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DESCRIPTION

Title of the Invention

PROCESS FOR THE SYNTHESIS OF 2-[(2S)-1-AZABICYCLO[2.2.2]0CT-2-
YL] -6~ (3-METHYL-1H-PYRAZOL-4~YL) THIENO[3,2~-d] PYRIMIDIN-4 (3H) -ONE

Field of the Invention

[0001] The present invention relates to processes for the
synthesis of the compound 2-[(2S)-l-azabicyclo[2.2.2]oct-2-
yl]-6-(3-methyl-1H-pyrazol-4-yl)thieno([3,2-d]pyrimidin-4(3H) -
one (Compound XI) or a salt, hydrate, or tautomer thereof, or
any combination thereof, wherein Compound (XI) has the

structure:

Background of the Invention

[0002] U.S. Patent No. 8,722,660 B2 discloses compounds that
are effective inhibitors of Cdc7. The compounds are useful for
inhibiting Cdc7 kinase activity in vitro and in vivo and are
useful for the treatment of disorders of cell proliferation,
particularly cancer.

[0003] U.S. Patent No. 8,722,660 B2 additionally discloses
pharmaceutical compositions containing these compounds, and
methods for the treatment or therapy of diseases, disorders,
or conditions associated with Cdc7 kinase, including
proliferative diseases such as cancer.

[0004] PCT publication W02017/172565 discloses crystalline
forms of compound 2—[(ZS)—1—azabicycio[2.2.2]oct—2—yl]—6—(3—
methyl-1H-pyrazol-4-yl)thieno{3,2-d]pyrimidin-4 (3H)-one
hemihydrate and/or tautomers thereof.

[0005] Efficient chemical synthesis of Compound XI is

challenging due to its chiral center which is easily
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epimerized under acidic and basic conditions. Therefore, a
chiral induction or chiral resoclution at the upper stream is
not effective. Chiral column chromatography resolution or
diastereomeric salt resolution methods of resolving the
racemic compound are generally used to obtain the chiral
compound, but result in significant waste. Thus, there is a
strong need for more efficient chemical process for the

preparation of Compound XI.

SUMMARY OF THE INVENTION

[0006] In one aspect, described herein is a process for
preparing a compound, which is 2-[(2S)-~1-azabicyclo[2.2.2]oct-
2-yl]-6-(3-methyl~1H-pyrazol-4-yl)thieno[3,2-d]lpyrimidin-

4 (3H) -one, represented as Compound (XI):

(XI),
or a salt, hydrate, or tautomer thereof, or any combination
thereof, the process comprising converting a chiral center of
2-(l-azabicyclo[2.2.2]oct-2-yl)-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]lpyrimidin-4 (3H)-one, represented as Compound
(VIII):

CHg

N

N= J A N
HN-/ | NH

S
o (VIIIL),

or a salt, hydrate, or tautomer thereof, or any combination
therecf, to form the Compound (XI) or salt, hydrate, or
tautomer thereof, or combination thereof.
[0007] In another aspect, described herein is a process for
preparing a compound, which is 2-(l-azabicyclo[2.2.2]oct~-2~
yl)-6-[1-(4-methoxybenzyl)-5-methyl-1H-pyrazol-4-
yl]lthieno[3,2-d]pyrimidin-4 (3H)-one, represented as Compound
(VI):
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O (VI),
or a salt, hydrate, or tautomer thereof, or any combination
thereof, the process comprising: treating a compound, which is
methyl 3-[(l-azabicyclo[2.2.2]oct-2-ylcarbonyl)amino]-5-[1- (4~
methoxybenzyl)-5-methyl-1H-pyrazol-4-yl]thiophene-2-

carboxylate, represented as Compound (V):

CH, ! ﬁ

Meo’[:iT/\E;§_*€j(‘ 0 N
CO,Me (v),

or a salt, hydrate, or tautomer thereof, or any combination
thereof, with a mixture comprising formamide and a base to
form the Compound (VI) or salt, hydrate, or tautomer thereof,
or combination thereof.
[0008] In another aspect, described herein is a process for
preparing a compound, which is 2-(l-azabicyclo[2.2.2]oct~-2-
yl)-6-(3-methyl-1H-pyrazol-4-yl)thieno[3,2-d]pyrimidin-4 (3H) -
one dihydrochloride, represented as Compound (VII):

CH,
N= / AN N
I
/ I
HN s NH
o *2HC1 (VII),
or a hydrate or tautomer thereof, or any combination thereof,
wherein the process comprises:

deprotecting a compound represented as Compound (XXI):

(XXI),

or a salt,'hydrate, or tautomer thereof, or any combination
thereof in a first reaction mixture, wherein PG is an amine
protecting group, to form the 2-(l-azabicyclo[2.2.2]oct-2-yl)-
6—-(3-methyl-1H-pyrazol-4-yl)thieno[3,2~d]pyrimidin-4 (3H) -one,

represented as Compound (VIII):
3
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CHj
N= Y N\ N
L |

HN S NH
0 (VIII),

or a salt, hydrate, or tautomer thereof, or any combination
thereof; and

treating the first reaction mixture with hydrogen
chloride to form a second reaction mixture.
[0009] In another aspect, described herein is a process for
preparing a compound, which is 2-(l-azabicyclo[2.2.2]oct-2-
yl)-6-(3-methyl-1H-pyrazol-4-yl)thieno[3,2-d]pyrimidin-4 (3H) -

one, represented as Compound (VIII):

(VIII),
or a salt, hydrate, or tautomer thereof, or any combination
thereof, wherein the process comprises:

deprotecting a compound represented as Compound (XXI):

(XXI),
or a salt, hydrate, or tautomer thereof, or any combination
thereof in a first reaction mixture, wherein PG is an amine
protecting group;

treating the first reaction mixture with hydrogen
chloride to form a second reaction mixture comprising a
compound which is 2-(l-azabicyclo[2.2.2]oct-2-yl)-6-(3-methyl-
1H-pyrazol-4-yl)thieno[3,2-d]pyrimidin-4 (3H) -one
dihydrochloride, represented as Compound (VII):

CHy

N= J A N
|
/ |
HN S NH
o *2HC1 (VII),
or a hydrate or tautomer thereof, or any combination thereof;

4
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and

adding a base to the second reaction mixture to form a
third reaction mixture.
[0010] In another aspect, described herein is a process for
preparing a compound, which is methyl 3-amino-5-[1-(4-
methoxybenzyl)-5-methyl-1H-pyrazol-4-yl]thiophene-2-
carboxylate, represented as Compound (IV):

CH,

N\
MeO S

COMe (71v),
or a salt, hydrate, or tautomer thereocf, or any combination
thereof, the process comprising: reacting 3-(1-(4-
methoxybenzyl)-5-methyl-1H-pyrazol-4-yl)-3-oxopropanenitrile,
represented as Compound (I):

CH;,

0
O
MeO N CN (1),

or a salt, hydrate, or tautomer thereof, or any combination

thereof.

Brief Description of the Drawings

[0011] Fig. 1 is a summary of the dynamic resolution study of

Example 3 using (+)DBTA -H20.
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Detailed Description.

Scheme 1: Synthesis of Compound (X)
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[0012] As used herein, when not modified by a prefix, such as
hemi-, mono-, etc., the terms “hydrate” or “a hydrate” or “the
hydrate” collectively refer to a solvate wherein the solvent
molecule is H20 that is present in a defined stoichiometric
amount, including, for example, hemihydrates, monohydrates,
dihydrates, and trihydrates. The term “hemihydrate” refers to

a hydrate with 1 mole of H20 per 2 moles of compound. The term
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“monohydrate” refers to a hydrate with 1 mole of H20 per mole
of compound. |
[0013] As used herein, the phrases “tautomer therecf” and the
like are all understood to mean all tautomeric forms of
compounds disclosed herein. As a non-limiting example,
tautomerization of Compound XI may occur in the pyrazole and
pyrimidinone groups of Compound XI. Specific non-limiting
examples of tautomerization that may occur in Compound XI
include:

CH, CHs

I )= —=1)4

T o
AN H\T/ﬁﬁ
s%IrTH=%</IrL »

[0014] Specific non-limiting examples of isomeric structures

of the tautomers included are:

2-[(28)-1-azabicyclo[2.2.2]oct-2-yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H)~one, and

2-[(28)~1-azabicyclo[2.2.2]oct-2-y1l]-6-(5-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin~4 (3H) -one.

[0015] As used herein, the term “Dynamic Resolution” or “DR”
refers to a type of chiral resolution where the (R) and (S)

7
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enantiomers can interconvert throughout the reaction process,
such that a racemic compound can be converted into the desired
enantiopure compound.

[0016] Examples of the “dynamic resolution promoter” or "“DR
promoter” in the present specification include reagent that
may racemize a chiral center like tertiary amines, aliphatic
carboxylic acids, and aromatic carboxylic acids. Tertiary
amines in the present specification include triethylamine,
1,4-diazabicyclo[2.2.2]octane (DABCO), and 1,8-
diazabicyclo[5.4.0]Jundec~7-ene (DBU). Aliphatic carboxylic
acids in the present specification include formic acid, acetic
acid, propionic acid and trifluorocacetic acid. Aromatic
carboxylic acids in the present specification include benzoic
acid. In one embodiment, the DR promoter is acetic acid.
[0017] Examples of chiral acids in the present specification
include the compounds of formulas XIIa, XIIb, XIIIa, XIIIb,
XIVa, and XIVb: |

§ R Itk

HO,C COzH (Xlia) HO,C COH (Xitb)
O=S—NH O=S—NH
/ v
o) ‘zscozH 0 —CoH
Ri {xiiia) Rf—q<k_ (Xilib)
R2 7 R2 7
R @ R?SR‘*
O\P/O O\P/O
/N A\Y
HO O (Xiva) HO O (XIVb)

4 14

or a hydrate thereof,

wherein ring A1, ring Ai’, ring B: and ring Ci are each
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independently i) aromatic hydrocarbon ring (for example,
benzene ring), or ii) aromatic heterocyclic ring; and

wherein Ri, Rz, Rs, and Rs are each independently Ci-zalkyl.
Ring A:; is optionally substituted, for example, with 1, 2 or 3
substituents chosen from i) a Ci-s alkyl group, ii) a Ci-s alkoxy
group or iii) a halogen atom and ring A:' is optionally
substituted with 1, 2 or 3 substituents chosen from i) a Ci_g4
alkyl group, ii) a Ci-4 alkoxy group or iii) a halogen atom;
ring B; is optionally substituted, for example, with 1, 2 or 3
substituents chosen from i) a Ci-4 alkyl group, ii) a Ci-q4 alkoxy
group or iii) a halogen atom; Ri is a Ci-¢4 alkyl group; and R:
is a Ci-4 alkyl group;

the ring Ci is optionally substituted, for example, with
1, 2 or 3 substituents chosen from i) a Ci-4 alkyl group, ii) a
Ci-4 alkoxy group or iii) a halogen atom; R3 is a Ci-4 alkyl
group; and Ry is a Ci-4 alkyl group.
[0018] Other examples of chiral acids in the present
specification include the compounds of formula XIIc, XIId,

XIIIc, XIIId, XIVc and XIVd:

o o0 y—o 9
ah G

Hozé COH (Xtic) ‘ HO,C COzH (Xild)
O=S—NH O=S—NH
/ » /2
0 ‘8—002H ¢ —co,H
Ri (Xtlic) R1~<‘ (Xiiid)
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R | ‘

/P\\ O\P,O
) { AR
HO O {XIVc) , HO O (x1va),

or a hydrate thereof,

wherein ring Az, ring Az’, ring Bz and ring C; are each
independently i) 6-membered aromatic hydrocarbon ring (e.g.
benzene ring), or 1i) 5-membered or 6-membered nitrogen
containing aromatic heterocyclic ring (for example, pyridine
ring, pyrimidine ring);

ring A, is optionally substituted with 1, 2 or 3
substituents chosen from i) a Ci-4 alkyl group, ii) a Ci-¢ alkoxy
group or 1iii) a halogen atom and ring A:' is optionally
substituted with 1, 2 or 3 substituents chosen from i) a Ci-s
alkyl group, ii) a Ci-s4 alkoxy group or iii) a halogen atom;

the ring B2 is optionally substituted with 1, 2 or 3
substituents chosen from i) a Ci-4 alkyl group, ii) a Ci-4 alkoxy
group or iii) a halogen atom; Ri is a Ci-4 alkyl group; and Ro
is a Ci-4 alkyl group; and

the ring C; is optionally substituted with 1, 2 or 3
substituents chosen from i) a Ci-¢ alkyl group, ii) a Ci-4 alkoxy
group or iii) a halogen atom; Rs is a Ci-4 alkyl group; and Rg
is a Ci-2 alkyl group.
[0019] Further examples of chiral acids in the present
specification include the compounds of formulas XII, XIII and

XIV:

RGO

o 0 (ﬁi§—NH
o * xS O COH
© Ry— Xy
HO,C CO,H Xy Ry ,

10
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/N
HO O (Xiv)

or a hydrate thereof,

wherein ring A is optionally substituted with 1, 2 or 3
substituents chosen from i) a Ci-4 alkyl group, ii) a Ci-¢ alkoxy
group or 1ii) a halogen atom and ring A' is optionally
substituted with 1, 2 or 3 substituents chosen from i) a Ci-s
alkyl group, ii) a Ci-4 alkoxy group or 1iii) a halogen atom;

the ring B is optionally substituted with 1, 2 or 3
substituents chosen from i) a Ci-4 alkyl group, ii) a Ci-4 alkoxy
group or iii) a halogen atom; Ri is a Ci-4 alkyl group; and R:
is a Ci-4 alkyl group,

the ring C is optionally substituted with 1, 2 or 3
substituents chosen from i) a Ci-4 alkyl group, ii) a Ci-4 alkoxy
group or 1ii) a halogen atom; R3 is a Ci-q alkyl group; and Rs
is a Ci-s alkyl group. In one embodiment, the chiral acid is

chosen from:

OISO,

O=S—NH
o) 0 o//

~

4 PR \ COzH o\P/o

' N\
HO,C CO,H (Xity | o) ) HO \O Vi)

or a hydrate thereof,

wherein ring A is optionally substituted with 1, 2 or 3
substituents chosen from i) a Ci-g4 alkyl group, ii) a Ci-4 alkoxy
group or 1ii) a halogen atom and ring A' is optionally
substituted with 1, 2 or 3 substituents chosen from i) a Cji-a
alkyl group, ii) a Ci-¢ alkoxy group or iii) a halogen atom;

the ring B is optionally substituted with 1, 2 or 3
substituents chosen from i) a Ci-4 alkyl group, ii) a Ci-4 alkoxy
group or iii) a halogen atom; and

the ring C is optionally substituted with 1, 2 or 3

11
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substituents chosen from i) a Ci-g alkyl group, i1i) a Ci-z alkoxy
group or 1ii) a halogen atom.

[0020] In another embodiment, the chiral acid may be chosen

from:
XVl
HOZC COZH (XVII) HOZC CO;_H ,
Ofﬁ—NH

i“ “é | O‘(C%H ¢l 0.0

HOZC COLH o (XX), HO \\0 (XXIa)
O Os, O

HO/\\O (XXt

or a hydrate thereof.

[0021])] In one embodiment, the chiral acid is

Lol

HOzC COZH (xvi

or a hydrate thereof.
[0022] Examples of the “Ci-4 alkyl group” in the present
specification include methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl and tert-butyl. In one embodiment, the Ci-
4 alkyl group is methyl.
[0023] Examples of the “Ci-4 alkoxy group” in the present
specification include methoxy, ethoxy, propoxy, isopropoxy,
butoxy, isobutoxy, sec-butcoxy and tert-butoxy. In one

embodiment, the Ci-4 alkoxy group is methoxy.
12
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[0024] Unless otherwise specified, the “halogen atom” in the
present specification means a fluorine atom, a chlorine atom,
a bromine atom or an iodine atom. In one embodiment, the
halogen atom is a chlorine atom.

[0025] Dynamic Resolution of this specification may be
performed in the presence of a solvent. Examples of the
“solvent” in the present specification include Ci-¢ aliphatic
alcohol. Examples of the “Ci-¢ aliphatic alcchol” in the
present specification include methanol, ethanol, l-propanol,
2-propanol, l-butanol, 2-butanol, 2Z2-methyl-propan-1l-ol, butan-
2-cl, 2-methyl-propan-2-ol, l-pentancl, 3-methyl-butan-1l-ol,
l-hexanol, 2-methoxy-ethanol, 2-ethoxy-ethanol, 2- butoxy-
ethanol, 2-(2-methoxy-ethoxy)-ethanol, 2-(2-ethoxy-ethoxy)-
ethanol). In one embodiment, the solvent is l-butanol. In
another embodiment, the solvent is 2-butancl. In another
embodiment, the solvent is toluene. In another embodiment, the
solvent is water. In another embodiment, the solvent is
heptane. In another embodiment, the solvent is acetonitrile.
In another embodiment, the sclvent is tetrahydrofuran. In
another embodiment, the solvent is ethyl acetate.

[0026] Examples of the “base” in the present specification
include an alkali metal base, an alkaline earth metal base, an
organic amine base or an inorganic amine base. Examples of
alkali metal bases and alkaline earth metal bases include, but
are not limited to, potassium carbonate, sodium carbonate,
calcium carbonate, lithium hydroxide, potassium hydroxide,
sodium hydroxide, lithium hydrogen carbonate, potassium
hydrogen carbonate, sodium hydrogen carbonate, lithium
hydride, potassium hydride, sodium hydride, lithium tert-
butoxide, potassium tert-butoxide, and sodium tert-butoxide.
[0027] Examples of other alkali metal bases include, but are
not limited to, cesium carbonate, and cesium hydroxide.

[0028] Examples of organic amine bases include, but are not
limited to, trialkylamines, cyclic amines, pyridines and
substituted pyridines. Examples of these include, but are not

13
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limited to, triethylamine, triethylenediamine, pyridine,
collidine, 2,6-lutidine, 4-dimethylaminopyridine, di-
tertbutylpyridine, N-methylmorpholine, N-methylpiperidine,
tetramethylguanidine, 1,8-diazabicyclo[5.4.0]undec-7-ene |
(DBU), 1,4-diazabicyclo{2.2.2]octane (DABCO), 1,5-
diazabicycle[4.3.0]non-5-ene, and N, N-diisopropylethylamine.
[0029] Examples of other organic amine bases include, but are
not limited to, l-azabicyclo[2.2.2]octane, tributylamine, and
tripropylamine. Examples of inorganic amine bases include, but
are not limited to, ammonia.

[0030] Examples of the “polar solvent” in the present
specification include, but are not limited to, acetonitrile,
alcohols (e.g., methanol, ethanol, propanol, n-butanol etc.),
ethers (e.g., tetrahydrofuran (THF), 1,4-dioxane,
dimethoxyethane (DE) etc.) and amides (e.g., N,N-
dimethylformamide (DMF), N,N~dimethylacetamide (DMAc), N-
methylpyrrolidine (NMP) etc.). In one embodiment, the polar
solvent is N,N-dimethylacetamide (DMAc).

[0031] As used herein, the term “amine protecting group”
refers to a chemical group that: i) reacts with an amine
functional group of a substrate to form a protected substrate;
ii) is stable to reaction conditions to which the protected
substrate will be subjected; and iii) is removable from a
protected substrate to liberate the amine under conditions
that are compatible with other functionality present in the
substrate.

[0032] Amine protecting groups that are suitable for use in
the processes and compounds of the present specification are
known to those of ordinary skill in the art. The chemical
properties of such protecting groups, methods for their
introduction and their removal can be found, for example, in
P.G.M. Wuts, Greene’s Protective Groups in Organic Synthesis
(5th ed.), John Wiley & Sons, NJ (2014), the disclosure of

which is incorporated herein by reference.

14
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[0033] Examples of the amine protecting group include formyl,
Ci-6 alkyl-carbonyl (e.g., acetyl, propionyl), Ci-s alkoxy-
carbonyl (e.g., methoxycarbonyl, ethoxycarbonyl, tert-
butoxycarbonyl), benzoyl, Cs-10 aralkyl-carbonyl (e.g.,
benzylcarbonyl ), Cy-14 aralkyloxy-carbonyl (e.g.,
benzyloxycarbonyl, 9-fluorenylmethoxycarbonyl ), Cs-10 aralkyl
(e.g., benzyl, p-methoxybenzyl), trityl, phthaloyl, N,N-
dimethylaminomethylene, silyl (e.g., trimethylsilyl,
triethylsilyl, dimethylphenylsilyl, tert-butyldimethylsilyl,
tert-butyldiethylsilyl), Cz-s¢ alkenyl (e.g., 1l-allyl) and the
like. These groups are optionally substituted by 1 to 3
substituents selected ffom a halogen atom (e.g., a fluorine
atom, a chlorine atom, a bromine atom, an iodine atom), Ci-¢
alkoxy (e.g., methoxy, ethoxy, propoxy), nitro and the liké.-
[0034] In one embodiment, the amine protecting group is p-
methoxybenzyl.

[0035] Examples of the “strong acid” in the present
specification include a mineral acid, an organic acid and an
acidic ion exchange resin. Examples of mineral acid include,
but are not limited to, perchloric acid, hydrogen bromide,
hydrogen chloride, sulfuric acid, nitric acid and phosphoric
acid. Examples of organic acid include, but are not limited
to, p-toluenesulfonic acid, benzenesulfonic acid,
methanesulfonic acid, trifluoromethanesulfonic acid or
trifluorocacetic acid. Examples of acidic ion exchange resin
include, but are not limited to, Amberlyst® 15(H) or Dowex® |
50WX2. In one embodiment, the strong acid is methanesulfonic
acid.

[0036] Compounds and processes of this specification include
those described generally above, and are further illustrated
by the detailed descriptions of processes and compounds given
below. Terms used herein shall be accorded the following
defined meanings, unless otherwise indicated.

[0037] The term "substituted"”, as used herein, means that a
hydrogen radical of the designated moiety is replaced with the
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radical of a specified substituent, provided that the
substitution results in a stable or chemically feasible
compound.

[0038] As used herein, the term "comprising™ means "including,
but not limited to".

[0039] As used herein, the symbol “*” in the formula of this
specification means a chiral center. However, an atom which
does not have this symbol may also be a chiral center.

[0040] Methods for determining diastereomeric and enantiomeric
purity are well-known in the art. Diastereomeric purity can
be determined by any analytical method capable of
quantitatively distinguishing between a compound and its
diastereomers. Examples of suitable ‘analytical methods
include, without limitation, nuclear magnetic resonance
spectroscopy (NMR), gas chromatography (GC), and high
performance liquid chromatography (HPLC). Similarly,
enantiomeric purity can be determined by any analytical method
capable of quantitatively distinguishing between a compound
and its enantiomer. Examples of suitable analytical methods
include, without limitation, GC or HPLC using a chiral column
packing material. Enantiomers may also be distinguishable by
GC or HPLC using an achiral column packing material if first
derivatized with an optically enriched derivatizing agent,
e.g., Mosher’s acid. Similarly, enantiomers may also be
distinguishable by NMR if first derivatized with an optically
enriched derivatizing agent.

[0041] In one embodiment, the salt of compound XI is
preferably a pharmacologically acceptable salt, and examples
thereof include salts with inorganic bases, salts with organic
bases, salts with inorganic acids, salts with organic acids,
and salts with basic or acidic amino acids.

[0042] Examples of the salt with inorganic base include alkali
metal salts such as a sodium salt, a potassium salt and the
like; alkaline earth metal salts such as a calcium salt, a
magnesium salt and the like; an aluminum salt and an ammonium

16



WO 2019/194319 PCT/JP2019/015237
salt. Examples of the salt with organic base include a salt
with trimethylamine, triethylamine, pyridine, picoline,
ethanclamine, diethanolamine, triethanolamine, tromethamine
[tris (hydroxymethyl)methylamine], tert-butylamine,
cyclohexylamine, benzylamine, dicyclohexylamine or N,N-
dibenzylethylenediamine. Examples of the salt with inorganic
acid include a salt with hydrogen chloride, hydrogen bromide,
nitric acid, sulfuric acid or phosphoric acid. Examples of the
salt with organic acid include a salt with formic acid, acetic
acid, trifluoroacetic acid, phthalic acid, fumaric acid,
oxalic acid, tartaric acid, maleic acid, citric acid, succinic
acid, malic acid, methanesulfonic acid, benzenesulfonic acid
or p-toluenesulfonic acid. Examples of the salt with organic
acid also include a salt-with the aforementioned coumpound
(XII), (XIII), (XIV), (XV), (XVI), (XVII), (XVIII), (XIX),
(XX), (XXIa), (XXII) or a hydrate thereof. Further, examples
of the salt with organic acid also include a salt with the
aforementioned compound (XIIa), (XIIb), (XIIc), (XIId),
(XITIIa), (XIIIb), (XIIIc), (XIIId), (XIVa), (XIVb), (XIVc),
(XIVd) or a salt thereof. Examples of the salt with basic
amino acid include a salt with arginine, lysine or ornithine.
Examples of the salt with acidic amino acid include a salt
with aspartic acid or glutamic acid.

[0043] The processes and compounds of the present
specification are further illustrated by the detailed
description and illustrative examples given below.
Specifically, the present invention provides the following [1]

to [118].

[0044] [1] A process for preparing a compound, which is 2-
[(28)-1-azabicyclo[2.2.2]oct-2-yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H)-one, represented as Compound
(XTI):
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CH3 H
N \
N= J l AN N

HN- AN

O (XI),
or a salt, hydrate, or tautomer thereof, or any combination
thereof, the process comprising converting a chiral center of
2-(l-azabicyclo[2.2.2]oct-2-yl)-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin—-4 (3H)-one, represented as Compound

(VIII):
CH4
N
N= 7N N
HN S NH
0 (VIII),

or a salt, hydrate, or tautomer thereof, or any combination
thereof, to form the Compound (XI) or salt, hydrate, or

tautomer therecf, or combination thereof.

[0045] [1'] The process according to [1], wherein the 2-[(25)-
l-azabicyclo[2.2.2]oct-2~yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H) -one, as Compound (XI):

(XI),

or salt, hydrate, or tautomer thereof, or combination thereof
is 2-[(28)-1-azabicyclo[2.2.2]oct-2~-yl]-6-(3-methyl-1H-
pyrazol—4—yl)thieno[3,2—d]pyrimidin—4(3H)—one hemihydrate or a

tautomer thereof, or combination thereof.

[0046] [2] The process according to [1], wherein the
converting of the chiral center of 2-(l-azabicyclo[2.2.2]oct-
2-yl)-6-(3-methyl-1H-pyrazol-4-yl)thieno[3,2-d]pyrimidin-
4(3H)fdne as the Compound (VIII), or salt, hydrate, or

tautomer thereof, or combination thereof comprises:
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heating a first reaction mixture comprising 2-(1-
azabicyclo[2.2.2]oct-2-yl)-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H) -one as the Compound (VIII), or
salt, hydrate, or tautomer thereof, or combination thereof,
with a composition comprising a dynamic resolution promoter
and a solvent to a temperature in a range between about 50 °C
and about 90 °C (e.g., between about 80 and about 90 °C);
to the first reaction mixture, adding (2S§,3S5)-2,3-
bis(benzoyloxy)butanedioic acid monohydrate in a solvent to
form a (+)DBTA solution;
adding an additional solvent to the (+)DBTA solution at a
temperature in a range between about 50 °C and about 90 °C
(e.g., between about 80 and about 90 °C)to produce a second
reaction mixture;
| stirring the second reaction mixture at a temperature in
a range between about 50 °C and about 90 °C (e.g., between
about 80 and about 90 °C) for at least 3 hours;
adding ethyl acetate to the second reaction mixture while

maintaining the temperature of the second reaction mixture in

the range between about 50 °C and about 90 °C (e.g., between
about 80 and about 90 °C) to form a third reaction mixture;

stirring the third reaction mixture at a temperature in a

range between about 50 °C and about 90 °C (e.g., between about
80 and about 90 °C) for at least about 1 hour:;

cooling the third reaction mixture to a temperature in a
range between about 20 °C and about 30 °C, while stirring the
third reaction mixture for at least about 1 hour;

collecting resulting solids in the third reaction mixture
by filtration;

washing the solids at least with ethyl acetate;

drying the washed solids to give (25,3S8)-2,3-
bis (benzoyloxy)butanedioic acid 2-[({2S5)-1-
azabicyclo[2.2.2]oct-2-yl]~-6~(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-dlpyrimidin-4 (3H)-one(l:1);
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dissolving the (2S,38)-2,3~bis(benzoyloxy)butanedioic
acid 2-[(2S8)-1-azabicyclo[2.2.2]oct-2-yl]~6-(3-methyl-1H-
pyrazol-4-yl)thieno([3,2-d]pyrimidin-4 (3H)-one(l:1) in a
mixture of acetone and water at a temperature in a range
between about 0 °C and about 10 °C;

adding agqueous ammonium hydroxide solution to a first
resulting solution in which the (2S5,35)-2,3-
bis(benzoyloxy)butanedioic acid 2-[(25)-1-
azabicyclo[2.2.2]oct-2-yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2~-d]pyrimidin-4 (3H)-one(1l:1) is dissolved, to form
a second resulting solution;

stirring the second resulting solution and maintaining
the temperature in a range between about 0 °C and about 10 °C
for at least 1 hour;

adding acetone to the stirred second resulting solution
and maintaining the temperature in a range between about 0 °C
and about 10 °C;

stirring the second resulting solution comprising acetone
at a temperature in a range between about 20 °C and about
30 °C for at least 1 hour;

collecting second solids from the stirred second
resulting solution by filtration;

washing the second solids with water; and

washing the water-washed second solids with acetone to
give 2—[(25)—l—azabicyclo[é.Z.2]oct—2—yl]—6—(3—methyl—1H;
pyrazol-4-yl)thieno[3,2~d]pyrimidin-4 (3H) -one hemihydrate or a

tautomer thereof or any combination thereof.

[0047] [3] The process according to [1l], wherein the
converting of the chiral center of 2-(l-azabicyclo[2.2.2]oct-
2-yl)-6-(3-methyl-1H-pyrazol-4~yl)thieno[3,2-d]pyrimidin-
4 (3H)-one as the Compound (VIII) or salt, hydrate, or tautomer
thereof, or combination thereof comprises:

heating a first reaction mixture comprising 2-(1-
azabicyclo[2.2.2]oct-2-yl)-6-(3-methyl-1H-pyrazol-4-
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yl)thieno[3,2-dlpyrimidin-4 (3H)-one as the Compound (VIII), or
salt, hydrate, or tautomer thereof, or combination thereof,
with a composition comprising a dynamic resclution promoter, a
first solvent, and (ZS,3S)—2,3—bis(benzoyloxy)butanedioic acid
monohydrate to a temperature of about 80 °C;

adding (2S,38)-2,3-bis(benzoyloxy)butanediocic acid
monohydrate in a second solvent at a temperature in a range
between about 85 °C and about 90 °C to the first reaction
mixture, to form a second reaction mixture,

stirring the second reaction mixture at a temperature of
about 90 °C for about 8 hours;

cooling the stirred second reaction mixture to room
temperature, while stirring for at least 1 hour;

collecting solids from the stirred second reaction
mixture by filtration;

washing the solids at least with ethyl acetate;

drying the washed solids to give 2-((25)-1-
azabicyclo[2.2.2]oct~2-yl)-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2~-d]pyrimidin-4 (3H)-one - (25,35)-2,3-
bis (benzoyloxy)butanedioic acid;

dissolving the 2-((2S)-1l-azabicyclo[2.2.2]oct-2-yl)-6-(3-
methyl-1H-pyrazol-4-yl)thieno[3,2-d]lpyrimidin-4 (3H)-one
(25,3S8)-2,3-bis (benzoyloxy)butanedicic acid in di-methyl
sulfoxide;

adding an aqueous solution comprising ammonium hydroxide
to the resulting di-methyl sulfoxide solution to form a third
reaction mixture;

heating the third reaction mixture to a temperature of
about 50 °C;

adding a mixture comprising water and acetone to the
heated third reaction mixture at a temperature of about 50 °C
to form a fourth reaction mixture;

cooling the fourth reaction mixture to room temperature

while stirring for about 2 hours;
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collecting second solids from the cooled fourth reaction
mixture by filtration;

washing the second solids at  least with water and
acetone; and

washing the washed second solids with acetone to give 2-
[(28)-1-azabicyclo[2.2.2]oct-2-yl1]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2—d]pyrimidin—4(3H)—one hemihydrate, a tautomer

thereof, or any combination thereof.

[0048] [4] The process according to [1], wherein thé
converting of the chiral center of 2-(l-azabicyclo[2.2.2]oct-
2-yl)-6~-(3-methyl-1H-pyrazol-4-yl)thieno{3,2-d]pyrimidin-

4 (3H)-one as the Compound (VIII), or a salt, hydrate or
tautomer thereof, or combination thereof comprises treating
the 2-(l-azabicyclo[2.2.2]oct-2-yl)-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin~4 (3H)-one as the Compound (VIII), or
a salt, hydrate or tautomer thereof, or combination thereof,
with a chiral acid in the presence of a dynamic resolution
promoter to produce a chiral acid salt of the 2-[(2S)-1-
azabicyclo[2.2.2]oct-2-yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]lpyrimidin~4 (3H) ~one.

[0049] [5] The process according to [4], wherein the
converting of the chiral center of the 2-(1-
.azabicyclo[2.2.2]oct—2—yl)—6—(3—methyl—1H;pyrazol—4—
yl)thieno[3,2-d]pyrimidin-4 (3H)-one as the Compound (VIII), or
salt, hydrate, or tautomer thereof, or combination thereof,
comprises treating the 2-(l-azabicyclo[2.2.2]oct-2-yl)-6-(3-
.methyl—1H>pyrazol—4—yl)thieno[3,2—d]pyrimidin—4(3H)—one as the
Compound (VIII), or salt, hydrate, or tautcmer thereof, or
combination thereof in a dynamic resolution promoter with a
chiral acid to produce the chiral acid salt of 2-[(2S)~-1~-
azabicyclo[2.2.2]oct~2-yl]1-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2~d]pyrimidin-4 (3H)-one.
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[0050] [6] The process according to [4], wherein the chiral
acid is at least one acid selected from the group consisting

of:

HO,C COzH (Xln
or a hydrate thereof, wherein ring A is optionally substituted
with 1, 2, or 3 substituents selected from the group
consisting of a Ci-4 alkyl group, a Ci-4 alkoxy group, and a
halogen atom, and ring A' is optionally substituted with 1, 2,
or 3 substituents selected from the group consisting of a Ci-g

alkyl group, a Ci-4 alkoxy group, and a halogen atom;

&)

O=S—NH

Y
@) CO,H
Ry (XHI)

Rz
or a hydrate thereof, wherein ring B is optionally substituted
with 1, 2, or 3 substituents selected from the group
consisting of a Ci-4 alkyl group, a Ci-4 alkoxy group, and a
halogen atom; Ri is a Ci-q4 alkyl group, and Rz is a Ci-4 alkyl

group; and

O\P/O
/\\
HO ©O (XIV)
or a hydrate thereof, wherein ring C is optionally substituted
with 1, 2, or 3 substituents selected from the group
consisting of a Ci-4 alkyl group, a Ci-4 alkoxy group, and a

halogen atom, Rz is a Ci-4 alkyl group, and Rg is a Ci;-4 alkyl

group.
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-[0051] [6'] The process accordlng to [4], wherein the chiral

acid 1is at least one acid selected from the group con51st1ng

&8 s

HOQC COzH {Xiia) HOzC COzH (Xiib)
14 ’
O=S—NH 0=S—NH
/ .
o \2«00214 0 _<—COZH
Ri (xttia) Rs {Xilib)
R, R, ,
Ra
@\!)SR Rﬂ
0N /
R
HO O (XiVa) HO O {XiVb)

’ '
or a hydrate thereof, wherein ring A:, ring A:’, ring B: and
ring Ci; are each independently i) aromatic hydrocarbon ring
(for example, benzene ring) which is optionally substituted,
or 1i) aromatic heterocyclic ring which is optionally
substituted; and

wherein Ri, Rz, R3, and R4 are each independently Ci-salkyl.

[0052] ([6''] The process according to [4], wherein the chiral
acid is at least one acid selected from the group consisting

of:
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O=S—NH O=S—NH
4 /7 -
O—2~002H 0  —CO,H
Ri {Xilic) R1‘<‘ (Xiid)
RZ 7 R2 14
R
0.0 Rﬂ
R 0.0
VARNS

or a hydrate thereof,

wherein ring Az, ring Az’, ring Bz and ring C; are each
independently i) 6-membered aromatic hydrocarbon ring (e.g.
benzene ring), or ii) 5-membered or 6-membered nitrogen
containing aromatic heterocyclic ring (for example, pyridine
ring, pyrimidine ring);

ring Az is optionally substituted with 1, 2 or 3
substituents chosen from i) a Ci-4 alkyl group, ii) a Ci-¢4 alkoxy
group or iii) a halogen atom and ring A;' is optionally
substituted with 1, 2 or 3 substituents chosen from i) a Ci-s
alkyl group, ii) a Ci-4 alkoxy group or iii) a halogen atom;

the ring B; is opticnally substituted with 1, 2 or 3
substituents chosen from i) a Ci-4 alkyl group, ii) a Ci-s alkoxy
group or 1iii) a halogen atom; R: is a Ci-4 alkyl group; and R:
is a Ci-4 alkyl group; and

the ring Cz is optionally substituted with 1, 2 or 3
substituents chosen from i) a Ci-4 alkyl group, ii) a Ci-4 alkoxy
group or 1iii) a halogen atom; Rz is a Ci-4 alkyl group; and Rg

is a Ci-4 alkyl group.
[0053] [7] The process according to [4], wherein the chiral

acid is at least one acid selected from the group consisting

of:
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ORRE

o O
0 LEER O
HO,C CO,H (X1

or a hydrate thereof, wherein ring A is optionally substituted
with 1, 2, or 3 substituents selected from the group
consisting of a Ci-4 alkyl group, a Ci-4 alkoxy group, and a
halogen atom, and ring A' is optionally substituted with 1, 2,
or 3 substituents selected from the group consisting of a Ci-sa

alkyl group, a Ci-4 alkoxy group, and a halogen atom;

O=S-NH

o] CO,H
(Xv)

or a hydrate thereof, wherein ring B is optionally substituted
with 1, 2, or 3 substituents selected from the group
consisting of a Ci-4 alkyl group, a Ci-s alkoxy group, and a

halogen atom; and

B

O‘P’O

HOO  (xvi)
or a hydrate thereof, wherein ring C is optionally substituted
with 1, 2, or 3 substituents selected from the group
consisting of a Ci-s alkyl group, a Ci-¢« alkoxy group, and a

halogen atom.

[0054] [8] The process according to [4], wherein the chiral
acid is at least one acid selected from the group consisting

of:

~

g * kS
HO,C COxH XVl 5y a hydrate thereof;
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3,8

(Xvilt)
HOC COzH or a hydrate thereof;
O/ \O
;—0 Q—é
0 >*-*\ o)
HO.C CO,H 0 or a hydrate thereof;

O;ﬁ—NH
o] CO,H
(XX)
or a hydrate thereof;
cl 0. _O
P
A (XXI) -
HO O or a hydrate thereof; and
O O, 0
/N

HO 0 ™ or a hydrate thereof.

[0055] ([9] The process according to [4], wherein the dynamic
resolution promoter comprises formic acid, acetic acid,
propionic acid, trifluorocacetic acid, benzoic acid,
triethylamine, 1,4-diazabicyclo[2.2.2]octane, or

diazabicycloundecene.

[0056] [10] The process according to [4], wherein the dynamic

resolution promoter comprises acetic acid.
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[0057] [11] The process according to [4], wherein the treating
of the 2-(l-azabicyclo[2.2.2]oct-2~yl)~-6~(3-methyl-1H-pyrazol-
4-yl)thieno[3,2-d]pyrimidin-4 (3H)-one as the Compound (VIII),
or salt, hydrate, or tautomer. thereof, or combination thereof
with the chiral acid in the presence of the dynamic resolution

promoter is performed in the presence of a solvent.

[0058] [12] The process according to [11], wherein the solvent
comprises at least one material selected from the group
consisting of water, toluene, heptane, tetrahydrofuran, Ci-s

aliphatic alcohol, and ethyl acetate.

[0059] [13] The process according to [11l], wherein the solvent

comprises l-butanol.

[0060] [14] The process according to [ll], wherein the solvent

comprises 2-~butanol.

[0061] [15] The process according to [1l], further comprising
converting a chiral acid salt of 2-[(2S5)-1-
azabicyclo[2.2.2]oct-2-yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2~d]pyrimidin-4 (3H)-one to 2-[(25)-1-
azabicyclo{2.2.2]oct~-2-yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H)-one, or a hydrate or tautomer

thereof, or any combination thereof.

[0062] [15'] The process according to [15], further comprising
converting a chiral acid salt of 2-{(25)-1-
azabicyclo[2.2.2]oct-2-y1]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-dlpyrimidin-4(3H)-one to 2-[(25)-1-
azabicyclo[2.2.2]}oct~2-yl]~6~(3~methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H)-one hemihydrate or a tautomer

thereof, or any combination thereof.
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[0063] [16] A process for preparing a chiral acid salt of 2-
[(28)-1-azabicyclo[2.2.2]oct-2-yl]-6~(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H)-one, represented as Compound

(XI):
CHg " H
) | T N
HN- g NH

0 (XI),
or a hydrate or tautomer thereof, or any combination thereof,
wherein the process comprises reacting 2-(1-
azabicyclo[2.2.2]oct~-2~-yl)-6-(3-methyl-1H-pyrazol-4-
yl)thieno([3,2-d]pyrimidin~4 (3H)-one, represented as Compound

(VIII):
CH3
N= J |N\ N
HN NH

O (VIII),
or a hydrate or tautomer thereof, or any combination thereof,
with a chiral acid in a dynamic resolution promoter to produce
the chiral acid salt of 2-[(28)-1l-azabicyclo[2.2.2]oct-2~-yl]~-
6- (3-methyl-1H-pyrazol-4-yl)thieno[3,2-d]lpyrimidin-4 (3H)-one
(Compound (XI)), or hydrate or tautomer thereof, or

combination thereof.

[0064] [17] The process according to [16], wherein the process
further comprises heating a first reaction mixture comprising
2-(l-azabicyclo([2.2.2]oct-2-yl)-6-(3-methyl-1H-pyrazol-4-
yl)thieno([3,2~d]pyrimidin-4 (3H)-one as the Compound (VIII), or
hydrate or tautomer thereof, or combination thereof, with the

dynamic resolution promoter and a first solvent to a

temperature in a range between about 75 °C and about 95 °C.

[0065] [18] The process according to [17], wherein the first
reaction mixture is heated to a temperature in a range between
about 80 °C and about 90 °C.
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[0066] [19] The process according to [17], further comprising
adding the chiral acid dissolved in a second solvent to the

first reaction mixture to form a second reaction mixture.

[0067] [20] The process according to [19], wherein the second

reaction mixture is stirred at a temperature in a range

between about 75°C and about 95 °C for at least 3 hours.

[0068] [21] The process according to [20], wherein the second

reaction mixture is stirred at a temperature in a range from

about 80°C tc about 90 °C.

[0069] [22] The process according to [20], wherein the second
reaction mixture is stirred for a period selected from the
group consisting of a period from about 3 hours to about 6
hours, a period from about 3 hours to about 12 hours, and a

period from about 3 to about 24 hours.

[0070] [23] The process according to [19], wherein the process
further comprises adding an additional solvent to the second
reaction mixture, wherein the additional solvent and the

second reaction mixture have the same temperature.

[0071]1 [24] The process according to [23], further comprising
adding ethyl acetate to the second reaction mixture while

maintaining a temperature of the second reaction mixture in a

range between about 30°C and about 95 °C.

[0072] [25] The process according to [24], wherein the

temperature is in a range selected from the group consisting
of a range between about 30°C and about 90 °C, a range between
about 60 °C and about 90 °C, and a range between about 80 °C

and about 90 °C.
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[0073] [26] The process according to [19], wherein the second
reaction mixture is stirred at a temperature of about 90 °C for

about 8 hours.

[0074] ([26'] The process according to [19], wherein the second
reaction mixture is stirred at a temperature of about 84 °C for

about 27 hours.

[0075] ([26'’] The process according to [19], wherein the

second reaction mixture is stirred at a temperature selected
from the group consisting of a range between about 75 °C and
about 92 °C, a range between about 82 °C and about 92°C, a
range between about 82 °C and about 86 °C, and a temperature of

about 84 °C.

[0076] [27] The process according to [19], further comprising

cooling the second reaction mixture to room temperature.

[0077] [28] The process according to [27], wherein the cooled
second reaction mixture is stirred at room temperature for at

least 1 hour.

[0078] [29] The process according to [28], wherein the cooled
second reaction mixture is stirred at room temperature for a
period selected from the group consisting of about 1 hour,

about 3 hours, and about 5 hours.

[0079] [30] The process according to [27] further comprising
collecting solids by filtration.

[0080] [31] The process according to [30], further comprising
washing the solids at least with ethyl acetate.
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[0081] [32] A process for preparing 2-{(28)-1-~
azabicyclo[2.2.2]oct~2~-yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H)-one, represented as Compound

(XI):
CHs " H
NZN 7 | N
HN-/ s NH

0 (XI),
or a salt, hydrate, or tautomer thereof, or any combination
thereof, the process comprising treating a chiral acid salt of
2-[(28)-1-azabicyclo[2.2.2]oct-2-yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]lpyrimidin-4 (3H)~-one with a base. |

[0082] [32'] The process according to [32], wherein the 2-
[(28)-1-azabicyclo[2.2.2]oct-2-yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno{3}2—d]pyrimidin—4(3H)—one, as Compound (XI):

N
N 74 | = N

O (XI),
or salt, hydrate, or tautomer thereof, or combination thereof
is 2-[(28)~1-azabicyclo[2.2.2]oct~2~yl] -6~ (3-methyl-1H-
pyrazol-4-yl)thieno(3,2-d]pyrimidin-4 (3H)-one hemihydrate or a

tautomer thereof, or any combination thereof.

[0083] [33] The process according to [32] or [32'], wherein
the base comprises aqueous ammonium hydroxide, and wherein the
treating of the chiral acid salt with the base comprises
adding the base to the chiral acid salt of 2-[(28)-1-
azabicyclo[2.2.2]oct-2-yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-dlpyrimidin-4 (3H) -one as the Compound (XI),
dissolved in dimethyl sulfoxide and water at a temperature in
a range of about 35 °C or lower until a reaction mixture of the
base and the chiral acid salt dissolved in dimethyl sulfoxide

and water has a pH in a range between 8.5 and 9.0.
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[0084] [34] The process according to [33], wherein the

temperature is selected from the group consisting of about 25

°c, about 30 °C, and about 35 °C.

[0085] [35] The process according to [33], further comprising

heating the reaction mixture to about 50 °C.

[0086] [36] The process according to [35], further comprising

adding acetone and water to the reaction mixture at about 50

°C.

[0087] [37] A process for preparing a compound, which is 2-(1-
azabicyclo[2.2.2]oct-2-yl)-6-[1-(4-methoxybenzyl)-5-methyl-1H-
pyrazol-4-yl]thieno[3,2-d]pyrimidin-4 (3H)-one, represented as
Compound (VI):

O (VI),
or a salt, hydrate, or tautomer thereof, or any combination
thereof, the process comprising: treating a compound, which is
methyl 3-[(l-azabicyclo[2.2.2]oct-2-ylcarbonyl)amino]-5-[1-(4-
methoxybenzyl)-5-methyl-1H-pyrazol-4-yl]thiophene-2-

carboxylate, represented as Compound (V):

CH3 Hm/@
MQAN%N "
eO Nx S 0O
CO,Me vy,
or a salt, hydrate, or tautomer thereof, or any combination
thereof, with a mixture comprising formamide and a base to

form the Compound (VI) or salt, hydrate, or tautomer thereof,

or combination thereof.
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[0088] [38] The process according to [37], wherein the base

comprises potassium tert-butoxide.

[0089] [39] The process according to [37], wherein the mixture

further comprises a polar solvent.

[0090] [40] The process according to [39], wherein the polar

solvent comprises N,N-dimethylacetamide.

[0091] [41] The process according [37], further comprising
heating a reaction mixture comprising methyl 3-[(1-
azabicyclo[2.2.2]oct-2-ylcarbonyl)amino]~5-[1-(4-
methoxybenzyl)-5-methyl-1H-pyrazol-4-yl]thiophene-2-
carboxylate, as the Compound (V), or salt, hydrate, or
tautomer thereof, or combination thereof, with formamide and a

base to a temperature in a range between about 25°C and about

70 °C for at least 1 hour.

[0092] [42] The process according to [41], wherein the
reaction mixture is heated for a period selected from the
group consisting of about 1 hour, about 8 hours, about 16

hours, and about 24 hours.

[0093] [43] The process according to [41], wherein the

reaction mixture is heated to a temperature selected from the
group consisting of a range between about 25 °C and about 70
°C, a range between about 45°C and about 70 °C, and a

temperature of about 70 °C.

[0094] [44] The process according to [37], further comprising
preparing 2-[(2S)-l-azabicyclo[2.2.2]oct-2-yl]-6-(3-methyl-1H-
pyrazol-4-yl)thieno([3,2-d]pyrimidin-4 (3H)-one, represented as

Compound (XI):
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(XI),
or a salt, hydrate, or tautomer thereof, or any combination
therecf from the Compound (VI) or salt, hydrate, or tautomer

thereof, or combination thereof.

[0095] [44'] The process according to [44], wherein the 2-
[(28)~1-azabicyclo[2.2.2]oct-2-yl]-6~(3-methyl-1H-pyrazol-4-
yl)thieno{3,2-d]lpyrimidin—-4 (3H)-one, as Compound (XI):

CHj H
N/ 74 |N\ N
HN-Z" gL __NH
O (X1),

or salt, hydrate, or tautomer thereof, or combination thereof
is 2-[(2S8)~1-azabicyclo[2.2.2]oct~2~yl] -6~ (3-methyl-1H-
pyrazol-4-yl)thieno([3,2-d]pyrimidin-4 (3H)-one hemihydrate or a

tautomer thereof, or any combination thereof.

[0096] [44'’] A process for preparing a compound, which is

2-[(2S8)~1-azabicyclo[2.2.2]oct~2-yl] -6~ (3-methyl-1H-pyrazol-4-

yl)thieno[3,2-d]pyrimidin-4 (3H)-one, represented as Compound
(XI) :

(XI),

or a salt, hydrate, or tautomer thereof, or any combination
thereof, the process comprising:

(i) preparing a compound, which is 2-(l-azabicyclo[2.2.2]oct-
2-yl)-6-[1-(4-methoxybenzyl)~-5-methyl-1H-pyrazol-4-
yl]thieno[3,2—d]pyrimidin—4(3H)—one, represented as Compound
(VI) :
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e Nﬁ
LS
MeO Nx NH

S
O (VI),

or a salt, hydrate, or tautomer thereof, or any combination
thereof

by treating a compound, which is methyl 3-[(1-
azabicyclof2.2.2]oct~-2-ylcarbonyl)amino]-5-[1-(4-
methoxybenzyl)-5-methyl-1H-pyrazol-4-yljthiophene-2-

carboxylate, represented as Compound (V):

CHga H
N
IORSYie e
CO,Me V),

or a salt, hydrate, or tautomer thereof, or any combination
thereof, with a mixture comprising formamide and a base to
form the Compound (VI) or salt, hydrate, or tautomer thereof,
or combination thereof;

(ii) preparing a compound, which is 2-(l-azabicyclo[2.2.2]oct-
2-yl)-6-(3-methyl-1H-pyrazol-4-yl)thieno[3,2-d]pyrimidin-

4 (3H) -one, represented as Compound (VIII):

CH,
N
NN 7 T N

0o (VIII),
or a salt, hydrate, or tautomer thereof, or any combination
thereof
by deprotecting Compound (VI) or a salt, hydrate, or tautomer
thereof, or any combination thereof which is obtained in (1i);
and |
(iii) converting a chiral center of compound (VIII) or a salt,
hydrate, or tautomer thereof, or any combination thereof which
is obtained in (ii) to form the Compound (XI) or salt,

hydrate, or tautomer thereof, or combination thereof.
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[0097] [45] A process for preparing a compound, which is 2-
(l1-azabicyclo[2.2.2]oct-2-yl)-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H)-one dihydrochloride,

represented as Compound (VII):

CH,
N= J N\ N
\ |
HN-/ s NH

0 *2HC1 (Vii),
or a hydrate or tautomer thereof, or any combination thereof,
wherein the process comprises:

deprotecting a compound represented as Compound (XXI):

CH,
PN/ lN\ R

Nx S NH
o (XXTI),
or a salt, hydrate, or tautomer thereof, or any combination
thereof in a first reaction mixture, wherein PG is an amine
protecting group, to form the 2-(l-azabicyclo[2.2.2]oct-2-yl)-
6~ (3-methyl-1H-pyrazol-4-yl)thieno[3,2-d]pyrimidin-4 (3H) -one
as Compound (VIII):

o] (VIII),
or a salt, hydrate, or tautomer thereof, or any combination
thereof; and
treating the first reaction mixture with hydrogen

chloride to form a second reaction mixture.

[0098] [46] The process according to [45], wherein the
deprotecting of the Compound (XXI), or salt, hydrate, or
tautomer thereof, or combination thereof, comprises adding a

strong acid to the first reaction mixture.

[0099] [47] The process according to [46], whereinvthe strong

acid comprises methanesulfonic acid.
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[0100] [48] The process according to [45], wherein the amine

protecting group is p-methoxybenzyl.

[0101] [49] A process for preparing a compound, which is 2-(1-
azabicyclo[2.2.2]oct-2~-yl) -6~ (3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]lpyrimidin-4 (3H)-one, represented as Compound

(VIII):
CHj
N
NN 7 | T N
HN-Z NH
o (VIII),

or a salt, hydrate, or tautomer thereof, or any combination
therecof, wherein the process comprises:

deprotecting a compound represented as Compound (XXI):

CHy
PG*N N__/ I Ny N
Nx= [ NH

O (XXI),

or a salt, hydrate, or tautomer thereof, or any combination
thereof in a first reaction mixture, wherein PG is an amine
protecting group:;

treating the first reaction mixture with hydrogen
chloride to form a second reaction mixture comprising a
compound which is 2-(l-azabicyclo[2.2.2]oct-2-yl)-6-(3-methyl-
1H-pyrazol-4-yl)thieno[3,2-d]pyrimidin-4 (3H)-one
dihydrochloride, represented as Compound (VII):

CHs Nw/[;j
) *2HC1 (VII),

or a hydrate or tautomer thereof, or any combination thereof;
and

adding a base to the second reaction mixture to form a

third reaction mixture.
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[0102] [50] The process according to [49], wherein the
deprotecting of the Compound (XXI) comprises adding a strong

acid to the first reaction mixture.

[0103] [51] The process according to [50],vwherein the strong

acid comprises methanesulfonic acid.

[0104] [52] The process according to [49], wherein the amine
protecting group is p-methoxybenzyl.

[0105] [53] The procéss according to [49], wherein the
deprotecting of the Compound (XXI) or salt, hydrate, or
tautomer thereof, or combination thereof comprises forming a
first reaction mixture by adding methanesulfonic acid and
anisole to a mixture of 2-(l-azabicyclo[2.2.2]oct-2~-yl)-6-[1-
(4-methoxybenzyl)-5-methyl-1H-pyrazol-4-yl]lthieno[3,2-

dlpyrimidin-4 (3H) -one, represented as Compound (VI):

dissolved in acetic acid.

[0106] [54] The process according to [53], wherein the

methanesulfonic acid and the anisole are added at a

temperature in a range of about 60 °C or lower.

[0107] [55] The process according to [54], wherein the
methanesulfonic acid and the anisole are added at a

temperature in a range selected from the group consisting of a
range between about 20°C and about 60 °C and a range between

about 40°C and about 60 °C.
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[0108] [56] The process according to [53], further comprising
stirring the reaction mixture at a temperature in a range
selected from the group consisting of a range between about 85

°C and about 115 °C, a range between about 95 °C and about 115

°c, and a range between about 105 °C and about 115 °C.

[0109] [57] The process according to [53], wherein the
reaction mixture is stirred for a period selected from the
group consisting of a period between about 2 and about 8 hours

and a period between about 2 and about 4 hours.

[0110] [58] The process according to [53], wherein the first

reaction mixture is stirred at a temperature in a range

between about 85 °C and about 115 °C for at least 2 hours.

[0111] [59] The process according to [53], wherein the
deprotecting of the Compound (XXI) further comprises cooling

the first reaction mixture to a temperature in a range between

about 20 °C and about 60°C.

[0112] [60] The process according to [59], wherein the first
reaction mixture is cooled to a temperature in a range
selected from the group consisting of a range between about 20

°C and about 65 °C, a range between about 30 °C and about 60 °C,

and a range between about 40 °C and about 60 °C.

[0113] [61] The process according to [49], wherein the
treating of the first reaction mixture with hydrogen chloride
comprises adding acetonitrile, ethanol, and concentrated
hydrochloric acid to the first reaction mixture successively
at a temperature in a range between about 20°C and about 60 °C

to form a second reaction mixture.
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[0114]  [62] The process according to [61], wherein the

temperature is in a range selected from the group consisting
of a range between about 30°C and about 60°C and a range

between about 40°C and about 60°C.

[0115] [63] The process according to [61], further comprising
stirring the second reaction mixture at a temperature in'a |
range selected from the group consisting of a range between

about 30 °C and about 60 °C and a range between about 45 °C and

about 55 °C.

[0116] ([64] The'prOCess according to [63], wherein the second

reaction mixture is stirred at the temperature in the range

between about 30 °C and about 60 °C for at least 30 minutes.

[0117] [65] The process according to [61], further comprising

cooling the second reaction mixture to a temperature in a

range between about 0 °C and about 30 °C.

[0118] [66] The process according to [65], wherein the cooled
second reaction mixture is stirred for a period selected from
the group consisting of a period between about 1 and about 2
hours, a period between about 1 and about 8 hours, and a

period between about 1 and about 24 hours.

[0119] [67] The process according to [65], further comprising
stirring the cooled second reaction mixture for at least 1

hour.

[0120] [68] The process according to [61], wherein the
treating of the first reaction mixture with hydrogen chloride

comprises adding concentrated hydrochloric acid at a

temperature of about 50 °C.
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[0121] [69] The process according to [68], further comprising
cooling the second reaction mixture to room temperature in

about 1 hour.

[0122] [70] The process according to [69], wherein the cooled

second reaction mixture is stirred for at least 1 hour.

[0123] ([71] The process according to [70], wherein the cooled
second reaction mixture is stirred for a period selected from
the group consisting of a period of about 1 hour, a period of
about 8 hours, a period of about 16 hours, and a.period of

about 24 hours.

[0124] ([72] The process according to [49], wherein the base

comprises a potassium carbonate solution.

[0125] [73] The process according to [49], wherein the third

reaction mixture is stirred at a temperature in a range

between about 20 °C and about 85 °C for at least 1 hour.

[0126] [74] The process according to [73], wherein the

temperature is in a range selected from the group consisting
of a range between about 20 °C and about 85 °C, a range between
about 50 °C and about 85 °C, and a range between about 75 °C

and about 85 °C.

[0127] [75] The process according to [73], wherein the third
reaction mixture is stirred for a period selected from the
group consisting of a period between about 1 and about 2
hours, a period between about 1 and about 8 hours, and a

period between about 1 and about 24 hours.

[0128] [75'] A process for preparing a compound, which is

2-[(2S)-1-azabicyclo[2.2.2]oct-2-yl] -6~ (3-methyl-1H-pyrazol-4-
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yl)thieno[3,24d]pyrimidin—4(3H)—one, represented as Compound

(XI),
or a salt, hydrate, or tautomer thereof, or any combination
thereof, the process comprising

(i’) deprotecting a compound represented as Compound (XXI):

CH;

PG‘NWY@
Nx S NH
O (XXI),

or a salt, hydrate, or tautomer thereof, or any combination
thereof in a first reaction mixture, wherein PG is an amine
protecting group;

treating the first reaction mixture with hydrogen
chloride to form a second reaction mixture comprising a
compound which is 2—(l—azabiéyclo[2.2.2]oct—2—yl)—6—(3—methyl—
1H-pyrazol-4-yl)thieno[3,2~d]pyrimidin=-4 (3H)~one
dihydrochloride, represented as Compound (ViI):

*2HC1 (VII),

or a hydrate or tautomer thereof, or any combination thereof;
and

adding a base to the second reaction mixture to form a third
reaction mixture; and

(ii’) converting a chiral center of compound (VIII) or a salt,
hydrate, or tautomer thereof, or any combination therecf which
is obtained as a resultant of (i’) to form the Compound (XT)

or salt, hydrate, or tautomer thereof, or combination thereof.
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[0129] [76] A process. for preparing a compound, which is
methyl 3-amino-5-[1-(4-methoxybenzyl)-5-methyl-1H-pyrazol-4-
yl]lthiophene-2-carboxylate, represented as Compound (IV):

CH3

OIS
N
MeO S

COMe (1v),
or a salt, hydrate, or tautomer thereof, or any combination
thereof, the process comprising: reacting 3-(1-(4-
methoxybenzyl)-5-methyl-1H-pyrazol-4-yl)-3-oxopropanenitrile,
represented as Compound (I):

CHs;

0]
O o<
MeO N CN(I),

or a salt, hydrate, or tautomer thereof, or any combination

thereof.

[0130] [77] The process according to [76], further comprising
treating 3-(1-(4-methoxybenzyl)-5-methyl-1H-pyrazol-4-yl)-3-

. oxopropanenitrile as the Compound (I), or salt, hydrate, or
tautomer thereof, or combination thereof with p-

toluenesulfonic anhydride or trifluoromethanesulfonic
anhydride and a first base at a temperature below about 25 °C
to form a first reaction mixture, and wherein the first base

comprises triethylamine.

[0131] [78] The process according to [76], further comprising:
treating 3-(1l-(4-methoxybenzyl)-5-methyl-1H-pyrazol-4-yl)-3-
oxopropanenitrile as the Compound (I), or salt, hydrate, or
tautomer thereof, or combination thereof with p-
toluenesulfonic anhydride and a first base at below about 25 °C
to form a first reaction mixture, and wherein the first base

comprises triethylamine.
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[0132] [79] The process according to [77], wherein the first

reaction mixture is stirred for at least 1 hour.

[0133] [80] The process according to [79] wherein the first
reaction mixture is stirred for a period selected from the
group consisting of a period of about 1 hour, a period of
about 8 hours, a period of about 16 hours, and a period of

about 24 hours.

[0134] [81] The process according to [77], further adding a
second base in the treating of the Compound (I), or salt,
hydrate, or tautomer thereof, or combination thereof, wherein
the second base comprises potassium hydroxide, sodium
hydroxide, or lithium hydroxide to form a second reaction

mixture.

[0135] [82] The process according to [81], wherein the second

base comprises potassium hydroxide.

[0136] [83] The process according to [81], wherein the second
reaction mixture is stirred for a period between about 1 and

about 24 hours.

[0137] [84] The process according to [81], further comprising
adding ammonium chloride and adjusting pH of the second
reaction mixture until the pH reaches pH in a range between 7

and 10 to.form a third reaction mixture.

[0138] [85] The process according to [84], further comprising
adding methyl thioglycolate to the third reaction mixture to

form a fourth reaction mixture.

[0139] [86] The process according to [85], wherein the fourth

reaction mixture is stirred for a period between about 1 and

about 24 hours at about 25 °C.
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[0140] [87] The process according to [86], further comprising
adding a third base to the fourth reaction mixture to form a
fifth reaction mixture, wherein the third base comprises 1,8-

diazabicycloundec-7-ene or 1,5-diazabicyclo(4.3.0)non-5-ene.

[0141] [88] The process according to [87], wherein the third

base comprises 1,8—dia2abicycloundec—7—ene.

[0142] [89] The process according to [87], wherein the fifth

reaction mixture is stirred for a period between about 1 and

about 24 hours at about 25 °C.

[0143] [90] The process according to [87], further comprising

adding water to the fifth reaction mixture.

[0144] [21] The process»according to [90], further comprising
adding a seed crystal of methyl 3-amino-5-{1-(4-
methoxybenzyl)—5—methyl—1H;pyrazol—4—yl]thiophene—Z—
carboxylate as the Compound (IV), or a salt, hydrate, or
tautomer thereof, or any combination thereof to the fifth

reaction mixture and the water.

[0145] [92] The process according to [91], further comprising
adding water to the fifth reaction mixture, the water, and the
seed crystal over a period of 3 hours to form a sixth reaction

mixture.

[0146] [93] The process according to [92], further comprising

aging the sixth reaction mixture for a period between about 1

and about 18 hours at about 25 °C.
[0147]  [94] The process according to [93], further comprising
collecting solids of the aged sixth reaction mixture by

filtration.
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[0148] [95] The process according to [94], further comprising

washing the solids at least with tetrahydrofuran and water.

[0149] ([96] The process according to [76], further comprising
preparing 2-[(2S)-1l-azabicyclo[2.2.2]oct-2-yl]-6~-(3-methyl-1H-
pyrazol-4-yl)thieno[3,2-d]pyrimidin-~4 (3H) ~one, represented as

Compound (XI):

(XI),
or a salt, hydrate, or tautomer thereof, or any combination
thereof, from a mixture comprising methyl 3-amino-5-{1-(4-
methoxybenzyl)-5-methyl-1H-pyrazol-4-yl]thiophene-2-
carboxylate as the compound (IV):

CHj

N\
MeO S

COzMe ( IV) .

[0150] [96'] The process according to [96], wherein the 2-
[(25)-1-azabicyclo[2.2.2]oct-2-yl]-6-(3-methyl-1H~pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H) ~one, as Compound (XI):

CHs H

N= / N\ N

HN-/ Sl NH
o (XI),
or salt, hydrate, or tautomer thereof, or combination thereof
is 2-[(2S)-1-azabicyclo[2.2.2]oct-2~yl]-6~-(3-methyl-1H~
pyrazol-4-yl)thieno([3,2-d]pyrimidin-4 (3H)-one hemihydrate or a

tautomer thereof, or any combination thereof.

[0151] [96’’] A process for preparing a compound, which is
2-[(28)-1-azabicyclo[2.2.2]oct-2-yl]-6-(3-methyl~1H-pyrazol-4-

yl)thieno[3,2-d]pyrimidin-4 (3H) ~one, represented as Compound
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(XI),

or a salt, hydrate, or tautomer thereof, or any combination
thereof, the process comprising reacting 3-(1-(4-
methoxybenzyl)-5-methyl-1H-pyrazol-4-yl)-3-oxopropanenitrile,
represented as Compound (I):

CHa

(0]
O
MO NS Nen ),

or a salt, hydrate, or tautomer thereof, or any combination

thereof.

[0152] ([97] A compound, which is 3-(1-(4-methoxybenzyl)-5-
methyl-1H-pyrazol-4-yl)-3-oxopropanenitrile, represented as

Compound (I):

= CN
MeO N

or a salt, hydrate, or tautomer thereof, or any combination

thereof.

[0153] [98] A compound, which is (2S,38)-2,3-
bis(benzoyloxy)butanedioic acid 2-[(2S)-1-
azabicyclo[2.2.2]oct—2—yl]—6—(3—methyl—1H>pyrazol—4—
yl)thieno([3,2-dlpyrimidin~4 (3H)~-one, represented as
Compound (IX) : *

5 HO,C  CO,H (1K),

or a salt, hydrate,'or tautomer thereof, or any combination

thereof.
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[0154] [99] A compound which is 5-(1-(4-Methoxybenzyl)-5-
methyl-1H-pyrazol-4-yl)-3-(quinuclidine-2~
carboxamido)thiophene-2-carboxylic acid, represented as

Compound (XXTIV) :

COOH (XXIV),

or a salt or hydrate thereof.

[0155] [100] A compound (XXV) having a structure:

or a tautomer thereof.

(XXV),

[0156] [101] A process for preparing a compound, which is
2-[(28)-1-azabicyclo[2.2.2}oct-2-yl1]-6-(3-methyl-1H-pyrazol-4-

yl)thieno[3,2-d]pyrimidin-4 (3H) -one, represented as Compound
(XI):

(XI),
or a salt, hydrate, or tautomer thereof, or any combination
thereof, the process comprising:
reacting methyl 3-amino-5-[1-(4-methoxybenzyl)-5-methyl-
lH-pyrazol-4-yl]lthiophene-2-carboxylate, represented as
Compound (IV):
CHj

N\
MeO S

COzMe (IV)

or a salt, hydrate, or tautomer thereof, or any combination
thereof to form methyl 3-{(l-azabicyclo[2.2.2]oct-2-
ylcarbonyl)amino]-5-[1-(4-methoxybenzyl)-5-methyl~1H-pyrazol-
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4-yllthiophene-2-carboxylate, represented as Compound (V):

CHa HY@
MeO@AE\\ g| 3 N
COz;Me (v),
or a salt, hydrate, or tautomer thereof, or any combination
thereof; and
reacting the methyl 3~[(l-azabicyclo[2.2.2]oct-2~
ylcarbonyl)amino]-5-[1-(4-methoxybenzyl)-5-methyl-1H-pyrazol-
4—yl]thiophene—é—carboxylate as the Compound (V) or salt,
hydrate, or tautomer thereof, or combination thereof to form
2-(l-azabicyclo[2.2.2]oct-2-yl)-6-[1-(4-methoxybenzyl)-5-
methyl-1H-pyrazol-4-yl]lthieno[3,2-d]pyrimidin-4 (3H)-one,
represented as Compound (VI): |
O
S Wy 5| HH

M (VI)

or a salt, hydrate, or tautomer thereof, or any combination
thereof,

reacting the 2-(l-azabicyclo[2.2.2]oct-2-yl)~-6~[1~ (4~
methoxybenzyl)~5-methyl-1H-pyrazol-4-yl]lthieno[3,2-
dlpyrimidin-4 (3H) ~one as the Compound (VI), or salt, hydrate,
or tautomer thereof, or combination thereof, to form 2-(1-
azabicyclo[2.2.2]oct-2~yl) -6~ (3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H)-one, represented as Compound

(VIII):

(VIII),
or a salt, hydrate, or tautomer thereof, or any combination
thereof;
and _
reacting.the 2-(l-azabicyclo(2.2.2]oct-2-yl)-6-(3-methyl-

1H-pyrazol-4-yl)thieno[3,2-d]pyrimidin-4 (3H)-one as the
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Compound (VIII), or salt, hydrate, or tautomer thereof, or
combination thereof, to form the 2-[(28)-1-
azabicycio[2.2.2]oct—2—yl]—6—(3—methyl—lH¥pyrazol—4—
yl)thieno[3,2-d]pyrimidin-4 (3H)-one as the Compound (XI), or
salt, hydrate, or tautomer thereof, or combination thereof.
[0157] [101'] The process according to [101], wherein the 2-
[(28)-1-azabicyclo[2.2.2]oct-2-y1l]~6-(3-methyl-1H-pyrazol-4-
yl)thieno(3,2-dlpyrimidin-4 (3H)~one as the Compound (XI), or
salt, hydrate, or tautomer thereof, or combination theréof is
2~[(28)-1-azabicyclo[2.2.2]oct-2-yl]-6~(3-methyl~-1H-pyrazol-4-
yl)thieno{3,2~-d]pyrimidin~4 (3H)-one hemihydrate or a tautomer

thereof, or any combination thereof.

[0158] [102] The process according to [101], wherein the
reacting of methyl 3-amino-5-[1l-(4-methoxybenzyl)-5-methyl-1H-
pyrazol-4-yl]lthiophene-2-carboxylate as the Compound (IV), or
salt, hydrate, or tautomer thereof, or combination thereof, to
form the methyl 3-[{(l-azabicyclo[2.2.2]oct-2-
ylcarbonyl)amino]-5-[1-(4-methoxybenzyl)-5-methyl-1H-pyrazol-
4-yl]lthiophene-2~carboxylate as the Compound (V), or salt,
hydrate, or tautomer thereof, or combination thereof
comprises: |

forming a reaction mixture comprising:
quinuclidine-2-carboxylic acid hydrochloride, acetonitrile,
dimethyl formamide, oxalyl chloride, and methyl 3-amino-5-[1-
(4-methoxybenzyl)-5-methyl-1H-pyrazol 4-yl]thiophene-2-
carboxylate as the Compound (IV), or salt, hydrate, or
tautomer thereof, or combination thereof.
[0159] In the reaction mixture, other coupling reagents in
amide synthesis may be used instead of oxalyl chloride.
Examples of the “coupling reagents in amide synthesis” in the
present specification include 1,i—carbonyldiimidazole (CDI),
l-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDCI), O-(7-
} azabenzotriazol—l~yl)FN,N,N',N’—tetramethyluronium
hexafluorophosphate (HATU), 2-(lH-benzotriazol-1-yl)-1,1,3,3-
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tetraméthyluronium hexafluorophosphate (HBTU), 2-(1lH-
benzotriazole-1-yl)-1,1,3,3-tetramethylaminium
tetrafluoroborate (TBTU), n-propanephosphonic acid anhydride
(T3P) .

[0160] [103] The process according to [101], wherein the
reacting of the methyl 3—[(l—azabicyclo[2.2.2]oct—2—.
ylcarbonyl)amino]-5-[1- (4-methoxybenzyl)-5-methyl-1H-pyrazol-
4-yl]lthiophene-2-carboxylate as the Compound (V) or salt,
hydrate, or tautomer thereof, or combination thereof, to form
the 2-(l-azabicyclo[2.2.2]oct-2-yl)-6-[1~-(4-methoxybenzyl)-5-
methyl-1H-pyrazol-4-yl]lthieno[3,2-d]pyrimidin~4 (3H)-one as the
Compound (VI) or salt, hydrate, or tautomer thereof, or
combination thereof comprises:

forming a reaction mixture comprising:
methyl 3-[(l-azabicyclo[2.2.2]oct-2-ylcarbonyl)amino]-5-[1-(4-
methoxybenzyl)-5-methyl-1H-pyrazol-4-yl]thiophene-2-
carboxylate as the Compound (V) or salt, hydrate, tautomer or
combination thereof;

dimethyl acetamide or acetamide or a combination thereof;

and potassium tert-butoxide.

[0161] [104] The process according to [101], wherein the
reacting of the 2-(l-azabicyclo[2.2.2]oct-2-yl)-6-[1-(4-
methoxybenzyl)-5-methyl-1H-pyrazol-4-yl]thieno[3, 2-
dlpyrimidin-4 (3H) -cne as the Compound (VI), or salt, hydrate,
or tautomer thereof, or combination thereof to form the 2-(1-
azabicyclo[2.2.2]oct-2-yl)-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin~4 (3H) -one, as the Compound (VIII) or
salt, hydrate, or tautomer thereof, or combination thereof
comprises: '

forming a reaction mixture comprising:

2-(l-azabicyclo[2.2.2]oct-2-yl)-6-[1-(4-

methoxybenzyl)-5-methyl-1H-pyrazol-4-yl]thieno[3,2-
dlpyrimidin-4 (3H) -one as the Compound (VI), or‘salt, hydrate,
or tautomer thereof, or combination thereof,
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acetic acid,
methanesulfonic acid, and
anisole;
adding materials comprising acetonitrile, ethyl alcohol,
and hydrochloric acid to the reaction mixture in combinations
or separately;
filtering solids from the reaction mixture;
washing the solids with at least acetonitrile; and
forming a second reaction mixture comprising the washed

sclids, potassium carbonate, and water.

[0162] [105] The process according to [101] or [101'], wherein
the reacting of the 2-(l-azabicyclo{2.2.2]oct-2-yl)~6-(3-
methyl-1H-pyrazol-4-yl)thieno(3,2-d]pyrimidin-4 (3H)-one as the
Compound (VIII), or salt, hydrate, or tautomer therecf, or
combination thereof, to form the 2-[(25)-1-
azabicyclo[2.2.2]oct-2-yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H)-one as the Compound (XI) or
salt, hydrate, or tautomer thereof, or combination thereof
comprises:
forming a first reaction mixture comprising:
2-(1l-azabicyclo[2.2.2]oct-2-yl)-6-(3-methyl-1H-
pyrazol-4-yl)thieno[3,2-d]lpyrimidin-4 (3H)-one as the Compound
(VIII), or salt, hydrate, or tautomer thereof, or combination
thereof,
, 25,358)-2,3-bis(benzoyloxy)butanedioic acid
monohydrate,
at least one compound selected from the group
consisting of l-butanol and 2-butanol, and
at least one compound selected from the group
consisting of ethyl acetate and acetic acid; and
forming a second reaction mixture comprising:
(25,38)~2,3-bis (benzoyloxy)butanedioic acid 2-[(28)-
l—azabicyclo[2.2.2]oct—2—yl]76-(3—methyl—lH>pyrazol—4—
yl)thieno[3,2-dlpyrimidin-4 (3H)-one, represented as Compound
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o O
e

HO,C  CO,H

(IX),
or a salt, hydrate, or tautomer thereof, or any combination
thereof,

acetone,

water, and

aqueous ammonium hydroxide.

[0163] [106] A process for preparing a compound, which is
2-[({28)-1-azabicyclo[2.2.2]oct-2-y1l]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H)-one, represented as Compound

(XI),
or a salt, hydrate, or tautomer thereof, or any combination
thereof, the process comprising:

reacting 2-(l~azabicyclo[2.2.2]oct-2-yl)-6-[1-(4-
methoxybenzyl)-5-methyl-1H-pyrazol-4-yl]thieno([3,2~-

dlpyrimidin-4 (3H) ~one, represented as Compound (VI):

O (VI),
or a salt, hydrate, or tautomer thereof, or any combination
thereof, to form 2-(l-azabicyclo[2.2.2]oct-2-yl)-6-(3-methyl-
1H-pyrazol-4-yl)thieno[3,2-d]pyrimidin-4 (3H) -one, represented
as Compound (VIII):
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CHj
P Ve
S NH
o (VIII),

or a salt, hydrate, or tautomer thereof, or any combination
thereof; and

reacting the 2-(l-azabicyclo[2.2.2]oct-2-yl)-6-(3-methyl-
1H-pyrazol-4-yl)thieno(3,2-d]pyrimidin-4 (3H)-one as the
Compound (VIII), or salt, hydrate, or tautomer thereof, or
combination thereof to form the 2-[(25)-1-
azabicyclo([2.2.2]oct-2-yl]~6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H)-one as the Compound (XI), or

salt, hydrate,'or tautomer thereof, or combination thereof.

[0164] [106'] The process according to [106], wherein the 2-
[(28)-1-azabicyclo[2.2.2]oct-2-yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H) -one as the Compound (XI), or
salt, hydrate, or tautomer thereof, or combination thereof is
2-[(28)-1-azabicyclo[2.2.2]oct-2-yl] -6~ (3-methyl-1H-pyrazol-4-
yvl)thieno[3,2-d]pyrimidin-4 (3H)-one hemihydrate or a tautomer

thereof, or any combination thereof.

[0165] [107] The process according to [106], wherein the
reacting of the 2-(l-azabicyclo[2.2.2]oct-2-yl)-6-[1-(4-
methoxybenzyl)-5-methyl-1H-pyrazol-4~-yl]thieno(3, 2~
dlpyrimidin-4 (3H) -one as the Compound (VI), or salt, hydrate,
or tautomer thereof, or combination thereof, to form the 2-(1-
azabicyclo[2.2.2]oct-2-yl)-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2~d]pyrimidin-4 (3H) -one, as Compound (VIII) or
salt, hydrate, or tautomer thereof, or combination thereof
comprises:

forming a reaction mixture comprising:

2-(l-azabicyclo[2.2.2]oct-2-yl)-6~[1-(4-methoxybenzyl)-5-
methyl-1H-pyrazol-4-yl]lthieno([3,2-d]pyrimidin-4 (3H)-one as the

Compound (VI), or salt, hydrate, or tautomer thereof, or
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combination thereof,
acetic acid,
methanesulfonic acid, and
anisole;
adding materials comprising acetonitrile, ethyl alcohol,
and hydrochloric acid to the reaction mixture, in combinations
or separately;
filtering solids from the reaction mixture;
washing the solids with at least acetonitrile; and
forming a second reaction mixture comprising the washed

solids, potassium carbonate, and water.

[0166] [108] The process according to [{106] or [106'], wherein
the reacting of the 2-(l-azabicyclo[2.2.2]oct~2~-yl)-6-(3~-
methyl-1H-pyrazol-4-yl)thieno[3,2-d]pyrimidin-4 (3H) -one as the
Compound (VIII), or salt, hydrate, or tautomer thereof, or
combination thereof, to form the 2-[(2S)-1-
azabicyclo{2.2.2]oct-2-yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno([3,2-d]pyrimidin-4 (3H)-one as the Compound (XI) or
salt, hydrate, or tautomer thereof, or combination thereof
comprises:
forming a first reaction mixture comprising:

2~-(l-azabicyclo[2.2.2]oct~2-yl)-6-(3-methyl-1H-
pyrazol-4-yl)thieno[3,2-d]pyrimidin-4 (3H) -one as the Compound
(VIII), or salt, hydrate, or tautomer thereof, or combination
thereof,

(25,35)—2,3—bis(benzoyloxy)butanedioic acid
monohydrate,

at least one compound selected from the group
consisting of l-butanol and 2-butanol, and

acetic acid, and

forming a second reaction mixture comprising:

(25,38)-2,3-bis(benzoyloxy)butanedioic acid 2-[(2S)-
l-azabicyclol2.2.2]oct~2~-yl] -6~ (3~methyl~1H~pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H)-one, represented as Compound
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0 ©

0
HO,C  CO,H

(IX),
or a salt, hydrate, or tautomer thereof, or any combination
thereof,

acetone,

water, and

aqueous ammonium hydroxide.

[0167] [109] A process for preparing a compound, which is
methyl 3-[(l-azabicyclo[2.2.2]oct-2-ylcarbonyl)amino]-5-[1-(4-
methoxybenzyl)~5-methyl-1H-pyrazol-4~-yl]thiophene-2-

carboxylate, represented as Compound (V):

CH; H
N
@A” =4 N
MeO N= S 0O
COzMe (V),

or a salt, hydrate, or tautomer thereof, or any combination
thereof, the process comprising:
reacting a compound, which is methyl 3-amino-~-5-{1-(4-
methoxybenzyl)-5-methyl-1H-pyrazol-4-yllthiophene-2-
carboxylate, represented as Compound (IV):
CH,

oSy
N=
MeO S

COMe 1y, ,
or a salt, hydrate, or tautomer thereof, or any combination
thereof to form the methyl 3-[(l-azabicyclo{2.2.2]oct-2-
ylcarbonyl)amino]-5-[1-(4-methoxybenzyl)-5-methyl~1H-pyrazol-
4-yllthiophene-2-carboxylate, as the Compound (V), or a salt,

hydrate, or tautomer thereof, or any combination thereof.
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[0168] [110] The process according to [109], wherein the
reacting of the methyl 3-amino-5-[1-(4-methoxybenzyl)-5-
methyl-1H-pyrazol-4-yl]lthiophene-2-carboxylate as the Compound
(IV), or salt, hydrate, or tautomer thereof, or any
combination thereof to form the methyl 3-[(1-
azabicyclo[2.2.2]oct-2-ylcarbonyl)amino]-5-[1-(4-
methoxybenzyl)-5-methyl-1H-pyrazol-4-yl]thiophene-2-
carboxylate, as the Compound (V), or salt, hydrate, or
tautomer thereof, or combination thereof comprises:

forming a reaction mixture comprising:
quinuclidine-2-carboxylic acid hydrochloride,
acetonitrile,
dimethyl formamide,
oxalyl chloride, and
methyl 3-amino-5-[1-(4-methoxybenzyl)-5-methyl-1H-
pyrazol-4-yllthiophene-2-carboxylate as the Compound
(IV), or salt, hydrate, or tautomer thereof, or

combination thereof.

[0169] [111] A process for preparing a compound, which is 2-
[(28)-1-azabicyclo[2.2.2]oct-2-y1]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]lpyrimidin-4 (3H)-one, represented as Compound

(XI),
or a salt, hydrate, or tautomer thereof, or any combination

thereof, the process comprising:
reacting 3-(1-(4-methoxybenzyl)-5-methyl-1H-pyrazol-4-

yl)-3-oxopropanenitrile, represented as Compound (I):
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CH,

0
e
MeO Nx CN (1),

or a salt, hydrate, or tautomer thereof, or any combination
thereof to form 2-(l-azabicyclo[2.2.2]cct-2-yl)-6-(3-methyl-
1H-pyrazol-4-yl)thieno([3,2~-d]pyrimidin-4 (3H) -one, represented
as Compound (IV):

NH
O™
N ~
MeO S

COzMe (IV)

or a salt, hydrate, or tautomer thereof, or any combination
thereof;

reacting the 2-(l-azabicyclo[2.2.2]oct-2-yl)~-6-(3-methyl-
1lH-pyrazol-4-yl)thieno[3,2-d]pyrimidin-4 (3H) -one as the
Compound (IV), or salt, hydrate, or tautomer thereof, or
combination thereof to form methyl 3-[(l-azabicyclo[2.2.2]oct-
2-ylcarbonyl)amino]-5~[1-(4-methoxybenzyl)-5-methyl-1H-

pyrazol-4-yl]lthiophene-2-carboxylate, represented as Compound

(V) :
CHj H
N
L
CO,Me (V)

or a salt, hydrate, or tautomer thereof, or any combination
thereof;

reacting the methyl 3-[(l-azabicyclo[2.2.2]oct-2-
ylcarbonyl)amino]-5-[1-(4-methoxybenzyl)-5-methyl-1H-pyrazol-
4-yllthiophene-2-carboxylate as the Compound (V), or salt,
hydrate, or tautomer thereof, or combination thereof to form
2-(l-azabicyclo[2.2.2]oct-2~yl)~-6~-[1-(4-methoxybenzyl)-5-
methyl-1H-pyrazol-4-yl]thieno[3,2-d]pyrimidin-4 (3H)-one,

represented as Compound (VI):
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O,
MH

: S
o<
To N h= S :N%ik@
T
(VI),

or a salt, hydrate, or tautomer thereof, or any combination
thereof;

reacting the 2—(l—azabicyclo[2.2.2]oct—2—yi)—6—[1—(4e
methoxybenzyl)-5-methyl-1H-pyrazol-4-yl]lthieno([3,2-
dlpyrimidin-4 (3H) ~one as the Compound (VI), or salt, hydrate,
or tautomer thereof, or combination thereof to form 2-(1-
azabicyclo[2.2.2]oct~2-yl)-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2—d]pyrimidin—4(3H)—one, represented as Compound

(VIII):
CHs
N= J N\ N
HN-/ | NH
S
o (VIII),

- or a salt, hydrate, or tautomer theréof, or any combination
thereof;

reacting the 2-(l-azabicyclo[2.2.2]oct~2-yl)-6-(3-methyl-
1H-pyrazol-4-yl)thieno[3,2-d]pyrimidin-4 (3H)-one as the
Compound (VIII), or salt, hydrate, or tautomer thereof, or
combination therecf to form (2S,35)-2,3-
bis (benzoyloxy)butanedioic acid 2-[(2S)-1-
azabicyclo{2.2.2}oct~-2-yl]-6~(3-methyl-1H-pyrazol-4-
yl)thieno[3,2~d]pyrimidin~4 (3H)-one, represented as Compound

o O

o
HO.C  CO,H

(IX),
or a salt, hydrate, or tautomer thereof, or any combination
thereof; and

reacting the (25,38)-2,3-bis(benzoyloxy)butanediocic acid

60



WO 2019/194319 PCT/JP2019/015237
2-[(28)-1~azabicyclo[2.2.2]oct-2-yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H) -one asvthe Compound (IX), or
salt, hydrate, or tautomer thereof, or combination thereof to
form the 2-[(2S)~-1-azabicyclo[2.2.2]oct-2-y1l]-6-(3-methyl-1H-
pyrazol-4-yl)thieno[3,2-d]pyrimidin-4 (3H)-one as the Compound
(XI), or salt, hydrate, or tautomer thereof, or combination

thereof.

[0170] [111'] The process according to [111], wherein the 2-
[{(28)~-1-azabicyclo[2.2.2]oct-2-yl}1-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H)-one as the Compound (XI), or
salt, hydrate, or tautomer thereof, or combination thereof is
2-1(28)-1-azabicyclo[2.2.2]oct-2-yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno{3,2-d]pyrimidin-4 (3H) ~one hemihydrate or a tautomer

thereof, or any combination thereof.

[0171]1 [112] The process according to {111}, wherein the
reacting 3-(1-(4-methoxybenzyl)-5-methyl-1H-pyrazol-4~-yl) -3~
oxopropanenitrile, as the Compound (I), or salt, hydrate, or
tautomer thereof, or combination thereof to form the 2-(1-
azabicyclo[2.2.2]oct~2~yl)-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H)-one, as the Compound (IV) or
salt, hydrate, or tautomer thereof, or combination thereof
comprises:
forming a reaction mixture comprising:
3-(1-(4-methoxybenzyl)-5-methyl-1H-pyrazol-4-yl)-3-
oxopropanenitrile, as the Compound (I) or salt, hydrate, or
tautomer thereof, or combination thereof,
p-toluenesulfonic anhydride,
anhydrous tetrahydrofuran, and
trimethylamine;
adding a material comprising potassium hydroxide to the
reaction mixture; and
adding materials comprising ammonium chloride methyl
thioglycolate, and diazabicyclo[5.4.0]Jundec-7-ene to the
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reaction mixture in combinations or separately.

[0172] [113] The process according to [111], wherein the
reacting of the methyl 3-amino-5-[1-(4-methoxybenzyl)-5-
methyl-1H-pyrazol-4-yl]thiophene-2-carboxylate as the Compound
(IV), or salt, hydrate, or tautomer thereof, or combination
thereof to form the methyl 3-[(l-azabicyclo[2.2.2]oct-2-
ylcarbonyl)amino]-5-(1-(4-methoxybenzyl)-5-methyl-1H-pyrazol-
4-yl]thiophene-2-carboxylate, as the Compound (V), or salt,
hydrate, or tautomer thereof, or combination thereof
comprises:
forming a reaction mixture comprising:

quinuclidine-2-carboxylic acid hydrochloride,

acetonitrile,

dimethyl formamide,

oxalyl chloride, and

methyl 3-amino-5-[1-(4-methoxybenzyl)-5-methyl-1H-
pyrazol 4-yl]thiophene-2-carboxylate as Compound (IV), or

salt, hydrate, or tautomer thereof, or combination thereof.

[0173] [114] The process according to [111], wherein the
reacting of the methyl 3-[(l-azabicyclo[2.2.2]oct-2-
ylcarbonyl)amino]-5-[1~-(4-methoxybenzyl)-5-methyl-1H-pyrazol-
4-yl]lthiophene-2~carboxylate as the Compound (V), or salt,
hydrate, or tautomer thereof, or combination thereof to form
2-(l-azabicyclo[2.2.2]oct-2~-yl)-6-[1-(4-methoxybenzyl)-5-
methyl-1H-pyrazol-4-yl]thieno[3,2-d]pyrimidin-4 (3H) -one as
Compound (VI) or salt, hydrate, tautomer or combination
thereof comprises:
forming a reaction mixture comprising:

methyl 3-[(l-azabicyclo[2.2.2]oct-2-
ylcarbonyl)amino]—S-[l—(4—methoxybenzyl)—5—methyl—lH—pyrazol—4—
yl]lthiophene-2-carboxylate as the Compound (V) or salt,
hydrate, tautomer or combination thereof,

dimethyl acetamide or acetamide or a combination
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thereof, and

potassium tert-butoxide.

[0174] [115] The process according to [111l], wherein the
reacting of the 2-(l-azabicyclo[2.2.2]oct-2-yl)-6-[1-(4-
methoxybenzyl)-5-methyl-1H-pyrazol-4-yl]thieno([3,2-
d]pyrimidin-4 (3H)~one as the Compound (VI), or salt, hydrate,
or tautomer thereof, or combination thereof, to form 2-(1-
azabicyclo[2.2.2]oct-2-yl)-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]lpyrimidin-4 (3H) -~one, as Compound (VIII) or
salt, hydrate, or tautomer thereof, or combination thereof
comprises:
forming a reaction mixture comprising:
2-(l-azabicyclo[2.2.2]oct-2~yl)-6-[1- (4~
methoxybenzyl)-5-methyl-1H-pyrazol-4-yl]thieno[3,2-
dlpyrimidin-4 (3H) -one as the Compound (VI), or salt, hydrate,
or tautomer therecf, or combination thereof,
acetic acid,
methanesulfonic acid, and
anisole;
adding materials comprising acetonitrile, ethyl alcohol,
and hydrochloric acid to the reaction mixture in combinations
or separately;
filtering solids from the reaction mixture;
washing the solids with at least acetonitrile; and
forming a second reaction mixture comprising the washed

solids, potassium carbonate, and water.

[0175] [116] The procesé according to [111] or [1l1l1l'], wherein
the reacting of the 2-(l-azabicyclo[2.2.2]oct-2-yl)~6- (3~
methyl—lH—pyrazol—4—yl)thieno[3,2—d]pyrimidin—4(3H)—one as the
Compound (VIII), or salt, hydrate, or tautomer therecf, or
combination thereof, to form the 2-[(25)-1-
azabicyclo[2.2.2]oct-2-yl]-6~-{3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]lpyrimidin~4 (3H)-one as the Compound (XI) or
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salt, hydrate, or tautomer thereof, or combination thereof
comprises:

forming a first reaction mixture comprising:
2-(l-azabicyclo[2.2.2]oct-2~-yl)-6-(3-methyl-1H-
pyrazol-4-yl)thieno[3,2-d]pyrimidin~4 (3H) -one as the Compound
(VIII), or salt, hydrate, or tautomer thereof, or combination
thereof,
(25,35)-2,3-bis(benzoyloxy)butanedioic acid
monohydrate,
at least one compound selected from the group
consisting of l-butanol and 2-butancl, and
at least one compound selected from the group
consisting of ethyl acetate and acetic acid; and
forming a second reaction mixture comprising:
(25,35)-2,3-bis(benzoyloxy)butanediocic acid 2—[(25)—
l-azabicyclo[2.2.2]oct-2-yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H) -one, as the Compound (IX):

O O

0 3
HO,C  CO,H

(IX),
or salt, hydrate, or tautomer thereof, or combination thereof,
acetone,

water, and

agueous ammonium hydroxide.

[0176] [117] A process for preparing a compound, which is
2-[(28)-1-azabicyclo[2.2.2]oct~2-yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H)-one, represented as Compound
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or a salt, hydrate, or tautomer thereof, or any combination
thereof, comprising reacting (25,3S5)-2,3-
bis(benzoyloxy)butanedioic acid 2-[(2S5)-1~
azabicyclo[2.2.2]oct-2-yl]-6~-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H)-one, represented as Compound
(IX):

& ﬁ Qﬁ 9
N
N= N
| / N
Y, | o O
HN}(SI(NH I 3%
0

HO,C CO,H
2 2 (IX),

or a salt, hydrate, or tautomer thereof, or any combination
thereof to form the 2-[(25)-l-azabicyclo[2.2.2]oct-2-y1]-6-(3-
methyl-1H-pyrazol-4-yl)thieno[3,2-d]pyrimidin-4 (3H)-one as the
Compound (XI), or salt, hydrate, or tautomer thereof, or

combination thereof.

[0177] [117'] The process according to [117], wherein the 2-
[(2S)-1-azabicyclo[2.2.2]oct-2-yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-dlpyrimidin-4 (3H)-one as the Compound (XI), or
salt, hydrate, or tautomer thereof, or combination thereof is
2-[(28)-1-azabicyclo[2.2.2]oct-2-y1]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2—d]pyrimidin—4(3H);one hemihydrate or a tautomer

thereof, or any combination thereof.

[0178] [118] The process according to [117] or [117'], wherein
the reacting of (25,3S5)-2,3-bis(benzoyloxy)butanedicic acid 2-
[(28)~1-azabicyclo[2.2.2]oct~2~-y1l] -6~ (3-methyl-1H-pyrazol-4-
yl)thieno[3,2-dlpyrimidin-4 (3H)-one as the Compound (IX),
below, or salt, hydrate, or tautomer thereof, or combination
thereof to form the 2-[(2S)~1l-azabicyclo[2.2.2]oct~-2~yl]~-6-(3~
methyl-1H-pyrazol-4-yl)thieno[3,2-d]pyrimidin-4 (3H)-one as the
Compound (XI), or salt, hydrate, or tautomer thereof, or
combination thereof comprises:

forming a reaction mixture comprising:

(25,38)-2,3-bis(benzoyloxy)butanedioic acid‘2—[(25)—
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l-azabicyclo[2.2.2]oct-2-yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4(3H)-one, as the Compound (IX):

O O

O ‘\
HO,C  CO,H

(IX),

or salt, hydrate, or tautomer thereof, or combination thereof,
acetone,
water, and

agueous ammonium hydroxide..

[0179] [119] A process‘for preparing a compound (Ic):

9 0
i
NMe;,

(Ic)

14
or a salt, hydrate, or any combination thereof,
wherein the process comprises
adding solvent (e.g., DMF) to the vessel containing

compound (Ia):

0O 0
H3C OMe
(Ia)

or a salt, hydrate, or any combination thereof, and
compound (Ib):
OMe
MeO™ NMe;

(Ib)

or a salt, hydrate, or any combination thereof;

stirring the mixture at a temperature in a range between

about 15 °C and about 30 °C for about 5 minutes;
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heating the mixture to between about 80 °C and about 120
°C and stirring the mixture for about 2 hours;

discharging the reaction mixture from the vessel to a

clean, dry drum.

[0180] ([120] A process for preparing a compound (Ie):

CHs

PMB. 0O
54
N\

OMe
(Te)

or a salt, hydrate, or any combination thereof,
wherein the process comprises
adding compound (Id):
HCI

MeO
QH
"NH,

Id)

’
or a salt, hydrate, or any combination thereof to a vessel;
adding water to the vessel and agitating the vessel in a
range between about 15 °C and about 30 °C;
adding K:COs3 agueous solution to the vessel;
adding compoﬁnd (Ic) to the vessel;
aging the mixture in a range between about 15 °C and about 40

°C for about 2-4 hours.

[0181] [121] A process for preparing a compound, which is 3-
(1-(4-methoxybenzyl)~5-methyl-1H-pyrazol-4-yl)-3-

oxopropanenitrile, represented as Compound (I):

CHs

PMB. O
-4
Nx CN

o
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or a salt, hydrate, or any combination thereof,

wherein the process comprises

reacting compound (Ie);

CHs;

PMB. 0
4
N= OMe

(Te)

14

PCT/JP2019/015237

or a salt, hydrate, or any combination thereof, with MeCN

under a nitrogen atmosphere.

EXAMPLES

Abbreviations

AcOH acetic acid

CDI 1,1-carbonyldiimidazole

DMF N, N-dimethylformamide

DMAC N, N-dimethylacetamide

DMSO dimethyl sulfoxide

(+) DBTA (25,35)-2,3-bis (benzoyloxy)butanedioic acid
(-)DBTA (2R, 3R)-2,3-bis(benzoyloxy)butanedioic acid
EtOAc ethyl acetate

EtCH ethanol

MeCN acetonitrile

MeOH methanol

1-BuOH l1-butanol

2-BuOH 2-butanol

THF tetrahydrofuran

hr hours

min minutes

NMR nuclear magnetic resonance

Zee enantiomeric excess %

General Methods
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[0182] Proton Nuclear Magnetic Resonance (1H-NMR). Proton
nuclear magnetic resonance (!H-NMR) spectra were obtained on
either a Bruker AVANCE 500 spectrometer at 500 MHz or a Bruker
AVANCE 300 spectrometer at 300 MHz. Tetramethylsilane was used

as an internal reference for proton spectra.

Example 1. Preparation of (2s5,38)-2,3-

bis (benzoyloxy)butanedioic acid 2-[(2S)-1-
azabicyclo[2.2.2]oct-2-y1l] -6~ (3~-methyl-1H-pyrazol-4-

vl) thieno[3,2-d]lpyrimidin-4 (3H) -one (1:1) (Compound (IX))
[0183] (+)DBTA*H.0 (42.1 kg) was dissolved in l-butanol (133.7
L) at 20 - 30 °C to prepare a (+)DBTA solution. 2-(1-
azabicyclo[2.2.2]oct-2-yl)-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2~d]lpyrimidin-4 (3H)~one (19.1 kg) was dissolved in
1-butanol (76.4 L) and acetic acid (76.4 L). Then, the mixture
was heated to 80 - 90 °C. The (+)DBTA solution prepared above
was added dropwise followed by l~butanol (19.1 L) at the same
temperature. After dropwise addition, the mixture was stirred
at the same temperature for 3 hrs. After confirmation of
precipitation, a part of the solids was collected by
filtration. As a result of chiral HPLC measurements, >75.0%
ee was confirmed. After confirmation of >75.0% ee, ethyl
acetate (152.8 L) was added dropwise at the same temperature.
After dropwise addition, the mixture was stirred at the same
temperature for 1 hr. The mixture was allowed to cool to 20 -
30 °C and stirred at the same temperature for 1 hr. After
stirring, the crystals were collected by filtration and washed
with ethyl acetate (95.5 L) to give wet crystals. The obtained
wet crystals were dried under reduced pressure at 60 °C to
give (28,3S8)-2,3-bis(benzoyloxy)butanedioic acid 2-{(28)-1-
azabicyclo[2.2.2]oct—2—yl]—6—(3—methyl—1H%pyrazol—4—
yl)thieno[3,2-d]lpyrimidin-4 (3H)-one (1l:1) as crystals (37.1
kg, yield 94.8%). Chiral HPLC showed the obtained product was
84.7%ee. Chiral HPLC Method: Column: CHIRALPAK@ AD-H, 4.6x250
mm, 5 um; Mobile Phase: n-hexane:2-
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propanol:diethylamine=600:400:1(v/v/v), Flow rate: 1.0 mL/min

for 15 min.

Example 2. Diastereomeric salt resolution of 2-(1-
azabicyclo[2.2.2]oct-2-yl) -6~ (3-methyl-1H-pyrazol-4-

yvl) thieno[3,2~-d]pyrimidin-4 (3H) -one from various chiral acids
[0184] Diastereomeric salt resolution of 2-(1-
azabicyclo[2.2.2]oct-2-yl)-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]lpyrimidin-4 (3H)-one was investigated by using
various chiral acids. As shown in Table 1, 2-(1-
azabicyclo[2.2.2]oct-2-yl)-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]lpyrimidin-4 (3H)-one formed diastereomeric
salts with 6 chiral acids out of a total of 98 chiral acids
tested in 2,2,2-trifluoroethancl, MeOH, MeOH/EtOH, or EtOH as
the solvent. Optical purity was determined by chiral HPLC.
Crystals obtained from (-)DBTA and N-Tosyl-D-valine showed
good optical purity. Chiral HPLC Method: Column: CHIRALPAK®
AD~-H, 4.6x250 mm, 5 pm; Mobile Phase: n-hexane:2-
propanol:diethylamine = 600:400:1 (v/v/v), Flow rate: 1.0

mL/min for 15 min.

Table 1. Summary of diastereomeric salt resolution study 1

CHs CHy *
N\ g ANPFEW chiral acid N g AN
Hi/ AL _nn T W - «chiral
S acid
0 0

(Vi (V1) (chiral acid salt)
Chiral acids (1 Optical Yield
Entry Solvents _
eq) purity (%ee) (%)
36.3 (R
1 (-)YDBTA MeOH 33
form)
MeOH/EtOH 62.9 (S
2 N-Tosyl-D-valine 12
(1/1) form)
3 (R) - (+) -Malic acid 3.2 (R form) N/A

EtOH
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(S)-(-)-Methyl
4 EtOH Racemate N/A
succinic acid

N-Tosyl-L-
5 EtOH Racemate N/A
phenylalanine

(S)-(+)-Mandelic
6 EtOH Racemate N/A
acid

Example 3. Dynamic resolution of diastereomeric salt by using
2-(l-azabicyclo[2.2.2]oct-2-yl) -6~ (3-methyl-1H-pyrazol-4-

yl) thieno[3,2-d]pyrimidin-4 (3H) ~one with (+)DBTA * H;0

[0185] As shown in Table 2, diastereomeric salt resolution of
2-(l-azabicyclo[2.2.2]oct-2-yl)~6~(3~-methyl-1H-pyrazol-4-
yl)thieno{3,2-d]pyrimidin-4 (3H)~-one with (25,35)-2,3-
bis(benzoyloxy)butanedioic acid monohydrate ((+)DBTA * H20) was
investigated in MeOH or EtOH as the solvent. Dynamic
resolution of diastereomeric salt was confirmed in MeOH as
shown in entry 2. Addition of acetic acid accelerated the
dynamic resolution as shown in entries 3 and 4. Chiral HPLC
Method: Column: CHIRALPAK® AD-H, 4.6x250 mm, 5 pm; Mobile
Phase: n-hexane:2-propanol:diethylamine = 600:400:1(v/v/v),
Flow rate: 1.0 mL/min for 15 min.

[0186] As shown in Fig. 1( 1-BuOH as the solvent was more
effective than EtOH when the ratio of acetic acid was one

third against 1-BuOH.

Table 2. Summary of dynamic resolution study using (+)DBTA * H20

CH3 H
// conditions '}"/ y | Ny N o o

HOZC COZH ) HO,C  COH

(vm) (+)DBTA-HO (IX)

Optical purity Yield
| )

Entry Conditions

o

(3ee) (
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1 MeOH (30 vol), 60 °C, 22 h 51.5 31

2 MeOH (21 vol), 60 °C, 22 h 65.7 54
MeOH/AcOH (50/1, 20 vol),

3 74.3 52
60 °C, 22 h
EtOH/AcOH (10/1, 20 vol),

4 87.4 86
80 °C, 28 h

Example 4. Preparation of 2-[(2S)-l-azabicyclo[2.2.2]oct-2-
yl]-6-(3-methyl-1H-pyrazol-4-yl) thieno[3,2-d]pyrimidin-4(3H) -
one hemihydrate (Compound (X))

[0187] (25,35)-2,3-bis(benzoyloxy)butanedioic acid 2-((2S5)-1-
azabicyclo[2.2.2]oct-2-yl)-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4(3H)~-one (1:1) (37.0 kg) was
dissolved in acetone (74 L) and water (148 L) at 0 - 10 °cC.
25% aqueous ammonium hydroxide solution (9.9 L) was added
dropwise at the same temperature. After dropwise addition, the
mixture was stirred at the same temperature for 1 hr. Acetone
(222 L) was added dropwise at the same temperature. After
dropwise addition, the mixture was stirred at 20 - 30 °C for 1
hr. After stirring, the crystals were collected by filtration
and washed with water (111 L), water (111 L) and acetone (74
L) successively to give wet crystals. The obtained wet
crystals were dried under reduced pressure at 60 °C to give 2-
[(28)-1-azabicyclo[2.2.2}oct-2~-yl]~-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin~-4 (3H)-one hemihydrate as crystals
(13.1 kg, yield 72.6%). Chiral HPLC shqwed 91.0%ee. Chiral
HPLC Method: Column: CHIRALPAK® AD-H, 4.6x250 mm, 5 um; Mobile
Phase: n-hexane:2-propanol:diethylamine = 600:400:1(v/v/v),

Flow rate: 1.0 mL/min for 15 min.

Example 5-1. Preparation of 2-(l-azabicyclo[2.2.2]oct-2-yl)-6-
(3-methyl-1H-pyrazol-4-yl) thieno[3,2-d]pyrimidin-4 (3H) -one
dihydrochloride (Compound (VII))
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{0188] 2-(l-azabicyclo[2.2.2]oct-2~-yl)-6-[1~(4-methoxybenzyl) -
5-methyl-1H-pyrazol-4-yl]thieno[3,2~-d]pyrimidin-4 (3H)-one(32.5
kg) was dissclved in acetic acid (65 L) at 20 - 30 °C.
Methanesulfonic acid (65 L) and anisole (7.6 kg) was added
dropwise below 60 °C. After dropwise addition, the mixture was
stirred at 105 - 115 °C for 2 hrs. The mixture was allowed to
cool to 40 - 60 °C. Acetonitrile (162.5 L), ethanol (162.5 L)
and concentrated hydrochloric acid (32.5 L) were added
dropwise successively at the same temperature and stirred at
45 - 55 °C for 30 min. After confirmation of the precipitation
of the_crystals, concentrated hydrochloric acid (65 L) was
added dropwise at 40 - 60 °C. The mixture was allowed to cool
to 20 - 30 °C and stirred for 1 hr. After stirring, the
crystals were collected by filtration and washed with
acetonitrile (162.5 L) to give wet crystals. The obtained wet
crystals were dried under reduced pressure at 60 °C to give 2-
(l-azabicyclo[2.2.2)}oct-2~-yl)-6-(3-methyl-1H~pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H)-one dihydrochloride as
crystals (28.3 kg, yield 97.0%).

Example 5-2. Preparation of 2-(l-azabicyclo[2.2.2]oct-2-yl)-6-
(3—-methyl-1H~-pyrazol-4-yl) thieno[3,2-d]pyrimidin-4(3H) ~one
(Compound (VIII))

[0189] Potassium carbonate (11.3 kg) was dissolved in water
(141.5 L) at 20 - 30 °C to prepare a potassium carbonate
solution. 2-(l-azabicyclo[2.2.2]oct-2-yl)-6-(3-methyl-1H-
pyrazol-4-yl)thieno(3,2-d]pyrimidin-4(3H)-one dihydrochloride
(28.3 kg) was dissolved in water (424.5 L) and the mixture was
heated to 75 - 85 °C. The potassium carbonate solution
prepared above was added dropwise at the same temperature.
After dropwise addition, the mixture was stirred at the same
temperature for 1 hr. The mixture was allowed to cool to 20 -
30 °C and stirred for 1 hr. After stirring, the crystals were
collected by filtration and washed with water (141.5 L), water
(141.5 L) and acetone (70.8 L) successively to give wet
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crystals. The obtained wet crystals were dried under reduced
pressure at 60 °C to give 2-(l-azabicyclo[2.2.2]oct=-2-yl)-6-
(3-methyl~-1H-pyrazol-4-yl)thieno[3,2-d]pyrimidin-4 (3H)-one as
crystals (19.1 kg, yield 81.9%).

Example 6. Deprotection of p-methoxybenzyl protecting group by
various conditions

[0190] Deprotection of p-methoxybenzyl protecting group (PMB)
was investigated by using various conditions. As shown in
Table 4, acidic conditions (trifluoroacetic acid (TFA), HCI,
methanesulfonic acid (MsOH)) were effective for the
deprotection. Especially a mixture of methanesulfonic acid and
acetic acid resulted in short reaction time with high

conversion rate as shown in Table 4.

Table 4. Summary of p-methoxybenzyl deprotection study

CH, : CHs
PMB, N Ny N N Ny N
V 4 | conditions w 4 |
Nx S NH - .+ HN S NH

(V) ° vy ©
Entry Conditions Conv.$%
1 TFA (4 vol.), anisole (1 equiv.), reflux - 15 h 99
2 10% Pd/C, Hz (8 MPa), MeOH, 60 °C 0
2,3-Dichloro-5, 6-dicyano-1, 4-benzoquinone (DDQ)
’ (5 equiv.), THF, r.t.
Ceric ammonium nitrate (CAN) (5 equiv.), MeCN-
: H20, r.t. 0
5 NaH (6 equiv.), DMF, r.t. 0
o AlCls (2.5 equiv.), toluene, 100 °C - 1 h 0.1
. SnClz * 2H20 (4 equiv.), c.HCl:EtOH (1:2), 100 °C -
- 17 h
8 6 M HC1 (10 vol.), 100 °C - 24 h 82
5 c.HCl:AcOH (1:1) (10 vol.), anisole (1 equiv.), Y

100 °C - 24 h
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10 c.HC1 (10 vol.), 100 °C - 24 h 97
11 MsOH (2 vol.), anisole (1 equiv.), 100 °C - 8 h 97
MsOH:AcOH (1:1) (4 vol.), anisole (1 equiv.),

12 98
110 °C - 3 h

Example 7: Preparation of methyl 3-amino-5-[1-(4-
methoxybenzyl)—5—methyl—IH;pyrazol—4—y1]thiophene—2—
carboxylate (Compound (IV))

[0191] 3-(1-(4-methoxybenzyl)-5-methyl-1H-pyrazol-4-yl)-3-
oxopropanenitrile, (50.0 g, 185.7 mmol) and p-toluenesulfonic
anhydride (64.6 g, 197.9 mmol) were dissolved in anhydrous THF
(300 mL). Triethylamine (36.5 mL, 261.7 mmol) was added
dropwise, keeping the temperature of the reaction mixture less
than 25 °C. The reaction mixture was stirred at 25 °C for 1
hour. Upon complete formation of p-toluenesulfonate
intermediate, a solution of KOH (41.1 g, 732.6 mmol) in water
(50 mL) was added, keeping the temperature of the reaction
mixture less than 25 °C. The reaction mixture was stirred at
25 °C for 1 hour. Upon complete formation of alkyne
intermediate, saturated aqueous ammonium chloride (5.3 M, 72
ml) was added while maintaining a reaction temperature of

25 °C. Methyl thioglycolate (13.6 g, 204.3 mmol) was added to
the reaction mixture. The reaction mixture was stirred for 1
h at 25 °C. After the alkyne intermediate was consumed, DBU
(36.7 g, 241.4 mmol) was added to the reaction mixture. The
reaction mixture was stirred for 1 hour at 25 °C. Upon
complete formation of the desired product, water (300 mL) was
added over 30 minutes. Seed crYstal of methyl 3-amino-5-[1-
(4-methoxybenzyl)-5-methyl-1H-pyrazol~4-yl]thiophene-2-
carboxylate (1.0 wt®%, 0.50 g) was added to the reaction
mixture. More water (450 mL) was added over 3 hours, and
resulted in a suspension. The suspension was stirred at 25 °C
for 3 hours. Methyl 3-amino-5-[1-(4-methoxybenzyl)-5-methyl-
l1H-pyrazol-4-yllthiophene-2-carboxylate (53.0 g, 85% yield)
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was isolated via vacuum filtration, washed with THF/H20 and
then dried under vacuum, with a nitrogen bleed at 35 °C.

NMR data of compound (IV) which obtained through the same
method mentioned above is described as follows; 1H-NMR({(500 MHz,
DMSO-de): & 2.38(s, 3H), 3.70(s, 3H), 3.72(s, 3H), 5.28(s, 2H),
6.51(s, 2H), 6.54(s, 1H), 6.89(d, J = 8.75Hz, 2H), 7.13(d, J =
8.75Hz, 2H), 7.71(s, 1lH).

Example 8: Preparation of methyl 3-[(1-
azabicyclo[2.2.2]oct-2-ylcarbonyl)amino] -5-[1- (4~
methoxybenzyl) -5-methyl-1H-pyrazol-4-yl] thiophene-2-
carboxylate (Compound (V))

[0192] Quinuclidine-2-carboxylic acid hydrochloride (82.7 g,
431 mmol) was suspended in the mixture of MeCN (1.7 L), DMF
(34 mL) and oxalyl chloride (37 mL). The reaction mixture Was
heated at 30-40 °C for 4 h to complete quinuclidine-2-carbonyl
chloride formation which resulted in a thin suspension. After
cooling to room temperature, methyl 3-amino-5-[1-(4-
methoxybenzyl)~-5-methyl-1H-pyrazol-4-yl]thiophene-2-
carboxylate (140 g, mmol) was added. The reaction mixture was
stirred at room temperature for 14 hours. HPLC analysis
showed complete conversion toc methyl 3-[(1-
azabicyclo[2.2.2]oct-2~ylcarbonyl)amino] -5-[1-(4-
methoxybenzyl)-5-methyl-1H-pyrazol-4-yl]thiophene-2~
carboxylate. Water (1.1 L) was added. The pH of the reaction
mixture was brought to 7.0 byvslow addition of a solution of
NaHCO3 (114 g in 2.8 L of water). Precipitation formed. Methyl
3-[{l-azabicyclo[2.2.2]oct-2-ylcarbonyl)amino]-5-[1~(4-
methoxybenzyl)~-5-methyl-1H-pyrazol-4-yl]thiophene-2-
carboxylate(171.1 g, 88.0%) was isolated via vacuum
filtration, washed with 4/1 water/MeCN (400 mL) ﬁhree times

and then dried under'vacuum, with a nitrogen bleed at 55 °C.
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Example 8': Preparation of methyl 3-[(1-
azabicyclo[2.2.2]oct-2~ylcarbonyl)amino] -5-[1-(4-
methoxybenzyl) ~-5-methyl-1H-pyrazol-4-yl] thiophene-2-
darboxylate (Compound (V))

HO\H/@ CDI, CH4S03H
I She  MeCN
V)
[0193] Quinuclidine-2-carboxylic acid hydrochloride (262 g,
1.365 mol) and CDI (289 g, 1.779 mol) were suspended in an
anhydrous MeCN (2.4 L) in a reactor (l). The reaction mixture
was heated at 35-40 °C for 3 hr to complete (1H-imidazol-1-
y1l) (quinuclidin-2-yl)methanone hydrochloride formation. After
cooling to room temperature, methanesulfonic acid (1.119 Kg,
11.639 mol) was slowly charged to the reaction mixture. The
resultant solution was heated for 30 minutes to complete
protonation of the intermediate.
[0194] In a separate reactor (2), methyl 3-amino-5-[1-(4-
methoxybenzyl)-5-methyl-1H-pyrazol-4-yl]thiophene-2-
carboxylate (400 g, 1.119 mol) was suspended in an anhydrous
MeCN (2.4 L). The reaction mixture from reactor (1) was slowly
transferred to the reactor (2). Reactor (1) was rinsed with an
anhydrous MeCN (0.8 L). Rinse was transferred to the reactor
(2). Reaction mixture was stirred at 20 °C for 12 hours. HPLC
analysis showed complete conversion to methyl 5-(1-(4-
methoxybenzyl)-5-methyl-1H-pyrazol-4-yl)-3-(quinuclidine-2-
. carboxamido) thiophene-2~carboxylate. Water (1.2 L) was slowly
added to the batch. Reaction mixture was heated to 45-50 °C.
[0195] The pH of the reaction mixture was brought to 5.97 by
slow addition of a solution of K:CO3 (697 g in 1.2 L of water).
Aqueous layer was separated. The pH of the organic layer was

brought to 8.05 by slow addition of a solution of KHCOs (202 g:
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in 4.8 L of water). Precipitafion formed. The suspension was
stirred for 1 h, cooled to 20 °C, and then stirred for 1 h.
Methyl 5-(1-(4-methoxybenzyl)-5-methyl-1H-pyrazol-4-yl)-3-
(quinuclidine-2-carboxamido)thiophene-2~carboxylate (525 g,
94.7%) was 1isolated via vacuum filtration, washed with 5.66/1
water/MeCN (2 L) two times and then dried under wvacuum at
50 °cC.

[0196] NMR data of compound (V) which obtained through the
same method mentioned above is described as follows; 1H-NMR (500
MHz, DMSO-ds): & 1.40(m, 2H), 1.50(m, 2H), 1.81(m, 3H), 2.43(s,
3H), 2.63(m, 1H), 2.78(m, 1H), 2.91(m, 1H), 3.02(m, 1H),
3.59(t, J= 8.82, 8.82Hz, 1H), 3.72(s, 3H), 3.80(s, 3H),
5.30(s, 2H), 6.89(d, J = 8.75Hz, 2H), 7.15(d, J = 8.75Hz, 2H),
7.81(s, 1H), 8.11(s, 1H), 11.2(s, 1H).

Example 9: Preparation of 2-(l-azabicyclo[2.2.2]oct-2-yl) -
6-[1- (4-methoxybenzyl) ~-5-methyl-1H-pyrazol-4-yl] thieno[3,2-
dlpyrimidin-4 (3H) ~one (Compound (VI))

[0197] Methyl 3-[(l-azabicyclo[2.2.2]oct-2-ylcarbonyl)amino]-
5-[1-(4-methoxybenzyl)-5-methyl-1H-pyrazol-4-yl]thiophene-2-
carboxylate (120 g, 243 mmol) was suspended in formamide (480
mL). DMAc (720 mL) was added, followed by charging of
potassium tert-butoxide (134 g, 1.2 mol). The reaction
mixture was heated at 70 °C for 1 h; complete conversion to 2-
(l-azabicyclo[2.2.2]oct~2~y1l)~6-[1-(4-methoxybenzyl)-5-methyl-
l1H-pyrazol-4-yl]lthieno[3,2-d]lpyrimidin-4 (3H) -one was obtained.
The reaction mixture was cooled to 55 °C. Water (2.4 L) was
added and the temperature was kept at 55 °C. The pH of the
reaction mixture was adjusted to 10 by slowly adding HC1l
solution (1/4 conc. HCl/water). 2-(l-Azabicyclo[2.2.2]oct-2-
yl)-6-[1-(4-methoxybenzyl)-5-methyl-1H-pyrazol-4-~
yllthieno[3,2-d]pyrimidin-4 (3H)-one was precipitated. The
suspension was stirred at 55 °Cc for 10 minutes, and then was
..cooled to room temperature in 1 hour. 2-(1-
Azabicyclo[2.2.2]oct-2-yl)-6-[1~ (4-methoxybenzyl)-5-methyl-1H-
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pyrazol-4-yl]lthieno[3,2-d]lpyrimidin-4 (3H)-one (92.0 g, 82.0%)
was isolated via vacuum filtration, washed with water (2x1.2
L), and then dried under vacuum, with a nitrogen bleed at
55 °C.

[0198] NMR data of compound (VI) which obtained through the
same method mentioned above is described as follows; H-NMR(300
MHz, DMSO-dgs): & 1.43{(m, 2H), 1.50(m, 2H), 1.73(m, 1H), 1.85(s,
1H), 2.26(m, 1H), 2.47(s, 3H), 2.57(m, 2H), 2.84(m, 1H),
3.07(m, 1H), 3.72(s, 3H), 3.90(t, J = 8.72, 8.72Hz, 1H),
5.32(s, 2H), 6.91(d, J = 8.74Hz, 2H), 7.17(d, J = 8.74Hz, 2H),
7.45(s, 1H), 7.92(s, 1H), 11.6(s, 1H).

Example 10: Preparation of 2-(l-azabicyclo[2.2.2]oct-2-yl) -
6- (3-methyl-1H-pyrazol-4-yl) thieno[3,2-d]pyrimidin-4 (3H) -one
(Compound (VIITI))
[0199] To 2~ (l-azabicyclo[2.2.2]oct-2-yl)-6-[1-(4-
methoxybenzyl) -5-methyl-1H-pyrazol-4-yllthieno(3,2-
dlpyrimidin-4 (3H)-one (18 Kg, 39.0 mol) was added acetic acid
(36 L), followed by methanesulfonic acid (36 L) at <50 °C.
Anisole (4.3 L) was added. The reaction mixture was heated to
105-115 °C and then maintained for >2 h. After complete
deprotection, the reaction mixture was cooled to 40-60 °C.
MeCN (90 L) was added, followed by addition of EtOH (90 L).
Conc. HC1 (18 L) was added, and the reaction mixture was
stirred at 50 °C for 30 minutes. Precipitation of 2-(1-
azabicyclo[2.2.2]oct-2-yl) -6~ (3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H) -one dihydrochloride was
observed. The suspension was stirred for 1 h at 50 °C. More
conc. HCl (36 L) was added at 50 °C. The suspension was cooled
to room temperature in 1 h, and then stirred for >1 h. The
solids of 2-(l-azabicyclo[2.2.2]oct-2-yl)-6-(3-methyl-1H-
pyrazol-4-yl)thieno([3,2-d]pyrimidin-4 (3H)~-one dihydrochloride
were filtered, and then washed with MeCN (2 x 90 L). The
sdlids were dried at 60 °C under vacuum for >3 hvto afford
15.6 Kg of 2-(l-azabicyclo[2.2.2]oct-2-yl)~-6~(3-methyl-1H-
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-éyrazol—4—yl)thieno[B,Z—d]pyrimidin—4(3H)—one dihydrochloride.
2-(l-azabicyclo[2.2.2]oct-2~yl)~-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2~d]pyrimidin-4 (3H)-one dihydrochloride was
stirred in water (243 L) and heated to 80 °C. A solution of
K2CO3 (6.5 Kg) in water (81 L) was slowly added during 1 h. 2-
(l-azabicyclo[2.2.2]oct~-2~yl) -6~ (3-methyl-1H-pyrazol-4-
yl)thieno[3,2~d]pyrimidin-4 (3H)~one was precipitated. The
suspension was stirred at 80 °C for 1 hour, and then cooled to
room temperature in 1 h. After stirring at room temperature
for >1 hour, solids were filtered, and then washed with water
(2 x 81 L), and then MeCN (41 L). 2-(l-azabicyclo[2.2.2]oct-2~-
yl)-6-(3-methyl-1H-pyrazol-4-yl)thieno(3,2-d]lpyrimidin-4(3H) -
one (11.8 kg, 88.6%) was dried under vacuum, with a nitrogen
bleed at 60 °C.

NMR data of compound (VIII) which obtained through the
same method mentioned above is described as follows; 1H-NMR (300
MHz, DMSO-ds): & 1.43(m, 2H), 1.50(m, 2H), 1.73{(m, 1H), 1.85(s,
1H), 2.26(m, 1H), 2.47(s, 3H), 2.57(m, 2H), 2.84(m, 1H),
3.07(m, 1H), 3.72(s, 3H), 3.90(t, J=8.72, 8.72Hz, 1H),
5.32(s, 2H), 6.91(d, J = 8.74Hz, 2H), 7.17(d, J = 8.74Hz, 2H),
7.45(s, 1H), 7.92(s, 1H), 1l1l.6(s, 1H).

Example 11: Preparation of (25,38)-2,3-
bis(benzoyloxy)butanedioic acid 2-[(2S)-1-
azabicyclo[2.2.2]oct—2—yl]—6—(3—ﬁethyl—1H;pyrazol—4—
yl)thieno[3,2—d]pyrimidin—4(3H)—one (1:1) (Compound (IX))
[0200] To 2-(l-azabicyclo{2.2.2]oct-2-yl)-6-(3-methyl-1H-
pyrazol—4—yl)thieno[3,2—d]pyrimidin—4(3H)—one (22.7 Kg) and
(+)DBTA-H20 (22.7 Kg), were added acetic acid (91 L) and 2-BuOH
(91 L). The reaction mixture was heated to 80 °C, resulted in
a solution. A soclution of (+)DBTA-H2O (18.45 Kg) in 2-BuCH (182
L) was added at 85-90 °C. The reaction mixture, a suspension,
was stirred at 90 °C for 8 hours. Samples of the solids were
analyzed every two hours until the diastereomeric excess
reached >80%. The suspension was cooled to room temperature
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slowly, then stirred at room temperature for >1 hour. The
solids were filtered, and then washed with EtOAc (2 x 91 L).
(25,35)-2,3-bis(benzoyloxy)butanedioic acid 2-[(2S5)-1-
azabicyclo[2.2.2]oct-2-yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4(3H)~-one (1:1) (37.9 kg, 81.5%) was
dried under vacuum, with a nitrogen bleed at 60 °C. 1H-NMR(500
MHz, DMSO-de): & 1.59-1.73(m, 4H), 2.03-2.23(m, 3H), 2.46(s,
3H), 2.99-3.31(m, 4H), 4.40(t, J = 9.1Hz, 1H), 5.73(s, 2H),
7.43(s, 1H), 7.50-7.56(m, 4H), 7.64-7.68(m, 2H), 7.96(dd, J =
8.2, 1.3Hz, 4H), 8.07(s, 1H). Anal. Calcd for C3sH33Ns50¢5: C,
60.08; H, 4.75; N, 10.01. Found: C, 59.97; H, 4.69; N, 10.01.
M.p. 196.4 °C.

Example 11’ : Preparation of (28,3S8)-2,3-
bis (benzoyloxy)butanedioic acid 2-[(2S)-1-
azabicyclo[2.2.2]oct-2—fl]-6—(3—methyl-1H;pyrazol-4—
yl)thieno[3,2—d]pyrimidin—4(BH)¥one (1:1) (Compound (IX))
[0201] To 2-(l-azabicyclo[2.2.2]oct~-2-yl)~-6-(3-methyl-1H-
pyrazol-4-yl)thieno[3,2-d]pyrimidin-4 (3H) -one (22.4 Kg), was
added acetic acid (90 L) and 2-BuOH (90 L). The reaction
mixture was heated to 81 - 85 °C, resulted in a solution. A
sclution of (+)DBTA'HO (50.0 Kg) in 2-BuOH (179 L) was added
at 81-85 °C. The reaction mixture, a suspension, was stirred
at 84 °C for 27 hours. Samples of the solids were analyzed
every two hours until the diastereomeric excess reached >80%.
The suspension was cooled to room temperature slowly, then
stirred at room temperature for >1 houE. The solids were
filtered, and then washed with EtOAc (2 x 91 L). (25,3S8)-2,3-
bis(benzoyloxy)butanedioic acid 2-[(25)-1-
azabicyclo[2.2.2]oct-2-yl}-6-(3-methyl-1H-pyrazol~4-
yl)thieno[3,2~-d]pyrimidin~4 (3H)-one (1:1) (41.9 kg, 91.3%) was
dried under vacuum, with a nitrogen bleed at 60 °C. H-NMR (500
MHz, DMSO-de): & 1.59-1.73(m, 4H), 2.03-2.23(m, 3H), 2.46(s,
3H), 2.99-3.31(m, 4H), 4.40(t, J = 9.1Hz, 1H), 5.73(s, 2H),
7.43(s, 1H), 7.50-7.56(m, 4H), 7.64-7.68(m, 2H), 7.96(dd, J =
81
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8.2, 1.3Hz, 4H), 8.07(s, 1H). Anal. Calcd for Cs3sH33Ns0sS: C,

60.08; H, 4.75; N, 10.01. Found: C, 59.97; H, 4.69; N, 10.01.
M.p. 196.4 °C.

Example 12: Preparation of 2-[(2S)-l-azabicyclo[2.2.2]oct-
2-yl]-6-(3-methyl-1H-pyrazol-4-yl) thieno[3,2-d]pyrimidin-

4 (3H) ~one hemihydrate (Compound (X))

[0202] (25,35)-2,3-bis(benzoyloxy)butanedioic acid 2-[(25)-1-
azabicyclo[2.2.2]oct-2-yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2~d]pyrimidin~4 (3H)-one (1:1) (37.9 Kg) was
dissolved in DMSO (148 L). At <35 °C, ammonia (~30% aqueous
solution) was slowly charged until pH 8.5-9.0. The reaction
mixture was heated to 50 °C. A solution of 1/1 water/acetone
(11 Kg) was added to the reaction mixture at 50 °C. More 1/1
water/acetone (25 Kg) was added slowly to the reaction mixture
at 50 °C. The free base was precipitated. The suspension was
cooled to room temperature in 1 hour, and then stirred for 2
h. The solids were filtrated and washed with 1/1 water/acetone
(16 Kg) followed by acetone (19 L). The product (16 kg, 84.3%)
was dried under vacuum, with a nitrogen bleed at 60 °C. !H-NMR
was identical to 2-[(28)-1-azabicyclo[2.2.2]oct-2-yl]-6—-(3-
methyl-1H-pyrazol-4-yl)thieno[3,2-d]pyrimidin-4 (3H)-one
hemihydrate . Chiral HPLC showed 93 %ee. Chiral HPLC Method:
Column: CHIRALPAK® AD-H, 4.6x250 mm, 10 um; Mobile Phase:
60:40:0.1% v/v, n-hexane:IPA:DEA; Flow rate: 1 mL/min for 15

min.

[0203] While the foregoing invention has been described in
some detail for purposes of clarity and understanding, these
particular embodiments are to be considered as illustrative
and not restrictive. It will be appreciated by one skilled in
the art from a reading of this specification that various
changes in form and detail can bé made without departing from
the true scope of the invention, which is to be defined by the

appended claims rather than by the specific embodiments.
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The patent and scientific literature referred to herein
establishes knowledge that is available to those with skill in
the art. Unless otherwise defined, all technical and
scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. The issued patents, applications, and
references that are cited herein are hereby incorporated by
reference to the same extent as if each was specifically and
individually indicated to be incorporated by reference. 1In
the case of inconsistencies, the present specification,

including definitions, will control.
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CLAIMS

1. A process for preparing a compound, which is
2-[(28)-1-azabicyclo[2.2.2]oct-2~yl]~6~(3-methyl-1H-pyrazol-4-
yl)thieno[3,2~-d]pyrimidin~4 (3H)-one, represented as Compound
(XI)

O (XI),
or a salt, hydrate, or tautomer thereof, or any combination
thereof, the process comprising converting a chiral center of

2-(l-azabicyclo[2.2.2]oct-2-yl)-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-dlpyrimidin-4 (3H)-one, represented as Compound

(VIII):
CHs
N
N= 7] N N
HN-Z" NH
o) (VIII),

or a salt, hydrate, or tautomer thereof, or any combination
thereof, to form the Compound (XI) or salt, hydrate, or

tautomer thereof, or combination thereof.

2. The process according to claim 1, wherein the converting of
the chiral center of 2-(l-azabicyclo{2.2.2]oct~2~-yl)~6-(3-
methyl-1H-pyrazol-4-yl)thieno[3,2~-d]pyrimidin-4 (3H)-one as the
Compound (VIII), or salt, hydrate, or tautomer thereof, or
combination thereof comprises treating the 2-(1-
azabicyclo[2.2.2]oct~-2-yl)-6-(3-methyl-1H-pyrazol-4-~
yl)thieno[3,2-d]pyrimidin-4 (3H) -one as the Compound (VIII), or
salt, hydrate, or tautomer thereof, or.combination thereof,
with a chiral acid in the presence of a dynamic resolution

promoter to produce a chiral acid salt of the 2-[(2S)-1-
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azabicyclo[2.2.2]oct-2-yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2~d]pyrimidin-4 (3H) -one.

3. The process according to claim 2, wherein the chiral acid

is at least one acid selected from the group consisting of:

° HOzCh c ’ ﬁ< )

COH {Xilc) HO,C COM (xid)
4 14

0=5—NH O=S—NH
o “Q-COZH 0 _(—COZH
Ri (Xihe) Ri (Xilid)
Ry , Rz '
L @
P! Y
/Fi\ o._.0O
HO O v HO Yo (XIVd)

or a hydrate thereof, wherein:

ring Az, ring Az’, ring Bz and ring C; are each
independently i) 6-membered aromatic hydrocarbon ring (e.g.
benzene ring), or ii) 5-membered or 6-membered nitrogen
containing aromatic heterocyclic ring (for example, pyridine
ring, pyrimidine ring);

ring Az is optionally substituted with 1, 2 or 3
substituents chosen from i) a Ci-s2 alkyl group, ii) a Ci-4 alkoxy
group or 1ii) a halogen atom and ring A;' is optionally
substituted with 1, 2 or 3 substituents chosen from i) a Ci-s
alkyl group, ii) a Ci-¢ alkoxy group or iii) a halogen atom;

ring B2 is dptionally substituted with 1, 2 or 3
substituents chosen from i) a Ci-¢ alkyl group, 1ii) a Ci-4 alkoxy

group or iii) a halogen atom; R; is a Ci-4 alkyl group; and R:
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is a Ci-4 alkyl group:; and
ring Cz is optionally substituted with 1, 2 or 3
substituents chosen from i) a Ci-¢ alkyl group, ii) a Ci-¢ alkoxy
group or iii) a halogen atom; Rz is a Ci-4 alkyl group; and Rs

is a Ci-4 alkyl group.

4. The process according to claim 2, wherein the chiral acid

is at least one acid selected from the group consisting of:

ONEKE

0 0O
o) * kS O
HOLC CO,H (X11)

or a hydrate thereof,

wherein ring A is optionally substituted with 1, 2, or 3
substituents selected from the group consisting of a Ci-¢ alkyl
group, a Ci-4 alkoxy group, and a halogen atom, and ring A' is
optionally substituted with 1, 2, or 3 substituents selected
from the group consisting of a Ci-¢ alkyl group, a Ci-s alkoxy

group, and a halogen atom;

&)

O=S—NH
/7
0 CO,H
Ry (XH1
Rz
or a hydrate thereof,
wherein ring B is optionally substituted with 1, 2, or 3
substituents selected from the group consisting of a Ci-4 alkyl
group, a Ci-4 alkoxy group, and a halogen atom, Ri is a Ci-g

alkyl group, and Rz is a Ci-4 alkyl group:; and

/N
HO O (XIV)

or a hydrate thereof,
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wherein ring C is optionally substituted with 1, 2, or 3

substituents selected from the group consisting of a Ci-z alkyl
group, a Ci-4 alkoxy group, and a halogen atom, Rz is a Cji-4

alkyl group, and Rs is a Ci-4 alkyl group.

5. The process according to claim 2, wherein the chiral acid

is at least one acid selected from the group consisting of:

OIS

O O
0o * %S 0

HOZC’ CO,H (XIy
or a hydrate thereof,

wherein ring A is optionally substituted with 1, 2, or 3
substituents selected from the group consisting of a Ci-q alkyl
group, a Ci-4 alkoxy group, and a halogen atom, and ring A' is
optionally substituted with 1, 2, or 3 substituents selected
from the group consisting of a Ci-4 alkyl group, a Ci-s4 alkoxy

group, and a halogen atom;

O=S-NH

o} CO,H
(XV)

or a hydrate thereof,
wherein ring B is optionally substituted with 1, 2, or 3
substituents selected from the group consisting of a Ci-s alkyl

group, a Ci-¢ alkoxy group, and a halogen atom; and

O\P,O

HOO  (xvi)
or a hydrate thereof,

wherein ring C is optionally substituted with 1, 2, or 3
substituents selected from the group consisting of a Ci-4 alkyl

group, a Ci-4 alkoxy group, and a halogen atom.
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6. The process according to claim 2, wherein the chiral acid

is at least one acid selected from the group consisting of:

ol

HOZC CO,H  (XVIl)

Héj

Y@

or a hydrate thereof;

Y@r

(XVIIty

HOﬁ) CO,H or a hydrate thereof;
O i

H0£3 COﬁi M or a hydrate thereof;

or a hydrate thereof;

HO 0 (XXIa) or a hydrate thereof; and
O 0.,-0
N
HO O or a hydrate thereof.

7. The process according to claim 2, wherein the dynamic
resolution promoter comprises formic acid, acetic acid,
propionic acid, trifluorocacetic acid, benzoic acid,
triethylamine, 1,4—diazabicyclo[2.2;2]octane, or
diazabicycloundecene.

88



WO 2019/194319 PCT/JP2019/015237

8. The process according to claim 2, wherein the dynamic

resolution promoter comprises acetic acid.

9. The process according to claim 2, wherein the treating of
the 2—(1—azabicyclo[2.2.2]oct—2—yl)—6—(3—methyl—1Hprrazol—4—
yl)thieno[3,2~-d]pyrimidin-4 (3H) -one as the Compound (VIII), or
salt, hydrate, or tautomer thereof, or combination thereof
with the chiral acid in the presence of the dynamic resolution

promoter is performed in the presence of a solvent.

10. The process according to claim 9, wherein the solvent
comprises at least one material selected from the group
consisting of water, toluene, heptane, tetrahydrofuran, Ci-e¢

aliphatic alcohol, and ethyl acetate.

11. The process according to claim 9, wherein the solvent

comprises l-butanol.

12. The process according to claim 9, wherein the solvent

comprises 2-butanol.

13. The process according to claim 1, further comprising
converting a chiral acid salt of 2-[(28)-1-
azabicyclo[2.2.2]oct-2-yl]-6-(3-methyl~1H-pyrazol-4-
yl)thieno[3,2-d]lpyrimidin~4 (3H)-one to 2-[(23)-1-
azabicyclo[2.2.2]}oct~2-yl]~-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2~-dlpyrimidin-4(3H)-one, or hydrate or tautomer

thereof, or any combination thereof.

14. The process according to claim 13, wherein the 2-[(28)-1-
azabicyclo{2.2.2]oct-2-yl]~-6~(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]lpyrimidin-4 (3H)-one or hydrate or tautomer
thereof, or combination thereof is 2~[(25)—1—
azabicyclo[2.2.2]oct-2-yl] -6~ (3-methyl-1H-pyrazol-4-
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yl)thieno[3,2~d]pyrimidin-4 (3H) -one hemihydrate or a tautomer

thereof, or any combination thereof.

15. A process for preparing 2-[(2S)-l-azabicyclo{2.2.2]oct~-2-
y1l]-6-(3-methyl-1H-pyrazol-4-yl)thieno[3,2~-d]pyrimidin-4(3H) -

one, represented as Compound (XI):

— N
N 74 | = N

NH

w

0 (XI),
or a salt, hydrate, or tautomer thereof, or any combination
thereof, the process comprising treating a chiral acid salt of
2-[(28)-1-azabicyclo[2.2.2]Joct-2~-yl]-6-(3-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H)-one with a base.

16. A process for preparing a compound, which is 2-(1- _
azabicyclo{2.2.2]oct-2-yl)-6-[1-(4-methoxybenzyl)-5-methyl-1H-
pyrazol-4-yl]jthieno[3,2-d]lpyrimidin-4 (3H) -one, represented as
Compound (VI):

cho Nﬁ
NN SN
MeO/[:j/\N;>_<?jLWNH

S
O (VI),

or a salt, hydrate, or tautomer thereof, or any combination
thereof, the process comprising: treating a compound, which is
methyl 3-[(l-azabicyclo[2.2.2]oct~2~ylcarbonyl)amino]-5-{1~ (4~
- methoxybenzyl)-5-methyl-1H-pyrazol-4-ylithiophene-2-

carboxylate, represented as Compound (V):

CHs H
N
IDARYIa e
MeO N= S 0
CO,Me (),

or a salt, hydrate, or tautomer thereof, or any combination
thereof, with a mixture comprising formamide and a base to
form the Compound (VI) or salt, hydrate, or tautomer thereof,

or combination thereof.
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17. The process according to claim 16, wherein the base

comprises potassium tert-butoxide.

18. The process according to claim 16, wherein the mixture

further comprises a polar solvent.

19. The process according to claim 18, wherein the polar

solvent comprises N,N-dimethylacetamide.

20. A process for preparing a compound, which is 2-(1-
azabicyclo[2.2.2]oct—2—yl)—6—(3—methyl—1H;pyrézol—4—
yl)thieno[3,2-d]pyrimidin-4 (3H)-one dihydrochloride,

represented as Compound (VII):

*2HC1 (VIiI),
or a hydrate or tautomer thereof, or any combination thereof,
wherein the process comprises:

deprotecting a compound represented as Compound (XXI):

CH,
PG~N N__ 7/ |N\ N
0 (XXI),
or a salt, hydrate, or tautomer thereof, or any combination
thereof in a first reaction mixture, wherein PG is an amine
protecting group, to form 2-(l-azabicyclo{2.2.2]oct-2-yl)-6~
(3-methyl-1H-pyrazol-4-yl)thieno[3,2-d]pyrimidin-4(3H) -one,

represented as Compound (VIII):

(VIII),
or a salt, hydrate, or tautomer thereocf, or any combination

thereof; and
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treating the first reaction mixture with hydrogen

chloride to form a second reaction mixture.

21. The process according to claim 20, wherein the
deprotecting of the Compound (XXI), or salt, hydrate, or
tautomer therecf, or combination therecf, comprises adding a

strong acid to the first reaction mixture.

22. The process according to claim 21, wherein the strong

acid comprises methanesulfonic acid.

23. The process according to claim 20, wherein the amine

protecting group is p-methoxybenzyl.

24. A process for preparing a compound, which is 2-(1-
azabicyclo[2.2.2]oct-2-yl)-6-(3~-methyl-1H-pyrazol-4-
yl)thieno[3,2-d]pyrimidin-4 (3H)-one, represented as Compound
(VIII):

N
N 7T N

o (VIII),
or a salt, hydrate, or tautomer thereof, or any combination
thereof, wherein the process comprises:

deprotecting a compound represented as Compound (XXI):

CH,
PG\N N_/ | Ny N
Nx [ NH

o (XXI),
or a salt, hydrate, or tautomer thereof, or any combination
thereof in a first reaction mixture, wherein PG is an amine
protecting group;
treating the first reaction mixture with hydrogen
chloride to form a second reaction mixture compriéing a
compound which is 2-(l-azabicyclo[2.2.2]oct-2-yl)~-6-(3-methyl-

1H-pyrazol-4-yl)thieno[3,2-d]pyrimidin~4 (3H) -one
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dihydrochloride,

CHs \
Hzi/ g I \NH N

0 *2HC1 (VII),
or a hydrate or tautomer thereof,

and

represented as Compound

PCT/JP2019/015237
(VII):

or any combination thereof;

adding a base to the second reaction mixture to form a

third reaction mixture.

25.
deprotecting of the Compound

tautomer thereof,

The process according to claim 24, wherein the

(XXTI)

or salt, hydrate, or

or combination thereof comprises adding a

strong acid to the first reaction mixture.

26.

The process according to claim 25, wherein the strong

acid comprises methanesulfonic acid.

27.

The process according to claim 24, wherein the amine

protecting group is p-methoxybenzyl.

28. A process comprising preparing a compound, which is methyl

3~amino-5-{1-(4-methoxybenzyl)-5-methyl-1H-pyrazol-4-

yl]lthiophene-2-carboxylate,
CHj

o
MeO N S

NH,

CO,Me (IV),

represented as Compound

(IV):

or a salt, hydrate, or tautomer therecf, or any combination

thereof, the process comprising:

reacting 3-{(1-(4-

methoxybenzyl)-5-methyl-1H-pyrazol-4~yl)-3-oxopropanenitrile,

represented as Compound (I):
CH,
O .
N
o<
MeO CN (I) ,

or a salt, hydrate, or tautomer thereof, or any combination
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thereof.

29. The process according to claim 28, further comprising
treating 3-(1-(4-methoxybenzyl)-5-methyl-1H-pyrazol-4-yl)-3-
oxopropanenitrile as the Compound (I), or salt, hydrate, or
tautomer thereof, or combination thereof with p-
toluenesulfonic anhydride or trifluoromethanesulfonic
anhydride and a first base at a temperature below about 25 °C
to form a first reaction mixture, and wherein the first base

comprises triethylamine.

30. The process according to claim 28, further‘comprising:
treating 3-(1-(4-methoxybenzyl)~-5-methyl-1H-pyrazol-4-yl)-3-
oxopropanenitrile as the compound (I), or salt, hydrate, or
tautomer thereof, or combination thereof with p-
toluenesulfonic anhydride and a first base at below about 25 °C
to form a first reaction mixture, and wherein the first base

comprises triethylamine.
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