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DESCRIPTION

Title of Invention

Crystal of
(6S,9aS)-N-benzyl-6-[(4-hydroxyphenyl)methyl]-4,7-dioxo-8-({6-[3-(piperazi
n-1-ylazetidin-1-yljpyridin-2-yl}methyl)-2-(prop-2-en-1-yl)-octahydro-1H-p
yrazino[2,1-c][1,2,4]triazine-1-carboxamide compound

Technical Field

[0001] The  present invention relates to a  crystal of
(68,9aS)-N-benzyl-6-[(4-hydroxyphenyl)methyl]-4,7-dioxo-8-({6-[ 3-(piperazi
n-1-ylazetidin-1-yljpyridin-2-yl }methyl)-2-(prop-2-en-1-yl)-octahydro-1H-p
yrazino[2,1-c][1,2,4]triazine-1-carboxamide compound.

Background Art

[0002] A Wnt signaling pathway is conserved regardless of the difference in
the species of organisms, and is known as an important pathway involved in
the development, differentiation and maintenance of living organisms. In
recent years, however, it is reported that the constitutive activation of the
pathway is involved in the development of malignant transformation of
fibrosis and cancer. It is known that, particularly in colorectal cancer,
melanoma, endometrial cancer, liver cancer and prostate cancer, the Wnt
signaling pathway can be activated constitutively by the suppressible mutation
of adenomatous polyposis coli (APC) or activating mutation of B-catenin or
the like. It is also known that, in pancreatic cancer, hematological cancer,
liver cancer and the like, the Wnt signaling pathway can be activated after the
treatment with a known anti-tumor agent.

[0003] In Non Patent Literatures 1 and 2, it is described that an excellent
anti-tumor activity can be achieved by inhibiting the Wnt signaling pathway.
In Non Patent Literatures 12, 13 and 14, it is described that an excellent effect
on fibrosis can be achieved by inhibiting the Wnt signaling pathway. Thus,
the Wnt signaling pathway has attracted attention as a novel target for the
treatment of tumors or the treatment of fibrosis.

[0004] In Non Patent Literatures 3, 4, 5, 6, 7, 8, 9, 10 and 11, compounds or
antibodies capable of inhibiting the Wnt signaling pathways are disclosed, and
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it is reported that the compounds or the antibodies can act on Tankyrase,
Traf2- and Nck-interacting kinase (TNIK), Porcupine, Frizzled Receptor and
the like.

[0005] Furthermore, compounds each having an
octahydro-1H-pyrazino[2,1-c][1,2,4]triazine  backbone are known as
modulator of the Wnt signaling pathway, and the relationship between the
compounds and diseases such as cancer and fibrosis is pointed out (Patent
Literatures 1 to 3).
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Summary of Invention

Technical Problem

[0008]

(685,9aS)-N-benzyl-8-({6-[3-(4-ethylpiperazin-1-yl)azetidin-1-yl]pyri
din-2-yl }methyl)-6-(2-fluoro-4-hydroxybenzyl)-4,7-dioxo-2-(prop-2-en-1-yl)
hexahydro-2H-pyrazino[2,1-c][1,24]triazine-1(6H)-carboxamide (hereinafter
referred to as "Compound 1"), which is a compound represented by the
following formula, has a Wnt Pathway modulating activity.
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Generally, the physical properties of compounds and salts thereof and
crystals thereof used as pharmaceutical products have a large effect on the
bioavailability of drugs, the purity of drug substances, the pharmaceutical
formulation, and the like. Therefore, the problem to be solved by the present
invention 1s to provide a crystal of Compound 1 having a potential use as a
drug substance for pharmaceutical products.

Solution to Problem
[0009] The present inventors have completed the present invention as a result
of diligent efforts.

That is, the present invention provides the following [1] to [12]:

[1] A crystal of

(68,9aS)-N-benzyl-8-({6-[3-(4-cthylpiperazin-1-ylazetidin-1-yljpyridin-2-yl}

methyl)-6-(2-fluoro-4-hydroxybenzyl)-4,7-dioxo-2-(prop-2-en-1 -yl hexahydr
0-2H-pyrazino[2,1-c][1,2,4]triazine- 1 (6H)-carboxamide. |

Clf o eh
S N A
!
FID\OH

2] The crystal according to [1], wherein the crystal has a diffraction peak
at the diffraction angle (20 + 0.2°) of 5.8° in powder X-ray diffraction.

[3] The crystal according to [1], wherein the crystal has diffraction peaks
at the diffraction angles (20 + 0.2°) of 5.8°, 6.4° and 10.1° in powder X-ray
diffraction.

[4] The crystal according to [3], wherein the crystal further has diffraction
peaks at the diffraction angles (20 + 0.2°) of 8.0° and 12.8° in powder X-ray
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diffraction. :
[5] The crystal according to [4], wherein the crystal further has diffraction
peaks at the diffraction angles (26 = 0.2°) of 14.2°, 16.0°, 18.9°, 19.7° and
23.1° in powder X-ray diffraction.

[6] A crystal of (6S,9aS)-N-benzy!l-8-({6-
[3-(4-ethylpiperazin-1-yl)azetidin-1-yl]pyridin-2-yl }methyl)-6-(2-fluoro-4-hy
droxybenzyl)-4,7-dioxo-2-(prop-2-en-1-yhhexahydro-2H-pyrazino[2,1-c][ 1,2,
4ltriazine-1(6H)-carboxamide, wherein the crystal has a peak at the chemical
shift (5 + 0.5 ppm) of 154.7 ppm in solid state *C NMR spectrum.

(71 The crystal according to [6], wherein the crystal further has peaks at
the chemical shifts (6 = 0.5 ppm) of 141.1 ppm and 158.1 ppm in solid state
BCNMR spectrum.

[8] The crystal according to [7], wherein the crystal further has peaks at
the chemical shifts (6 £ 0.5 ppm) of 134.0 ppm and 165.1 ppm in solid state
BC NMR spectrum,

9] The crystal according to [8], wherein the crystal further has peaks at
the chemical shifts (6 £ 0.5 ppm) of 12.6 ppm, 55.5 ppm and 118.5 ppm in
solid state C NMR spectrum.

[10] A crystal of
(68S,9aS)-N-benzyl-8~({6-[3-(4-ethylpiperazin-1-yl)azetidin-1-yl|pyridin-2-y1}
methyl)-6-(2-fluoro-4-hydroxybenzyl)-4,7-dioxo-2-(prop-2-en-1-yl)hexahydr
o-2H-pyrazino|2,1-c][1,2 4}triazine-1(6H)-carboxamide, wherein the crystal
has substantially the same powder X-ray diffraction pattern as the powder
X-ray diffraction pattern shown in FIG 4.

[11] A crystal of
(6S,9a8S)-N-benzyl-8-({6-[3-(4-ethylpiperazin-1-yl)azetidin-1-yl[pyridin-2-y1}
methyl)-6-(2-fluoro-4-hydroxybenzyl)-4,7-dioxo-2-(prop-2-en-1-ylhexahydr
o-2H-pyrazino[2,1-c][1,2,4]triazine-1(6H)-carboxamide, wherein the crystal
has substantially the same “C solid state NMR spectrum as solid state >C
NMR spectrum shown in FIG 6.

[12] A pharmaceutical composition comprising the crystal according to
any one of [1]to [11].

Advantageous Effects of Invention
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[0010] The crystal of Compound 1 according to the present invention has
such properties as illustrated in Examples, and has a potential use as a drug
substance for pharmaceutical products.

Brief Description of Drawings

[0011] FIG 1 shows the results of Test Example 2. The ordinate indicates
the number of polyps per mouse.

FIG 2 shows the results of Test Example 3. The abscissa indicates
the number of days elapsed, and the ordinate indicates the relative tumor
volume (RT'V) with respect to the tumor volume on day 0.

FIG 3 shows the results of Test Example 3. The abscissa indicates
the number of days elapsed, and the ordinate indicates the relative body
weight (RBW) with respect to the body weight on day 0.

FIG 4 is a powder X-ray diffraction pattern of the crystal of
Compound 1 in Test Example 4. The abscissa indicates the diffraction angle
(20), and the ordinate indicates the peak intensity.

FIG § shows the results of Test Example 5. The abscissa indicates
the temperature, the left ordinate indicates the weight change in
thermogravimetry (TG), and the right ordinate indicates the heat flow in
differential thermal analysis (DTA).

FIG 6 is the solid state ®C NMR spectum of the crystal of
Compound 1 in Test Example 6. The abscissa indicates the chemical shift
(6), and the ordinate indicates the peak intensity.

Description of Embodiments
[0012] In the present specification, examples of preferred crystals include:

the crystal of Compound 1 having a diffraction peak at the diffraction
angle (20 £ 0.2°) of 5.8° in powder X-ray diffraction;

the crystal of Compound 1 having diffraction peaks at the diffraction
angles (20 + 0.2°) of 5.8°, 6.4° and 10.1° in powder X-ray diffraction;

the crystal of Compound 1 having diffraction peaks at the diffraction
angles (20 + 0.2°) of 5.8°, 6.4°, 8.0° 10.1° and 12.8° in powder X-ray
diffraction; and

the crystal of Compound 1 having diffraction peaks at the diffraction
angles (20 + 0.2°) of 5.8°, 6.4°, 8.0°, 10.1°, 12.8°, 14.2°, 16.0°, 18.9°, 19.7°
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and 23.1° in powder X-ray diffraction.

[0013] Each of the above-mentioned diffraction peaks in the powder X-ray
diffraction is specific to and characteristic of the crystals of Compound 1.
[0014] Generally, as the diffraction angle (20) in powder X-ray diffraction
may have an error within + 0.2° it should be understood that the
above-mentioned values of diffraction angles also include values within about
+ 0.2°.  Therefore, not only crystals having completely consistent diffraction
angles of peaks in powder X-ray diffraction, but also crystals having
diffraction angles of peaks consistent within an error of about + 0.2° are
included in the present invention.

[0015] In the present specification, for example, "have a diffraction peak at
the diffraction angle (20 + 0.2°) of 5.8°" means "have a diffraction peak at the
diffraction angle (26) of 5.6° to 6.0°" and the same applies to other diffraction
angles.

[0016] Generally, even if the crystal forms are identical to each other, the
peak intensity or half-width at the diffraction angle (26) in powder X-ray
diffraction varies from one measurement to another, due to the difference in
the measurement conditions and the variation in the size or shape of particles
of powder crystals used as measurement samples, and constant peak
intensities or half-widths are not necessarily shown. For this reason, in
comparison of powder X-ray diffraction patterns, if the diffraction angles (20)
are identical to each other but the peak intensities or half-widths thereof are
different, the difference does not mean that the crystal forms of the measured
crystals are different from each other. Therefore, it is meant that the crystal
of the compound showing a powder X-ray diffraction pattern having such a
difference with respect to the diffraction peak characteristic of the specific
crystal of the present invention has the same crystal form as the crystal of the
compound of the present invention. In the present specification, "have
substantially the same powder X-ray diffraction pattern as the powder X-ray
diffraction pattern shown in FIG 4" means that the powder X-ray diffraction
pattern having a characteristic diffraction peak is the same as the powder
X-ray diffraction pattern shown in FIG. 4, not only when it is completely
consistent with the powder X-ray diffraction pattern shown in FIG 4, but also
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when its peak intensity or half-width is different or it is consistent within an
error range of about + 0.2° with the powder X-ray diffraction pattern shown in
FIG4. Therefore, it is meant that all crystals having such powder X-ray
diffraction patterns are the same crystals as the crystal of the present invention.
[0017] Inthe present specification, examples of preferred crystals include:

the crystal of Compound 1 having a peak at the chemical shift (6 + 0.5
ppm) of 154.7 ppm in solid state *C NMR spectrum;

the crystal of Compound 1 having peaks at the chemical shifts (& &
0.5 ppm) of 141.1 ppm, 154.7 ppm and 158.1 ppm in solid state *C NMR
spectrum,

the crystal of Compound 1 having peaks at the chemical shifts (6 £
0.5 ppm) of 134.0 ppm, 141.1 ppm, 154.7 ppm, 158.1 ppm and 165.1 ppm in
solid state *C NMR spectrum; and

the crystal of Compound 1 having peaks at the chemical shifts (6 &
0.5 ppm) of 12.6 ppm, 55.5 ppm, 118.5 ppm, 134.0 ppm, 141.1 ppm, 154.7
ppm, 158.1 ppm and 165.1 ppm in solid state *C NMR spectrurm.
[0018] Each of the above-mentioned peaks in the solid state C NMR
spectrum is specific to and characteristic of the crystal of Compound 1.
[0019] Inthe present specification, "have the peaks at the chemical shifts (0 +
0.5 ppm) of 12.6 ppm, 55.5 ppm, 118.5 ppm, 134.0 ppm, 141.1 ppm, 154.7
ppm, 158.1 ppm and 165.1 ppm" means "have the substantially equivalent
peaks to the peaks at the chemical shifts (6 = 0.5 ppm) of 12.6 ppm, 55.5 ppm,
118.5 ppm, 134.0 ppm, 141.1 ppm, 154.7 ppm, 158.1 ppm and 165.1 ppm,
respectively, when solid state *C NMR spectroscopy is carried out under
normal conditions or under substantially the same conditions as those
described in the present specification”.
[0020] In determining whether or not to "have the substantially equivalent
peaks", generally, as the chemical shift (8) in solid state *C NMR spectrum
may have an error within + 0.5 ppm, it should be understood that the
above-mentioned values of chemical shifis also include values within about +
0.5 ppm. Therefore, not only crystals having the completely consistent
chemical shifts in C solid state NMR spectrum, but also crystals having the
chemical shifts consistent within an error of about + 0.5 ppm are included in
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the present invention. For this reason, in the present specification, for
example, "have a peak at the chemical shift (3 £ 0.5 ppm) of 12.6 ppm" means
"have a peak at the chemical shift (8) of 12.1 ppm to 13.1 ppm", and the same
applies to other chemical shifis in solid state “C NMR spectrum.
Furthermore, "crystal having substantially the same solid state “C NMR
spectrum as shown in FIG 6" means that, not only when the solid state °C
NMR spectrum having a peak at a certain chemical shift is completely
consistent with the solid state C NMR spectrum shown in FIG 6, but also
when its peak intensity is different or its characteristic peak is consistent within
an error range of about + 0.5 ppm, the crystal is a crystal having the same solid
state *C NMR spectrum as shown in FIG 6. Therefore, it is meant that all
crystals having such a solid state *C NMR spectrum are the same crystals as
the crystal of the present invention.
[0021] Hereinafter, a process for producing the crystal of Compound 1 and
the like which is an embodiment of the present invention will be described.
[0022] Production of Compound 1

Compound 1 can be produced by the process described in Examples
and Production Examples as mentioned below.
[0023] Process for producing the crystal of Compound 1

The crystal of Compound 1 can be produced by the above-mentioned
process for producing Compound 1, or can be produced by heating and
dissolving Compound 1 in a solvent and cooling it under stirring to crystallize
it.
[0024] Compound 1 used for crystallization may be in any form, may be a
solvate or hydrate or anhydrate thereof, may be amorphous or crystalline
(including those composed of a plurality of polymorphs), and may be any
mixture thereof, but is preferably an anhydrate thereof.
[0025] Examples of the solvent for crystallization include, for example,
alcohol-based solvents such as methanol, ethanol, 1-propanol and 2-propanol;
acetonitrile; amide-based solvents such as N,N-dimethylformamide;
ester-based solvents such as ethyl acetate and isopropyl acetate; saturated
hydrocarbon-based solvents such as hexane and heptane; ketone-based
solvents such as acetone and 2-butanone; ether-based solvents such as t-butyl
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methyl ether; or water. These solvents may be used alone or in a mixture of
two or more thereof. When carrying out crystallization in a mixture of two
or more solvents, it is preferable to use, for example, a combination of heptane
and 1-propanol.

[0026] The amount of the solvent to be used can be appropriately selected
with the lower limit being the amount at or above which Compound 1 is
dissolved by heating or the amount at or above which the suspension thereof
can be stirred and with the upper limit being the amount at or below which the
yield of crystal is not significantly decreased.

[0027] The crystal obtained by the above process has a single crystalline
form. This crystal form is stable, does not readily transit to other crystalline
forms or amorphous form, has good physical properties, and is also suitable
for the formulation.

[0028] In the crystallization, a seed crystal (such as the desired crystal of
Compound 1) may or may not be added. The temperature at which seed
crystals are added is not particularly limited, but is preferably 0 to 100°C.
{0029] For the temperature at which Compound 1 is heated to be dissolved,
the temperature at which Compound 1 is dissolved may be appropriately
selected depending on the solvent, but is preferably in the range of from 50°C
to the temperature at which a recrystallization solvent begins to reflux, and
more preferably 60 to 100°C.,

[0030] As crystals containing different aspects of crystals (polymorphs) are
given when quenched, cooling at the time of crystallization is desirably carried
out by appropriately adjusting the cooling rate in consideration of the influence
on the quality and grain size of the crystal, and is preferably for example, at a
cooling rate of 5 to 40°C/hour. It is more preferably at a cooling rate of 5 to
25°C/hour.

[0031] The final crystallization temperature can be appropriately selected
depending on the yield and quality of the crystal and the like and is preferably
from -25 to 30°C.

[0032] The crystallized crystal is separated by a usual filtration operation, and
the crystal separated by filtration can be washed with a solvent as appropriate
and further dried to obtain the desired crystal. As the solvent used for

10
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washing the crystal, the same solvent as the crystallization solvent can be used.
Examples of such a solvent preferably include, for example, ethanol, acetone,
2-butanone, ethyl acetate, diethyl ether, t-butyl methyl ether, hexane and
heptane. These solvents may be used alone or in a mixture of two or more
thereof.

[0033] The crystal separated by the filtration operation can be dried by
leaving it in the atmosphere or under a nitrogen gas as appropriate, or by
heating,

[0034] For the time of drying, the time by which the residual solvent falls
below a predetermined amount may be appropriately selected depending on
the production amount, the drying apparatus, the drying temperature and the
like. Drying can be carried out under forced-air condition or under reduced
pressure. The degree of reduced pressure may be appropriately selected
depending on the production amount, the drying apparatus, the drying
temperature and the like.  After drying, the obtained crystal can also be left in
the atmosphere as appropriate.

[0035] Pharmaceutical compositions can be prepared by adding
pharmaceutically acceptable additives to the crystal of Compound 1, as
appropriate.  Examples of the dosage form of the pharmaceutical
composition include oral preparations (tablets, granules, powders, capsules,
syrups, etc.), injectable preparations (for intravenous administration, for
mtramuscular  administration, for subcutaneous administration, for
intraperitoneal administration, etc.), and preparations for external applications
(transdermal absorption preparations (ointments, patches, etc.), eye drops,
nose drops, suppositories, etc.).

[0036] These solid preparations such as tablets, capsules, granules and
powders can contain the crystal of Compound 1 usually in an amount of 0.001
t0 99.5% by mass, preferably 0.001 to 90% by mass.

[0037] In the case of preparing an oral solid preparation, an excipient, a
binder, a disintegrator, a lubricant, a colorant and the like are added to the
crystal of Compound 1, as appropriate to prepare tablets, granules, powders or
capsules by a conventional method.  Tablets, granules, powders, capsules and
the like may also be coated as appropriate.

11
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[0038] The dose of the medicine according to the present invention is
generally varied depending on the bodily conditions, ages, sexes, body
weights and the like, and may be an enough amount to develop a desired
effect. For example, in the case of a human adult, about 0.1 to 5000 mg
(preferably 0.5 to 1000 mg) per day is administered one time daily or every
several days or in 2 to 6 divided doses daily.

Examples

[0039] The crystal of Compound 1 according to the present invention can be
produced by the methods described in Production Examples and Examples as
mentioned below. However, these examples are only for illustrative
purposes and the crystal of the compound according to the present invention is
not limited to the specific examples mentioned below in any way.

[0040] In Production Examples and Examples, unless specifically mentioned
otherwise, the silica gel for purification by using silica gel column
chromatography was YMC GEL SILICA (YMC Co., Ltd, catalog code:
SLO6I52W), the silica gel for purification by using NH silica gel column
chromatography was NH silica gel (Fuji Silysia Chemical LTD., catalog code:
DM2035), the silica gel for purification by using ODS silica gel column
chromatography was YAMAZEN GEL ODS-SM (YAMAZEN Corporation,
catalog codes: W113, W116, etc.), the TLC plate for purification by using
silica gel thin-layer chromatography was TLC Silica gel 60F,s, (Merck
KGaA, catalog code: 1.05715.0001), and the TLC plate for purification by
using NH silica gel thin-layer chromatography was NH SILICA GEL TLC
plate (Fuji Silysia Chemical LTD., catalog code: T050908).

[0041] The abbreviations used herein are as follows:

NMP: N-methylpyrrolidinone

THEF: tetrahydrofuran

HATU: O-(7-azabenzotriazol-1-y1)-N,N,N',N'-tetramethyluronium
hexafluorophosphate
HBTU: O-(benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
hexafluorophosphate

TFA: trifluoroacetic acid
DMF: N ,N-dimethylformamide

12
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DMSO: dimethylsolfoxide

[0042] Chemical shifts of 'H-NMR (proton nuclear magpetic resonance)
spectra are recorded in 8 units (ppm) relative to tetramethylsilane and coupling
constants are recorded in hertz (Hz). The abbreviations of the splitting
pattern are as follows: s: singlet; d: doublet; t: triplet; q: quartet; m: multiplet;
and br: broad.

[0043] [Example 1]

(68,9a8)-N-benzyl-8-({6-[ 3-(4-ethylpiperazin-1-yl)azetidin-1-yljpyridin-2-yl}
methy1)-6-(2-fluoro-4-hydroxybenzyl)-4,7-dioxo-2-(prop-2-en-1-yDhexahydr
0-2H-pyrazino|2,1-c][1,2 4ltriazine-1(6H)-carboxamide

= H\ﬁo N Nlj/@/\
s as)
o :
F:©\OH

To a mixed solution of
(6S,9aS)-N-benzyl-6-((2-fluoro-4-hydroxyphenyl)methy!)-8-((6-fluoropyridin
-2-yl)methyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-c][ 1,2
Altriazine-1-carboxamide (397 mg, 0.689 mmol) described in Production
Example 1-1-6 and NMP (10 ml.) was added a mixture (1.16 g) of
1-(azetidin-3-yl)-4-ethylpiperazine and benzylbenzene described in
Production Example 1-3-2 at room temperature. The resultant mixture was
irradiated with a microwave at 140°C for 12 hours. The reaction mixture
was cooled to room temperature, water was then added thereto, then the
resultant solution was extracted with ethyl acetate, and an organic layer was
washed with saturated brine. The organic layer was dried over anhydrous
magnesium sulfate and then filtrated. 'The solvent was evaporated under a
reduced pressure, and the resultant residue was purified by silica gel column
chromatography (methanol) and then further purified by NH silica gel column
chromatography (ethyl acetate : methanol =20 : 1) to give the title compound
(402 mg, yield: 80%).

"H-NMR Spectrum (400 MHz, CDCl) 8(ppm): 1.003H, t, J = 6.8 Hz),

13
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2.10-2.65(10H, m), 3.10-3.21(2H, m), 3.41-3.74(8H, m), 3.84-3.89(1H, m),
3.95-4.052H, m), 4.17-423(2H, m), 4.51(1H, dd, J = 6.8 Hz, 15.6 Hz),
4.95(1H, d, J = 13.6 Hz), 5.20-5.30(3H, m), 5.50-5.60(1H, m), 5.70-5.80(1H,
m), 5.82-5.87(1H, m), 6.24(1H, d, J = 8.0 Hz), 6.41(1H, dd, J =2.0 Hz, 11.2
Hz), 6.47(1H, dd, J = 8.8 Hz, 8.8 Hz), 6.69(1H, d, J = 7.2 Hz), 6.80-6.86(1H,
m), 7.20-7.31(3H, m), 7.35-7.46(3H, m).

ESI-MS (m/z): 726.57 [M+H]".

[0044] [Production Example 1-1-1]
(2,2-Diethoxyethyl)((6-fluoropyridin-2-yl)methyl)amine

O N
~O H/\“/\J

To a mixed solution of a commercially available product of
2,2-diethoxyethan-1-amine (926 pL, 6.39 mmol), THF (10.0 mL) and acetic
acid (1.00 ml) was added a commercially available product of
6-fluoropyridine-2-carbaldehyde (800 mg, 6.39 mmol) at room temperature.
The resultant mixture was stirred at room temperature for 25 minutes.
Subsequently, sodium triacetoxyborohydride (2.71 g, 12.8 mmol) was added
to the reaction mixture at room temperature and then stirred for 1 hour and 10
minutes. To the reaction mixture was added sodium hydrogen carbonate and
water to terminate the reaction. The resultant solution was extracted with
ethyl acetate. An organic layer was dried over anhydrous magnesium sulfate
and then filtrated. The solvent was evaporated under a reduced pressure, and
the resultant residue was purified by NH silica gel column chromatography
(heptane : ethyl acetate = 1 : 1), and was then further purified by silica gel
column chromatography (ethyl acetate : methanol = 20 : 1) to give the title
compound (1.14 g, yield: 74%).
'H-NMR Spectrum (400 MHz, CDCly) 8(ppm): 1.22(6H, t, J = 7.2 Hz),
2.76(2H, d, J = 5.5 Hz), 3.50-3.61(2H, m), 3.65-3.76(2H, m), 3.89(2H, s),
4.64(1H, t,J = 5.5 Hz), 6.80(1H, dd, J=2.8 Hz, 8.2 Hz), 7.22(1H, dd, ] = 2.4
Hz, 7.3 Hz), 7.74(1H, q, ] = 7.9 Hz).
[0045] [Production Example 1-1-2}
9H-Fluoren-9-ylmethyl
N-((1S)-2+(4-(benzyloxy)-2-fluorophenyl)-1-(2,2-diethoxyethyl )((6-fluoropyri

14



10

15

20

FP15-0750-00

din—2—y1)methy1)carbamoyl)ethyl)carbamate

/\(NJ/F

F o@

To a mixed solution of
(2,2-diethoxyethyl)((6-fluoropyridin-2-yl)methyl)amine (3.50 g, 14.4 mmol)
described in Production Example 1-1-1 and dichloromethane (25 mL) were
added
(25)-3-(4-(benzyloxy)-2-fluorophenyl)-2-(((9H-fluoren-9-ylmethoxy)carbonyl
Jamino)propanoic acid (7.76 g, 15.1 mmol) described in Production Example
1-2-7, N-methylmorpholine (2.06 mL, 18.7 mmol) and HATU (6.04 g, 15.8
mmol) at room temperature. The resultant mixture was stirred at room
temperature for 13 hours. Sodium hydrogen carbonate and water were
added to the reaction mixture, and the resultant solution was extracted with
dichloromethane. An organic layer was dried over anhydrous magnesium
sulfate and then filtrated. The solvent was evaporated under a reduced
pressure to give a crude product (14.4 g) of the title compound. The product
was used in the subsequent reaction without further purification.

ESI-MS (m/z): 758.50 [M+Na]'".

[0046] [Production Example 1-1-3]
(25)-2-Amino-3-(4-(benzyloxy)-2-fluoropheny!)-N-(2,2-diethoxyethyl)-N-((6
~fluoropyridin-2-yDmethyl)propanamide

~O N N F
V{LU
HoN 0
F: C \o/©
To a  mixed solution of  9H-fluoren-9-ylmethyl

N-((1S)-2-(4-(benzyloxy)-2-fluorophenyl)-1-((2,2-diethoxyethyl }((6-fluoropyr
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idin-2-yD)methyl)carbamoyl)ethyl)carbamate ~ described in  Production
Example 1-1-2 (14.4 g) and THF (30 mL) was added diethylamine (5.27 mL,
50.4 mmol) at room temperature. The resultant mixture was stirred at room
temperature for 2 hours. The reaction mixture was concentrated under a
reduced pressure, methanol, water and heptane were added to the residue, and
the resultant mixture was partitioned. An aqueous layer was washed with
heptane, and was then concentrated under a reduced pressure. Water was
added to the residue, and the resultant solution was extracted with ethyl
acetate. An organic layer was dried over anhydrous magnesium sulfate and
then filtrated. The solvent was evaporated under a reduced pressure, and the
resultant residue was purified by NH silica gel column chromatography
(heptane : ethyl acetate = 1 : 1, and then ethyl acetate) to give the title
compound (6.87 g, yield: 93%).

ESI-MS (m/z): 514.32 [MHH]'.

[0047] [Production Example 1-1-4]
(29)-2-(2-(((Benzylcarbamoyl)amino)(prop-2-en-1-yl)amino)acetamido)-3-(4
-(benzyloxy)-2-fluorophenyl)-N-(2,2-diethoxyethyl)-N-((6-fluoropyridin-2-yl)
methyl)propanamide

O N F
SRV
ST
N Ry Mo
0 Ho
IR
F o“@
To a mixed solution of

(2S)-2-amino-3~(4-(benzyloxy)-2-fluorophenyl)-N-(2,2-diethoxyethyl)-N-((6~
fluoropyridin-2-yDmethyl)propanamide (4.87 g, 9.48 mmol) described in
Production Example 1-1-3 and dichloromethane (100 mL) were added a
known substance (WO2009/148192)
2-(((benzylcarbamoyl)amino)(prop-2-en-1-yl)amino)acetic acid (2.62 g, 9.95
mmol), triethylamine (2.64 mL, 19.0 mmol) and HBTU(3.96 g, 10.4 mmol) at
room temperature.  The resultant mixture was stirred at room temperature for
1 hour. 'The reaction mixture was concentrated under a reduced pressure, and
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the resultant residue was purified by NH silica gel column chromatography
(ethyl acetate and then ethyl acetate : methanol = 30 : 1) to give the title
compound (7.28 g, yield: quantitative).

ESIMS (mv/z): 759.43 [M+H]".

[0048] [Production Example 1-1-5]
(68,9aS)-N-Benzyl-6-((4-(benzyloxy)-2-fluorophenylymethyl)-8-((6-fluoropyr
idin-2-yDmethyl)-4,7-dioxo-2-(prop-2-en- 1 -yl)-octahydro-~1H-pyrazino[2,1-c]
[1,2 4]triazine-1-carboxamide

H

LMo

MN,N N N\ F
g i

I;@O/\©

A mixed solution of
(25)-2-(2-(((benzylcarbamoyl)amino)(prop-2-en-1-yl Jamino)acetamido)-3-(4-
(benzyloxy)-2-fluorophenyl)-N-(2,2-diethoxyethyl)-N-((6-fluoropyridin-2-yl)
methyl)propanamide (7.28 g, 9.48 mmol) described in Production Example
1-1-4 and formic acid (50 mL) was stirred at room temperature for 15 hours
and 15 minutes. The reaction mixture was concentrated under a reduced
pressure, an aqueous ammonia solution was added to the residue, and the
resultant solution was extracted with ethyl acetate. An organic layer was
dried over anhydrous magpesium sulfate and then filtrated. The solvent was
evaporated under a reduced pressure, and the resultant residue was purified by
NH silica gel column chromatography (heptane : ethyl acetate = 1 : 1) to give
the title compound (5.04 g, yield: 80%).
ESI-MS (m/z): 667.39 [M+H]".
[0049] [Production Example 1-1-6]
(6S,9aS)-N-Benzyl-6-((2-fluoro-4-hydroxyphenyl)methyl )-8-((6-fluoropyridi
n-2-yDmethyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro- 1H-pyrazino[2,1-c][ 1,
2 Altriazine-1-carboxamide
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Ao
v,\,% 7 \/Ng;\ENJ/F
D\OH

To a mixed solution of
(68,9aS)-N-benzyl-6-((4-(benzyloxy)-2-fluorophenyl)methyl)-8-((6-fluoropyr
idin-2-ylmethyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-c]
[1,2 A]triazine-1-carboxamide (5.04 g, 7.56 mmol) described in Production
Example 1-1-5 and TFA (20 mL) was added thioanisole (3.55 mL, 30.2
mmol) at room temperature. The resultant mixture was stirred at room
temperature for 13 hours and 50 minutes. The reaction mixture was
concentrated under a reduced pressure, sodium hydrogen carbonate and water
were added to the residue, and the resultant solution was extracted with ethyl
acetate. An organic layer was dried over anhydrous magnesium sulfate and
then filtrated. The solvent was evaporated under a reduced pressure, and the
resultant residue was purified by NH silica gel column chromatography (ethyl
acetate : methanol = 20 : 1) to give the title compound (4.34 g, yield:
quantitative).

ESI-MS (m/z): 577.31 [M+H]".

[0050] [Production Example 1-2-1]

Methyl
(2S)-2-(((9H-fluoren-9-ylmethoxy)carbonyl)amino)-3-hydroxypropanoate

SOV
(o
O Son

To a mixed solution of a commercially available product of 1-serine
methyl ester hydrochloride (10.0 g, 64.3 mmol), 1,4-dioxane (15 mL) and
water (90 mL) was added sodium hydrogen carbonate (10.8 g, 129 mmol) at
room temperature, The resultant mixture was stirred at room temperature for
15 minutes. Subsequently, a solution of 2,5-dioxopyrrolidin-1-yl
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9H-fluoren-9-ylmethylcarbonate (21.7 g, 64.3 mmol) in 1,4-dioxane (60 mL)
was added to the resultant solution at room temperature, and the resultant
mixture was stirred at room temperature for 14 hours, Water was added to
the reaction mixture, the resultant solution was extracted with ethyl acetate
three times, and a combined organic layer was washed with water and
saturated brine. An organic layer was dried over anhydrous magnesium
sulfate and then filtrated. The solvent was evaporated under a reduced
pressure, diethyl ether and heptane were added to the resultant residue, and a
precipitate was collected by filtration to give the title compound (22.3 g, yield:
quantitative).
'H-NMR Spectrum (400 MHz, CDCl;) 8(ppm): 2.00-2.15(1H, m), 3.81(3H,
s), 3.89-4.07(2H, m), 4.20-4.28(1H, m), 4.39-4.53(3H, m), 5.63-5.74(1H, m),
7.29-7.37(2H, m), 7.38-7.46(2H, m), 7.55-7.65(2H, m), 7.74-7.82(2H, m).
[0051] [Production Example 1-2-2]
Methyl
(25)-2~(((9H-fluoren-9-ylmethoxy)carbonyl)amino)-3-(((4-methylbenzene)sul
fonyl)oxy)propanoate

&
(o

o X

O—=
/]
S

To a mixed solution of methyl
(25)-2-(((9H-fluoren-9-ylmethoxy)carbonyl)amino)-3-hydroxypropanoate
(5.00 g, 14.6 mmol) described in Production Example 1-2-1 and pyridine (25
ml) were added 4-dimethylaminopyridine (18.0 mg, 0.146 mmol) and
p-toluenesulfonyl chloride (5.58 g, 29.3 mmol) at 0°C, and the resultant
mixture was stirred at 0°C for 7 hours. Water was added to the reaction
mixture, and the resultant solution was extracted with ethyl acetate two times.
A combined organic layer was washed with 1 N hydrochloric acid three times,
then with a saturated aqueous sodium hydrogen carbonate solution, and then
with saturated brine.  An organic layer was dried over anhydrous magnesium
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sulfate and then filtrated. The solvent was evaporated under a reduced
pressure, then ethyl acetate, diethyl ether and heptane were added to the
resultant residue, and then a precipitate was collected by filtration to give the
title compound (6.20 g, yield: 85%).

"H-NMR Spectrum (400 MHz, CDCL) 8(ppm): 2.37(H, s), 3.74GH, s),
4.16-4.23(1H, m), 4.23-4.31(1H, m), 432-4.40(2H, m), 4.41-4.48(1H, m),
4.54-4.62(1H, m), 5.63-5.66(1H, m), 7.26-7.37(4H, m), 7.38-7.45(2H, m),
7.56-7.64(2H, m), 7.72-7.81(4H, m).

[0052] [Production Example 1-2-3]

Methyl
(2R)-2-(((9H-fluoren-9-ylmethoxy)carbonyl)amino)-3-iodopropanoate

ST
Q’ OWN\E/&O
I

N

To a mixed solution of methyl

(25)-2-(((9H-fluoren-9-ylmethoxy)carbonyl)amino)-3-(((4-methylbenzene)sul
fonyl)oxy)propanoate (6.20 g, 12.5 mmol) described in Production Example
1-2-2 and acetone (50 mL) was added sodium iodide (9.38 g, 62.6 mmol) at
room temperature.  The resultant mixture was stirred at room temperature for
90 hours and 50 minutes. The reaction mixture was filtrated, and a filtrate
was concentrated under a reduced pressure.  Water was added to the residue,
and the resultant solution was extracted with ethyl acetate. An organic layer
was washed with water, then with a saturated aqueous sodium thiosulfate
solution, and then saturated brine. An organic layer was dried over
anhydrous magnesium sulfate and then filtrated. The solvent was evaporated
under a reduced pressure, then diethyl ether and heptane were added to the
resultant residue, and a precipitate was collected by filtration to give the title
compound (3.82 g, yield: 68%).
"H-NMR Spectrum (400 Mz, CDCLy) 8(ppm): 3.55-3.66(2H, m), 3.84(3H,
s), 4.20-4.30(1H, m), 4.35-4.48(2H, m), 4.56-4.62(1H, m), 5.63-5.72(1F, m),
7.30-7.37(2H, m), 7.38-7.45(2H, m), 7.62(2H, d,J = 7.2 Hz), 7.78(2H, d, T =
7.5 Hz).
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[0053] [Production Example 1-2-4]
4-(Benzyloxy)-1-bromo-2-fluorobenzene

Br
r:©\o’\©
To a mixed solution of a commercially available product of
4-bromo-3-fluorophenol (15.0 g, 78.5 mmol) and DMF (30 mL) were added
potassium carbonate (21.7 g, 157 mmol) and benzyl bromide (10.2 mL, 86.4
mmol) at room temperature, and the resultant mixture was stirred at room
temperature for 20 minutes and then at 70°C for 40 minutes. The reaction
mixture was cooled to room temperature, then water was added to the reaction
mixture, and the resultant solution was extracted with ethyl acetate. An
organic layer was washed with water and then with saturated brine. An
organic layer was dried over anhydrous magnesium sulfate and then filtrated.
The solvent was evaporated under a reduced pressure, and the resultant
residue was purified by silica gel column chromatography (heptane : ethyl
acetate =5 : 1) to give the title compound (22.7 g, yield: quantitative).
"H-NMR  Spectrum (400 MHz, CDCL) 8(ppm): 5.04(2H, s), 6.65-6.72(1H,
m), 6.75-6.80(1H, m), 7.30-7.45(6H, m).
[0054] [Production Example 1-2-5]
4-(Benzyloxy)-2-fluoro-1-iodobenzene
| _
FI?LOA@
To a mixed solution of 4-(benzyloxy)-1-bromo-2-fluorobenzene (187
g, 665 mmol) described in Production Example 1-2-4 and 1,4-dioxane (300
mL) were added copper iodide (I) (12.6 g, 66.1 mmol), sodium iodide (200 g,
1.33mol) and N,N'-dimethylethylenediamine (14.0 mL, 132 mmol) at room
temperature, and the resultant mixture was stirred under a nitrogen atmosphere
at 110 to 115°C for 19 hours. The reaction mixture was cooled to room
temperature, then water and ethyl acetate were added to the reaction mixture,

the resultant mixture was filtrated using Celite, and a filtrate was partitioned
between aqueous layer and organic layer. The aqueous layer was extracted
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with ethyl acetate. The combined organic layers were filtrated using a glass
filter having silica gel laid thereon. The silica gel was washed with ethyl
acetate, organic layers obtained were combined, and the solvent was
evaporated under a reduced pressure. The resultant residue was purified by
silica gel column chromatography (heptane : ethyl acetate =7 : 1 and then 4 :
1) to give the title compound (195 g, yield: 89%).

"H-NMR Spectrum (400 MHz, CDCly) 3(ppm): 5.04(2H, s), 6.57-6.62(1H,
m), 6.73(1H, dd, J = 2.8 Hz, 10.0 Hz), 7.31-7.43(5H, m), 7.55-7.60(1H, m).
[0055] [Production Example 1-2-6]

Methyl
(25)-3-(4-(benzyloxy)-2-fluorophenyl)-2-(((9H-fluoren-9-ylmethoxy)carbonyl
)amino)propanoate

Hoae
a OKN\é/gO
Fj@O/@

A zinc powder (51.6 g, 789 mmol) was added to 1 N hydrochloric
acid (100 mL), the resultant mixture was sonicated and then allowed to stand,
and then a supernatant was removed therefrom. This procedure was repeated
two times. Water (300 ml.) was added to the resultant zinc residue, the
resultant solution was stirred and then allowed to stand, and then a supernatant
was removed therefrom. This procedure was repeated three times.
Acetone (300 mL) was added to the resultant product, the mixture was stirred
and then allowed to stand, a supernatant was removed therefrom, then diethyl
ether (300 mL) was added to the solution, the resultant solution was stirred
and then allowed to stand, a supernatant was removed therefrom, and a
residue was then dried under reduced pressure to give activated zinc. To the
activated zinc were added DMF (120 mL) and iodine (3.36 g, 13.2 mmol)
under a nitrogen atmosphere at room temperature. The resultant mixture was

stirred at room temperature for 45 minutes. To the reaction mixture was
added a solution of methyl
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(2R)-2~(((9H-fluoren-9-ylmethoxy)carbonyl)amino)-3-iodopropanoate (120 g,
266 mmol) described in Production Example 1-2-3 in DMF (500 mL) over 30
minutes under a nitrogen atmosphere at room temperature. The resultant
mixture was stirred at room temperature for 40 minutes. To the reaction
mixture were added 4-(benzyloxy)-2-fluoro-1-iodobenzene (104 g, 318
mmol) described in Production Example 1-2-5,
tris(dibenzylideneacetone)palladium  (0) (6.00 g, 6.55 mmol) and
2-dicyclohexylphosphino-2',6"-dimethoxybiphenyl (5.40 g, 13.2 mmol) under
a nitrogen atmosphere at room temperature. The resultant mixture was
stirred at room temperature for 20 hours and 40 minutes. Water and ethyl
acetate were added to the reaction mixture, and the resultant solution was
filtrated using Celite. A filtrate was partitioned, and an aqueous layer was
further extracted with ethyl acetate three times. A combined organic layer
was washed with water and saturated brine. An organic layer was dried over
anhydrous magnesium sulfate and then filtrated. The solvent was evaporated
under a reduced pressure, then diethyl ether (1.00 L) and heptane (1.00 L)
were added to the resultant residue, and then a precipitate was collected by
filtration. Diethyl ether (500 mL) and heptane (500 mL) were added to the
filtrated solid, and a precipitate was collected by filtration to give the title
compound (107 g, yield: 77%).

"H-NMR Spectrum (400 MHz, CDCLy) 8(ppm): 3.03-3.20(2H, m), 3.75(3H,
s), 4.20(1H, t, J = 6.6 Hz), 4.25-4.38(1H, m), 4.43(1H, dd, J = 7.1 Hz, 10.4
Hz), 4.58-4.70(1H, m), 4.99(2H, s), 5.33(1H, d, J = 8.4 Hz), 6.63-6.72(2H, m),
6.94-7.03(1H, m), 7.26-7.48(9H, m), 7.52-7.62(2H, m), 7.772H, d, T = 7.7
Hz).

[0056] [Production Example 1-2-7]
(25)-3-(4-(Benzyloxy)-2-fluorophenyl)-2~(((9H-fluoren-9-ylmethoxy)carbony
Damino)propanoic acid
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Q. ogN}O

!D\o©

To a mixed solution of methyl
(25)-3~(4-(benzyloxy)-2-fluorophenyl)-2-(((9H-fluoren-9-ylmethoxy)carbonyl
Yamino)propenoate (60.0 g, 114 mmol) described in Production Example
1-2-6 and ethyl acetate (1331 ml.) was added lithium iodide (92.0 g, 685
mmol) at room temperature. The resultant mixture was stirred under reflux
for 23 hours and 45 minutes. The reaction mixture was cooled to 0°C, and a
precipitate was collected by filtration. To the resultant solid was added 1 N
hydrochloric acid (228 mL). The resultant solution was extracted with ethyl
acetate. An organic layer was dried over anhydrous magnesium sulfate and
then filtrated. The solvent was evaporated under a reduced pressure to give
the title compound (42.2 g, yield: 72%).

'H-NMR Spectrum (400 MHz, CDCl) &(ppm): 3.05-3.15(1H, m),
3.18-3.30(1H, m), 4.15-4.23(1H, m), 4.25-4.50(2H, m), 4.60-4.70(1H, m),
4.99(2H, m), 5.29(1H, d, J = 7.6 Hz), 6.64-6.73(2H, m), 7.06(1H, dd, J = 8.0
Hz, 9.6 Hz), 7.24-7.44(9H, m), 7.55(2H, dd, J = 6.4 Hz, 6.4 Hz), 7.76(2H. d, J
= 7.6 Hz).

ESI-MS (m/z): 512.30 [M+H]".

[0057] [Production Example 1-3-1]
1-(1-(Diphenylmethyl)azetidin-3-yl)-4-ethylpiperazine

A

<

To a mixed solution of a commercially available product of
1-(diphenylmethyl)azetidin-3-one (10.1 g, 42.6 mmol), THF (100 mL) and
acetic acid (5.00 mlL) was added ethylpiperazine (6.48 mL, 51.1 mmol) at
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room temperature. The resultant mixture was stirred at room temperature for
45 minutes. Sodium triacetoxyborohydride (18.1 g, 85.1 mmol) was added
to the reaction mixture at room temperature and then stirred at room
temperature for 15 hours. Sodium hydrogen carbonate and water were
added to the reaction mixture, and the resultant solution was then extracted
with ethyl acetate. An organic layer was washed with saturated brine, then
dried over anhydrous magnesium sulfate, and then filtrated. The solvent was
evaporated under a reduced pressure, and the resultant residue was purified by
silica gel column chromatography (ethyl acetate-methanol) and was then
further purified by NH silica gel column chromatography (heptane : ethyl
acetate =2 : 1 and the 1 : 1) to give the title compound (12.7 g, yield: 89%).
"H-NMR Spectrum (400 MHz, CDCL) §(ppm): 1.07(3H, t, J = 7.6 Hz),
2.20-2.65(10H, m), 2.85-2.93(2H, m), 2.95-3.05(1H, m), 3.35-3.45(2H, m),
4 41(1H, s), 7.15-7.20(2H, m), 7.23-7.29(4H, m), 7.37-7.42(4H, m).

[0058] [Production Example 1-3-2]

1-(Azetidin-3-yl)-4-ethylpiperazine

o
HN-S

To a mixed solution of

1-(1-(diphenylmethyl)azetidin-3-yl)-4-ethylpiperazine (12.7 g, 37.9 mmol)
described in Production Example 1-3-1 and methanol (50 ml.,) was added
palladium hydroxide-carbon (5.00 g) at room temperature. The resultant
mixture was stirred under a hydrogen atmosphere at room temperature and at
0.35 MPato 0.40 MPa for 10 hours. The reaction mixture was purged with a
nitrogen atmosphere and was then filtrated using Celite. A filtrate was
concentrated under a reduced pressure to give the title compound in the form
of a mixture (12.4 g) with benzylbenzene. The product was used in the
subsequent reaction without further purification.
'H-NMR Spectrum (400 MHz, CDCL) 8(ppm): 1.09G3H, t, J = 7.2 Hz),
2.10-2.80(10H, m), 3.20-3.30(1H, m), 3.53-3.60(2H, m), 3.60-3.702H, m).
[0059] [Example 2]

A crystal of
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(6S,9aS)-N-benzyl-8-({6-]3-(4-ethylpiperazin-1-yl)azetidin-1-yl[pyridin-2-y1}
methyl)-6-(2-fluoro-4-hydroxybenzyl)-4,7-dioxo-2-(prop-2-en-1-yhhexahydr
0-2H-pyrazino[2,1-c][1,2,4]triazine-1(6H)-carboxamide.

Isopropyl acetate (L5 mL) was added to
(6S,9a8)-N-benzyl-8-({6-[3-(4-ethylpiperazin-1-yl)azetidin-1-yl|pyridin-2-y1 }
methyl)-6-(2-fluoro-4-hydroxybenzyl)-4,7-dioxo-2~(prop-2-en-1-ylhexahydr
0-2H-pyrazino[2,1-c][ 1,2 4triazine-1(6H)-carboxamide (150 mg) described
in Example 1, and stirred at 85°C for one hour and further overnight at room
temperature. The resulting suspension was collected by filtration, washed
with isopropyl acetate cooled to 4°C, and then dried under reduced pressure at
45°C to obtain 141.2 mg of a white solid.  1-Propanol (0.4 mL) was added to
100 mg of the obtained solid, and the mixture was heated and dissolved at
95°C. 1-Propanol (0.1 mL) was added, and the mixture was stirred at room
temperature. Heptane (1.5 mL) was added to the resulting suspension at
room temperature. The suspension was collected by filtration, washed with
heptane cooled to 4°C, and then dried under reduced pressure at 45°C to
obtain 92.1 mg of the title compound.

TENMR (600 MHz, CD;0D) § (ppm): 1.15 (t, 7=7 Hz, 3 H), 2.0-3.1 (br, 8
H), 3.13 (dd, J=14, 7 Hz, 1 H), 3.32 (m, 1 H), 3.33 (m, 1 H), 3.44 (dd, J=14, 5
Hz, 1 H),3.46 (d, J=17 Hz, 1 H), 3.54 (dd, J=12, 4 Hz, 1 H), 3.62 (dd, J=13, 6
Hz, 1 H), 3.69 (dd, J=13, 7 Hz, 1 H), 3.79 (dd, J=8, 5 Hz, 1 H), 3.86 (dd, J=8,
6 Hz, 1 H), 3.89 (t, =11 Hz, 1 H), 4.03 (t, J=8 Hz, 1 H), 4.06 (t, =8 Hz, 1 H),
425 (d, J=15 Hz, 1 H), 433 (d, =16 Hz, 1 H), 441 (d, J=16 Hz, 1 H), 4.77 (d,
J=16Hz, 1 H), 5.12 - 5.18 (m, 2H), 5.27 (dd, J=7, 5 Hz, 1 H), 5.84 (m, 2 H),
6.30 (d, J=8 Hz, 1 H), 6.38 (m, 1 H), 6.40 (m,1 H), 6.51 (d, J=8 Hz, 1 H), 6.88
(dd, J=9,8 Hz, 1 H), 7.25 (dd, J=8, 7 Hz, 1 H), 7.28 (d, J=8 Hz, 2 H), 7.34 (dd,
J=8, 7Hz, 2 H), 7.47 (dd, J=8, 8 Hz, 1 H)

[0060] Test Example 1: Detection of Wnt signal

pcDNA3.1(+) (invitrogen) was cleaved with restriction enzymes
Bglll and Notl, and an adapter BEHKS having a sequence shown below
(containing restriction enzyme sites Bglll, EcoRI, Hindlll, Kpnl, Sacl and
Notl) was inserted thereinto, thereby producing a plasmid pNeo-HKS.
BEHKS-F 5'-gatctgaattcaagetictcgagggtacctetagagagetege-3' (SEQ ID NO: 1)
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BEHKS-R 5'-ggcegegagetetctagaggtacectegagaagettgaattea-3' (SEQ ID NO:
2)

Subsequently, a fragment having a length of about 2700 bp
(containing a Wnt-responsive sequence and a luciferase gene), which was
prepared by cleaving from a TOPglow plasmid contained in a
TOPglow/FOPglow TCF Reporter Kit (upstate Catalog#17-366) with
restriction enzymes HindlI and Kpnl, was inserted between HindlII and Kpnl
in pNeo-HKS, thereby producing a plasmid pNeo-TOP. The plasmid
pNeo-TOP was introduced into human fetus-derived renal cell strain
HEK?293, then a compound was selected using G418, and then a cell clone
strain was established by a limiting dilution method. The cell clone strain
was subjected to a Wnt signal detection test.

The cell clone strain was subcultured in a D-MEM glucose-rich
culture medium (Wako Pure Chemical Industries, 1.td.) containing 10% FBS,
and cells in a growth phase were used in the test.  Cells were collected using
trypsin-EDTA, the number of the cells was counted, and then the cells were
suspended in a D-MEM glucose-rich culture medium containing 10% FBS so
that the number of cells became 2 x 10° cells/mL. The cell suspension was
added to a 96-well cell culture plate (Greiner Bio-One Co., Ltd., product
number: 655083) in an amount of 0.1 mL/well and then cultured overnight in
a 5% CO, incubator (37°C). After the culturing, a substance to be tested,
which was dissolved in DMSO, was diluted with a D-MEM glucose-rich
culture medium containing 10% of FBS and 80 mM of LiCl to produce a
sample solution. The sample solution (0.1 mL) was added to each well and
then cultured in a 5% CO, incubator (37°C) overnight. Six hours after the
addition of the sample solution, a supematant was removed from each well,
and then 50 pL. of Bright-Glo™ Luciferase substrate (Promega, product
number: E2620) was added thereto. The plate was put on a plate mixer for
several seconds, and then the emission of light from each well was measured
using a EnVision™ Multilabel plate reader (PerkinBlmer Co., Ltd). The
Wnt signal activation rate (%) of each well was determined, and a
concentration (ICsy) which is required for inhibiting the Wnt signal activity of
a substance of interest by 50% was calculated, wherein the luminosity of a
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well to which a sample solution was not added and LiCl was added was
defined as a 100% Wnit signal activity and the luminosity of a well to which
either of a sample solution or LiCl was not added was defined as a 0% Wnt
signal activity. ICs, of the compound of Example 1was 0.06 pM.

[0061] Test Example 2: Effect of regressing small intestinal polyps in
APCM™™* mouse

An APC gene (an adenomatous polyposis coli gene), a Wnt signal
degradation regulation factor, is called “colorectal cancer suppressor gene”
and is a causal gene of familial adenomatous polyposis. If a mutation occurs
in the APC gene, a colorectal mucosal cell begins to proliferate disorderly to
form colorectal polyps that can be called a precancerous lesion. Thus, it is
known that the gene has an important role in the initial stage of a process of
onset of colorectal cancer.

In a mouse in which the APC gene is mutated (a APCM* mouse),
many polyps are developed in the intestinal tract like a familial adenomatous
polyposis patient. Therefore, the mouse is useful for the clarification of the
mechanism of the onset or invasion of cancer based on a WNT signal, and is a
standard model that has been used for the studies on the prevention, diagnosis
and treatment of colorectal cancer.

APCM™™* mice (C57TBL/6J-APC<Min>/J Hetero, female, Sunplanet
Co., Ltd.) were grouped so that the average of the body weights of mice in a
group became almost the same as one another at the first day of the
administration. An analyte was prepared by being dissolved a test substance
(Example compound) in 0.1 N HCl so that the concentration became a desired
administration concentration, and then stored in a refrigerator at 4°C. lo a
control (vehicle) group, an administration solvent was administered orally
under the same conditions as a test material. The analyte was continuously
administered through an oral route at dosages of 50 mg/kg and 75 mg/kg two
times daily for 4 days, and the following three days were provided as drug
holidays. This procedure was defined as one cycle, and the administration
was performed for 16 days in total (i.e., 4 days x 4 cycles). The experiment
was carried out on 6 to 7 mice per group.  With respect to each of the control
group and the test substance-administered group, the value of the body weight
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on the final day to the body weight on the first day (i.e., a relative body weight:
RBW) was calculated. A test substance-administered group of which the
(RBW of the test substance-administered group)(RBW of the control group)
was 0.8 or more was determined as a group that could be administered safely.
With respect to the test substance-administered group, the actual number of
polyps after the administration of the test substance and the standard error of
the actual number compared with the number of polyps in the control on the
final day (i.e., the 25th day counted from the first day of the administration)
are shown in Figure 1. In this test, polyps formed in the small intestine and
the colon were counted. A statistical analysis (Dunnett's test) of the test
substance-administered group relative to the control group was carried out,
and a P value was reported.
[0062] Test Example 3: Anti-tumor effect in human K562 subcutaneous
transplantation model

A preparation of a human chronic myologenous leukemia cell strain
K562 (which had been cultured in a RPMI-1640 liquid culture medium
supplemented with 10% FBS and penicillin/streptomycin) which was so
prepared with PBS (Wako Pure Chemical Industries, Ltd.; Cat# 045-29795)
that the density became 2 x 10 cells/mL was mixed with MATRIGEL (BD
Biosicence, Cat#: 354234) at a mixing ratio of 1 : 1, thereby preparing a cell
suspension having a density of 1 x 10° cellymL. The resulting cell
suspension was transplanted subcutaneously into the right flank of each of
six-week-old nude mice (CAnN.Cg-Foxnlnu/CrlCrlj, female, Charles River
Laboratories Japan) at a dose of 100 pl. Seven days after the
transplantation, the shorter diameter and the longer diameter of a tumor were
measured using an electronic digital caliper (Digimatic TM Caliper, Mitutoyo
Corporation) to calculate the tumor volume in accordance with the following
equation.

Tumor volume (mm’) = (longer diameter (mm)) x (shorter diameter
(mm)) x (shorter diameter (mm))/2

The mice were grouped in such a manner that the average value ofthe
tumor volumes in mice in a group, which were determined on the basis of the
tumor volume on the first day of the administration. An analyte was
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prepared by being dissolved a compound of Example 1 in 0.1 N HCI so that
the dose amount became 10 ml/kg. A Dasatinib administration solution was
prepared by dissolving Dasatinib, Free Base (LC Laboratories, Cat. No:
D-3307) in a 1 : 1 solution of Otsuka distilled water (Otsuka Pharmaceutical
Co., Ltd., Cat#: 1324) and PROPYLENE GLYCOL (Wako Pure Chemical
Industries, Ltd., Cat#: 164-04996) so that the dosage amount became 10
ml/kg. An analyte was administered orally continuously for 5 days starting
from the first day of the administration in two divided doses daily (bid). A
Dasatinib administration solution was administered orally once daily (qd) for 5
days continuously, and the following two-day drug holidays was set. This
procedure was defined as one cycle, and the administration was performed in
two cycles in total. A control group was a group to which any example
compound was not administered. In the experiment, one group includes 9 to
10 mice. With respect to the control group, a group to which only an
Example compound was administered, a group to which only Dasatinib was
administered, and an a group to which both an Example compound and
Dasatinib were administered (hereinafter referred as ‘combined administered
group’), the tumor volumes and body weights were measured over time for a
period from the first day to the 28th day. With respect to the control group
and the group to which only the Example compound was administered, the
measurement was carried out for a period from the first day to the 11th day.
In every measurement, a tumor volume (a relative tumor volume: RTV) and a
body weight (a relative body weight: RBW) were calculated relative to the
values for the first day, and graphs determined for a period from the first day
of the administration to the 28th day are shown in Figs. 2 and 3. Further, a
statistic analysis (Dunnett's test) was carried out on the group to which both
the Example compound and Dasatinib were administered compared with the
group to which only Dasatinib was administered using a RTV value on day
28, and a group of which the P value was 0.05 or less was marked with an
asterisk (*). Further, the number of individuals in which a tumor was not
observed by visual judgment and was impalpable (i.e., having a non-palpable
tumor) on day 28 are also shown in Table 6. At this time, a statistic analysis
(Fisher's test) was carried out on the group to which both the Example
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compound and Dasatinib were administered compared with the group to
which only Dasatinib was administered, and a group of which P value was
0.05 or less was marked with an asterisk (*) and a group in which P value is
0.01 or less was marked with asterisks (***).

[0063] [Table 1]

Administered compound the number of individuals in which
a tumor was not observed by visual
judgment

/ total number of administered
individuals
Vehicle 0/10
Dasatinib Smg/kg 0/9
Dasatinib 5mg/kg 6/10*
+ Compound of Example 1

35mg/kg

Dasatinib 5mg/kg O/10%
+ Compound of Example 1

50mg/kg

Dasatinib Smg/kg 10/10%**
+ Compound of Example 1

75mg/kg

[0064] Test Example 4: Powder X-ray diffraction
The crystal of Compound 1 obtained in Example 2 was placed on the
sample stage of a powder X-ray diffraction apparatus and analyzed under the
following conditions. The results are shown in Figure 4.
(Measurement conditions)
Target: copper
Detector: scintillation counter
Tube voltage: 50kV
Tube current: 300 mA
Slit: divergent slit: 0.5 mm; scattering slit: open; light-receiving slit: open
Scan rate: 5°/minute
Sampling interval: 0.02°
Scan range: 5° to 35°
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Sample holder: aluminum holder
[0065] Test Example 5: Thermal analysis

The crystal obtained in Example 2 was accurately weighed into an
aluminum sample pan and subjected to thermogravimetry (TG) and
differential thermal analysis (DTA) under the following conditions.
The results are shown in Figure 5,
(Measurement conditions)
Atmosphere: under 40 mI/minute of nitrogen gas flow
Reference: empty aluminum sample pan
Heating rate: 10°C/minute
Sampling interval: 1 second
Measurement temperature range: 40 to 300°C
[0066] Test Example 6: Solid state “C NMR spectrum

The solid state C NMR spectrum was measured under the following
conditions. The results are shown in Figure 6.
(Measurement conditions)
Used apparatus: Avanced00MHz (manufactured by BRUKER) 7
mm-CPMAS probe (manufactured by BRUKER)
Measured nucleus: *C (resonant frequency 100.6248425 MHz)
Measurement temperature: room temperature (22°C)
Pulse mode: CPTOSS measurement
Rotation number: 5,000 Hz
Pulse repetition time: 4 second
Contact time: 1 millisecond
Number of scans: 8,000
Reference material: glycine (external reference: 176.03 ppm)
[0067] The solid state “C NMR spectrum was obtained by CPTOSS method
(a method for eliminating spinning side bands) with carbon nucleus
(resonance frequency 100.6 MHz) using an NMR instrument, BRUKER
Avance 400MHz equipped with a 7 mm CPMAS probe (manufactured by
BRUKER). The sample tube enclosing approximately 300 mg of a solid
sample was rotated at 5 kHz and measured using contact time of 1
millisecond, pulse delay time of 4 second and number of scans of 8000 at
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- room temperature (22°C). Chemical shifts were corrected by an external
reference method with carbonyl carbon of glycine being 176.03 ppm.
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CLAIMS

1. A crystal of
(68,9aS)-N-benzyl-8-({6-[3-(4-ethylpiperazin-1-yl)azetidin- 1 -yl]pyridin-2-y1}
methyl)-6-(2-fluoro-4-hydroxybenzyl)-4,7-dioxo-2-(prop-2-en-1-ylhexahydr

0-2H-pyrazino[2,1-c][1,2,4]triazine-1(6H)-carboxamide.

H NS
%:RTO T

2. The crystal according to claim 1, wherein the crystal has a diffraction
peak at the diffraction angle (20 + 0.2°) of 5.8° in powder X-ray diffraction.

3. The crystal according to claim 1, wherein the crystal has diffraction
peaks at the diffraction angles (20 + 0.2°) of 5.8°, 6.4° and 10.1° in powder
X-ray diffraction.

4, The crystal according to claim 3, wherein the crystal further has
diffraction peaks at the diffraction angles (20 + 0.2°) of 8.0° and 12.8° in
powder X-ray diffraction.

5. The crystal according to claim 4, wherein the crystal further has
diffraction peaks at the diffraction angles (26 % 0.2°) of 14.2°, 16.0°, 18.9°,
19.7° and 23.1° in powder X-ray diffraction.

6. A crystal of (6S,9aS)-N-benzyl-8-({6-
[3-(4-ethylpiperazin-1-yl)azetidin-1-yl]pyridin-2-yl } methyl)-6-(2-fluoro-4-hy
droxybenzyl)-4,7-dioxo-2-(prop-2-en-1-yDhexahydro-2H-pyrazino[2,1-c][1,2,
4]triazine-1(6H)-carboxamide, wherein the crystal has a peak at the chemical
shift (5 + 0.5 ppm) of 154.7 ppm in solid state *C NMR spectrum.

7. The crystal according to claim 6, wherein the crystal further has peaks
at the chemical shifts (6 0.5 ppm) of 141.1 ppm and 158.1 ppm in solid state
BCNMR spectrum.

8. The crystal according to claim 7, wherein the crystal further has peaks
at the chemical shifts (6 + 0.5 ppm) of 134.0 ppm and 165.1 ppm in solid state
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BCNMR spectrum.

9. The crystal according to claim 8, wherein the crystal further has peaks
at the chemical shifts (6 = 0.5 ppm) of 12.6 ppm, 55.5 ppm and 118.5 ppm in
solid state *C NMR spectrum. _

10. A | crystal of
(6S,9a8)-N-benzyl-8-({6-[3-(4-ethylpiperazin-1-ylazetidin-1-yl]pyridin-2-y1}
methyl)-6-(2-fluoro-4-hydroxybenzyl)-4,7-dioxo-2-(prop-2-en-1-yl hexahydr
o-2H-pyrazinof2,1-c][1,2 4]triazine-1(6H)-carboxamide, wherein the crystal
has substantially the same powder X-ray diffraction pattern as shown in FIG
4,

11. A crystal of
(68,9aS)-N-benzyl-8-({6-[3-(4-ethylpiperazin- 1-yl)azetidin-1-yljpyridin-2-yl}
methyl)-6-(2-fluoro-4-hydroxybenzyl)-4,7-dioxo-2-(prop-2-en-1-yl hexahydr
o-2H-pyrazino[2,1-c][1,24]triazine-1(6H)-carboxamide, wherein the crystal
has substantially the same solid state "C NMR spectrum as shown in FIG 6.
12. A pharmaceutical composition comprising a crystal according to any
one of claims 1 to 11.
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crystal of (6sS,
9aS)-N-benzyl-6-[(4-hydroxyphenyl)methyl]-4,7-dioxo-8-({6-[3-(pip
erazin-1l-yl)azetidin-1-y1]pyridin-2-ylimethyl)-2-(prop-2-en-1-y1)
~octahydro-1H-pyrazino[2,1-c][1,2,4]triazine-1-carboxamide
compound

<130> FP15-0750-00

<150> 62/183577

<151> 2015-06-23

<160> 2

<170> PatentIn version 3.5
<210> 1

<211> 43

<212> DNA

<213> Artificial Sequence
<220>

<223> BEHKS-F

<400> 1

gatctgaatt caagcttctc gagggtacct ctagagagct cgc 43
<210> 2

<211> 43

<212> DNA

<213> Artificial Sequence
<220>

<223> BEHKS-R

<400> 2

ggccgcgage tctctagagg taccctcgag aagcttgaat tca 43
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