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DESCRIPTION

METHOD OF PRODUCING TETRACYCLIC COMPOUND

[Technical Field]
[0001]
The present invention relates to a method for

manufacturing a tetracyclic compound.

[Background Art]
[0002]

Anaplastic Lymphoma Kinase (ALK) is one of receptor
tyrosine kinases belonging to the insulin receptor family
(Non Patent Literature 1, and Non Patent Literature 2),
and as diseases accompanied by abnormality of ALK, for
example, cancer and cancer metastasis (Non Patent
Literature 1: Nature, 448, 561-5066, 2007, and Patent
Literature 1: Japanese Patent No. 4588121), depression,
cognitive dysfunction (Non Patent Literature 2:
Neuropsychopharmacology, 33, pp.685-700, 2008) are known,
and an ALK inhibitor is useful as a therapeutic and
prophylactic drug for such diseases.

As a compound having an ALK inhibitory action, a
Compound (1) (9-ethyl-6,6-dimethyl-8-[4- (morpholin-4-
yl)piperidin-1-yl]-11-ox0-6,11-dihydro-5H-
benzo[b]carbazole-3-carbonitrile) has been known, and the

Compound (1), a pharmaceutically acceptable salt thereof,
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or the like i1s known to be useful as an effective
therapeutic and prophylactic drug for diseases associated
with ALK abnormality (Patent Literature 1, Patent
Literature 2: Japanese Patent No. 4918630, Patent
Literature 3: Japanese Patent No. 5006987, and Patent

Literature 4: Japanese Patent No. 5859712).

e
Reone

As a method for producing the Compound (1), for

€Y

example, a method disclosed as the Preparation method 111
In Patent Literature 1 i1s known.

However, the preparation method of Patent Literature
1 had various difficulties, such as an impact of a used
solvent on the environment, safety, and formation of by-
products and regioisomers, and a further improved method

has been demanded.

[Summary of Invention]
[Technical Problem]
[0003]
An object of the present invention is to provide an
industrially preferable manufacturing method by which an

objective substance can be obtained in high yield more
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safely and easily as compared with the conventional

method.

[Solution to Problem]
[0004]

The present inventors have studied diligently for
achieving the object and as a result found the following
manufacturing method, by which the objective substance
can be obtained with less effort by avoiding the use of a
substance of very high concern as a solvent.

That 1s, the present invention is as follows.

[1] A method for manufacturing
Compound (1):

H
N

Watee

O D)

a pharmaceutically acceptable salt thereof, or a solvate
thereof, the method comprising a step of manufacturing a

compound represented by Formula IXa:

(1Xa)
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a pharmaceutically acceptable salt thereof, or a solvate
thereof, by treating a compound represented by Formula

VIillb:

(V111b)

wherein R!a represents a leaving group, or an
optionally substituted 6-membered saturated cyclic amino
group; and R2 represents a C1-Ce alkyl group,
with a condensing agent In a solvent selected from
dichloromethane, 1,4-dioxane, 2-methyltetrahydrofuran, 2-
butanone, tert-butyl methyl ether, ethyl acetate,
isopropyl acetate, dimethyl sulfoxide, tetrahydrofuran,
acetone, and acetonitrile.
[1-2] The method according to [1] above, wherein Formula
Villb refers to 6-cyano-2-[1-[4-ethyl-3-(4-morpholino-1-
piperidyl)phenyl]-1-methyl-ethyl]-1H-1ndole-3-carboxylic
acid, and Formula 1Xa refers to 9-ethyl-6,6-dimethyl-8-
[4-(morpholin-4-yD)piperidin-1-yl]-11-ox0-6,11-dihydro-
5H-benzo[b]carbazole-3-carbonitrile.
[2] The method according to [1] above, further
comprising any of:
(1) Step la: a step of reacting a compound represented

by Formula 1I:
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la
HO R

QD)
wherein R!2 represents a leaving group, or an
optionally substituted 6-membered saturated cyclic amino
group; and R2 represents a C1-Ce alkyl group,
in the presence of an acid to produce a compound

represented by Formula I1I:

la
A O R

an
wherein R!2 and R? are as defined above, and RA
represents a Ci-Ces alkyl group;
(2) Step 1b: a step of reacting the compound represented
by Formula 1l with a base and AcORE to produce a compound

represented by Formula 111:

la

an
wherein R!2, R2, and RA are as defined above, and R®
represents a C:1-Ce alkyl group;
(3) Step 2a: a step of reacting the compound represented
by Formula 11l with a compound represented by Formula 1V

and a base:
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CN

av)
wherein X represents a leaving group,

to produce a compound represented by Formula V:

)

wherein R12, R2, and RB are as defined above;
(4) Step 2b-c: a step of reacting the compound
represented by Formula V with a reducing agent to produce

a compound represented by Formula VI:

1))

wherein R!2, R2, and RB are as defined above;
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(5) Step 3: a step of reacting the compound represented
by Formula VI 1In the presence of a palladium catalyst
with an optionally substituted 6-membered saturated
cyclic amine to produce a compound represented by Formula

VII:

i)

wherein R! represents an optionally substituted 6-
membered saturated cyclic amino group, and R2 and RB are
as defined above,
a pharmaceutically acceptable salt thereof, or a solvate
of either of them; and
(6) Step 4: a step of reacting the compound represented
by Formula VIl with an acid to produce a compound

represented by Formula VIII:

VI

wherein R! and R2 are as defined above.
[2-1] The method according to [2] above, wherein Formula

I refers to 2-(4-ethyl-3-i1odo-phenyl)-2-methyl-propanoic
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acid; Formula Il refers to methyl 2-(4-ethyl-3-i1odo-
phenyl)-2-methyl-propanoate; Formula 11l refers to tert-
butyl 4-(4-ethyl-3-iodo-phenyl)-4-methyl-3-0xo0-
pentanoate; Formula IV refers to 4-fluoro-3-
nitrobenzonitrile; Formula V refers to tert-butyl 6-
cyano-2-[1-(4-ethyl-3-i1odo-phenyl)-1-methyl-ethyl]-1H-
indole-3-carboxylate; Formula VI refers to tert-butyl 6-
cyano-2-[1-(4-ethyl-3-i1odo-phenyl)-1-methyl-ethyl]-1H-
indole-3-carboxylate; Formula VIl refers to tert-butyl 6-
cyano-2-[1-[4-ethyl-3-(4-morpholino-1-piperidyl)phenyl]-
1-methyl-ethyl]-1H-i1ndole-3-carboxylate; and Formula VIII
refers to 6-cyano-2-[1-[4-ethyl-3-(4-morpholino-1-
piperidyl)phenyl]-1-methyl-ethyl]-1H-indole-3-carboxylic
acid.

[3] The method according to [1] above, wherein the
condensing agent is N,N"-diisopropylcarbodiimide, or
diethyl chlorophosphate.

[4] The method according to [1] above, wherein the
solvent i1s selected from tetrahydrofuran, acetone, and
acetonitrile.

[5] The method according to [2] above, wherein the acid
in (1) is acetyl chloride.

[6] The method according to [2] above, wherein the base
in (2) 1s lithium hexamethyldisilazide, or sodium
hexamethyldisilazide.

[7] The method according to [2] above, wherein the RB in

(2) i1s a tert-butyl group.
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[8] The method according to [2] above, wherein the
leaving group in (3) i1s a fluoro group or a chloro group.
[9] The method according to [2] above, wherein the base
in (3) 1s sodium hydroxide, potassium phosphate,
potassium carbonate, or cesium carbonate, and the
reaction solvent is tetrahydrofuran.

[10] The method according to [2] above, wherein the
reducing agent in (4) is sodium hydrosulfite.

[11] The method according to [2] above, wherein the
palladium catalyst in (5) is a combination of n-
allylpalladium chloride dimer and 27 ,6"-dimethoxy-2-
(dicyclohexylphosphino)biphenyl (S-Phos), PEPPSI-I1Pent,
or S-Phos Pd(crotyl)CIl; and the reaction in the step 3 is
carried out In a mixed solvent of tetrahydrofuran and
1,3-dimethyl-2-imidazolidinone.

[12] The method according to [2] above, wherein the
optionally substituted 6-membered saturated cyclic amine
in (5) i1s represented by the following Formula:

(\o
J

N

HN

and R!'a is an i1odo group, or a bromo group.
[13] The method according to [2] above, wherein the acid
in (6) i1s trimethylsilyl chloride, or 2,2,2-

trifluoroethanol.
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[14]The method according to any one of [1] to [13] above,
wherein the Compound (1) i1s a hydrochloride of the
Compound (1).

[15]The method according to any one of [1] to [14] above,
wherein the Compound (1) is a hydrochloride of the
Compound (1), and other than the compound (1), a compound
represented by Formula X is produced at 0.08% or less

based on the weight of the hydrochloride of the Compound
1.

&Y

[Advantageous Effects of Invention]

[0005]

According to the present invention, a simple and
efficient, and also robust manufacturing method suitable
for industrial manufacture of the Compound (1), a
pharmaceutically acceptable salt thereof, or a solvate of

the salt can be provided.
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[Brief Description of Drawings]

[oo06]

[FIG. 1] FIG. 1 is a graph of an analysis result of
powder X-ray diffraction of the Compound (Vla).

[FIG. 2] FIG. 2 is a graph of an analysis result of
powder X-ray diffraction of the Compound (VIla).
[FIG. 3] FIG. 3 is a graph of an analysis result of
powder X-ray diffraction of the Compound (VIla).
[FIG. 4] FIG. 4 is a graph of an analysis result of
powder X-ray diffraction of the Compound (VIla).
[FIG. 5] FIG. 5 is a graph of an analysis result of
powder X-ray diffraction of the Compound (VIlla).
[FIG. 6] FIG. 6 is a graph of an analysis result of
powder X-ray diffraction of the Compound (VIlla).
[FIG. 7] FIG. 7 is a graph of an analysis result of
powder X-ray diffraction of the Compound (VIlla).
[FIG. 8] FIG. 8 is a graph of an analysis result of
powder X-ray diffraction of the Compound (1).

[FIG. 9] FIG. 9 is a graph of an analysis result of
powder X-ray diffraction of the Compound (1).

[FIG. 10] FIG. 10 is a graph of an analysis result of
powder X-ray diffraction of the Compound (1).

[FIG. 11] FIG. 11 is a graph of an analysis result of
powder X-ray diffraction of the Compound (1).

[FIG. 12] FIG. 12 is a graph of an analysis result of

powder X-ray diffraction of the Compound (1).
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[Description of Embodiments]
[o007]

The manufacturing method of the present invention
will be described in detail below.

The names of reagents or solvents corresponding to
the abbreviation codes or the chemical formulas generally
used In the respective manufacturing steps and Examples
are described below.

AcCl: acetyl chloride

AcOH: acetic acid

BINAP: 2,2"-bis(diphenylphosphino)-1,1"-binaphthyl
t-BuOK: tert-butoxypotassium

t-BuONa: tert-butoxysodium

t-Bu group: tert-butyl group

t-Butyl X-Phos: 2-di-tert-butylphosphino-2-,4",6"-
triisopropylbiphenyl

CDI: carbonyldiimidazole

CPME: c-pentyl methyl ether

CX-21: Allyl[1,3-bis(2,6-diisopropylphenyl)imidazol-2-
ylidene]chloropalladium(ll)

Dave Phos: 2-dicyclohexylphosphino-2"-(N,N-
dimethylamino)biphenyl

DBU: 1,8-diazabicyclo[5.4.0]-7-undecene

DIC: N,N"-diisopropylcarbodiimide

DIPEA: N,N-diisopropylethylamine

DMA: N,N-dimethylacetamide

DME: 1,2-dimethoxyethane
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DMF: N,N-dimethylformamide

DMI: 1,3-dimethyl-2-imidazolidinone

DMSO: dimethyl sulfoxide

DPPF: 1,1"-bis (diphenylphosphino)ferrocene

EtOAc: ethyl acetate

EtOH: ethanol

c-Hexyl John Phos: (2-biphenyl)dicyclohexylphosphine
John Phos: (2-biphenyl)di-tert-butylphosphine
KHMDS: potassium hexamethyldisilazide

LDA: lithium diisopropylamide

LIHMDS: lithium hexamethyldisilazide

MeCN: acetonitrile

MEK: 2-butanone

MeOH: methanol

2-MeTHF: 2-methyltetrahydrofuran

MTBE: tert-butyl methyl ether

NaHMDS: sodium hexamethyldisilazide

NMP: N-methylpyrrolidone

Pd>(dba)s: tris(dibenzylideneacetone)dipalladium(0)
PEPPSI-I1Pent: dichloro[l,3-bis(2,6-di-3-
pentylphenyl)imidazol-2-ylidene] (3-
chloropyridyDpalladium(ll)

S-Phos: 27 ,6"-dimethoxy-2-(dicyclohexylphosphino)biphenyl
S-Phos Pd(crotyl)Cl: chloro(crotyl)(2-
dicyclohexylphosphino-2-,6"-
dimethoxybiphenyl)palladium(ll)

T3P: propylphosphonic anhydride
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TEA: triethylamine

TFA: trifluoroacetic acid

TFE: 2,2,2-trifluoroethanol

THF: tetrahydrofuran

TMSCI: trimethylsilyl chloride

TMS1: trimethylsilyl iodide

Xantophos: 4,5"-bis(diphenylphosphino)-9,9"-
dimethylxanthene

X-Phos: 2-dicyclohexylphosphino-2-,4",6"-
triisopropylbiphenyl

[0008]

In the present invention, as a "'pharmaceutically
acceptable salt” of the Compound (1), for example, a
hydrochloride, a hydrobromide, a hydroiodide, a phosphate,
a phosphonate, a sulfate, a sulfonate such as
methanesulfonate, and p-toluenesulfonate, a carboxylate,
such as an acetate, a citrate, a malate, a tartrate, a
succinate, and a salicylate, an alkali metal salt, such
as a sodium salt, and a potassium salt, an alkaline earth
metal salt, such as a magnesium salts, and a calcium salt,
and an ammonium salt, such as an ammonium salt, an alkyl
ammonium salt, a dialkyl ammonium salt, a trialkyl
ammonium salt, and a tetraalkyl ammonium salt, are
included.

A solvate of the Compound (1) or a solvate of a salt
of the Compound (1) may be either a hydrate or a non-

hydrate, and examples of a non-hydrate include solvates
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of an alcohol (such as methanol, ethanol, and n-propanol),
or dimethylformamide.

A "C1-Ce alkyl group'™ is a monovalent group derived
from a straight-chain or a branched-chain aliphatic
hydrocarbon having 1 to 6 carbon atoms by removing an
optional hydrogen atom therefrom. Specific examples
thereof iInclude a methyl group, an ethyl group, an
isopropyl group, a butyl group, a n-butyl group, an
isobutyl group, a sec-butyl group, a tert-butyl group, a
pentyl group, an isopentyl group, and a hexyl group. A
C1-C4 alkyl group is preferable.

As a '‘condensing agent'” to be used in the present
invention, a condensing agent used for peptide synthesis,
or a mixed acid anhydridizing agent can be used.

Examples of the condensing agent used for peptide
synthesis include carbonyldiimidazole (CDI), N,N"-
diisopropylcarbodiimide (DIC), and propylphosphonic
anhydride (T3P). Examples of the mixed acid
anhydridizing agent include a dialkyl chlorophosphate
such as diethyl chlorophosphate. The condensing agent is
preferably DIC, or diethyl chlorophosphate.

A "leaving group™ refers to a group which is removed
In a substitution reaction and replaced with another
functional group, and examples thereof include a halogen
group, such as a fluoro group, a chloro group, a bromo

group, and an 1odo group, a triflate group, a mesyl group,
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and a tosyl group. Preferably, it is a fluoro group, a
chloro group, a bromo group, or an 1odo group.

Specific examples of a "6-membered saturated cyclic
amino group' include a 6-membered saturated cyclic group
linking via a nitrogen atom, such as a piperidyl group, a
piperazinyl group, a morpholino group, and a
thiomorpholino group. Preferably, 1t 1s a piperidyl
group.

Examples of a substituent of the "6-membered
saturated cyclic amino group™ include a 4 to 10-membered
heterocycloalkyl group. A 4 to 10-membered
heterocycloalkyl group means a 4 to 10-membered saturated
ring having 1 to 3 atoms of nitrogen, oxygen, or sulfur
as hetero atoms, and means a monovalent group, such as a
pyrrolidinyl group, an imidazolidinyl group, a
tetrahydrofuranyl group, a piperidyl group, a piperazinyl
group, a morpholino group, and a thiomorpholino group.
Preferably, it is a morpholino group. Further, a 4 to
10-membered heterocycloalkyl group may further have one
or more substituents, and examples of the substituents
include a halogen atom, a Ci1-Ce alkyl group, an oxo group,
a hydroxyl group, and deuterium. A substituent of a "6-
membered saturated cyclic amino group™ may be a ketal
group, an acyclic ketal group such as a dimethyl ketal
group, or a cyclic ketal group, such as a 1,3-dioxolanyl

group, and a 1,3-dioxanyl group.
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Specific examples of the "6-membered saturated
cyclic amine”™ include a 6-membered saturated cyclic amine
linking via a nitrogen atom, such as piperidine,
piperazine, morpholine, and thiomorpholine. Preferably,
It Is piperidine.

Examples of a substituent of the "6-membered
saturated cyclic amine group™ include a 4 to 10-membered
heterocycloalkyl group. A 4 to 10-membered
heterocycloalkyl group means a 4 to 10-membered saturated
ring having 1 to 3 atoms of nitrogen, oxygen, or sulfur
as hetero atoms, and means a monovalent group, such as a
pyrrolidinyl group, an imidazolidinyl group, a
tetrahydrofuranyl group, a piperidyl group, a piperazinyl
group, a morpholino group, and a thiomorpholino group.
Preferably, it is a morpholino group. Further, a 4 to
10-membered heterocycloalkyl group may further have one
or more substituents, and examples of the substituents
include a halogen atom, a Ci1-Cs alkyl group, an oxo group,
a hydroxyl group, and deuterium. A substituent of a "6-
membered saturated cyclic amine group™ may be a ketal
group, an acyclic ketal group such as a dimethyl ketal
group, or a cyclic ketal group, such as a 1,3-dioxolanyl
group, and a 1,3-dioxanyl group.

Examples of the "acid" include acetyl chloride,
formic acid, acetic acid, methanesulfonic acid, p-
toluenesulfonic acid, benzenesulfonic acid, TFA,

hydrochloric acid, sulfuric acid, pyridinium p-
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toluenesulfonate, and TMSCI. Preferably, it is acetyl
chloride, or TMSCI.

As the "base', sodium hydroxide, potassium hydroxide,
lithium hydroxide, sodium phosphate, potassium phosphate,
sodium carbonate, potassium carbonate, cesium carbonate,
sodium hydride, LiIHMDS, NaHMDS, LDA, lithium
dicyclohexylamide, lithium 2,2,6,6-tetramethylpyrrolidide,
KHMDS, t-BuOK, t-BuONa, or the like may be used, and a
strong base reagent, such as Li1HMDS, NaHMDS, t-BuOK, and
DBU, or an inorganic salt reagent, such as sodium
hydroxide, potassium phosphate, potassium carbonate, and
cesium carbonate, i1s preferable.

As the "reducing agent™, iron, zinc, titanium(lll)
chloride, tin(1l) chloride, or sodium hydrosulfite may be
used, and sodium hydrosulfite is preferable.

As the "palladium catalyst'™, a combination of a
ligand and a palladium source selected from palladium
acetate, Pd>(dba)s, n-allylpalladium chloride dimer,
PdCI2(CHsCN)2, PdCI2(PPh3)2, trialkylproazaphosphatrane,
[P(t-Bu)zPdBr]., PPhs, P(o-tol)s, BINAP, DPPF, P(t-Bu)s,
Dave Phos, John Phos, c-Hexyl John Phos, S-Phos, X-Phos,
t-Butyl X-Phos, PEPPSI-I1Pent, Xantphos, 4,5-bis[bis(3,5-
bistrifluoromethylphenyl)phosphanyl]-9,9-dimethyl-9H-
xanthene, 1,3-diallyldihydroimidazolium salt, S-Phos
Pd(crotyl)Cl, etc., or a commercially available
palladium-ligand complex, which i1s preferable because it

iIs easily procurable and uniform in quality. Further
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preferable is n-allylpalladium chloride dimer and S-Phos,
PEPPSI-IPent, or S-Phos Pd(crotyl)CI.
[0009]

An aspect of the present invention is an industrial
method for manufacturing Compound (1), by which use of a
substance of very high concern can be avoided, as well as
the reaction selectivity can be enhanced, and formation
of by-products (impurities) can be suppressed.

Scheme 1
0

N R N R
(oL — [, = ) ~
O T C
o o =
Vb Xa o] (1)

wherein R!2 represents an optionally substituted 6-
membered saturated cyclic amino group; and R2 represents
a Ci1-Ce alkyl group.

The present invention is a method including a
cyclization step of the Compound (VI1Ib) to the Compound
(1Xa) by a Friedel-Crafts type reaction.

The above reaction can be carried out by treating a
carboxyl group in the Compound (VIIIb) with a mixed acid
anhydridizing agent (such as a dialkyl chlorophosphate),
or a condensing agent, such as a condensing agent used in
peptide synthesis (e.g., CDI, DIC, and T3P), to convert
It to a corresponding mixed anhydride or activated ester
for activating the carboxyl group. The mixed acid
anhydridizing agent may be used at 1 equivalent to 10

equivalents based on the substrate, and preferably at 1
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equivalent to 5 equivalents. The condensing agent may be
used at 1 equivalent to 10 equivalents based on the
substrate, and preferably at 1 equivalent to 5
equivalents. A preferable mixed acid anhydridizing agent
or condensing agent is diethyl chlorophosphate or DIC,
which may be used at 1 equivalent to 5 equivalents based
on the substrate. An organic base such as TEA, DIPEA, or
pyridine may be also used, and DIPEA is preferable. The
organic base may be used at 1 equivalent to 10
equivalents based on the Compound (VIIlIb), which is a
substrate, and preferably at 1 equivalent to 8
equivalents. This reaction can be carried out without a
solvent, or in a solvent. In this case, examples of a
solvent to be used include toluene, xylene, diethyl ether,
THF, CPME, 2-methyltetrahydrofuran, MTBE, DMSO, sulfolane,
1,4-dioxane, acetone, acetonitrile, dichloromethane, 2-
butanone, ethyl acetate, and isopropyl acetate, as well
as a mixture thereof, which are solvents not falling
within substances of very high concern. Preferable are
THF, acetone, acetonitrile, and a mixture thereof. The
reaction may be performed In the reaction temperature
range of 0°C to near the boiling point of the solvent,
and preferably 40°C to near the boiling point of the
solvent. The reaction may be carried out by stirring a
reaction mixture for a certain time period (for example,

0.1 hours to 24 hours, and preferably 1 hour to 6 hours).
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After the activation reaction of a carboxylic acid
represented by Formula (VI111b), by conducting cyclization
using an acid such as polyphosphoric acid under
conditions described in the method of Mouaddib, et al.
(Heterocycles, 1999, 51, 2127), or the like, for example,
in a solvent at a reaction temperature of 0°C to near the
boiling point of the solvent, or cyclization by heating
in a solvent without an additional reagent to 25°C to
near the boiling point of the solvent, a Compound (1Xa)
can be obtained. This reaction can be carried out by
stirring a reaction mixture iIn the temperature range of
0°C to near the boiling point of the solvent for a
certain time period (for example, 0.1 hours to 24 hours).

Furthermore, when R!'2 is a 4-oxo-l1-piperidyl group,
the Compound (1) can be produced by subjecting morpholine
to a reductive amination reaction condition in the
presence of a reducing agent according to the method of
Borch, et al. (J. Am. Chem. Soc., 1971, 93, 2897).

In this regard, a pharmaceutically acceptable salt
of the Compound (1) can be produced by bringing a free
form of the Compound (1) in contact with an acid or a
base, which can be used for manufacturing a drug
corresponding to the pharmaceutically acceptable salt.

A solvate of the Compound (1), or a solvate of a
pharmaceutically acceptable salt of the Compound (1) can
be produced by crystallization using a desired solvent.

[0010]
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Further, another aspect of this invention is related
to an industrial method for manufacturing the Compound
(1) including a series of steps, wherein the method does
not require much effort for controlling a residual
solvent, and can produce the Compound (1) and a synthetic
intermediate therefor in higher yields.

An outline of a series of procedures from Compound
(1) to Compound (IX) is shown in scheme 2, and each step
Is described below. Note that these are mere examples,
and the present invention may use a part of steps 1 to 5,
and use publicly known methods for other steps, and not
only the specified reagents and conditions are adopted,
but also another reagent or condition may be adopted to
the extent the object of the present invention can be
achieved. Moreover, as a raw material to be used for
synthesis of the Compound (1) or its synthetic
intermediate, a material on the market may be used, or it
may be prepared by a conventional method as needed. As a
reagent to be used for the manufacturing, a reagent on
the market may be used, or it may be prepared before use
by a conventional method. As a solvent to be used for
the manufacturing, especially when a compound unstable to
water, oxygen or carbon dioxide is handled, a dehydrated
solvent or a degassed solvent on the market may be used,
or a solvent which has undergone a dehydration and
degassing treatment by a conventional method according to

need may be used. |If necessary, multiple solvents may be
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mixed and used as the solvent. In manufacturing the
compound, when a compound unstable to water, oxygen or
carbon dioxide i1s handled, an intended chemical reaction
may be progressed efficiently by carrying out the
manufacturing in a reaction system In an inert atmosphere,
more specifically in a reaction system purged with a
well-dried iInert gas. Examples of a preferable iInert gas
include nitrogen, and argon. The manufacturing method of
the present invention may be carried out by changing the
temperature of the reaction system according to the
nature and reactivity of the compound. The optimum
temperature for the reaction i1s within the range of -
100°C with cooling with liquid nitrogen to near the

boiling point of the solvent.

CN

Scheme 2
\!3‘><© 2 Step la e} R Step 1b 0] (0] Step 2a
1 (Acid chioride: A=CI) m
(Activated ester: A=Imidazolyl
group)
R'® Step 2b c Step 3 seps © ®
Q
\ B
Rz R
VI VI

N H R'

\ O . \ ‘O .

Step4  NC o R Step5 NC Q R
o]
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wherein X represents a leaving group; R!2 represents
a leaving group, or an optionally substituted 6-membered
saturated cyclic amino group; R! represents an optionally
substituted 6-membered saturated cyclic amino group; R2
represents a Ci1-Ce¢ alkyl group; and RA and RB represent
respectively a Ci1-Cs alkyl group.
[0011]
Steps la and 1b

The steps are a process step of conversion of a
carboxylic acid (1) to a pB-ketoester (I11). In the steps,
the carboxylic acid (1) which iIs a starting compound can
be converted to an activated carboxylic acid (11), such
as an acid chloride, an activated ester, and an alkyl
ester, in a solvent in the reaction temperature range of
0°C to near the boiling point of the solvent iIn the
presence of an activating agent. Then the activated
carboxylic acid (I1) is condensed with an enolate of
AcORB In the reaction temperature range of -20°C to near
the solvent boiling point to yield the p-ketoester (111).

As a conversion reaction (Step la) from the
carboxylic acid (1) to the acid chloride (11, A =Cl), a
method of converting a carboxylic acid (1) to the
corresponding acid chloride (11, A = Cl) using thionyl
chloride, oxalyl chloride, phosphorus oxychloride, or the
like as an activating agent can be used. In this case,
the usable amount of an activating agent may be 1

equivalent to 10 equivalents based on the substrate. As
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the solvent used for the reaction, toluene, xylene, THF,
CPME, MTBE, DMSO, sulfolane, 1,4-dioxane, or the like, or
a mixture thereof may be used. This reaction may be
carried out iIn the reaction temperature range of -20°C to
near the boiling point of the solvent, and may be carried
out by stirring a reaction mixture for a certain time
period (for example, 0.1 hours to 24 hours).

Further, for the conversion reaction (Step l1la) from
the carboxylic acid (1) to the activated ester (Il, A =
imidazolyl group), a method of converting the carboxylic
acid (1) to the corresponding activated ester (11, A =
imidazolyl group) using CDI, or the like as an activating
agent may be applied. In this case, the usable amount of
an activating agent may be 1 equivalent to 10 equivalents
based on the substrate. Examples of the solvent usable
for the reaction include toluene, xylene, THF, CPME, MTBE,
DMSO, sulfolane, and 1,4-dioxane, as well as a mixture
thereof. This reaction may be carried out iIn the
reaction temperature range of -20°C to near the boiling
point of the solvent, and may be carried out by stirring
a reaction mixture for a certain time period (for example,
0.1 hours to 24 hours). For producing an activated ester,
a condensing agent may be used in addition to CDI, and
the obtained activated ester corresponding to the
condensing agent may be similarly used for manufacture of

a p-ketoester (111).
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In addition, for the conversion reaction (Step 1a)
of a carboxylic acid (1) to an alkyl ester (11, A = ORA;
RA represents a Ci:-Ce straight-chain or branched-chain
alkyl group), a method of converting a carboxylic acid
(1) to the corresponding alkyl ester (11, A = ORA) using
a hydrogen chloride gas, or a combination of acetyl
chloride and an alcohol (RAOH) may be used. The amount
of the hydrogen chloride gas, or acetyl chloride used iIn
the reaction may be 0.1 equivalents to 10 equivalents,
and preferably 2 equivalents to 5 equivalents based on
the substrate. As the solvent to be used iIn the reaction,
an alcohol (RAOH) may be used. This reaction may be
carried out iIn the reaction temperature range of -20°C to
near the boiling point of the solvent and preferably 0°C
to 50°C. This reaction may be carried out by stirring a
reaction mixture for a certain time period (for example,
0.1 hours to 24 hours, and preferably 1 hour to 4 hours).

The conversion reaction of a carboxylic acid (1) to
an activated carboxylic acid (11) is preferably a method
using an acid chloride (11, A = Cl) obtained with thionyl
chloride, a method using an activated ester obtained with
cDl (11, A = imidazolyl group), or a method using an
alkyl ester (11, A = ORA) obtained with a combination of
acetyl chloride and an alcohol.

The activated carboxylic acid (11) may be subjected

to i1solation and purification, or may be used
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successively iIn the next reaction without isolation and
purification.

The amount of an enolate of AcORB (RB represents a
C1-Cs straight-chain or branched-chain alkyl group) used
in the conversion reaction (Step 1b) of an activated
carboxylic acid (I1) to a B-ketoester (111) may be 1
equivalent to 5 equivalents, and preferably 1 equivalent
to 2 equivalents based on the activated carboxylic acid
(11) which 1s a substrate. In a method for forming an
enolate of AcORB, a strong base reagent, such as LiHMDS,
NaHMDS, t-BuOK, and DBU, may be used. The strong base
reagent may be used In an amount of 2 equivalents to 5
equivalents, and preferably 2 equivalents to 4
equivalents based on the activated carboxylic acid (I1)
which is a substrate. Examples of the solvent used iIn
the reaction may include toluene, xylene, THF, CPME, MTBE,
DMSO, sulfolane, and 1,4-dioxane, as well as a mixture
thereof, and THF is preferable. The AcORE is preferably
tert-butyl acetate. This reaction can be carried out in
the range of -40°C to near the boiling point of the
solvent, and preferably In the range of -10°C to 25°C.
This reaction can be carried out by stirring a reaction
mixture for a certain time period, for example, 0.1 hours
to 24 hours, and preferably 0.1 hours to 2 hours.

[0012]
Step 2a



G2045

- 28 -

This step is a process where a B-ketoester (111) is

converted to a compound represented by Formula V by a
nucleophilic aromatic substitution reaction in which an
aromatic nitro compound (1V) having a leaving group (X)
reacts on the ketoester in the presence of a base iIn the
reaction temperature range of -10°C to near the boiling
point of the solvent (for example, Journal of
Heterocyclic Chemistry, 2009, 46 (2), 172-177, or Organic
Process Research & Development, 2014, 18 (1), 89-102).

Examples of a base to be used for the reaction
include sodium hydroxide, potassium hydroxide, lithium
hydroxide, sodium phosphate, potassium phosphate, sodium
carbonate, potassium carbonate, cesium carbonate, sodium
hydride, LIHMDS, NaHMDS, LDA, lithium dicyclohexylamide,
lithium 2,2,6,6-tetramethylpyrrolidide, KHMDS, t-BuOK,
and t-BuONa, and preferable are sodium hydroxide, t-BuOK,
t-BuONa, potassium phosphate, sodium phosphate, potassium
carbonate, or cesium carbonate. The base may be a
solution dissolved in a suitable solvent. The base may
be used In an amount of 1 equivalent to 10 equivalents
based on the p-ketoester (I11) which Is a substrate, and
preferably 2 equivalents to 7 equivalents.

Examples of a solvent to be used for the reaction
include toluene, xylene, MeCN, THF, 2-
methyltetrahydrofuran, CPME, MTBE, DMSO, sulfolane, 1,4-
dioxane, acetone, 2-butanone, and water, as well as a

combination thereof. Preferable are THF, water, and a
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combination thereof. This reaction can be carried out iIn
the reaction temperature range of -10°C to near the
boiling point of the solvent, and preferably 0°C to 25°C.
This reaction can be carried out by stirring a reaction
mixture for a certain time period (for example, 0.1 hours
to 24 hours, and preferably 2 hours to 8 hours). As the
leaving group (X) of the aromatic nitro compound (1V), a
halogen group, such as a fluoro group, a chloro group, a
bromo group, and an 1odo group, a triflate group, a mesyl
group, or a tosyl group may be used. Preferable is a
fluoro group, or a chloro group. The aromatic nitro
compound (1V) may be used In an amount of 1 equivalent to
3 equivalents based on the p-ketoester (I11) which is a
substrate.

In this regard, when the reaction is carried out in
combination with a solvent in which the compound is not
dissolved, a phase transfer catalyst can also be used,
and tetramethyl ammonium chloride, tetramethyl ammonium
bromide, tetramethyl ammonium hydroxide, tetraethyl
ammonium chloride, tetraethylammonium bromide,
tetraethylammonium hydroxide, tetrabutylammonium chloride,
tetrabutylammonium bromide, tetrabutylammonium hydroxide,
or the like may be used. The phase transfer catalyst may
be used 1n an amount of 0.01 equivalents to 0.99
equivalents based on a substrate, and preferably 0.1
equivalents to 0.4 equivalents.

[0013]
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Step 2b-c

This step is a reductive cyclization process step iIn
which reduction of the nitro group and then formation of
an indole ring are performed. The reaction is
exercisable by reducing the nitro group by making a
reducing agent react on the compound represented by
Formula V 1n the temperature range of 0°C to near the
boiling point of the solvent. Examples of the reducing
agent to be used for the reaction include iron (Synthesis,
2008, (18), 2943-2952), zinc (Tetrahedron, 2008, 64 (40),
9607-9618), titanium(lll) chloride (Organic &
Biomolecular Chemistry, 2005, 3 (2), 213-215), tin(ll)
chloride (Journal of Organic Chemistry, 1993, 58 (19),
5209-5220), and sodium hydrosulfite, (Gazzetta Chimica
Italiana, 1991, 121, (11), 499-504), and the most
preferable reducing agent i1s sodium hydrosulfite. The
reducing agent may be used in an amount of 1 equivalent
to 20 equivalents, and preferably 2 equivalents to 6
equivalents based on the compound represented by Formula
V which is a substrate. The solvent used for this
reaction may be a short-chain alkyl alcohol, such as
methanol, and ethanol, THF, water, or the like, as well
as a combination thereof. In this case the mixing ratio
of the organic solvent to water i1s 1/5 to 1/0.2. The
reaction may be carried out in the temperature range of
0°C to near the boiling point of the solvent, and

preferably 10°C to 35°C. This reaction can be carried out
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by stirring a reaction mixture for a certain time period
(for example, 0.1 hours to 24 hours, and preferably 1
hour to 5 hours).

Further, conditions used for reduction of a nitro
group by a catalytic reduction reaction, or the like can
be used (Synlett, 2008, (17), 2689-2691).

[0014]
Step 3

This step relates to an aryl-nitrogen atom bonding
reaction using a compound represented by Formula VI
having a leaving group (R'®), and can be carried out, for
example, according to the method of Buchwald, et al.
(Organic synthesis, 78, 23; Coll. Vol. 10: 423). This
reaction can be carried out in a suitable solvent which
Is Inert to the compound represented by Formula VI or
reagents, in the presence of an optionally substituted 6-
membered saturated cyclic amine corresponding to R! and a
base In the reaction temperature range of 0°C to near the
boiling point of the solvent, and preferably 5°C to 55°C.
In this regard, the reaction for converting the leaving
group (R'®) to R! may be performed in addition to at step
3, also at step 1, step 2, step 4, or step 5, or at the
final stage where the compound (1Xa) having the leaving
group (R'®) is converted to the Compound (1) to the
extent the reaction is not adversely affected. As the
leaving group (R1'2) in the compound represented by

Formula VI, a halogen group, a triflate group, or the
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like may be used, and preferable is a bromo group, or an
1odine group. As the base to be used for the reaction,
for example, t-BuONa, t-BuOK, LiHMDS, NaHMDS, KHMDS, DBU,
potassium phosphate, sodium carbonate, potassium
carbonate, cesium carbonate, or the like may be used.

The base can be used in an amount of 1 equivalent to 5
equivalents based on the substrate. The base may be used
as a solution dissolved iIn a suitable solvent. As the
solvent to be used for the reaction may be, for example,
toluene, n-hexane, EtOAc, DMI, DMSO, THF, 1,4-dioxane, or
the like, as well as a mixture thereof. This step can
also be carried out using a catalyst and a ligand, and as
the catalyst and ligand (or a complex of a catalyst and a
ligand), for example, palladium acetate, Pdz(dba)s, n-
allylpalladium chloride dimer, PdCI>(CH3CN)2, PdCl2(PPh3)2,
trialkylproazaphosphatrane, [P(t-Bu)sPdBr]., PPhsz, P(o-
tol)s, BINAP, DPPF, P(t-Bu)s, Dave Phos, John Phos, c-
Hexyl John Phos, S-Phos, X-Phos, t-Butyl X-Phos, Xantphos,
4,5-bis[bis(3,5-bis(trifluoromethyl)phenyl)phosphanyl]-
9,9-dimethyl-9H-xanthene, or 1,3-
diallyldihydroimidazolium salt may be used. The catalyst
and ligand may be used in an amount of 0.001 equivalents
to 0.99 equivalents based on the substrate, preferably
0.003 equivalents to 0.1 equivalents, and more preferably
0.003 equivalents to 0.05 equivalents. The leaving group
(R12) 1s preferably a halogen group, and more preferably

a bromo group, or an i1odine group. An optionally
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substituted 6-membered saturated cyclic amine to be used
In this reaction is preferably a 4-(4-piperidyl)
morpholine, piperidin-4-one, or a ketal form of
piperidin-4-one. The optionally substituted 6-membered
saturated cyclic amine may be used In an amount of 1
equivalent to 5 equivalents, and more preferably 1
equivalent to 3 equivalents based on the substrate. The
reaction may be carried out in the temperature range of
0°C to near the boiling point of the solvent, and
preferably 5°C to 40°C. This reaction can be carried out
by stirring a reaction mixture iIn the aforedescribed
temperature range for a certain time period (for example,
0.1 hours to 24 hours, and preferably 0.5 hours to 2
hours).

In this step, it is preferable to form a salt of the
compound represented by Formula VII. The salt of the
compound represented by Formula VII can be produced by
bringing an acid or a base usable for manufacturing a
drug corresponding to a predetermined salt, preferably a
pharmaceutically acceptable salt, with a free form of the
compound represented by Formula VII. A hydrochloride of
the compound represented by Formula VIl is preferable.
[0015]

Step 4

This step relates to a reaction for converting the

compound represented by Formula VIl to a compound

represented by Formula VIII through a deprotection step
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for the ester protecting group (RB) wherein RB are as
defined above. As the ester protecting group (RB), for
example, a C1-Ce¢ alkyl group can be used, however, a
tert-butyl group i1s preferable. The deprotection may be
carried out, for example, by the methods described in
"Greene, and Wuts, "Protective Groups in Organic
Synthesis®, (6th Edition, John Wiley & Sons, 2014)", and
these may be used appropriately corresponding to reaction
conditions. When the ester protecting group (RB) is a
tert-butyl group, as the deprotection reagent, for
example, TMSI, TMSCI, or BF30OEt:> can be used. The
deprotection reagent may be used in an amount of 1
equivalent to 10 equivalents based on the substrate, and
preferably 1.5 equivalents to 3 equivalents. Examples of
the solvent to be used for the reaction may include
toluene, xylene, diethyl ether, THF, CPME, MTBE, DMSO,
sulfolane, 1,4-dioxane, 2,2,2-trifluoroethanol, and a
mixture thereof, and preferable is THF, 2,2,2-
trifluoroethanol, or a mixture thereof. The reaction may
be carried out in the temperature range of -20°C to near
the boiling point of the solvent, and preferably 0°C to
35°C. This reaction can be carried out in the
aforedescribed temperature range by stirring a reaction
mixture for a certain time period (for example, 0.1 hours
to 24 hours, and preferably 1 hour to 8 hours).

Step 5 1s a step In the Scheme 1 described above.
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The hydrochloride of the Compound (1) can be
produced by bringing the Compound (1) in contact with
hydrogen chloride. The Compound (1) is dissolved in a
suitable solvent, and hydrogen chloride is added thereto
to prepare a solution of a hydrochloride of the Compound
(1). Then, if necessary, a poor solvent is added to the
solution to crystallize a hydrochloride of the Compound
(1), thereby producing the hydrochloride of the Compound
(1). Further, by mixing a solution of the Compound (1)
and hydrogen chloride to precipitate a hydrochloride of
the Compound (1), a hydrochloride of the Compound (1) can
be produced.

As a solvent suitable for dissolving the Compound
(1), acetone, 2-butanone, tetrahydrofuran,
dimethylformamide, dimethylacetamide, N-methylpyrrolidone,
dimethylsulfoxide, acetic acid, water, or a mixed solvent
of those selected from the above may be used. Preferable
Is a mixed solvent of 2-butanone, acetic acid, and water.

Examples of a method of adding hydrogen chloride
include a method of adding a hydrogen chloride gas, and a
method of adding a hydrochloric acid solution having
dissolved hydrogen chloride. Examples of the
hydrochloric acid solution having dissolved hydrogen
chloride include an aqueous solution of hydrochloric acid,
a methanol solution of hydrochloric acid, an ethanol
solution of hydrochloric acid, an ethyl acetate solution

of hydrochloric acid, and a tetrahydrofuran solution of
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hydrochloric acid. Preferable is an ethanol solution of
hydrochloric acid.

Examples of a poor solvent to be added for
crystallizing a hydrochloride of the Compound (1) include
hexane, heptane, petroleum ether, ethanol, and water.

Further, a hydrochloride of the Compound (1) may be
produced by adding a hydrochloric acid solution in which
hydrogen chloride is dissolved into a solution having
dissolved the Compound (1), or by adding a solution in
which the Compound (1) is dissolved into a hydrochloric
acid solution having dissolved hydrogen chloride.
Furthermore, a solution having dissolved the Compound (1)
can be used after removal of insolubles iIn the solution
for manufacturing a hydrochloride of the Compound (1).
Examples of the method for removing insolubles include,
but not limited to, filtration and centrifugation.

The hydrochloride of the Compound (1) may be an
anhydride, or in the form of a solvate such as a hydrate.
In this case, "solvation”™ is a phenomenon In which a
solute molecule or an i1on strongly attracts molecules in
the vicinity thereof in the solution to form a molecule
cluster. For example, In a case where the solvent is
water, the phenomenon i1s called hydration, and the
substance obtained by hydration is called hydrate. The
solvate may be either a hydrate or a non-hydrate. As a

non-hydrate, there are solvates containing an alcohol
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(such as methanol, ethanol, n-propanol, and 2-propanol),
tetrahydrofuran, dimethyl sulfoxide, and the like.

More specific manufacturing methods are described in
Japanese Patent No. 4588121, Japanese Patent No. 4918630,
and Japanese Patent Laid-Open No. 2012-126711.

[0016]

The present invention can solve various problems in
the conventional method.

Specifically, the manufacturing method of the
present invention is particularly useful in the following
respects.

(1) In the case of a reduction reaction using sodium
hydrosulfite (Steps 2b-c) described as a preferable
reducing agent in Patent Literature 1, Impurity (X) is
simultaneously produced, which remains up to a bulk
pharmaceutical, and therefore a great deal of effort is
required for controlling its residual amount for securing
the safety of the bulk pharmaceutical.

It 1s stipulated that Impurity (X) may be accepted
up to 0.15% at most based on the weight of the Compound
(1) (in the case of a salt or a solvate, a salt or a
solvate of the Compound (1)) as impurities
pharmaceutically acceptable to a compound represented by
the Compound (1), a pharmaceutically acceptable salt
thereof, or a solvate thereof, or a pharmaceutical
composition thereof. In contrast, in the case of the

manufacturing method of the present invention, its amount
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can be suppressed ordinarily to about 0.08% or less,
specifically in the range of 0.001% to about 0.08%,
preferably in the range of about 0.001% to about 0.08%,
and more preferably in the range of about 0.001% to about
0.05%. Further, Impurity (X) does not affect the
pharmacological properties as a pharmaceutical
composition In the specified range. Also, Impurity (X)
can constitute a clear hallmark (fingerprint) indicating
that a Compound (1) was produced by the manufacturing

method of the present invention.

(&Y
(2) In the case of the Friedel-Crafts reaction shown in
step 5 of Patent Literature 1, the product yield was
lowered due to Impurity (Y) by-produced in the reaction
which 1s a regioisomer of Compound (1), which was a cause

of low productivity in an industrial operation.
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Q)

According to the present invention, by using a
condensing agent used for peptide synthesis as a reaction
activator for a Friedel-Crafts reaction, formation of
Impurity (Y) which was a cause of decrease in the yield,
can now be reduced significantly.

(3) Amide solvents, such as DME, DMF, and DMA, described
as preferable solvents in Patent Literature 1 have
recently been reported to have concerns such as
carcinogenicity and teratogenicity, and they have been
classified as substances of very high concern (SVHC) in
the REACH Regulation, which is the regulation concerning
restriction of chemicals in Europe. Therefore,
restriction may be imposed on their handling.

Furthermore, according to ICH Q3C (Impurities:
Guideline for Residual Solvents), the acceptable amount
of an amide solvent such as DME, DMF, and DMA remaining
in a bulk pharmaceutical is strictly regulated. In the

actual manufacturing technology, 1t takes a lot of effort
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to control the residual solvent in order to keep the
amount of the residual solvent below the regulated amount.
On the other hand, the manufacturing method of the
present invention is a manufacturing method which does
not use a substance of very high concern (SVHC), and
therefore the control of the residual solvent is easier.
(4) In the catalytic reaction (Step 3) using a Pd-
carbene complex described as a preferable catalytic
system in Patent Literature 1, the content of water or an
alcohol 1n the reaction system has a strong adverse
effect on the reactivity. In order to maintain the
reproducibility of the reaction, a great deal of effort
was required to control the water or alcohol content iIn
the reaction system. On the other hand, the
manufacturing method of the present invention uses a
catalytic reaction that i1s less susceptible to the
content of water or an alcohol in the reaction systenm,
and exhibits a highly reproducible catalytic reaction,

namely a reaction with high robustness.

[Examples]
[0017]

The present invention will be specifically described
by way of Examples below, provided that each of them is a
mere example, and the present invention is not limited

thereto.
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The purity by HPLC was analyzed using an H-Class

system, and an Alliance system manufactured by Waters
Corporation, or an LC-10 system manufactured by Shimadzu
Corporation. As for a column, a universally used column,
such as an X-Bridge (BEH 4.6 mm ID x150 mm, or BEH 4.6 mm
ID x 50 mm), and a SunFire (4.6 mm ID x 150 mm, or 4.6 mm
ID x 50 mm) manufactured by Waters Corporation, was used
for analysis. Although the detection of each compound
was performed using a photodiode array detector, other
methods, such as a mass spectrometer, and evaporative
light scattering detection may be used. The residual
solvent was analyzed by an internal standard method using
a GC 2010 manufactured by Shimadzu Corporation. The
moisture content was measured by the Karl Fischer method
(electrolytic method) using a moisture measuring device
(CA-200) manufactured by Mitsubishi Chemical Analytech
Co., Ltd. NMR was measured using a nuclear magnetic
resonance apparatus JNM-ECP-500 (manufactured by JEOL).
A powder X-ray diffraction analysis was performed using
an X-ray diffractometer Empyrean (manufactured by
PANalytical).

The product of each step was analyzed by the

following conditions and evaluated.

Example | Column | Gradient conditions Product
detection
time

Step 1 | BEH A:10mM Aqueous ammonium Approx. 4.8

(111a) |50 mm acetate solution min.

B:10mM Ammonium acetate
methanol solution
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A:B=50:50(0 min.)-20:80(2
min.)-0:100(6 min.-10
min.)

Step 2 | BEH A:10mM Agqueous ammonium Approx. 8.8

(Vla) 50 mm acetate solution min.

B:10mM Ammonium acetate
methanol solution
A:B=70:30(0 min.)-10:90(7
min.)-0:100(10 min.-15
min.)

Step 3 | BEH A:10mM Aqueous ammonium Approx. 8.5

(Vlla 150 mm | acetate solution min.

HCI B:10mM Ammonium acetate

salt) methanol solution
A:B=30:70(0 min.)-0:100(10
min.-15 min.)

Step 4 | Sunfire | A:0.5%TFA solution Approx. 8.7

(VIlla) | 150 mm |B:0.5%TFA Acetonitrile min.
solution
A:B=95:5(0 min.)-0:100(17
min.-20 min.)

Step 5 | Sunfire | A:0.5%TFA solution Approx. 15

(@D 150 mm B:0.5%TFA Acetonitrile min.
solution
A:B=95:5(0 min.)-50:50(17
min.)-0:100(26min.)

Step 6 | Sunfire | A:0.5%TFA solution Approx. 15

(@D 150 mm B:0.5%TFA Acetonitrile min.
solution
A:B=95:5(0 min.)-50:50(17
min.)-0:100(26 min.)

Powder X-ray diffraction analysis was obtained under
the following conditions.
Polar cathode: Cu, Tube voltage: 45kV, Tube current:
40mA
Scanning method: continuous, step size: 0.0262606°
Scanning axis: 26, Time per step: 5.100 seconds

Scanning range: 3 to 25°
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[0018]
Example 1

Method for synthesizing tert-butyl 4-(4-ethyl-3-
1odo-phenyl)-4-methyl-3-oxo-pentanoate (l111a)
(1) Synthesis of tert-butyl 4-(4-ethyl-3-i1odo-phenyl)-4-
methyl-3-oxo-pentanoate (111a) [Step 1]

ﬁ/o |
O @]
(111a)

In a nitrogen stream, 2-(4-ethyl-3-i1odo-phenyl)-2-
methyl-propanoic acid (la, 80 g, 251 mmol) was dissolved
in methanol (240 mL). The i1nside temperature of the
reaction mixture was lowered to -3°C, and acetyl chloride
(79 g, 1.01 mol) was added to this reaction mixture, such
that the reaction temperature did not exceed 20°C. After
completion of the addition, the reaction mixture was
heated r temperature reached 40°C and the solution was
stirred for 2 hours. The obtained solution was
concentrated to 160 mL, to which MTBE (400 mL) and a
saline solution (10 wt%, 320 mL) were added, and the
organic layer was separated. The obtained organic layer
was Ffurther washed with an aqueous solution of sodium
hydrogen carbonate (5wt%, 320 mL). The resulting organic
layer was concentrated to 160 mL, to which THF (400 mL)
was added, and then concentrated again to 160 mL to yield
a crude product concentrate of methyl 2-(4-ethyl-3-i1o0do-

phenyl)-2-methyl-propanoate (l11a).
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THF (80 mL) was added to the obtained concentrate,
and the inside temperature of the reaction mixture was
lowered to -6°C. LiHMDS (THF solution, 1.3 mol/L, 464
mL) was added such that reaction temperature did not
exceed 5°C, and then the reaction temperature was heated
to -3°C. To this solution, tert-butyl acetate (32 g, 277
mmol) was added such that the inside temperature of the
reaction mixture did not exceed 15°C, and the mixture was
stirred at the same temperature for 1 hour.

To the obtained reaction mixture, a 6 mol/L
hydrochloric acid (210 mL, 1.3 mol) was added such that
the iInside temperature of the reaction mixture did not
exceed 20°C, and the solution was stirred for 30 min, and
then left standing to discharge the aqueous layer. The
obtained organic layer was further washed with an aqueous
solution of sodium hydrogen carbonate (5wt%, 160 mL), and
concentrated to 160 mL. To the obtained concentrate, THF
(400 mL) was added and concentrated to 160 mL to yield a
crude product concentrate of Illa.

The obtained concentrate was used as it was in the next
step.

HPLC purity: 99.13%

[0019]

(2) Synthesis of tert-butyl 6-cyano-2-[1-(4-ethyl-3-
1odo-phenyl)-1-methyl-ethyl]-1H-indole-3-carboxylate
(Vla) [Step 2]
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(Vla)
The THF solution (about 160 mL) of tert-butyl 4-(4-

ethyl-3-1odo-phenyl)-4-methyl-3-oxo-pentanoate (I11a)
obtained in Step 1, and 4-fluoro-3-nitrobenzonitrile (1Va,
54.3 g, 327 mmol) were mixed, to which THF (742 mL) was
further added, and the inside temperature of the reaction
mixture was lowered to 5°C. An 8 mol/L aqueous solution
of sodium hydroxide (210 mL, 1680 mmol) was added to the
reaction mixture such that the inside temperature of the
reaction mixture did not exceed 15°C, and the liquid was
stirred at the same temperature for 4 hours. To the
reaction mixture a 6 mol/L hydrochloric acid (293 mL,
1758 mmol) was added and reaction mixturethe aqueous
layer was discharged after raising the inside temperature
of the reaction mixture to 25°C. Sodium hydrosulfite
(253.9 g, 1260 mmol) was added to the obtained organic
layer, and water (1000 mL) was dropped over 30 min.

After completion of the dropwise addition, the reaction
mixture was stirred at an inside temperature of 25°C for
3 hours, and the aqueous layer was discharged after MTBE
(314 mL) added to the reaction mixture. The obtained
organic layer, to which a 1 mol/L hydrochloric acid (126
mL, 126 mmol) was added, was stirred at 25°C for 1 hour,

and a 1 mol/L aqueous solution of sodium hydroxide (293
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mL, 293 mmol) was added thereto, then the aqueous layer
was discharged after stirring. The resulting organic
layer was washed with a 0.5 mol/L aqueous solution of
sodium hydroxide (419 mL, 209.5 mmol). The washed
organic layer was concentrated to about 160 mL, ethanol
(314 mL) was added thereto, and it was concentrated again
to 160 mL. The series of operations was repeated twice,
and ethanol (1000 mL) was added to the obtained
concentrated mixture, and the inside temperature of the
reaction mixture was heated to 60°C to dissolve the
mixture. Water (115 mL) was added thereto over 15 min,
and then the Compound Vla (524 mg) obtained by the
production method described in WO 2010143664 was added as
a seed crystal. Precipitation of crystals was confirmed,
and the liquid was stirred at the same temperature for 1
hour. Water (230 mL) was dropped to the slurry at the
same temperature over 2 hours, and then the inside
temperature of the reaction mixture was lowered to 20°C
over 4 hours. The liquid was stirred for 1 hour after
cooling, and a wet powder was collected by filtration.
The wet powder was washed with a mixed solvent of ethanol
and water (ethanol : water = 10 : 3, total 520 mL). The
wet powder was dried under a reduced pressure at the
outside temperature of 50°C to yield 95.96 g of tert-
butyl 6-cyano-2-[1-(4-ethyl-3-i1odo-phenyl)-1-methyl-
ethyl]-1H-indole-3-carboxylate (Vla) was obtained in
(yield 74.2%).
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HPLC purity: 99.52%

Powder X-ray diffraction analysis: Compound (Vla)
exhibited a pattern as shown in FIG. 1.

[0020]

(3) Production of tert-Butyl 6-cyano-2-[1-[4-ethyl-3-(4-
morpholino-1-piperidyl)phenyl]-1-methyl-ethyl]-1H-indole-
3-carboxylate hydrochloride (hydrochloride of VIla) [Step
3]

HCI (VIla Hydrochloride)

In a nitrogen atmosphere, =n-allylpalladium chloride
dimer (0.453 g, 2.48 mmol) and S-Phos (1.02 g, 2.48 mmol)
were dissolved in THF (275 mL), and the inside of the
reaction vessel was purged with nitrogen. To the
obtained mixture, tert-butyl 6-cyano-2-[1-(4-ethyl-3-
1odo-phenyl)-1-methyl-ethyl]-1H-indole-3-carboxylate (Vla,
85 g, 165 mmol) yielded in Step 2, 4-(4-piperidinyl)-
morpholine (33.8 g, 198 mmol), and 1,3-dimethyl-2-
imidazolidinone (149 mL) were added, and the inside of
the reaction vessel was purged again with nitrogen. The
mixture was cooled to 0°C, and NaHMDS (40% solution of
THF, 280 mL, 545 mmol) was added such that the reaction

temperature did not exceed 20°C. After completion of the
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addition, the reaction temperature was set at 25°C, and

the mixture was stirred for 1 hour. Isopropyl acetate
(340 mL), and an aqueous solution of ammonium chloride
(15%, 255 g) were added thereto, the reaction

temperature was heated to 50°C, and the liquid was
stirred at the same temperature for 1 hour. the aqueous
layer was discharged, and the resulting organic layer was
concentrated at an outside temperature of 50°C under a
reduced pressure until the organic layer was concentrated
to about 210 mL. Isopropyl acetate (340 mL) was added,
then the liquid was concentrated to about 210 mL under a
reduced pressure at the same temperature, and the residue
was dissolved in acetone (255 mL). The solution was
filtrated with a 1 um-pore filter paper, and acetone (935
mL) was added to the obtained filtrate. After raising
the temperature of the solution to 35°C, a mixed solution
of an ethanol solution (21.3 mL) of pyridine
hydrochloride (21 g, 182 mmol) and acetone (42.5 mL) was
added dropwise over 1 hour to crystallize the objective
substance. The resulting slurry was cooled to -4°C over
1 hour, and filtrated to obtain a wet powder, which was
then washed with acetone (425 mL). The wet powder was
dried under a reduced pressure at an outside temperature
of 40°C, to yield 97.1 g of tert-butyl 6-cyano-2-[1-[4-
ethyl-3-(4-morpholino-1-piperidyl)phenyl]-1-methyl-
ethyl]-1H-indole-3-carboxylate hydrochloride
(hydrochloride of Vlila) (yield: 91%).
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HPLC purity: 99.13%

Acetone content: 7.8%

Powder X-ray diffraction analysis: Compound (VI1la)
exhibited patterns as shown in FIG. 2, FIG. 3, and FIG. 4.
[0021]

Example 2

Comparison in reaction selectivity and reaction rate
among reagent and solvent types

Using the combination of a solvent and a catalyst
shown in Table 1, and carrying out the method described
in Example 1, the yields of the objective substance
(Compound (VIla)) and Impurity (Z2) were measured.

The comparison In the reaction selectivity and
reaction rate among the reagent and solvent types is
entered in Table 1.

In this regard, Impurity (Z) i1s a compound shown
below in which the i1odine group, namely a leaving group,

iIs replaced with a hydrogen atom.

@
[0022]

[Table 1]
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Solvent Catalyst Selectivity (Obje_ctlve Reaction rate
substance/Impurity)
DME
- 0,
(SVHC) CX-21 28 100%
THF PEPPSI—IPent 37 100%
THF S-Phos—Pd(Crotyl)Cl 6 79%
THF/DMI | S-Phos + [Pd(allyl)CI]2 (1:1) |30 100%
THF Xantophos + [Pd(allyl)ClI]. Not calculated 39%
THF PdCl2(PPhs)2 0 65%

From the above results, it has become clear that by
using THF alone or a mixed solvent of THF and DMI,
together with a predetermined catalyst, in place of DME
that i1s a substance of very high concern, the objective
substance can be obtained at a selectivity equal to or
even higher than a case where DME i1s used.

[0023]

Example 3

(1) Production of 6-cyano-2-[1-[4-ethyl-3-(4-morpholino-
1-piperidyl)phenyl]-1-methyl-ethyl]-1H-indole-3-
carboxylic acid (VIlla) [Step 4]

A. Synthesis method using a mixture of acetone and

water iIn a crystal washing method

r/\o
N
9

V111a)

In a nitrogen atmosphere, tert-butyl 6-cyano-2-[1-

[4-ethyl-3-(4-morpholino-1-piperidyl)phenyl]-1-methyl-
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ethyl]-1H-indole-3-carboxylate hydrochloride (Vlla, 80 g,
135 mmol) was suspended in TFE (400 mL), and the reaction
mixture was stirred at an inside temperature of 25°C.
Trimethylsilyl chloride (24.9 g, 229 mmol) was added such
that the reaction temperature did not exceed 30°C, and
the liquid was stirred at the same temperature for 2
hours. The reaction temperature was cooled to 8°C, and
acetone (320 mL) was added such that the iInside
temperature of the reaction mixture did not exceed 12°C.
To the obtained solution, a 1 mol/L aqueous solution of
sodium hydroxide (241 mL) was added such that the
reaction temperature did not exceed 8°C, and after
crystallization, a 10% aqueous solution of dipotassium
hydrogen phosphate (80 g) was added to the reaction
mixture, and the mixture was stirred at the same
temperature for one and a half hours. The yielded solid
was Filtrated and collected as a wet powder, and then the
wet powder was washed with a mixed solution of acetone
and water (acetone : water = 1 : 1, total 320 mL). The
wet powder was dried under a reduced pressure at an
outside temperature of 50°C to yield 6-cyano-2-[1-[4-
ethyl-3-(4-morpholino-1-piperidyl)phenyl]-1-methyl-
ethyl]-1H-indole-3-carboxylic acid (Vllla, 64.138 Q)
(yield 91%).

HPLC purity: 99.71%

TFE content: 1.7%

Acetone content: 1.3%
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Moisture content: 0.4%
B. Synthesis method using water and acetone in a
crystal washing method

In a nitrogen atmosphere, tert-Butyl 6-cyano-2-[1-
[4-ethyl-3-(4-morpholino-1-piperidyl)phenyl]-1-methyl-
ethyl]-1H-indole-3-carboxylate hydrochloride (Vlla, 20 g,
34 mmol) was suspended in TFE (100 mL), and the reaction
mixture was stirred at 25°C of reaction temperature.
Trimethylsilyl chloride (6.2 g, 57 mmol) was added such
that the reaction temperature did not exceed 30°C, and
the mixture was stirred at the same temperature for 3
hours. The reaction temperature was lowered to 8°C, and
acetone (80 mL) was added such that the reaction
temperature did not exceed 12°C. To the obtained
solution, a 1 mol/L aqueous solution of sodium hydroxide
(61 mL) was added such that the reaction temperature did
not exceed 12°C, and after crystallization, a 10% aqueous
solution of dipotassium hydrogen phosphate (20 g) was
added to the reaction mixture, and the liquid was stirred
at the same temperature for one and a half hours. The
yielded solid was filtrated and collected as a wet powder,
and then the wet powder was washed with water (80 mL) and
further washed with acetone (80 mL). The wet powder was
dried under a reduced pressure at an outside temperature
of 50°C to yield 6-cyano-2-[1-[4-ethyl-3-(4-morpholino-1-
piperidyl)phenyl]-1-methyl-ethyl]-1H-1ndole-3-carboxylic
acid (Vllla, 15.8 g) (yield 93%).
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HPLC purity: 99.76%

TFE content: 1.6%

Acetone content: 2.3%

Moisture content: 0.4%

Powder X-ray diffraction analysis: Compound (VIIla)
exhibited patterns as shown in FIG. 5, FIG. 6, and FIG. 7.
[0024]

(2) Production of 9-ethyl-6,6-dimethyl-8-[4-(morpholin-
4-yD)piperidin-1-yl]-11-ox0-6,11-dihydro-5H-
benzo[b]carbazole-3-carbonitrile (1) [Step 5]

A Manufacturing method using N,N"-

diisopropylcarbodiimide
(o

H g”
N N
e ’O

(€D

In a nitrogen atmosphere, 6-cyano-2-[1-[4-ethyl-3-
(4-morpholino-1-piperidyl)phenyl]-1-methyl-ethyl]-1H-
indole-3-carboxylic acid (Vllla, 50 g, 100 mmol) was
suspended i1n acetone (500 mL), to which N,N"-
diisopropylcarbodiimide (25.2 g, 200 mmol), and
diisopropylethylamine (12.9 g, 100 mmol) were added, and
the reaction temperature was heated to 55°C or higher.
The liquid was stirred at the same temperature for 4
hours, and thereafter the reaction temperature was cooled

to 40°C. The crystals precipitated at this stage



G2045

- 54 -

exhibited the pattern shown in FIG. 8. Methanol (450 mL)
was dropped iInto the reaction mixture over 30 min, and
the mixture was stirred at the same temperature for 30
min. The crystals precipitated at this stage exhibited
the pattern shown in FIG. 9. Water (200 mL) was added to
the suspension over 30 min, and the suspension was
stirred at the same temperature for another 1 hour. The
crystals precipitated at this stage exhibited the pattern
shown 1n FIG. 10. The formed crystals were filtrated and
collected as a wet powder, and then the wet powder was
washed with a mixed solution of methanol and water
(methanol : water = 12 : 5, total 425 mL). The wet
powder obtained at this stage showed the pattern shown in
FIG. 11. The wet powder was dried under a reduced
pressure at 50°C to yield 9-ethyl-6,6-dimethyl-8-[4-
(morpholin-4-yD)piperidin-1-yl]-11-ox0-6,11-dihydro-5H-
benzo[b]carbazole-3-carbonitrile (Compound (1), 42.734 Q)
(Yield: 89%).

HPLC purity: 99.85%

Moisture content: 3.7%

Powder X-ray diffraction analysis: Compound (1) obtained
by the above method exhibited a pattern as shown in FIG.
12.

[0025]

B. Manufacturing method using diethyl chlorophosphate
(€D)
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In a nitrogen atmosphere, 6-cyano-2-[1-[4-ethyl-3-
(4-morpholino-1-piperidyl)phenyl]-1-methyl-ethyl]-1H-
indole-3-carboxylic acid (VIlla, 1.0 g, 2.0 mmol) was
suspended in THF (20 mL), to which diethyl
chlorophosphate (1.155 mL, 8.0 mmol), and
diisopropylethylamine (2.4 mL, 14.0 mmol) were added, and
the reaction temperature was heated to 68°C. The
reaction mixture was stirred at the same temperature for
2 hours, and the reaction temperature was cooled to 40°C.
After methanol (7.5 mL) was added to the obtained
reaction mixture, the reaction temperature o was cooled
to 35°C. Water (12.5 mL) was added to the suspension
over 1 hour, and the reaction mixture was stirred for 1
hour at 30°C of reaction temperature. The obtained solid
was Filtrated and collected as a wet powder, and then
washed with a mixed solution of methanol and water
(methanol : water = 5 : 8.7, total 13.7 mL). The wet
powder was dried under a reduced pressure at 50°C to
yield 9-ethyl-6,6-dimethyl-8-[4-(morpholin-4-
yDpiperidin-1-yl]-11-ox0-6,11-dihydro-5H-
benzo[b]carbazole-3-carbonitrile (Compound (1), 0.7225 Q)
(Yield: 75%).

HPLC purity: 99.87%
Moisture content: 3.8%
[0026]

C. Manufacturing method using diethyl chlorophosphate
@)
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In a nitrogen atmosphere, 6-cyano-2-[1-[4-ethyl-3-
(4-morpholino-1-piperidyl)phenyl]-1-methyl-ethyl]-1H-
indole-3-carboxylic acid (VIlla, 1.0 g, 2.0 mmol) was
suspended in acetonitrile (20 mL), to which diethyl
chlorophosphate (1.15 mL, 8.0 mmol), and
diisopropylethylamine (2.4 mL, 14.0 mmol) were added, and
the reaction temperature was heated to 69°C. The
reaction mixture was stirred at the same temperature for
2 hours, and the reaction temperature o was cooled to
40°C. Thereafter, methanol (7.5 mL) was added thereto,
and then the reaction temperature was cooled to 35°C.
Water (12.5 mL) was added to the obtained suspension over
1 hour, and the suspension was stirred for 1 hour at 30°C
of reaction temperature. The obtained solid was
filtrated and collected as a wet powder, and then washed
with a mixed solution of methanol and water (methanol :
water = 5 : 8.7, total 13.7 mL). The wet powder was
dried under a reduced pressure at 50°C to yield 9-ethyl-
6,6-dimethyl-8-[4-(morpholin-4-yD)piperidin-1-yl]-11-oxo-
6,11-dihydro-5H-benzo[b]carbazole-3-carbonitrile
(Compound (1), 0.8107 g) (Yield: 84%).

HPLC purity: 99.5%
Moisture content: 3.8%
D. Manufacturing method using acetic anhydride (1)

In a nitrogen atmosphere, 6-cyano-2-[1-[4-ethyl-3-
(4-morpholino-1-piperidyl)phenyl]-1-methyl-ethyl]-1H-
indole-3-carboxylic acid (VIlla, 1.0 g, 2.0 mmol) was
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suspended in 2-methyltetrahydrofuran (15 mL), to which
acetic anhydride (0.75 mL, 8.0 mmol), and
diisopropylethylamine (2.4 mL, 14.0 mmol) were added, and
the reaction temperature was heated to 80°C. The
reaction mixture was stirred at the same temperature for
6 hours, and the reaction temperature was cooled to 40°C.
Thereafter, methanol (4.5 mL) was added thereto, then the
reaction temperature was cooled to 35°C. Water (4.5 mL)
was added to the obtained suspension over 0.5 hours, and
the suspension was stirred for 1 hour at 10°C or less of
reaction temperature. The obtained solid was filtrated
and collected as a wet powder, and then washed with a
mixed solution of methanol and water (methanol : water =
5 : 8.7, total 13.7 mL). The wet powder was dried under
a reduced pressure at 40°C to yield 9-ethyl-6,6-dimethyl-
8-[4-(morpholin-4-yD)piperidin-1-yl]-11-ox0-6,11-dihydro-
5H-benzo[b]carbazole-3-carbonitrile (Compound (1), 0.673
g) (Yield: 70%).

HPLC purity: 99.77%

E. Manufacturing method using acetic anhydride (2)

The same operation was performed using N,N-
dimethylacetamide as a solvent instead of 2-
methyltetrahydrofuran used in D, to obtain Compound (1)
(Yield: 85%).

HPLC purity: 99.8%
[0027]
Example 4
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Comparison in selectivity and yield of cyclization
reaction among reagent and solvent types

Using the combination of a reagent and a solvent
shown 1n Table 1, and carrying out the method described
in Example 3, the production ratio of the objective
substance (Compound (1)) to Impurity (Y) was measured.
The production ratio of the objective substance (Compound
(1)) to Impurity (Y) (selectivity of cyclization
reaction) was determined using a LC-10 system
manufactured by Shimadzu Corporation, and based on the
peak areas from an HPLC analysis of a reaction mixture
using a SunFire column (4.6 mm ID x 50 mm). The HPLC
analysis was performed using a linear gradient method
using a 0.05% aqueous solution of trifluoroacetic acid
(A), and a 0.05% acetonitrile solution of trifluoroacetic
acid (B) (Table 3, flow rate 1 mL/min), and the
calculation was conducted based on absorption peak areas
at 230 nm. The retention time for each compound was
about 6.8 min for the objective substance (Compound (1)),
and about 3.8 min for Impurity (Y).

Comparison in selectivity and yield of cyclization
reaction among respective reagent and solvent types is
shown In Table 2.

In this regard, Impurity (Y) i1s the following
compound, which is cyclized by a Friedel-Crafts type
reaction at a substitution position different from that

of the objective substance (Compound (1)).
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[0028]
[Table 2]
Solvent Reagent Selectivity of objective substance | Yield of objective

g (Compound (1)) / Impurity (Y) substance
DMA Acetic anhydride 47 85%
2-MeTHF Acetic anhydride 14 70%
THF Diethyl chlorophosphate 490 75%
Acetonitrile Diethyl chlorophosphate 300 or more 84%
Acetone DIC 200 89%
[0029]

From the above results,

it has become clear that

regarding the selectivity of the objective substance, the

reaction selectivity is significantly improved by using

diethyl chlorophosphate, or N,N*"-diisopropylcarbodiimide

(DIC) in place of acetic anhydride.

Further i1t has

become clear that the yield of the objective substance is

greatly improved by using a combination of N,N"-

diisopropyl carbodiimide and acetone.

[0030]

[Table 3]

Time (min) A rate B rate
0 85% 15%
16-17 0% 100%
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A rate: Percentage of the 0.05% aqueous solution of
trifluoroacetic acid solution based on the total flow
rate

B rate: Percentage of the 0.05% acetonitrile solution of
trifluoroacetic acid solution based on the total flow
rate

[0031]

Example 5

Production of 9-ethyl-6,6-dimethyl-8-[4-(morpholin-4-
yDpiperidin-1-yl]-11-ox0-6,11-dihydro-5H-
benzo[b]carbazole-3-carbonitrile hydrochloride
(hydrochloride of the Compound (1)) [Step 6]

In a nitrogen atmosphere, 2-butanone (350 mL), water
(122.5 mL), and acetic acid (105 mL) were added to 9-
ethyl-6,6-dimethyl-8-[4-(morpholin-4-yl)piperidin-1-yl]-
11-0x0-6,11-dihydro-5H-benzo[b]carbazole-3-carbonitrile
(Compound (1), 35 g, 72.5 mmol), and dissolution was
carried out at an outside temperature of 35°C. This
solution was dropped into a mixture liquid of a 2 mol/L
hydrochloric acid (70 mL) and ethanol (350 mL) heated to
an inside temperature of 60°C, while maintaining the
mixture liquid temperature at 60°C. Furthermore, a mixed
solvent of 2-butanone (70 mL), water (24.5 mL), and
acetic acid (21 mL) was dropped while maintaining the
mixture liquid temperature at 60°C. The reaction mixture

was stirred at the same temperature for 1 hour, and then
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cooled down to the inside temperature of the reaction
mixture of 20°C over 2 hours. The reaction mixture was
stirred for 30 min, and the formed solid was collected by
filtration, and the obtained wet powder was washed with
ethanol (350 mL). The wet powder was dried under a
reduced pressure at an outside temperature of 40°C, to
yield 9-ethyl-6,6-dimethyl-8-[4-(morpholin-4-
yDpiperidin-1-yl]-11-ox0-6,11-dihydro-5H-
benzo[b]carbazole-3-carbonitrile hydrochloride (Compound
(1) hydrochloride, 31.15 g) (Yield: 82.8%).
HPLC purity: 99.95%
[0032]
Impurity (X) formed in the process of manufacturing
Compound (1) hydrochloride from Compound la
3-Cyano-9-ethyl-6,6-dimethyl-8-(4-morpholino-1-

piperidyl)-11-oxo-5H-benzo[b]carbazole-2-sulfonic acid

IH NMR (500 MHz, dimethylsulfoxide-desé) 6 1.28 (3H, t, J =
7.2Hz), 1.53-1.69 (2H, m) 1.75 (6H, s), 1.92 (2H, d, J =
11.5 Hz), 2.28-2.39 (1H, m), 2.50-2.82 (8H, m), 3.22 (2H,
d, J = 11.5 Hz), 3.57-3.64 (4H, m), 7.33 (1H, s), 7.86
(1H, s), 8.04 (1H, s), 8.70 (1H, s), 12.65 (1H, brs)
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According to the present invention, a method for
manufacturing Compound (1) in a high yield can be
provided, in which a solvent of concern with respect to
environmental load and workers® health is not used, and
which is constituted with a process exhibiting high
robustness and long durability in manufacturing a drug

owing to easy control of impurities.
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CLAIMS

[Claim 1]
A method for manufacturing

Compound (1):

H
T
g

© &
a pharmaceutically acceptable salt thereof, or a solvate
thereof, the method comprising a step of manufacturing a

compound represented by Formula IXa:

(1Xa)

a pharmaceutically acceptable salt thereof, or a solvate
thereof, by treating a compound represented by Formula

VIillb:

(V111b)
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wherein R!2 represents a leaving group, or an
optionally substituted 6-membered saturated cyclic amino
group; and R2 represents a Ci1-Cs alkyl group,
with a condensing agent In a solvent selected from
dichloromethane, 1,4-dioxane, 2-methyltetrahydrofuran, 2-
butanone, tert-butyl methyl ether, ethyl acetate,
isopropyl acetate, dimethyl sulfoxide, tetrahydrofuran,
acetone, and acetonitrile.
[Claim 2]

The method according to claim 1, further comprising
any of:
(1) Step la: a step of reacting a compound represented

by Formula 1:

la
HO R

)
wherein Ra and R2 are as defined above,
In the presence of an acid to produce a compound

represented by Formula I1:

la
A O R

R~

an
wherein R!2 and R2 are as defined above; and RA

represents a C:1-Ce alkyl group;
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(2) Step 1b: a step of reacting the compound represented
by Formula Il with a base and AcORE to produce a compound

represented by Formula 111:

la

an
wherein R!a, RZ, and RA are as defined above, and RB
represents a Ci1-Ce alkyl group;
(3) Step 2a: a step of reacting the compound represented
by Formula 111 with a compound represented by Formula 1V

and a base:

CN

av)
wherein X represents a leaving group,

to produce a compound represented by Formula V:
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wherein Ra, R2, and RB are as defined above;
(4) Step 2b-c: a step of reacting the compound
represented by Formula V with a reducing agent to produce

a compound represented by Formula VI:

D

wherein R12, R2, and RB are as defined above;
(5) Step 3: a step of reacting the compound represented
by Formula VI in the presence of a palladium catalyst
with an optionally substituted 6-membered saturated
cyclic amine to produce a compound represented by Formula

VIl:

i

wherein R! represents an optionally substituted 6-
membered saturated cyclic amino group; and R2 and RB are
as defined above,
a pharmaceutically acceptable salt thereof, or a solvate

of either of them; and
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(6) Step 4: a step of reacting the compound represented
by Formula VIl with an acid to produce a compound

represented by Formula VIII:

1)

wherein R! and R? are as defined above.
[Claim 3]

The method according to claim 1, wherein the
condensing agent is N,N"-diisopropylcarbodiimide, or
diethyl chlorophosphate.

[Claim 4]

The method according to claim 1, wherein the solvent
Is selected from tetrahydrofuran, acetone, and
acetonitrile.

[Claim 5]

The method according to claim 2, wherein the acid in
(1) i1s acetyl chloride.

[Claim 6]

The method according to claim 2, wherein the base in
(2) 1s lithium hexamethyldisilazide, or sodium
hexamethyldisilazide.

[Claim 7]
The method according to claim 2, wherein the RB iIn

(2) i1s a tert-butyl group.
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[Claim 8]

The method according to claim 2, wherein the leaving
group in (3) is a fluoro group or a chloro group.
[Claim 9]

The method according to claim 2, wherein the base in
(3) 1is sodium hydroxide, potassium phosphate, potassium
carbonate, or cesium carbonate, and the reaction solvent
iIs tetrahydrofuran.

[Claim 10]

The method according to claim 2, wherein the
reducing agent in (4) is sodium hydrosulfite.
[Claim 11]

The method according to claim 2, wherein the
palladium catalyst in (5) 1s a combination of II-
allylpalladium chloride dimer and 2*,6"-dimethoxy-2-
(dicyclohexylphosphino)biphenyl (S-Phos), PEPPSI-I1Pent,
or S-Phos Pd(crotyl)CIl; and the reaction in the step 3 is
carried out in a mixed solvent of tetrahydrofuran and
1,3-dimethyl-2-imidazolidinone.

[Claim 12]

The method according to claim 2, wherein the

optionally substituted 6-membered saturated cyclic amine

in (5) 1s represented by the following Formula:
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N

i

and R!a is an 1odo group, or a bromo group.
[Claim 13]

The method according to claim 2, wherein the acid in
(6) 1s trimethylsilyl chloride, or 2,2,2-trifluoroethanol.
[Claim 14]

The method according to any one of claims 1 to 13,
wherein the Compound (1) i1s a hydrochloride.

[Claim 15]

The method according to any one of claims 1 to 14,
wherein the Compound (1) is a hydrochloride, and other
than the Compound (1), a compound represented by Formula
X 1s produced at 0.08% or less based on the weight of the
hydrochloride of the Compound (1).

&Y



