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Title

Pharmaceutical composition comprising indole derivatives, process for preparation and use

thereof.
Field of the invention

5  The present invention relates to an improved and stable pharmaceutical composition of indole
derivatives, comprising a high content of the pharmacologically active isomer thereof. The
present invention also relates to a method for the treatment of cancer by use of the
compositions and to a process for its preparation. The invention further relates to enabling

large scale synthesis of the pharmacologically active compounds.
10  Background of the invention

Indole derivatives and pharmaceutically acceptable salts thereof are disclosed in WO
2012/128689 and WO 2014/046589 in form of mixtures of cis/trans isomers (Z/E isomers) at
the N-methylidene entity. These compounds are useful in the treatment of solid cancers. The
anti-cancer effect is believed to be based on the iron-chelating property of the compounds.
15  Since the rate of isomerization at physiological conditions seemed to be substantial it was
presumed that the pharmacological effect of the isomers was substantially similar or even the

same.

Eshba et al., discloses N-(1-pyridine-2-yl-methylidene)-N-(9H-1,3,4,9-tetraza-fluoren-2-yl)-
hydrazine derivatives as antiviral and anti-cancer agents, wherein only one compound show

20  cytotoxic activity. It is desirable for a pharmaceutical composition to be well-defined, in
particular of its pharmacologically active constituents. It is therefore essential that if a
compound exists in two isoforms, the more active isomer of said compounds has to be
dominant in the pharmaceutical composition thereof. In addition, a pharmaceutical
composition should be sufficiently stable allowing it to be stored for an extended period of time

25  without noticeable change of its constitution.

New and effective anticancer drugs need to be developed for patients that suffer from cancer.
Drug development over all is associated with a lot of difficulties until a final product is reached.
Initially a promising compound is identified and experimentally tested in different in vitro

models, and after that preclinical studies are initiated most often by the use of different mouse
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models. Until this point, only small amounts of the compound need to be synthesized, and the
purity requirements are lower than those required in clinical studies conducted in humans.
There are many steps in drug development that are critical, e.g., identifying and isolating the
active compound, investigating whether a particular isomer is more potent than the other,

5 further have a permissible degree of purity, stability, and also that said compound can be
manufactured in large scale. These are not trivial steps and many promising compounds/drugs

fail to reach the market due to manufacturing problems as described above.
Summary of the invention

The present invention is based on the insight that the mixture of E and Z forms of Formula 1 can

10  be transferred into the E-form of their di-hydrochloride salts of high steric purity.

Formula 1
RZ
K=Y 1§ Enn
- £
Ky N "}“"/} Rg %/</ 1%s>'—‘¥\§H
Q? H:«"\“:l\ i \&>‘~Ni{! e : (,j\ f;:::N N
o AN = ﬁ ;
H R?
E-form Z-form

A first object of the present invention is to provide well-defined and stable pharmaceutical
15  compositions comprising a high content of the pharmaceutically active isomer (E) of
compounds or a pharmaceutically acceptable salt thereof represented by general formula 1,

wherein:

R is H or methyl or methylene substituted by C;-C, straight or branched alkyl,

R'is selected from the group consisting of H, C;-C, straight or branched alkyl, methoxy,
20  methoxy substituted with from one to three fluorine, bromine, halogen;

R%is H or C;-Cy straight or branched alkyl;

XisCHorN;

Yis CHor N, and
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wherein at least 95% by weight (w/w) of the pharmacologically active compound or
pharmaceutically acceptable salt thereof is in the form of the E-isomer, as defined in present

claim 1.

The pharmaceutical compositions are intended to be used in the treatment of cancer. In one
5 aspect at least 96%, or 97%, or 98%, or at least 98.5% by weight of said compound is in the E-form. In

yet another aspect at least 99%, preferably at least 99.5%, most preferably at least 99.8% by weight of

the pharmacologically active compound is in the form of the E-isomer. Ideally 100% by weight of said

compound is in the form of the E-isomer. The pharmaceutical composition of the present invention

may also further comprise at least one pharmacologically acceptable excipient and/or carrier.

10  According to a preferred embodiment of the invention the compound of the general Formula 1
may be additionally substituted by C1-C4 straight or branched alkyl at one of positions 6, 7, 8, 9

of the mono-, di- or tri-azacarbazolyl not substituted by R®.
Preferred compounds of general Formula 1, as well as 1a and 1b, are listed in Table 1.

In one embodiment R and R are CH3, and R%is H. Preferably R is CHzand Rbis 6-CHs and R%is H.

15  More preferably X and Y are N.

In another embodiment R is CH,CHs, R' is CH; and R% is H. Preferably R is CH,CH3, R is 6-CH;

and R?is H. More preferably X and Y are N.

In yet another embodiment R is CH,C(CHs)s, R' is CH3 and R? is H. Preferably R is CH,C(CHs)s, R
is 6-CH3 and R? is H. More preferably X and Y are N.

20  Most preferred compounds of the present invention are compounds A, B and C (See Table 1).

In one embodiment, the pharmaceutical composition of the present invention comprises a
pharmacologically active compound of general Formula 1 in the form of a pharmaceutically
acceptable salt in crystalline form. The salt may be any salt suitable for stabilization of the free
base of Formula 1, i.e., acidic salts, such as for example chlorides, nitrates and sulfates. The salt
25  may be a mono- or di salt. Preferably, the salt is a mono or di-hydrochloride salt. Most
preferably a di-hydrochloride salt.
The excipient(s) may be any of mannitol, glucose, sucrose or other suitable sugar derivatives. In
a preferred embodiment the excipient is D-mannitol. The concentration of D-mannitol may be
in the range of 0.5-20% (w/v). Preferably the concentration is in the range of 1.0-15% (w/v) by

30 weight. More preferably the concentration is in the range of 3-10% (w/v). Most preferably the
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concentration is in the range of 4-6% (w/v). The concentration of D-mannitol is in another

aspect more preferred to be about 5% (w/v).

Table 1. Exemplary compounds of the invention

Compound R R! R? X Y
A CH; 6-CHs H N N °
B CH,CH; 6-CHs H N N
C CH,C(CHzs)s3 6-CHs H N N
D CH; 7-Cl H N N
E CH; 6-Cl H N N
F CH; 8-0OCH; H N N 10
G CH; 8-0OCF; H N N
H CH3 9-Br H N N
| CH3 8-Cl H N N
J CH3 8-CHj3 H N N
K H 6-CH; H CH CH ;5

The present invention further provides a process for preparing the pharmaceutical composition

described above. The process comprises the following steps:
i providing a solution of a compound of general formula 1 as a free base,

ii. reacting the solution with hydrochloric acid in ethanol in sufficient amounts to form a
compound of general formula 1b, i.e., a di-hydrochloride salt, and wherein the di-hydrochloride

salt precipitates spontaneously;

iii. stripping the precipitate comprising the di-hydrochloride salt obtained in step (ii) of

solvent,

iv. dissolving the precipitate comprising the di-hydrochloride salt of step (iii) in an

aqueous solvent, optionally comprising a pharmaceutically acceptable excipient, and

V. freeze drying the mixture thereby obtaining a lyophilized powder or cake.
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The solvent for the free base of general formula 1 may for example be methanol. The stripping
of the precipitate i.e., step (iii) may for example be in vacuo made by means of an air or inert

gas bleed.

The amount of the E-isomer is in the same ranges as for the pharmaceutical composition

5  described above.
In one embodiment, the aqueous solvent is water. Preferably sterile water.

The excipient(s) can be as described above. The order of dissolving the precipitate is not
limiting in the process and may be changed. The precipitate may for example be in solid form,
mixed with the excipient in for example solid form, and added to an aqueous solvent under

10  stirring. Or, the excipient may be dissolved in an aqueous solution to which the solid precipitate

is added and dissolved under stirring.

A further object is to provide a pharmaceutical formulation for injection or infusion in form of

an aqueous solution of said storage-stable pharmaceutical composition.

By reconstituting the lyophilized powder of step (v) in an agqueous solvent, for example water

15  forinjection (WFI), a pharmaceutical formulation is obtained.

The concentration of the pharmacologically active compound may be in the range of 0.05 to 40
mg/ml. In one embodiment the concentration of the pharmacologically active compound is in
the range of 0.1 to 30 mg/ml. More preferably the pharmacologically active compound may be
in the range of 0.5-20 mg/ml. Even more preferably the pharmacologically active compound

20  may be in the range of 0.75-10 mg/ml. The concentration of said pharmacologically active

compound may most preferably be about 1 mg/ml.

The pH of the formulation is below 4. The pH of said formulation depends on the concentration
of the pharmacologically active compound and is usually in the range of 0.5-4. For example a
formulation having a concentration of 1 mg/ml of the pharmacologically active compound has a

25  pHinthe range of 2-3.

The reconstitution may be performed in one or several steps such as dissolving the lyophilisate

by adding a first amount solvent, thereafter adding solvent to a desired final concentration.
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The aqueous solvent for reconstituting the lyophilized powder comprising said
pharmaceutically active compound may also comprise a pharmacologically acceptable excipient

as described above.

Another object of the present invention is to provide a method for alleviating, reducing or
5 treating cancer in a subject by using the pharmaceutical composition of the invention, alone or

in combination with another anticancer treatment.

The administration route of the pharmaceutical formulation may be by infusion or injection.
However, any suitable route for administration of the formulation or composition may be used.
The formulation or composition may be administered for example intra-arterial, intramuscular,

10 intra-pleural, oral, rectal, enteral, intra-lesional or intra-tumoral, and intrathecal administration.

Another object of the present invention is to provide a precipitate exemplified by general

Formula 1b,
Z
Formula 1b R
W\
N
Ky M'\{“
ks g"’ bt
Ra\@ X >“’fﬁ§§§ .
N =
N
H 2HCI(EtOH)

wherein at least 95% by weight (w/w) of the pharmacologically active compound of general

15 Formula 1b is in the form of the E-isomer.

The amount of the E-isomer may be in same the ranges as for the pharmaceutical composition

described above.

The compound of general Formula 1b is a precipitate of the indole derivative of Formula 1,
wherein the substitutions R, R*, R%, X and Y are as defined above for Formula 1. Preferred
20  compounds of general Formula 1b are listed in Table 1. Most preferred compounds of general

Formula 1b are substituted as compounds A, Band Cin Table 1.

Another object of the present invention is to provide a process for preparing the precipitate
comprising said compounds or pharmaceutically acceptable salts described above, said process

corresponds to process steps i) to iii) described above for the pharmaceutical composition.
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In one aspect, the di-hydrochloric acid in ethanol (i.e., step ii) is added in two steps, wherein 1.0
—1.15 equivalents of hydrochloric acid in ethanol is added in the first step and 2.0 to 2.5
equivalents of hydrochloric acid in ethanol is added in the second step. Alternatively, addition

may be performed in one step or several steps. The salt precipitates spontaneously in step (ii).
The precipitate described above can also be used in a pharmaceutical composition.
The precipitate can be used directly or after drying before further processing to a lyophilisate.

The ethanol content of said precipitate is in the range of 2-15% by weight of said precipitate.
Preferably in the range of 4-13% or, 9-11% by weight of said precipitate. In one embodiment

the amount ethanol is 10.4-10.6% by weight of said precipitate.

The present invention further provides a lyophilisate comprising a compound of general

Formula 1a,

Formula 1a }‘\
W\

x"}::x/
Koy N
R! N N T
‘ i HH R
H 2HCI

wherein at least 95% by weight (w/w) of the pharmacologically active compound of general
Formula 1a is in the form of the E-isomer. The amount of the E-isomer may be in the same

range as for the pharmaceutical composition described above.

The compound of general Formula 1a is a di-hydrochloride salt of the indole derivatives

described above for Formula I.
Most preferred compounds are substitutes as described for formula 1 and 1b above.

The present invention further provides a process for preparing said lyophilisate, the process

comprise the following steps:
a) dissolving a precipitate of general Formula 1b in an aqueous solvent,
b) filtering the resulting solution,

c) freeze drying the solution of step b) to obtain a lyophilisate comprising a compound

of general Formula 1a.
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In one aspect the precipitate may be dissolved in the aqueous solvent under stirring in step a).

The process is further described in the detailed description.

The precipitate of step a) may be substituted as any of the compounds described for Formula 1
or 1b. In another aspect the precipitate may comprise one or a combination of the described
5 compounds. In yet another aspect separate precipitates comprising different compounds of the

present invention may be mixed.

The aqueous solvent may further comprise at least one pharmacologically acceptable excipient.

The excipient and concentration of excipient may be as described above.

The resulting solution of step b) may preferably be filtered through at least one sterile filter, in
10 some embodiments the resulting solution of step b) is filtered through two sterile filters. The
resulting solution may for example be recovered in a sterile bulk before step c). The solution of

step b) may also be filled into vials suitable for freeze drying.

Yet another object of the present invention is to provide a precipitate or lyophilisate as

described above for use in a pharmaceutical composition.

15  The pharmaceutical composition (i.e., the lyophilisate) and precipitate of the present invention
are stable for at least 12 months in room temperature. Preferably the pharmaceutical
composition (i.e., the lyophilisate) and precipitate are stable for at least 24 months in room

temperature.

Yet another object of the present invention is to provide a pharmaceutical composition, i.e., a

20  lyophilisate comprising said compounds for use in treating cancer.

In one aspect, the lyophilisate of the present invention may comprise only one
pharmacologically active compound of the present invention such as for example compound
A2, B2 or C2. In another aspect the lyophilisate of the present invention may comprise a
combination of compounds of the present invention. In yet another aspect, the lyophilisate

25  comprising said compounds or pharmaceutically acceptable salts of the present invention may
comprise at least one of the compounds of the present invention in combination with at least

one other pharmacologically active compound for use in cancer treatment.
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The compounds of the present invention may be administered separately or as a mixture. The
compounds may further be administered at the same time or prior to or after another

medicament or anticancer treatment.

The pharmaceutical composition, precipitate or the formulation described above may for
5 example be used for prevention or in the treatment of a disease or disorder characterized by

pathologically proliferating cells.

The pharmaceutical formulation may be suitable for infusion or injection by reconstituting said

composition in an aqueous solvent. Preferably the formulation is used for infusion.

The final concentration of the pharmacologically active compound may be in the range of 0.5-

10 30 mg/ml.

The pharmaceutical composition and formulation may have a pH in the range of 0.5-4.
Preferably the pH is in the range of 1-3. As mentioned above, the pH depends on the
concentration of the pharmaceutically active compound, and for example the pH for a 1 mg/ml

formulation is in the range of 2-3.
15  The pharmaceutical composition or formulation may further comprise a co-therapeutic agent.

Preferably, the pharmaceutical composition and formulation of the present invention is used

for treating cancer.
The cancer may be a solid, liquid and haematological tumor.

Further, the medicament, pharmaceutical formulation, composition, precipitate or lyophilisate
20  described above may be used in combination with another anticancer treatment such as

chemotherapy, immunological or immunomodulating therapy, hormone therapy, surgical

removal of the tumour, photodynamic therapy, laser therapy, hyperthermia, cryotherapy,

angiogenesis inhibition, radiation therapy, or a combination of these.

The present invention further provides a method for treating a disease or disorder
25  characterized by pathologically proliferating cells, such as cancer, in which an effective amount
of a pharmacologically active compound of the present invention is administered to a subject in

need of such treatment.

The effective amount of said pharmacologically active compound or compounds varies among

individuals and cancer form. For example the amount is about 0.1-10 mg/kg body weight,

Received at EPO via Web-Form on Dec 10, 2016
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10
preferably 0.5-5 mg/kg and more preferably 1-4 mg/kg body weight. The total dose given to a
subject may be in the range of 5-800 mg, depending on the subject's condition and cancer form
and independent of the weight of said subject. In one aspect the dose administered to a subject
is in the range of 30 to 300 mg. The dose can be even lower when given in combination with

5 another cancer treatment as exemplified below.

In another aspect, the invention provides a method for the treatment of cancer described

above in combination with another anticancer treatment.

The different embodiments described above can be combined with each other or used

separately.

10  The details of one or more embodiments of the invention are set forth in the detailed
description below. Other features, objects, and advantages of the invention will be apparent
from the description and drawings, and from the appended claims, hereby incorporated by

reference.
Brief description of Figures

15  The following figures are illustrative of aspects of the invention and are not meant to limit the

scope of the invention as encompassed by the claims.

Fig. 1 shows the synthetic route for synthesis of the precipitate (A1) of compound A, and the

salt formation step of the precipitate to the corresponding salt, i.e., lyophilisate (A2).

Fig. 2a depicts a HPLC-chromatogram showing 99.8% purity of compound A1, and Fig. 2b

20  illustrates the E-isomer structure of compound A1 confirmed by X-ray chromatography.
Fig. 3 show dose-response curves for compound A in various cell lines.

Figs. 4a-d show dose-response curves for compound A, Band Cin HCT116-cells (A), and in
HepG2-cells, RKO-cells, HeLa-cells, CEM-cells and THP-1 cells for compound A (b), for

compound B (c) and for compound C (d).
25  Detailed description

It is to be understood that this invention is not limited to the particular configurations, process
steps, and materials disclosed herein as such configurations, process steps, and materials may
vary somewhat. It is also to be understood that the terminology employed herein is used for

the purpose of describing particular embodiments only and is not intended to be limiting since
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the scope of the present invention will be limited only by the appended claims and equivalents

thereof.

All references cited are incorporated herein by reference in their entirely and for all purposes
to the same extent as if each individual publication or patent or patent application was
5  specifically and individually indicated to be incorporated by reference in its entirety for all

purposes.

The present invention is best understood by reference to the following definitions, the Figures

and exemplary disclosure provided herein.

In this specification, the compound of general Formula 1 is intended to include any

10 pharmaceutically suitable precipitate, solvate, salt or prodrug thereof.

In this specification the term precipitate means the di-hydrochloride ethanol co-crystal
compounds, or the di-hydrochloride ethanolate or the di-hydrochloride ethanol solvate
obtained by precipitation e.g., the product of the precipitation step in reaction 4 in Fig. 1. The

compounds may be a precipitate of any compound of formula 1 of the present invention.

15 In this specification the term pharmaceutically acceptable compounds comprise precipitates,

solvates and lyophilisates of the compounds described in the present specification.

In this specification the term "isomer" refers to compounds that have the same composition
and molecular weight but differ in physical and/or chemical properties. Such substances have
the same number and kind of atoms but differ in structure. The structural difference may be in
20  constitution (geometric isomers) or in an ability to rotate the plane of polarized light
(stereoisomers). The term "stereoisomer™ refers to isomers of identical constitution that differ

in the arrangement of their atoms in space.

In this specification, unless otherwise stated, the term "pharmaceutically acceptable excipient”
means a non-toxic, inert solid, semi-solid or liquid filler, diluent, encapsulating material or

25  formulation auxiliary of any type.

In this specification, unless otherwise stated, the term "pharmaceutically active compound”
encompasses any substance that will produce a therapeutically beneficial pharmacological

response when administered to a host, including both humans and animals.
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In this specification the term "administering" or "administration” means providing a drug to a

subject in a manner that is pharmacologically useful.

In this specification, unless otherwise stated, the term "cytotoxic compound™ refers to a
compound that has the ability of arresting the growth of, or killing, cells, i.e., having high

5  cytotoxic activity.

In this specification, unless otherwise stated, the term "derivative" refers to a compound
formed from the original structure either directly, by a chemical reaction of the original
structure, or by a "modification” which is a partial substitution of the original structure, or by
design and de novo synthesis. Derivatives may be synthetic, or may be metabolic products of a

10  cell or an in vitro enzymatic reaction.

In this specification the term "cancer" is meant to mean any malignant neoplastic disease, i.e.
any malignant growth or tumor caused by abnormal and uncontrolled cell division. The term
"cancer" is in particular meant to include both solid, localized tumors, and non-solid cancer
forms. For example said cancer forms may be selected from the group consisting of leukemia
15  (ALL, AML, CLL, CML, CMML), T-cell leukemia, multiple myeloma, ovarian carcinoma, prostate
cancer, cervix adenocarcinoma, squamous cell carcinoma, breast cancer, colorectal cancer,
small bowel cancer, anal cancer, gastric cancer, kidney cancer, malignant melanoma cancer of
the renal pelvis and ureter, urethral cancer, bladder cancer, liver cancer, appendix cancer,
pancreas cancer, lung cancer, cancer of the oesophagus, lip/oral cavity cancer, nasal cancer,
20 larynx cancer, brain/central nervous system cancer, skin cancer, thyroid and thymus cancer,
sarcoma, head and neck cancer, Non-Hodgkin lymphoma (NHL), Hodgkin lymphoma, and

pseudomyxoma peritonei.

The present invention provides a process for preparing a pharmaceutical composition which is
favorable to the E-isomer. Single crystal X-ray confirmed that the E-isomer was predominant in

25 the solid state.

By using the process of the present invention a well-defined and stable pharmaceutical
composition comprising at least 95% by weight (confirmed by HPLC, See Fig. 2) of the

pharmaceutically active compound (E-isomer), is obtained.
EXAMPLES

30  Example 1 Synthesis of compound A
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In the first experiments compound A (free base) was diluted in acetone/acetylate/acetone
nitrile, the E-isomer but not the Z-isomer was soluble in this solvent combination, and was
easily filtered of. The final E-isomer content by using this solvent combination was about 92%.
The described solvent combination worked well during small scale production but not for
5  scaling up production due to high amounts of solvent needed. Therefore, synthesis of

compound A based on the synthesis of 1, 2, 4-triazino[5,6-blindole derivatives described by
Kgokong, et al., 2005 was developed by the inventors (See Fig.1). The inventors developed a
procedure using methanol (MeOH) as solvent, and hydrochloric acid in ethanol (HCI/EtOH) as
carrier of HCI (EtOH also serves as an anti-solvent). In the subsequent development of the

10  scaling up process the reaction volume efficiency was improved. Moreover, a suitable method
for conversion of the free base (A) to the final hydrochloride precipitate (A1) on a large scale
was also developed (See Fig. 1, Examples 1 and 2). The free base (A) was not soluble in MeOH

alone, but upon addition of about 1 equivalent of HCI/EtOH a clear solution was obtained.

Due to observed disulphide species, the reaction may be performed under nitrogen to avoid air
15  oxidation. The wet cake produced by reaction step 1 may also be dried in vacuo, or the wet
cake may be further processed without prior drying. By drying in vacuo the generation of
impurities is minimalized, since impurities may be generated during air-vented drying. Reacting
the product compound of reaction step 2 with a slight excess of 2-acetylpyridine (1.5 eq.) in
ethanol (20 mL/gram compound) at 50°C gave product formation, but too slow conversion

20 (~8%) after 5 hrs.

Fig. 1 shows reaction steps 1-3 of the synthesis of compound A (mixture of E and Z isomers;
IUPAC systematic name: 2-[(1E,Z)-1-(2-{6-methyl-5H-[1,2,4]triazino[5,6-b]indole-3-yl}hydrazine-

1-ylidene)ethyl]-pyridine).

Step 1. To an aqueous suspension of 7-methylisatin (4.75 kg, 29.5 mol) was added 2.85 kg (31.3
25  mol) of thiosemicarbazide and 6.15 kg (44.5 mol) of potassium carbonate. The stirred mixture
was heated under reflux for 3 hrs, then cooled to room temperature. Acetic acid (100%, 3.3 kg,
55.0 mol) was slowly added until a pH of 7.1 had been reached. The suspension was filtered on
a pressure filter and the filter cake washed with water (19.4 kg) to obtain 7.6 kg of wet 6-
methyl-2H,3H,5H-[1,2,4]triazino[5,6-b]indole-3-thione.
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Step 2. The wet filter cake from the preceding step corresponding to about 4.6 kg of dry 6-

methyl-2H,3H,5H-[1,2,4]triazino[5,6-b]indole-3-thione was suspended in 57.1 kg of hydrazine

monohydrate and the mixture stirred at 89 °C for 18 hrs. The reaction mixture was cooled to

room temperature and the product isolated by centrifugation, washed with water (15.9 kg) and
5 ethanol (18.4 kg), and drained at 1450 RPM). The wet filter cake (7.8 kg corresponding to 3.8 kg

dry weight) of 3-hydrazinyl-6-methyl-5H-[1,2,4]triazino[5,6-b]indole was transferred back to the

cleaned reactor and dried under vacuum.

Step 3. To the dried 3-hydrazinyl-6-methyl-5H-[1,2,4]triazino[5,6-b]indole from Step 2 was
added water (76.85 kg), acetic acid (100%, 6.70 kg, 111.6 mol) and 2-acetylpyridine (10.75 kg,
10  88.7 mol). The mixture was stirred for 3 hrs at 48.5°C, cooled to room temperature and NaOH
(27%, 6.3 kg, 110 mol) slowly added to reach pH 7.0 while maintaining the temperature
between 20 and 25°C. The mixture was stirred for further 1 % hrs at this temperature and the
product isolated by centrifugation. After washing with a mixture of water (7.3 kg) and ethanol
(5.8 kg) the cake was drained at 1450 RPM, then dried in a vacuum oven at 47°C for 66 hrs to

15  vyield 5.82 kg of the title compound in form of a beige/greenish solid material.

Step 4 in Fig. 1 shows the synthesis of Compound A1, the ethanol co-crystal of compound A
(IUPAC systematic name: 2-[(1E)-1-(2-{6-methyl-5H-[1,2,4]triazino[5,6-b]indole-3-yl}hydrazine-

1-ylidene)ethyl]-pyridine di-hydrochloride)

To 2-[(1E,Z)-1-(2-{6-methyl-5H-[1,2,4]triazino[5,6-b]indole-3-yl}thydrazine-1-ylidene)ethyl]-

20  pyridine) (5.80 kg) was added ethanolic HCI (12.4 kg, 1.05 equiv.) and the mixture stirred at 28-
30°C for half an hour until a clear solution was obtained. The solution was filtered and
additional ethanolic HCI (28.95 kg, 2.45 equiv.) was added at 25°C over 1 h and 40 min under
stirring. During the first addition of 1.05 equiv. HCI/EtOH the majority of the Z-isomer present
transforms to the E-isomer and some monohydrochloride salt is formed. The di-hydrochloride

25  salt precipitates spontaneously by the addition of 2.45 equiv. HCl in EtOH. Molarity
determination of HCl in EtOH by titration with 0.1 M NaOH phenolohthalein indicator was
calculated to be about 1.1 to 1.4 M HCI. Stirring was continued at the same temperature for 15
min and ethanol (45.8 kg) added. The so formed suspension was cooled to about 0 to -5°C and
stirred for 1 h. The product isolated by centrifugation was washed with ethanol (0 to 5°C, 45

30 kg), then drained at 1450 RPM. The cake was dried in vacuum at 37°C for 42 hrs to yield 7.57 kg
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of the title compound (about 108% on residual solvent-free basis or 98% based on mono-EtOH,

di-hydrochloride as a yellow to orange solid.

The ethanol co-crystalline di-hydrochloride precipitate obtained has a content of ethanol from

about 2% to 20% by weight.

5 Reaction step 5 in Fig. 1 illustrates the formation of the freeze dried composition comprising a

compound of general formula 1a.
Analysis of Isomer content by HPLC

During the process development, analysis of compound A and compound A1 caused analytical
problems due to e.g. sample instability, poor solubility, isomerisation, HPLC, etc. Therefore a
10  more robust HPLC method was developed by the inventors based on an XBridge C18, 3.5 um,
150 x 4.6 mm column. The problem was further solved by using 2% formic acid in MeOH as
diluent, and switching from uncoated standard HPLC sample vials to coated (silanized) vials

from Agilent.
Agilent 1200/1260 chromatographic system or equivalent was used.

15  When using the acidic HPLC to analyse compound A it was found that ~7% was in the form of
the Z-isomer (sample preparation in 0.1% TFA/H,0). After 2 days the same sample was re-
analysed showing ~2% of the Z-isomer, and the beginning of hydrolysis to compound A1 (~1%
detected). This showed that acidic conditions (pH in the range of 1-4) transforms the unwanted
Z-isomer to the desired E-isomer. When the subsequent salt formation (reaction step 4) was

20  performed (using HCl in ethanol), the isomeric content was lowered to < 0.5%. This means that
a relatively large content of the unwanted isomer (such as 5%) can be allowed of compound A,
B or C since it is being converted to the desired isomer upon addition of HCl in ethanol. The
addition of HCl in ethanol forms a di-hydrochloride precipitate (such as compounds A1, B1 and

C1).
25  HPLC purity

HPLC purity was calculated as 100% - total impurities. All peaks below 0.05% and peaks present
in the matrix are excluded from the calculations. The content of each impurity was calculated
as percentage of the total peak area (area %). Total impurities are the sum of impurities >

0.05%.

Received at EPO via Web-Form on Dec 10, 2016



WO 2017/102097 PCT/EP2016/025175
16

Impurities

The final result of each impurity is the average of four results. Total impurities are reported as

the sum of impurities > 0.05%.
Residual solvents

5  Analysis of compound Al showed that it is a di-hydrochloride ethanol co-crystal composition
(precipitate). The theoretical ethanol content of compound Al is 10.6%, which is consistent

with the formation of an ethanol co-crystal (precipitate) as described above.

During the process development of compositions comprising compound A it was surprisingly
shown that the di-hydrochloride ethanol co-crystal (e.g., Al) is less hygroscopic and significantly

10  more stable towards hydrolysis and degradation of isomeric purity.

It was concluded that high levels of ethanol could be tolerated in the drug substance
(precipitate) since it is removed during the subsequent freeze drying, which is part of the

manufacturing process of the final drug product (lyophilisate).

The methanol levels showed to be relatively high; typically methanol contents of composition
15 Al was 1.4 -1.8%. Prolonged drying cycles did not significantly decrease the methanol content.

However, as in the case with ethanol, the subsequent freeze drying cycle used during

manufacturing of the final drug product (e.g., A2), efficiently removes the methanol down to

levels below the ICH Q3B guideline.
Conclusion

20  Based on the fact that both the ethanol and methanol levels are well below the ICH Q3C
guideline in the final drug product and given that this is carefully monitored, it was concluded
that the higher levels could be allowed in the drug substance (i.e., precipitate of compound A1l).

All other limits stated in the specification are within Ph. Eur or USP standards.
Identification

25  The identity of a sample was based on a visual inspection of the main peak of a sample
preparation and the main peak of the sample preparation for identification. Compound A1l is

represented by a single peak in the chromatogram (See Fig. 2a).
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Example 2. Stability

The stability study of the di-hydrochloride ethanol co-crystal precipitate and of the lyophilized
di-hydrochloride salt was conducted in accordance with the International Conference on
Harmonizations (ICH) guideline Q1A (R2) Stability Testing of New Drug Substances and

5  Products. All analytical instruments used to analyze the stability samples during the study are

qualified in compliance with current cGMP.

The stability study consists of two parts, one long-term- (5°C, 24, 36 months) and one

accelerated study (25°C/60 % RH, 6 months).

The di-hydrochloride ethanol co-crystal precipitate of compound A (A1) was packed in heat
sealed double polyethylene bags inside a heat sealed foiled laminate pouch placed in a closed
HDPE container. The samples were stored at the long term condition 5°C and at the accelerated
condition 25°C/60%RH. The appearance was yellow to orange solid during the whole test
period. Analysis performed due to the X-Ray powder diffraction result for 25°C/60%RH sample
which had an unexpected low level of crystallinity. The level of crystallinity has no direct effect
on the quality or stability of the drug substance but is controlled as part of the development

work. The 36 month stability data obtained are summarized in table 2a below.

Table 2b shows the stability data for the di-hydrochloride ethanol co-crystal precipitate at 25°C
and 60% RH over a period of 6 months. The appearance was yellow to orange solid during the

whole period.
Conclusion

10  The present composition comprising compound A1 is stable for at least 24 months (Table 2a).
During this period no significant breakdown of compound A1 occurred at either 2-8°C or
25°C/60%RH (6 months). It is suggested that the composition of compound A1 should be stored
and transported at 2-8°C. However, 24 hours of storage at temperatures up to 25°C should be

of no concern.

15  Example 3. Manufacture of a pharmaceutical composition of the ethanol co-crystal precipitate
of 2-[(1)-1-(2-{6-methyl-5H-[1,2,4]triazino[5,6-b]indole-3-yl}hydrazine-1-ylidene)ethyl]-pyridine
di-hydrochloride.

A multiple of 225.6 mg of ethanol co-crystal precipitate of mainly 2-[(1E)-1-(2-{6-methyl-5H-
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[1,2,4]triazino[5,6-b]indole-3-yl }hydrazine-1-ylidene)ethyl]-pyridine di-hydrochloride (A1)
(corresponds to 160 mg free base, A) was dissolved in a solution of mannitol (500 mg) in water
for injection (Ph. Eur., 10 ml), the solution was sterilized by filtration through two 0.2 um filters
and filled into a corresponding number of sterilized vials, then freeze dried (obtaining a salt of

5 compound A2).

Table 2a

Time 0 1 3 6 9 12 18 24 36
(months)

RRT <1.0 0.05 <0.05  <0.05 <0.05 | <0.05 <0.05 | 0.07 <0.05 @ 0-07
0.92-
0.93

RRT
1.13 1.0 <0.05 <0.05 <0.06 @<0.06 <0.05 0.05 0.05  0.05 <0.05

RRT

123- <10 005 005 0.06 0.06 005 006 0.06 0.06 0.06
1.24

RRT
1.39

RRT
1.47- <1.0 @ 0.17 0.10 0.10 0.36° 0.09 <0.05 1 0.06 @ 0.05 0.06
1.51

<1.0 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.05 <0.05 <0.05

Total
impurit
ies

<2.0 0.26 0.15 0.16 0.42 0.14 0.10 | 0.29 0.16 0.18

Water 253 234 218 250 2.88 265 273 337 246
conten
t (%
w/w)

2 The relative area for the impurity at RRT = 1.47 — 1.51 is higher than expected. The sample
preparation and HPLC analysis was repeated by another analyst, which confirmed the result.

Fluctuating peak area for this impurity was observed during the test method validation.

The inventors developed a new freeze drying process since the ordinary methods used by prior
10  art required more than 300 hrs of drying. The new method is more aggressive and outlined in

table 3 below.
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Table 2b
Time (months) 0 1 3 6
RRT 0.92-0.93 <1.0 0.05 < 0.05 0.05 0.07
RRT 1.12 <1.0 <0.05 < 0.05 <0.05 0.05
RRT 1.24 <1.0 0.05 0.05 0.06 0.05
RRT 1.38 <1.0 <0.05 < 0.05 0.05 <0.05
RRT 1.49-1.51 <1.0 0.17 0.10 0.06 0.362
Total
impurities <2.0 0.26 0.16 0.22 0.52
Water content 2.53 2.41 2.30 2.45

10

(% w/w)

2 The relative area for the impurity at RRT = 1.47 — 1.51 is higher than expected.

The sample preparation and HPLC analysis was repeated by another analyst, which confirmed
15  the result. Fluctuating peak area for this impurity was observed during the test method

validation.

By having max negative pressure and relatively high temperature, annealing the temperature as

in Table 3, the freeze drying step was decreased to 19 hrs.

Contact with metallic surfaces was avoided. Ethanol and minor amounts of methanol present

20  were removed by the freeze drying process.

The vials were crimp sealed under nitrogen and stored at 5°C; no degradation was seen after

storage for 24 months.

Glucose and mannitol were evaluated as excipients, both alone and in combination with NaCl.
The best result regarding solubility, texture of the lyophilised cake and suppression of impurity
25  formation was obtained with 5% (w/v) mannitol as additive. A higher degree of collapse of the
freeze-dried cake was observed with glucose as bulking agent. Addition of NaCl caused
solubility problems since the increase in pH generated by NaCl decreased the solubility of

compound A2.
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The lyophilised powder for reconstitution and injection (corresponding to 160 mg free base of
compound A) were stored at conditions 2-8°C up to 24 months. The appearance was yellow to

orange freeze dried cake during the whole test period and after reconstitution yellow to orange

solution without visible particles.

Table 3

Step type Temperature (T °C) Time (h) Vacuum (mbar)
Shelves 5 / /
Freezing step 5 0.30 /
Freezing ramp -45 0.50 /
Freezing step -45 4 /
Freezing ramp (Annealing) -25 1 /
Freezing step (Annealing)  -25 2 /
Freezing ramp (Annealing) -45 1 /
Freezing step -45 4 /
Chamber Vacuum -45 / 0.200
Primary drying -45 0.10 0.200
Primary drying ramp 25 3 0.200
Primary drying step 25 XX* 0.200
Secondary drying ramp 25 10 max
End of cycle

5  Analysis performed due to the X-Ray powder diffraction result for 25°C/60%RH had an
unexpected low level of crystallinity. The level of crystallinity has no direct effect on the quality
or stability of the drug substance but is controlled as part of the development work. The
reconstitution time was up to 3 minutes. No bacterial growth was detected and the sterility of
the product was not influenced during the 24 months period in room temperature. The stability

10 data obtained is summarized in Table 4a below.
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Table 4a
Time (months) 0 1 3 6 12 18 24
pH 1.6 1.6 1.6 1.5 1.6 1.6 1.7
Water content 0.33 0.41 0.47 0.37 0.53 0.43 0.39
(%)
Assay (% W/W)1 97.8 98.4 95.9 97.3 93.9 94.6 94.2
Total impurities 0.7 0.5 0.3 0.4 0.2 0.3 0.34
(%)
Any individual 0.4 0.3 0.1 0.1 0.1 0.1 0.10
purity (%)
Specified <0.5 <0.05 <0.05 0.08 0.08 0.10 0.09
impurity* (%)
Z-isomer (%) 0.1 0.1 0.1 0.1 <0.05 <0.05 0.05
RRT 0.92-0.93
RRT 1.13 0.05 <0.05 <0.05 <0.05 <0.05 0.05 <LOQ
RRT 1.23-1.24 0.06 0.05 0.08 0.05 0.06 0.05 0.05
RRT 1.39
RRT 1.47-1.51 0.37 0.32 0.05 <0.05 <0.05 0.05 0.10

*Hydrolysis impurity 3-Hydrazinyl-6-methyl-5H-[1,2,4]triazinol[5,6-blindole
The LOQ is 0.05%, peaks < than LOQ was recorded as <0.05%

The lyophilised powder for reconstitution and injection (corresponding to 160 mg free base of
compound A) were stored at accelerated conditions 25°C/60%RH (See Table 4b). The
5  appearance was yellow to orange freeze dried cake during the whole test period and after

reconstitution yellow to orange solution without visible particles. Analysis performed due to
the X-Ray powder diffraction result for 25°C/60%RH had an unexpected low level of
crystallinity. The level of crystallinity has no direct effect on the quality or stability of the drug
substance but is controlled as part of the development work. The reconstitution time was up to

10 3 minutes. No bacterial growth was detected and the sterility of the product was not influenced

during the 24 months period in room temperature. Surprisingly, the lyophilisate showed to be
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stable at least 24 months in room temperature. The stability data obtained is summarized in

Table 4b below.

Table 4b

Time (months) 0 1 3 6 12 18 24
pH 1.6 1.6 1.6 1.5 1.6 1.5 1.6
Water content 0.33 0.39 0.55 0.45 0.59 0.49 0.45
(%)

Assay (% W/W)1 97.8 97.2 95.4 98.3 94.6 93.9 94.5
Total impurities 0.7 0.3 0.7 0.4 0.2 0.20 0.36
(%)

Any individual 0.4 0.1 0.2 0.1 0.1 0.1 0.10
purity (%)

Specified <0.5 0.1 <0.05 0.08 0.08 0.10 0.10

impurity* (%)

Z-isomer (%) 0.1 <0.05 0.1 0.1 0.10 <0.05 0.05
RRT 0.92-0.93

RRT 1.13 0.05 <0.05 <0.05 <0.05 <0.05 nd <LOQ
RRT 1.23-1.24 0.06 0.05 0.08 0.06 0.06 0.06 0.06
RRT 1.39

RRT 1.47-1.51 0.37 0.13 0.05 <0.05 <0.05 nd 0.09

*Hydrolysis impurity 3-Hydrazinyl-6-methyl-5H-[1,2,4]triazinol[5,6-blindole

The LOQ is 0.05%, peaks < than LOQ was recorded as <0.05%. The pH should be in the range of

5 0.5-4, in the example above the concentration is about 16 mg/ml and the pH is in the range of
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1.3 to 2.3 and water content below 1%. The Z-isomer is preferably less than 2%, however the

inventors surprisingly found that acidic conditions favour the E-isomer.

The lyophilisate comprising compound A2 surprisingly showed to be less soluble in water after
lyophilisation than prior to. Due to this, a structural investigation was conducted and this study
showed that compound A2 changes its crystalline form during freeze-drying. The new
crystalline form was less soluble in water, which explains the difference in solubility between
the di-hydrochloride ethanol co-crystal precipitate (A1) and the di-hydrochloride salt (A2).
Experiments indicated that this exhaustion of precipitates induced the change of morphous
form. Results from the experiments also showed that the excipient (D-Mannitol) does not have
any impact on the formation of the new morphic form. The best result concerning formation of
impurities and texture of the freeze dried cake was obtained with the freeze drying cycle
described in Table 3 and the mannitol content set at 5%.

Example 4. Preparation of a pharmaceutical formulation.

It was found that compound A2 could be formulated in aqueous media to supress formation of
by-products up to 24 hrs at 1 mg/ml. Also, it is understood that the pH is of significance for the
stability of compound A2 in aqueous media with the best stability at pH around 1-4, higher
concentration of the substance results in lower pH. 1 mg/ml of said aqueous solution has a pH

about 2-3.

The resulting compound A2 is formulated as a sterile lyophilised powder, and a solution for
injection or infusion was prepared by dissolving the lyophilized powder described above in an
aqueous solvent such as water for injection. Each vial contains an amount pharmacologically
active compound corresponding to 160 mg free base (A) prepared from a solution of 225.6 mg
drug substance (A1), and 5% mannitol (w/v). The lyophilisate may be reconstituted in 10 ml
aqueous solvent, and thereafter diluted to 1 mg/ml in an agueous solvent optionally comprising

a pharmacologically acceptable excipient, preferably 5% mannitol (w/v), for infusion.
Example 5.

Synthesis of compound B; 2-[(1E)-1-(2-{6-methyl-5H-[1,2,4]triazino[5,6-b]indole-3-yl}hydrazin-1-

ylidene)propyl]pyridine

1-(pyridin-2-yl)propan-1-one (35 mg, 0.26 mmol) was dissolved in a water —acetic acid mixture

(20:1, 10 mL) then 3-hydrazinyl-6-methyl-5H-[1,2,4]triazino[5,6-b]indole (50 mg, 0.23 mmol)
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was added. The reaction mixture was stirred for 2 hours at 50°C. After evaporating the solvents,

a dark green solid was obtained (70 mg). LC shows pure product with an isomer ratio of 95:5.
Example 6

Synthesis of compound C; 2-(3,3-dimethyl-N-{6-methyl-5H-[1,2,4]triazino[5,6-b]indole-3-

5  yl}butanehydrazonoyl)pyridine

3,3-dimethyl-1-(pyridin-2-yl)butan-1-one (46 mg, 0.26 mmol) was measured in a water — acetic
acid mixture (20:1, 10 mL) then 3-hydrazinyl-6-methyl-5H-[1,2,4]triazino[5,6-b]indole (48 mg,
0.23 mmol) was added. The reaction mixture was stirred overnight at 50°C. After evaporating
the solvents, a greenish yellow solid was obtained (78 mg). LC showed pure product with an

10 isomer ratio of 92:8.
Example 7

The conversion of compound B1 to its di-hydrochloride (B2) was prepared by the following

procedure:

2-[(1E)-1-(2-{6-methyl-5H-[1,2,4]triazino[5,6-b]indole-3-yl}hydrazin-1-ylidene)propyl]pyridine
15 (30 mg, 0.09 mmol) was suspended in methanol (0.6 mL), then HCl in ethanol (1.04 equiv. 1.25
M, 75 uL) was added dropwise. After all the solid was dissolved, more HCl in ethanol (2.08
equiv. 1.25 M, 150 pL) and ethanol (0.6 mL) was added. A light brown precipitate appeared.
The suspension was kept at -10°C for 3 hours, then the solid was filtered, washed with cold
ethanol and dried. The product was a bright yellow solid (10 mg). LC shows only one isomer,

20  the minor isomer is not detected after converting the product to its HCl salt.
Example 8

The conversion of compound C1 to its di-hydrochloride C2 was prepared by the following
procedure: 2-[(1E)-1-(2-{6-methyl-5H-[1,2,4]triazino[5,6-b]indol-3-yl}hydrazin-1-
ylidene)propyl]-pyridine (30 mg, 0.09 mmol) was suspended in methanol (0.6 mL), then HCl in
25  ethanol (1.04 equiv. 1.25 M, 75 uL) was added dropwise. After all the solid was dissolved, more
HCl in ethanol (2.08 equiv. 1.25 M, 150 pL) and ethanol (0.6 mL) was added. The product did
not precipitate immediately, only after the suspension was kept at -10°C for 3 hours. The solid

was filtered, washed with cold ethanol and dried. The product was a bright yellow solid (20
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mg). LC shows only one isomer (E), the minor isomer (Z) is not detected after converting the

product to its HCl salt.
Characterization
Single crystal X-ray showed that the E-isomer is predominant in the solid state.

5  Single Crystal X-ray was performed at SARomics Biostructures AB, Sweden. Crystals of
compound Al measuring about 100 x 30 um were picked up in standard cryo loops of the kind
normally used for protein crystals, immersed in paraffin oil and flash-cooled in liquid nitrogen.
Data were collected at 100 K at station 1911-3 of MAX-lab (A = 0.9198 A), equipped with a 225
mm mar CCD detector. The beam size was 50 x 50 um. The x-ray results confirm that compound

10 Al is the E-hydrazone isomer. The predicted structure is shown in Fig. 2b, where N stands for

nitrogen atoms, H for hydrogen atoms, CL for chloride atoms, and H,0 for water molecules.

All testing was performed using reference standard, and, all analyses are in agreement with the

proposed structure.
Conclusion

15 A water content of 4-7% in the starting material of compound A was tolerable, even though the

product compound A2 readily hydrolyses in aqueous solvents.

There was no trace of isomer in the mother liquor, showing that the applied precipitation
condition converts the Z-isomer to the target E-isomer. Preferably, the salt formation should be

performed within hours since the product is acid sensitive.

20  The composition development work was initiated with the aqueous solvent stability testing and
excipient evaluation discussed above. Based on these results, the composition development
continued by optimising the composition (i.e. drug substance- the ethanol co-crystal precipitate
- concentration and type and quantity of excipient) with regards to the effect on impurity
formation and solubility of the drug product (i.e., the di-hydrochloride salt, for example

25 compound A2). As a result of the optimisation the amount of the free base (compound A) per

vial was increased from 100 to 160 mg.
Example 9 Cytotoxic activity

Cytotoxic activity expressed as survival Index, (IC50), by compound A is shown in various cell

lines (Fig. 3) and primary cultures of human tumors (Table 5). The Fluorometric Microculture
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Cytotoxicity Assay (FMCA), (Lindhagen et al., 2008), was used for measurement of the cytotoxic

effect of the compounds in various cell lines and primary cultures of human tumors. Cells were
seeded in the drug-prepared 384-well plates using the pipetting robot Precision 2000 (Bio-Tek
Instruments Inc., Winooski, VT). The plates were incubated for 72 h and then transferred to an
5 integrated HTS SAGIAN Core System consisting of an ORCA robot (Beckman Coulter) with CO,
incubator (Cytomat 2C, Kendro, Sollentuna, Sweden), dispenser module (Multidrop 384,
Titertek, Huntsville, AL), washer module (ELx 405, Bio-Tek Instruments Inc), de-lidding station,
plate hotels, barcode reader (Beckman Coulter), liquid handler (Biomek 2000, Beckman Coulter)
and a multipurpose reader (FLUOstar Optima, BMG Labtech GmbH, Offenburg, Germany) for

10 automated FMCA.

Different cell lines (e.g. CCRF-CEM T-cell leukemia, RPMI-8226 multiple myeloma, A2780
ovarian carcinoma, FaDu head & neck cancer (squamous cell carcinoma tumor), HT29 colorectal
cancer, MCF7 breast cancer, and HL-60 leukemia cells) as well as panels of primary human
tumor cell cultures (Table 5) were analyzed (colon, gastric, kidney, appendix, small bowel and
15  pancreas cancer, as well as pseudomyxoma peritonei). Results show broad anti-cancer activity

of compound A, as exemplified in the effect-concentration graph (Fig. 3).
Example 10

The inventors also set out to characterize activity of the compounds A, B and C in cell lines
representing cancer of different origin. The specific assays used and the conclusions from the
20 mechanistic evaluation have previously been described in detail (Zhang et al. 2014).
Compounds A, B and C (See Fig. 4) were evaluated for cytotoxicity expressed as survival index
(SI) in six human tumor cell lines using the cell based fluorometric micro culture cytotoxicity
assay (FMCA) as previously described in detail (Lindhagen et a/, 2008). The method is based on
measurement of fluorescent fluorescein, generated from hydrolysis of FDA by viable cells with

25 intact plasma membrane. The fluorescence is proportional to the number of intact viable cells.
Material and methods
Cell culture

The cell lines were cultivated in the respective cell medium recommended by the provider. The

medium was supplemented with 10% heat-inactivated fetal bovine serum, 2 mmol/L L-
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glutamine, 100 pg/mL streptomycin and 100 U/mL penicillin (all from Sigma-Aldrich). The cell

line was cultured at 37°C in a humidified atmosphere containing 5% CO,.
Measurement of cytotoxic activity

FMCA analysis in brief, 2500 cells per well were seeded into 384-well microplates and
5 incubated over night before treatment with compounds. Compounds were added using

acoustic liquid transfer (Echo 550, LabCyte). The plates were incubated at 37°C for 72 h, and
then washed and FDA was added to the wells followed by 50 min of incubation at 37°C. The
fluorescence, which is proportional to the number of living cells in each well, was measured at
485/520 nm in a Fluoroskan instrument (Labsystems, GMI, Ramsey, MIN). Cell survival is

10  presented as Survival Index (SI), defined as the fluorescence value in the compound-treated
wells analysed as percentage of the value in the control wells, with blank values subtracted.
Quality criteria included a signal/blank ratio >10 and a coefficient of variation (CV) in control
and blank wells <30%. Graph Pad Prism (San Diego, California, USA). All experiments were
performed twice, and each concentration was evaluated in quadruplicates in each experiment.

15  The compounds (A, B and C) were diluted DMSO, 5 mM.

Table 5. ICsg in panels of different primary human tumor cell cultures

Disease No of patients analyzed 1Cs0 pM
PMP* 50 94
Colorectal** 25 11
Gastric 9 6.9
Renal 13 164
Mesothelioma 7 12
Appendix 4 21
Small bowel 1 54
Ovarian 30 5.7
Pancreas 1 6.0

*Pseudomyxoma Peritonei, ** Colorectal cancer, surgical specimens obtained from

maximal cytoreductive surgery and peritinectomies
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Results and discussion

The tested compounds (A, B and C) showed strong activity on a wide range of cancer cell lines,
see Table 6 and Fig. 4. The cell lines were selected to cover a wide range of cancer types,

representing both haematological and solid tumors (Table 6).

5  From these results, it is clearly shown that compounds A, B and C are effective against several
different tumor cell lines including colon carcinoma, cervix adenocarcinoma, hepatocellular

carcinoma, acute lymphoblastic leukemia and acute monocytic leukemia.

From the results presented here, it is clearly shown that compounds A, B and C are effective
against several different tumor cell lines including colon carcinoma, cervix adenocarcinoma,

10  hepatocellular carcinoma, acute lymphoblastic leukemia and acute monocytic leukemia.

Table 6. ICso for compounds A, B and C in six human tumor cell lines.

Cell line Origin ICs0 ICs0 ICs0

Compound A Compound B - Compound C
HCT116 Colon carcinoma =1 uM =1 uM =1 uM
RKO Colon carcinoma <250 nM <250 nM <250 nM 15
Hela Cervix =20 uM =20 uM =10 uM

Adenocarcinoma
HepG2 Hepatocellular Carcinoma <250 nM <250 nM <250 nM
CCRF- Acute lymphoblastic <250 nM <250 nM <250 nM
CEM leukemia
THP-1 Acute Monocytic Leukemia <250 nM <250 nM <250 nM
20

Although particular embodiments have been discussed herein in detail, this has been done by
way of example for purposes of illustration only, and is not intended to be limiting with respect
to the scope of the appended claims that follow. In particular, it is contemplated by the
inventor that various substitutions, alterations, and modifications may be made to the

25  invention without departing from the spirit and scope of the invention as defined by the claims.
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Claims

1. A pharmaceutical composition for use in treating cancer comprising a
pharmaceutically active compound of general formula 1, or a pharmaceutically acceptable

salt thereof,

2
Formula 1 R
v\
, 8 N W M=
R H R
7 o Mg‘é
W
6 y
wherein,

R is H or methyl or methylene substituted by C;-C4 straight or branched alkyl,

R is selected from the group consisting of H, C;-C, straight or branched alkyl, methoxy,

methoxy substituted with from one to three fluorine, bromide, halogen;
R%is H or C;-Cy straight or branched alkyl;
XisCHorN;

Y is CH or N, and wherein at least 95% by weight (w/w) of the pharmacologically active

compound, or pharmaceutically acceptable salt thereof is in the form of the E-isomer.

2. The pharmaceutical composition according to claim 1, wherein the

pharmacologically active compound is a salt in crystalline form.

3. The pharmaceutical composition according to claim 2, wherein the salt is a di-

hydrochloride.

4, The pharmaceutical composition according to any of claims 1-3, further

comprising a pharmaceutically acceptable excipient in the concentration of 0.1-10% (w/v).

5. The pharmaceutical composition according to any of claims 1-4, having a

stability of at least 12 months.

6. A process for preparing the pharmaceutical composition according to any of

claims 1-5 comprising the following steps:
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i providing a solution of a compound of general formula 1 as a free base,

ii. reacting the solution with hydrochloric acid in ethanol in sufficient amounts to
form a compound of general formula 1 to a di-hydrochloride salt, wherein the di-

hydrochloride salt precipitates spontaneously;

iii. stripping the precipitate comprising the di-hydrochloride salt obtained in step

(ii) of solvent,

iv. dissolving the di-hydrochloride salt of step (iii) in an agqueous solvent,

optionally comprising a pharmaceutically acceptable excipient, and
V. freeze drying the mixture thereby obtaining a lyophilized powder or cake.

7. A precipitate comprising a compound of general formula 1b,

R.’Z

Formula 1b

N7 >
7’ B
F{’p 4 %"‘—wﬁ%{i s
.2HCI.EtOH

wherein R is H or methyl or methylene substituted by C;-C4 straight or branched alkyl,

R is selected from the group consisting of H, C;-C, straight or branched alkyl, methoxy,

methoxy substituted with from one to three fluorine, bromide, halogen;
R%is H or C;-Cy straight or branched alkyl;
XisCHorN;

Y is CH or N, and wherein at least 95% by weight (w/w) of compound 1b is in the form of the

E-isomer.

8. A process for preparing the di-hydrochloride salt precipitate according to claim

7, comprising the steps i) to ii) and optionally step iii) of claim 6.

9. The di-hydrochloride salt precipitate according to claim 7 wherein residual

ethanol is in the range of 2-20% by weight of the di-hydrochloride salt precipitate.

10. A lyophilisate comprising a compound of general formula 1a,
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Formula 1a

W\
po

Koy 4
R' ‘/[- 4 %w?& M<R
S, ‘i WM
N
H

.2HCI
wherein R is H or methyl or methylene substituted by C;-C4 straight or branched alkyl,

R is selected from the group consisting of H, C1-Cy4 straight or branched alkyl, methoxy,

methoxy substituted with from one to three fluorine, bromide, halogen;
R%is H or C4-Cy4 straight or branched alkyl;
XisCHorN;

Y is CH or N, and wherein at least 95% by weight (w/w) of compound 1a is in the form of the

E-isomer.

11. A process for preparing the lyophilisate according to claim 10 comprising the

following steps:

dissolving a di-hydrochloride salt precipitate of formula 1b in an aqueous solvent,

optionally comprising a pharmaceutically acceptable excipient, and
ii. freeze drying the mixture thereby obtaining a lyophilized powder or cake.

12. The di-hydrochloride salt precipitate according to claim 7 or 9 and the

lyophilisate according to claim 10 for use in a pharmaceutical composition.

13. A pharmaceutical formulation suitable for infusion prepared by reconstituting
the pharmaceutical composition, or pharmaceutically acceptable salts according to any of
claims 1-5, 7, 9 and 10 in an aqueous solvent at a final concentration in the range of 0.5-30

mg/ml.

14. The pharmaceutical formulation according to claim 13, wherein the pH is in the

range of 0.5-4.

15. The pharmaceutical composition, pharmaceutically acceptable salts or

formulation according to any of claims 1-5, 7, 9, 10, 12, 13 and 14, for use in treating cancer.
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16. The pharmaceutical composition, pharmaceutically acceptable salts or
formulation according to claim 15, wherein the cancer is a solid, liquid or heamatological

tumor.

17. A method for treating cancer in a subject in which an effective amount of a
pharmaceutical formulation or composition comprising the compound, or pharmaceutically
acceptable salts thereof according to any of claims 1-5, 7, 9, 10, 12, 13 and 14 is

administered to a subject in need of such treatment.

18. The method for the treatment of cancer according to claim 17 in combination

with another anticancer treatment.

19. The method for treating cancer according to any of claims 17 or 18 wherein
the effective dose is in the range of 0.01-10 mg/kg body weight, preferably 0.1-5 mg/kg
body weight and more preferably 1-4 mg/kg body weight.
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/099 . 5EE B % i ik /099 . SE & % I 25 B 2E TS AL B W R E SR M ARG o BB L, 100
B % I AT iR S VIR E AR AR B I 29 A S 0 T DAL & /Db — B 22 B2 1
Mgk FEZ 751 R/ B A

[0017] AR A & BH B At a2 1 i it 7 3, 388 30 LA 16 & 388 W] A R R BIOAR F) B— | - %
SR IE 6.7 891 2 — L Ci—Ca LB B S A e SR AR

[0018]  iEF1LL K lafilbiIftik ik SR 171,

[0019]  7E—sjifi 5 A b, RAIR & CHs, 3 HR*REH AR %, RAZ CHs , 7 HLR'J26-CHs, R*ZH.
FALEXFYEN.

[0020]  #F % —sijiti 7 2, RA2CHoCHs , R & CHs , - HR*ZH. A% b , RAZ CHoCHs , R & 6—CHs,
I HR* &Ho EARZEXFIY N,

[0021]  7F 55— 5Lt /7 A, RAECH2C (CHs) 3, R & CHs , 3 FLR*ZEH. fIt i 1 , RAECH2C (CHs) 3, R!
J£6-CHs, 3 HRZZH., EALIE XAV N,

[0022] AR BHERALERI A Y2 S PIABRIC (Z 3R .

[0023]  fE—sjta 7 S, AR B 29 G 0 B & 4 e SN 20 % e 822 g 2h e K im)
A E FE AL A - 3 T DU s T Aa e R B i AT = 2, ROER PR 28, il 4, 36
iR £h AR Zh FIAR R 2h o 2R AT DL 2 B Eh (mono salt) BY 3k (di salt) fCikHh, prif /&
bR Eh ek AR EL ik —ERIR L

[0024]  WRJEFFIRT LA A& H 5 I 4 4 b RE WS Bl AR & BT AR () — o A2 — Mk
1) st 7 SR I AR D—H 82 B . D-H #E BE I BE Y m LU 0.5 % 2220 % (w/v) o fLik
H, R FEVEHE 1. 0EE % £ 15E 8% (w/v) A, W ETEHE N3% £10% (w/v) « &AL
RN, W R 4% 226 % (w/v) o fE S — 7 I, D—H #2 BE I K BEVE Rl AL 29 95 % (w/
V) o
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R 1L ARIRGIEALEY)

WA R R' R’ X Y
A CH; 6-CH; H N N
[0025] B CH,CHj 6-CH; H N N
C CH,C(CH;);  6-CH; H N N
D CH; 78 H N N
E CH; 6-Cl H N N
F CH; 8-OCH; H N N
G CH; 8-OCF; H N N
H CH; 9-Br H N N
[0026]
I CH; 8-Cl H N N
J CH; 8-CHj H N N
K H 6-CH; H CH CH

[0027] A BIESR M 1 F il % dn TR 25 W S VIR 7 ik o ik Tk B ds LA T P 3R
[0028] i . 4Rty = m e U I8 UL AL & WV

(00291 ii. ffrid il 5 2 1) L TP K S R S LR OB b AL &4, BV, — Eh IR 2L
Horb ik R R £ E R UTE 5

[0030]  iii. KPR (i1) ¥R A3 20 & — SR R T YT R (stripping)
[0031]  iv. 4%@/\* R (111) [ R PR SR M TTTE MR it T oK PRI 1) S BT K PR T ik
A5 255 BRI I ), BA &

[0032] v RHR A IREAT A UR TR, Y BEERAS R Tk R B Dt

[0033] 3338 =X 1FR) T 128 Bt FR) 35 7110 T LA A8 PP o e P ) SR (BRI, 2B 3R (1)) T BA
1 n 38 2 = B T AR R i R L AT

[0034]  E-Spiiki a5 B A SV

[0035]  7E—siti 7 Ar, AK PRI LR K ARIE T K

[0036] W51 AT LA tn b SCRI (4 o P R DL€ D IR I A2 12 R mh AN B2 BR D EL AT BL ek
AR o PUBE AT LA, [ 47 3R S5 I 700451 dn A e 8 QIR 6 S DL RAESEHE T I &
KPR IR o B WA 75 a] AR DN ARG R K PRI JFAERERE T T
[0037] 55— H 52 LA B i fi 4 A 2 1) 25 04L& WK ZK S B0 B (3t P 30 S i v 19
W5

[0038] i ik 7 /K M 3 77 (451 e 6 /K (WRT) ) rp B A5 B8 (v) 1V T8 K R 3R 15 25 1
7o
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[0039]  ZHE 24y Ak A WA I FEYE AT BA RO . 05mg /m] £ 40mg/ml o 7E— 5L it /7 s rh L 24
R AEVE VAL S T B VS 0 L Tmg/m] Z30mg/m] o BB A% M, 245 B2 3% PR AL S DI IR S
Bl FT LA A0 . Bmg/m1 Z20mg /m1 o 5 AL 3% 1l , 245 2 2 35 PE AL A 0 3 BE YU 1L /] LA ORO . 75mg /ml
£ 10mg/ml o FIT I 25 3 2435 AL A I R B2 mT DL I AL 9 20 Img /m1

[0040] il T pHAEA LA R o BT il 771) (1) pHER e F- 24 BE 22 PE AL S I 9 5, O FLIE o 7
0.5Z 4 TEFE P o 451 0, B Img/m1 24 25 253 4 A0 A5 42 (14 1) 770 ) pHAE 2 22 31149 3 L Y
[0041]  EEAY A DALE— DL Z AP IRA AT, i, @ i I 28 — RIS FIVE AR R T, B JS
VBT INZ B 75 B AR

[0042]  FHF E A& BT IR 245 B2 05 AL & W00 U5 R R 00 /K M SRR T DAL & Gn B B
W2y E TSz IR A

[0043] AR BA 53— AN J7 TH SR L — Fh O MR DR By 97 X b B RE IR 77, 1% 5 1k
T A AR B G ) B R AR A 5 o — P yT 4 A Ak it
17

[0044] 245451 25 25 38 42 mT LA A2 e o iy B 3 SR, BT A FH il R B4 A 0 en 2
AT B A G AR - T B S mT LA 75 g 24 - il , Sk o LA P S IR SE P 11 Il B
1W< W3 A3 1 P B RE PRI P 45 24

[0045] AR 55— H AR 2 At iE =1 bas Bl UiE ) ,

RZ

34

[0047]  Horpr, 2= /D95 HE & % (w/w) B I 1 b 2538 24 0E AL &) E- R MR I FE 2K
[0048]  E-S3 WA i) 2T Bl AT UL ik 254 S M ArTA

[0049] i U1bIAL A 92 s BIVEATAE D UTIE ), Fo b, BURRZER (RY\REXAY 4 1
BT 2 B b AL S 22 LT 51 3B 2 b B AL AL & W n 2 b Ak & 40A B
FHCHFEHLARHT

[0050] A& BH I 75— H 23248 A T i & & W b prid i pridk 4b & s 24 2 bl 4
2 R BIUTIE VI 775 BT IR 77 16 BT b ik [T 23 600 7710 k1) &2iii) .
[0051]  —J5 i, LBEHR i 3R SR (BP, B3R 1) AR IRES I, oA, 102 1. 159 &1
T S TR TE B — B R R I, 3 H 2. 082, 52 B L BE R 1 AR 7E 48 — B B h R
B, TN INA] DAAE— AN B2 B B R AT B Ue e B 38 (11) Hh 8 R IE R

[0052] {1 I AR T o v] LALE 25 W 28 & b 4ok

[0053] YLyl AAE B — 45 0 T Bk T4 B BB P sk v T4 5 1

[0054] PRk IiE I LB & mya B N iR UTiE VIR 2 8 7 % £ 155 8 % ARIEE TR It
TEYIRAEE % £13EE % 9OEE % 211 EHE % KVEE N AL H i, 2 & A
PR TIE Y10, 4AFE B % £10. 6 H E .

[0055] Ak BHIEHEALS A @A LalI L EDNE T,

[0046]

8
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[0056] Xy >:

Rostol
P N

N
H
.2HCI

[0057]  Hrr, Z=/b95EH & % (w/w) (B Laf) 253 A iE AL & W) RE- AR TE X B
PR B Y T LA 5 _ R 25 A S YA ] o

[0058] @ 1afytbEW2 tn EAA TR AT A —Eh iR Eh .

(00591 R ALik I AL & W dn iR U1 AT DA B

[0060] 7 WAL SR M —Fh il 26 Ik VR TR, ik 7 i B dE LR 2B 3R

(00611 a) KeiE b TTIEDE TR PR

[0062]  b) Firgk e B AT ILIE

[0063]  c) Ki 25 BRb) M BOEAT ¥4 VR TR ARG & A7 Il SN La AL S VIR T4 o

[0064] & — Ty, PUIEP P LAAESE 3 T 7220 BRa) Hh i M8 T 7K R 50 v o Jir i D R A T
Al B P AT 2B

[0065] 2 Bfa) KITCTE AT LA U1 B b it AR AE— A ARFE U o 28 53— 5 i, YiE My ml LA
WA PRSP 1 — R AL AR 5 — U5 AT PR GAE AR A K B & I $h

HITEYD o
(00661 FKAE A T IA PT LA AL 35 5 /0 — 2y o bl 352 52 (R 731 o TR 750 AR 750 (14 R P T
LAt L ik .

[0067] & 3Rb) P3R4 AR AT AL 28 20— o i B g #h AT 1 8 , 75— Le sty
U, 2D YR D) P aRAS 0 v v i 1 AT 1 3 i A JEAT I i o PITSRAS RO TR RT DA 51 A D B
¢) Z A [ESAE T T B AR o 25 BRD) [ 0E W] LA FE 238 H 7% VR TIR /Mf

[0068] A B 73— A H 2 SR L Pnd TTie M s R T 25 A & b i) i
[0069]  ZRJ BRI 254 & (B, VR4 FIUTIEMITE IR R AeoE 20124 H Atk i, 24
WA S B G4 APTIE e iR TR e 20240 H o

[0070] AR BIH 55— A H K2R A &) (), &4 Frid b & YR 21 72167 e
R iz o

[0071]  —Jy i, A B R T m] LA & — FA R B 25 B s e & 0, il Ak
EA2.B2C2. 78 73— J7 T, AR I G Tl A S AR R AL S A & . 53— Jr i,
AR & A PR & P a o BTS2 1 s R T T DL /b — R R A&
Y5 20— R TR E VR T I e A P AR T S A &

[0072] A BIKIAL & P mT LA ph 25 24 s AR iR & 025 24 AL S DAL PT LAAE 53— 25 Elidit
IR YT I R B AT B JR #EAT 4524

[0073] 3R 2L &4 TvE M s il 750 T LA P 900 B o LA o B P 1 5 440
AL (5978 B AE o
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[0074] 254700 mT LAIE FH 38 5 78 7K P 3 551 Hh 48 75 B ok 2165 4 2 A SRt A T e B 30
Meade s, 1770 F T4

[0075] 253 EyE PRk S S AR FE S El AT LA A0 . Smg /m] 2230mg/m1

[0076]  Z5Hp4H & W A0 57 i pHYG Bl AT LA OO . 55 4 At i, pHYE Bl N 1 &3 n B ik, pH
H k25 B A i YA S R B, FF H B, XF T 1mg /m 1 () #3551, pHYG D223

[0077]  ZjWpeH & Wy ek 738 vl LA & 36757 (co-therapeutic agent) o

[0078]  fLifihh , A<k BA ) 245 W 4 & A AN 55 T VR I i

(00791 i v L A2 S A FfrIgd Y0 A7 P JRe s . 7 e

[0080]  pbAh, LR 259, 259 ) A& DU M ER TP T UL 5 5 —Bude v o7 4 & fi
F Ban, A6 d7 S B0As% 9T VIR TR MR B TR UIRR 63 13973 BO BT
BT A RIT I IUE AR AR U TV BB AT T

[0081] A& BHIEFRAE T T vA 7 LA J5s B 338 B 40 i SRR A0E 1 500 B RE (Anded hE) 11 77
L Hod KA SR A K B 2 B SR P E A S T TR EARIBIT N R

[0082] 5 AR — FHELZ P ETIA BT I 24 B2 2 5 VAL & WD ZE AR A R T =0 2 AN R 1T o
Bihn , A5 R N0 . 1-10mg / ke /R B, AR 1E 2410 . 5-5mg/ ke R H , 3 H B Lk 1-4mg/kg A 5 . 45
TR GRS 55 B AT DA 5mg 22 800mg , B T G AR A i T 2, F H 5 ik Xt G #=
BRI, B2 BRI BT E N30mg 2 300mg 24 5401 F B 524 1K) 55— J e 16 T
HAEN 1% 2R LA,

[0083]  7E 5 —J7 1, A& BAERAL 70 ERr R iE VR IT TE S R —Pumia T A A B T
[0084] 4 b ik ¥y AN [m] STt 77 =X AT DA I 2H A4 FH B s b fs o

[0085] "R LI R B VR IR B B T AR B IR — AN 2 A STt 7 S AT o AR R B ) B R
AE H R A e i il AR 1 DL S dE e 51 AR AR ST ACR] 225K 5K 42 1 25 WL
(00861 [t [ (1) i 2235 B

[0087] DL A o A O BH ) % 77 T 40 35 B AN o a5 0 SO 22 3K i B0, 25 B4 A O B 1)
O FE AT BR 1

[oo88] K1 R T HTA A & YIARIUTIEY) (AL )6 ek 4s , LI iE #) et Mg (R,
URT (A2)) I ERTE P 3R

[0089]  [X|2afi7~ T 99.8% 4l {4k & WAL FIHPLC G i , B 2b B~ 1 3l i X5 2% (1 i A A
R4 B AL E- SR AR S5 44

[0090] K3\ R T Ak G WALE & M i 28 v 0 751 — g 12 2k

[0091]  KE4a-dEm TALAPIABFRICLEHCT 1162 i A 771 & -1 5 il 28 (A) , B &AL &4
(b) AL EWIB (c) Ak E&H)C (d) £EHepG2—-2H i . RKO—2H fifd . HeLa— 2 i, . CEM—£H it A1 THP—1 4 ity
SRl A S

[0092] R EHVER

[0093]  MAZERAR , A K BAABR T A ST AR BAREL B 77 0 BAM R, RN L fid
BT BRI R ] DU — E R F AR IR N R AR, A S AR IE R B AR HE A B
ST 2, AN SR AG PR ] 5 BRI S A S B P 30 [ AN 52 BB SO 22 3K A5 S LS4 T =X BR
[0094] A FIHBITE 2% kil 51 A XN ASOIE TR A B 1, 5% 50
BB AR 5 ) B R HR I R s AR b I 5| B A SOOI SR T T B I —

10
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[0095]  Zx2 A SR DL R & S, B BRI R B 14 A T, T DA e e b B A AR B

[0096]  FEARULEH P, BRI & BB AL 25 % L& &Y B FI &Y
[0097]  FEARULEH P, ARG Ui o imat iy S 8|0 — 3R oL R &Y.
B R 3 A WEER B T AR IR AR ARV A B AN B L IR B AR PTTE P BRI R AL A
We] DL AR B TR L A B B DT .

[0098]  FEAUL A For, RiE “%j 2 Bl 2 G107 A FE AUl B 15 BT ik i DT i
FEAETY)

[0099]  FEAULEH For , RiE” A" 22 48 B A MR 4L e 25 - 2 P B A/ B4 27 14 ot
ANFE AL G ) o IX Tl BB A AR B - Fem A (H R 58 EAR it 2 R o] DL fE
Fid b U SR 4) BRAEm PR GF- 1 1) e % g 77 b GEAR A AA) o R1E “STAR i 44”2 4
Jir 2 TR HEZAS [F) ) AH ) A4 3 1) e A Ak

[0100]  FEAULEHFrh, BRAE A VLA, 5 WIRTE “Z5 22 Bl sz MR A" 2 f8 o5  FE 1t
(100 T A ] A B A SELRS) S A A8 1) B R ) AT A SIS L 1 o) ) B 77

[0101]  FEARULEH 5, BRAE DA UL, 5 IR TE “25 B s A &7 A5 M sn 25 118 &
(BLFE NFEFIBN) ISR 772 A Y0 9T A fud 1R 247 3 250 L R AT AR 4

[0102]  FEAULHAFrd, RiE “45 77 8L R 257 4 UL 2525 B al 7 sUH 293 25 X 4%
[0103]  FEAULEH 5, BRAE A UL , 5 WIARTE “4E B B A& 707 2 45 Re 08 FH 1R 40 i A=
KER I (RI B A S il s iE ) 1 &9,

[0104]  FEAULEH 5, BRAE DA UL , 75 WIRTE “AT A 407 72 48 B W1 46 45 14 B3 i 4k
Er W) B I ] 4R S5 R A 2 ST R A B ) BROE I BT (I A 046 445 R 1 350 3 X
) TE R A& B0 I W TH AR B BRI A G T AT DL B O, B0 AT A
72 AR M B AAR SR A S B R A )

[0105]  FEA UL P4 H , ARAE il A& Fa AT ] ST JifRa e o » R ER 5 5 R0 AS 32928 il 1 4
3 3R 5| D R AT AT 0 e A B MR o AT i B AR R A L S AR S 0 e e AR A S A
JETE 2 9 4n , Frids Ja i T2 T BAdk B - (A s (ALL L AML L CLLCMLCMML) - T4 e (9 IfL 75 « %
R BB IR O S A B e B S R 0 s | L 45 L D e LT
B B AT PR T PR R SR B e R L R R R e L B
TEIE B/ I B R i/ TR XA 2R R G E B DR« FR R R AR i R 9 Sk
B0 AR A IR 98 (NHL) 2B AT 4 vk 2 80 FH I AR R v 08

[0106] A BAHE ML 1 FH T4 R TE- AR I 25 W40 S W0 1) T7 15 o B i XS 4R 1IE S E-
SRR T 7 3 AL

[0107]  JE@IH A A K BRI 7%, 3R18 7 & 2 /095 E & % GEITHPLCHAIA , 2 LK 2) 112
HEEE A Y E-FAE) (1) € SO HASE 25 E1.

SE e {51

[0108]  SEjitafail1 : A PIAR & B

[0109]  FEEE— A seirh , AL E WA Gy BB £ T A/ LB/ L6 (acetone nitrile)
MR, B- S MR TR Izt 4L & rR B Z- A RANRE , OF H 5 1 8 o 8 i R4 &) d

11
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KE-FHRE ELIN2% TR IE AV AR/ N A =i FE s AT R 4F (H i TR B K=
VAT IR KA 7= K, & B A3 T 1K gokong 2 A 20054F FT ik i) 1,2, 4- =W 3 [5,
6-b] WIBAT DG R T HEVIARI G R (S B KB T8 R BE (MeOH) 1E R
WA CA S ol (FEIHC LI #i4Ak) H g #h8 (HC1/EtOH) (EtOH FHAE R 7 (anti-
solvent)) o TEBH G IITBOR TR A, R NARFRRL 245 B 0dt - b4, a0 1 F T R
WU R (A) F A N SRR ER U Y (AD) B IE 518 (S LB L, SEHt 1 RI2) o Ui B A (A) AN
T E M IMeOH , (2 TE I 21 M FE[JHC1 /EtOHIY 37453 1 Il I i -

[0110] W TSR B B, [ B ] DR U EAT ARk 9 2 A - R P
BRUP= A (PR R DF o n] DATE B2 H T, B v ARV 50 TR BB I R it — 20 ab 28
JEF B I A TR AT AR T AR B /I, DR 2% 5 AT REAE S ST AR H R AR #E50°C
N B D B2 PRI A ) S g L S 2- LB e (1.524 &) 7£ ZBF (20mL/Te Ak & 4)
i SE LT =90, (B TR 5 /NI JE AL R I (—~8%) &

[0111]  E1ER T A DIAR A T RSP TR1-3 ERZ AR IIR G4 ;s TUPAC R 4% A4 FK :
2-[ (1E) -1~ (2- {6-H1 J=-5H-[1,2,4] =& Jf: [5,6-b] MWk -3} JF—1-WFIE) 2 FE]MERE) o
[0112]  BIR1. ) 7-F B HE4T (methylisatin) (4.75kg,29.5mol) 7K P EVZ I H A
2.85kg (31.3mol) S JEM AR FN6 . 15kg (44 .5mol) BRESHH B & Bt HE IR S WILE R T n#k3
INIE ARG HIE SR BB IR (100% ,3.3kg,55.0mol) , HL & pHiAH7. 1. FHEIEHL
o e B, SR K (19. 4kg) Weik ARG T . 6ke i 6 H1 3&-21, 31, 5H-[1,2,4] =& Jf
[5,6-b] 5[ —3-Hi .

[0113] U2 DKok E AT — PRI RN T 294 . 6kg T 16— FF 3620, 3H, 5H-[1,2,4] =W I
[5,6-b] 5| Wk—3—H B () 9 I DF 2% T-57 . 1kg I — /K&, I IR S WES9 C Rt #1871
I o (5 S N VR A A HV B =R, P i@ B 0 kAT 45, K (15, 9kg) F1ZE (18. 4kg) ¥
¥, FE1450RPM R HE/K o B 3 3L -6-F J-5H-[1,2,4] =B [5,6-b] W5|WE (I ¥R € 1F (7. Ske
FH24 T3, 8kg T H) F4 /% [BITEE 1 N gs R HE E 25 F T4

[0114]  DIR3. [k B D BR200 T 421 3- b HE—6-F J&-BH-[1,2,4] =W I [5,6-b] M|k
HINIK (76.85kg) « 2.1 (100% ,6.70kg, 111.6mol) F12—Z MLt i (10.75kg,88. Tmol) K
TR EWITEAS. 5 CHUFES /NI, v H 2 200, KR B R R AE20-25°C 2 [H] 1Y [ B 2 1 i N
NaOH (27% ,6.3kg, 110mol) LLikFpHT7 . 0. 7E iR FE N ER A Wit — B i1 /N, IFiE
B0 B ) AR K (T 3kg) FIZBE (5. 8kg) TR G HIBEUR G , JEVFAE1450RPM FHEK , 48
JEAEAT CIR B2 B AE v TR 66 /NI, 15 315 . 82k g T 2R R K £ /5 4 00 1) [ A4 L 1) s BB A,
“H.

[0115]  E1HFPRAEIR TAAE DAL G R FHR A PIAR) L B 3L 4 i (IUPACR & 44
FR:2-[ (1E) —1- (2 {6-F 3&-5H-[1,2,4] =W 3£ [5,6-b] M|Wk—3-3&} PF-1-2%) 2 BTt mg
TERRED .

[0116]  [H2-[ (1E,Z) —1—- (2— {6-F F-5H-[1,2,4] =BE I [5,6-b] M| We—3—-JL} Hk—1-7 3)
ZFE]-MEmE) (5.80kg) H NN ZEEHCL (12.4kg,1.0524 &) , IR A WI7E28-30°C FHicFE2/
I L 22 SR A VE T VA o YO AT I YE R AE B R T AE25°C R AE /N 404> BN DN R AR 2
BEHCL (28.95kg, 2. 4524 H8) AESS —RERINL. 0524 EHCL /EtOH ik B rh , KB4 2— S bk s
WNE- SRR FETE 1 — L B AR R 2 o B I N2 . 45 9 B EtOHR [UHCT , —Eh R 2k 5 & Uit

12
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VE o JERL 0. IM NaOHP) F $5 7 77130 2 EtOHHHC T F B ZR VR B, TS 201 . 1821 . 4M HCL . 7
FHIFIE B T 4k 223 BE 1553 B 3T i N 2B (45 8kg) o Ktk JE A ) B I A H1 2 4108 -5°C
TR /NS o 002> B I P F B (0525°C , 45kg) Yedds, SR JE 7E1450RPM N HEZK o K6 F
TE3TC R E DT HR42/NT , LA BT . 5Tkgbr AL 4 (BT TC 0% B ¥ 71— B AR 24108 %6
BT HELOHA98 % , — Eh R Th N T (0 2 A [l 4

[0117]  FRTEHI A BEIEM RV A AL 2E R XY R20EE XN O E S &.

[0118]  E1H R BDIRS BoR 18 Fid X laf b &P A R TR SV T R .
[0119]  EITHPLC/M M1 S A4 &5

[0120]  FEJ7VEM IR AL B VIAFIL S IALI) 53 i R BT 73 A Ial @R, 451 40 ] - 2 A
ANFE 8 AR 22 S RIAL JHPLCSE o [R] 0E, & B N 2 T XBridgeC18, 3. 5um, 150 X 4 . 6mmA: Aff
R B RAERIHPLC /7 2% o i i 48 FIMeOH R 112 % FH R 1 AR RE 77, 3 M A 14 78 1) A EHPLCAE
AL 3R B B (Agilent) A IRTER) (REGEAL) NI, HE— 2D ffdk 1 1% 7] &

[0121] g ffAgilent 1200/1260 ik 2 48 5k % [H]4) .

[0122]  4{i FHER EHPLC /3 AT AL & AR, K I~T% NZ- iR 20 (F£0. 1% TFA/H20
il ) o 20K S5 FHT o A [FI R DO RE i, SRt~ 2% () Z- el A, IR IR /K A & AL
R UF 291 %) o 3% 3 B R P 244 (pHIE FE A 1-4) (545 A B R 1 72— SR AR i A BT 3 [ B 5
PR 4 BEATRE Ja M R T A (MNP 3R 4) (fd FH 2 B R BIHCL) B, S AR & R IR EE<0.5%
X EMAE A YA BELCHT BL o VAR EOR & 2 AR ) A& (51 4n5%) , AR A
CEEHRTHCL JE AN B2 1) S R A 0 B A P 75 ) e d Ak o SR PR BTHC T N TR I T — 36 1R
ERUTTEY) (Wt A 9A1 . BLAICT) o

[0123]  HPLC4lifE

[0124]  CKHPLCAEFE 15 100 % — 2% i & o v 5 FP HERR BTG (K T-0.. 05 %6 [ UG AN 3 Jiit Fp A7
TEPIUEE o B 2% I &5 v B e g T AR ) B 20 b (TR AR %6) o 2% i S B2 =0 05 % 11 2% il A
A,

[0125]  Z&Jm

[0126] % 2% ) Fe 24 4 SR AR DU /N 45 SR 10 P 38E « 2 0 R 105 R = 0. 05 % [ 44 JFUE A
[0127] W EEVAEF

[0128] L EWIALKI AT R W B2 - ThRR 2k £ FE 3L 45 AL &9 (DUIEY)) oAb S WAL BEiE
LBEFEIN10.6% , 31X 50 _F BTl i 2 B 345 & (DUEY) BT — 2.

[0129]  fEALE W EWAR A EYI0) T 2R R, A N U B os — 3 iR 3k 2 B 3 4
(5B AT) W 1A 552 /I 3 LT 7K g R S5 v A 4 8 1) o i I 325 RS E o

[0130] 1R RIZE RS2, W I (ULiEd) Hnl DL B s K S B, RUOR B TR RE J5 1 ¥
R T IEHAR Bl B 25, J5 SR TR 2 I & 2507 QR T4 IOl 20— 47

(01317 F RS/ ST~ S o RO A s 5 B 2L 5 WA LEG) Y /KT 1. 41 896 o IR A FR) T 1R 47
AN 22 B 25 AR /KT o SR T, A L BERI B OL T, 7E S 259 7= 4 (1911 T A2) 11 s i B )
FIeAsE FH RIS 1 ¥ R T 6 G Rt PR B 5B 2K T ICH Q3BFR R /K -F-.

[0132]  £5ip

[0133] BT HAAY =Y LA F /K IZ AR T ICH Q3CHE /I F 5, H H % [E 3
— AT A I, 15 H R S5 e 2 25 it (RI, AL S IAL) HRT Se VRS K o 15 B A5 R 13 B
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() B A Ho A PR 1) 2 7EPh . Eur BRUSPAR HETE B N
[0134] %5
[0135] Ao iy ) 65 5 A& 2 T o 11 & 11 T2 06 A0 FH 1 26 0 T o 1 8 11 206 1) H A 2 o AL
EYIALH IS E TP — A IER R (B K 2a) .
[0136]  SLjitafs)2 : A2 e 1
[0137]  ARIGEE PR 25 S M i< (International Conference on Harmonization,
ICH) FaFE Q1A (R2) 87 25404 B A 7= it i) R e MR IAK , 1R AT — R R h 20 W 3 &5 W O e W AR
T BRI Eh I R OE TR T o AE R FUHIE] FH T 2 AR e PR A I BT e A A BRI A S i
cGMPHJZEK .
[0138] A& PR 70 b PR30 0 A A, — N IARR AL (5°C, 2436 H) Fl—ANIId w72 (25
"C/60%RH, 6 H) .
[0139] Kb &4A (AD) B ZEhIR 3h A BEIL S5 R UTIE M3 N B T % HDPEZS 28 H 1) A 98
)2 BN RE VR OGS R K 2 A5 C AN 26 14425°C /60 % RH T fifi 17 -
FEAN IR T TR A0 UL 3 €0, 28 R (0 [ 4 o 125 °C /60 %6 RHA XSt 2ok A A7 558 45 58 1 47 ) 40
M B A A BB L & FE 7K o 46 i BE K10 25 9040 Joia 1) o e B o 1R VA B s
AR AR — 35 EAT F i B sR AR (1 36 R A € T3 B 4578 R 2arh .
[0140]  ZL2bi7R T ZE6AS I E] Y 25 CAI60 % R K — b R £h 2 B SL 2k Syt W fa g
PR AN SRR A 5 € R ] A
[0141]  ZEip
[0142] QA EALAEWALRI A K A G PFaE 202440 A (R2a) fEMLIHIE] , 7/£2-8C 825
‘C/60%RH (61 F) THEWALEA HILEE 77 KRR E AL H G Y RiAE2-8°Chifi
A7 R 1 o (H A , 75 B =ik 25 C IR EE T i A7 24/ N A% 5 A 0] il
[0143]  =Zjfifs3:2-[ (1E) -1- (2—- {6-H 3&-BH-[1,2,4] =W 31 [5,6-b] Mg Ws—-3-JE} -1-1
) CEE]-nbE — EhR ER 1 £ B LA SR UTIE MR A A R A%
[0144] 24225, 6mg) FZE2-[ (1E) —1- (2— {6-F F&-5H-[1,2,4] =B [5,6-b] W[k
33} Wh-1-03%) £ ]-nbnE — IR Sh i) A WEIL A b UTTE Y (A1) (R4 T 160mg Ui 25, A)
BT HEEEE (500mg) BIVEST KB (Ph.Eur. , 10ml) 5, VAWGE P AN0 . 2umicd JE 28 1 €
KK B - TE 78 2 AH B A 1 22 K BN SR R A R T8 RS £5A2) o

R 2a

BEl (H) 0 1 3 6 9 12 18 24 36

RRT 1.0 1 0.05 | <0.05 <0.05 |<0.05|<0.05 <0.05 0.07 <0.05 | 0-07
0.92-
0.93
RRT <1.0 <0.05 <0.05 <0.06 <0.06 <0.05 0.05 0.05 005 | <0.05
1.13
RRT <1.0 005 005 006 006 005 006 006 006 @ 0.06
1.23-
1.24 | <1.0 | <0.05  <0.05 | <0.05 <0.05 <0.05 | <0.05 | 0.05 | <0.05 | <0.05

[0145]

14
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RRT
139 <10 0.17 010 |0.10 036> 009 <0.05 0.06 0.05 | 0.06
RRT
1.47- <20 026 015 016 042 0.14  0.10 029 0.16 0.18

1.51
[0146] =

Jit
K 253 (234 |218 |250 |2.88 |265 |273|337 |246
=(%
W/W)
[0147]  *RRT=1.47-1. 51 Z% i (¥ A6} IR o T T o b1 53— 29 A7 T 352 1 9 1)
FNHPLC /M T, RS T 45 5 o 75 DU 75 12560 UF JA 1R WL 5% 13X o 2% Joi i e 2 T A
[0148] W NBIEAR 18T B8 VR4 0735 BN IAT B A AR B 7 v 7 22 1 30070
iR O SR = TS 71l A Sl

% 2b
IENGED 0 1 3 6
RRT 0.92-0.93 <10  0.05 <0.05 | 0.05 0.07
RRT 1.12 <10  <0.05 <0.05 <0.05 0.05
RRT 1.24 <10  0.05 0.05 0.06 0.05
[0149]  RRT 1.38 <1.0 <0.05 <0.05 0.05 <0.05
RRT 1.49-1.51 <10  0.17 0.10 0.06 0.36°
T i <20 026 0.16 0.22 0.52
kB 2.53 2.41 2.30 2.45
(% wiw)

[0150]  “RRT=1.47-1. 510 Z% 5 (1) AH X} T AR i - T30

[0151] g 5B —fr 40 A I 2 1 A 5 146 ATHPLCA AT, IR S 1 45 51 o 76 038 05 36 56 31 24 1)
WL 5% 33X Folt 242 o 14 8% Bl 0ee T A

[0152] 3@ H A 413 3T s (1 d5 K B RAH S v RO R RS VIR IR RE , YA VR T 150 IRk /b 21
197N o

[0153] 34 b5 4 J 3R T 422 ik o 308 3ok A VR T4 R BR 2 A7 TE 1) LB AN/ 8 R B

[0154]  /NIETERA N DB EH IHAEFTES C T s il /72440 B G BA W B4 fi# .

[0155] VAN AE S IR 751 1 1 0 B A H e 1 B 6 A L B S5 NaC 1A & 48 FH . 5 % (w/v) B
AR NI INFRNSRAT T 00 T4 AR S R TR 140 Joia by R0 000 1) 2% Jo P2 ol 11 e A 4 SR o P80 26
TE R (bulking agent) WE2 B W15 U E M AZ FEM 3806 B T-NaCl B = A2 11
pHIAMBEAR T A S PNV 3PS, BT UV ININaC 1 2 5| 2 5 A P52 1) 7

[0156]  FHF EE M FOVE S A VR T8 oK (FH 24 T 160me i B BiAk & A) 7E2-8 C &1 T il &

15
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241 7 BRI I E] U 2 3 (0 BB I SR R T IRIUE, JREE M 5 R O BB A%

AR ES IR 1k A
[0157] &3
i B B’E (T°C) KECE) EZ (mbar)
3L (shelves) 5 / /
TR D R 5 0.30 /
UKL (Freezing ramp) 45 0.50 /
R A IR -45 4 /
RERIRIE GRKD 25 1 /
RIELITR GRKO 25 2 /
[0158] Y RERIT GIRKD 45 1 /
1% 5 2 R -45 4 /
EEET -45 / 0.200
IS -45 0.10 0.200
WL T ¥Rt (drying ramp) | 25 3 0.200
Wi+ b IR 25 XK 0.200
P T EERIE (drying ramp) | 25 10 IZ N
a2 1k
[0159]  H1J-25°C /60 % RHM X5 Sk R AT 45 R i 24T 1) 70 i BoA7 = AR B IR S i

7J<¥ 25 iy ETKT 0 25 0 S Y Joft e AR

P2 i TG 1 SRAF 1 FR T

VEBAT B ABAE AT & AR — &R 73 it
A7 35 ) o EE AL [A] B Kk 300 B o WA A DN B 40 18 A K, I HLTE I R 1244 H IR AR 52

PR S A5 E N Rdarp.
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*x4da

B (R 0 1 3 6 12 18 24

pH 1.6 1.6 1.6 1.5 1.6 1.6 1.7
EKE(%) 033 | 041 0.47 0.37 0.53 0.43 0.39

(% wiw) | 97.8 | 98.4 95.9 97.3 93.9 94.6 94.2

IR (%) 0.7 0.5 0.3 0.4 0.2 0.3 0.34
[0160] T Bl 0.4 0.3 0.1 0.1 0.1 0.1 0.10
(%)

BB (%) | <05 <0.05 | <0.05 = 0.08 0.08 0.10 0.09

Z-5Htk (%) | 0.1 0.1 0.1 0.1  <0.05 <0.05 0.5
RRT 0.92-0.93

RRT 1.13 0.05 <0.05 <0.05 <0.05 <0.05 005 <LOQ
RRT1.23-124 006 005 008 005 006 005 005
RRT 1.39

RRT 1.47-1.51 0.37 0.32 0.05 <0.05 | <0.05 0.05 0.10

[0161] /KM% PR3- k3 -6-F 2E-5H-[1,2,4] =W [5,6-b] W]k

[0162]  LOQN0.05% ,<LOQMJIEIZ5<0.05% .

[0163]  FHF EE M AES IR T8 AR (B 24T 160mg i Z itk A 49A) 725 °C /60 % RH i 2%
RN EAE (3 W34b) A RIS HATE] A W 2 38 A RS B 2 A R TR U, IR E M 5 2
B (0, ZE R (0 YRR VA T LR o F 125 °C /60 % RHFI XS 280y AR AT 59 45 5L 11 36 AT 10 49 B
A BEAA B BFRGS db FE 7K o 45 & FE /KX 25 0 IR i) o e B AR e MR A B Re ), (LA
R AR — 80 7 @A T 45 ] o AN ) B Kk 34 e i A A M B A i AR, FF HAE IR T
(11244 H AN B2 72 5 0 T 1 - 2 NI R TR =l T Bon e e 2 b4
H o IR1GHI A2 e PR B 4578 T 3R4b .
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£ 4b

EEINGED) 0 1 3 6 12 18 24
pH 1.6 1.6 1.6 1.5 1.6 1.5 1.6
EIKE(%) 033 039 0.55 0.45 0.59 0.49 0.45

D% wiw)' 978 972 95.4 98.3 94.6 93.9 94.5

7R J51(%) 0.7 0.3 0.7 0.4 0.2 0.20 0.36

EEAMELE 04 0.1 0.2 0.1 0.1 0.1 0.10
[0164]

(%)

FFEZF*(%) <05 0.1 <0.05 | 0.08 0.08 0.10 0.10

Z-5HE (%) 0.1 <0.05 0.1 0.1 0.10 <0.05 | 0.05

RRT 0.92-0.93

RRT 1.13 0.05 <0.05 | <0.05 <0.05 <0.05 nd <LOQ

RRT 1.23-1.24 | 0.06 0.05 0.08 0.06 0.06 0.06 0.06
RRT 1.39

RRT 1.47-1.51  0.37 0.13 0.05 <0.05 <005 nd 0.09

[0165] /K fiff % JFi3- ik J—6-F Je—5H-[1,2,4] =M fE [5, 6-b] M| Wk

[0166]  LOQA0.05% ,<LOQMIIE D 5£<0.05% - pHM 1% FE0 . 54 JG Il P , 76 - T K] 52 it 451
W R BEZ) N 16mg/ml, pH{EAEL . 3-2 . 3Ja [ N, I H &K EAEL % LT o Z- AR A de /T
2% , SR R B N v R BRBR VR 2% 1 R FE- S b iAo

[0167] A& A WIA2H T Y04 NF B R B AE A T 2 IR EE AE A R T 22 AT K
WEPESE /N Ik, HEAT T SR, I AT SRR AL G DA TE ¥ UR T 5 B TR] 2 A H 2
i T 3o B 1 45 T SRR K A XV IR T AR R 3h A B R 4 R Ui E (AD) 1 bR 3
(A2) Z IR PRIV MR P2 22 S o SR B 3R B AZ UL VE WD R R 5 R T A T UM A8 4k . SR IR 45 R IE &
7S TRIE ] (D—H B2 AR ) X581 T 28 T 2R T B A AT AR 520 o 2 3H BT IR 1R ¥4 VR T S8 116 34
AL 5E 5 % W H B BE & BT 7 0% T 4% BUR ORI T-0F it i fe R 25 R

[0168] S f5il4 - 254 il IR il 45

[0169] Bl & 4A20] LA LA Img/m1 g il 75 7K A J53 Hp LA ] @1 7= 0 0 T il e K 15 2478
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I o 11 H, N AE , pHAT T A PIAFE KPR R A e P B A B2 S, fE ) 14 pH R A
A T I IARE 1, 0 I PR A 8 ey 5 ) pHGBRAIG » Tmg/m L PR Pk 7K B A 29231 pH
[0170] ¥4 2 4b-& WIAIC 1 9 o B R T80 R 4 E IR R k0 AR ISR T /K 551 (na:
S R ZK) v ke il 2% v o B vE FVA TR - & /MILES A — € 2 43S S, 68 BN T
225.6mg 2§ (A1) F15% H 55 BE (w/v) [ £ 1 160mg i B 5 (A) o ¥R T4 mT LLAE10m1 7K
PRV R A, SR G TEAT IR M AL 7 258 2% b nT B2 IR 1) i b % H 82 8 (w/v) /KT
R PR E Img/m1 , F T H7E .

[0171]  SEjtifsl5

[0172] L& WIBII A s 2- [ (1E) 1- (2- {6-H1 3&-5H-[1,2,4] =B H:[5.6-b] M| HE—-3-3E)
JFE-1-32%) P 2L ] kg

[0173]  Hf1- (Mtng-2-%5) Pi-1-Bd (35mg, 0. 26mmol) ¥ T /K- LB &4 (20:1,10mL) Hr,
SR JE M3 28 -6-H 2&-5H-[1,2,4] =W 3 [5,6-b] MWk (50mg,0.23mmo1) K [ VR &4
TE50°C N2/ NI o FEZ8 R T T, 15 BIIR SR [ 44 (TOmg) o LCYR 7 tH S 44 L 451 995 0 5
fratir=4y.

[0174]  SEjitif56

[0175] AL A WICHI & s 2- (3, 3— - H 3&-N-{6-F 3E-5H-[1,2,4] W& H:[5,6-b] H5| -3~
B} T el AR kg

[0176]  ¥43,3- ~HIK-1- (AkrE-2-2%) T —1-fd (46mg,0.26mmol) ¥ T-7/K- LRI &4 (20:
1,10mL) 7, SR J5 I 3- 2L -6-F1 JL-5H-[1,2,4] =3 [5, 6-b] 15| (48mg, 0.23mmol) « Jx
REVRAEPIAESOC T I  AE AR IE G , 13 B 3 48 (4 (greenish yellow) 44 (78mg) »
LCSE N H MR LG 51592 - 8 4l 7=

[0177]  SEjtifsl7

[0178] b &WBLIA H —EhER h (B2) MUFEALIE L DL N FE 7 1) 4% -

[01791  ¥2-[ (1E) 1- (2—-{6-F H-5H-[1,2,4] =B Ff-[5.6-b] M|k —-3-FL} i—1-TW.%%) 15
FET I nE (30mg,0.09mmol) B yFE FFEF (0. 6mL) A7, SR 5B M L EEFH AYHCL (1.04%4 &,
1.28M, 75uL) o 7E AT A ARV AR S, IINFE 2 16 2 B HR IHCT (2. 08245, 1. 25M, 1501L) iz,
M (0.6mL) o IR AR CITIE A BRI AE 10 CARFR /NN, 2R S i P [ 4, FHYA 2 e i Ot
T PR e B A AR (10mg) o LOSR 7R — Fh S M4, 725 7= W i A0 i FEHC T 36 J5 A I
IR E TR

[0180]  Sijiifs8

[0181]  fb&#CLIM L —EhER Eh (C2) Mg fbidat DL R FE 7 il & - K2—- [ (1E) 1- (2 {6—F -
5H-[1,2,4] =W [5.6-b] M|We—3-3) -1V 3E) P TmEE (30me, 0. 09mmol) £ 7F F iz
(0.6mL) F1, SR JFiZ M I\ Z B AHCT (1. 04248 ,1.28M, 75uL) o 7E T A AR TR MRS, I
B2 2B HCL (2. 0848, 1.25M, 150uL) A Z 8 (0.6mL) o P2)AS e SERPUTIE , A AE &
FFAE-10C FARFES/NE 5 o i 8 HEAT [ 44, VA O BE PRI IF T 0% o 7= W) 2 5 2 £ Tl A
(20mg) o LCAX 7 —Ff e b4 (B) , 7244 7 W0 Ak S L HC L 6 Fa A Aar il 1) vk 222 e g 4 (Z)
[0182]  FAE

[0183]  BAVR XU LR WoR HE-SFMARTEE S T o5 2 3L

[0184]  HA L XS 2R FEHR LA SARomics Biostructures ABiHHAT o B % H T2 A AR AR
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TP B A AT [ 3 v, Y2 N et et b AR VR U TR 2898 200, 3R1S- 29100 X 30um R A6 & PIA LY
A . 72545 225mm mar CCDAS M 88 (MAX 5256 25 (MAX-1ab) A 1911335 7£ 100K N U SE 54
(A= 0.9198A) JEH R ~FH50x 50um. XEF£R 45 FAE 24k B WIALREE- iR T K4k . T30 45 #)
mmE2bf R, A NRER EUR 7, HICER AR ¥, CLAGR &R 1, a0 K 7 1o

[0185] P M358 S H hr et AT , ¢ H A 40 i35 Bt ) S A AR A

[0186] 45

[0187] RIS /WA & WA FE 2y AE K MV 71 R /KA A6 & AR JEOREH (1 4-T7 %6 1) B /K B4
e A RVT .

[0188]  REVEH & A SR I, B Bt UL 2 AR 2 - S M i 4 v T B ARE- 344
PR ARG, ER T BN A% AR INEE S BEAT 5 A =050 BR UK

[0189]  ZH-&WHF A T A M b SCAsT 8 0 7K P 9 7 e 1 DX AT 7R PR A 4 o 2 T I
GEAL, RT R 2R BUR AN 258 i (B, 3R B Eh , 1 antk & WA2) WS i FE I sz, Je ik e Ak
A s (B, 25909 o — £ T L 286 b TV W — A R R 7 16 S8 2R RN 4 i) 4k 8230 AT 2H & W ot
AR RALIIGE R, /I BB (k& 94) B R 1003 1] 160mg »

[0190] Sz it 451 O 24 P #4597

[0191]  FEARI AL F (B3) AN Mo i R AR 72 ) b B R4k & WA R AT e 2L
(IC50) MI4H B B 3E 1 (3R5) o fid 77 40 M B3 14 2 6 il 72 72 (FMCA) (Lindhagen®$ A\ ,2008) H
T 5E S VDA 25 P 20 B 5 R0 N SIS Tifeg i A5 72 4 vh 1 4 P B A o A8 RS S Lk 5~
Precision 2000 (A28 A &), 2 05 M B 2% Hr 3 (Bio—-Tek Instruments Inc.,
Winooski,VT) ) H4 4t 432 P Ae 25 1) 1) 4% (1K) 384FLAR P MR B 727NN, SR B HE B i
HRHIEEAHTS SAGTANKZ 0 R 40 : B A COL0 A 4% (Cytomat 2C,Kendro, fi diL 25481 44) 1)
ORCANLZE N (U1 7L 2 FE /R A 7] (Beckman Coulter)) /rECEsfiH Multidrop 384,
Titertek, = 22 24k /KRR HL)  PEIRSLRIERL (ELx405, fHBE I EE A 7)) 26k iU g ik (plate
hotels) & FLHL ) 2 2% (D150 2 B IR R A &) AR ALEE SR (Biomek 2000, DUog 2 FE /R AR A
&]) AT E 3L FMCARY) £ Fli& 15152 2% (FLUOstar Optima,BMG Labtech, fE[E B25F4R) .
[0192]  XFASTE] K 40 L 22 (%20, CCRF—CEM T4 fitg (9 IfiL 955 \RPMI-8226 %2 & 1 B i J% L A2780
Y S8 \FaDu Sk 25006 (IR 40 i g b dg) JHT2945 B e JMCF 7L i e ATHL-60 [ 197 40 ff) LA
JJFARN 2 e 4 e 55 F2 M0 20 (R5) 1EAT 0 A (S5 Wi 1B 0 55 e DD R /N P e AR I i
Jefh DA SRR BB I RV o 285 R R S WIAR A Tz Ui P, RO - B (K13) A
7 o

[0193]  sEJ 10

[0194] A KB NIEE T RAFACEAL S WA BFNCLE AS 5] SR 5 1R 6 1 400 . 28 v PR0 0 2 o 2 il
CLATEANEIR T Bl FH AR 2 20 B LR PEAG 1 4518 (Zhang®5 N, 2014) o dnJemi FE4H b
[*) (Lindhagen%§ N ,2008) , {57 F 48 4 g () 5 772 40 B 25 14 22 O e (FMCA) VEAf AL S 4A
BAIC (Z W.IE4) B4R BB 14 , HLRIE 975l N e 40 i 5 b R AT 48 8 1% 07 V52 T 5E i
HA 56 B G IR I 20 B R FDAK AR 77 A ) R G I R 3R - RO 5 50 B 20 P ) 25 B Rl b
o

[0195]  H4RLANTT %

[0196]  ZHfEE:FR
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(01971 20 ZR AE AR S 1 403 1 RH S 1 B 855 5 B vh B AT 35 95 B R 36 A 78 10 %6 T KT 1Y
a4 %  2mmo 1 /LEL-A 2 Bk « 100ug /mL I 4 55 = A1100U/mLI) & 2 (2R A Pk -
Bl B A7 3\ (Sigma—Aldrich)) o B A 4HAE R 7E 55 % COoP MR s T-37 C b AT R 7%
[0198] 21 i 2 0 {24 ) A

[0199] {7 ZLSZHFMCA Y #T , K 1 FL.2500-1> 4 M B2 Fh 21 384 FL I it FLAR H FH 75 F AL & W ik
HATR B W A8 S W% 5 (acoustic liquid transfer) (Echo 550,LabCyte) I
WED RRAEST CIE B 72/, IR S5 Pl R FDAIMA B FLH , SR 5 AE37 CiF & 5070 % o #£
Fluoroskan{¥#% (Labsystems,GMI ,Ramsey,MIN) 1 £E485,/520nm | M 5E % )G, ik 7% 6 5 %
LA )37 A0 R B L 9 - AR R s N AR AR FR 2L (ST, & SO A Wb B st i) L A 1)
PR, LU BRAL A I & 23 Ee dEAT 0 A, fUbR B e . BLEMR RS E 5 /A H> 10,
i TR AN ZS (1 FLIAZ S5 R %0 (CV) <30% oGraph Pad Prism (3&[E AnFI4E R I &0 &) - il
IR TEAT PRI, 2 R BEAE A 5256 o DA — QDU AR 2B AT VE A o A & ) (A BAIC) FIDMSO, SmMFfFE -
25 ANA AN S e 2 B 3 72 M 4L TCso

[0200]

L] AT BT ) B AL I1CsouM
PMP 50 9.4
G L PP R e 25 11
B 9 6.9
e 13 164
i) B 988 7 12
o] JFE. e 4 21
A7 1 5.4
L/ B 30 5.7
IR M e 1 6.0

[0201] = g IS A RS 90 98T, + o+ K i a8, AN A K M 980 40 Y s K R T IR IR D) R OR
(peritinectomies) 3R EH FARIRA

[0202] g BLFNTT

[0203] P4k &4 (ABFIC) 75T 2 [ A i R b B tHsa 2R iE M, 2 LR 6 F
4o BN MY 22 DA 5530 [ T2 R AR Ly vy AR SIS Bl 7 3 ) T RE 2R 2 (3R6)

[0204] A dbgh BLE 28 b S oR AL S W0A BRNCKT J LR AN [A] B Frkyed 4 it 22 02 5 25000, B
S5 Wi B VUM RS P 200 P8 A P I E o 200 A 1 I AR S A A B e

[0205] M UhAb 25 H 1 &5 SRIE 48 Hh 2 o AL S A BAICKS JL AN AN [H] ) e Jd 41 i 2% 2 A 4K
(), BLFE 25 e« ' S0 e« 24 P s P bk B R0 B P i 0 S P A 0 B T IS
[0206]  2R6.7E NI R 4D & AL & HA BRICHI TCs0
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MEAE SkiE ICso ICso ICso
tLEWA EYB HEYC
HCT116 #5179 =1 uM ~1uM ~1 pM
RKO o Wy e <250 nM <250 nM <250 nM
[0207]  HeLa  Ergifs ~20 uM ~20 pM ~ 10 uM
HepG2 4 e <250 nM <250 nM <250 nM

CCRF-C 2 bk B2 20 B [ 1955 <250nM | <250nM | <250 nM
EM

THP-1 2 50k 40 i 1 0 <250nM  <250nM <250 nM

[0208]  EARCAEASCH VR 18 145 € St 77 20, (H 2 X ARy 1 13 B H i i
AN ) 77 AT L I BAS & AERR 6 B BRI EER ) o BARTT L RN B S, AT A K
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