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Abstract

The invention relates to compounds of general formula 1

Ry
R, \ /N
R, N Rs

to processes for the production thereof, to pharmaceutical preparations
containing said compounds and/or physiologically compatible salts
and/or solvates which can be produced therefrom as well as to the
pharmaceutical use of said compounds, the salts or solvates thereof as
inductors of apoptosis in the case of non-solid malignant tumors of the
hematopoietic system, in particular in the case of leukemias and

lymphomas, more particularly in the case of leukemic B lymphocytes.
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Substituted SH-pyrimido[5,4-b]lindoles, processes for the
production thereof and their use for treating non-solid
malignant tumors of the hematopoietic system

The invention relates to derivatives of general formula 1

R4
R, \ /N
R N Rs

to processes for the production thereof, to pharmaceutical preparations
containing said compounds and/or physiologically compatible salts
and/or solvates which can be produced therefrom as well as to the
pharmaceutical use of said compounds, the salts or solvates thereof as
inductors of apoptosis in the case of non-solid malignant tumors of the
hematopoietic system, in particular in the case of leukemias and

lymphomas, more particularly in the case of leukemic B lymphocytes.

Non-solid malignant tumors of the hematopoietic system have become
a more and more frequently occurring cancer disease in the industrial
nations in the past decade. Progressing environmental pollution,
smoking, exposure to contaminants and exposure to radiation (e.q.
caused by the ozone hole or by nuclear power plants) are regarded as

possible inductors.

The non-solid malignant tumors of the hematopoietic system comprise

lymphomas and all possible forms of leukemia. While acute lymphatic
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leukemia (ALL) usually affects children and young adults, chronic
lymphatic leukemia of B lymphocytes (B-CLL) is with about 30 % of all
cases is the most frequent form of leukemia of older people in the
industrial nations. The average age is 65 years. Men are affected two

times more often than women.

The most important basis for the treatment of cancer diseases of the
hematopoietic system is and will be chemotherapy. However, the
plurality of leukemias and lymphomas includes some forms which can
be treated more successfully than others. This is e.g. leukemia in
children or the non-Hodgkin lymphoma. Here, healing chances have
already exceeded the 50 % limit, in particular in the case of an early
diagnosis. However, if chemotherapy of these tumors fails, they are
often aggressive so as to cause death within some months. On the
contrary, although the clinical course of B-CLL is usually less
aggressive, this disease cannot be cured by established therapies and
is fatal within 7 years on the average. However, about 10 % of the B-
CLL patients additionally develop a B-CLL transformation into an
aggressive lymphoma in the course of the disease. Here, the average
survival time following conventional chemotherapy is only about 6
months. This shows that the tumors of the hematopoietic system are
not static and differentiated with respect to one another but represent
a group of diseases which have some aspects in common. B-CLL is
described in more detail below. However, the findings obtained
substantially also apply to the other non-solid malignant tumors of the
hematopoietic system.

Chronic lymphatic B cell type (B-CLL) leukemia is characterized by a
progressive malignant accumulation of small CD5", CD19%, CD23" B-
CLL cells in the peripheral blood, in the bone marrow and in the
secondary lymphatic organs. Although the peripheral B-CLL cells in the
GO/early G1 phase of the cell cycle are arrested, proliferating leukemic
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B cells are also described which occur as pseudofollicles in what is
called proliferation centers in lymph nodes and bone marrow. These
proliferatively active cells seem to be of significance for the progression
of the disease. These cells can be regarded as both the starting point

for further relapses of leukemia and continuously fill the pool of the

peripheral B-CLL cells.

The apparent expansion and accumulation of the malignant B
lymphocytes in the case of CLL is substantially due to a disturbed
apoptosis regulation of these cells. B-CLL cells express large amounts
of the anti-apoptotic proteins Bcl2 and Bclx,. On the contrary, only
small amounts of the propapoptotic proteins Bax and Bcl-xs are
synthesized. As a result, the balance of pro- and antiapoptotic signals

shifts towards antiapoptosis.

From the clinical point of view, a generalized lymphadenopathy, a
hematomegaly and/or splenomegaly, fever, night sweat and weight
loss stand out. In a developed stage of the disease there is an
increased susceptibility to infections as a result of the displacement of
the immunocompetent cells. Since the B-CLL cells are
Immunoincompetent, the patients develop a hypogammaglobulinemia
which is one of the main causes for the susceptibility to infections.
Autoimmune phenomena can be observed in about 20 % of the

patients. The risk of a second neoplasia is significantly increased.

In order to estimate the prognosis of B-CLL, the clinical stages as
classified by Binet et al. (Cancer 48, 1981, pp. 198-206) or Rai et al.
(Blood 46, 1975, pp. 219-234) are used. Recently, the diagnosis of
genetic modifications in B-CLL could be improved decisively. As a
result, it is possible to obtain additional prognostic information

irrespective of the clinical stage.
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In molecular genetic investigations, it was possible to identify two
prognostically different B-CLL groups. In one group, it is possible to
detect somatic mutations of the immunoglobulin chain (mutated Ig VH
genes) which do not occur in the other group. The latter group shows a
less favourable disease course and a faster progress of the disease as
compared to the group with mutations. It has also been found that the
increased expression of the surface antigen CD38 on B-CLL
lymphocytes is significantly correlated with a poor prognosis of the
disease. Recently, another prognostic marker could be identified, i.e.
the zetta-associated protein (ZAB-70), which is also correlated with an
unfavourable course of disease. Increased serum thymidine kinase,
increased B; microglobulin and increased lactate dehydrogenase (LDH)

are found as further clinical-chemical parameters in the case of B-CLL.

Today’s standard therapy of B-CLL is palliative and is mainly carried
out with the cytostatic agent chlorambucil or fludarabine. When
relapses occur, a combination therapy using fludarabine,
cyclophosphamide in combination with rituximab (monoclonal antibody
against CD20) or campath (monoclonal antibody against CD52) is often
initiated. The campath antibody recognizes, and binds to; the cell
surface antigen CD52 which is expressed on healthy and also
neoplastic B and T lymphocytes, monocytes and macrophages. After
binding, the cells are lysed so as to inhibit the uncontrolied lymphocyte
proliferation. Since only about 5 % of the CD52 antigen is found on
granulocytes and not on erythrocytes, thrombocytes and stem cells,
they largely remain undamaged. However, along with the leukemic
lymphocytes normal B and T lymphocytes are also damaged. This

unintended toxic damage of healthy cells also manifests itseif in a

partially severe side-effect profile in this therapy.

The most frequent undesired side-effects of a campath therapy are:
lymphopenia (100 %); chill (89 %); fever (83 %); neutropenia (70
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%), thrombocytopenia (52 %); nausea (47 %); anemia (47 %);
opportunistic infections (43 %); vomiting (33 %); hypotension (15 %);
exanthema (30 %); fatigue, weakness (22 %); urticaria (22 %);
dyspnea (17 %); sepsis (15 %); itching (14 %); headache (13 %);
and diarrhea (13 %).

The illustrated severe side-effect profile shows that in spite of a good

therapeutic effect monoclonal antibodies induce serious side effects.

Today’s first-line standard therapy of B-CLL is the chemotherapy with
the purine analog fludarabine (Fludara®) either as a monotherapy or as
a combination therapy. In clinical studies, fludarabine shows
significantly higher remission rates (60 % versus 40 %) and prolonged
survival times (1300/1000 days) in CLL patients as compared to the
formerly common combination scheme of cyclophosphamide,

adriamycin and prednisolone (CAP).

As compared to campath, the side-effect profile of fludarabine is less
marked, yet still has to be considered relevant. A granulocytopenia
also usually occurs in this therapy form. Special care has to be taken
when autoimmune phenomena occur after the administration of
fludarabine. The occurrence of autoimmune-hemolytic anemias,
thrombopenias and erythroblastopenias is frequently observed in
patients after this therapy.

Recently, the role of the tumor suppressor gene p53 as a main
inductor of apoptosis in tumor cells becomes the focus of scientific
interest. The protein encoded by p53 binds as a transcription factor to
the DNA, thus initiating the synthesis of further regulatory proteins
which via an arrest of the cell cycle stop the cell division or also
contribute to the fact that the cell is subject to apoptosis. Here, genes

of the Bcl family are also activated which, in turn, activate the signal
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cascade of caspases, thus leading to apoptosis. In over 50 % of human
tumors, a mutation of the p53 gene can be shown, which clearly shows
that such a defective p53 gene product can no longer initiate
apoptosis, thus supporting the growth and the dividing capacity of

tumor cells.

Mutations of the tumor suppressor gene p53 can be detected in about
10 % of the patients suffering from B-CLL. Mutations in the p53 gene
were also found in patients having other tumors of the hematopoietic
system. In animal models, mutations in the p53 gene are accompanied
by a poorer response to chemotherapies and irradiation. A correlation
of the p53 mutations with clinical data showed that these p53
mutations predominantly occurred in patients who had received a
therapy with alkylating agents (chorambucil, cyclophosphamide) on
account of another cancer disease, for example. This correlation also
proves that an apoptosis induction by alkylating agents, irradiation and
by fludarabine is disturbed in p53 mutated patients. This analysis
proves for the first time that a preceding therapy with alkylating
agents is associated with the occurrence of p53 mutations in tumors of

the hematopoietic system.

All medicaments approved of to date for the treatment of tumors of the
hematopoietic system have drawbacks, as pointed out above, and in

particular show lymphopenia, chill, fever, neutropenia, emesis and the
like.

The causes of the drawbacks differ, yet can be based on a fundamental
insufficiency of the medicaments used. This insufficiency is due to the
fact that the active substances cannot adequately differentiate
between the malignant leukemia cells and the vital other (blood) cells.
This is because the reaction paths of the active substances are not

sufficiently clear. Hence the medicaments induce or select mutations in
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tumor suppressor genes thus triggering resistances and also attack

non-leukemic, /.e. healthy, blood cells and also cells of different origin.

Tricyclic type (1) compounds unsubstituted at the benzo ring
(Ro=R;=R;=R3=H) have been described on various occasions in the
literature (cf. in this connection Chemical Abstracts Services, Registry,
STN and other databases).

The objective of the invention is to provide novel and more effective
compounds having a small side-effect profile for the treatment of
patients suffering from non-solid malignant tumors of the
hematopoietic system, in particular of patients suffering from chronic

lymphatic leukemia.

It is the object of this invention to develop medicaments which
efficiently induce apoptosis in the tumor cells and damage other
healthy (blood) cells considerably less or not at all.

According to the invention, this object is achieved by producing and
characterizing active substances which correspond to general formula
1.

Description of the invention

The invention relates to compounds of general formula

R4
R N==
R, W
R N Rs



in which:

Ro, R; and Ry are
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La-A-Lg-B In which:

La IS:

A IS:

- single bond,

- NR*, O, S, S(0), S(0)2, S(0)2-0, 0-5(0),
-CHR83, -CH,-0-, -CH>-CH,-O-, -O-CH;, -O-CH>-
CH,-, C=0

- hydrogen

- Ci.¢ alkyl (substituted, where appropriate,
with R3),

- Co.¢ alkenyl (substituted, where appropriate,
with R3),

- C,6 alkynyl (substituted, where appropriate,
with R3),

- chlorine, bromine, iodine,

- azido, hydrazino,

- phenyl, substituted, where appropriate, once,
twice or thrice with residues R3 independently

selected from one another,

a monocyclic or bicyclic, saturated or

monounsaturated or polyunsaturated
heterocycle having 4 - 14 ring atoms, among
them 1 - 5 heteroatoms (preferably N, O, S)
which may be substituted, where appropriate,
once, twice or thrice with residues RS
independently selected from one another

and/or one or several oxygen atoms,
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and, in case A cannot be substituted any further, Lg

and B are irrelevant,

La-A and La-A-Ls may jointly also be a single bond in

each case,
Lg is: - single bond
- NR%, O, S, S(0), S(0)2, S(0).-0, 0-S(0),,
-CHR3, -CH,-O-, -CH,-CH»-0O, -O-CH>, -O-CH>-

CHz-, C=O,

- the following functional groups

o ] o - -
N~ /u\o/ |
Ic-|> S o s
R e T Ve
R# R# R# R# R# R#
h 7 QAP -9
> NS NN SN,
R | e R | e
LOH R* O R¥
| ~ I\I | \N,I{l\ﬂ/ \NJ\ | \N,N.._
E# 2 O #.I{IH i
5 |3 i 3
\|}| \N O/ \"\l O/ \llq
OH | R R* OH
B is: - hydrogen

- alkyl, substituted, where appropriate, with RS,
- C,.6 alkenyl (substituted, where appropriate,
with R®),
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- Cy.6 alkynyl (substituted, where appropriate,
with R3),

- arylalkyl- with Cg-12 aryl and C;.s alkyl (alkyl
and/or aryl substituted, where appropriate, with
R%),

- alkyl, monosubstituted or polysubstituted with
monocyclic or bicyclic, saturated or
monounsaturated or polyunsaturated
heterocycles having 4 - 14 ring atoms among
them 1 - 5 heteroatoms (preferably N, O, S),
which may be substituted, where appropriate,
once, twice or thrice with residues RS
independently selected from one another

and/or one or more oxygen atoms,

- aryl, in particular phenyl substituted, where

appropriate, with R3

- a monocyclic or bicyclic, saturated or
monounsaturated or polyunsaturated
heterocycle having 4 - 14 ring atoms among
them 1 - 5 heteroatoms (preferably N, O, S5)
which, where appropriate, may be substituted
once, twice or thrice with residues R3
independently selected from one another

and/or one or more oxygen atoms,

R* - hydrogen, alkyl (substituted, where
appropriate, with R®)

R3 IS
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- hydrogen,

- Ci-6 alkyl, straight-chain, branched or Cs.¢ alkyl also cyclic as
well as substituted, where appropriate, once, twice or thrice with

residues R® independently selected from one another,
- RS

- C1.6 alkoxy, straight-chain, branched or Cs.¢ alkoxy also cyclic as
well as substituted, where appropriate, once, twice or thrice with

residues R3 independently selected from one another,

- @ monocyclic, saturated or monounsaturated or
polyunsaturated heterocycle having 4 - 8 ring atoms among

them 1 - 3 heteroatoms, preferably N, O and S,

- NR7Rg, In which this substituent is on the whole:
- morpholino, thiomorpholino, thiomorpholino-S,S-
‘dioxide, pyrrolidino, piperidino, 1-piperazinyl, 1-
homopiperazinyl, 4-C,.¢ alkyl piperazin-1-yl, 4-aryl-1-
piperzin-1-yl, 4-Bn-piperazin-1-yl (substituted, where
appropriate, with RS at the heterocycloaliphatic ring),

- further amino residues of secondary, monocyclic or
polycyclic amines having a total of 4 - 14 ring atoms,

including the representatives substituted on the C
skeleton with RS
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- C-L¢, in which:

Cis: - NR*, O, S, S(0), S(0),, S(0),-0, O-
S5(0),, -O-CH,, -O-CH>-CH>-, C=0,
C(0O)0-, single bond

- Ci-g alkyl (substituted, where
appropriate, with R%)

- Cy.¢ alkenyl (substituted, where
appropriate, with R3),

- Cy-¢ alkynyl (substituted, where
appropriate, with R3),

- fluorine, chlorine, bromine, iodine,

- CN, SCN

- azido, hydrazino,

- phenyl substituted, where appropriate,
with RS,

- @ monocyclic or bicyclic, saturated or
monounsaturated or polyunsaturated
heterocycle having 4 - 14 ring atoms
among them 1 - 5 heteroatoms
(preferably N, O, S), which may be
substituted, where appropriate, with a
residue R3 and/or one or several oxygen

atoms,

R* is - hydrogen, alky! (substituted, where
appropriate, with R%)

Rs IS
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- monocyclic, bicyclic or tricyclic, saturated or monounsaturated or
polyunsaturated heterocyclic residue having a total of 4 - 14 ring
atoms, among them 1 - 5 heteroatoms (preferably N, O and S)

substituted, where appropriate, with RS,

- Ci-salkyl, Ci-6 alkoxy, Ci-e alkylthio, C;.¢ alkylamino, C;¢
dialkylamino, each straight-chain, branched or cyclic and

substituted, where appropriate, with R3

- a saturated or monounsaturated or polyunsaturated heterocyclic
residue bound via an exocyclic atom selected from group O, N, S
and having a total of 4 - 10 ring atoms among them 1 - 5
heteroatoms (preferably N, O and S), substituted, where

appropriate, with RS,

- a saturated or monounsaturated or polyunsaturated heterocyclic
residue which is bound via an atom bound at the tricycle and
selected from group O, N or S and a downstream C;.¢ alkylene
group and which has a total of 4 - 10 ring atoms among them 1
— 5 heteroatoms (preferably N, O and S), substituted, where
appropriate, with RS,

- hydroxy, halogen (Cl, Br, I)
Rg IS
- hydrogen

- Ci.6 alkyl, straight-chain, branched or Cs_ alkyl also cyclic as well
as substituted, where appropriate, once, twice or thrice with

residues R® selected independently from one another
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- C,.¢ alkenyl (substituted, where appropriate, with R3)

- alkyl substituted once or several times with monocyclic or bicyclic
saturated or monounsaturated or polyunsaturated heterocycles
having 4 - 14 ring atoms among them 1 -5 heteroatoms which
are preferably N, O and S that may carry one or several oxygen
atoms at C, N and/or S and, where appropriate, are substitutea
once, twice or thrice with residues R® independently selected
from one another, as well as substituted, where appropriate, with
R3,

- carbonyl or sulfonyl, each substituted with

- hydrogen, Ci.¢ alkyl (substituted, where appropriate, with
RS)

- C,.¢ alkenyl (substituted, where appropriate, with R3)

- C,.¢ alkynyl (substituted, where appropriate, with R3)

- aryl, in particular pheny! (substituted, where appropriate,
with R3)

- a monocyclic or bicyclic, saturated or monounsaturated or
polyunsaturated heterocycle having 4 — 14 ring atoms
among them 1 - 5 heteroatoms (preferably N, O and S)

which may be substituted, where appropriate, once, twice
or thrice with residues R® independently selected from one

another and/or one or more oxygen atoms,

-OH, -SH, -0O-C;-g alkyl, -O-Ce-14 aryl, -S-C;-4 alkyl, -5-Ce-14
aryl, -SO-C;-4 alkyl, -SO-Cg¢-14 aryl, -S032-C;.4 alkyl, -SO2-Ce-
14 aryl, -S0O3H,

-0S0,C;.g alkyl, -0S0,C¢-14 aryl, -COOH, -COOC,;.g alkyl,
-(CO)C;-g alkyl,

-COOH, -CONH,;, -CONHC;-¢ alkyl, -CON(Cj-6 alkyl)2,

-NH>, -NHC.¢ alkyl, -N(C1-¢ alkyl)2, -NHCg-14 aryl, -NH-
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hetaryl,

-N(Ce-14 aryl)2, -N(Cy-¢ alkyl)(Ce-14 aryl),

-Ci-6 alkyl, -C>.1> alkenyl, -C,.1> alkynyl, each straight-
chain, branched or cyclic as well as substituted, where
appropriate, once, twice or thrice with halogen
independently of one another,

-halogen (-F, -Cl, -Br, -I)

-CH>CH,0H, -CH,CH,SH, -CH,CH,SCH3,

-sulfamoyl, alkyl sulfamoyl, dialkyl sulfamoyl with alkyl Ci-s
substituted, where appropriate, with methoxy,
-amidino, hydroxyamidino

-sulfo, phosphono,

- -CN, -NO> and -SCN

as well as pharmaceutically compatible salts, solvates, active

metabolites, tautomers and prodrugs of these compounds,

with compounds wherein

= Rox R1=R2= R3=H

being excluded.

The terms “alkyl, alkenyl, alkynyl, alkoxy, etc.”, also in word
combinations such as alkyl sulfonyl, alkylamino or alkoxycarbonyl, etc.,
designate both the unbranched and branched possible compounds.
Likewise, “alkenyl and alkynyl” refer to the correspondingly possible
monounsaturated or polyunsaturated compounds. The same also

applies to the corresponding cyclic compounds.
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“Aryl” refers to an aromatic monocyclic or polycyclic ring system
having 6 to 14 carbon atoms, preferably 6 to 10 carbon atoms. The
aryl group can be substituted, where appropriate, with one or several

ring substituents. Preferred aryl groups are phenyl or naphthyl.
“"Halogen” means fluorine, chlorine, bromine or iodine.

“Monocyclic or bicyclic, saturated or monounsaturated or
polyunsaturated heterocycles having 5 - 14 ring atoms among them 1
— 5 heteroatoms which are preferably N, O and S, substituted, where
appropriate, once, twice or thrice with residues RS independently
selected from one another” preferably comprise the following groups:
thienyl, pyridinyl, pyrimidinyl, piperazinyl, pyridyl, isoxazolyl,
piperidinyl, pyrazinyl, morpholino, pyrrolyl, triazinyl, tetrazolyl,
oxazolyl, benzo[d][1,3]dioxolyl, indolyl, imidazolyl, pyrazolyl, furanyl.

“Heteroaryl” (sometimes referred to as “hetaryl”) denotes an aromatic
monocyclic or polycyclic ring system having 5 to 14 ring atoms,
preferably 5 to 10 ring atoms, where 1 or more ring atoms are an
element other than carbon, e.g. N, O or S, as such or in combination.
Preferred hetaryls contain 5 or 6 ring atoms. The hetaryls may be
substituted, where appropriate, at one or more ring systems. Examples
of suitable hetaryls are: pyridyl, pyrazinyl, pyridinyl, furanyl, thienyl,
pyrimidinyl, isoxazolyl, isothiazolyl, oxazolyl, thiazolyl, pyrazolyl,
furazanyl, pyrrolyl, triazolyl, 1,2,4-thiadiazolyl, pyrazinyl, pyridazinyl,
benzofurazanyl, indolyl, azaindolyl, benzoimidazolyl, benzothienyl,
quinolinyl, imidazolyl, thienopyridinyl, 1,2,4-triazinyl, benzothiazolyl or

benzoazaindolyl.

In the sense of the invention, all residues are considered combinable

with one another unless stated otherwise in the definition of the
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residues. All conceivable subgroups thereof shall be considered

disclosed.

The invention also relates to physiologically compatible salts of the
compounds of general formula (1). The physiologically compatible salts
are obtained as usual by reaction of basic compounds of general
formula (1) with inorganic or organic acids, where appropriate, also in
the presence of compounds having acidic properties, when e.g. one of
the substituents R, R?, R? or R* is —-COOOH or -SOsH in said

compounds, by neutralization with inorganic or organic bases.

Hydrochloric acid, sulphuric acid, nitric acid or hydrobromic acid are
preferably used as inorganic acids and e.g. formic acid, acetic acid,
propionic acid, glycolic acid, lactic acid, amygdalic acid, tartaric acid,
malic acid, citric acid, malonic acid, maleic acid, fumaric acid, succinic
acid, alginic acid, benzoic acid, 2-, 3- and 4-alkyloxy and acyloxy
benzoic acids, ascorbic acid, C;-C3 alkylsulfonic acids, benzenesulfonic
acid, nicotinic acid, isonicotinic acid and amino acids are used as

organic acids.

For example, ammonia, soda lye and caustic potash solution are used
as inorganic bases and alkylamines, Ci-Cs pyridine, quinoline,
isoquinoline, piperazine and derivatives thereof, and picolines,

quinaldine or pyrimidine are used as organic bases.

In addition, physiologically compatible salts of the compounds
according to general formula (1) can be obtained by converting the
substances which as substituents have a tertiary amino group, can be
converted in basically known manner with alkylating agents —such as

alkyl or aralkyl halides - into the corresponding quaternary ammonium
salts.
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The invention also relates to solvates of the compounds, including the
pharmaceutically acceptable salts, acids, bases and esters as well as
the active metabolites thereof and, where appropriate, the tautomers
thereof according to general formula (1) including prodrug
formulations. Prodrug formulations here comprise all substances which
are formed by simple transformation including hydrolysis, oxidation or
reduction either enzymatically, metabolically or in any other way. A
suitable prodrug contains e.g. a substance of general formula (1)
bound via an enzymatically cleavable linker (e.g. carbamate,
phosphate, N-glycoside or a disulfide group) to a dissolution-improving
substance (e.qg. tetraethylene glycol, saccharides, formic acids or
glucuronic acid, etc.). Such a prodrug of a compound according to the
invention can be applied to a patient, and this prodrug can be
transformed into a substance of general formula (1) so as to obtain the

desired pharmacological effect.

The compounds according to the invention can be administered in
different ways, e.g. orally, parenterally, cutaneously, subcutaneously,
intravenously, intramuscularly, rectally, or by inhalation. The
intravenous administration or administration by inhalation is prefei’red.
The compound is given to a patient who needs a therapy for a disease
coming under the indication spectrum of the compounds according to
the invention over a period to be determined by a physician. The

compound can be administered to both humans and other mammails.

The dosage of the compounds according to the invention is determined
by the physician on the basis of the patient-specific parameters, such
as age, weight, sex, severity of the disease, etc. The dosage is
preferably from 0.001 mg/kg to 1000 mg/kg body weight, preferably
from 0.01 to 500 mg/kg body weight and most preferably from 0.1 to
100 mg/kg body weight.
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Corresponding to the kind of administration, the medicament is
suitably formulated, e.g. in the form of solutions or suspensions,
simple tablets or dragees, hard or soft gelatine capsules, suppositories,
ovules, preparations for injection, which are prepared according to

common galenic methods.

The compounds according to the invention can be formulated, where
appropriate, together with further active substances and with
excipients common in pharmaceutical compositions, e.qg. - depending
on the preparation to be produced - talcum, gum arabic, lactose,
starch, magnesium stearate, cocoa butter, agueous and non-aqueous
carriers, fatty bodies of animal or vegetable origin, paraffin derivatives,
glycols (in particular polyethylene glycol), various plasticizers,
dispersants or emulsifiers, pharmaceutically compatible gases (e.g. air,

oxygen, carbon dioxide, etc.), preservatives.

In order to produce liquid preparations, additives, such as sodium
chloride solution, ethanol, sorbitol, glycerine, olive oil, almond oil,

propylene glycol or ethylene glycol, can be used.

When solutions for infusion or injection are used, they are preferably
aqueous solutions or suspensions, it being possible to produce them
prior to use, e.g. from lyophilized preparations which contain the active
substance as such or together with a carrier, such as mannitol, lactose,
glucose, albuimin and the like. The ready made solutions are sterilized
and, where appropriate, mixed with excipients, e.g. with preservatives,
stabilizers, emulsifiers, solubilizers, buffers and/or salts for requlating
the osmotic pressure. The sterilization can be obtained by sterile
filtration using filters having a small pore size according to which the
composition can be lyophilized, where appropriate. Small amounts of

antibiotics can also be added to ensure the maintenance of sterility.
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Furthermore, inhalation compositions, e.qg. in the form of aerosols,
sprays or as micronized powder, are preferably produced. For this

purpose, the compounds according to the invention are either
dissolved or suspended in pharmaceutically conventional solvents and
finely divided by means of excess pressure in a certain volume and
inhaled. The procedure is made correspondingly in the solid substances
to be inhaled which are also finely divided by means of excess pressure
and inhaled. Other applicators working by means of excess pressure

are also included here.

The invention also relates to pharmaceutical preparations which
contain a therapeutically active amount of the active ingredients
(compound according to the invention of formula (1)) together with
organic or inorganic solid or liquid, pharmaceutically compatible
carriers which are suited for the intended administration and which

interact with the active ingredients without drawbacks:

Preferred substances according to the invention are:
/-bromo-4-ethoxy-9-fluoro-2-(piperazin-1-yl)-5H-pyrimido[5,4-
blindole
/-bromo-2-chloro-4-ethoxy-9-(piperazin-1-yl)-5H-pyrimido[5,4-
blindole
/-bromo-4-ethoxy-2-(piperazin-1-yl)-5H-pyrimido[5,4-b]indol-9-ol
4-ethoxy-2-(piperazin-1-yl)-7-(pyridin-4-yl)-5H-pyrimido[5,4-b]indol-
9-0l

4-ethoxy-7-(3,4-dimethoxyphenyl)-2-(piperazin-1-yl)-5H-
pyrimidol[5,4-blindol-9-ol
7-(3,4-dimethoxyphenyl)-2-(piperazin-1-yl)-5H-pyrimido[5,4-b]indole-
4 9-diol

4-ethoxy-8-(3,4,5-trimethoxyphenyl)-2-(piperazin-1-yl)-5H-
pyrimido[5,4-b]Jindole
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1-(7-(3,4-dimethoxyphenyl)-2-(piperazin-1-yl)-5H-pyrimido[5,4-
blindol-4-yl)piperidin-4-ol
7-(3,4-dimethoxyphenyl)-2-(piperazin-1-yl)-5H-pyrimido[5,4-b]indol-
4-ol
4-((pyridin-2-yl)methoxy)-7-(3,4-dimethoxyphenyl)-2-(piperazin-1-
v)-5H-pyrimido[5,4-b]indole
4-((pyridin-4-yl)methoxy)-7-(3,4-dimethoxyphenyl)-2-(piperazin-1-
v)-5H-pyrimido[5,4-b]indole
4-((pyridin-3-yl)methoxy)-7-(3,4-dimethoxyphenyl)-2-(piperazin-1-
vI)-5H-pyrimidol[ 5,4-b]indole
4-methylthio-2-(piperazin-1-yl)-7-(pyridin-4-yl)-5H-pyrimido[5,4-
blindole
2-(7-(3,4-dimethoxyphenyl)-2-(piperazin-1-yl)-5H-pyrimido[ 5,4-
b]indol-4-ylamino)ethanol
7-bromo-2-(piperazin-1-yl)-5H-pyrimido[5,4-blindol-4-ol
4-(2-morpholinoethoxy)-7-(3,4-dimethoxyphenyl)-2-(piperazin-1-yl)-
S5H-pyrimido[5,4-blindole
7-(3,4-dimethoxyphenyl)-4-morpholino-2-(piperazin-1-yl)-5H-
pyrimido[5,4-b]indole

7-(3,4-dimethoxyphenyl)- 2-(piperazin-1-yl)-4-thiomorpholino-5H-
pyrimido[5,4-bJindole
4-morpholino-2-(piperazin-1-yl)-7-(pyrindin-4-y|)-5H-pyrimido[5,4-
blindole
7-(3,4-dimethoxyphenyl)-N-(2-morpholinoethyl)-2-(piperazin-1-yl)-
S5SH-pyrimido[5,4-b]indole-4-amine

7-(3,4-dimethoxyphenyl)- 2-(piperazin-1-yl)-4-piperidino-5H-
pyrimido[5,4-b]indole
4-cyclopropylmethoxy-7-(3,4-dimethoxyphenyl)-2-(piperazin-1-yl)-5H-
pyrimido[5,4-b]indole
4-(1H-imidazol-1-yl)-7-(3,4-dimethoxyphenyl)-2-(piperazin-1-yl)-5H-
pyrimido[5,4-b]indole



CA 02673384 2014-01-22

22

/7-(3,4-dimethoxyphenyl)- 2-(piperazin-1-yl)-4-(piperidin-4-yloxy)-5H-
pyrimido[5,4-b]indole
4-cyclopropylmethoxy-2-(piperazin-1-yl)-7-(pyridin-4-yl)-5H-
pyrimido[5,4-b]indole
4-ethoxy-2-morpholino-7-(pyridin-4-yl)-5H-pyrimido[5,4-b]indole
4-(4-ethoxy-2-(piperazin-1-yl)-5H-pyrimido[5,4-b]indol-7-yl)benzoic
acid ethyl ester
4-(4-ethoxy-2-(piperazin-1-yl)-5H-pyrimido[5,4-b]indol-7-yl)benzoic
acid hydrochloride
4-(4-ethoxy-2-(piperazin-1-yl)-5H-pyrimido[5,4-b]indol-7-yl)phenol
hydrochloride
3-(4-ethoxy-2-(piperazin-1-yl)-5H-pyrimido[5,4-b]indol-7-yl)benzoic
acid methyl ester
3-(4-ethoxy-2-(piperazin-1-yl)-5H-pyrimido[5,4-b]indol-7-yl)benzoic
acid hydrochloride
4-ethoxy-7-(furan-2-yl)-2-(piperazin-1-yl)-5H-pyrimido[5,4-b]indole
tert-butyl-2-(4-ethoxy-2-(piperazin-1-yl)-5H-pyrimido[5,4-blindol-7-
yl)-1H-pyrrole-1-carboxylate
tert-butyl-4-(4-ethoxy-7-(pyridin-3-yl)-5H-pyrimido[5,4-b]indol-2-yl)-
piperazine-1-carboxylate
/-(benzo[d][1,3]dioxol-5-yl)-4-ethoxy-2-(piperazin-1-yl)-5H-
pyrimido[5,4-b]indole
7-(3,4-dimethoxyphenyl)-2-(piperazin-1-yl)-N-(thiazol-2-yl)-5H-
pyrimido[5,4-blindole-4-amine
7-(3,4-dimethoxyphenyl)-2-(piperazin-1-yl)-4-(1H-pyrrol-1-y|)-5H-
pyrimido[5,4-blindole
7-(3,4-dimethoxyphenyl)-2-(piperazin-1-yl)-4-(1H-pyrazol-1-yl)-5H-
pyrimido[5,4-blindole
7-(3,4-dimethoxyphenyl)-2-(piperazin-1-yl)-4-(1H-1,2,3-triazol-1-yl)-
SH-pyrimido[5,4-b]indole
7-(3,4-dimethoxyphenyl)-2-(piperazin-1-yl)-4-(4H-1,2,4-triazol-4-yl)-
SH-pyrimido[5,4-blindole
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7-(3,4-dimethoxyphenyl)-2-(piperazin-1-yl)-4-(pyrrolidin-1-yl)-5H-
pyrimido[5,4-b]lindole
(4-(4-ethoxy-2-(piperazin-1-yl)-5H-pyrimido[5,4-b]lindol-7-
vl)piperazin-1-yl)(phenyl)methanone
4-ethoxy-2-(piperazin-1-yl)-7-(4-(pyrimidin-2-yl)piperazin-1-yl)-5H-
pyrimido[5,4-b]lindole
4-ethoxy-2-(piperidin-4-yl)-7-(pyridin-4-yl)-5SH-pyrimido[5,4-b]indole
4-ethoxy-7-(3,4-dimethoxyphenyl)-2-(piperidin-4-yl)-SH-pyrimido[5,4-
blindole
4-ethoxy-7-(3,4-dimethoxyphenyl)-2-(piperidin-3-yl)-5H-pyrimido[5,4-
blindole
4-ethoxy-7-(3,4-dimethoxyphenyl)-2-(pyridin-4-yl)-5H-pyrimido[5,4-
blindole
7-(3,4-dimethoxyphenyl)-2-(pyridin-4-yl)-5H-pyrimido[5,4-b]indol-4-
Ol
N,N-di-(2-hydroxyethyl)-4-ethoxy-7-(pyridin-4-yl)-5H-pyrimido[ 5,4-
blindole-2-amine
2-(4-ethoxy-9-methoxy-2-(piperazin-1-yl)-5H-pyrimido[5,4-b]indol-7-
vl)benzeneamine
2-{2-(piperazin-1-yl)-7-(pyridin-4-y)-5H-pyrimido[5,4-blindol-4-
vioxy }ethanol
2-ethoxy-4-(piperazin-1-yl)-7-(pyridin-4-yl)-5H-pyrimido[5,4-b]indole
4-ethoxy-2-(4-methylpiperazin-1-yl)-7-(pyridin-4-yl)-5H-pyrimido[ 5,4-
blindole
4-ethoxy-2-(piperazin-1-yl)-6-(pyridin-4-y)-5H-pyrimido[5,4-blindole
4-ethoxy-2-(piperazin-1-yl)-7-(2-aminopyridin-5-yl)-5SH-pyrimido[5,4-
blindole

4-ethoxy-2-(piperazin-1-yl)-7-(3,4-dimethoxy-phenyl)-5H-
pyrimido[5,4-bjindole
4-ethoxy-2-(piperazin-1-yl)-7-(pyridin-3-yl)-5H-pyrimido[5,4-b]indole
4-ethoxy-2-(piperazin-1-yl)-7-(pyridin-4-yl)-5H-pyrimido[5,4-b]indole
4-éthoxy-2-(piperazin-1-yl)-8-(pyridin-4-y|)-5H-pyrimido[5,4-b]indole
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4-ethoxy-7-morpholino-2-(piperazin-1-yl)-5H-pyrimido[5,4-b]indole
4-ethoxy-9-methoxy-2-(piperazin-1-yl)-7-(pyridin-4-yl)-5H-
pyrimido[5,4-b]lindole

The following compounds are particularly preferred:
2-(4-ethoxy-9-methoxy-2-(piperazin-1-yl)-5H-pyrimido[5,4-blindol-7-
yl)benzeneamine
2-{2-(piperazin-1-yl)-7-(pyridin-4-yl)-5H-pyrimido[5,4-b]indol-4-
yloxy }ethanol
2-ethoxy-4-(piperazin-1-yl)-7-(pyridin-4-yl)-5H-pyrimido[5,4-b]indole
4-ethoxy-2-(4-methylpiperazin-1-yl)-7-(pyridin-4-yl)-5H-pyrimido[5,4-
blindole
4-ethoxy-2-(piperazin-1-yl)-6-(pyridin-4-yl)-5H-pyrimido[5,4-b]lindole
4-ethoxy-2-(piperazin-1-yl)-7-(2-aminopyridin-5-yl)-5H-pyrimido[5,4-
blindole

4-ethoxy-2-(piperazin-1-yl)-7-(3,4-dimethoxy-phenyl)-5H-
pyrimido[5,4-blindole
4-ethoxy-2-(piperazin-1-yl)-7-(pyridin-3-yl)-5H-pyrimido[5,4-b]indole
4-ethoxy-2-(piperazin-1-yl)-7-(pyridin-4-yl)-5H-pyrimido[5,4-bJindole
4-ethoxy-2-(piperazin-1-y)-8-(pyridin-4-yl)-5H-pyrimido[5,4-b]indole
4-ethoxy-7-morpholino-2-(piperazin-1-yl)-5H-pyrimido[ 5,4-b}indole
4-ethoxy-9-methoxy-2-(piperazin-1-yl)-7-(pyridin-4-yl)-5H-
pyrimido[5,4-b]Jindole
4-(4-ethoxy-2-(piperazin-1-yl)-5H-pyrimido[5,4-b]indol-7-yl)benzoic
acid ethyl ester
4-(4-ethoxy-2-(piperazin-1-yl)-5H-pyrimido[5,4-b]indol-7-yl)benzoic
acid hydrochloride
4-(4-ethoxy-2-(piperazin-1-yl)-5H-pyrimido[5,4-b]indol-7-yl)phenol
hydrochloride
3-(4-ethoxy-2-(piperazin-1-yl)-5H-pyrimido[5,4-b]indol-7-yl)benzoic
acid methyl ester
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3-(4-ethoxy-2-(piperazin-1-yl)-5H-pyrimido[5,4-bJindol-7-yl)benzoic
acid hydrochloride

The compound 4-ethoxy-2-(piperazin-1-yl)-7-(pyridin-4-yl)-5H-
pyrimido[5,4-blindole is particularly preferred.

The invention also relates to processes for producing pharmaceutical
preparations which are characterized in that the compound according

to the invention is mixed with a pharmaceutically compatible carrier.

The compounds according to the invention are also suited for
combination therapies with previously known active substances for the
treatment of the above mentioned diseases. In this connection,
surprising synergy effects are to be used to increase the therapeutic
effectiveness of the substances according to the invention. The
combination may be, on the one hand, to offer a single pharmaceutical
composition which contains at least one of the compounds according to
the invention in combination with one or more of the below active
substances or several preparations which contain one or more of the
below active substances are administered to the patient simultaneously

or time-staggered with respect to the pharmaceutical composition
according to the invention.

It is preferred to combine one or more of the compounds according to
the invention with one or more of the following active substances:
- nu‘cleoside analogues (e.g. fludarabine, cladribine)
- alkylating agents (e.qg. chlorambucil, cyclophosphamide)
- 3, adrenoceptor agonists (e.g. terbutaline, salbutanol,
salmetanol, fenoterole, formoterole)
- disodium cromoglycate

- corticosteroids
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- leukotriene antagonists (either enzyme inhibitors [such as
5-lipoxygenase inhibitors or arachidonic acid enzyme
inhibitors] or receptor antagonists), e.g. pramkulaste,
montelukaste, zafirlukast, zileuton

- antihistamines (preferably those having mast cell-
stabilizing properties or leukotriene-antagonizing aspects,
such as loratadine, astemizole, mizolastine, olopatadine

- theophylline

- broad-spectrum inhibitors of phosphodiesterases

- inhibitors of phosphodiesterases 3, 4 and 7/

- muscarine receptor antagonists, e.g. spiriva

- (monoclonal) antibodies against TNF-alpha or other active
substances which inhibit the formation or release of TNF-
alpha or the activity of TNF-alpha (e.g. recombinant soluble
receptor constructs)

- (monoclonal) antibodies (e.g. rituximab, TACI-Ig)

The combination with nucleoside analogues, alkylating agents,
monoclonal antibodies, corticosteroids, PDE inhibitors, leukotriene
antagonists, antihistamines, theophyline, muscarine receptor
antagonists and/or TNF-alpha inhibitors particularly serves for
decelerating the acute disease state to be treated since the compounds
according to the invention and the other active substances positively
influence complementary aspects of the pathophysiological
mechanisms underlying the disease. According to the invention in
particular the combination of the compounds according to the invention
with nucleoside analogues or alkylating agents, PDE inhibitors and
glucocorticoids should result in synergistic effects regarding the
triggering of an apoptosis of the leukemic B cells. Such a synergistic
effect could be observed in a combination with fludarabine, for
example (see examples). In combination with glucocorticoids, a

positive effect is that less glucocorticoids have to be used so as to
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achieve a saving effect and the side effects known from glucocorticoids

are reduced or fully lack.

Depending on the development of the disease and the underlying
symptoms, the ratio between the compounds according to the
invention and the other active substances in combination can be
1:10,000 to 10,000:1, preferably 1:1,000 to 1,000:1, most preferably
1:10 to 10:1.

As to the substances according to the invention dose-effect curves
were established using the program Sigma Plot, and the ECsq/ICsg
values for every substance were calculated on the basis of these
progress charts. The ICso values for the substances according to the

iInvention are between 0.1 and 5 pM.

Applicant has found that the apoptosis inducing effect of the
substances according to the invention on purified B lymphocytes from
patients suffering from leukemia was subject to an individual variation
width. Among the patients there were groups responding strongly,
moderately or rather weakly to the active substances according to the
Invention. However, a cytotoxicity on leukemic cells was found in every
case. Applicant then discovered in investigations that the leukemic B
lymphocytes of B-CLL patients with an 11qg deletion responded in a
particularly sensitive way to the apoptosis inducing effect of the
substances according to the invention. Therefore, they are a
particularly preferred group of patients and also show the best

treatment results.

Applicant has also investigated whether the substances according to

the invention trigger apoptosis in healthy B lymphocytes, which might
have a negative effect on the side-effect profile thereof. It has been
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found that the substances according to the invention influence B-CLL
cells having an ECs¢ of 1.83 + 0.95 uM about sixteen times more than
healthy PBMC cells having an ECsg of 29.49 + 13.4 uM, Thus, it has
been possible to show free of doubt that the substances according to
the invention have a very good therapeutic effect on leukemia cells
without affecting the other healthy blood cells. The direct effective
comparison of fludarabine as a current golden standard with the
substances according to the invention in the blood of B-CLL patients
shows an ECsg value from 2 uM to 200 uM for fludarabine (literature
and own values) while the substances according to the invention have

ECso values from 10 nM to 5 uM.

Another advantageous property of the substances according to the
invention is that in contrast to the positive control, i.e. saponine,

human erythrocytes do not hemolyze.

In order to detect the specific induction of programmed cell death
(apoptosis), a detection thereof was carried out by means of the
caspase-3/7 activity; the caspase-3/7 activity is described in the
literature as a safe evidence of apoptosis. It has been found that
depending on the concentration the substances according to the
Invention activate the trigger enzymes decisive for apoptosis, i.e.
caspases 3, 7 and 9. This found data clearly proves that the cell
cytotoxXicity caused by the substances according to the invention is no
toxic effect resulting in the necrosis of cells but that it is an induction

of apoptosis.

The invention also relates to processes for the production of the

compounds according to the invention.
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The processes according to the invention for the production of the
compounds of general formula 1with the above listed meanings of Rg,

Ri, Ry, R3, R4, Rs and Rg are characterized by the following procedures:

General presentation according to scheme 1.:
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Xo-Xs = independently like or unlike F, Cl, Br, |, H or R, wherein X4, Xs unlike H
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Reaction of the compounds of general formula I with phosgene
derivatives, preferably diphosgene, in a suitable solvent,
preferably dioxan or toluene, to give the compounds of general

formula 1I.

Reaction of the compounds of general formula II with a
halogenating agent, preferably dichlorophenyl phosphine oxide,
phosphorus trichloride, phosphorus pentachloride, phosphorus
oxychloride or the mixtures thereof, each in the heat, to give the

compounds of general formula III.

Reaction of the compounds of general formula III with O, N, S or
C nucleophiles, preferably alcoholates, amines and thiolates, in
alkanols or, where appropriate, aprotic, dipolar solvents while
heating, in exceptional cases also at room temperature, to give

the tricyclic compounds of general formula 1IV.

Reaction of the compounds of general formula IV with O, N, S or
C nucleophiles, preferably alcoholates, amines and thiolates, in a
suitable solvent, preferably toluene, mesitylene or dioxan while
heating, in exceptional cases also at room temperature, to give

the compounds of general formula V.

Reaction of the compounds of general formula V with O, N, S or
C nucleophiles in a suitable solvent, preferably toluene, dioxan or
THF, while heating and using suitable catalysts, in exceptional
cases with the use of a microwave oven, to give the compounds

of general formula 1.

Each of the residues Rp, R;, Ry, R4, Rs und Rg can be introduced in
different synthesis stages by means of suitable reactions, in

particular metal catalyzed C-C cross-coupling reactions, and,
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where appropriate, using suitable protecting groups or are

already included in the corresponding educts.
The invention is further described by means of the below examples.

Example 1

Synthesis of 2-(4-ethoxy-9-methoxy-2-(piperazin-1-yl)-5H-
pyrimido[5,4-blindol-7-yl)benzene amine

N

NH DM Z
Br ON L HNT o xHe ", B ~ NH;
O KQCO3 / <

N
F A O

12.6 (58.3 mmol) 4-bromo-2,6-difluorobenzonitrile, 6.8 g (61.5 mmol)
glycinamide hydrochloride and 16.1 g (116.5 mmol) K,CO3 were
suspended in 50 ml DMF and heated at 70 °C for 18 h. Having cooled
down to room temperature, the solvent was concentrated and water
was added. The resulting precipitate was sucked off and washed with
water. 13.3 g (84 %) 2-(5-bromo-2-cyano-3-fluorophenylamino)-
acetamide was obtained. ESI-MS [m/z]: 272, 274 [M+H]"

: F NH

N 2
2 NH 2-PrOH
2 i \ NH,
/ ‘< NaQOEt
Br u O Br N O

H

17.3 g (63.6 mmol) 2-(5-bromo-2-cyano-3-fluorophenylamino)-
acetamide was suspended in 150 ml 2-propanol and, after the addition
of 10 ml NaOEt solution (21 % in EtOH), the suspension was refluxed
for 14 h. Having cooled down to room temperature, the solvent was

concentrated and water was added. The resulting precipitate was
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sucked off and washed with water. 15.4 g (89 %) 3-amino-6-bromo-4-
fluoro-1H-indole-2-carboxylic acid amide was obtained. ESI-MS [m/z]:
272, 274 [M+H]"

F NH,
t 4\ NH, dioxan HN
dlphosgene m
N
Br A O N
H

15.4 g (56.6 mmol) 3-amino-6-bromo-4-fluoro-1H-indole-2-carboxylic
acid amide was suspended in 300 m| dioxan and after the addition of
7.5 ml (61.8 mmol) diphosgene the suspension was refluxed for 2 h.
Having cooled down to room temperature, 20 ml water was carefully
added and the precipitate was subsequently sucked off. 12.5 g (74 %)
/-bromo-9-fluoro-1H-pyrimido[5,4-b]Jindole-2,4(3H,5H)-dione was
obtained. ESI-MS [m/z]: 296, 298 [M-HT]

O O
™~
HN’/< o © HN’(
N KOMe, 18-Krone-6 \ 5
N O
H Br A

1.7 g (5.7 mmol) 7-bromo-9-fluoro-1H-pyrimido[5,4-bJindole-
2,4(3H,5H)-dione, 4.5 g (17.0 mmol) 18-Krone-6 and 12 ml (162.5
mmol) 30 % KOMe solution (MeOH) were refluxed in 600 ml dioxan for

20 h. Having cooled down to room temperature, the solvent was
concentrated, water was added and acidified using 1 N HCI. The
resuiting precipitate was sucked off and washed with water. 650 mg
(37 %) 7-bromo-9-methoxy-1H-pyrimido[5,4-bJindole-2,4(3H,5H)-
dione was obtained. ESI-MS [m/z]: 308, 310 [M-HT
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N ~

0w PhPOCI, IV
NH - - . N

N\ N\

0 N  Cl
Br H Br H

650 mg (2.1 mmol) 7-bromo-9-methoxy-1H-pyrimido[5,4-b]indole-
2,4(3H,5H)-dione and 1.8 ml (12.6 mmol) dichloropheny!
phosphinoxide were heated to 185 °C for 6 h. Having cooled down to
room temperature, the mixture was poured onto 40 g ice water and
neutralized with saturated sodium hydrogen carbonate solution. The
resulting precipitate was sucked off and washed with water. 600 mg
(83 %) 7-bromo-2,4-dichloro-9-methoxy-5H-pyrimido[5,4-b]indole
was obtained. ESI-MS [m/z]: 344, 346, 348 [M-H]

~ Cli
~o Cl O N ::<
N-—-’% NaOEt § /N
N - .
\ EtOH
Br ﬁ O
N Cl

Br H <

600 mg (1.7 mmol) 7-bromo-2,4-dichloro-9-methoxy-5H-
pyrimido[5,4-b]indole was suspended in 20 mil ethanol and mixed with
174 mg (2.6 mmol) sodium ethylate. The mixture was refluxed for 3 h.
Having cooled down to room temperature, the solvent was
concentrated and water was added. The resulting precipitate was
sucked off and washed with water. 450 mg (73 %) 7-bromo-2-chloro-
4-ethoxy-9-methoxy-5H-pyrimido[5,4-b]indole was obtained. ESI-MS

[m/z]: 354, 356 [M-H]
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A\ 7 piperazine ~o N==
dioxan N
Br N O N\

150 mg (0.42 mmol) 7-bromo-2-chloro-4-ethoxy-9-methoxy-5H-
pyrimido[5,4-blindole and 181 mg (2.1 mmol) piperazine were
refluxed in 10 ml dioxan for 60 h. Then, the solvent was removed and
the residue was suspended in water and sucked off. 130 mg (76 %) 7-
bromo-4-ethoxy-9-methoxy-2-(piperazin-1-yl)-5H-pyrimido[5,4-
blindole was obtained. ESI-MS [m/z]: 406, 408 [M+H]"

,5 Y

N=—
NH2 K3PO4 X H20
/ dioxan
Br

S-Phos = ’°gg“{>

70 mg (0.17 mmol) 7-bromo-4-ethoxy-9-methoxy-2-(piperazin-1-yl)-
SH-pyrimido[5,4-b]indole, 56 mg (0.26 mmol) 2-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)aniline, 119 mg (0.51 mmol) K3PO4 x H,0, 2.8
mg (6,8 pmol) S-Phos and 0.8 mg (3.4 umol) Pd(OAc), in 6 ml dioxan

were heated in a microwave oven to 120 °C for 1 h. Then, the solvent
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was removed and after LC (CH,Cl>:MeOH, 0 - 20 %) 20 mg (24 %) of
the title substance was obtained. ESI-MS [m/z]: 419 [M+H]"

Example 2

Synthesis of 4-ethoxy-9-methoxy-2-(piperazin-1-yl)-7-(pyridin-
4-y|)-S5H-pyrimido[5,4-blindole

H
N/> 0O 0O S-Phos
o ~g” Pd(OAc

N K3P04 X HZO
S
Bt N O NT

60 mg (0.15 mmol) 7-bromo-4-ethoxy-9-methoxy-2-(piperazin-1-yl)-
SH-pyrimido[5,4-b]lindole (Example 1), 47 mg (0.23 mmol) 4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine, 61 mg (0.45 mmol)
K2COs3, 2.4 mg (6,0 umol) S-Phos and 0.7 mg (3.0 umol) Pd(OAc), in 6
mi dioxan were heated in a microwave oven to 120 °C for 1 h.
Thereafter, the solvent was removed and following LC (CH>Cl>:MeOH, O
- 30 %) 27 mg (45 %) of the title substance was obtained. ESI-MS

[m/z]: 405 [M+H]"

The following compounds were obtained in analogy to Examples 1 and
2 (Table 1)

Table 1
| o - M  [ESIMS
Structure [g/mol] [m/z]

L T ——— - e e— N yp—
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Q [M+HT*
| N |
3 N=
N
oo
AP
| Br ENI <) |
| - 410.70 1410, 412 I
E ~ IM+H]*
Cl
e
N , \
N
I \ / l
Br ” {’ I
| J - B ] _ ' ) __I
NH 392.25 392, 394
Q |[M+H]+ ‘
| | ‘
I | |
390.44 ]391
[M+HT*
| |
| |
B - NH  |449.50 450
Q [M+H]*
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Example 3

Synthesis of 4-ethoxy-2-(piperazin-1-yl)-8-(pyridin-4-yl)-5H-
pyrimido[5,4-b]jindole

N
NH Z
Br CN N HQN/\H/ 2 xHCI DM_SO _ Br = NH,
I . L
N
N 0

F

16.3 g (81.5 mmol) 5-bromo-2-fluorobenzonitrile, 9.2 g (83.1 mmol)
glycinamide hydrochloride and 23.6 g (170.8 mmol) K>,CO; were
suspended in 40 ml DMSO and heated at 100 °C for 3 h. Having cooled
down to room temperature, the solvent was concentrated and water
was added. The resulting precipitate was sucked off and washed with
water. 16.0 g (77 %) 2-(4-bromo-2-cyano-phenylamino)acetamide
was obtained. ESI-MS [m/z]: 254, 256 [M+H]"

_N
Br z NH., 2-PrOH Br NH,
/—< Na N
N
A O N O
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1.4 g (63.0 mmol) sodium was dissolved in 200 ml 2-propanol,
thereafter 16.0 g (63.0 mmol) 2-(4-bromo-2-cyano-phenylamino)-
acetamide was added and the solution was stirred at room
temperature for 14 h. Then, the solvent was concentrated and water
was added. The resuiting precipitate was sucked off and washed with
water. 1.4 g (8 %) 3-amino-5-bromo-1H-indole-2-carboxylic acid
amide was obtained. ESI-MS [m/z]: 254, 256 [M+H]"

HN"‘/<

NH,
&\CL/\S—_{;HZ dloxan
diph
H 5 iphosgene m

1.3 g (5.1 mmol) 3-amino-5-bromo-1H-indole-2-carboxylic acid amide
was suspended in 50 ml dioxan and, after the addition of 670 pl

(5.5 mmol) diphosgene, refluxed for 2 h. Having cooled down to room
temperature, 2 ml water was carefully added and thereafter the
precipitate was sucked off. 1.4 g (94 %) 8-bromo-1H-pyrimido|[5,4-

blindole-2,4(3H,5H)-dione was obtained. ESI-MS [m/z]: 278, 280 [M-
H]

HN-< PhPOCI,

C
o
- Br N
ROSSY A
N Cl
H

1.35 g (4.8 mmol) 8-bromo-1H-pyrimido[5,4-blindole-2,4(3H,5H)-
dione and 8 ml (57.4 mmol) dichlorophenyl phosphinoxide were heated

to 180 °C for 6 h. Having cooled down to room temperature, the

product was poured onto 40 g ice water and neutralized with saturated

sodium hydrogen carbonate solution. The resulting precipitate was
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sucked off and washed with water. 930 mg (61 %) 8-bromo-2,4-
dichloro-5H-pyrimido[5,4-b]lindole was obtained. ESI-MS [m/z]: 314,
316, 318 [M-HY}

Cl
Cl N__,__<
N-—’-—< NaOEt Br N
Br N - N\
N/ EtOH
N O
N Cl H

H \

930 mg (2.9 mmol) 8-bromo-2,4-dichloro-5H-pyrimido[5,4-b]indole
was suspended in 20 ml ethanol and mixed with 592 mg (8.7 mmol)
sodium ethylate. The mixture was refluxed for 8 h. Having cooled down
to room temperature, the solvent was concentrated and water was
added. The resulting precipitate was sucked off and washed with

water. 920 mg (97 %) 8-bromo-2-chloro-4-ethoxy-5H-pyrimido[5,4-
blindole was obtained. ESI-MS [m/z]: 324, 326 [M-H]

H
N
Cl ( J
N== N
—y

Br N . .
\Cl/\g’( piperaziné
‘ : Br N
S SR
N O

\ (¢

920 mg (2.9 mmol) 8-bromo-2-chloro-4-ethoxy-5H-pyrimido[5,4-

blindole and 813 mg (9.5 mmol) piperazine were heated in 10 ml
mesitylene to 150 °C for 18 h. Then, the solvent was removed and the
residue was suspended in water and sucked off. 650 mg (60 %) 8-
bromo-4-ethoxy-2-(piperazin-1-yl)-5H-pyrimido[5,4-b]indole was
obtained. ESI-MS [m/z]: 376, 378 [M+H]"
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H
NN L

Pd{OAC
N :_:< . B (OAc)

Br N X KaPOy4 X H0
N4 | dioxan
R~
NP N

100 mg (0.27 mmol) 8-bromo-4-ethoxy-2-(piperazin-1-yl)-5H-
pyrimido[5,4-b]indole, 83 mg (0.41 mmol) 4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)pyridine, 344 mg (1.62 mmol) K3PO4 x H50,
2.8 mg (6,8 pymol) S-Phos and 0.8 mg (3.4 umol) Pd(OAc); in 6 ml THF
were heated in a microwave oven to 120 °C for 2 h. Thereafter, the
solvent was removed and following purification by means of
preparative HPLC (RP18) 52 mg (32 %) of the title substance was
obtained as double TFA salt. ESI-MS [m/z]: 375 [M+H]"

The following compounds were obtained in analogy to Example 3
(Table 2)

Table 2

Structure
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Example 4
Synthesis of 7-bromo-4-ethoxy-2-(piperazin-1-yl)-5H-
pyrimido[5,4-blindole

N
NH DMSO Z
N + HQN/\H/ ” XHC - | X ~ NH;
KoCO /—<
O oLU3 P
Br

F Br

9.1 g (45.5 mmol) 4-bromo-2-fluorobenzonitrile, 10.0 g (91.0 mmol)
glycinamide hydrochloride and 15.7 g (114 mmol) K>CO3 were
suspended in 80 ml DMSO and heated at 120 °C for 5.5 h. Having
cooled down to room temperature, the solvent was concentrated and
water was added. The resulting precipitate was sucked off and washed
with water. 11.6 g (100 %) 2-(5-bromo-2-cyano-
phenylamino)acetamide was obtained. ESI-MS [m/z]: 254, 256
[M+H]"

//N NH2
NH, 2-PrOH _ N \ NH,
/ < Na \
Br ” O Br = \H O

1.55 g (67.3 mmol) sodium was dissolved in 200 ml 2-propanol, then
14.3 g (56.1 mmol) 2-(5-bromo-2-cyano-phenylamino)acetamide was
added and the solution was refluxed for 30 min. Thereafter, the
reaction mixture was cooled down to 0 °C and saturated NH4Cl solution
was added. The solvent was concentrated, the resulting precipitate was
sucked off and washed with water. 12.2 g (86 %) 3-amino-6-bromo-

1 H-indole-2-carboxylic acid amide was obtained. ESI-MS [m/z]: 254,
256 [M+H]"
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HN%

NH,
A\ NH, dloxan
dlphosgene
Br N O

12.2 g (58 mmol) 3-amino-6-bromo-1H-indole-2-carboxylic acid amide
was suspended in 50 ml dioxan, and, after the addition of 11.7 m|

(96 mmol) diphosgene, the suspension was refluxed for 2 h. Having
cooled down to room temperature, 20 m! water was carefully added
and the precipitate was subsequently sucked off. 13.4 g (99 %) 7-
bromo-1H-pyrimido[5,4-blindole-2,4(3H,5H)-dione was obtained. ESI-
MS [m/z]: 278, 280 [M-H]

0 Cl
HN PhPOCI, N=
NH . N
N\ N4
N O N Ci
Br 3 Br H

13.4 g (47 mmol) 7-bromo-1H-pyrimido[5,4-b]lindole-2,4(3H,5H)-
dione and 40 ml (287 mmol) dichIorophenylphosphinoxide was heated
to 180 °C for 6 h. Having cooled down to room temperature, the
mixture was poured onto 40 g ice water and neutralized with saturated
sodium hydrogen carbonate solution. The resulting precipitate was
sucked off and washed with water. 11.6 g (71 %) 7-bromo-2,4-
dichloro-5H-pyrimido[5,4-b]indole was obtained. ESI-MS [m/z]: 314,
316, 318 [M-H]
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5 g (15.8 mmol) 7-bromo-2,4-dichioro-5H-pyrimido[5,4-blindole was
suspended in 20 ml ethanol and mixed with 15.8 ml (31.5 mmol) 2M
sodium ethylate solution (EtOH). The mixture was refluxed for 9.5 h.
Having cooled down to room temperature, the solvent was
concentrated and water was added. The resulting precipitate was
sucked off and washed with water. 5.1 g (99 %) 7-bromo-2-chloro-4-
ethoxy-5H-pyrimido[5,4-b]indole was obtained. ESI-MS [m/z]: 324,
326 [M-H]

N . "
m,< siyion T
mesitylene N
! b ’ W

5.1 g (15.6 mmol) 7-bromo-2-chloro-4-ethoxy-5H-pyrimido[5,4-
blindole and 13.4 g (155.8 mmol) piperazine were heated in 80 ml
mesitylene to 150 °C for 7.5 h. Then, the solvent was removed and the

residue was suspended in water and sucked off. 5.8 g (99 %) of the
title substance was obtained. ESI-MS [m/z]: 376, 378 [M+H]"

Example 5
Synthesis of 7-bromo-2-ethoxy-4-(piperazin-1-yl)-5H-
pyrimido[5,4-b]indole
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Cl
Cl N
N== iperazine N
N P M
N toluene o N
Br N Cl ] A Q

1.3 g (4.10 mmol) 7-bromo-2,4-dichloro-5H-pyrimido[5,4-b]indole
(Example 4) and 1.3 g (14.8 mmol) piperazine were heated in 50 ml
toluene at 65°C for 3 h. Then, the solvent was removed and the
residue was suspended in water and sucked off. 1.3 g (87 %) 7-
bromo-2-chloro-4-(piperazin-1-yl)-5H-pyrimido[5,4-b]indole was
obtained. ESI-MS [m/z]: 366, 368 [M+H]"

W o

N N
O ==
Br H N Br N N

A )

200 mg (0.55 mmol) 7-bromo-2-chloro-4-(piperazin-1-yl)-5H-
pyrimido[5,4-b]indole and 1.64 ml (1.64 mmol) 1 M NaOEt solution

(EtOH) in 6 ml EtOH were heated in a microwave oven to 130 °C for 3

Cl O
N

h. Then, the solvent was removed and the residue was suspended in
water and sucked off. 200 mg (97 %) of the title substance was
obtained. ESI-MS [m/z]: 376, 378 [M+H]"

Example 6
Synthesis of 2-{7-bromo-2-(piperazin-1-yl)-5H-pyrimido-[5,4-
bjindol-4-yloxy }ethanol
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:=<cu \ ﬁ<

/(;I/SN—_(N ethylene glycol, NaH \ /N
Ny THF
s 0
Br N " \_-0oH

397 mg (6.4 mmol) ethylene glycol was added to 115 mg (4.8 mmol)
NaH in 20 ml THF and the mixture was stirred at room temperature for
30 min. Then, 500 mg (1.6 mmol) 7-bromo-2,4-dichloro-5H-
pyrimido[5,4-blindole (Example 4) was added and the mixture was
refluxed for 5 h. Thereafter, the solvent was removed and the residue
was taken up in acetic ester and washed with saturated NaCl solution,
dried over Na,S04 and filtrated. Having removed the solvent, 450 mg
(88 %) 2-(7-bromo-2-chloro-5H-pyrimido[5,4-b]lindol-4-yloxy)ethanol
was obtained. ESI-MS [m/z]: 342, 344 [M+H]"

(—NH
Cl N’)
o —
/@—(N piperazine /@MN
mesitylene
Br I:l' 0"'\/0H Br ﬁ 0’_\"‘OH

400 mg (1.17 mmol) 2-(7-bromo-2-chloro-5H-pyrimido[5,4-b]indol-4-
vloxy)ethano!l and 1.0 g (11.7 mmol) piperazine in 50 ml mesitylene

were heated to 150 °C for 5 h. Then, the solvent was removed and the

residue was taken up in EtOH and filtrated. Having removed the
solvent, 250 mg (55 %) of the title substance was obtained. ESI-MS
[m/z]: 392, 394 [M+H]"

Example 7
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Synthesis of 4-ethoxy-2-(piperazin-1-yl)-7-(pyridin-4-yl)-5H-
pyrimido[5,4-b]indole

H H
O Yt (.
N/> O O S-Phos N)
~B” Pd(PPh3),
N=— + N=—

N K4PO, X H,0 N
Jos T o 2
Br N O Z N N

e
S",,00:C>

150 mg (0.4 mmol) 7-bromo-4-ethoxy-2-(piperazin-1-yl)-5H-
pyrimido[5,4-b]indole (Example 4), 123 mg (0.6 mmol) 4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine, 276 mg (1.2 mmol)
K3PO4 X H20, 6.6 mg (16 pumol) S-Phos and 9.2 mg (8 pmol) Pd(PPhs)4
in 6 ml THF were heated in a microwave oven to 120 °C for 2 h. Then,
the solvent was removed and following LC (CH>Cl,/MeOH, 0-20 %) 93

mg (62 %) of the title substance was obtained ESI-MS [m/z]: 375
[M+H]"

The following compounds were obtained in analogy to Examples 4 - 7
(Table 3)

Table 3

ESIMS
Structure [g/mol] [m/z]
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N
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N
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NH 348.20 1348, 350
( IM+H]*
519 -
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|

0
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NH 496.56 497
( [M+H]*

|
|
|
|

(M+HJ*

| @ 490.62 |491

N
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.
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NH 415.49 416
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I_ ] - —NH 472,58 1473
( ) [M+H]*
N
| N=

NH 459.54 460
( [M+H]*

f‘ - (NH' 455.51 456

[M+H]"
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NH 487 .58  |488

j | [M+H]"

NH 454.52 1455
[M+H]"
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| [M+H]*




CA 02673384 2014-01-22

e —

459
[M+H]"

NH 458.56
| ( j

LZ
x>
Z

Exampie 8
Synthesis of 4-ethoxy-2-(piperazin-1-yl)-6-(pyridin-4-yl)-5H-
pyrimido[5,4,-blindole

NH DMSO 2N
CN H2N/W ® xHCI > . " NHp
o K,CO, X

N
F N O
Br Br

10.0 g (50.0 mmol) 3-bromo-2-fluorobenzonitrile, 11.1 g (100.0
mmol) glycinamide hydrochloride and 17.3 g (125 mmol) K,CO3 were
suspended in 90 m| DMSO and heated at 100 °C for 4 h. Having cooled
down to room temperature, the solvent was concentrated and water

was added. The resulting precipitate was sucked off and washed with
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water. 10.8 g (85 %) 2-(2-bromo-6-cyano-phenylamino)acetamide
was obtained. ESI-MS [m/z]: 254, 256 [M+H]"

_N NH,
N ~ NH, 2-Pr0Hr NH.,
l y /_\< Na N
N0 N ©

Br Br

1.17 g (50.9 mmol) sodium was dissolved in 150 mi 2-propanol. Then,
10.82 g (42.6 mmol) 2-(2-bromo-6-cyano-phenylamino)acetamide was
added and the solution was refluxed for 15 min. Thereafter, the
reaction mixture was cooled to 0 °C and saturated NH4Cl solution was
added. The solvent was concentrated, the resulting precipitate was
sucked off and washed with water. 8.6 g (79 %) 3-amino-7-bromo-1H-
indole-2-carboxylic acid amide was obtained. ESI-MS [m/z]: 254, 256
[M+H]"

O
NH,
\ NH, dioxan HN,j(NH
diphosgene N\
s o
Br
Br |

8.0 g (32 mmol) 3-amino-7-bromo-1H-indole-2-carboxylic acid amide
was suspended in 50 ml dioxan, and refluxed after the addition of 3.8
ml (32 mmol) diphosgene for 3 h. Having cooled down to room
temperature, 20 mi water was carefully added and the precipitate was
then sucked off. 9.0 g (32 %) 6-bromo-1H-pyrimido[5,4-b]indole-
2,4(3H,5H)-dione was obtained. ESI-MS [m/z]: 278, 280 [M-H]
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® Cl
HN”< PhPOCI, N-'-"<

NH . N
N\ N4

O Cl
N N

Br Br

9.0 g (32 mmol) 6-bromo-1H-pyrimido[5,4-blindole-2,4(3H,5H)-dione
and 30 ml (215 mmol) dichlorophenylphosphinoxide were heated to
180 °C for 5 h. Having cooled down to room temperature, the mixture
was poured onto 40 g ice water and neutralized with saturated sodium
hydrogen carbonate solution. The resulting precipitate was sucked off
and washed with water. 8.5 g (84 %) 6-bromo-2,4-dichloro-5H-
pyrimido[5,4-b]indole was obtained. ESI-MS [m/z]: 314, 316, 318 [M-
H]

Cl
Cl N__,__<
N—f‘< NaOEt N /N
N - .
N\ EtOH .
H

1.0 g (3.2 mmol) 6-bromo-2,4-dichloro-5H-pyrimido[5,4-b]indole was
suspended in 5 ml absolute ethanol and mixed with 6 ml (6.4 mmol)
1M sodium ethylate solution (EtOH). The mixture was refluxed for 15
h. Having cooled down to room temperature, the solvent was
concentrated and water was added. The resulting precipitate was
sucked off and washed with water. 0.9 g (86 %) 6-bromo-2-chloro-4-
ethoxy-5H-pyrimido[5,4-blindole was obtained. ESI-MS [m/z]: 324,
326 [M-H]
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N:r<N | | N
. piperazine N
N o mesitylene N\ /N

0.8 g (2.4 mmol) 6-bromo-2-chloro-4-ethoxy-5H-pyrimido[5,4-
blindole and 0.8 g (9.3 mmol) piperazine were refluxed in 10 ml
mesitylene for 2.5 h. Then, the solvent was removed and the residue
was suspended in water and sucked off. 0.8 g (85 %) 6-bromo-4-
ethoxy-2-(piperazin-1-yl)-5H-pyrimido[5,4-b]indole was obtained. ESI-
MS [m/z]: 376, 378 [M+H]"

H
[ DL
Osg-° Pd(PPh,).
N— -+ -
N K3PO4XH20
N\ . N THF
N P W

150 mg (0.4 mmol) 6-bromo-4-ethoxy-2-(piperazin-1-yl)-5H-
pyrimido[5,4-b]Jindole (Exampie 4), 183 mg (0.9 mmol) 4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine, 276 mg (1.2 mmol)
K3PO4 X H;O, 6.6 mg (16 umol) S-Phos and 9.2 mg (8 umol) Pd(PPh3)4



CA 02673384 2014-01-22

62

in 6 ml THF were heated in a microwave oven to 120 °C for 5 h. Then,
the solvent was removed and following LC (CH>Cl,/MeOH, 0-20 %) 112
mg (75 %) of the title substance was obtained. ESI-MS [m/z]: 375

[M+H]"
Example 9

Synthesis of 4-ethoxy-7-morpholino-2-(piperazin-1-yl)-5H-
pyrimido[5,4-b]indole

(ﬂ (H
<A E; S
KO#-Bu
/@\/\&—/ﬁ O toluene m(
Br N O K\N N O

B o A

100 mg (0.27 mmol) 7-bromo-4-ethoxy-2-(piperazin-1-yl)-5H-
pyrimido[5,4-blindole (Example 4), 164 ul (1.86 mmol) morpholine,
179 mg (1.59 mmol) KOt-Bu, 1.2 mg (5.4 umol) Pd(OAc),; and 4.4 mg
(21.6 uymol) P(t-Bu)s were heated in 6 ml toluene in a microwave oven
to 140 °C for 3 h. Then, the solvent was removed and the residue was

purified by preparative HPLC (RP18). 8 mg (8 %) of the title substance
was obtained. ESI-MS [m/z]: 383 [M+H]"

The following compounds were obtained in analogy to Example 9
(Table 4)

Table 4

M ESI MS
 Structure [g/mol] [m/Zz]
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| _ __

NH [ 485.58 1486 —
( j [M+H]*
N
| = | | |

N P | I

NH | 459.55 460
( j | | [M+H]* |

Example 10
Synthesis of 7-bromo-4-ethoxy-2-(4-piperidyl)-5H-
pyrimido[5,4-b]indole

ZL

O Cl

NH, 1. pyridine
AN < + — N=—
N . 2. NaOH, MeCOH N
o '?' jpas
TFA o H OH

767 mg (3.15 mmol) 1-(2,2,2-trifluoroacetyl)piperidine-4-carboxylic

acid chloride dissolved in CH>Cl, was slowly added drop-wise to 526
mg (2.10 mmol) 3-amino-6-bromo-1H-indole-2-carboxylic acid amide

(Example 4) in pyridine at 0 °C. Then, stirring was carried out at room
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temperature for 40 min. After the addition of water, the solvent was
removed in vacuo and the residue was taken up in methanol. After the
addition of 2 M NaOH (excess), the reaction was kept at reflux for 45
min. Thereafter, the methanol was removed in vacuo, the precipitate
was sucked off and washed with water. 652 mg (89 %) 7-bromo-2-(4-
piperidyl)-5H-pyrimido[5,4-b]Jindol-4-ol was obtained. ESI-MS [m/z]:
347, 349 [M+H]?

H H
N N
POCI,
N— ~ N=—
N N
= =
OH N ClI
Br ” Br N

650 mg (1.90 mmol) 7-bromo-2-(4-piperidyl)-5H-pyrimido[5,4-
blindol-4-ol were kept at reflux in POCIs; for 9 h. Then, POCl3; was
removed in vacuo, the residue was mixed with water and neutralized
with NaHCOs3. The precipitate formed was sucked off and washed with
water. 500 mg (72 %) 7-bromo-4-chloro-2-(4-piperidyl)-5H-
pyrimido[5,4-bJindole was obtained. ESI-MS [m/z]: 365, 367 [M+H]"

H H
N N
2M NaOEt
N=— ~ N—=—
N N
S =
Br N Cl Br N O
H H <

300 mg (0.82 mmol) 7-bromo-4-chloro-2-(4-piperidyl)-5H-

pyrimido[5,4-blindole was mixed with an excess of 2 M NaOEt and
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kept at reflux for 2 h. Then, water was added and the solvent was
removed in vacuo. Following LC (CH>Cl,/MeOH, 0-50 %), 160 mg (52
%) of the title substance was obtained ESI-MS [m/z]: 375, 377
[M+H]"

The following compounds were obtained in analogy to Examples 7 and
10 (Table 5)

Table 5
B - - M = |ESIMS |
Structure [g/mol] Im/z]
_ _ _ _ |
| ¥ 373.45 374 —_I
[M+H]*
l | . 1
N ==
| (o | | |
O
I + | | |
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43251 = [433 ]
| [M+H]"

NH

427
[M+H]" ‘

Example 11

Induction of apoptosis in chronic lymphatic leukemia (B-CLL)

Compounds according to the invention were tested as inductors of a

cytotoxic reaction, /i.e. triggering of apoptosis, in the case of chronic
lymphatic leukemia (B-CLL).
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Fludarabine, which is used in B-CLL as a standard chemotherapeutic
agent, was employed as a positive control. A cytotoxicity up to a

maximum of 60 % was achievable under equal test conditions.

The cytotoxicity of the B-CLL cells was determined by means of a
commercially available formazane reduction assay (MMT test) after 24

h of incubation of the patient’s blood with the active substances.

The following list shows a selection of the substances according to the
invention which trigger ex vivo in the blood of B-CLL patients a
cytotoxicity (apoptosis) in up to 100 % of the leukemia cells and were

investigated in the below experiments with respect to their abilities:

2-(4-ethoxy-9-methoxy-2-(piperazin-1-yl)-5H-pyrimido[5,4-b]indol-7-
yl)benzeneamine
2-{2-(piperazin-1-yl)-7-(pyridin-4-yl)-5H-pyrimido[5,4-b]indol-4-
vloxy }ethanol
2-ethoxy-4-(piperazin-1-yl)-7-(pyridin-4-yl)-5H-pyrimido[5,4-b]indole
4-ethoxy-2-(4-methylpiperazin-1-yl)-7-(pyridin-4-yl)-5H-pyrimido| 5,4-
blindole
4-ethoxy-2-(piperazin-1-yl)-6-(pyridin-4-yl)-5H-pyrimido[5,4-b]indole
4-ethoxy-2-(piperazin-1-yl)-7-(2-aminopyridin-5-y|)-5H-pyrimido[5,4-
blindole

4-ethoxy-2-(piperazin-1-yl)-7-(3,4-dimethoxy-phenyl)-5H-
pyrimido[5,4-blindole
4-ethoxy-2-(piperazin-1-yl)-7-(pyridin-3-yl)-5H-pyrimido[5,4-b]indole
4-ethoxy-2-(piperazin-1-yl)-7-(pyridin-4-yl)-5H-pyrimido[5,4-b]Jindole
4-ethoxy-2-(piperazin-1-yl)-8-(pyridin-4-yl)-5H-pyrimido[5,4-b]indole
4-ethoxy-7-morpholino-2-(piperazin-1-yl)-5H-pyrimido[5,4-bjindole
4-ethoxy-9-methoxy-2-(piperazin-1-yl)-7-(pyridin-4-y|)-5H-
pyrimido[5,4-blindole
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4-(4-ethoxy-2-(piperazin-1-yl)-5H-pyrimido[5,4-blindol-7-yl)benzoic
acid ethyl ester

4-(4-ethoxy-2-(piperazin-1-yl)-5H-pyrimido[ 5,4-b]lindol-7-yl)benzoic
acid hydrochloride
4-(4-ethoxy-2-(piperazin-1-yl)-5H-pyrimido[5,4-b]indol-7-yl)phenol-
hydrochloride
3-(4-ethoxy-2-(piperazin-1-yl)-5H-pyrimido[5,4-blindol-7-yl)benzoic
acid methyl ester
3-(4-ethoxy-2-(piperazin-1-y)-5H-pyrimido[5,4-b]indol-7-yl)benzoic
acid hydrochloride

Detection of apoptosis inducing effect of the substances

according to the invention on human blood cells

In order to check the selective effect of various substances as to the
vitality of human cells, isolated B cells from patients suffering from
chronic B cell leukemia (B-CLL) and also purified white blood platelets
(PBMC) and erythrocytes from healthy donors were investigated. The
permanent human EHEB B-CLL cell line was selected as a model
system for the chronic lymphatic B cell leukemia. It is known in the
literature that as compared to primary B-CLL cells the EHEB cells
respond in @ much more insensitve fashion to proapoptotic signals. The
cells were incubated with concentration series of the test substances
for 3 days and the vitality of the cells was determined by means of
CeliTiter-Glo™ ATP assay (Promega, catalog number G7571) according

to the manufacturer’s instructions after this period.

Isolation and purification of primary human B-CLL cells and
healthy human PBMCs

Primary tumor cells are isolated from whole blood by means of density

gradient centrifugation. To this end, the patient’s whole blood is
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incubated with 50.0 pl human B cell enrichment cocktail (RosetteSep;
Stem Cell Technology, Cat # 15064) per milliliter whole blood at room
temperature (RT) for 20 min. Then, the whole blood is diluted at a
ratio of 1:1 with phosphate buffered saline solution (PBS; PAA, catalog
no. H15-002) with 2 % fetal calf serum (FCS; PAA, catalog no. A15-
151). Having added the required volume of a ficoll paque plus solution
(GE Healthcare, catalog no. 17-1440-02; see manufacturer’s
instructions) to a centrifugation tube (TPP, catalog no. 91015, or
91016, or 91050), this solution is carefully overlaid by means of a
corresponding volume of dilute whole blood (see manufacturer’s
instructions) and centrifuged at 2500 rpm at RT for 20 minutes. After
this centrifugation, the cell rich interphase / intermediate layer is
carefully removed and transferred to a new centrifugation tube. In
order to wash the cells, an equal volume PBS / 2 % FCS is added and
the suspension is centrifuged at 1200 rpm and RT for 5 minutes. After
careful removal of the wash solution, the cell pellet is resuspended in
10 ml complete cell culture medium (RPMI 1640, PAA catalog no. E15-
840, with 10 % FCS, 1 % penicillin / streptomycin, PAA, catalog no.
P11-010). Having determined the cell number by means of trypan blue
staining (trypan blue solution of Sigma-Aldrich, catalog no. T-8154)

the desired number of test plates can be prepared.
Preparation of isolated, primary, human B-CLL cells for the test

After determin\ing the cell number, the required volume of a cell
suspension having 2.86 x 10° cells per milliliter is produced in each
case in complete cell culture medium. The cells are seeded in a density
of 2.86 x 10° cells per cavity in 70 pl complete cell culture medium in a
96-well measurement plate (Costar, catalog no. 3610) and cultured at
37 °C, 5 % CO,, overnight. The test substance(s) are added the next
day. Having added the test substance(s), the cells are available at a
density of 2.00 x 10° in 100 pl complete cell culture medium.



CA 02673384 2014-01-22

/0

Treatment of the cells with test substance(s)

In accordance with their solubility, the test substances are dissolved in
dimethyl sulfoxide (DMSO, Sigma-Aldrich, catalog no. 276855) at a
molar concentration from 1.00 x 107 to 1.00 x 10 . Dilution series are
produced in the solvent DMSO from these stock solutions; the number
of dilutions depends on the number of test substances to be measured
and the number of test plates. If possible, eight dilutions are prepared
which cover a molar concentration range of about 1.00 x 10 to 1.00 x
10°°. The test substance(s) are added to 30 pyl complete cell culture
medium, the end concentration of the solvent DMSO being at most 1
%. Cells which are only treated with the solvent DMSO at a final
concentration of 1 % serve as a control. Having added the test
substance dilution(s), the cells are available at a density of 2.0 x 10° in
100 ul complete cell culture medium per well. The thus treated cells
are now incubated at 37 °C, 5 % CO,, for 72 h.

Determination of cytotoxicity

The toxic effect of the test substance(s) is determined by means of the
CellTiter-Glo™ ATP assay (Promega, catalog number G7571) according
to the manufacturer’s instructions. This method detects the still vital
cells by means of the available ATP which the living cells need to
maintain the metabolism. This ATP converts an added luminescence
substrate thus generating a light signhal. The luminescence is recorded
by means of the FLUOstar Optima Reader (BMG Labtechnologies) and
converted into numerical values. A dose effect curve is then drawn by
means of the sigma plot evaluation software (SYSTAT, version 6 for
Windows) and the effective concentration which kills 50 % of the cells

(ECs50 concentration) is determined.
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Vitality test

In order to detect the cell activity, the fluorescence indicator
resazurine was added by pipetting in a proportion of 10 % (v/v) after
the incubation period and the cells were incubated in an incubator for
another 4 h. In this connection, the non-fluorescent resazurine is
converted by vital cells in the mitochondria thereof into a fluorescent
dye whose intensity is proportional to the number of the vital celis. The
fluorescence intensity was measured after the incubation period at an
excitation wavelength of 530 nm and an emission wavelength of 590

nm with a FluostarOPTIMA (BMG Labtechnologies) microplate reader.

Evaluation of the results

By means of the relative fluorescence values, the percents of dead
cells were calculated as compared to the solvent control (DMSO) and
these values were plotted against the substance concentration. Dose-
effect curves were prepared with the Sigma Pilot program and the
ECs0/ICso values were calculated for each substance by means of these
trajectories. The ICsq values for the substances according to the

invention are between 0.1 and 5 uM.

Influence of the substances according to the invention on B-CLL
cells

The apoptosis inducing effect of the substances listed in Example 11 on
purified B lymphocytes from patients suffering from chronic B-CLL
depicted a strong interindividual variation width which showed that the
patients were divided into groups showing strong, medium and weak
responses to the active substances according to the invention. Table 6

depicts the results of the apoptosis inducing effect of the substances.
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Table 6 Influence of the substances according to the

invention on the vitality of B-CLL celis

[ - ﬁ;es;onlderl | Number of Eif;nté Cytotoxiéitff(EEsoTJMT
 total  n=30 | = 183+x095
. _ - -
strong n=9 0.679 £ 0.45
|
medium n=19 2.081 +£1.32

l weak I- . n=2 1 ~ 7.24 +3.61

strong (ECsp 10 NnM - 1<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>