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Method for Producing Diarylpyridine Derivatives

Technical Field
[0001] The present invention relates to a novel method for producing diarylpyridine derivatives
and, more specifically, to a production method including a novel method for synthesizing

pyridine rings without using palladium.

Background Art

[0002] Diarylpyridine derivatives are known to be useful as pharmaceuticals or materials for
producing pharmaceuticals, and to be useful for treating tumors (Patent Document 1).

Patent Document 1 discloses several diarylpyridine derivatives and a production method for
these diarylpyridine derivatives. In the diarylpyridine derivative production method disclosed in
this document, halogen atom-substituted pyridine derivatives are used as starting compounds and
an aryl group is introduced to the pyridine ring by performing a coupling reaction using
palladium (see, for example, intermediate 9a and intermediate 10a in the examples). However,
halogen atom-substituted pyridine derivatives are expensive, and the repeated use of palladium

means attention has to be paid to residual palladium in the target product.

[0003] In known methods for synthesizing pyridine rings without the use of palladium,

Compound A below is used as a starting compound,

[0004] [Formula 1]

HsC. _CH
o 3 N~ 3
H3C\'Tl+/ F
CH; Ar (A)

[0005] Compound A is cyanated to synthesize Compound B below,

[0006] [Formula 2]

17061355_1 (GHMatters) P115075.AU
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H3C\N/CH3

X Ar (B)

[0007] and Compound B is cyclized by reacting it with a compound having an amino group such

as ammonia to synthesize a pyridine ring (Non-Patent Documents 1, 2 and 3).

[0008] However, a reaction using a strong base at ultra-low temperatures (Non-Patent Document
1) or a reaction at high temperatures (Non-Patent Documents 3, 4) is required to synthesize
Compound A. Also, the conversion reaction from Compound A to Compound B has to be
conducted in the presence of a strong base (Non-Patent Documents 2, 3), the cyclization of
compound B has to be conducted under high-temperature conditions (Non-Patent Documents 1,
2), a large amount of strong base needs to be present (Non-Patent Document 2), or both (Non-

Patent Document 3). All of these are difficult to carry out.

Prior Art Documents
Patent Documents

[0009] Patent Document 1: WO 2016006706 Al

Non-Patent Documents
[0010] Non-Patent Document 1: Synthesis Issue 05, 1979, 376
Non-Patent Document 2: J. Prakt. Chem., 5, 1990, 332
Non-Patent Document 3: J. Org. Chem. 60, 1995, 3750
Non-Patent Document 4: Org. Proc. Res. Dev., Vol. 9, No. 2, 2005, 141

Summary of the Invention
Problem to be Solved by the Invention

[0011] The present invention relates to a novel method for producing diarylpyridine derivatives,

and the object of the present invention is to provide a novel, industrially useful method for

17061355_1 (GHMatters) P115075.AU



synthesizing pyridine rings without using palladium, a strong base, or a high-temperature

reaction.

Means for Solving the Problem

5 [0012] The present invention relates to (1) to (13) below.

[0013] (1) A production method comprising the step of reacting a compound represented by
Formula (I):

10 [0014] [Formula 3]

O/CHS
o
O/CHB
O
H I

O\_/O (0

[0015] with a chlorinating agent and dimethylformamide to obtain a compound represented by
Formula (I1):

15
[0016] [Formula 4]

CHj

cl ol

H3C\ﬁ/ =

I
CHs
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[0017] or a salt thereof.

[0018] (2) A production method according to (1), wherein the chlorinating agent is oxalyl

chloride.

[0019] (3) A production method comprising the steps of producing a compound represented by
Formula (IT) using a production method according to (1) or (2), and

reacting the compound with a compound represented by Formula (I1I):

[0020] [Formula 5]

NO,

Fooo(I

[0021] in the presence of a base to obtain a compound represented by Formula (IV):

[0022] [Formula 6]

g 0
/S (V)

[0023] or a salt thereof.

[0024] (4) A production method according to (3), wherein the base is 2,6-lutidine.

4
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[0025] (5) A production method comprising the steps of producing a compound represented by
Formula (IV) or salt thereof using a production method according to (3) or (4), and

reacting the compound with benzylamine to obtain a compound represented by Formula (V):

[0026] [Formula 7]

[0027] or a salt thereof.

[0028] (6) A production method comprising the steps of: (i) reacting a compound represented by
Formula (I’) with a Wittig reagent;

[0029] [Formula §]

CHO
O/CH3
O
H!
0 0
n_/ I

17061355_1 (GHMatters) P115075.AU
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[0030] (i) reacting the compound obtained in step (i) with a chlorinating agent and
dimethylformamide;

(iii) reacting the compound obtained in step (ii) with a compound represented by Formula
(IIT) above in the presence of a base; and

(iv) reacting the compound obtained in step (iii) with benzylamine to obtain a compound
represented by Formula (V) above or a salt thereof.

(7) A method according to (6), wherein the Wittig reagent in step (i) is Phs(C)CH20Me.

[0031] (8) A production method according to (6) or (7), wherein the chlorinating agent in step
(ii) is oxalyl chloride.

[0032] (9) A production method according to any one of (6) to (8), wherein the base in step (iii)
is 2,6-lutidine.

[0033] (10) A production method comprising the steps of producing a compound represented by
Formula (V) or salt thereof using a production method according to any one of (5) to (9), and
reacting the compound with hydrogen in solvent and in the presence of a palladium on carbon

catalyst to obtain a compound represented by Formula (VI):

[0034] [Formula 9]

17061355_1 (GHMatters) P115075.AU
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[0035] or a salt thereof.

[0036] (11) A production method according to (10), wherein the compound represented by
Formula (V) or salt thereof is a hydrochloric acid salt of a compound represented by Formula
(V), and the solvent is 1-propanol or N-methylpyrrolidone.

[0037] (12) A production method comprising the steps of producing a compound represented by
Formula (VI) or salt thereof using a production method according to (10) or (11), and

condensing the compound with a compound represented by Formula (VII):

[0038] [Formula 10]

(VID)

[0039] or salt thereof to obtain a compound represented by Formula (VIII):

[0040] [Formula 11]

17061355_1 (GHMatters) P115075.AU
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[0041] or a salt thereof.

[0042] (13) A production method according to (12), wherein the compound represented by
Formula (VIII) or salt thereof is a sulfuric acid salt of a compound represented by Formula

(VIID).

[0043] Another aspect of the production method of the present invention comprises the steps of
producing a sulfuric acid salt of a compound represented by Formula (VIII) using a production

method according to (13), and crystallizing the salt to obtain crystals of the sulfuric acid salt of
the compound represented by Formula (VIII).

[0044] In the present invention, the crystals of the sulfuric acid salt of the compound represented
by Formula (VIII) have at least five peaks at a diffraction angle (20) selected from 3.71 £ 0.2,
648 +0.2,7.37+£0.2,9.80+£0.2,10-29 +£0.2, 11.01 £0.2, 18.44 £ 0.2, 20.53 £0.2,22.91 £ 0.2,

and 24.15 £ 0.2 in powder X-ray diffraction using CuKa radiation.

Effects of the Invention

17061355_1 (GHMatters) P115075.AU



10

15

20

25

30

[0045] The present invention provides a novel method for synthesizing pyridine rings without
using palladium, a strong base, or a high-temperature reaction. In particular, the present
inventors discovered a method that can be used to synthesize iminium salts, which used to
require a reaction using a strong base at ultra-low temperatures or a reaction at high temperatures
to synthesize, under very mild reaction conditions, and were able to provide a synthesis method
for synthesis of iminium salts into cyano compounds and cyclization to pyridines which does not
require a reaction using a strong base or a reaction under high-temperature conditions as in the

prior art.

Brief Description of the Drawings

[0046] [Fig. 1] Fig. 1 is a diagram showing the XRD chart of the compound (26) described in
Example 7.

Embodiment of the Invention

[0047] In the present invention, the “chlorinating agent” may be any agent that reacts with
dimethylformamide to produce a Vilsmeier reagent. Examples include chlorine, oxalyl chloride,

thionyl chloride, and phosphorus oxychloride. Oxalyl chloride is preferred.

[0048] In the present invention, the “base” used to produce a compound represented by Formula
(IV) or a salt thereof may be any base able to extract the proton at the benzyl position in a
compound represented by Formula (IIT). Examples include 1,8-diazabicyclo [5.4.0] undeca-7-en
(DBU), N, N-diisopropylethylamine (DIPEA), 1,4-diazabicyclo [2.2.2] octane (DABCO),
triecthylamine, pyridine, 2,6-lutidine, N-methylmorpholine, and tetramethylethylenediamine
(TMEDA). 2,6-Lutidine and TMEDA are preferred, and 2,6-lutidine is especially preferred.

[0049] The "palladium on carbon catalyst" that can be used in the present invention may be any

palladium on carbon catalyst that can be used in a debenzylation reaction and in a reduction

reaction from a nitro group to an amino group. Examples include M (Kawaken Fine Chemicals),

17061355_1 (GHMatters) P115075.AU
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PH (Kawaken Fine Chemicals), PE type (NE Chemcat), and AER type (NE Chemcat). PE type
(NE Chemcat) is preferred.

[0050] In the present invention, the “solvent” that can be used in the reaction using the palladium
on carbon can be, for example, methanol, ethanol, 1-propanol, 1,3-dimethyl-2-imidazolidinone,

or N-methylpyrrolidone. [-Propanol or N-methylpyrrolidone is preferred.

[0051] In the present invention, “Wittig reagent” means a reagent that can react with aldehydes
and ketones to form carbon-carbon double bonds. A Wittig reagent able to obtain a compound in
which an alkoxy group is substituted in a double bond is preferred. Examples include

Ph3(CI)CH20Me, Ph3(Br)CH20Me, and Phs(I)CH20Me.

[0052] In the present invention, compounds represented by Formula (I), compounds represented
by Formula (II) or salts thereof, and compounds represented by Formula (IV) or salts thereof

include geometric isomers.

[0053] In the present invention, compounds represented by Formula (IT), compounds represented
by Formula (IV), compounds represented by Formula (V), compounds represented by Formula
(VI), compounds represented by Formula (VII), and compounds represented by Formula (VIII)
can be turned into salts by reacting them with an acid. Examples include hydrohalides such as
hydrofluoride, hydrochlorides, hydrobromides, and hydroiodides; inorganic acid salts such as
nitrates, perchlorates, sulfates, and phosphates; C1-Cs alkyl sulfonates such as methane sulfonate,
trifluoromethane sulfonate, and ethane sulfonate; allyl sulfonates such as benzene sulfonate and
p-toluene sulfonate; organic acid salts such as acetates, malates, fumarates, succinates, citrates,
ascorbates, tartrates, oxalates, and adipates; and amino acid salts such as glycine salts, lysine

salts, arginine salts, ornithine salts, glutamates, and aspartates.

[0054] “Salts” in the present invention may be molecules formed via ionic bonds as well as

molecules formed via hydrogen bonds and/or van der Waals bonds.

10
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[0055] In the present invention, compounds represented by Formula (I), compounds represented
by Formula (I’), compounds represented by Formula (II), compounds represented by Formula
(I1T), compounds represented by Formula (IV) or salts thereof, compounds represented by
Formula (V) or salts thereof, compounds represented by Formula (VI) or salts thereof,
compounds represented by Formula (VII) or salts thereof, and compounds represented by
Formula (VIII) or salts thereof may be left in the air or recrystallized to take in water molecules

and become hydrates. These hydrates are also included in the present invention.

[0056] In the present invention, compounds represented by Formula (I), compounds represented
by Formula (I’), compounds represented by Formula (II), compounds represented by Formula
(I1I), compounds represented by Formula (IV) or salts thereof, compounds represented by
Formula (V) or salts thereof, compounds represented by Formula (VI) or salts thereof,
compounds represented by Formula (VII) or salts thereof, and compounds represented by
Formula (VIII) or salts thereof may be left in a solvent or recrystallized to absorb a solvent and

become solvates. These solvates are also included in the present invention.

[0057] In the present invention, “crystal” refers to a solid whose internal structure is three-
dimensionally formed by regular repetition of constituent atoms and molecules, and which is
distinguished from an amorphous solid or an amorphous body having no such regular internal

structure.

[0058] In the present invention, the crystalline form of a compound represented by Formula
(VIII) or a salt thereof can be verified by observation under a polarizing microscope or by
performing a powder X-ray crystal analysis or a single crystal X-ray diffraction measurement.
The type of crystal can be identified by comparing the characteristics of the crystal with data
based on indices measured in advance. In a preferred aspect of the present invention, a crystal of

the present invention can be confirmed to be a crystal using such measuring means.

[0059] In the present invention, crystals having completely matching diffraction angles in
powder X-ray diffraction and crystals having matching diffraction angles within a range of + 0.2

are included in the present invention. This is a common practice as there are variations in peak

11
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values due to differences in instruments, samples, and sample preparation. Because diffraction
angles (20) in powder X-ray diffraction may have an error within the range of + 0.2, diffraction
angle values need to be understood as including numerical values within the range of about +

0.2.

[0060] The following is a description of the present invention. It should be understood that the
reaction conditions of the present invention are not limited to those in the following examples. In
the present invention, the functional groups in the compounds may be protected by a suitable
protecting group. Examples of functional groups include hydroxyl groups, carboxy groups, and
amino groups. For types of protecting groups and the conditions for introducing and removing
these protecting groups, see Protective Groups in Organic Synthesis (T. W. Green and P.G.M.
Wuts, John Wiley & Sons, Inc., New York, 2006).

Examples

[0061] The following is a more detailed description of the present invention with reference to

examples, but the scope of the present invention is not limited to these examples.

[0062] The abbreviations used in the examples have the following meanings.

mg: milligram, g: gram, kg: kilogram, mL: milliliter, L: liter, mol: mol, MHz: megahertz.

In the examples below, the chemical shift value in the nuclear magnetic resonance (hereinafter,
"H NMR: 500 MHz) spectrum is described as a § value (ppm) using tetramethylsilane as the
reference substance. In the splitting pattern, s indicates a single line, d indicates a double line, t
indicates a triple line, ¢ indicates a quadruple line, m indicates a multiple line, and br indicates a

broad line.

[0063] The measurement conditions for the powder X-ray diffractometer used in the examples

are as follows.

12
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Measuring range: 3-40 deg
Step: 0.020 deg

Speed: 10 deg/min

Target: Cu (Ka)

Tube voltage: 40 kV

Tube current: 15 mA

Measurement temperature: Room temperature (25°C)

[0064] (Reference Example 1)
Production of potassium (5-methylpyridine-2-yl) acetate (2)

[0065] [Formula 12]

HO,C | S 48%KOH ag. KO,C | X
N “HCI N =

CH3 Hzo CH3
(D (2)

[0066] Under a nitrogen atmosphere, water (25.7 L) and (5-methylpyridine-2-yl) acetate
hydrochloride (1) (19.0 kg, 101 mol) were added to a reaction vessel, and stirred at 0°C. After
adding a 48% potassium hydroxide aqueous solution (23.24 kg) while keeping the temperature
between -5°C and 10°C, the pH was adjusted to 12.6 with concentrated hydrochloric acid (0.15
kg). After confirming precipitation of potassium chloride, the contents were stirred at 0°C for 20
minutes and 1-propanol (143 L) was added dropwise. After completion of the dropwise addition,
the temperature was raised to 25°C, and the contents were stirred for 15 minutes and
concentrated under reduced pressure until the liquid volume reached 66.5 L. 1-Propanol (143 L)
was added dropwise at 20°C, and the contents were concentrated again under reduced pressure
until the liquid volume reached 66.5 L. Then, 1-propanol (143 L) was added dropwise at 25°C,
hot filtration was performed at 50°C, and contents were washed with 1-propanol (57 L) at 50°C
to remove insoluble matter. The resulting filtrate was concentrated under reduced pressure until
the liquid volume reached 95 L, and a 1-propanol aqueous solution (1-propanol 19 L, water 1.9

L) was added dropwise at 40°C. Then, the contents were concentrated under reduced pressure

13
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until the liquid volume reached 38 L, and propyl acetate (181 L) was added dropwise at 40°C.
After stirring at 25°C for 18 hours, the precipitated solid was collected by filtration, washed with
a propyl acetate/1-propanol solution (propyl acetate 51.3 L, 1-propanol 5.7 L), and dried under
reduced pressure at 40°C to obtain the target compound (2) (18.15 kg, yield 94.7%) as a solid.

'H NMR (500 MHz, DMSO-ds): § = 2.21 (s, 3H), 3.25 (d, J = 3.5 Hz, 2H), 7.16 (d, J = 8.0 Hz,
1H), 7.38 (d, J = 8.0 Hz, 1H), 8.16 (s, 1 H).

[0067] (Reference Example 2)
Production of potassium (5-methylpyridine-2-yl) acetate (2)

[0068] [Formula 13]

E KHMDS/toluene
| X CH4CN NC | ™
N__~ ~ N~

CHg toluene CHg

(3) 4

1) c. HCI KO,C | X

2) 48%KOH ag. N en,
(2)

[0069] Toluene (315 mL), 2-fluoro-4-methylpyridine (3) (45 g, 405 mmol) and acetonitrile (20.0
g, 487 mmol) were added to a reaction vessel under a nitrogen atmosphere, and the contents were
stirred at 0°C. A toluene solution of potassium hexmethyldisilazide (0.5 mol/L, 1.78 L, 890
mmol) was slowly added dropwise while keeping the temperature between 0°C and 10°C. After
stirring at 25°C for one hour, the contents were stirred at 50°C for another six hours. After
cooling to 5°C, water (450 mL) was added, and the contents were stirred for 30 minutes. The
liquid was separated at 5°C and the aqueous layer was discarded. A 2N aqueous hydrochloric
acid solution (522 mL) was added to the organic layer to adjust the pH to 2.4. After raising the

temperature to 25°C and stirring for 15 minutes, the pH was adjusted to 8.7 using a 4N aqueous

14
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sodium hydroxide solution. After stirring at 25°C for 15 minutes, the aqueous layer was
discarded and 135 mL of concentrated hydrochloric acid was added at 5°C. The contents were
stirred at 25°C for 15 minutes and the organic layer was discarded. The aqueous layer was heated
to 80°C and stirred for four hours. After adding 48% potassium hydroxide aqueous solution (204
g) while keeping the temperature between -5°C and 25°C, the contents were stirred at 25°C for
45 minutes. Next, |-propanol (450 mL) was added and concentrated under reduced pressure until
the liquid volume reached 225 mL. A 48% aqueous potassium hydroxide solution (11.8 g) was
added to adjust the pH to 11.8, 1-propanol (450 mL), and the contents were concentrated under
reduced pressure until the liquid volume reached 225 mL. Then, 1-propanol (450 mL) was
added, the contents were concentrated under reduced pressure until the liquid volume reached
338 mL, and 1-propanol (338 mL) was added. The temperature was raised to 50°C, hot filtration
was performed at the same temperature, and the contents were washed with 1-propanol (135 mL)
at 50°C to remove insoluble matter. After cooling to 25°C and confirming crystallization, the
contents were concentrated until the liquid volume reached 135 mL. Then, 585 mL of propyl
acetate was added dropwise at S0°C. After stirring at 25°C for eight hours, the precipitated solid
was collected by filtration, washed with propyl acetate/1-propanol solution (propyl acetate

122 mL, I-propanol 13.5 mL), and dried under reduced pressure at 40°C to obtain the target
compound (2) (68.9 g, yield 89.9%) as a solid.

[0070] (Reference Example 3)
Production of potassium (5-methylpyridine-2-yl) acetate (2)

[0071] [Formula 14]

15
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Pd(PPha),Cl;
c | S CN NaO'Bu NC | =
+ -
N en, CN NMP NP eh,
(5) (6)
1) c. HCI KO,C ‘ SN
2) 48%KOH aq. N CHs
(2)

[0072] (Step 1) Production of (5-methylpyridine-2-yl) propanedinitrile (6)

Under a nitrogen atmosphere, N-methylpyrrolidone (7L) and malononitrile (797 g, 12.1 mol)
were added to a reaction vessel, and sodium tert-butoxide (2.64 kg, 27.4 mol) was added in four
portions. Next, 2-chloro-4-methylpyridine (5) (1.40 kg, 11.0 mol) was added, and the oxygen
concentration in the solution was lowered by aeration with nitrogen. Bis (triphenylphosphine)
palladium dichloride (77.0 g, 0.11 mol) was added, and the contents were stirred at 55°C for 1.5
hours and then at 80°C for one hour. After cooling to 50°C, an aqueous acetic acid solution (1.0
kg acetic acid, 2.1 kg water) was added dropwise at the same temperature, and more water (18.9
kg) was added while stirring. After cooling to 25°C, the pH was adjusted to 5.6 with a 6N
aqueous hydrochloric acid solution (0.95 kg). After stirring for another hour, the precipitated
solid was collected by filtration, washed with N-methylpyrrolidone aqueous solution (1.4 L N-
methylpyrrolidone, 4.2 L water) and then with water (5.6 L), and dried under reduced pressure at
40°C to obtain the target compound (6) (1.67 kg, yield 96.7%) as a solid.

"H NMR (500 MHz, DMSO-ds): 6 = 2.15 (s, 3H), 7.04 (d, J = 9.0 Hz, 1H), 7.63-7.66 (m, 2H),
12.85 (brs, 1H).

[0073] (Step 2) Production of potassium (5-methylpyridine-2-yl) acetate (2)

16
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Under a nitrogen atmosphere, concentrated hydrochloric acid (150 mL) was stirred at 40°C, and
(5-methylpyridine-2-yl) propandinitrile (6) (50 g, 318 mmol) was added in five portions every
hour. After the addition was completed, the contents were stirred at 40°C for one hour and then
at 80°C for 1.5 hours. A 48% potassium hydroxide aqueous solution (241.7 g) was added while
keeping the temperature between -5°C and 10°C, the temperature was raised to 25°C, and then
water (50 mL) was added. After raising the temperature to 50°C, hot filtration was performed,
and the contents were washed with water (75 mL) at 50°C to remove insoluble matter. The
resulting solution was concentrated under reduced pressure until the liquid volume reached 250
mL, and 1-propanol (500 mL) was added dropwise at 45 to 50°C. After adjusting the pH to 12.6
with concentrated hydrochloric acid (12.4 mL), the contents were concentrated under reduced
pressure until the liquid volume reached 250 mL, and 1-propanol (500 mL) was added dropwise
at 45 to 50°C. The contents were concentrated again under reduced pressure until the liquid
volume reached 250 mL, and 1-propanol (500 mL) was added dropwise at 45 to 50°C. Hot
filtration was performed at S0°C and the contents were washed with 1-propanol (150 mL) at
50°C to remove insoluble matter. Water (50 mL) was added to the filtrate, and the contents were
concentrated under reduced pressure until the volume reached 200 mL. Propyl acetate (400 mL)
was added at 40°C and the contents were concentrated under reduced pressure until the liquid
volume reached 200 mL. Once again, propyl acetate (400 mL) was added at 40°C and the
contents were concentrated under reduced pressure until the liquid volume reached 200 mL. The
concentrate was cooled to 25°C and stirred for another hour, and the precipitated solid was
collected by filtration, washed with a propyl acetate/1-propanol solution (135 mL propyl acetate,
15 mL 1-propanol), and dried at 40°C under reduced pressure to obtain the target compound (2)
(57.05 g, yield 94.8%) as a solid.

[0074] (Reference Example 4)
Production of 5-methyl-4'-oxo-1'-(tetrahydro-2H-pyran-4-ylmethyl)-1',4'-dihydro-2,3'-

bipyridine-5'-ethyl carboxylate (9)

[0075] [Formula 15]
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[0076] Under a nitrogen atmosphere, acetonitrile (257 L) and potassium (5-methylpyridine-2-yl)
potassium acetate (2) (17.15 kg, 90.6 mol) were added to a reaction vessel, and the contents were
heated under reflux at 82°C for two hours. The contents were concentrated at atmospheric
pressure until the liquid volume reached 86 L, and acetonitrile (171.5 L) was added at 25°C.
Pyridine hydrochloride (12.57 kg, 109 mol) was added at 0°C and stirred for 30 minutes, and
carbonyldiimidazole (16.16 kg, 100 mol) was added at 0°C and stirred for 40 minutes. Next,
ethyl potassium malonate (23.14 kg, 136 mol) and triethylamine (18.34 kg, 181 mol) were added
at 0°C, and magnesium chloride (12.08 kg, 127 mol) was added in ten portions. After stirring at
0°C for one hour, the contents were stirred at 55°C for another hour. Toluene (137.2 L) and
water (51.5 L) were added, and the pH was adjusted to 5.01 with a 6N hydrochloric acid aqueous
solution. After discarding the aqueous layer, the contents were washed twice with a 10% aqueous
sodium chloride solution (51.5 L). The organic layer was concentrated under reduced pressure
until the liquid volume reached 69 L, toluene (85.8 L) was added, and the contents were
concentrated again under reduced pressure until the liquid volume reached 69 L. This was used
as the solution of ethyl 4-(5-methylpyridine-2-yl)-3-oxobutanoate (7) in the next reaction. Under
a nitrogen atmosphere, N, N-dimethylformamide dimethylacetal (76.8 kg, 645 mol) was added to
another reaction vessel and the temperature was adjusted to 60°C. The solution of ethyl 4-(5-

methylpyridine-2-yl)-3-oxobutanoate (7) was desalted, filtered, and added to the reaction vessel
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at 60°C. The contents were washed with toluene (17.2 L) and stirred at 60°C for two hours. Next,
the contents were concentrated under reduced pressure until the liquid volume reached 86 L, and
the operation of adding toluene (85.8 L) was repeated four times. The contents were concentrated
again under reduced pressure until the liquid volume reached 86 L, and 1-(tetrahydro-2H-pyran-
4-yl) methaneamine (10.44 kg, 90.6 mol) was added at 25°C. After stirring at 25°C for four
hours, seed crystals (9) (2 g) were added. After confirming crystallization, the contents were
cooled to -5°C and stirred for 16 hours. The precipitated solid was collected by filtration, washed
with toluene (51.5 L), cooled to -5°C, and dried under reduced pressure at 40°C to obtain the
target compound (9) (17.84 kg, yield 55.2%) as a solid.

*The seed crystals (9) were obtained by collecting some of the reaction solution and

concentrating it under reduced pressure.

'H NMR (500 MHz, DMSO-de): & = 1.241.29 (m, 5H), 1.421.45 (m, 2H), 1.99-2.02 (m, 1H),
2.32 (s, 3H), 3.26 (dd, T = 10.0, 10.0 Hz, 2H), 3.85 (dd, J = 11.5, 3.0 Hz, 2H), 4.01 (d, T = 7.5 Hz,
2H), 4.22 (q, T = 7.0 Hz, 2H), 7.63 (dd, T = 7.5, 2.5 Hz, 1H), 8.29 (d, ] = 2.5 Hz, 1H), 8.43 (s,
1H), 8.44 (s, 1H), 8.49 (d,J = 2.5 Hz, 1H).

[0077] (Reference Example 5)
Production of 5-methyl-4'-oxo-1'-(tetrahydro-2H-pyran-4-ylmethyl)-1',4'-dihydro-2,3'-

bipyridine-5'-ethyl carboxylate (9)

[0078] [Formula 16]
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[0079] Under a nitrogen atmosphere, acetonitrile (97.5 mL) and (5-methylpyridine-2-yl) acetate
monohydrochloride (1) (6.5 g, 0.035 mol) were added to a reaction vessel, tricthylamine (2.74 g,
0.027 mol) was added at 0°C and the contents were stirred for 30 minutes, and then
carbonyldiimidazole (6.18 g, 0.038 mol) was added at 0°C and the contents were stirred for one
hour. Next, ethyl potassium malonate (8.84 g, 0.052 mol) and triethylamine (7.01 g, 0.069 mol)
were added at 0°C, and magnesium chloride (4.62 g, 0.049 mol) was added in ten portions. After
stirring at 0°C for one hour, the contents were stirred at 57°C for two hours. Toluene (52 mL)
and water (20 mL) were added, and the pH was adjusted to about 5 with a SN hydrochloric acid
aqueous solution. The liquid was separated at about 50°C, the aqueous layer was discarded, and
the contents were washed with a 10% aqueous sodium chloride solution (20 mL). The liquid was
then separated at 50°C, the aqueous layer was discarded, the contents were cooled to room
temperature, 32.5 mL of a 2N hydrochloric acid aqueous solution was added, and the contents
were stirred for about 5 minutes. After discarding the separated organic layer, 32.5 mL of toluene
was added, the pH was adjusted to about 5 with a 25% aqueous sodium chloride solution, and the
contents were stirred for about five minutes. Toluene (20 mL) was added to the separated
aqueous layer, and the contents were stirred for about 5 minutes. After discarding the aqueous
layer, the organic layers were combined and concentrated under reduced pressure until the liquid

volume reached 26 mL, toluene (32.5 mL) was added, and the contents were again concentrated
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under reduced pressure until the liquid volume reached 26 mL. This was used as the solution of
ethyl 4-(5-methylpyridine-2-yl)-3-oxobutanoate (7) in the next reaction.

Under a nitrogen atmosphere, N, N-dimethylformamide dimethylacetal (29.12 g, 0.244 mol) was
added to another reaction vessel and the temperature was adjusted to 60°C. The solution of 4-(5-
methylpyridine-2-yl)-3-oxobutanoate ethyl (7) was desalted, filtered, and added dropwise to the
reaction vessel at 60°C for about one hour. The contents were washed with toluene (6.5 mL) and
stirred at 60°C for two hours. Next, the contents were concentrated under reduced pressure until
the liquid volume reached 32.5 mL, and the operation of adding toluene (32.5 L) was repeated
four times. The contents were concentrated again under reduced pressure until the liquid volume
reached 32.5 mL, and 1-(tetrahydro-2H-pyran-4-yl) methaneamine (3.96 g, 0.034 mol) was
added at 25°C. After stirring at 25°C for four hours, seed crystals (9) (7 mg) were added. After
confirming crystallization, the contents were cooled to -5°C and stirred overnight. The
precipitated solid was collected by filtration, washed with toluene (20 mL), cooled to -5°C, and
dried under reduced pressure at 40°C to obtain the target compound (9) (5.87 kg, yield 47.5%) as
a solid.

*The seed crystals (9) were obtained by collecting some of the reaction solution and

concentrating it under reduced pressure.
[0080] (Reference Example 6)
Production of 5-methyl-4'-oxo-1'-(tetrahydro-2H-pyran-4-ylmethyl)-1', 4'-dihydro-2,3'-

bipyridine-5'-carboxylic acid (10)

[0081] [Formula 17]

25% NaOH aq.

EtO
EIOH-H,0

®

[0082] Under a nitrogen atmosphere, ethanol (50 mL), water (225 mL), 5-methyl-4'-oxo-1'-
(tetrahydro-2H-pyran-4-ylmethyl)-1', 4'-dihydro-2,3'-bipyridin-5’-ethyl carboxylate (9) (50 g,
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14.0 mmol), and a 25% sodium hydroxide aqueous solution (26.9 g, 16.8 mmol) were added to a
reaction vessel, and the contents were stirred at 25°C for two hours. Toluene (150 mL) and water
(50 mL) were added, and the organic layer was discarded. Ethanol (185 mL) was added to the
aqueous layer, and the pH was adjusted to 4.8 with a 6N aqueous hydrochloric acid solution (28
mL). After stirring at 25°C for another 30 minutes, the precipitated solid was collected by
filtration, washed with an aqueous ethanol solution (75 mL of ethanol, 75 mL of water) and then
with water (150 mL), and dried under reduced pressure at 40°C to obtain the target (10) (42.93 g,
yield 93.1%) as a solid.

'H NMR (500 MHz, DMSO-de): & = 1.29-1.33 (m, 2H), 1.43-1.45 (m, 2H), 2.06 2.07 (m, 1H),
2.36 (s, 3H), 3.27 (dd, T = 10.0, 9.5 Hz, 2H), 3.84 (dd, J = 11.5, 2.5 Hz, 2H), 4.23 (d,J = 7.5 Hz,
2H), 7.72 (dd, T = 8.0, 2.5 Hz, 1H), 8.38 (d, J = 8.0 Hz, 1H), 8.53 (d, J = 2.5 Hz, 1H), 8.78 (s,
1H), 8.84 (s, 1T1).

[0083] (Reference Example 7)
Production of (2-fluoro-4-nitrophenyl) acetonitrile (13)

[0084] [Formula 18]

NC
No; ) NO,
CO,Et NO, Licl
F ; KGO Ncﬁ NCV@/
23 DMSQ-H,0
F DMAG F

EtO,C F
(1) (12) (13)

[0085] Under a nitrogen atmosphere, N,N-dimethylacetamide (5.00 L) was stirred at 25°C,
potassium carbonate (0.956 kg, 6.92 mol), 1,2-difluoro-4-nitrobenzene (11) (1.00 kg, 6.29 mol),
and ethyl cyanoacetate (0.782 kg, 6.91 mol) were added, and the temperature was raised to 90°C.
After stirring at the same temperature for four hours, the contents were cooled to 25°C. Water
(3.50 L) was added dropwise to the solution over 30 minutes, a 2N hydrochloric acid aqueous

solution (6.91 L) added dropwise over 15 minutes, and then ethyl acetate (10.0 L) was added.
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After stirring the contents at 25°C for five minutes and then allowing them to stand, the aqueous
layer was discarded. Water (8.50 L) and sodium chloride (1.50 kg) were added to the organic
layer, the contents were stirred at 25°C for 5 minutes and allowed to stand, and then the aqueous
layer was discarded. The resulting organic layer was concentrated under reduced pressure to a
liquid volume of 3.0 L, and dimethyl sulfoxide (2.50 L) was added. After concentrating the
solution under reduced pressure to a liquid volume of 4.0 L, a mixture of water (1.50 L) and
lithium chloride (0.400 kg) was added. After raising the temperature to 100°C, the contents were
stirred at the same temperature for five hours and cooled to 50°C. After adding methanol (5.00
L) to the solution, water (2.00 L) was added dropwise over 10 minutes, and then seed crystals
(13) (1.00 g) were added to precipitate crystals. After confirming crystal precipitation, the
contents were stirred at 50°C for 30 minutes, and water (2.50 L) was added dropwise over one
hour. After stirring at the same temperature for one hour, the contents were cooled to 25°C over
another hour. Then, the temperature was raised to 50°C, and water (4.50 L) was added dropwise
over 45 minutes. After stirring at the same temperature for 30 minutes, the contents were cooled
to 25°C over one hour. After stirring at the same temperature for one hour, the precipitated solid
was collected by filtration, washed with a water/methanol solution (3.00 L of water, 1.00 L of
methanol), and dried under reduced pressure at S0°C to obtain the target compound (1.05 kg,
yield 92.8%) as a solid.

*The seed crystals (13) were obtained by collecting some of the reaction solution and

concentrating it under reduced pressure.

'H NMR (500 MHz, CDCLs): & = 3.89 (s, 2H), 7.71 (dd, J = 8.5, 8.0 Hz 1H), 8.01 (dd, J = 2.0,
8.5 Hz, 1), 8.12 (dd, J = 8.0, 2.0 Hz, 1H).

[0086] (Reference Example 8)
Production of (2R)-1,4-dioxan-2-ylmethyl-methanesulfonate (17)

[0087] [Formula 19]
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[0088] (Step 1) Production of (2S)-1,4-dioxan-2-yl methanol (16)

In a nitrogen atmosphere, 2-chloroethanol (210.0 kg) and boron trifluoride tetrahydrofuran (0.26
kg, 1.86 mol) were added to a reaction vessel, and the contents were stirred and heated to 75°C.
(R)-Epichlorohydrin (14) (35.00 kg, 378.3 mol) was added dropwise over one hour and xylene
(17.5 L) was added. After stirring at 75°C for 1.5 hours, the contents were concentrated under
reduced pressure to a liquid volume of 70 L. Xylene (105.0 L) was added to the solution, and the
contents were concentrated again under reduced pressure to a liquid volume of 70 L. The
operation of adding xylene and concentrating under reduced pressure was repeated a total of 3
times. The resulting concentrate was cooled to 15°C and a 25% (w/w) sodium hydroxide
aqueous solution (302.64 kg, 1.89 kmol) was added. The temperature was raised to 65°C, and the
contents were stirred at the same temperature for 5.5 hours and then cooled to 25°C. Toluene
(105.0 L) was added to the solution, the contents were stirred at 25°C for five minutes and
allowed to stand, and then the organic layer was discarded. Again, toluene (105.0 L) was added
to the aqueous layer, the contents were stirred at 25°C for five minutes and allowed to stand, and
the organic layer was discarded. Concentrated hydrochloric acid (127.89 kg) was added to the
resulting aqueous layer, and the pH was adjusted to 7.2. 1-Propanol (175.0 L) was added to the

solution, and the contents were concentrated under reduced pressure to a liquid volume of 350 L.
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1-Propanol (210.0 L) was added to the solution, and the contents were concentrated under
reduced pressure to a liquid volume of 290 L. 1-Propanol (297.5 L) was added to the solution,
and the contents were concentrated under reduced pressure to a liquid volume of 210 L. 1-
Propanol (367.5 L) was added to the solution, and the contents were concentrated under reduced
pressure to a liquid volume of 175 L. 1-Propanol (70.0 L) was added to the solution, and the
contents were concentrated under reduced pressure to a liquid volume of 175 L. The suspension
obtained by concentration was filtered using 1-propanol (175.0 L) to remove the precipitated
inorganic salts. The resulting filtrate was concentrated under reduced pressure to a liquid volume
of 30 L, and toluene (52.5 L) was added. The suspension was filtered using toluene (17.5 L) to
remove precipitated inorganic salts. The resulting filtrate was concentrated under reduced
pressure to a liquid volume of 30 L, and toluene (70.0 L) was added. The contents were
concentrated further under reduced pressure to a liquid volume of about 20 L to obtain the target

compound (16) (22.47 kg, yield 45.3%).

'H NMR (500 MHz, DMSO-de): & = 3.26 (dd, J = 10.0, 11.5 Hz, 1H), 3.25-3.49 (m, 4H), 3.54
(ddd, J=2.5, 11.0, 11.5 Hz, 1H), 3.62 (dd, J = 2.5, 11.5 Hz, 1H), 3.68 (dd, J = 3.0, 11.5 Hz, 1H),
3.73 (dd, J=2.5, 11.0 Hz, 1H), 4.68 (t, J = 5.5Hz, 1H).

[0089] (Step 2) Production of (2R)-1,4-dioxan-2-ylmethyl-methanesulfonate (17)

The resulting (2S)-1,4-dioxane-2-ylmethanol (16) (22.00 kg, 186.2 mol) was added to another
reaction vessel. Then, ethyl acetate (440.0 L), triethylamine (26.57 kg, 262.6 mol), and
methanesulfonyl chloride (32.64 kg, 284.9 mol) were added, and the contents were stirred at
30°C for one hour. Water (112.2 L) was added to the solution, the contents were stirred at 25°C
for 15 minutes and allowed to stand, and then the aqueous layer was discarded. The resulting
organic layer was concentrated under reduced pressure to a liquid volume of 40 L. Methanol
(68.2 L) was added to the solution, and the solution concentrated under reduced pressure to a
liquid volume of 40 L. Again, methanol (68.2 L) was added to the solution, and the solution
concentrated under reduced pressure to a liquid volume of 40 L. Methanol (220.0 L) was added
to the solution, the solution was cooled to 5°C, and seed crystals (17) (1 g) were added to

precipitate crystals. After crystal precipitation, the contents were stirred at S°C for one hour.
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After cooling to -15°C over 2 hours, the contents were stirred at the same temperature for 24
hours. The precipitated solid was collected by filtration, washed with methanol (88.0 L), cooled
to -15°C, and dried under reduced pressure at 25°C to obtain the target compound (17) (21.19 kg,
yield 63.6%) as a solid.

*The seed crystals (17) were obtained by collecting some of the reaction solution and

concentrating it under reduced pressure.

'H NMR (500 MHz, DMSO-de): & = 3.07 (s, 3H), 3.46 (dd, J = 10.0, 11.5 Hz, 1H), 3.62 (dt, J =
3.0, 11.0 Hz, 1H), 3.70-3.92 (m, SH), 4.16-4.25 (m, 2I1).

[0090] (Reference Example 9)
Production of 4-[(2R)-1,4-dioxan-2-ylmethoxy]-3-methoxybenzaldehyde (18)

[0091] [Formula 20]

CHO
CHO
e
0=5=0 ~-CHg
(l) 0 /CH3
OH ©
H! 0
[@] Q N82CO3 H—-\l
/ DMAC o o}
N/
{7
(18}

[0092] Under a nitrogen atmosphere, N,N-dimethylacetamide (45.5 L), sodium carbonate (9.96
kg, 93.97 mol), and vanillin (13.00 kg, 85.44 mol) were added, and the contents were stirred at
20°C for 5 minutes. (2R)-1,4-Dioxan-2-ylmethyl-methanesulfonate (17) (17.60 kg, 89.70 mol)
was added to the suspension, the temperature was raised to 120°C, and the contents were stirred
at the same temperature for 6.5 hours. After cooling to 70°C, water (97.5 L) was added dropwise
over one hour while maintaining the same temperature. Seed crystals (18) (13 g) were added to
the solution to precipitate crystals. After crystal precipitation, the contents were stirred at 70°C
for one hour. Water (84.5 L) was added dropwise to the suspension over 1.5 hours while keeping
the temperature at 60°C, and the contents were stirred at the same temperature for one hour.
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After cooling to 30°C over one hour, the contents were stirred at the same temperature for 30
minutes. After cooling to 0°C over another 1.5 hours, the contents were stirred at the same
temperature for 15 hours. The precipitated solid was collected by filtration, washed with water
(104.0 L), and dried under reduced pressure at 40°C to obtain the target compound (18) (20.51
kg, yield 95.2%) as a solid.

*The seed crystals (18) were obtained by collecting some of the reaction solution and

concentrating it under reduced pressure.

'H NMR (500 MHz, DMSO-ds): & = 3.40 (dd, J = 10.0, 11.0 Hz, 1), 3.47-3.53 (m, 1H), 3.60—
3.70 (m, 2H), 3.74-3.79 (m, 1H), 3.80-3.86 (m, 4H), 3.87-3.93 (m, 1H), 4.03-4.10 (m, 2H),
7.19 (d, J = 8.5 Hz, 1H), 7.40 (d, J = 2.0 Hz, 1H), 7.53 (dd, J = 2.0, 8.5 Hz, 1), 9.84 (s, [ H).

[0093] (Example 1)
Production of N-benzyl-5-{4-[(2R)-1,4-dioxan-2-ylmethoxy]-3-methoxyphenyl}-3-(2-fluoro-4-
nitrophenyl) pyridin-2-amine monohydrochloride (22)

[0094] [Formula 21]
CHO 0 ~CHs

CH ‘
o 7 Ph3P(CI)CH,0Me (COCl), -

o NaCMe in methanol _CHj3 DMF

o oSt
He toluene-THF o 5

\/ 0 ¢
(18) B B B \_/ B
(19 (20)

NO;
Foa3) -HCI

2,6-lutidine
DMAC
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[0095] Under a nitrogen atmosphere, toluene (475 mL), 4-[(2R)-1,4-dioxan-2-ylmethoxy]-3-
methoxybenzaldehyde (18) (39.0 g, 0.155 mol), and (methoxymethyl) triphenylphosphonium
chloride (58.3 g, 0.17 mol) were added, and the contents were concentrated under reduced
pressure to a liquid volume of 220 g. The operation of adding toluene (136 g) and concentrating
the contents under reduced pressure to 135 g was carried out twice. Tetrahydrofuran (243 g) was
added and the contents were cooled to 0°C. A 28% sodium methoxide/methanol solution (13.31
g, 0.185 mol) was added dropwise to the solution over 2 hours, and the contents were stirred at
the same temperature for 36 hours. Water (156.0 mL) was added to the reaction solution, and the
contents were stirred at 25°C for one minute, and allowed to stand. The aqueous layer was then
discarded. Water (156.0 mL) and table salt (15.6 g) were added to the organic layer, and the
contents were stirred at 25°C for 5 minutes, and allowed to stand. The aqueous layer was then
discarded. The resulting organic layer was concentrated under reduced pressure until the effluent
reached 477 g. Next, toluene (169.7 g) was added, and the contents were concentrated under
reduced pressure again until the effluent reached 166 g. Dimethylformamide (33.9 g, 0.464 mol)
and toluene (18 g) were added to the solution, and the contents were cooled to about 0°C. Then,
oxalyl chloride (27.5 g, 0.217 mol) was added dropwise over 20 minutes while keeping the
temperature at or below 10°C, the temperature was raised to 30°C, and the contents were stirred
at the same temperature for 14 hours. After completion of the reaction, the temperature was
cooled to 25°C and a deaeration operation was performed four times. Then, the temperature was
cooled to 15°C, a mixed solution of N,N-dimethylacetamide (110 g) and (2-fluoro-4-nitrophenyl)
acetonitrile (13) (30.6 g, 0.17 mol) was added over 20 minutes, N,N-dimethylacetamide (147 g)
was added dropwise over 20 minutes, and finally 2,6-lutidine (49.7 g, 0.464, mol) was added
dropwise over 15 minutes while keeping the temperature at 15°C. The temperature was raised to
25°C, and the contents were stirred at the same temperature for 17 hours. The reaction solution
was cooled to 10°C, and benzylamine (49.7 g, 0.464 mol) was added dropwise over 15 minutes
while keeping the temperature at 20°C or lower. The temperature was raised to 25°C, and the
contents were stirred at the same temperature for 9 hours. After completion of the reaction, water
(546 mL), methyl isobutyl ketone (468 g), and 4N sodium hydroxide aqueous solution (39 g)
were added, and the contents were stirred at 25°C for 5 minutes, and allowed to stand. The

aqueous layer was then discarded. Water (585 L) was added to the organic layer, and the
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contents were stirred at 25°C for 5 minutes, and allowed to stand. The aqueous layer was then
discarded. Methyl isobutyl ketone (156 g) and water (156 g) were added to the obtained organic
layer, the temperature was raised to 40°C, and a 7% hydrochloric acid aqueous solution (58.5 g)
was added dropwise over 20 minutes while keeping the temperature at 40°C. Seed crystals (22)
(39 mg) were added to the solution to precipitate crystals. After confirming crystal precipitation,
the suspension was stirred at 40°C for 30 minutes, and the pH of the suspension was adjusted to
6.67 using a 2N hydrochloric acid aqueous solution (39 g). After cooling to 25°C, the pH of the
suspension was adjusted to 6.78 using a 2N hydrochloric acid aqueous solution (19.5 g). After
stirring for 15 minutes or more, the precipitated solid was collected by filtration, washed with
methyl isobutyl ketone (374 g), and dried under reduced pressure at 40°C to obtain the target
compound (22) (62.56 g, yield 69.5%) as a solid.

*The seed crystals (22) were obtained by collecting some of the reaction solution and

concentrating it under reduced pressure.

'H NMR (500 MHz, DMSO-ds): & =3.39 (dd, J = 11.5, 10 Hz, 1H), 3.49 (dt, J = 3, 11 Hz, 1H),
3.58-3.70 (m, 2H), 3.72-3.78 (m, 1H), 3.79-3.90 (m, 5H), 3.93-4.04 (m, 1H), 5.80 (s, 2H), 7.09
(d, 7=8.5 Hz, 1H), 7.28-7.52 (m, 7H), 7.91 (dd, J = 7.0, 8.0 Hz, 1), 8.26-8.38 (m, 4H), 8.48
(d, 7=2.5 Hz, 1H), 8.87 (d,J = 1.5 Hz, 1)

[0096] (Example 2)
Examination of production conditions for N-benzyl-5-{4-[(2R)-1,4-dioxan-2-ylmethoxy]-3-

methoxyphenyl}-3-(2-fluoro-4-nitrophenyl) pyridin-2-amine monohydrochloride (22)

[0097] [Formula 22]
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NO,

/CH3 N02
HyC. +
N
- CH, £ (1.10eq.)
(13)

fe) Base(3.0eq)

DMACc
H l
Stepl

BnNH,
(2.0-3.0eq.)

r.t.

Step2

[0098] The pyridine cyclization reaction was examined using various bases in the same manner

as in Example 1.

[0099] [Table 1]

Ent. | Base Conditions(Stepl) | Yield(%)
1 20%wtNaOEt/EtOH | 0T, 1h 45
2 DBU 0C, 3h 56
3 Et3N 0C, 26h 53
4 Pyridine r.t., 25h 66
5 2 6-lutidine r.t. 7h 72
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[0100] (Example 3)
Production of 3-(4-amino-2-fluorophenyl)-5-{4-[(2R)-1,4-dioxan-2-ylmethoxy]-3-
methoxyphenyl} pyridin-2-amine monohydrochloride (23)

[0101] [Formula 23]

PA-C
Hel “Hel

[0102] Under a nitrogen atmosphere, water (41.7L), N-benzyl-5-{4-[(2R)- 1 ,4-dioxan-2-
ylmethoxy] -3-methoxyphenyl}-3-(2-fluoro-4)-nitrophenyl) pyridin-2-amine monohydrochloride
(22) (6.95 kg, 119 mol), 1-propanol (97.3 L), and 5% Pd/C (TYPE PE, 0.76 kg) were added, and
nitrogen substitution was performed three times at a pressure of 0.3 MPaG. The temperature was
raised to 50°C, and hydrogen substitution was performed three times at a pressure of 0.3 MPaG.
Then, the contents were stirred for two hours at a temperature of 50°C and under 0.3 MPaG of
hydrogen pressure. The temperature was raised to 70°C, the contents were stirred for seven
hours, and the system was purged with nitrogen. After filtering at the same temperature to
remove the catalyst, the contents were washed with a water/1-propanol solution (water 6.3 L, 1-
propanol 14.6 L) at 70°C, and the resulting filtrate was cooled to 40°C. The filtrate was
concentrated under reduced pressure to 52 L while keeping the temperature at 40°C, and 1-
propanol (69.5 L) was added. The filtrate was concentrated under reduced pressure until the
liquid volume reached 52 L once again while keeping the temperature at 40°C, and 1-propanol
(52.1 L) was added. The solution was raised to 55°C and stirred for two hours. Then, the

contents were cooled to 25°C and stirred for 18 hours, and the precipitated solid was collected by
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filtration, washed with [-propanol (34.8 L), and dried under reduced pressure at 40°C to obtain
the target compound (23) (4.97 kg, yield 90.1%) as a solid.

'H NMR (500 MHz, DMSO-ds): & = 3.43 (dd, J = 10, 11 Hz, 1H),3.53 (dt, = 3.0, 11 Hz, 1H),
3.64-3.72 (m, 2H), 3.80 (dd, J = 2.0, 11.5 Hz, 1H), 3.85-3.92 (m, 5H), 3.97-4.04 (m, 2H), 5.86
(br, 1H), 6.51 (dd, T =2.0, 12.5 Hz, 1H), 6.57 (dd, J = 2.0, 8.5 Hz, 1H), 7.08 (d, J = 8.5 Hz, 111,
7.17 (t, T=8.5 Hz, 1H), 7.26 (dd, J = 2.0, 8.5 Hz, 1H), 7.33 (d, J = 2.0 Hz, 1H), 7.65 (br, 211),
8.17 (d, J = 2.0 Hz, 1H), 8.37 (d, T = 2.0 Hz, 1H).

[0103] (Example 4)
Production of 3-(4-amino-2-fluorophenyl)-5-{4-[(2R)-1,4-dioxan-2-ylmethoxy]-3-
methoxyphenyl} pyridin-2-amine monohydrochloride (23)

[0104] Under a nitrogen atmosphere, N-benzyl-5-{4-[(2R)-1,4-dioxan-2-ylmethoxy]-3-
methoxyphenyl}-3-(2-fluoro-4-nitrophenyl) pyridin-2-amine monohydrochloride (22) (40 g,
0.069 mol), N-methylpyrrolidone (200 mL), and 5% Pd/C (TYPE PE, 4.5 g) were added, and
nitrogen substitution and hydrogen substitution were performed three times each at a pressure of
0.3 MPaG. Then, the temperature was raised to 50°C, and the contents were stirred for one hour
under a hydrogen pressure of 0.3 MPaG. The temperature was raised to 70°C, the contents were
stirred for two hours, and then the system was purged with nitrogen. The contents were cooled to
room temperature, a 50% sodium hydroxide aqueous solution (8.08 g, 0.069 mol) was added,
and the contents were stirred overnight. Then, after filtering and removing the catalyst, the
contents were washed with N-methylpyrrolidone (40 mL), 2-propanol (240 mL) was added at the
same temperature, 6N-hydrochloric acid aqueous solution (4 g) was then added, and seed
crystals (23) (40 mg) were added. After confirmation of crystallization, the contents were stirred
for two hours, 2-propanol (240 mL) was added, the pH was adjusted to 3.5 with a 6N
hydrochloric acid aqueous solution, and the mixture was stirred for three hours. The precipitated
solid was collected by filtration, washed a first time with a mixture of N-methylpyrrolidone (28
mL) and 2-propanol (56 mL), and then washed a second time with 2-propanol (80 mL). Then,
the contents were dried under reduced pressure at 40°C to obtain the target compound (23)

(29.90 kg, yield 94.2%) as a solid.
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*The seed crystals (23) were obtained by collecting some of the reaction solution and

concentrating it under reduced pressure.

[0105] (Example 5)

Production of N-[4-(2-amino-5-{4-[(2R)-1,4-dioxan-2-ylmethoxy]-3-methoxyphenyl} pyridin-3-
yD)-3-fluorophenyl]-5-methyl-4'-oxo0-1'-(tetrahydro-2H-pyran-4-ylmethyl)-1',4'-dihydro-2,3'-
bipyridine-5'-carboxamide (25)

[0106] [Formula 24]

SOCl,

DMAc-H,0O

‘HClI

[0107] Under a nitrogen atmosphere, N,N-dimethylacetamide (35.6 L), 5S-methyl-4'-oxo-1'-
(tetrahydro-2H-pyran-4-ylmethyl)-1',4'-dihydro-2,3"-bipyridin-5'-carboxylic acid (10) (3.56 kg,
10.8 mol) and purified water (152 g) were added, and the contents were cooled to -8°C. Then,
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thionyl chloride (2.46 kg, 20.7 mol) was added dropwise over 50 minutes, and the contents were
stirred at the same temperature for 1.5 hours. Next, 3-(4-amino-2-fluorophenyl)-5- {4-[(2R)-1,4-
dioxan-2-ylmethoxy]-3-methoxyphenyl} pyridin-2-amine monohydrochloride (23) (4.77 kg, 10.3
mol) and N, N-dimethylacetamide (3.6 L) were added, and the contents were stirred at -8°C for
40 hours. Then, a mixed solution of N,N-dimethylacetamide (14.3 L) and water (3.6 L) was
added, and the contents were stirred at -8°C for 1.5 hours and then heated to 60°C. After adding
water (7.1 L) to the solution, the pH of the solution was adjusted to 5.5 with triethylamine. Then,
seed crystals (25) (0.4 g) were added to precipitate crystals. After confirming precipitation of
crystals, the contents were stirred at 60°C for 3.5 hours, and water (16.0 L) was added dropwise
over one hour while maintaining the same temperature. Triethylamine was added to the
suspension to adjust the pH to 5.7, and the suspension was then cooled to 25°C over one hour.
After stirring at the same temperature for 14 hours, the precipitated solid was collected by
filtration and washed with 33% N,N-dimethylacetamide aqueous solution (N,N-
dimethylacetamide 11.7 L, water 23.8 L) and then normal water (35.6 L), and the contents were
dried under reduced pressure at 40°C to obtain the target compound (25) (7.17 kg, yield 94.4%).
*The seed crystals (25) were obtained by collecting some of the reaction solution and

concentrating it under reduced pressure.

'H NMR (500 MHz, CDCL): § = 1.42-1.62 (m, 4H), 2.16 (m, 1H), 2.40 (s, 3H), 3.39 (dt, J = 2.0,
12 Hz, 2H), 3.55 (dd, J = 12, 10 Hz, 1H), 3.65-3.89 (m, 4H), 3.91 (s, 3H), 3.93-4.10 (m, 8H),
4.55 (br, 2H), 6.96 (d, J = 8.0 Hz, 1H), 7.03 (d, J = 2.0 Hz, 1H), 7.05 (dd, J = 2.0, 8.5 Hz, 1),
7.38 (t, = 8.0 Hz, 1H), 7.50 (dd, J = 2.0, 8.5 Hz, 1H), 7.59 (d, J = 2.5 Hz, 1H), 7.62 (dd, J = 2.5,
8.0 Hz, 1H), 7.92 (dd, J = 4.0, 12 Hz, 1H), 8.31 (d, ] = 2.0 Hz, 1H), 8.41 (d, J = 2.5 Hz, 1H),
8.47-8.48 (m, 2H), 8.56 (d, J = 2.5 Hz, 1H), 13.01 (s, LTL).

[0108] (Example 6)

Production of N-[4-(2-amino-5-{4-[(2R)-1,4-dioxan-2-ylmethoxy]-3-methoxyphenyl} pyridin-3-
yD)-3-fluorophenyl]-5-methyl-4'-oxo0-1'-(tetrahydro-2H-pyran-4-ylmethyl)-1',4'-dihydro-2,3'-
bipyridine-5'-carboxamide (25)

[0109] [Formula 25]
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(10) - (24) -

Solution

-HCI

[0110] N,N-dimethylacetamide (67.5 mL) and 5-methyl-4'-oxo-1'-(tetrahydro-2H-pyran-4-
ylmethyl)-1',4'-dihydro-2,3'-bipyridin-5'-carboxylic acid (10) (6.72 g, 0.020 mol) were added to
reaction vessel 1 under a nitrogen atmosphere, and the contents were cooled to -10°C. Then,
thionyl chloride (2.55 g, 0.021 mol) was added dropwise over 50 minutes, and the contents were
stirred at the same temperature for four hours.

N, N-dimethylacetamide (49.5 mL), 3-(4-amino-2-fluorophenyl)-5-{4-[(2R)-1,4-dioxan-2-
ylmethoxy]-3-methoxyphenyl} pyridin-2-amine monohydrochloride (23) (9.00 g, 0.019 mol),
and 1,8-diazabicyclo [5.4.0] undeca-7-ene (DBU) (3.11 g, 0.020 mol) was added to reaction

35

17061355_1 (GHMatters) P115075.AU



10

15

20

25

30

vessel 2 under a nitrogen atmosphere. After stirring at room temperature for 0.5 hours to
completely dissolve the contents, the contents were cooled to -10°C.

Next, the solution in reaction vessel 2 was added dropwise to reaction vessel 1 over one hour
while keeping the temperature at -10°C. After stirring at the same temperature for two hours,
water (18 mL) was added and the temperature was raised to 60°C. Triethylamine was added to
the solution to adjust the pH of the solution to 7.5, and then seed crystals (25) (1.0 mg) were
added to precipitate crystals. After confirming precipitation of crystals, the contents were stirred
at 60°C for three hours, and water (45.0 mL) was added dropwise over one hour while
maintaining the same temperature. Then, the contents were cooled to 25°C over one hour. After
stirring at the same temperature for 16 hours, the precipitated solid was collected by filtration
and mixed with 33% N, N-dimethylacetamide aqueous solution (N,N-dimethylacetamide 45.2
mL, water 22.3 mL) and then normal water (67.5 mL), and the contents were washed and dried
under reduced pressure at 40°C to obtain the target compound (25) (13.55 g, yield 94.5%) as a
solid.

*The seed crystals (25) were obtained by collecting some of the reaction solution and

concentrating it under reduced pressure.

[0111] (Example 7)

Production of N-[4-(2-amino-5-{4-[(2R)-1,4-dioxan-2-ylmethoxy]-3-methoxyphenyl} pyridin-3-
yD)-3-fluorophenyl]-5-methyl-4'-oxo-1'-(tetrahydro-2H-pyran-4-ylmethyl)-1', 4'-dihydro-2,3'-
bipyridine-5'-carboxamide sulfate hydrate (26)

[0112] Under a nitrogen atmosphere, acetone (49 mL), N-[4-(2-amino-5-{4-[(2R)-1,4-dioxan-2-
ylmethoxy]-3-methoxyphenyl} pyridin-3-yl)-3-fluorophenyl]-5-methyl-4'-oxo-1'-(tetrahydro-
2H-pyran-4-ylmethyl)-1',4'-dihydro-2,3'-bipyridin-5'-carboxamide (25) (10.00 g, 0.014 mol), and
purified water (1.7 mL) were added, the temperature was raised to 45°C, and then a 25% sulfuric
acid aqueous solution (5.87 g) was added while keeping the temperature at 45°C. After
confirming dissolution of the crystals, filtration was performed at the same temperature to
remove insoluble matter, and the contents were washed with a mixed solution of purified water
and acetone (9 mL of purified water, 21 mL of acetone). Afterwards, a 25% sulfuric acid
aqueous solution (4.27 g) was added and then seed crystals (26) (10 mg) were added to
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precipitate crystals. After confirming precipitation of crystals and then stirring overnight,
purified water (3 mL) was added, the temperature was raised to 55°C, and the contents were
stirred for one hour. After cooling to 45°C, acetone (40 mL) was added dropwise over 30
minutes. After stirring at 45°C for 30 minutes, acetone (40 mL) was added dropwise over 30
minutes. After stirring at 45°C for 30 minutes, acetone (40 mL) was again added dropwise over
30 minutes. After stirring at 45°C for 30 minutes, acetone (80 mL) was added dropwise over one
hour. Then, the contents were cooled to 25°C over 60 minutes and stirred at the same
temperature overnight. The precipitated solid was collected by filtration, the crystals were
washed a first time with a mixed solution of acetone and purified water (44 mL of acetone, 6 mL
of purified water) and a second time with acetone (50 mL), and the crystals were dried at 35°C
under reduced pressure of 3 kPa to obtain the target compound (26) (11.95 g) as a solid.

*The seed crystals (26) were obtained by collecting some of the reaction solution and
concentrating it under reduced pressure. A powder X-ray crystal structure analysis was

performed on the resulting crystals. The results are shown in Fig. 1 and Table 2.

'H NMR (500 MHz, DMSO-ds): § = 1.37 (dq, J = 4.0, 12 Hz, 2H), 1.52 (d, J = 11.5 Hz, 2H),
2.15 (m, 1H), 2.49 (s, 1H), 3.31 (dt, J = 1.5, 1 1.5 Hz, 2H), 3.4 (dd, J = 10, 11.5 Hz, 1H), 3.53
(dt,J= 1.5, 11 Hz, 1H), 3.64-3.73 (m, 2H), 3.80 (dd, J = 2.0, 12 Hz, 1H), 3.85-3.92 (m, 5H),
3.98-4.05 (m, 2H), 4.26 (d, T = 7.5 Hz, 2H), 7.10 (d, J = 8.5 Hz, 1H), 7.30 (dd, J = 2.5, 8.5 Hz,
1H), 7.36 (d, J = 2.5 Hz, 1H), 7.57-7.62 (m, 2H), 7.77 (br, 2H), 8.04 (dd, J = 2.0, 13 Hz, 1H),
8.11 (br, 1H), 8.38 (dd, J = 2.5, 9.0 Hz, 2H), 8.48 (d, J = 8.5 Hz, 1), 8.69 (s, 11), 8.88 (dd, 2.0,
7.0 Hz, 2H), 13.02 (br, 1H).

[0113] [Table 2]
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Peak No. 20 d Value Peak No. 20 d Value
1 3.71 23.80 6 11.01 8.03
2 6.48 13.64 7 18.44 4.81
3 7.37 11.99 20.53 4,32
4 9.80 9.02 9 22.91 3.88
5 10.29 8.59 10 24.15 3.68
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Claims

[Claim 1] A production method comprising the step of reacting a compound represented by
Formula (I):

[Formula 1]

O/CHS
s
O/CHB
O
HI
@] 0
S (0

with a chlorinating agent and dimethylformamide to obtain a compound represented by Formula

(ID):

[Formula 2]

/(D

or a salt thereof.

[Claim 2] A production method according to claim 1, wherein the chlorinating agent is

oxalyl chloride.

[Claim 3] A production method comprising the steps of producing a compound represented
by Formula (II) using a production method according to claim 1 or 2, and

reacting the compound with a compound represented by Formula (I1I):
39
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[Formula 3]
NO,
NC
F (1)
in the presence of a base to obtain a compound represented by Formula (IV):
[Formula 4]

NO,

g 0
/S (V)

or a salt thereof.

[Claim 4] A production method according to claim 3, wherein the base is 2,6-Iutidine.

[Claim 5] A production method comprising the steps of producing a compound represented
by Formula (IV) or salt thereof using a production method according to claim 3 or 4, and
reacting the compound with benzylamine to obtain a compound represented by Formula (V):

[Formula 5]

40
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or a salt thereof.

[Claim 6] A production method comprising the steps of:

5 (i) reacting a compound represented by Formula (I”) with a Wittig reagent;
[Formula 6]
CHO
O/CH3
O
H--.
@] O

N/ (I

(i) reacting the compound obtained in step (i) with a chlorinating agent and
dimethylformamide;
10 (iii) reacting the compound obtained in step (ii) with a compound represented by Formula
(IIT) above in the presence of a base; and
(iv) reacting the compound obtained in step (iii) with benzylamine to obtain a compound

represented by Formula (V) above or a salt thereof.
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[Claim 7] A method according to claim 6, wherein the Wittig reagent in step (i) is
Ph3(Cl)CH20Me.

[Claim §] A production method according to claim 6 or 7, wherein the chlorinating agent in

step (ii) is oxalyl chloride.

[Claim 9] A production method according to any one of claims 6 to 8, wherein the base in

step (iii) is 2,6-lutidine.

[Claim 10] A production method comprising the steps of producing a compound represented
by Formula (V) or salt thereof using a production method according to any one of claims 5 to 9,
and reacting the compound with hydrogen in solvent and in the presence of a palladium on
carbon catalyst to obtain a compound represented by Formula (VI):

[Formula 7]

NH,

g ©
N/ (VD

or a salt thereof.

[Claim 11] A production method according to claim 10, wherein the compound represented
by Formula (V) or salt thereof is a hydrochloric acid salt of a compound represented by Formula

(V), and the solvent is 1-propanol or N-methylpyrrolidone.
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[Claim 12] A production method comprising the steps of producing a compound represented
by Formula (VI) or salt thereof using a production method according to claim 10 or 11, and
condensing the compound with a compound represented by Formula (VII):

[Formula §]

0
N
cl ~
0O O N
" SCH,
(VII)

or salt thereof to obtain a compound represented by Formula (VIII):

[Formula 9]

o 0
\__/ (VIID

or a salt thereof.

[Claim 13] A production method according to claim 12, wherein the compound represented
by Formula (VIII) or salt thereof is a sulfuric acid salt of a compound represented by Formula

(VIID).
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