such as in Example 5. In this regard MALT 1-dependent immune diseases can be
hypersensitivity of the immune system or a chronic inflammation such as allergy (as
mentioned) or asthma. Further, MALT1-dependent immune disease can be an autoimmune
disease, which include but are not limited to diseases such as multiple sclerosis, inflammatory
bowel diseases (e.g. Crohn's disease, ulcerative colitis), lupus erythematosus, psoriasis,
chronic obstructive pulmonary disease, rheumatoid arthritis or psoriatic arthritis. Moreover, the
subject is preferably a mammal and more preferably a human.

[0045] The preferred embodiments described herein above also apply to the methods of
treatment described herein.

[0046] The Figures show:

Figure 1: Establishment of the in vitro MALT1 cleavage assay for High Throughput Screening
(HTS). (A) Scheme of the MALT1 protease assay. Release of the fluorophore AMC by
proteolytic action of GSTMALT1 against the fluorogenic peptide Ac-LRSR-AMC containing the
BCL10 derived MALT1 cleavage site results in an increase of fluorescence. (B) Kinetics of the
MALT1 cleavage reaction. Purified recombinant GSTMALT1 from bacterial expression was
incubated for 1 h at 30°C with 50 pM of Ac-LRSR-AMC and the proteolytic activity was
determined by measuring the increase of AMC fluorescence. Whereas the catalytic inactive
MALT1 C453A failed to cleave the substrate, inhibition with 1 nM of the inhibitory peptide Z-
VRPR-FMK, led to a ~ 50% decrease of MALT1 activity. (C) MALT1 is inhibited by Z-VRPR-
FMK. Increasing amounts of the peptide led to a total loss of MALT1 activity. For evaluation of
the data the relative fluorescence of the untreated control was set to 100 % and the values of
inhibitor treated wells were calculated accordingly. (D) The pan-caspase inhibitor Ac-DEVD-
CHO was not significantly active on MALT1 even at 200 pM. (E) Enzymatic characterisation of
the MALT1 paracaspase using different protease inhibitors. MALT1 activity was diminished by
common concentrations of the cysteine protease inhibitors Antipain (1 pM) and Chymostatin
(100uM), but not by high concentrations of E-64 (100uM) or a low concentration of Leupetin (1
MM). The aspartyl-protease inhibitor Pepstatin A (100uM), the serine protease inhibitor
Aprotinin (5ug/ml) and the serine/cysteine protease inhibitor TLCK (1 uM) had no effects on
MALT1 activity. The inhibitory profile was compared to the Arabidopsis metacaspases AtMC4
and AtMC9 (see Figure 9). Graphs are showing the mean of at least three independent
experiments and error bars indicate SD.

Figure 2: Phenothiazine derivatives identified by HTS inhibit MALT1 activity. (A) Chemical
structures of PDs identified as potential MALT1 inhibitors. Compound A (mepazine; 10-[(1-
methyl-3-piperidinyl)methyl]-10H-phenothiazine acetate), B (2-Chlorophenothiazine) and C ([2-
(3-isobutoxy-10H-phenothiazin-10-yl)ethyl]dimethylamine) being phenothiazine derivatives
(PDs) and compound D a structural PD relative. (B) While treatment with increasing amounts of
PD from 5 to 50 pM led to a dose-dependent decline of GSTMALT1 activity, enzymatic CASP8
action was not significantly reduced. (C) Inhibition of GSTMALT1 activity with 1, 5 and 20 pM of
phenothiazine in a dose-dependent manner. Graphs (in B) are showing one representative of
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two or the mean of at least three independent experiments (in C) and error bars indicate SD.

Figure 3: Selective MALT1 inhibition of mepazine, thioridazine and promazine. (A) Molecular
structures of the three inhibitory compounds. All three bear a short hydrophobic side chain at
the nitrogen with a similar atomic composition and spacing. (B) Dose response curves and
IC50 values for mepazine, thioridazine and promazine. (C) Mepazine acts as a non-
competitive MALT1 inhibitor. Michaelis-Menten kinetics was determined by increasing
concentration of LRSR-AMC substrate in the absence or presence of 1 yM mepazine.
Mepazine reduces the Viax but not the Ky of MALT1. (D) Mepazine acts as a reversible

MALT1 inhibitor. GSTMALT1 coupled to Glutathione sepharose beads was treated with
mepazine (10, 20 or 50 uM) for 30 min. MALT1 activity was assayed after washing the beads
for 0, 3 or 6 times before cleavage reaction was started. (E) PD are selective MALT1 inhibitors
and fail to significantly inhibit CASP3 and 8 activity up to concentrations of 50 yM. Data
represent the average of at least three independent experiments and error bars indicate SD.

Figure 4: Mepazine and thioridazine mediated inhibition of MALT1 leading to impaired T cell

activation in primary mouse CD4™ T cells, human PBMCs and Jurkat T cells. (A) Jurkat T cells
were left untreated or incubated for 3 h with 10 yM of mepazine or thioridazine and then left
unstimulated or stimulated for 15, 30, 60, 90 and 120 minutes with anti-CD3/CD28. Addition of
mepazine and thioridazine led to a strong decrease in the activation of cellular MALT1 activity.
(B) Treatment of Jurkat T cells with mepazine and thioridazine prevented stimulus and MALT1
dependent cleavage of RelB in a dose-dependent manner. Jurkat T cells were treated with
either solvent or 2, 5, 10 or 20 uyM of mepazine or thioridazine for 4 h and 1 h MG132 to
stabilize RelB cleavage fragment (RelBA). Cells were stimulated with P/l for 30 min. RelB and
RelBA were analyzed by Western Blot. Blots show a representative of at least three
independent experiments. (C) To analyze the inhibitory impact of the PD on T cell activation
the IL-2 secretion of Jurkat T cells was measured by ELISA after P/l or anti-CD3/CD28
stimulation for 20h in the presence or absence of 5 and 10 yM mepazine or thioridazine. Both
compounds lead to diminished extracellular IL-2 levels after T cell activation. (D) Impact of PD

compounds on the activation of primary murine CD4* T-cells. Quantitative PCR was used to
determine IL-2 mRNA levels after 3 h pre-treatment with mepazine or thioridazine and
induction with anti-CD3/CD28 for 4h. IL-2 mRNA levels were significantly reduced in compound
treated cells compared to solvent treated control cells. In consequence, treatment of the cells
with both compounds and subsequent T cell activation with anti-CD3/CD28 antibodies for 20h
resulted in lower levels of secreted IL-2. Graphs (in B-D) are showing the mean of at least
three independent experiments. Error bars indicate SD. (E) Primary human PBMCs from two
donors were subjected to 5 and 10 uM of mepazine and thioridazine for 3 h before induction
with anti-CD3/CD28 for 20h. In all donors the extracellular IL-2 levels are dose-dependently
reduced in the presence of both compounds.

Figure 5: PD treatment impairs MALT1 activity and a subsequent substrate cleavage in ABC-
DLBCL cells. (A) Cellular MALT1 activity in DLBCL was analyzed after 4h incubation with
mepazine and thioridazine. MALT1 was isolated via antibody-based precipitation and its
proteolytic activity was determined in a plate reader detecting the flourescence emission of
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released AMC fluorophors. Both compounds inhibited MALT1 protease activity from ABC-
DLBCL cells in a dose-dependent manner with variations depending on the cell line or PD.
Graphs are showing the mean of at least three independent experiments and error bars
indicate SD (B) Treatment of DLBCL cells with mepazine and thioridazine could prevent the
constitutive MALT1 dependent cleavage of BCL10 in a dose-dependent manner. Cells were
treated with different doses of compounds for 20 h and the presence of BCL10 and the
cleavage product BCL10A5 was analyzed via Western Blot. Data are representative of at least
three independent experiments.

Figure 6: Mepazine treatment impairs NF-kB target gene binding and expression in ABC-
DLBCL cells. (A) ABC-DLBCL cells were treated with 10 and 20 pyM of mepazine for 20h and
subsequently analyzed for NF-kB DNA binding by EMSA. In all four cell-lines NF-kB target
gene binding was impaired. Treatment with mepazine consequently decreased the protein
levels of the anti-apoptotic NF-kB targets BCL-XL and c-FLIP-L Data are representative of
three independent experiments (B) To determine the effect on NF-kB target gene expression,
ABC- and GCB-DLBCL control cells were treated with mepazine for 20h and the levels of the
constitutively secreted cytokines IL-6 and IL-10 were analyzed via ELISA. Treatment of the
cells resulted in a ~50 % decreased IL-6 and IL-10 secretion in ABC cell lines. To account for
the drastic variations in cellular IL-6 and IL-10 secretion in the individual cell lines, IL amounts
are illustrated with two different scales. Graphs are showing the mean of at least three
independent experiments and error bars indicate SD.

Figure 7: PDs are selectively toxic to ABC-DLBCL cells. (A) to (D) To test the effect of the PDs
on the viability of ABC-DLBCL cells four different ABC cell lines and the three GCB-DLBCL cell
lines BJAB, Su-DHL-6 and Su-DHL-4 as control cells were treated with indicated
concentrations of mepazine or thioridazine (single treatment). Viability of the cells was
subsequently analyzed after two days with a MTT cytotoxicity test (A and C) or after four days
by cell-counting (B and D). Both compounds could promote a decrease in cell-viability in ABC-
DLBCL cell lines, without significantly affecting GCB-DLBCL cells. (E) Analysis of apoptosis in
ABC-DLBCL cell lines after mepazine treatment. Five ABC-DLBCL and two GCB-DLBCL cell
lines were treated for five days with 15 yM mepazine. Apoptotic cells were identified by FACS
analysis as AnnexinV-PE positive and 7-AAD negative cells. While apoptosis was not increased
in GCB-DLBCL control cell-lines, an increment of the apoptotic cell population ranging from 10
% to 25 % was detected in all ABC-DLBCL cell lines. Data (in B and D) are the mean from
three independent experiments. Graphs (in A, C and E) are showing the mean of at least three
independent experiments and error bars indicate SD.

Figure 8: Mepazine and thioridazine interfere with growth and induce apoptosis in ABC-DLBCL
cell line OCI-Ly10 in vivo. (A) Transplantation of OCI-Ly10 or Su-DHL-6 cells resuspended in

matrigel (BD) into the flanks of NOD.Cg-Prkdcscid 112rg!m™WiljSzy (NSG) mice was carried out
on day 0. Tumor size was determined by caliper measurement. Intraperitoneal administration
of solvent, mepazine (300 ug/d) or thioridazine (400 ug/d) into 3 respective mice of each group
was started 24 h after transplantation and given continuously every 24 h for the entire
treatment period. Both PD selectively impair growth of the ABC-DLBCL cell line OCI-Ly10.
Statistical analysis was performed using a two-way anova test resulting in highly significant p
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values being < 0.0001 from day 16 to 22. (B) Phenothiazines enhance apoptosis in OCI-Ly10,
but not Su-DHL-6 cells in vivo. Apoptosis was determined on tumor sections by TUNEL staining
after 22 days of treatment. Pictures show staining of representative tumor sections. (C)
Mepazine and thioridazine inhibit RelB cleavage in OCI-Ly10 tumors. Expression of RelB and
the MALT 1-dependent cleavage product RelBA were detected in extracts of OCI-Ly10 tumor
specimens by Western Blotting after 22 days. Blot shows results from mice treated with
solvent, mepazine or thioridazine, displaying three independent samples for each.

Figure 9: Inhibitory profile of MALT1 implies a high similarity to Arabidopsis metacaspases.
Similar to AtMC4 and AtMC9 neither 100 pM of the aspartyl protease inhibitor Pepstatin A nor
the serine protease inhibitor Aprotinin (5ug/ml) could inhibit MALT1 proteolytic activity.
Chymostatin (100 uM) and Antipain (1uM) could strongly inhibit MALT1 and the metacaspases,
Leupeptin (1 pM) had a stronger effect on AtMC4/9 and whereas the cysteine protease
inhibitor E-64 does not inhibit MALT1, it had mild effects on both metacaspases. While TLCK (1
pMM) had a slight impact on metacaspases, MALT1 activity was not affected. High doses (100
pUM) of DEVD tetra-peptide caspase inhibitors did not inhibit MALT1 or AtMC4/9.

Figure 10: Parameters for MALT1 HTS. In the primary screen ~18.000 small molecules of the
ChemBioNet diversity library were tested with a final concentration of 10 uM against 170 nM of
GSTMALT1 in a 384 well format. The resulting 300 hits with the best inhibitory potential were
further validated in secondary assays using different doses from 5 to 50 uM. 15 secondary hits
were identified corresponding to -0.08 % of the original library.

Figure 11: (A) Establishment of the proteolytic CASP8 assay. Different amounts of active
recombinant CASP8 (0.25, 0.5 and 1 ug) were tested with 50 uM of the caspase substrate Ac-
DEVD-AMC. Enzymatic activity was determined in accordance to the GSTMALT1 assay. To
analyze the inhibitory impact of PDs on CASP8 250 pg was used. Data is representative of two
independent experiments (B) CASP8 activity against Ac-DEVD-AMC in the presence Ac-DEVD-
CHO resulted in an almost total decline of enzymatic activity at a concentration of 50 pM.
Graphs show the mean of three independent experiments. Error bars indicate SD.

Figure 12: (A) Promazine inhibits cellular MALT1 activity. Constitutive MALT1 activity in ABC-
DLBCL is reduced after 4 h promazine treatment of the cells. (B) and (C) Promazine impairs
ABC-DLBCL cell viability. Consistent with the results obtained in the cellular MALT1 cleavage
assay, promazine had the mildest effects on ABC-DLBCL cell viability. (D) and (E) The Malt1
non-active Promethazine is not affecting ABC-DLBCL viability. ABC- and GCB-DLBCL cell lines
were treated for 4 days with 10 and 20 pyM of promethazine, which did not significantly impair
viability of both DLBCL subgroups. Data is the mean of three independent experiments. Error
bars (in A, B and D) indicate SD.

Figure 13: Elucidation of the structure-activity-relation (SAR) of phenothiazine derivatives and
MALT1. Shown are the chemical structures and the MALT1 Inhibitory potential of different
phenothiazines designed by medicinal chemistry. These chemical structures fall under the
ambit of the general formula (I) shown herein above. This demonstrates that compounds
according to the general formula (l) are potent MALT 1 Inhibitors.
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[0047] The Examples illustrate the invention

Example 1 - Experimental Procedures

Cell culture and reagents

[0048] DLBCL cell lines were cultured in RPMI 1640 Medium (Invitrogen) supplemented with
20 % FCS and 100 U/ml penicillin/streptomycin except the ABC line OCI-Ly10 which was
cultured in IMDM (Invitrogen) with 20 % human plasma, penicillin/streptomycin and 50 pyM B-
Mercaptoethanol. Jurkat T cells were cultured according to DLBCL cell-lines with 10 % FCS.
The isolation of human mononuclear cells (PBMCs) from heparin-treated (1000 U/ ml) whole
blood was done with Lymphoprep according to manufacturer (Axis-shield). Isolation of murine

CD4* T-cells was performed with T-cell specific Dynabeads (Invitrogen). Primary cells were
cultured in Jurkat media containing 50 pM B-Mercaptoethanol. Stimulation of Jurkat T cells,

human PBMCs and mouse CD4* T-cells was either initiated by the addition of Phorbol 12-
myristate 13-acetate (PMA; 200 ng/ml) and lonomycin (I; 300 ng/ml) (both Calbiochem) or by
hCD3/hCD28 and migG1/migG2a antibodies (BD Biosciences). Z-VRPR-FMK (Alexis
Biochemicals), mepazine acetate (Chembridge), promazine hydrochloride, thioridazine
hydrochloride, promethazine hydrochloride (all Sigma Aldrich) and all other PDs tested
(Chembridge or Sigma) were solved in DMSO.

Recombinant and endogenous MALT1 cleavage Assay

[0049] GSTMALT1 proteins were produced in competent BL21 RIL E. coli bacteria. Protein
production was induced at an ODggp of 0.8 with 50 uyM of Isopropyl-a-D-thiogalactopyranoside
(IPTG) for 16 h at 18°C. Bacteria were harvested and lysed by sonication in lysis buffer (50
mM HEPES, pH 7.5, 10 % Glycerol, 0.1 % Triton X-100, 1 mM dithiothreitol, 150 mM NaCl, 2
mM MgCl,, incl. protease inhibitors). GSTMALT1 was purified via an AKTA™ liquid
chromatography system using Glutathione FastTrap columns (GE Healthcare). For the
cleavage assay in 384-well microplates 200 ng of protein and 50 yM of the BCL-10 derived
substrate Ac-LRSR-AMC was used. Following 30 min of incubation at 30°C the fluorescence of
the cleaved AMC was measured for 1 h using a Synergy 2 Microplate Reader (Biotek).
Protease activity was expressed in relative fluorescence units, where DMSO treated controls
were set to 100 % and fluorescence of compound treated wells was calculated appropriately.
Cleavage of human recombinant CASP3 (BioVision) and CASP8 (Cayman Chemical) was
assayed accordingly against Ac-DEVD-AMC as substrate and 50 and 250 pg of protein,

respectively. For the endogenous MALT1 protease DLBCL or Jurkat T cells (5 x 108 cells) were
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left untreated, inhibitor (4 h and 3 h, respectively) or P/l and CD3/CD28 treated and lysed in
lysis buffer at 4°C. For immunoprecipitation 4 pl of anti-MALT1 antibody (H-300, Santa Cruz
Biotechnology) was added to 400 pl of the cleared lysate. After incubation of 16 h at 4°C 15 pl
of PBS-washed protein G-Sepharose Beads (Roche) were added and the samples were
further incubated for 1 h. The beads were washed 3 times with PBS, resuspended in 40 pl of
cleavage assay buffer (50 mM MES, pH 6.8, 150 mM NaCl, 10 % [wt/vol] sucrose, 0,1 %
[wt/vol] CHAPS, 1 M ammonium citrate, 10 mM dithiothreitol) and transferred to a 384-well
microwell plate. The peptide substrate Ac-LRSR-AMC was added to a final concentration of 20
MM and the activity was measured according to the recombinant GSTMALT1 assay. All
inhibitors used were solved in DMSO and control cells were treated with appropriate amounts
of the solvent.

High throughput screen (HTS) for MALT1 small molecule inhibitors

[0050] The MALT1 cleavage assay was used to screen ~18000 small molecules of the

ChemBioNet library at the Leibniz Institute for Molecular Pharmacology (FMP) in Berlin.3®
Screening volume was 11 pl in a 384-well non-binding assay plate (Corning) with 170 nmol
GSTMALT1 against 10 uM final concentration of compounds. The assay was performed with
50 pM of Ac-LRSR-AMC substrate for 20 min at 30°C. As a negative control the recombinant
MALT1 mutant C453A was used, as a medium inhibition control 1 nM of the Z-VRPR-FMK
peptide. The quality of the assay was confirmed by standard Z-factor determination (~ 0.7).
For hit validation the 300 compounds with the best inhibitory impact from the primary screen
were assayed two times with 8 different concentrations of compounds ranging from 0.7 to 90.9
UM.

Quantification of RNA by real-time RT-PCR

[0051] Synthesis of cDNA was performed with DNA-free RNA samples (RNeasy Mini Kit,
Qiagen) by reverse transcription with random hexamers and Superscript Il (Invitrogen)
according to the manufacturer's protocol. Real-time PCR was performed using LC 480
SybrGreen PCR mix (Roche) on a LC 480 Lightcycler system (Roche). Quantification of the
cytokine RNA was achieved by normalizing to a B-Actin housekeeping gene. The relative
expression ratio was calculated according to Pfaffl 2001. The following primers were used:
miL-2 forward 5-GAGTGCCAATTCGATGATGAG-3' (SEQ ID NO: 1); mlL-2 reverse 5'-
AGGGCTTGTTGAGATGATGC-3' (SEQ ID NO: 2); mf-actin forward
5'CCTCTATGCCAACACAG TGC3' (SEQ ID NO: 3); mpB-actin reverse 5'-

GTACTCCTGCTTGCTGATCC-3' (SEQ ID NO: 4).36

Electrophoretic mobility shift assay (EMSA), Western Blot and ELISA
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[0052] Whole cell extracts, Western blotting and EMSA were performed as described

previously.? Antibodies used were BCL-XL (Cell signaling), MALT1 (H300, B12), BCL10 (H197),
c-FLIP (Alexis Biochemicals) and B-Actin (I-19). BCL10 cleavage was visualized after 20 h
treatment of diffuse large B-cell ymphoma cells with different doses of PD. Human and murine
IL-2 ELISAs (BenderMed Systems) were performed according to the manufacturer's protocol
after pre-treatment of Jurkat T cells and the primary human and mouse cells for 3 h with
mepazine and thioridazine and subsequent T-cell receptor stimulation for 20 h. IL-6 and IL-10
ELISAs (Immunotools) were performed after 20 h of inhibitor incubation on DLBCL cell-lines.

Viability, MTT and apoptosis assays

[0053] Viability of DLBCL cell lines was analysed with a cell count assay of trypan blue stained
cells after four days and by MTT (3-4,5-Dimethylthiazol-2-yl-2,5-diphenyltetrazoliumbromid)
cytotoxicity test after two days of dose-dependent inhibitor treatment in comparison to DMSO
treated control cells. The cell-dependent reduction of MTT to formazan was measured at A =
450 oo Dnm with a pQuant microplate spectrophotometer (Biotek). Apoptosis rates were

determined with PE-Annexin V staining of 7AAD™ cells (BD Pharmingen) by FACS analysis
(LSRII, BD) after five days of compound treatment. Data was analyzed using FlowJo software
(Treestar).

Example 2 - MALT1 paracaspase exhibits proteolytic activity that is distinct from human
caspases

[0054] To screen for small molecular weight compounds that can inhibit MALT1 protease
activity, recombinant GSTMALT1 was purified from E. coli to establish an in vitro protease
cleavage assay suitable for high throughput screening (HTS). GSTMALT1 was incubated for 1
h at 30°C in the presence of 50 uM of the tetrapeptide substrate Ac-LRSR-AMC, which is

derived from the MALT1 cleavage site in the C-terminus of BCL10.” Proteolytic activity was
determined by measuring the increase of fluorescence, which is emitted after cleavage and the
accompanying release of the fluorophore AMC (Fig. 1A and B). MALT1 catalyzed cleavage of
Ac-LRSR-AMC is evident from a robust increase in fluorescence intensity over time. Mutation
of the conserved cysteine (C453A) in the paracaspase domain of MALT1 (Isoform B)
completely abolished MALT1 catalytic activity (Fig 1A). Similar to arginine-lysine specific
metacaspases, the MALT1 protease has a high preference for cleaving after an arginine
residue. Consistent with this Z-VRPR-FMK, which was initially designed as a metacaspase

antagonistic peptide,2* also completely blocked MALT1 cleavage activity at low nanomolar
concentrations, emphasizing the high similarity of the paracaspase to plant metacaspases (Fig.
1B and C). In contrast, the potent caspase inhibitory peptide Ac-DEVD-CHO which effectively
blocked CASP8 activity even at picomolar concentrations (Fig. 11) only marginally reduced
MALT1 activity even when used at a concentration of 200 uM (Fig. 1D).
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[0055] The distinct substrate specificity of caspases and MALT1 emphasizes the potential to
identify small molecule inhibitors that interfere with MALT1 dependent pro-survival

signaling22-21

without disturbing the caspase-dependent apoptotic machinery. As MALT1
paracaspase is the only mammalian homologue to plant metacaspases,4 the MALT1 enzymatic
activity and substrate preferences was further characterized. MALT1 cleavage was assayed in

the presence of protease inhibitors (Fig. 1E) and compared the effects to the inhibitory profiles

obtained for plant metacaspases AtMC4 and AtMC9 as summarized in Figure 9.° Just like
AtMC4 and AtMC9, neither the aspartyl protease inhibitor Pepstatin A (100uM) nor the serine
protease inhibitor Aprotinin (5ug/ml) strongly inhibited MALT1 activity. Whereas the broad
spectrum serine/cysteine protease inhibitor Chymostatin (100pM) and Antipain (1uM) inhibited
MALT1 and AtMC4/9 to a similar extent, Leupeptin (1uM) was acting stronger on plant
metacaspases. Interestingly, the cysteine protease inhibitor E-64 (100uM) that was shown to
have a mild effect on AtMC4 but not AtMC9, does not inhibit MALT1. In contrast, the
serine/cysteine protease inhibitor TLCK (1uM) that strongly inhibits AtMC9 and much weaker
AtMC4, was only mildly affecting MALT1 activity. As expected, tetra-peptide caspase inhibitors
did not inhibit MALT1 or AtMC4/9 activity. Taken together, substrate specificity and inhibitory
profile indicate high similarity between the MALT1 paracaspase to the plant metacaspases
AtMC4/9.

Example 3 - Identification of phenothiazine derivatives as selective MALT1 protease
inhibitors

[0056] To identify small molecule inhibitors for the MALT1 protease, approx. 18.000
compounds of the ChemBioNet collection were screened using an assay format as depicted in
Figure 10. The primary screen was conducted by measuring the increase in AMC fluorescence
in a 384 half-well format over an assay time of 20 min in the presence of 10 uM of each
compound. 300 primary hits showed inhibitory potential and were chosen for secondary hit
validation that was performed two times in the same format with increasing doses ranging from
0.7 to 90.9 pM of each compound. The validation yielded in 15 primary hits corresponding to
-0.08 % of the primary screen.

When examining the structure of the 15 primary hits, it was noticed that three of the most
efficient and selective compounds (Fig. 2A: compound A, B and C) are derivatives of the
tricyclic phenothiazine that contains two outer benzene rings linked by a nitrogen and a sulfur
atom in the inner ring. Also the heterocyclic core found in inhibitor D displays high structural
similarities to phenothiazine, while the nitrogen is replaced by carbon. These initial results
suggested that certain phenothiazine derivatives (PDs) may act as MALT1 inhibitors. To verify
MALT1 inhibition and to evaluate the specificity, the four identified PDs were tested for
inhibition of MALT1 and CASP8 activity. At 50 uM all four substances were reducing MALT1
protease activity to less than 10 % in a dose-dependent manner (Fig. 2B). In contrast, CASP8
activity was only modestly affected at the highest inhibitor concentrations of 50 yM, indicating
that the four PDs are selectively acting on MALT1. The phenothiazine scaffold without any
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modifications was also tested and it was found that it is inhibiting MALT1 activity in a dose-
dependent manner (Fig. 2C). Notably, our initial results implied that only the modifications of
compound A seemed to significantly improve the inhibitory potential of the phenothiazine
backbone towards MALT1. Interestingly, compound A corresponds to the known drug

mepazine (former brand name Pacatal) that had been used as a tranquilizer.2° These results
suggested that phenothiazines could be promising candidates as selective MALT 1 inhibitors.

Example 4 - Mepazine, thioridazine and promazine act as potent and selective MALT1
paracaspase inhibitors

[0057] Mepazine as well as 25 other commercially available PD were obtained to test their
inhibitory potential. Whereas most compounds (12-26) had no or only very weak inhibitory
potential (IC50 > 20 pM), 8 compounds (4-11) inhibited MALT1 activity with an IC50 roughly
between 5-20 yM. Only three PD had an IC50 below 5 yM. Thus, only a small subset of PD
was capable of efficiently inhibiting MALT1. The three most potent compounds represent
promazine, thioridazine and mepazine, the latter initially identified in the screening (Fig. 3A). To
define the inhibitory potential, the exact IC50 values for each compound on recombinant full
length (FL) GSTMALT1 and an enzymatically active truncated MALT1 protein encompassing
the amino acids of the paracaspase and C-terminal Ig-like (Ig3) domains from 325 to 760 was
determined (Fig. 3B). Mepazine was most effective in inhibiting GSTMALT1 FL and
GSTMALT1 325-760 with IC50 values of 0.83 and 0.42 uM, respectively. Also thioridazine and
promazine showed a dose dependent inhibition of GSTMALT1 FL and GSTMALT1 325-760,
but the IC50 values were approximately 4 (GSTMALT1 FL) or 8 (GSTMALT1 325-760) fold
lower when compared to mepazine. In contrast, promethazine, a drug that is still used in the
treatment of certain psychiatric disorders and highly related to the three active PD did not
cause any significant MALT 1 inhibition at concentrations up to 20 yM. These results indicate a
high degree of specificity in MALT inhibition even within the group of PD.

To test the mode of action, the effect of mepazine in Michaelis-Menten kinetics on basis of the
fluorogenic MALT1 cleavage assay was determined (Fig. 3C). GSTMALT1 FL displayed a
Vmax of ~ 170 RFU/min and the Michaelis-Menten constant (Ky) was calculated to ~ 48 yM,

which is in the range of what has been determined previously (Hachmann et al., 2012).
Addition of mepazine at a concentration around the 1C50 (1 uM) strongly decreased the Vpax

to ~ 58 RFU/min while the Ky, of 48 yM was not altered. Mepazine and other phenothiazines

do not contain reactive groups. However, to confirm that mepazine acts as a non-covalent
reversible inhibitor, wash-out experiments using GSTMALT1 attached to glutathione sepharose
beads were performed (Fig. 3D). Again, mepazine inhibited MALT1 cleavage activity, but
several cycles of washing the GSTMALT 1 beads resulted in complete loss of inhibition even at
the highest concentration of the compound (50 pM). Thus, the effects of mepazine on MALT1
enzymatic activity revealed a non-competitive and reversible mode of MALT1 inhibition by
phenothiazines.

Next the effects of PD on caspases, which are structurally the closest relatives of MALT1 in
mammals (Uren et al., 2000) were assayed. Importantly, all three PD did not significantly inhibit
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CASP3 or CASP8 activity, even at concentrations up to 50 pM (Fig. 3E), reflecting the
selectivity of the compounds as MALT1 inhibitors.

Example 5 - Phenothiazines inhibit MALT1 activity and IL-2 induction in T cells

[0058] Under physiological conditions the MALT1 protease has been shown to contribute to T
cell responses. Mutation of the catalytic cysteine residue in the active cavity of MALT1 prevents
optimal IL-2 production in response to anti-CD3/CD28 co-stimulation (Duwel et al., 2009).
Therefore the effects of PD on MALT1 activity and IL-2 production in T cells were determined
(Fig. 4). A MALT1 cleavage assay after immunoprecipitation (IP) of the protein from Jurkat T
cells was performed (Fig. 4A). Cells were left untreated or incubated for 3 h with 10 yM of
mepazine or thioridazine and subsequently left unstimulated or stimulated with anti-CD3/CD28.
MALT1 protease activity was almost undetectable in the absence of stimulation and peaked at
30-60 min after CD3/CD28 treatment. Addition of either mepazine or thioridazine resulted in a
strong reduction of MALT 1 protease activity in stimulated Jurkat T cells at all time-points (Fig.
4A). To confirm that both phenothiazines were inhibiting MALT1 activity inside the cells, MALT1
cleavage of RelB after stimulation of Jurkat T cells was monitored (Fig. 4B). RelB cleavage
product RelBA could be detected when Jurkat T cells were incubated with proteasome inhibitor
MG132 prior to P/l stimulation to prevent degradation of the unstable RelB truncation
(Hailfinger et al., 2011). As evident from decreased RelBA levels and a parallel increased
expression of full length RelB, mepazine and thioridazine impaired RelB cleavage in a dose
dependent manner (Fig. 4B). Similar to the situation with recombinant MALT1, mepazine was
more efficient in inhibiting cellular MALT1 cleavage activity and significantly reduced the
appearance of RelBA between 2-5 yM, whereas thioridazine was effective above 5 pM.To
determine the effects of MALT1 inhibition by PDs on T cell activation, secreted IL-2 amounts
were measured by ELISA after P/l or anti-CD3/CD28 stimulation of Jurkat T cells in the
presence of absence of mepazine or thioridazine. Both compounds led to a decrease of IL-2
levels in the media of PD treated cells after T cell activation (Figure 4C). To verify that the
inhibitory potential of PD is also detectable in primary T cells, murine CD4 positive Th1 T cells
were isolated and purified, and IL-2 mRNA induction by gPCR and protein levels by ELISA after
anti-CD3/CD28 co-ligation in the presence or absence of 5 and 10 yM of mepazine or
thioridazine were measured (Fig. 4D). Both, IL-2 mRNA induction and protein expression was
reduced in a dose-dependent manner. Finally, primary human PBMCs from three donors were
used to evaluate whether inhibition of MALT1 activity also promotes a decreased IL-2
production in primary human T cells (Fig. 4E). Congruent with the previous results, mepazine
and thioridazine treatment led to a significant decrease of IL-2 secretion in PBMCs from all
three donors.

Example 6 - Phenothiazines inhibit MALT1 activity and induction of NF-kB target genes
in ABC DLBCL cells
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[0059] Coinciding with a constitutive cleavage of the MALT1 substrates A20 and BCL10,
MALT1 protease activity was enhanced as a characteristic feature of all ABC-DLBCL cells was

previously shown.2 To determine the effect of phenothiazines on cellular MALT1 activity, ABC-
DLBCL cells were incubated for 4h with 5 or 10 uM of mepazine, thioridazine and promazine.
An anti-MALT1 IP was performed and MALT1 protease activity was determined by adding the
substrate AC-LRSR-AMC to the precipitates. All three PDs inhibited MALT1 protease activity
from ABC-DLBCL cells in a dose-dependent manner (Fig 5A). Even though inhibition of cellular
MALT1 activity varied depending on the individual cell lines and the compounds, mepazine had
in general the strongest effects and at 10 uM it led to at least 75 % reduction of MALT1 activity
in all ABC-DLBCL cells. Also thioridazine was inhibiting MALT1 activity in all ABC-DLBCL cell
lines. However, whereas 10 puM thioridazine inhibited MALT1 by more than 80 % in HBLA1,
U2932 and TMD8, only a ~50 % decrease was observed in OCI-Ly3 and OCI-Ly10. Promazine
was the weakest inhibitor of cellular MALT1 activity.

Next, it has been evaluated whether MALT1 inhibition by the two strongest compounds
mepazine and thioridazine would also prevent the cellular cleavage of the known MALT1
substrate BCL10 in ABC-DLBCL cells (Fig. 5B). MALT1 is cleaving the very C-terminal five
amino acids of BCL10 resulting in a truncated cleavage product (BCL10AS5). ABC-DLBCL cells
were treated for 20 h with increasing doses of each compound. Indeed, treatment with
mepazine or thioridazine prevented the detection of BCL10AS5 in a dose-dependent manner.
MALT1 activity contributes to optimal NF-kB activation and target gene expression in ABC-

DLBCL cells.22! Therefore, it was determined if mepazine, which most strongly affected
MALT1 activity, is also imparing constitutive NF-kB DNA binding and subsequently NF-kB target
gene expression in ABC-DLBCL cells (Fig. 6). To this end DLBCL cells were treated with 10
and 20 pM of mepazine for 20 hours and analyzed NF-kB DNA binding by EMSA (Fig. 6A).
Increasing concentrations of mepazine resulted in reduced NF-kB target DNA binding in ABC-
DLBCL cells. Congruently, mepazine treatment led to a dose-dependent decrease of anti-
apoptotic BCL-XL and FLIP-L proteins. To further monitor the effects of mepazine on other NF-
kB dependent genes, ABC- or GCB-DLBCL cells were treated with 10 yM mepazine for 20 h
and secretion of the cytokines IL-6 and IL-10 was determined by ELISA (Fig. 6B). Whereas
GCB-DLBCL cells are expressing low amounts of IL-6 or IL-10, ABC-DLBCL cells are secreting
both cytokines even though to variable extends, which reflects the degree of heterogeneity
between the different cell lines. Importantly, mepazine decreased expression of soluble IL-6
and IL-10 in all ABC-, but not GCB-DLBCL cells, demonstrating its direct effect on NF-kB target
gene expression.

Example 7 - Selective toxicity and induction of apoptosis by phenothiazines in ABC
DLBCL cells

[0060] As the three PDs are efficiently inhibiting MALT1 protease activity in vitro and in vivo,
their effect on the viability of ABC-DLBCL cells was tested (Fig. 7). As a control the three GCB-
DLBCL cell lines BJAB, Su-DHL-6 and Su-DHL-4 were used, that were previously shown to be

independent of MALT1 proteolytic activity for their growth and survival.2? Cytotoxic effects were
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measured by MTT assays after two days of incubation (single treatment) using increasing
concentrations of mepazine, thioridazine and promazine (Fig. 7A, C and Fig. 12B). All
compounds promoted a decrease of cell viability measured by MTT reaction in the ABC-
DLBCL cells HBL1, OCI-Ly3, U2932 and TMD8, without significantly affecting GCB-DLBCL
cells. Further, cell viability was determined by cell counting after 4 days of treatment (Fig. 7B, D
and Fig. 12C). Congruent with the MTT assay, the PDs also decreased the overall number of
viable ABC-DLBCL cells. Again, the reduced viability was much more pronounced in ABC-
DLBCL cells, while GCB-DLBCL cells were only slightly impaired even at the highest
concentration of the compounds. Consistent with the results obtained in the cellular MALT1
cleavage assay (Fig. 11A), promazine had in general the mildest effects on the viability of the
ABC-DLBCL cells. To further validate that the decrease in viability of ABC-DLBCL cells after
administration of distinct PDs is linked to MALT1 inhibition, DLBCL cells were treated with
promethazine (Fig. 12E). Despite its close structural relation to promazine, promethazine was
not inhibiting MALT1 protease activity at concentrations up to 20 uM (Fig. 12D). Indeed,
promethazine did not significantly inhibit viability of ABC or GCB-DLBCL cells after 4 days of
treatment, providing further evidence that the cellular effects of mepazine, thioridazine and
promazine are dependent on MALT 1 inhibition.

Finally, it has been determined whether mepazine as the most potent MALT1 inhibitor is
affecting the viability of ABC-DLBCL cells by enhancing apoptosis (Fig. 7D). To this end,
DLBCL cells were treated for five days with 15 yM of mepazine and apoptotic cells were
identified by FACS as AnnexinV-PE positive and 7-AAD negative cells. Mepazine provoked an
enhanced apoptotic rate in all ABC-DLBCL cells, while apoptosis was not increased in the two
GCB-DLBCL control cells. Thus, PDs are selectively toxic to ABC-DLBCL cells and toxicity is
partially due to enhanced apoptosis in the affected lymphoma cells, revealing a potential use of
mepazine and structurally related compounds for ABC-DLBCL therapy.

Example 8 - Mepazine and thioridazine impede growth of ABC-DLBCL in vivo

[0061] The long history of phenothiazine, especially thioridazine, in the treatment of psychiatric
disorders as well as the detailed knowledge of their pharmacology and toxicology could
facilitate an off-label use for the treatment of patients diagnosed with ABC-DLBCL. Therefore, it
was determined whether mepazine and thioridazine could also exert effects on lymphoma
growth in vivo in a murine DLBCL xenogeneic tumor model. For this purpose, the ABC-DLBCL
cell line OCI-Ly10 and the GCB-DLBCL cell line Su-DHL-6 were injected as subcutaneous

xenografts into NOD/scid IL-2Rg™!!" (NSG) mice (Fig. 8A). Both tumor cell lines were engrafted
simultaneously on opposite flanks of individual mice. Starting one day after injection, the mice
were treated by intraperitoneal administration of solvent or either mepazine (12 mg/kg) or
thioridazine (16 mg/kg). In control treated mice massive tumors grew from both DLBCL cell
lines within three weeks of transplantation. Daily administration of mepazine or thioridazine
strongly impaired the expansion of the ABC-DLBCL cell line OCI-Ly10. In contrast, both PD
completely failed to exert any inhibitory effects on the progression of the GCB-DLBCL cell line
Su-DHL-6 in the same animals.
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To ascertain that mepazine and thioridazine were acting directly on the tumor cells, the
induction of apoptosis in the tumor tissue was determined. Transplanted tumors were removed
at the end of the treatment period and apoptotic cells were visualized by TUNEL staining on
sections of the tumor tissue (Fig. 8B). Congruent with the selective in vivo toxicity, mepazine or
thioridazine treatment increased the number of apoptotic cells in the xenografted ABC-DLBCL
cell line OCI-Ly10, while no induction of apoptosis was observed in the in GCB-DLBCL cell line
Su-DHL-6. Further, constitutive cleavage of the MALT1 substrate RelB was impaired after
mepazine and thioridazine treatment in specimens of xenografted OCI-Ly10 tumors, revealing
that also in mice the compounds were indeed acting by inhibiting MALT1 activity in the tumor
cells (Fig. 8C). Thus, the murine tumor model provided evidence that MALT1 inhibition by
phenothiazines selectively kills MALT 1-dependent DLBCL in vivo and indicates a potential
therapeutic benefit for use of the known compounds in ABC-DLBCL therapy.
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Patentkrav

1. Forbindelse til anvendelse ved behandling af (i) en cancer, hvor canceren
afth@®nger af den proteolytiske aktivitet af MALT1-proteasen, hvor forbindelsen

har den almene formel (I)

A

R1 ( P/Z R2
R! X R?
R’ Y R2

R’ R?

|

hvor

X erN;

Y erS, Oeller CH>-CHs;
()z er en liner eller forgrenet (C;-Cs)-alkylkade;
A er NR’R* eller OR? eller HET;
R' og R?i hvert tilfelde er uafhengigt valgt blandt -H, -CH3, -OH, -
OCHj3;, -SCH3, -F, -Cl, -CF3, -NH: og -COOH;
R3, R* og R’ er H eller linezre eller forgrenede (Ci-Cs)-alkylgrupper, og
HET er en 5-, 6- eller 7-leddet heterocyklisk ring, hvor ringatomerne kan
vere C, O, N eller S, ringen kan vere mattet eller aromatisk, og ringen
kan vare substitueret med H eller line®re eller forgrenede (C;-Cs)-
alkylgrupper; eller
forbindelsen er et farmaceutisk acceptabelt salt, en farmaceutisk acceptabel
enantiomer, diastereomer, racemisk blanding, krystallinsk form, amorf form,
ikke-solvateret form eller solvat med den almene formel (I), hvor canceren, der
afth@®nger af den proteolytiske aktivitet af MALT1-proteasen, er den aktiverede
B-celleundertype  af  diffust  storcellet B-cellelymfom eller MALT
(slimhindeassocieret lymfoidt vev)-lymfom.
2. Forbindelse til anvendelse ifglge krav 1, hvor 1 formlen (I)
X er N;
YerS;
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()z er en line®r (C,-Cs)-alkylkade;
R!er -H; og
R? er -H eller
3. Forbindelse til anvendelse ifglge krav 1 eller 2, hvor A er HET, og HET er en
5-leddet til 7-leddet carbocyklisk ring, der er afbrudt af NR®,
4. Forbindelse til anvendelse ifglge krav 1 eller 2, hvor A er NR’R*, og R* er H
eller CHs, og R* er -CHs.
5. Forbindelse til anvendelse ifplge krav 1 eller 2, hvor A er NR’R?, hvor R’ er
CHs, R* er -CH3, -C2Hs eller en line@r (C3-Cs)-alkylkade, hvis kede kan vare
afbrudt af O, N eller S, og som danner en mattet ring med et carbonatom i ()z.
6. Forbindelse til anvendelse ifplge krav 5, hvor den mattede ring er en 5-leddet
til 7-leddet carbocyklisk ring, der er afbrudt af N.
7. Forbindelse til anvendelse ifglge krav 1 eller 2, hvor A er HET, og HET er N-
methylpiperidin-2-yl eller N-methylpiperidin-3-yl.
8. Forbindelse til anvendelse ifplge krav 1 eller 2, hvor

(a) Z =3, A er NR°R*, og R* og R* er -CH3;

(b) Z =1, og A er N-methylpiperidin-3-yl; eller

(c) Z=2,0g A er N-methylpiperidin-2-yl.
9. Forbindelse til anvendelse ifglge et hvilket som helst af kravene 1 til 8, hvor

forbindelsen er

o0 B s
QLU0 QU O

seller
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Figure 3 — continued
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Figure 4
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Figure 4 — continued
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Figure 5
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Figure 6
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Figure 7 - continued
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Figure 8
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Figure 11
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Figure 12
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Figure 12 — continued
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Figure 13
N sj\ﬂ/\ F'i
o : LT : s S i
A’l‘ 7 \L/\j" RN R’\/\/N\,’ R"\/\u/; RTINT TR,
N ~ "o bR 3965
[ N “ Promazine 73900 3918 1G58
N Mepazine 1Cop=5.8 1Ceg=18.3" ICq=4.0 %
C5o=0.85 ) . : : .
P T B R/\'-/,\NJ\ R/\ /\_4,,\ ’, /\/\N j - Rr'"\/-\'\[-»-\rll
" . o Y
e, 339 ™ 3960 3950 Pl '1039_‘:;5 »
C5,8.69 1C425.7 118 1Ce4=2.67 10t ; e
s : jJ\JH
QR"/\"”“’N"“[ R TNy R Ney L g RTNIINT MG
, L ; | H
; S0 ey 2
3942 3037 4010 4028 ‘#111765001 -
1Ce=11.5 SEg=1T s Cye=12.7 |Cf,0~ 2.5 1C5=9.83 ¢
Lo U il R T
s i ; : ? e \( N o, *«r NH \/\N_ e N\ \.\r;ﬁ.N Wi
Mépf’zine : 39_5§ L ,3?‘9__, S-ch' ~”3343 06t 3975 4037
105085 Cg=142 KCeg=2 TV ~c55f5A5,A17 16556.28 CL=089 T C76  ICs=267
b R G
WY B N :
S N \[ \) /\NH L‘” N : "[ I\/ : .
; O\) HO/K\) o e
3916 : 915 4020 ~4\115 4116 3963 3952
[Css=118 TiCe=135 CHC=2 B0 1 =55 u,,o-o,w R Ic,o-ws i
R R‘|
I-\; s : . : j1E|H)
: : R S RS o
,)\N/ . J\ o R H : I;[ I:[ /L ,I Sl D
l\/ - ( T N NH7 - 1/ & H)Mel A
Bt i R' . ‘\N""" :
SL3958 i Thlondazme #11176605. - \(\] : \[\/‘ R
L fCg=800 RZ=Shle ClCggE213 . v
" L Cip=3 43 e ' = Me'(4098) -Csd =8:50 4097
S S Me (40074 10y, 7 386 1C5,3:863
] T F3 (39871 1Cye =4:17; 2.4 :
ARETES i L 13998; 15, = 200, 097
RN R O A 2 =188
. ( sl />"\\\'\. | v Jd R¥= CF; mosa; iCos= 241
\ : N’ﬂ___;/ SE 1 (4057} 1C, 20,973
B kﬁ T R e R = OMe (4090) 10 175 L
i YN *l N CUURY S Ac (4086) 1T =422 0
(\‘;J_ il R = Me (4124} 1= 1,854
4024 e
Cye=113 ©1C50=21.32



