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Description

Title of Invention: 2- (3-PYRIDINYL)-1H-BENZIMIDAZOLE

DERIVATIVE COMPOUND AND MEDICAMENT CONTAINING SAME

Technical Field
[0001]

The present invention relates to a 2-(3-pyridinyl) -
1H-benzimidazole derivative compound and a medicament

comprising the same.

Background Art
[0002]

As a disease developed as a result of abnormality in
adrenal cortex, primary aldosteronism (PA) has been known.
Primary aldosteronism is a disease in which CYP11B2 is
overexpressed by adrenal adenoma or adrenal hyperplasia
(Non Patent Literature 1), and autonomous production of
aldosterone from adrenal gland is promoted, thereby
causing hypertension or hypokalemia. In the case of
unilateral adrenal lesion, it can be treated by surgical
excision. However, in the case of bilateral adrenal
lesion, a treatment with drug therapy is adopted.

[0003]
As a drug therapy performed on primary aldosteronism,
an aldosterone receptor antagonist is mainly used at

present. As another target molecule in drug therapy, an
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aldosterone synthase, CYP11B2, has been considered (Non
Patent Literature 2).
[0004]

Etomidate has been used as an intravenous anesthetic
in another country than Japan, and has been known to
mainly bind to cortisol, corticosterone, and 11f
hydroxylase (CYP11B1l) necessary for biosynthesis of
aldosterone and inhibits them, thereby suppressing
steroid synthesis in adrenal cortex (Non Patent
Literature 3). Thus, it has been reported that etomidate
has such side effects that it causes reductions in
concentrations of aldosterone and cortisol in plasma (Non
Patent Literature 4).

[0005]

In addition, in recent years, aiming for non-
invasive local diagnosis of aldosterone-producing adenoma
and other adrenal lesions, an attempt of imaging adrenal
lesions by single-photon emission computed tomography
(SPECT) or positron emission tomography (PET) has been
made in humans. Patent Literatures 1 and 2 and Non
Patent Literatures 5 to 8 have reported various types of
radiolabeled compounds targeting adrenal steroid
biosynthetic enzymes. For example, results of clinical
studies are disclosed on ''C-labeled metomidate in Non
Patent Literatures 5 and 8, on '®F-labeled etomidate in
Non Patent Literature 6, and on 1231 _l1abeled

iodometomidate in Non Patent Literatures 7 and 9. It has
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been reported that adrenal lesions can be imaged using

these radiolabeled compounds.
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Summary of Invention
[0008]

The present inventors have newly found that a
compound having a certain selective inhibitory ability on
CYP11B2 is specifically accumulated in an aldosterone-
producing tumor.

[0009]

Patent Literature 3 discloses a compound having high
selectivity to CYP1l1B2. However, Patent Literature 3
does not disclose any relationship between the selective
inhibitory ability of the compound on CYP11B2 and a
specific accumulation of the compound in an aldosterone-
producing tumor compared to the normal site of the

adrenal gland.



[0010]

The present invention has been made under the
aforementioned circumstances, and aims at providing a
compound capable of specifically accumulating in an

5 aldosterone-producing tumor and having an ability to
selectively inhibit CYP11B2, and a medicament comprising
the same.

[0011]
Specifically, in one aspect, the present invention
10 provides a compound represented by the following general

formula (1) or a salt thereof:

[0012]
X3 X4
Rs
; (J#T )
R, u\\
= Rs
B
A
Y
R4 N/
[0013]
15 In the above general formula (1), R; represents a

hydrogen atom or CO;R,, R, represents a hydrogen atom, a
halogen atom or COyR,, Rz represents a hydrogen atom or a
hydroxyalkyl group containing 1 to 10 carbon atoms, Ry

represents a hydrogen atom, a hydroxy group or an alkoxy
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group containing 1 to 10 carbon atoms, Rs represents a
linear alkyl group containing 1 to 5 carbon atoms in
which a hydrogen atom is optionally replaced by a halogen
atom, a cyclic alkyl group containing 3 to 5 carbon atoms
in which a hydrogen atom is optionally replaced by a
halogen atom, a hydroxyalkyl group containing 1 to 5
carbon atoms, or an o-, p- or m-halobenzyl group, A
represents CH or a nitrogen atom, X; and X; each
independently represent a hydrogen atom or a halogen atom,
X, represents a hydrogen atom, a halogen atom or a
nitrile group, provided that at least one of X;, X; and X;
represents a halogen atom, and each R, independently
represents an alkyl group containing 1 to 10 carbon atoms.
[0014]

In another aspect, the present invention provides a
medicament comprising the above described compound or a
salt thereof. The medicament according to the present
invention can be preferably used as an image diagnostic
agent for an adrenal disease, or a therapeutic agent for
an aldosterone-producing tumor.

[0015]

A radioactive medicament which comprises a
radiocactive compound of the above general formula (1) or
a salt thereof can be used as an image diagnostic agent
for nuclear medicine examination, where Rs is a group

represented by
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- (CHy) Xy (wherein n is an integer of 1 to 5 and X; is a
halogen atom) and X; is a radioactive halogen atom, where
Rs is a p-halobenzyl group labeled with a radioactive
halogen atom, or where X, or R; is a radioactive halogen
atom. For example, when '*F, **"Cl, "°Br, or ‘I is
selected as a radioactive halogen atom, the radiocactive
medicament can be used as an image diagnostic agent for
use in positron emission tomography (PET). On the other

hand, when **°

I is selected as a radioactive halogen atom,
the radiocactive medicament can be used as an image
diagnostic agent for use in single-photon emission
computed tomography (SPECT).

[0016]

Moreover, a medicament comprising the compound
according to the present invention or a salt thereof can
be used as an image diagnostic agent for nuclear magnetic
resonance imaging (MRI) by using an element suitable for
the nuclear magnetic signal measurement, such as fluorine
(*?F), as a halogen atom represented by X, in a case where
Rs is a group represented by - (CH,),X; (wherein n is an
integer of 1 to 5 and X; is a halogen atom), or as a
halogen atom in a para-position in a case where Rs is a
p-halobenzyl group, or as a halogen atom represented by
X, or Ry, in the above general formula (1).

[0017]
Furthermore, a radioactive medicament which

comprises a radioactive compound of the above general
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formula (1) or a salt thereof, can be used as an
internal-use radiotherapeutic agent for an aldosterone-
producing tumor, where Rs is a group represented by

- (CHz) Xy (wherein n is an integer of 1 to 5 and X, is a
radiocactive halogen atom), or where Rs is a p-halobenzyl
group labeled with a radioactive halogen atom, or where

X, or R, is a radioactive halogen atom. At this time, '*°I

I

Bl1, or *YAt is preferably used as a radioactive halogen

atom.
[0018]

In another aspect, the present invention provides a
compound represented by the following general formula (3)
or a salt thereof:

[0019]

X N (3)

R4 N
[0020]

In the above general formula (3), R; represents a
hydrogen atom or CO;R,, R, represents a hydrogen atom, a

halogen atom or COyR,, Rz represents a hydrogen atom or a
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hydroxyalkyl group containing 1 to 10 carbon atoms, Ry
represents a hydrogen atom, a hydroxy group or an alkoxy
group containing 1 to 10 carbon atoms, Rs represents a
halogen atom, a substituted or unsubstituted
alkylsulfonyloxy group, or a substituted or unsubstituted
arylsulfonyloxy group, n represents an integer of 1 to 5,
A represents CH or a nitrogen atom, X; and Xs; each
independently represent a hydrogen atom or a halogen atom,
X, represents a hydrogen atom, a halogen atom or a
nitrile group, provided that at least one of X;, X; and X;
is a halogen atom, and each R, independently represents
an alkyl group containing 1 to 10 carbon atoms.
[0021]

In addition, in another aspect, the present
invention provides a compound represented by the
following general formula (5) or a salt thereof:

[0022]

X T (5)
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In the above general formula (5), R; represents a
hydrogen atom or CO;R,, R, represents a hydrogen atom, a
halogen atom or CO;R,, R; represents a hydrogen atom or a
hydroxyalkyl group containing 1 to 10 carbon atoms, Ry
represents a hydrogen atom, a hydroxy group or an alkoxy
group containing 1 to 10 carbon atoms, Rs represents a
linear alkyl group containing 1 to 5 carbon atoms in
which a hydrogen atom is optionally replaced by a halogen
atom, a cyclic alkyl group containing 3 to 5 carbon atoms
in which a hydrogen atom is optionally replaced by a
halogen atom, a hydroxyalkyl group containing 1 to 5
carbon atoms, or an o-, p- or m-halobenzyl group, Ry
represents a trialkyltin group or a trialkylsilyl group,
A represents CH or a nitrogen atom, X; represents a
hydrogen atom or a halogen atom, X; represents a hydrogen
atom or a halogen atom, and each R, independently
represents an alkyl group containing 1 to 10 carbon atoms.
[0024]

Moreover, in another aspect, the present invention
provides a compound represented by the following general
formula (7) or a salt thereof:

[0025]
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X, X,
Ry 7’@7"2

Rs ﬁ//Lij]///L\\N (77)
N

R, ;>__H:; P

I\

A
R 49
1 N Rg
[0026]
In the above general formula (7), R; represents a

hydrogen atom or CO;R,, R, represents a hydrogen atom, a
halogen atom or COs;R,, Rz represents a hydrogen atom or a
hydroxyalkyl group containing 1 to 10 carbon atoms, Ry
represents a hydrogen atom, a hydroxy group or an alkoxy
group containing 1 to 10 carbon atoms, Rg represents a
trialkyltin group or a trialkylsilyl group, A represents
CH or a nitrogen atom, X; represents a hydrogen atom or a
halogen atom, X; represents a hydrogen atom, a halogen
atom or a nitrile group, X; represents a hydrogen atom or
a halogen atom, provided that at least one of X;, X, and
X3 is a halogen atom, and each R, independently
represents an alkyl group containing 1 to 10 carbon atoms.
[0027]

Furthermore, in another aspect, the present
invention provides a compound represented by the

following general formula (8) or a salt thereof:
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[0028]
X3 X1
R
A 'A\J*T ®)
Rg k
P Rs
N
A
Y/
R1 N/
[0029]
In the above general formula (8), R; represents a

hydrogen atom or CO;R,, Ri; represents a hydrogen atom or a
hydroxyalkyl group containing 1 to 10 carbon atoms, Ry
represents a hydrogen atom, a hydroxy group or an alkoxy
group containing 1 to 10 carbon atoms, Rs represents a
linear alkyl group containing 1 to 5 carbon atoms in
which a hydrogen atom is optionally replaced by a halogen
atom, a cyclic alkyl group containing 3 to 5 carbon atoms
in which a hydrogen atom is optionally replaced by a
halogen atom, a hydroxyalkyl group containing 1 to 5
carbon atoms, or an o-, p- or m-halobenzyl group, R
represents a trialkyltin group or a trialkylsilyl group,
A represents CH or a nitrogen atom, X; represents a
hydrogen atom or a halogen atom, X, represents a hydrogen
atom, a halogen atom or a nitrile group, X; represents a

hydrogen atom or halogen atom, provided that at least one



10

15

of X;, X, and X3 is a halogen atom, and each R,
independently represents an alkyl group containing 1 to
10 carbon atoms.
[0030]

In another aspect, the present invention can provide
a method for producing the compound represented by the
above general formula (1) wherein Rs is a group
represented by - (CH;).X; (wherein n is an integer of 1 to
5 and X, is a radioactive halogen atom) (namely, a
radioactive compound represented by the following general
formula (9)) or a salt thereof, from the compound
represented by the above general formula (3) or a salt
thereof according a radiohalogenation reaction:

[0031]

R4 N
[0032]

In the above general formula (9), R; represents a
hydrogen atom or CO;R,, R, represents a hydrogen atom, a

halogen atom or COyR,, Rz represents a hydrogen atom or a



10

15

20

hydroxyalkyl group containing 1 to 10 carbon atoms, Ry
represents a hydrogen atom, a hydroxy group or an alkoxy
group containing 1 to 10 carbon atoms, A represents CH or
a nitrogen atom, X; and X3 each independently represent a
hydrogen atom or a halogen atom, X, represents a hydrogen
atom, a halogen atom or a nitrile group, provided that at
least one of X;, X; and X; is a halogen atom, X,
represents a radioactive halogen atom, and each R,
independently represents an alkyl group containing 1 to
10 carbon atoms.
[0033]

In another aspect, the present invention can provide
a method for producing a radioactive compound represented
by the following general formula (10) or a salt thereof,
from a compound represented by the following general
formula (4) or a salt thereof, wherein, in the above
general formula (3), Ri;, R; and R, are hydrogen atoms, R,
is a hydrogen atom or COyR,, A is CH, X; is a halogen atom,
X3 is a hydrogen atom, and R, is an alkyl group
containing 1 to 10 carbon atoms, by a radiohalogenation
reaction:

[0034]



X1
N X12

Ry | (4)
X N

/|
/

;zﬁj N n Rie
N
[0035]
In the above general formula (4), Ri» represents a

hydrogen atom or CO;R,, Xi;; and X;; each independently

5 represent a different halogen atom, Ri¢ represents a
halogen atom, a substituted or unsubstituted
alkylsulfonyloxy group, or a substituted or unsubstituted
arylsulfonyloxy group, n represents an integer of 1 to 5,
and R, represents an alkyl group containing 1 to 10

10 carbon atoms.

[0036]
X11
N X12
Rq2 l ('1 C))
| A N
/N A,
¢5¢J N’// n X
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In the above general formula (10), R, represents a
hydrogen atom or CO;R,, Xi;: and X;, each independently
represent a different halogen atom, X;, represents a
radioactive halogen atom, n represents an integer of 1 to
5, and R, represents an alkyl group containing 1 to 10
carbon atoms.

[0038]

Moreover, in another aspect of the present invention,
the compound represented by the above general formula (1)
wherein X; is a radioactive halogen atom (a radioactive
compound represented by the following general formula
(11)) or a salt thereof, can be produced from the
compound represented by the above general formula (5) or
a salt thereof by a radiohalogenation reaction:

[0039]

™ N N (11)
aw!

N
A
7
R4 N
[0040]
In the above general formula (11), R; represents a

hydrogen atom or CO;R,, R, represents a hydrogen atom, a
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halogen atom or CO;R,, R; represents a hydrogen atom or a
hydroxyalkyl group containing 1 to 10 carbon atoms, Ry
represents a hydrogen atom, a hydroxy group or an alkoxy
group containing 1 to 10 carbon atoms, Rs represents a
linear alkyl group containing 1 to 5 carbon atoms in
which a hydrogen atom is optionally replaced by a halogen
atom, a cyclic alkyl group containing 3 to 5 carbon atoms
in which a hydrogen atom is optionally replaced by a
halogen atom, a hydroxyalkyl group containing 1 to 5
carbon atoms, or an o-, p- or m-halobenzyl group, A
represents CH or a nitrogen atom, X; represents a
hydrogen atom or a halogen atom, X; represents a hydrogen
atom or a halogen atom, X represents a radioactive
halogen atom, and R, represents an alkyl group containing
1 to 10 carbon atoms.

[0041]

In addition, in another aspect, the present
invention can provide a method for producing a
radiocactive compound represented by the following general
formula (12) or a salt thereof, from a compound
represented by the following general formula (6) wherein,
in the above general formula (5), R; is a hydrogen atom,
R, is a hydrogen atom or CO,R,, R:; and R, are hydrogen
atoms, Rs is - (CH;) Xi4 (wherein n is an integer of 1 to 5
and Xi; is a halogen atom), A is CH, and X; is a hydrogen
atom or a salt thereof, by a radiohalogenation reaction:

[0042]



X11
N R17
R12 I (6)
X N
/N
///
/A N n X4
N
[0043]
In the above general formula (6), Ri; represents a

hydrogen atom or CO;R,, Ri; represents a trialkyltin group
5 or a trialkylsilyl group, Xi;1 represents a hydrogen atom

or a halogen atom, X;; represents a halogen atom, n

represents an integer of 1 to 5, and R, represents an

alkyl group containing 1 to 10 carbon atoms.

[0044]
X1
N X16
Rep l (12)
AN N
/|
//’
¢¢J X
10 N N n 14
[0045]
In the above general formula (12), R;, represents a

hydrogen atom or COz;R,, X;; represents a hydrogen atom or

a halogen atom, Xi;; represents a halogen atom, Xig
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represents a radioactive halogen atom, n represents an
integer of 1 to 5, and R, represents an alkyl group
containing 1 to 10 carbon atoms.

[0046]

Moreover, in another aspect, the present invention
can provide a method for producing a radiocactive compound
represented by the following general formula (13) or a
salt thereof from the compound represented by the above
general formula (7) or a salt thereof by a

radiohalogenation reaction:

[0047]
X3 X1
R4 I\; X2
R3
: | X N (13)
R, u\\ ///
N
A
Y
R4 N X7
[0048]
In the above general formula (13), R; represents a

hydrogen atom or CO;R,, R, represents a hydrogen atom, a
halogen atom or CO;R,, R; represents a hydrogen atom or a
hydroxyalkyl group containing 1 to 10 carbon atoms, Ry
represents a hydrogen atom, a hydroxy group or an alkoxy

group containing 1 to 10 carbon atoms, A represents CH or
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a nitrogen atom, X; represents a hydrogen atom or a
halogen atom, X; represents a hydrogen atom, a halogen
atom or a nitrile group, X; represents a hydrogen atom or
a halogen atom, provided that at least one of X;, X; and
X3 1is a halogen atom, X; represents a radioactive halogen
atom, and each R, independently represents an alkyl group
containing 1 to 10 carbon atoms.

[0049]

Furthermore, in another aspect, the present
invention can provide a method for producing a
radioactive compound represented by the following general
formula (14) or a salt thereof from the compound
represented by the above general formula (8) or a salt

thereof by a radiohalogenation reaction:

[0050]
X3 X4
R, |~i X2
R
Xg > u\\
P Rs
N
A
Y/
Ry N/
[0051]
In the above general formula (14), R; represents a

hydrogen atom or CO;R,, R; represents a hydrogen atom or a
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hydroxyalkyl group containing 1 to 10 carbon atoms, Ry
represents a hydrogen atom, a hydroxy group or an alkoxy
group containing 1 to 10 carbon atoms, Rs represents a
linear alkyl group containing 1 to 5 carbon atoms in
which a hydrogen atom is optionally replaced by a halogen
atom, a cyclic alkyl group containing 3 to 5 carbon atoms
in which a hydrogen atom is optionally replaced by a
halogen atom, a hydroxyalkyl group containing 1 to 5
carbon atoms, or an o-, p- or m-halobenzyl group, A
represents CH or a nitrogen atom, X; represents a
hydrogen atom or a halogen atom, X, represents a hydrogen
atom, a halogen atom or a nitrile group, X3 represents a
hydrogen atom or a halogen atom, provided that at least
one of X;, X, and X; is a halogen atom, Xg represents a
radioactive halogen atom, and each R, independently
represents an alkyl group containing 1 to 10 carbon atoms.
[0052]

Further, the present invention can include the
following [1] to [17] as specific aspects.
[1] A compound represented by the following general
formula (2) or a salt thereof:

[0053]
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X11
N X12
Rz I (2)
X N
/N
P
A N n X4
N
[0054]
In the general formula (2), Ri; represents a hydrogen

atom, a halogen atom or CO;R,, and it may optionally
represent a hydrogen atom or CO;R,; Xi;1 represents a
hydrogen atom or a halogen atom, and X;, represents a
halogen atom, wherein Xi;; and X;; each independently may
optionally represent a different halogen atom; Xi,
represents a halogen atom or a hydroxy group; n
represents an integer of 1 to 5; and R, represents an
alkyl group containing 1 to 10 carbon atoms.

[0055]

[2] The compound according to the above [1] or a salt
thereof, wherein, in the above general formula (2), Xig
represents a halogen atom.

[3] The compound according to the above [2] or a salt
thereof, wherein, in the above general formula (2), Xi,

represents a radioactive halogen atom.
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[4] The compound according to the above [1] or [2] or a
salt thereof, wherein, in the above general formula (2),
X1, represents a radioactive halogen atom.

[5] The compound according to any one of the above [1] to
[4] or a salt thereof, wherein, in the above general
formula (2), Ri;» represents a hydrogen atom.

[6] The compound according to any one of the above [1] to
[5] or a salt thereof, wherein, in the above general
formula (2), X;; represents a fluorine atom.

[7] The compound according to any one of the above [1] to
[6] or a salt thereof, wherein, in the above general
formula (2), n is an integer of 1 to 3.

[8] A medicament comprising the compound according to any
one of the above [1] to [7] or a salt thereof.

[9] The medicament according to the above [8], which is
an image diagnostic agent for an adrenal disease.

[10] The medicament according to the above [9], which is
an image diagnostic agent for use in positron emission
tomography.

[11] The medicament according to the above [9], which is
an image diagnostic agent for use in single-photon
emission computed tomography.

[12] The medicament according to the above [8], which is
a therapeutic agent for an aldosterone-producing tumor.
[13] The medicament according to the above [12], which is
an internal-use radiotherapeutic agent for an

aldosterone-producing tumor.
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[0056]

[14] The compound represented by the above general
formula (4) or a salt thereof.

[0057]

[15] The compound represented by the above general
formula (6) or a salt thereof, provided that, in the
above general formula (6), X;; represents a halogen atom.
[0058]

[16] A method for producing the radiocactive compound
represented by the above general formula (10) or a salt
thereof from the compound according to the above [14] or
a salt thereof by a radiohalogenation reaction.

[0059]

[17] A method for producing the radiocactive compound
represented by the above general formula (12) or a salt
thereof from the compound according to the above [15] or
a salt thereof by a radiohalogenation reaction, provided
that, in the general formula (12), X;; represents a
halogen atom that is different from X¢.

[0060]

According to the present invention, there are
provided a compound capable of specifically accumulating
in a human aldosterone-producing tumor and having a
CYP11B2 selective inhibitory ability, and a medicament

comprising the same.
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Brief Description of Drawings
[0061]

Figure 1 is a drawing showing a synthesis example of
6-chloro-5-fluoro-1-(2-fluorocethyl) -2-[5- (imidazol-1-
ylmethyl)pyridin-3-yllbenzimidazole.

Figure 2 is a drawing showing a synthesis example of
6-chloro-5-fluoro-1- (2- [*®F] fluoroethyl) -2- [5- (imidazol-
l1-ylmethyl)pyridin-3-yl]lbenzimidazole.

Figure 3 is a drawing showing synthesis examples of
6-bromo-5-fluoro-1-(2-fluoroethyl) -2-[5- (imidazol-1-
ylmethyl)pyridin-3-yllbenzimidazole and 5-fluoro-1-(2-
fluoroethyl) -2- [5- (imidazol-1-ylmethyl)pyridin-3-yl]-6-
iodobenzimidazole.

Figure 4 is a drawing showing a synthesis example of
6-bromo-5-fluoro-1- (2- [*®F] fluoroethyl) -2- [5- (imidazol-1-
ylmethyl)pyridin-3-yllbenzimidazole.

Figure 5 is a drawing showing a synthesis example of
2-{6-bromo-5-fluoro-2-[5- (5-methylcarboxylateimidazol-1-
ylmethyl)pyridin-3-yl]lbenzimidazol-1-yl}ethanol.

Figure 6 is a drawing showing a synthesis example of
6-chloro-5-fluoro-1- (3-fluoropropyl)-2-[5- (imidazol-1-
yvlimethyl)pyridin-3-yl]lbenzimidazole.

Figure 7 is a drawing showing a synthesis example of
methyl 1-[4-(l-cyclopropyl-6-iodo-1H-imidazobenzo-2-yl) -

3-pyridinylmethyl) ] -1H-imidazolecarboxylate.
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Figure 8 is a drawing showing a synthesis example of
l-cyclopropyl-2-[3-(1lH-imidazol-1-ylmethyl)pyridin-5-y1]-
6-iodo-1H-benzimidazole.

Figure 9 is a drawing showing a synthesis example of
l-cyclopropyl-2-[3-(1H-1,2,3-triazol-1-ylmethyl)pyridin-
5-yl] -6-iodo-1H-benzimidazole.

Figure 10 is a drawing showing a synthesis example
of 1-(2-fluoroethyl)-2-[5-{(imidazol-1-yl)methyl}pyridin-
3-yl]-6-iodobenzimidazole.

Figure 11 is a drawing showing a synthesis example
of 6-chloro-5-fluoro-1-(4-iodobenzyl)-2-[5-(1H-imidazol-
1-ylmethyl) -3-pyridinyl] -1H-benzimidazole.

Figure 12 is a drawing showing a synthesis example
of 2-[5-{(1H-imidazol-1-yl)methyl}pyridin-3-yl]-6-iodo-1-
isopropyl-1H-benzo[d] imidazole.

Figure 13 is a drawing showing a synthesis example
of 2-[5-{(1H-imidazol-1-yl)methyl}pyridin-3-yl]-6-iodo-1-
methyl-1H-benzo[d] imidazole.

Figure 14 is a drawing showing a synthesis example
of 2-[5-{(1H-imidazol-1-yl)methyl}pyridin-3-yl]-1-ethyl-
6-iodo-1H-benzo [d] imidazole.

Figure 15 is a drawing showing a synthesis example
of 1l-cyclopropyl-2-[5-(imidazol-1-ylmethyl)pyridin-3-y1l]-
6-10do-4-methoxybenzimidazole.

Figure 16 is a drawing showing a synthesis example
of 6-chloro-5-fluoro-1-(2-fluoroethyl)-2-{5- (5-iodo-1H-

imidazol-1-ylmethyl)pyridin-3-yl}benzimidazole.
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Figure 17 is a schematic view showing a human
adrenal gland section used in in vitro autoradiography
evaluation. Figure 17 (a) is a schematic view showing a
human adrenal gland section used in the in vitro
autoradiography shown in Figure 18 to Figure 23, and
Figure 17(b) is a schematic view showing a human adrenal
gland section used in the in vitro autoradiography shown
in Figure 24 to Figure 31.

Figure 18 is a view showing the results of in vitro
autoradiography, in which a human adrenal gland section
expressing aldosterone-producing adenoma is used. Figure
18 (a) 1s an autoradiogram of 6-chloro-5-fluoro-1-(2-

['®F] fluoroethyl) -2- [5- (imidazol-1-ylmethyl)pyridin-3-
yllbenzimidazole. Figure 18 (b) is an autoradiogram of
(R) - [**’I] iodometomidate.

Figure 19 is a view showing the results of in vitro
autoradiography, in which a human adrenal gland section
expressing aldosterone-producing adenoma is used. Figure
19(a) 1s an autoradiogram of 6-bromo-5-fluoro-1-(2-

[*®F] fluoroethyl) -2- [5- (imidazol-1-ylmethyl)pyridin-3-
yllbenzimidazole. Figure 19(b) is an autoradiogram of
(R) - [**’I] iodometomidate.

Figure 20 is a view showing the results of in vitro
autoradiography, in which a human adrenal gland section
expressing aldosterone-producing adenoma is used. Figure
20 (a) is an autoradiogram of 5-fluoro-1-(2-fluoroethyl) -

2-[5-(imidazol-1-ylmethyl)pyridin-3-y1l]-6-
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['?°I] iodobenzimidazole. Figure 20(b) is an autoradiogram
of (R)-["I]liodometomidate.

Figure 21 is a view showing the results of in vitro
autoradiography, in which a human adrenal gland section
expressing aldosterone-producing adenoma is used. Figure
21 (a) is an autoradiogram of 6-chloro-5-fluoro-1-(3-

[*®*F] fluoropropyl) -2- [5- (imidazol-1-ylmethyl)pyridin-3-
yllbenzimidazole. Figure 21 (b) is an autoradiogram of
(R) - [**’I] iodometomidate.

Figure 22 is a view showing the results of in vitro
autoradiography, in which a human adrenal gland section
expressing aldosterone-producing adenoma is used. Figure
22(a) is an autoradiogram of (R)-['*’I]iodometomidate.
Figure 22 (b) is an autoradiogram of methyl 1-[4-(1-
cyclopropyl-6-[***I]iodo-1H-imidazobenzo-2-yl) -3-
pyridinylmethyl) ] -1H-imidazolecarboxylate.

Figure 23 is a view showing the results of in vitro
autoradiography, in which a human adrenal gland section
expressing aldosterone-producing adenoma is used. Figure
23(a) is an autoradiogram of (R)-['*’I]iodometomidate.
Figure 23 (b) is an autoradiogram of 1l-cyclopropyl-2-[3-
(1H-imidazol-1-ylmethyl)pyridin-5-y1]-6-[***I]iodo-1H-
benzimidazole.

Figure 24 is a view showing the results of in vitro
autoradiography, in which a human adrenal gland section
expressing aldosterone-producing adenoma is used. Figure

24 (a) is an autoradiogram of (R)-['*’I]iodometomidate.



10

15

20

25

Figure 24 (b) is an autoradiogram of 1l-cyclopropyl-2-[3-
(1H-1,2,3-triazol-1-ylmethyl)pyridin-5-y1]-6-["*’I]iodo-
1H-benzimidazole.

Figure 25 is a view showing the results of in vitro
autoradiography, in which a human adrenal gland section
expressing aldosterone-producing adenoma is used. Figure
25(a) is an autoradiogram of (R)-["*’I]iodometomidate.
Figure 25(b) is an autoradiogram of 1-(2-fluorocethyl)-2-
[5-{ (imidazol-1-yl)methyl}pyridin-3-y1l]-6-

['?°I] iodobenzimidazole.

Figure 26 is a view showing the results of in vitro
autoradiography, in which a human adrenal gland section
expressing aldosterone-producing adenoma is used. Figure
26 (a) is an autoradiogram of (R)-["*’I]iodometomidate.
Figure 26 (b) is an autoradiogram of 6-chloro-5-fluoro-1-
(4- [**’I]iodobenzyl) -2- [5- (1H-imidazol-1-ylmethyl) -3-
pyridinyl] -1H-benzimidazole.

Figure 27 is a view showing the results of in vitro
autoradiography, in which a human adrenal gland section
expressing aldosterone-producing adenoma is used. Figure
27 (a) is an autoradiogram of (R)-["*’I]iodometomidate.
Figure 27 (b) is an autoradiogram of 2-[5-{(1H-imidazol-1-
yl)methyl }pyridin-3-y1l]l-6-["*’I]iodo-1-isopropyl-1H-
benzo[d] imidazole.

Figure 28 is a view showing the results of in vitro
autoradiography, in which a human adrenal gland section

expressing aldosterone-producing adenoma is used. Figure
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28 (a) is an autoradiogram of (R)-['*’I]iodometomidate.
Figure 28 (b) is an autoradiogram of 2-[5-{(1H-imidazol-1-
yl)methyl}pyridin-3-yl]l-6-[***I]iodo-1-methyl-1H-

benzo[d] imidazole.

Figure 29 is a view showing the results of in vitro
autoradiography, in which a human adrenal gland section
expressing aldosterone-producing adenoma is used. Figure
29(a) is an autoradiogram of (R)-["’I]iodometomidate.
Figure 29 (b) is an autoradiogram of 2-[5-{(1H-imidazol-1-
yl)methyl}pyridin-3-yl]l-1-ethyl-6-["**I]iodo-1H-
benzo[d] imidazole.

Figure 30 is a view showing the results of in vitro
autoradiography, in which a human adrenal gland section
expressing aldosterone-producing adenoma is used. Figure
30(a) is an autoradiogram of (R)-['*’I]iodometomidate.
Figure 30(b) is an autoradiogram of 1l-cyclopropyl-2-[5-
(imidazol-1-ylmethyl)pyridin-3-y1l]-6-['**I]iodo-4-
methoxybenzimidazole.

Figure 31 is a view showing the results of in vitro
autoradiography, in which a human adrenal gland section
expressing aldosterone-producing adenoma is used. Figure
31(a) is an autoradiogram of (R)-['*’I]iodometomidate.
Figure 31(b) is an autoradiogram of 6-chloro-5-fluoro-1-
(2-fluoroethyl) -2-{5- (5- [**’I]iodo-1H-imidazol-1-
ylmethyl)pyridin-3-yl}benzimidazole.

Figure 32 is a view showing the plasma stability of

6-chloro-5-fluoro-1- (2- [*®*F] fluoroethyl) -2- [5- (imidazol-
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l1-ylmethyl)pyridin-3-yllbenzimidazole. Figure 32 (a)
shows a radio-TLC of a sample, and Figure 32 (b) shows a
radio-TLC of the sample after incubation in plasma for 60
minutes.

Figure 33 1is a view showing the plasma stability of
6-bromo-5-fluoro-1- (2- [*®*F] fluoroethyl) -2- [5- (imidazol-1-
ylmethyl)pyridin-3-yllbenzimidazole. Figure 33 (a) shows
a radio-TLC of a sample, and Figure 33 (b) shows a radio-
TLC of the sample after incubation in plasma for 60
minutes.

Figure 34 is a view showing the plasma stability of
5-fluoro-1-(2-fluoroethyl) -2-[5- (imidazol-1-
vlmethyl)pyridin-3-y1l]-6-[***I]iodobenzimidazole. Figure
34 (a) shows a radio-TLC of a sample, and Figure 34 (b)
shows a radio-TLC of the sample after incubation in
plasma for 60 minutes.

Figure 35 is a view showing the plasma stability of
6-chloro-5-fluoro-1- (3- [*®F] fluoropropyl) -2- [5- (imidazol-
l1-ylmethyl)pyridin-3-yllbenzimidazole. Figure 35 (a)
shows a radio-TLC of a sample, and Figure 35 (b) shows a
radio-TLC of the sample after incubation in plasma for 60
minutes.

Figure 36 is a view showing the plasma stability of
methyl 1-[4-(1-cyclopropyl-6-['?’I]iodo-1H-imidazobenzo-2-
yl) -3-pyridinylmethyl)]-1H-imidazolecarboxylate. Figure

36 (a) shows a radio-TLC of a sample, and Figure 36 (b)
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shows a radio-TLC of the sample after incubation in
plasma for 60 minutes.

Figure 37 is a view showing the plasma stability of
l-cyclopropyl-2-[3-(1H-imidazol-1-ylmethyl)pyridin-5-y1]-
6-['*’I]iodo-1H-benzimidazole. Figure 37(a) shows a
radio-TLC of a sample, and Figure 37 (b) shows a radio-TLC
of the sample after incubation in plasma for 60 minutes.

Figure 38 is a view showing the plasma stability of
l-cyclopropyl-2-[3-(1H-1,2,3-triazol-1-ylmethyl)pyridin-
5-yl]-6-['*’I]iodo-1H-benzimidazole. Figure 38 (a) shows a
radio-TLC of a sample, and Figure 38 (b) shows a radio-TLC
of the sample after incubation in plasma for 60 minutes.

Figure 39 is a view showing the plasma stability of
1- (2-fluoroethyl) -2- [5-{ (imidazol-1-yl)methyl }pyridin-3-
v1]-6-['**I]iodobenzimidazole. Figure 39 (a) shows a
radio-TLC of a sample, and Figure 39 (b) shows a radio-TLC
of the sample after incubation in plasma for 60 minutes.

Figure 40 is a view showing the plasma stability of
6-chloro-5-fluoro-1- (4- ["*’I]iodobenzyl) -2- [5- (1H-
imidazol-1-ylmethyl) -3-pyridinyl] -1H-benzimidazole.
Figure 40(a) shows at radio-TLC of a sample, and Figure
40 (b) shows a radio-TLC of the sample after incubation in
plasma for 60 minutes.

Figure 41 is a view showing the plasma stability of
2-[5-{(1H-imidazol-1-yl)methyl}pyridin-3-y1l]-6-[**’I]iodo-

l-isopropyl-1H-benzo[d] imidazole. Figure 41 (a) shows a
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radio-TLC of a sample, and Figure 41 (b) shows a radio-TLC
of the sample after incubation in plasma for 60 minutes.
Figure 42 is a view showing the plasma stability of
2-[5-{(1H-imidazol-1-yl)methyl}pyridin-3-y1l]-6-[**’I]iodo-
l-methyl-1H-benzo[d] imidazole. Figure 42 (a) shows a
radio-TLC of a sample, and Figure 42 (b) shows a radio-TLC
of the sample after incubation in plasma for 60 minutes.
Figure 43 is a view showing the plasma stability of
2-[5-{(1H-imidazol-1-yl)methyl}pyridin-3-yl]-1-ethyl-6-
['*°I]iodo-1H-benzo[d] imidazole. Figure 43 (a) shows a
radio-TLC of a sample, and Figure 43 (b) shows a radio-TLC
of the sample after incubation in plasma for 60 minutes.
Figure 44 is a view showing the plasma stability of
l-cyclopropyl-2-[5-(imidazol-1-ylmethyl)pyridin-3-yl]-6-
['**I]iodo-4-methoxybenzimidazole. Figure 44 (a) shows a
radio-TLC of a sample, and Figure 44 (b) shows a radio-TLC
of the sample after incubation in plasma for 60 minutes.
Figure 45 is a view showing the plasma stability of
6-chloro-5-fluoro-1- (2-fluoroethyl) -2-{5- (5- [**’T]iodo-1H-
imidazol-1-ylmethyl)pyridin-3-yl}benzimidazole. Figure
45(a) shows a radio-TLC of a sample, and Figure 45 (b)
shows a radio-TLC of the sample after incubation in

plasma for 60 minutes.
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Description of Embodiments
[0062]

In the present invention, the term "CO,R," means a
carboxylic acid ester group. Rs; is an alkyl group
containing 1 to 10 carbon atoms, and the alkyl group may
be either a straight-chain or branched-chain alkyl group.
The alkyl group is preferably an alkyl group containing 1
to 5 carbon atoms (a methyl group, an ethyl group, an n-
propyl group, an isopropyl group, an n-butyl group, an
isobutyl group, a tert-butyl group, an n-pentyl group, an
isopentyl group, or a neopentyl group), and it is more
preferably an alkyl group containing 1 to 3 carbon atoms
(a methyl group, an ethyl group, an n-propyl group, Or an
isopropyl group). As such "CO;R,", a "carboxylic acid
methyl ester group," in which R, is a methyl group, is
particularly preferable.

[0063]

Moreover, in the present invention, the term
"halogen atom" means at least one selected from a
fluorine atom, a chlorine atom, a bromine atom, an iodine
atom, and an astatine atom.

[0064]

Furthermore, in the present invention, the term
"hydroxyalkyl group" means a group represented by
- (CHz) nOH. For example, in R; in the general formula (1),

m is an integer of 1 to 10, and is preferably an integer
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of 1 to 3. In Rs in the general formula (1), m is an
integer of 1 to 5, and is preferably an integer of 1 to 3.
[0065]

Further, in the present invention, the term "alkoxy
group" means a group having a straight-chain or branched-
chain alkyl group bound to an oxygen atom, and preferably
includes a methoxy group, an ethoxy group, a propyl group,
and an isopropyl group, and more preferably a methoxy
group.

[0066]

In the present invention, the term "linear alkyl
group" means a noncyclic alkyl group, which may be either
a straight-chain or branched-chain alkyl group, and
preferably includes a methyl group, an ethyl group, a
propyl group, an isopropyl group, an n-butyl group, an
isobutyl group, a sec-butyl group, a tert-butyl group, an
n-pentyl group, an isopentyl group, a neopentyl group,
and a tert-pentyl group. In these linear alkyl groups,
one or two or more hydrogen atoms may be substituted with
halogen atoms, and preferably substituted with fluorine
atoms. Specific examples include a fluoromethyl group, a
1-fluoroethyl group, a 1,1-difluoroethyl group, a 1,1,1-
trifluoroethyl group, and a l-fluoropropyl group.

[0067]

Moreover, the "cyclic alkyl group" in the present

invention includes a cyclopropyl group, a cyclobutyl

group, and a cyclopentyl group. In these cyclic alkyl
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groups, one or two or more hydrogen atoms may be
substituted with halogen atoms.
[0068]

Furthermore, the term "halobenzyl group" is used in
the present invention to mean a benzyl group in which the
hydrogen atom in position 2, position 3, or position 4 of
the benzene ring thereof is substituted with a halogen
atom. A benzyl group in which the hydrogen atom in
position 2 is substituted with a halogen atom is an o-
halobenzyl group; a benzyl group in which the hydrogen
atom in position 3 is substituted with a halogen atom is
an m-halobenzyl group; and a benzyl group in which the
hydrogen atom in position 4 is substituted with a halogen
atom is a p-halobenzyl group. Among these, a p-
halobenzyl group is preferable.

[0069]

Further, in the present invention, the "salt" may be
a pharmaceutically acceptable salt. Examples of the salt
include salts derived from inorganic acids such as
hydrochloric acid, hydrobromic acid, sulfuric acid,
nitric acid and phosphoric acid, or from organic acids
such as acetic acid, trifluorocacetic acid, maleic acid,
succinic acid, mandelic acid, fumaric acid, malonic acid,
pyruvic acid, oxalic acid, glycolic acid, salicylic acid,
pyranosydilic acid (glucuronic acid, galacturonic acid,
etc.), o-hydroxy acid (citric acid, tartaric acid, etc.),

amino acid (aspartic acid, glutamic acid, etc.), aromatic



10

15

20

25

acid (benzoic acid, cinnamic acid, etc.), or sulfonic
acid (p-toluenesulfonic acid, ethanesulfonic acid, etc.).
[0070]

In the present invention, the term "radiocactive
halogen atom" means at least one selected from the
radioisotopes of fluorine, chlorine, bromine, iodine and
astatine, and preferably, '°r, **"cl, ’°Br, '*°r, '**1, '*°r,
1317 or 2MAt can be used. Herein, the "radioactive iodine
atom" is used in the present invention to mean any one of
1231’ 1241’ 1257 gpg 1317
[0071]

The compound represented by the above general
formula (1) is preferably higher than iodometomidate in
terms of selectivity to aldosterone production inhibition
relative to cortisol production inhibition (i.e., ICs, of
cortisol production inhibition/ICs, of aldosterone
production inhibition), as measured in an inhibition
experiment in which cells expressing each of human
CYP11B1 and human CYP11B2 are used. Thereby, it becomes
possible for the compound represented by the above
general formula (1) to specifically accumulate in an
aldosterone-producing tumor, in comparison to in the
normal site of an adrenal gland.

This inhibition experiment can be carried out by the
following operations. Human CYP11B1l and human CYP11B2

are allowed to individually express in Chinese hamster

lung-derived fibroblasts. Subsequently, 1ll-deoxycortisol
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is added to the cells expressing human CYP11B1l to a final
concentration of 100 nmol/L, and corticosterone is added
to the cells expressing human CYP11B2 to a final
concentration of 100 nmol/L. At the same time, a target
compound used as an analytical sample is added to each of
the cells to a final concentration of 10™* to 10* nmol/L.
Thereafter, the concentration of cortisol as a metabolite
of CYP11B1l is measured in the cells expressing human
CYP11B1 according to ELISA (Enzyme-Linked ImmunoSorbent
Assay), and the concentration of aldosterone as a
metabolite of CYP11B2 is measured in the cells expressing
human CYP11B2 according to ELISA. Provided that the
aldosterone concentration and the cortisol concentration
without addition of any target compound as a sample are
each set at 100%, an inhibition curve is produced, and
then inhibitory activity (ICso) 1is calculated.

[0072]

From the viewpoint of enhancing the selectivity to
aldosterone production inhibition compared to cortisol
production inhibition, it is preferable that, in the
above general formula (1), R; is a hydrogen atom, Rs; is a
hydrogen atom or an alkoxy group containing 1 to 10
carbon atoms, Rs is a linear alkyl group containing 1 to
5 carbon atoms in which a hydrogen atom is optionally
replaced by a halogen atom, a cyclic alkyl group
containing 3 to 5 carbon atoms, or an o-, m-, p-

halobenzyl group, X, is a halogen atom, and X; is a
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hydrogen atom. More preferably, Rs is a methyl group, an
ethyl group, a propyl group, an isopropyl group, a group
represented by - (CH;),Xs (wherein n represents an integer
of 1 to 5, and X, represents a halogen atom), a
cyclopropyl group, or a p-halobenzyl group.

Adoption of any one of the following configurations
(a) to (d) in the above general formula (1) enables the
use of the compound as an image diagnostic agent for
nuclear medicine examination or an internal-use
radiotherapeutic agent.

(a) A radioactive halogen atom is used as a halogen atom
represented by R;.

(b) The group represented by - (CH;),X; is used as Rs;, and
a radioactive halogen atom is used as a halogen atom
represented by X,.

(c) A p-halobenzyl group is used as Rs, and a radioactive
halogen atom is used as a halogen atom introduced into
the position 4 of the benzyl group.

(d) A radiocactive halogen atom is used as a halogen atom
represented by X,.

[0073]

Moreover, from the viewpoint of enhancing the
selectivity to aldosterone production inhibition compared
to cortisol production inhibition, R, is preferably a
hydrogen atom or a halogen atom in the above general
formula (1).

[0074]
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Furthermore, from the viewpoint of further enhancing
the selectivity to aldosterone production inhibition
compared to cortisol production inhibition, Rs is
preferably a methyl group, an ethyl group, a group
represented by - (CH;).Xy, or a cyclopropyl group in the
above general formula (1). In the group represented by -
(CH2)nXy4, n is an integer of, preferably 1 to 3, more
preferably 2 or 3, and further preferably 2. X, is
preferably a fluorine atom.

[0075]

Further, from the viewpoint of still further
enhancing the selectivity to aldosterone production
inhibition compared to cortisol production inhibition, X;
is preferably a hydrogen atom, a fluorine atom or a
chlorine atom, and more preferably a hydrogen atom or a
fluorine atom in the above general formula (1).

[0076]

A specific aspect of the compound according to the
present invention is the compound represented by the
above general formula (2). The compound represented by
the general formula (2) is the compound of the general
formula (1) wherein R; is a hydrogen atom, R; is a
hydrogen atom, a halogen atom or CO,R, (wherein R, is an
alkyl group containing 1 to 10 carbon atoms), R; and Ry
are hydrogen atoms, Rs is a group represented by
- (CH,) nX14, A is CH, X; and X, are halogen atoms, and X; is

a hydrogen atom. In the general formula (2), Ri; may be a
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hydrogen atom or CO;R,, or may be a hydrogen atom. 1In
addition, in the general formula (2), Xi;; and X;; may each
independently represent a different halogen atom where
X1; 1s preferably a fluorine atom. Preferably, X;; is a
fluorine atom, and n is an integer of 1 to 3.

[0077]

A more preferred specific example of the present
invention is a compound represented by the following
general formula (1-1) which is the above general formula
(1) wherein R;, Rz, Rz, X; and X; each represent a

hydrogen atom, or a salt thereof:

[0078]
R4 N X2
/
AN N (1-1)
N |
PR
Va N
N
[0079]

In the above general formula (1-1), Ry is a hydrogen
atom or an alkoxy group containing 1 to 10 carbon atoms
(preferably, a methoxy group), Rs is a linear alkyl group
containing 1 to 5 carbon atoms or a cyclic alkyl group
containing 3 to 5 carbon atoms, X; is a halogen atom, and
A is CH or a nitrogen atom. Preferably, X; is a chlorine

atom, a bromine atom, or an iodine atom. In the above



general formula (1-1), X, may be a radiocactive iodine
atom.
[0080]

Preferred aspects of the compound represented by the
above general formula (1-1) are shown in Table 1.

[0081]
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Table 1

Compouqd name Ry Rs A X,
o vmidin sl beastitiasole i Methyl | CH | CI
i 3 o easttaidarole H Methyl | CH | Br
ity oo iedasele H Methyl | CH | I(
oty rovridin 3 s Tbensimidarole H ci | c
b T bensimdazele H Ethyl ci | Br
ety viins aTbensiidazole H ci | 10
o b awate H | lopopyl | CH | CI
e naate H lsopropyl | CH | Br
el o heamiidole H sopropyl | CH | I*D
ISR e W H | Cyclopropyl | CH | CI
i e H | Cyclopropyl | CH | Br
e e st H | Cyclopropyl | CH | I¢D
ity ioyrin 3 ey H Methyl N oo
ety pyrdin 3y benzimidasele ol Meml | N | B
ety T beastmiduanfe H Metyl | N |1
I A H Ethyl N oa
ity ovdin 3 s benimidarale H N
ety ondinss Thenmimidagole H Ehy! N
Vimethypyridin ol pensimidazele | | towomi | N | @
v b oaimdanede H lopropyl | N | Br
ity sibensimiduere H lopropyl | N | I
IS e W H Cyclopropyl | N | ¢l
R U H | Cyclopropyl | N | Br
1-Cyclopropyl-6-iodo-2-[5-(1,2,3-triazol-1- 0 Cyclopropyl N 16+1)

ylmethyl)pyridin-3-yl]benzimidazole




Table 1 (continuation)

Compound name R4 Rs A X,
6-Chloro-1-methyl-2-[5-(5-methoxyimidazol-1-
ylmethylpyridin-3-ylJbenzimidazole Methoxy Methyl CH | Cl
6-Bromo-1-methyl-2-[5-(5-methoxyimidazol-1-
ylmethyl)pyridin-3-ylJbenzimidazole Methoxy Methyl CH | Br
6-lodo-1-methyl-2-[5-(5-methoxyimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole Methoxy Methyl CH !
6-Chloro-1-ethyl-2-[5-(5-methoxyimidazol-1-
ylmethyl)pyridin-3-ylJbenzimidazole Methoxy Ethyl CH | Cl
6-Bromo-1-ethyl-2-[5-(5-methoxyimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole Methoxy Ethyl CH Br
1-Ethyl-6-iodo-2-[5-(5-methoxyimidazol-1-
ylmethyl)pyridin-3-ylJbenzimidazole Methoxy Ethyl CH | 1
6-Chloro-1-isopropyl-2-[5-(5-methoxyimidazol-
1-ylmethyl)pyridin-3-yl]benzimidazole Methoxy Isopropyl CH |«
6-Bromo-1-isopropyl-2-[5-(5-methoxyimidazol-
1-ylmethyl)pyridin-3-yl]benzimidazole Methoxy | Isopropyl CH | Br
6-lodo-1-isopropyl-2-[5-(5-methoxyimidazol-1-
ylmethylpyridin-3-ylJbenzimidazole Methoxy | Isopropyl CH |1
6-Chloro-1-cyclopropyl-2-[5-(5-
methoxyimidazol-1-ylmethyl)pyridin-3- Methoxy Cyclopropyl CH Cl
yl]benzimidazole
6-Bromo-1-cyclopropyl-2-[5-(5-
methoxyimidazol-1-ylmethyl)pyridin-3- Methoxy Cyclopropyl CH Br
yl]benzimidazole
1-Cyclopropyl-6-iodo-2-[5-(5-
methoxyimidazol-1-ylmethyl)pyridin-3- Methoxy Cyclopropyl CH | I(*D
yl]benzimidazole
[0082]

In addition, another more preferred specific example
of the present invention is a compound represented by the
following general formula (1-2) which is the above
general formula (1) wherein R;, R;, R; and X; are hydrogen
atoms, and A is CH, or a salt thereof:

[0083]
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’ (1-2)

R, | X N
N
yZ /EL
K) N n X4

[0084]

In the above general formula (1-2), R, is a hydrogen
atom or a halogen atom, X; is a hydrogen atom or a
fluorine atom, X, and X, are halogen atoms, and A is CH
or a nitrogen atom. Preferably, X; is a chlorine atom, a
bromine atom or an iodine atom, and X, is a fluorine atom.
In the above general formula (1-2), R, may be a
radioactive iodine atom, X, may be a radioactive iodine
atom, and X, may be a radioactive fluorine atom.

[0085]

Preferred aspects of the compound represented by the

above general formula (1-2) are shown in Table 2.

[0086]



Table 2
Compound name R, X, X, Xy N

6—Chlor_o—! -fluoromethyl-2-[5-(imidazol-1-ylmethyl)pyridin-3- H H Cl F 1
yl]benzimidazole
6-Chlor_o- 1 -(2-fluoroethyl)-2-[5-(imidazol-1-ylmethyl)pyridin-3- H H Cl F 2
yl]benzimidazole
6-Chloro-1-(3-fluoropropyl)-2-[5-(imidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole H H Cl F 3
6—Brom.0—l. -fluoromethyl-2-[5-(imidazol-1-ylmethyl)pyridin-3- H H Br F 1
yl]benzimidazole
6—Bromp— l -(2-fluoroethyl)-2-[5-(imidazol-1-ylmethyl)pyridin-3- H H Br F )
yl]benzimidazole
6-Bromo-1-(3-fluoropropyl)-2-[5-(imidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole H H Br F 3
1 —Fluorqmethyl—é—lodo—Z—[5—(1m1dazol— 1-ylmethyl)pyridin-3- H H I F 1
yl]benzimidazole
1—(2—quorpethyl)—6—10do—2—[5—(1m1dazol—1 -ylmethyl)pyridin-3- H H 1(*1) F 2
yl]benzimidazole
1-3-F lqorppropyl)-6-10do-2-[5-(1m1dazol- 1-ylmethyl)pyridin-3- H H I F 3
yl]benzimidazole
6-Ch10r.0-5' -fluoro-1-fluoromethyl-2-[5-(imidazol-1-ylmethyl)pyridin-3- H F Cl F 1
yl]benzimidazole
6-Ch10r0-§-ﬂu0ro- 1-(2-fluoroethyl)-2-[5-(imidazol-1-ylmethyl)pyridin- H F cl F (ISF) 2
3-yl]benzimidazole
6-Chloro-§ -ﬂuoro- 1-(3-fluoropropyl)-2-[5-(imidazol-1-ylmethyl)pyridin- H F Cl F 3
3-yl]benzimidazole
6-Bromp-§-ﬂuoro- 1-fluoromethyl-2-[5-(imidazol-1-ylmethyl)pyridin-3- H F Br F 1
yl]benzimidazole
6-Br0m0-45 -ﬂuoro- 1-(2-fluoroethyl)-2-[5-(imidazol-1-ylmethyl)pyridin- H F Br F )
3-yl]benzimidazole
6-Brom0-45 -ﬂuoro- 1-(3-fluoropropyl)-2-[5-(imidazol-1-ylmethyl)pyridin- H F Br F 3
3-yl]benzimidazole
5-Fluoro-6-iodo-1-fluoromethyl-2-[ 5-(imidazol- 1 -ylmethyl)pyridin-3-

o H F 1 F 1
yl]benzimidazole
'5-Fluoro-. 1 -(2-ﬂuoroethyl)-2-[5-(1m1dazol- 1-ylmethyl)pyridin-3-yl]6- H F I (*I) F )
iodobenzimidazole
5-Fluoro-6-iodo-1-(3-fluoropropyl)-2-[5-(imidazol-1-ylmethyl)pyridin-3-

o H F I F 3
yl]benzimidazole
6-Chloro-1-fluoromethyl-2-[ 5-(5-fluoroimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole F H Cl F 1
6-Chloro-1-(2-fluoroethyl)-2-[5-(5-fluoroimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole F H Cl F 2
6-Chloro-1-(3-fluoropropyl)-2-[5-(5-fluoroimidazol-1-ylmethyl)pyridin-
3-yl]benzimidazole F H Cl F 3
6-Bromo-1-fluoromethyl-2-[5-(5-fluoroimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole F H Br F 1
6-Bromo-1-(2-fluoroethyl)-2-[5-(5-fluoroimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole F H Br F 2
6-Bromo-1-(3-fluoropropyl)-2-[5-(5-fluoroimidazol-1-ylmethyl)pyridin-
3-yl]benzimidazole F H Br F 3
1-Fluoromethyl-6-iodo-2-[5-(5-fluoroimidazol-1-ylmethyl)pyridin-3- F H I F 1
yl]benzimidazole
1-(2-Fluoroethyl)-6-iodo-2-[5-(5-fluoroimidazol-1-ylmethyl)pyridin-3- F H I F 2
yl]benzimidazole
1-(3-Fluoropropyl)-6-iodo-2-[5-(5-fluoroimidazol-1-ylmethyl)pyridin-3- F H I F 3
yl]benzimidazole
6-Chloro-5-fluoro-1-fluoromethyl-2-[5-(5-fluoroimidazol-1- F F Cl F 1
ylmethyl)pyridin-3-yl]benzimidazole
6-Chloro-5-fluoro-1-(2-fluoroethyl)-2-[ 5-(5-fluoroimidazol-1- F F cl F 2
ylmethyl)pyridin-3-yl]benzimidazole
6-Chloro-5-fluoro-1-(3-fluoropropyl)-2-[5-(5-fluoroimidazol-1- F F Cl F 3
ylmethyl)pyridin-3-yl]benzimidazole
6-Bromo-5-fluoro-1-fluoromethyl-2-[5-(5-fluoroimidazol-1- F F B F 1
ylmethyl)pyridin-3-yl]benzimidazole !
6-Bromo-5-fluoro-1-(2-fluoroethyl)-2-[5-(5-fluoroimidazol-1- F F B F 2
ylmethyl)pyridin-3-yl]benzimidazole r
6-Bromo-5-fluoro-1-(3-fluoropropyl)-2-[5-(5-fluoroimidazol-1- F F B F 3
ylmethyl)pyridin-3-yl]benzimidazole r
5-Fluoro-6-iodo-1-fluoromethyl-2-[5-(5-fluoroimidazol-1- F F I F 1
ylmethyl)pyridin-3-yl]benzimidazole
5-Fluoro-6-iodo-1-(2-fluoroethyl)-2-[5-(5-fluoroimidazol-1- F F I F 2
ylmethyl)pyridin-3-yl]benzimidazole
5-Fluoro-6-iodo-1-(3-fluoropropyl)-2-[ 5-(5-fluoroimidazol-1- F F I F 3

ylmethyl)pyridin-3-yl]benzimidazole




Table 2 (continuation 1)

Compound name R, X, X, Xy n
6-Chloro-1-fluoromethyl-[5-(5-chloroimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole Cl H Cl F 1
6-Chloro-1-(2-fluoroethyl)-2-[ 5-(5-chloroimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole Cl H Cl F 2
6-Chloro-1-(3-fluoropropyl)-2-[5-(5-chloroimidazol-1-ylmethyl)pyridin-
3-yl]benzimidazole Cl H Cl F 3
6-Bromo-1-fluoromethyl-2-[5-(5-chloroimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole Cl H Br F 1
6-Bromo-1-(2-fluoroethyl)-2-[5-(5-chloroimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole Cl H Br F 2
6-Bromo-1-(3-fluoropropyl)-2-[5-(5-chloroimidazol-1-ylmethyl)pyridin-
3-yl]benzimidazole Cl H Br F 3
1-Fluoromethyl-6-iodo-2-[5-(5-chloroimidazol-1-ylmethyl)pyridin-3- Cl H I F 1
yl]benzimidazole
1-(2-Fluoroethyl)-6-iodo-2-[5-(5-chloroimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole Cl H I F 2
1-(3-Fluoropropyl)-6-iodo-2-[5-(5-chloroimidazol-1-ylmethyl)pyridin-3- Cl H I F 3
yl]benzimidazole
6-Chloro-5-fluoro-1-fluoromethyl-2-[5-(5-chloroimidazol-1- Cl F Cl F 1
ylmethyl)pyridin-3-yl]benzimidazole
6-Chloro-5-fluoro-1-(2-fluoroethyl)-2-[ 5-(5-chloroimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole Cl F Cl F 2
6-Chloro-5-fluoro-1-(3-fluoropropyl)-2-[5-(5-chloroimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole Cl F Cl F 3
6-Bromo-5-fluoro-1-fluoromethyl-2-[5-(5-chloroimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole Cl F Br F 1
6-Bromo-5-fluoro-1-(2-fluoroethyl)-2-[ 5-(5-chloroimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole Cl F Br F 2
6-Bromo-5-fluoro-1-(3-fluoropropyl)-2-[5-(5-chloroimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole Cl F Br F 3
5-Fluoro-1-fluoromethyl-6-iodo-2-[5-(5-chloroimidazol-1- Cl F I F 1
ylmethyl)pyridin-3-yl]benzimidazole
5-Fluoro-1-(2-fluoroethyl)-6-iodo-2-[5-(5-chloroimidazol-1- Cl F I F )
ylmethyl)pyridin-3-yl]benzimidazole
5-Fluoro-1-(3-fluoropropyl)-6-iodo-2-[ 5-(5-chloroimidazol-1- Cl F I F 3
ylmethyl)pyridin-3-yl]benzimidazole
6-Chloro-1-fluoromethyl-2-[5-(5-bromoimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole Br H Cl F 1
6-Chloro-1-(2-fluoroethyl)-2-[5-(5-bromoimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole Br H Cl F 2
6-Chloro-1-(3-fluoropropyl)-2-[5-(5-bromoimidazol-1-ylmethyl)pyridin-
3-yl]benzimidazole Br H Cl F 3
6-Bromo-1-fluoromethyl-2-[5-(5-bromoimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole Br H Br F 1
6-Bromo-1-(2-fluoroethyl)-2-[5-(5-bromoimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole Br H Br F 2
6-Bromo-1-(3-fluoropropyl)-2-[5-(5-bromoimidazol-1-ylmethyl)pyridin-
3-yl]benzimidazole Br H Br F 3
1-Fluoromethyl-6-iodo-2-[5-(5-bromoimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole Br H I F 1
1-(2-Fluoroethyl)-6-iodo-2-[5-(5-bromoimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole Br H I F 2
1-(3-Fluoropropyl)-6-iodo-2-[5-(5-bromoimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole Br H I F 3
6-Chloro-5-fluoro-1-fluoromethyl-2-[5-(5-bromoimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole Br F Cl F 1
6-Chloro-5-fluoro-1-(2-fluoroethyl)-2-[5-(5-bromoimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole Br F Cl F 2
6-Chloro-5-fluoro-1-(3-fluoropropyl)-[ 5-(5-bromoimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole Br F Cl F 3
6-Bromo-5-fluoro-1-fluoromethyl-2-[5-(5-bromoimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole Br F Br F 1
6-Bromo-5-fluoro-1-(2-fluoroethyl)-2-[5-(5-bromoimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole Br F Br F 2
6-Bromo-5-fluoro-1-(3-fluoropropyl)-2-[5-(5-bromoimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole Br F Br F 3
5-Fluoro-1-fluoromethyl-6-iodo-2-[5-(5-bromoimidazol-1- B F I F 1
ylmethyl)pyridin-3-yl]benzimidazole r
5-Fluoro-1-(2-fluoroethyl)-6-iodo-2-[5-(5-bromoimidazol-1- Br F I F 2
ylmethyl)pyridin-3-yl]benzimidazole
5-Fluoro-1-(3-fluoropropyl)-6-iodo-2-[ 5-(5-bromoimidazol-1- Br F I F 3

ylmethyl)pyridin-3-yl]benzimidazole




Table 2 (continuation 2)

Compound name R, X, X, Xy n
6-Chloro-1-fluoromethyl-2-[5-(5-iodoimidazol-1-ylmethyl)pyridin-3- I H Cl F 1
yl]benzimidazole
6-Chloro-1-(2-fluoroethyl)-2-[ 5-(5-iodoimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole I H Cl F 2
6-Chloro-1-(3-fluoropropyl)-2-[5-(5-iodoimidazol-1-ylmethyl)pyridin-3- I H Cl F 3
yl]benzimidazole
6-Bromo-1-fluoromethyl-2-[5-(5-iodoimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole ! H Br F 1
6-Bromo-1-(2-fluoroethyl)-2-[5-(5-iodoimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole ' ' o I H Br F 2
6-Bromo-1-(3-fluoropropyl)-2-[5-(5-iodoimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole [ H Br F 3
1-Fluoromethyl-6-iodo-2-[5-(5-iodoimidazol-1-ylmethyl)pyridin-3- I H I F 1
yl]benzimidazole
1-(2-Fluoroethyl)-6-iodo-2-[5-(5-iodoimidazol-1-ylmethyl)pyridin-3- I H I F )
yl]benzimidazole
1-(3-Fluoropropyl)-6-iodo-2-[5-(5-iodoimidazol-1-ylmethyl)pyridin-3- I H I F 3
yl]benzimidazole
6-Chloro-5-fluoro-1-fluoromethyl-2-[5-(5-iodoimidazol-1- I F Cl F 1
ylmethyl)pyridin-3-yl]benzimidazole
6-Chloro-5-fluoro-1-(2-fluoroethyl)-2-[ 5-(5-iodoimidazol-1-
ylmethyl)pyridin-3-y%]benzimida;]o)le A 1(*T) F Cl F 2
6-Chloro-5-fluoro-1-(3-fluoropropyl)-2-[5-(5-iodoimidazol-1- I F Cl F 3
ylmethyl)pyridin-3-yl]benzimidazole
6-Bromo-5-fluoro-1-fluoromethyl-2-[5-(5-iodoimidazol-1- I F Br F 1
ylmethyl)pyridin-3-yl]benzimidazole
6-Bromo-5-fluoro-1-(2-fluoroethyl)-2-[5-(5-iodoimidazol-1- I F Br F )
ylmethyl)pyridin-3-yl]benzimidazole
6-Bromo-5-fluoro-1-(3-fluoropropyl)-2-[5-(5-iodoimidazol-1- I F Br F 3
ylmethyl)pyridin-3-yl]benzimidazole
5-Fluoro-1-fluoromethyl-6-iodo-2-[5-(5-iodoimidazol-1- I F I F 1
ylmethyl)pyridin-3-yl]benzimidazole
5-Fluoro-1-(2-fluoroethyl)-6-iodo-2-[5-(5-iodoimidazol-1- I F I F )
ylmethyl)pyridin-3-yl]benzimidazole
5-Fluoro-1-(3-fluoropropyl)-6-iodo-2-[ 5-(5-iodoimidazol-1- I F I F 3
ylmethyl)pyridin-3-yl]benzimidazole

[0087]

In addition, another more preferred specific example
of the present invention is a compound represented by the
following general formula (1-3) which is the above
general formula (1) wherein R;, Ry, R3, Ry and X; are
hydrogen atoms, and A is CH, or a salt thereof:

[0088]
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| X N (1-3)
(P~

[0089]

X7

In the above general formula (1-3), X; and X; are
hydrogen atoms or halogen atoms, provided that either X;
or X, is a halogen atom, and X; is a halogen atom. 1In the
above general formula (1-3), X, may be a radioactive
iodine atom.

[0090]

Preferred aspects of the compound represented by the

above general formula (1-3) are shown in Table 3.

[0091]



Table 3
Compound name X, X, X5

6-Chloro-1-(4-fluorobenzyl)-2-[5-(imidazol-1-ylmethyl)pyridin-3-

o H Cl F
yl]benzimidazole
6-Chloro-1-(4-chlorobenzyl)-2-[5-(imidazol-1-ylmethyl)pyridin-3-

o H Cl Cl
yl]benzimidazole
1-(4-Bromobenzyl)-6-chloro-2-[5-(imidazol-1-ylmethyl)pyridin-3-

o H Cl Br
yl]benzimidazole
6-Chloro-1-(4-iodobenzyl)-2-[5-(imidazol-1-ylmethyl)pyridin-3-

. H Cl I
yl]benzimidazole
6-Bromo-1-(4-fluorobenzyl)-2-[5-(imidazol-1-ylmethyl)pyridin-3-

. H Br F
yl]benzimidazole
6-Bromo-1-(4-chlorobenzyl)-2-[5-(imidazol-1-ylmethyl)pyridin-3-

. H Br Cl
yl]benzimidazole
6-Bromo-1-(4-bromobenzyl)-2-[ 5-(imidazol-1-ylmethyl)pyridin-3-

- H Br Br
yl]benzimidazole
6-Bromo-1-(4-iodobenzyl)-2-[5-(imidazol-1-ylmethyl)pyridin-3-

. H Br I
yl]benzimidazole
1-(4-Fluorobenzyl)-6-iodo-2-[5-(imidazol-1-ylmethyl)pyridin-3-

.. H 1 F
yl]benzimidazole
1-(4-Chlorobenzyl)-6-iodo-2-[5-(imidazol-1-ylmethyl)pyridin-3-

.. H 1 Cl
yl]benzimidazole
1-(4-Bromobenzyl)-6-iodo-2-[5-(imidazol-1-ylmethyl)pyridin-3-

- H 1 Br
yl]benzimidazole
1-(4-Iodobenzyl)-6-iodo-2-[5-(imidazol-1-ylmethyl)pyridin-3-

. H I I
yl]benzimidazole
6-Chloro-5-fluoro-1-(4-fluorobenzyl)-2-[5-(imidazol-1- F cl F
ylmethyl)pyridin-3-yl]benzimidazole
6-Chloro-5-fluoro-1-(4-chlorobenzyl)-2-[5-(imidazol-1- F cl cl
ylmethyl)pyridin-3-yl]benzimidazole
6-Chloro-5-fluoro-1-(4-bromobenzyl)-2-[5-(imidazol-1- F cl Br
ylmethyl)pyridin-3-yl]benzimidazole
6-Chloro-5-fluoro-1-(4-iodobenzyl)-2-[5-(imidazol-1- F cl IC*1)
ylmethyl)pyridin-3-yl]benzimidazole
6-Bromo-5-fluoro-1-(4-fluorobenzyl)-2-[5-(imidazol-1- F Br F
ylmethyl)pyridin-3-yl]benzimidazole
6-Bromo-5-fluoro-1-(4-chlorobenzyl)-2-[5-(imidazol-1- F Br cl
ylmethyl)pyridin-3-yl]benzimidazole
6-Bromo-5-fluoro-1-(4-bromobenzyl)-2-[5-(imidazol-1- F Br Br
ylmethyl)pyridin-3-yl]benzimidazole
6-Bromo-5-fluoro-1-(4-iodobenzyl)-2-[ 5-(imidazol-1- F Br I
ylmethyl)pyridin-3-yl]benzimidazole
5-Fluoro-1-(4-fluorobenzyl)-6-iodo-2-[5-(imidazol-1- F I F
ylmethyl)pyridin-3-yl]benzimidazole
5-Fluoro-1-(4-chlorobenzyl)-6-iodo-2-[5-(imidazol-1- F I cl
ylmethyl)pyridin-3-yl]benzimidazole
5-Fluoro-1-(4-bromobenzyl)-6-iodo-2-[5-(imidazol-1- F I Br
ylmethyl)pyridin-3-yl]benzimidazole
5-Fluoro-6-iodo-1-(4-iodobenzyl)-2-[5-(imidazol-1-ylmethyl)pyridin- F I I

3-yl]benzimidazole
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[0092]

In addition, another more preferred specific example
of the present invention is a compound represented by the
following general formula (1-4) which is the above
general formula (1) wherein R; is CO;R,, Rz, Rs, Ry and X;

are hydrogen atoms, and A is CH, or a salt thereof:

7 : 2(1-4)
\\\

N
ﬁﬁ\N (Tl
N*§b//

N

[0093]

R,0,C

[0094]

In the above general formula (1-4), Rs is a linear
alkyl group containing 1 to 5 carbon atoms in which a
hydrogen atom is optionally replaced by a halogen atom,
or a cyclic alkyl group containing 3 to 5 carbon atoms in
which a hydrogen atom is optionally replaced by a halogen
atom, X; and X, are hydrogen atoms or halogen atoms, and
Ra is an alkyl group containing 1 to 10 carbon atoms, and
preferably, a linear alkyl group containing 1 to 5 carbon
atoms or a cyclic alkyl group containing 3 to 5 carbon
atoms. Rs can be, for example, a methyl group, an ethyl

group, a propyl group, an isopropyl group, or a



cyclopropyl group. In the above general formula (1-4),
X, may be a radioactive iodine atom.
[0095]

Preferred aspects of the compound represented by the
above general formula (1-4) are shown in Table 4.

[0096]



Table 4

Compound name

Rs

X4

X5

6-Chloro-1-methyl-2-[6-(4-methylcarboxylateimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole

Methyl

Methyl

Cl

6-Chloro-1-ethyl-2-[6-(4-methylcarboxylateimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole

Methyl

Ethyl

Cl

6-Chloro-1-isopropyl-2-[6-(4-methylcarboxylateimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole

Methyl

Isopropyl

Cl

6-Chloro-1-cyclopropyl-2-[6-(4-methylcarboxylateimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole

Methyl

Cyclopropyl

Cl

6-Bromo-1-methyl-2-[6-(4-methylcarboxylateimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole

Methyl

Methyl

6-Bromo-1-ethyl-2-[6-(4-methylcarboxylateimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole

Methyl

Ethyl

6-Bromo-1-isopropyl-2-[6-(4-methylcarboxylateimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole

Methyl

Isopropyl

Br

6-Bromo-1-cyclopropyl-2-[6-(4-methylcarboxylateimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole

Methyl

Cyclopropyl

Br

1-Methyl-6-iodo-2-[6-(4-methylcarboxylateimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole

Methyl

Methyl

1-Ethyl-6-iodo-2-[ 6-(4-methylcarboxylateimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole

Methyl

Ethyl

1-Isopropyl-6-iodo-2-[6-(4-methylcarboxylateimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole

Methyl

Isopropyl

1-Cyclopropyl-2-[6-(4-methylcarboxylateimidazol-1-
ylmethyl)pyridin-3-yl]6-iodobenzimidazole

Methyl

Cyclopropyl

I(*I)

5-Chloro-6-fluoro-1-methyl-2-[6-(4-
methylcarboxylateimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole

Methyl

Methyl

Cl

5-Chloro-6-fluoro-1-ethyl-2-[6-(4-methylcarboxylateimidazol-
1-ylmethyl)pyridin-3-yl]benzimidazole

Methyl

Ethyl

Cl

5-Chloro-6-fluoro-1-isopropyl-2-[6-(4-
methylcarboxylateimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole

Methyl

Isopropyl

Cl

5-Chloro-1-cyclopropyl-6-fluoro-2-[6-(4-
methylcarboxylateimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole

Methyl

Cyclopropyl

Cl

5-Bromo-6-fluoro-1-methyl-2-[6-(4-
methylcarboxylateimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole

Methyl

Methyl

Br

5-Bromo-1-ethyl-6-fluoro-2-[6-(4-methylcarboxylateimidazol-
1-ylmethyl)pyridin-3-yl]benzimidazole

Methyl

Ethyl

Br

5-Bromo-6-fluoro-1-isopropyl-2-[6-(4-
methylcarboxylateimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole

Methyl

Isopropyl

Br

5-Bromo-1-cyclopropyl-6-fluoro-2-[6-(4-
methylcarboxylateimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole

Methyl

Cyclopropyl

Br

5-Fluoro-6-iodo-1-methyl-2-[6-(4-methylcarboxylateimidazol-
1-ylmethyl)pyridin-3-yl]benzimidazole

Methyl

Methyl

1-Ethyl-5-fluoro-6-iodo-2-[6-(4-methylcarboxylateimidazol-1-
ylmethyl)pyridin-3-yl]benzimidazole

Methyl

Ethyl

5-Fluoro-1-isopropyl-6-iodo-2-[6-(4-
methylcarboxylateimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole

Methyl

Isopropyl

1-Cyclopropyl-5-fluoro-6-iodo-2-[6-(4-
methylcarboxylateimidazol-1-ylmethyl)pyridin-3-
yl]benzimidazole

Methyl

Cyclopropyl
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[0097]

It is to be noted that, in Tables 1 to 4, the symbol
"kxI" indicates a radioactive iodine atom. In addition,
the item in parentheses indicates a more preferred aspect.
[0098]

Next, an example of the method for producing the
compound according to the present invention will be
explained using the following Schemes 1 to 4.

First, a 3,5-pyridinedicarboxylic acid compound or a
3,6-pyridinedicarboxylic acid compound, or an esterified
form thereof, is used as a starting substance for a
pyridine ring portion, and it is reduced to obtain a diol
(Scheme 1, Step a-1). Subsequently, a selective
oxidation reaction is performed thereon to obtain a
monoaldehyde form (Part [A]) (Scheme 1, Step a-2). The
3,5-pyridinedicarboxylic acid compound or the 3,6-
pyridinedicarboxylic acid compound, or an esterified form
thereof, may be subjected to a selective reduction
reaction to obtain a monool form (Scheme 1, Step b-1), so
that a monoaldehyde form (Part [A]) may be obtained
(Scheme 1, Step b-2).

Moreover, a pyridine compound is dibrominated
(Scheme 1, Step c-1), a Turbo Grignard reagent is
prepared so as to act dimethylformamide thereon to obtain
a monoaldehyde form (Scheme 1, Step c-2). The aldehyde
is reduced to obtain a monoalcohol (Scheme 1, Step c-3),

and the other bromo group is subjected to the same



reaction as that in Step c-2, so that a monoaldehyde form
(Part [A]) may be obtained (Scheme 1, Step c-4).
Furthermore, a hydroxy group may be protected before
or after Steps a-2, b-2, and c-4. As protective groups
5 for the hydroxy group, the protective groups described in
Greene's Protective Groups in Organic Synthesis (Wiley-
Interscience; 4th edition) can be used, for example.
It is to be noted that, in Scheme 1, R, and R4 each
represent hydrogen or an alkyl group (e.g., a methyl
10 group), Rs represents hydrogen or a protective group for
hydroxy group, and R, is the same as R, in the above

general formula (1).

[0099]
Scheme 1
Rq
I X OH
G U RNy
= OR,
Ro0:C

_ﬁ;‘// P -

Re Ry Re Ry
i Br - Br - Br
Br— OHe—— RyOH,C—
& L~ L~ L~

N N N N

15 [0100]
On the other hand, as starting substances for a

benzimidazole portion, a linear or cyclic alkylamine



compound, or a benzylamine compound, and a 2-
fluoronitrobenzene compound are used, and they undergo
coupling according to an aromatic substitution reaction,
SO as to obtain Part [B] (Scheme 2, Step d). In Scheme 2,

5 X1, X5, X3 and Rs are the same as those in the compound
represented by the above general formula (1). Q in Part
[B] is a nitro group which may further be reduced to an
amino group.

[0101]

Scheme 2

Rs-NH,
+ Xs
Q X4
X3 d -
O,N X4
HN X5
L
F X, Part[B]
10
[0102]
Subsequently, a cyclocondensation reaction is
carried out using Part [A] obtained in Scheme 1 and Part
[B] obtained in Scheme 2, so as to form a benzimidazole
15 ring (Scheme 3, Step e). When Ry is a protective group

for hydroxy group, the protective group is removed. As a

deprotection method, the method described in Greene's



10

15

Protective Groups in Organic Synthesis (Wiley-
Interscience; 4th edition) can be used, for example.
Thereafter, the hydroxy group in the hydroxymethyl
group introduced into position 3 of the pyridine ring is
converted to a leaving group (L) (Scheme 3, Step f).
Examples of the leaving group (L) used herein include a
halogen atom, a substituted or unsubstituted
alkylsulfonyloxy group, and a substituted or
unsubstituted arylsulfonyloxy group. In Scheme 3, L is
preferably a chlorine atom, a bromine atom, an iodine
atom, a methanesulfonyloxy group, a benzenesulfonyloxy
group, a p-toluenesulfonyloxy group, a p-
nitrobenzenesulfonyloxy group, or a
trifluoromethanesulfonyloxy group. By these operations,

Part [A+B] can be obtained.

[0103]
Scheme 3
R,
CHO
i > Xs X
RSOHZCT
\N/ X3 X4
X, —
Part[A] . Ra //z\\ .
* - NS —_— NN/

X Part[A+B]

Part[B]

[0104]



According to a nucleophilic substitution reaction
using an imidazole compound or a triazole compound as
Part C, Part C is introduced into Part [A+B] obtained in
Scheme 3 (Scheme 4, Step g). In Part C, Ri;, R, and A are

5 the same as those in the compound represented by the
above general formula (1).

[0105]

Scheme 4

Part[C] N

+ . =,

X2

Part[A+B]

[0106]

10 The compound of the above general formula (1)
wherein Rs is a group represented by - (CH,)nX; in which n
is an integer of 1 to 5 and X, is a radiocactive halogen
atom, i.e., the radioactive compound represented by the
above general formula (9) or a salt thereof, can be

15 produced from the compound of the above general formula

(3) or a salt thereof by a radiohalogenation reaction.
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[0107]

For example, the compound of the above general
formula (2) wherein Xi; is a radiocactive halogen atom,
i.e., the compound of the above general formula (1-2)
wherein X, is a radiocactive halogen atom, or the
radioactive compound of the above general formula (10) or
a salt thereof, can be produced from the compound of the
above general formula (4) or a salt thereof by a
radiohalogenation reaction.

[0108]

In the present invention, the substituted or
unsubstituted alkylsulfonyloxy group is preferably an
alkylsulfonyloxy group containing 1 to 12 carbon atoms.
In the substituted alkylsulfonyloxy group, the hydrogen
atom in the alkyl chain may be substituted with a halogen
atom. In addition, in the present invention, the
substituted or unsubstituted arylsulfonyloxy group is
preferably a substituted or unsubstituted
benzenesulfonyloxy group, and more preferably a
substituted benzenesulfonyloxy group. In the substituted
arylsulfonyloxy group, the hydrogen atom in the aryl ring
is preferably substituted with an alkyl group containing
1 to 12 carbon atoms, or a nitro group. Preferred
specific examples of the substituted or unsubstituted
alkylsulfonyloxy group and the substituted or
unsubstituted arylsulfonyloxy group include a

methanesulfonyloxy group, a benzenesulfonyloxy group, a
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p-toluenesulfonyloxy group, a p-nitrobenzenesulfonyloxy
group, and a trifluoromethanesulfonyloxy group.
[0109]

Hereafter, an example of the method for producing
the radioactive compound represented by the above general
formula (10) will be explained using Scheme 5. A
compound represented by the above general formula (10)
wherein X;;, is a hydroxy group is used as a starting
substance, and the group represented by Ri¢ in the above
general formula (4) (a halogen atom, a substituted or
unsubstituted alkylsulfonyloxy group, or a substituted or
unsubstituted arylsulfonyloxy group) is introduced into
the hydroxy group to obtain the compound represented by
the above general formula (4) as a labeling precursor
(Scheme 5, Step h). Subsequently, a nucleophilic
substitution reaction is carried out on the group
represented by Ris, using a radioactive halide ion, so as

to obtain the radiocactive compound represented by the

above general formula (10) (Scheme 5, Step i).
[0110]
Scheme 5
X1 X1q X11

X h X i N X1z
R1z N\ 12 Ris N\- 12 Rz @_
ase “aem S

= I N /$1LOH = l NZ )5'fR15 = N* )%Xu

[0111]
Herein, the "radiocactive halide ion" includes a

radioactive fluoride ion (e.g., ['®F] fluoride ion), a
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radiocactive chloride ion (e.g., [**"Cl] chloride ion), a
radioactive bromide ion (e.g., [’°Br] bromide ion), and a
radiocactive iodide ion (e.g., ['*’I] iodide ion, ['**I]
iodide ion, [**°I] iodide ion, and [**'I] iodide ion).

When a radioactive fluoride ion is used, preferred
labeling precursors are the compounds represented by the
general formula (4) wherein R;s is a chlorine atom, a
bromine atom, an iodine atom, a substituted or
unsubstituted alkylsulfonyloxy group, or a substituted or
unsubstituted arylsulfonyloxy group. In addition, when a
radioactive chloride ion is used, preferred labeling
precursors are the compounds represented by the general
formula (4) wherein Ri¢ is a bromine atom, an iodine atom,
a substituted or unsubstituted alkylsulfonyloxy group, or
a substituted or unsubstituted arylsulfonyloxy group.
Moreover, when a radioactive bromide ion is used,
preferred labeling precursors are the compounds
represented by the general formula (4) wherein Ris is an
iodine atom, a substituted or unsubstituted
alkylsulfonyloxy group, or a substituted or unsubstituted
arylsulfonyloxy group. Furthermore, when a radioactive
iodide ion is used, preferred labeling precursors are the
compounds represented by the general formula (4) wherein
Ris 1s a substituted or unsubstituted alkylsulfonyloxy
group, or a substituted or unsubstituted arylsulfonyloxy
group. The nucleophilic substitution reaction using

these radioactive halide ions is preferably carried out
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in the presence of a base such as an alkaline metal
carbonate (e.g., sodium carbonate or potassium carbonate).
[0112]

For instance, by carrying out a radioactive
fluorination reaction using a radiocactive fluoride ion, a
radioactive compound represented by the general formula
(10) wherein X,4 1is a radioactive fluorine atom can be
obtained. The radioactive fluorination reaction is
preferably carried out in the presence of a base, and may
also be carried out in a presence of various types of
phase transfer catalysts such as 4,7,13,16,21,24-hexaoxa-
1,10-diazabicyclo[8.8.8] -hexacosane (trade name:
KRYPTOFIX 222).

[0113]

Moreover, a compound represented by the above
general formula (1) wherein X, is a radioactive halogen
atom, i.e., a radioactive compound represented by the
above general formula (11) or a salt thereof, can be
produced from a compound represented by the above general
formula (5) or a salt thereof by a radiohalogenation
reaction.

[0114]

For example, the group represented by R, in the
following general formula (5-1) can be substituted with a
radioactive halogen atom (preferably, a radioactive
iodine atom) by subjecting, to a radiohalogenation

reaction, a compound represented by the following general
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formula (5-1) which is the above general formula (5)
wherein R;, R; and R; are hydrogen atoms, R, is a hydrogen
atom or an alkoxy group containing 1 to 10 carbon atoms,
Rs is a linear alkyl group containing 1 to 5 carbon atoms
or a cyclic alkyl group containing 3 to 5 carbon atoms,
and X; and X3 are hydrogen atoms, or a salt thereof.
Thereby, the compound represented by the above general
formula (1-1) (wherein X; is a radioactive halogen atom,
and preferably, a radioactive iodine atom) or a salt
thereof can be produced.

[0115]

R4 h; Ry
| N ) (5-1)
/ N\ P Rs
N
A
Y/
N/
[0116]
In the above general formula (5-1), R, represents a

hydrogen atom or an alkoxy group containing 1 to 10
carbon atoms, Rs represents a linear alkyl group
containing 1 to 5 carbon atoms or a cyclic alkyl group
containing 3 to 5 carbon atoms, R, represents a
trialkyltin group or a trialkylsilyl group, and A
represents CH or a nitrogen atom.

[0117]
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In addition, for example, the group represented by
R; in the following general formula (5-2) can be
substituted with a radioactive halogen atom (preferably,
a radiocactive iodine atom) by subjecting, to a
radiohalogenation reaction, a compound represented by the
following general formula (5-2) which is the general
formula (5) wherein R; represents CO;R,, R, Rz and Ry
represent hydrogen atoms, Rs represents a linear alkyl
group containing 1 to 5 carbon atoms in which a hydrogen
atom is optionally replaced by a halogen atom, or a
cyclic alkyl group containing 3 to 5 carbon atoms in
which a hydrogen atom is optionally replaced by a halogen
atom, A represents CH, and X3 represents a hydrogen atom,
or a salt thereof. Thereby, the compound represented by
the above general formula (1-4) (wherein X, represents a
radioactive halogen atom, and preferably a radiocactive

iodine atom) or a salt thereof can be produced.

[0118]
X4
\ / "
R,0.C I (5'2)
— | N T
N R
i N :
[0119]
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In the above general formula (5-2), Rs represents a
linear alkyl group containing 1 to 5 carbon atoms in
which a hydrogen atom is optionally replaced by a halogen
atom, or a cyclic alkyl group containing 3 to 5 carbon
atoms in which a hydrogen atom is optionally replaced by
a halogen atom, R; represents a trialkyltin group or a
trialkylsilyl group, A represents CH or a nitrogen atom,
X, represents a hydrogen atom or a halogen atom, and R,
represents an alkyl group containing 1 to 10 carbon atoms.
[0120]

For example, a compound represented by the above
general formula (2) wherein X;, represents a radioactive
halogen atom, i.e., a compound represented by the above
general formula (1-2) wherein X, is a radioactive halogen
atom, or the radiocactive compound represented by the
above general formula (12) or a salt thereof can be
produced from a compound represented by the above general
formula (6) or a salt thereof by a radiohalogenation
reaction.

[0121]

Moreover, a compound represented by the above
general formula (1) wherein Rs is a p-halobenzyl group
labeled with a radioactive halogen atom, i.e., a
radioactive compound represented by the above general
formula (13) or a salt thereof can be produced from a
compound represented by the above general formula (7) or

a salt thereof by a radiohalogenation reaction.



[0122]

For example, the group represented by Rg in the
following general formula (7-1) can be substituted with a
radioactive halogen atom (preferably, a radioactive
iodine atom) by subjecting, to a radiohalogenation
reaction, a compound represented by the following general
formula (7-1) which is the above general formula (7)
wherein R;, R;, R; and R, are hydrogen atoms, A is CH, X,
is a hydrogen atom or a halogen atom, provided that
either X; or X, is a halogen atom, and X; is a hydrogen
atom, or a salt thereof. Thereby, the compound
represented by the above general formula (1-3) (wherein
X, is a radiocactive halogen atom, and preferably a
radiocactive iodine atom) or a salt thereof can be
produced.

[0123]

AN N (7-1)
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In the above general formula (7-1), Rg represents a
trialkyltin group or a trialkylsilyl group, and X; and X,
each independently represent a hydrogen atom or a halogen
atom, provided that either X; or X, is a halogen atom.
[0125]

Moreover, a compound represented by the above
general formula (1) wherein R, is a radioactive halogen
atom, i.e., a radioactive compound represented by the
above general formula (14) or a salt thereof can be
produced from a compound represented by the above general
formula (8) or a salt thereof by a radiohalogenation
reaction.

[0126]

For example, the group represented by Ry in the
following general formula (8-1) can be substituted with a
radioactive halogen atom (preferably, a radiocactive
iodine atom) by subjecting, to a radiohalogenation
reaction, a compound represented by the following general
formula (8-1) which is the above general formula (8)
wherein R;, R; and R, are hydrogen atoms, Rs is - (CHj)nXi1s
(wherein n is an integer of 1 to 5, and Xi4 is a halogen
atom), A is CH, X, is a hydrogen atom or a halogen atom,
and X3 is a hydrogen atom, provided that either X; or X,
is a halogen atom, or a salt thereof. Thereby, the
compound represented by the above general formula (1-2)

(wherein R, is a radioactive halogen atom, and preferably



a radiocactive iodine atom) or a salt thereof can be

produced.
[0127]
X1
N X2
. (8-1)
Re | N
N
/
/> N n X
N
5 [0128]
In the above general formula (8-1), Ry represents a

trialkyltin group or a trialkylsilyl group, X; represents
a hydrogen atom or a halogen atom, X, represents a
hydrogen atom or a halogen atom, provided that either X;
10 or X, is a halogen atom, and X;, represents a halogen atom.
[0129]
In the present invention, the "trialkyltin group"
includes tri(Cl-Cé6 alkyl)tin groups, and among others, a
tributyl tin group is more preferable. The trialkylsilyl
15 group includes tri(Cl-Cé alkyl)silyl groups, and among
others, a trimethylsilyl group is more preferable. It is
to be noted that the "Cl1-Cé6 alkyl" means an alkyl group
containing 1 to 6 carbon atoms.

[0130]
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Hereinafter, an example of the method for producing
the radiocactive compound represented by the above general
formula (12) will be explained using Scheme 6. The
compound represented by the above general formula (12) is
used as a starting substance, and the halogen group
represented by X;s in the compound is substituted with
the group represented by Ri;; (a trialkyltin group or a
trialkylsilyl group) to obtain the compound represented
by the above general formula (6) as a labeling precursor
(Scheme 6, Step j). Subsequently, a radiohalogenation

reaction is performed to obtain the radiocactive compound

represented by the above general formula (12) (Scheme 6,
Step k).
[0131]
Scheme 6
X11 X11

X11

R N‘é §‘x1s

Ryz N@»& 6 i Ri2 N\ 17 K Ry2 -
é}N»Tf%rkN —_— é%N I\ 2& —_ é%r '\ 2&

I N’J 2 X N’ N/ X14

=l N )%xu N "

"
[0132]

The radiohalogenation reaction in Step k may be
carried out using a radiocactive halogen prepared as an
electrophile, and this reaction can be carried out, for
example, using a radioactive halogen molecule or a
radioactive acetyl hypohalite. However, a radioactive
halogen comprising a halogen atom that is different from
the halogen atom represented by X; in the above general

formula (3) is used. The radioactive halogen molecule
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includes a radioactive fluorine molecule, a radioactive
chlorine molecule, a radioactive bromine molecule, a
radiocactive iodine molecule, and a radioactive astatine
molecule. The radioactive acetyl hypohalite includes a
radiocactive acetyl hypofluorite, a radioactive acetyl
hypochlorite, a radiocactive acetyl hypobromite, and a
radioactive acetyl hypoiodite. Alternatively, the
compound may be reacted with radioactive sodium halide or
radioactive potassium halide under acidic conditions in
the presence of an oxidant. The oxidant includes, for
example, chloramine-T, hydrogen peroxide water, peracetic
acid, and succinimide halide.
[0133]

For example, the radioactive compound represented by
the general formula (11) wherein X¢ is a radioactive
iodine atom can be obtained by performing a radioactive
iodination reaction using an alkaline metal radioactive
iodide. The radioactive iodination reaction is
preferably carried out by allowing the compound to react
with an alkaline metal radioactive iodide and an oxidant
under acidic conditions. Examples of the alkaline metal
radioactive iodide that can be used herein include a
sodium compound of radioactive iodine and a potassium
compound of radiocactive iodine. Examples of the oxidant
that can be used herein include chloramine-T, hydrogen
peroxide water, peracetic acid, N-chlorosuccinimide, and

N-bromosuccinimide.
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As an example, the compound is allowed to react with
radioactive sodium iodide (e.g., ['*’I] sodium iodide,
[?*I] sodium iodide, ['*°I] sodium iodide, or [**'I] sodium
iodide) under acidic conditions, such as hydrochloric
acid, in the presence of an oxidant such as hydrogen
peroxide water, to perform a radiocactive iodination
reaction, so as to obtain the radioactive compound of the
general formula (11) wherein Xg is a radiocactive iodine
atom.

[0134]

When the radioactive compound represented by the

above general formula (9), the above general formula (10),
the above general formula (11), the above general formula
(12), the above general formula (13) or the above general

formula (14) or a salt thereof is used as a medicament,
unreacted radioactive halogen and insoluble impurities
are desirably purified therefrom with a membrane filter,
a column filled with wvarious types of fillers, HPLC, etc.
after completion of the radiohalogenation reaction.
[0135]

In the present invention, a medicament can also be
prepared from the thus produced compound or a salt
thereof. 1In the present description, the term
"medicament" can be defined to be a preparation
comprising the compound represented by the above general
formula (1) or a salt thereof in a form suitable for

administration into a living body. This medicament can
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be administered orally or parenterally (e.g., intravenous,
subcutaneous, intramuscular, intrathecal, local,
transrectal, transdermal, transnasal or transpulmonary
administration). Examples of the administration form for
oral administration include dosage forms such as tablets,
capsules, pills, granules, fine granules, powders,
liquids and solutions, syrups, or suspensions. On the
other hand, examples of the administration form for
parenteral administration include forms such as aqueous
formulations for injection, oily formulations for
injection, suppositories, transnasal formulations, and
transdermal formulations (lotions, emulsions, ointments,
creams, jellies, gels, or patches (tapes, transdermal
patches, poultices, etc.), powders for external use,
etc.).

[0136]

The medicament according to the present invention is
prepared by a conventionally known technique, and it can
comprise a nontoxic and inactive carrier that has been
generally used in the field of pharmaceutical production.
The type of a carrier that can be contained in the
medicament of the present invention is not limited, as
long as it is ordinarily used in the field of
pharmaceutical production and it does not react with the
compound represented by the above general formula (1) or
a salt thereof. Examples of such a carrier include an

excipient, a binder, a lubricant, a stabilizer, a
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disintegrator, a buffer, a solubilizer, a tonicity agent,
a solubilizer, a pH adjuster, a surfactant, an emulsifier,
a suspending agent, a disperser, an anti-settling agent,

a thickener, a viscosity adjuster, a gelatinizer, a
soothing agent, a preservative, a plasticizer, a
transdermal absorption promoter, an antioxidant, a
moisturizer, an antiseptic, and a perfume. These

carriers can also be used in an appropriate combination
with two or more.

[0137]

Since the compound represented by the above general
formula (1) has a certain selective inhibitory ability on
human aldosterone synthase (CYP11B2), the medicament
according to the present invention can specifically
accumulate in an aldosterone-producing tumor.
Accordingly, the medicament according to the present
invention can be used as a therapeutic agent for an
aldosterone-producing tumor.

[0138]

Moreover, when the medicament according to the
present invention is introduced into a living body, it
can accumulate specifically in an aldosterone-producing
tumor since the compound represented by the general
formula (1) has a certain selective inhibitory ability on
CYP11B2. Thus, by using a radioactive halogen atom as a
halogen atom represented by X; when Rs is - (CHy) X4

(wherein n is an integer of 1 to 5 and X, is a halogen
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atom), a halogen atom represented by X,, a halogen atom
represented by R, or a halogen atom of a p-halobenzyl
group represented by Rs in the above general formula (1),
for example, by using a radioactive halogen atom as a
halogen atom represented by X;; or X;; in the above
general formula (2), an aldosterone-producing tumor can
be imaged by noninvasively detecting radiation from the
outside of the living body with a radiation detector, a
single-photon emission computed tomography scanner, a
positron emission tomography scanner, scintigraphy or the
like. Accordingly, the medicament of the present
invention can be used as an image diagnostic agent for
nuclear medicine examination, and specifically can be
used as an image diagnostic agent for positron emission
tomography or as an image diagnostic agent for single-
photon emission computed tomography. For example, when a
positron emission radionuclide such as ®F, 7°Br or '**I is
used as a radiocactive halogen atom, the present
medicament can be used as an image diagnostic agent for

1237 {g used as a

positron emission tomography, and when
radioactive halogen atom, the present medicament can be
used as an image diagnostic agent for single-photon
emission computed tomography. In addition, by using an
element suitable for nuclear magnetic signal measurement,
such as *°F, as a halogen atom represented by X, when Rs

is - (CH;)Xy; (wherein n is an integer of 1 to 5 and X; is

a halogen atom), a halogen atom represented by X,, a
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halogen atom represented by R, or a halogen atom of a p-
halobenzyl group represented by Rs in the above general
formula (1), for example, as a halogen atom represented
by X2 or Xi; in the above general formula (2), an
aldosterone-producing tumor can be imaged by employing a
nuclear magnetic resonance imaging apparatus.

[0139]

125

Moreover, by using a nuclide, such as I having a

P emitting B-ray, or *'At

relatively long half-1life,
emitting o-ray, as a radioactive halogen atom represented
by X; when Rs is - (CH;)uX; (wherein n is an integer of 1

to 5 and X; is a halogen atom), a radioactive halogen
atom represented by X,, a radioactive halogen atom
represented by R, or a radioactive halogen atom of a
radioactive halogen-labeled p-halobenzyl group
represented by Rs in the above general formula (1), for
example, as a radioactive halogen atom represented by Xis
or Xi;4 in the above general formula (2), the medicament
according to the present invention can also be used as an

internal-use radiotherapeutic agent for an aldosterone-

producing tumor.

Examples
[0140]
Hereinafter, the present invention will be described

in more detail by way of the following Examples. However,
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the present invention is not limited to the contents of
the Examples.
[0141]

Hereinafter, the present invention will be described

in more detail by way of the following Examples. However,

the present invention is not limited to the contents of
the Examples. It is to be noted that, in the below-
mentioned Examples, the names of individual compounds
subjected to experiments are defined as follows.
Compound 100: 6-Chloro-5-fluoro-1-(2-fluoroethyl)-2-[5-
(imidazol-1-ylmethyl)pyridin-3-yl]lbenzimidazole
Compound [*®F] 100: 6-Chloro-5-fluoro-1-(2-

['®F] fluoroethyl) -2- [5- (imidazol-1-ylmethyl)pyridin-3-
yllbenzimidazole

Compound 200: 6-Bromo-5-fluoro-1-(2-fluoroethyl)-2-[5-
(imidazol-1-ylmethyl)pyridin-3-yllbenzimidazole
Compound ['®F] 200: 6-Bromo-5-fluoro-1-(2-

[*®F] fluoroethyl) -2- [5- (imidazol-1-ylmethyl)pyridin-3-
yllbenzimidazole

Compound 300: 2-{6-Bromo-5-fluoro-2-[5-(5-
methylcarboxylateimidazol-1-ylmethyl)pyridin-3-
yllbenzimidazol-1-yl}ethanol

Compound 400: 5-Fluoro-1-(2-fluoroethyl)-2-[5-(imidazol-
l1-ylmethyl)pyridin-3-yl]-6-iodobenzimidazole

Compound ['*?I] 400: 5-Fluoro-1- (2-fluoroethyl)-2-[5-
(imidazol-1-ylmethyl)pyridin-3-yl]-6-

['?°TI] iodobenzimidazole
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Compound 500: 6-Chloro-5-fluoro-1-(3-fluoropropyl)-2-[5-
(imidazol-1-ylmethyl)pyridin-3-yl]lbenzimidazole
Compound ['®F] 500: 6-Chloro-5-fluoro-1-(3-

[**F] fluoropropyl) -2- [5- (imidazol-1-ylmethyl)pyridin-3-
yllbenzimidazole

Compound 601: Methyl 1-[4-(l-cyclopropyl-6-iodo-1H-
imidazobenzo-2-yl) -3-pyridinylmethyl)]-1H-
imidazolecarboxylate

Compound [**’I] 601: Methyl 1-[4-(1l-cyclopropyl-6-
['?°I]iodo-1H-imidazobenzo-2-yl) -3-pyridinylmethyl) ] -1H-
imidazolecarboxylate

Compound 602: 1-Cyclopropyl-2-[3-(1H-imidazol-1-
ylmethyl)pyridin-5-yl] -6-iodo-1H-benzimidazole

Compound [**’I] 602: 1-Cyclopropyl-2-[3-(1H-imidazol-1-
vlmethyl)pyridin-5-y1]-6-['**I]iodo-1H-benzimidazole
Compound 603: 1-Cyclopropyl-2-[3-(1H-1,2,3-triazol-1-
yvlmethyl)pyridin-5-yl] -6-iodo-1H-benzimidazole

Compound [**?I] 603: 1-Cyclopropyl-2-[3-(1H-1,2,3-triazol-
1-ylmethyl)pyridin-5-yl]-6-["*’I]iodo-1H-benzimidazole
Compound 604: 1-(2-Fluoroethyl)-2-[5-{(imidazol-1-
v1l)methyl}pyridin-3-yl]-6-iodobenzimidazole

Compound [**’I] 604: 1-(2-Fluoroethyl)-2-[5-{ (imidazol-1-
yl)methyl}pyridin-3-y1]-6-[**’I]iodobenzimidazole
Compound 605: 6-Chloro-5-fluoro-1- (4-iodobenzyl)-2-[5-

(lH-imidazol-1-ylmethyl) -3-pyridinyl] -1H-benzimidazole
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Compound ['**I] 605: 6-Chloro-5-fluoro-1- (4-
['*’I]iodobenzyl) -2- [5- (1H-imidazol-1-ylmethyl) -3-
pyridinyl] -1H-benzimidazole

Compound 606: 2-[5-{ (1H-imidazol-1-yl)methyl }pyridin-3-
yl] -6-iodo-1-isopropyl-1H-benzo[d] imidazole

Compound [**’I] 606: 2-[5-{ (1H-imidazol-1-
yl)methyl}pyridin-3-y1l]-6-["*’I]iodo-1-isopropyl-1H-
benzo[d] imidazole

Compound 607: 2-[5-{ (1H-imidazol-1-yl)methyl}pyridin-3-
yl] -6-iodo-1-methyl-1H-benzo[d] imidazole

Compound [**°I] 607: 2-[5-{(1H-imidazol-1-
yl)methyl}pyridin-3-yl]-6-["*’I]iodo-1-methyl-1H-
benzo[d] imidazole

Compound 608: 2-[5-{ (1H-imidazol-1-yl)methyl}pyridin-3-
yl]-1-ethyl-6-iodo-1H-benzo[d] imidazole

Compound ['*°I] 608: 2-[5-{(1H-imidazol-1-
yl)methyl}pyridin-3-yl]l-1-ethyl-6-["*’I]iodo-1H-

benzo[d] imidazole

Compound 609: 1-Cyclopropyl-2-[5-(imidazol-1-
yvlmethyl)pyridin-3-yl]-6-iodo-4-methoxybenzimidazole
Compound [**’I] 609: 1-Cyclopropyl-2-[5-(imidazol-1-
vlmethyl)pyridin-3-y1]-6-['*’I]iodo-4-methoxybenzimidazole
Compound 610: 6-Chloro-5-fluoro-1-(2-fluoroethyl)-2-{5-
(5-iodo-1H-imidazol-1-ylmethyl)pyridin-3-yl}benzimidazole
Compound ['*?I] 610: 6-Chloro-5-fluoro-1- (2-fluoroethyl) -
2-{5-(5-["’I]iodo-1H-imidazol-1-ylmethyl)pyridin-3-

vl}benzimidazole
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[0142]

In the following Examples, the molecular structures
of individual compounds were identified by 'H-NMR
spectrum. As an NMR device, AVANCE III (manufactured by
BURKER) was used, while referring to the signal 07.24 of
deuterated chloroform or the signal 02.49 of deuterated
dimethyl sulfoxide. All of chemical shifts are given as
ppm on delta scale (8), and the fine splittings of
signals are indicated using abbreviations (s: singlet, d:
doublet, t: triplet, dd: double doublet, dt: double
triplet, dg: double quartet, m: multiplet, bs: broad
singlet, quin: gquintet, and sext: sextet).

Hereafter, the "room temperature" in the following
Examples indicates 25°C.

In the examples of synthesizing individual compounds,
each step in the synthesis of the compound was repeated
multiple times, as necessary, so that the compound could
be obtained in an amount necessary for use as an
intermediate or the like in other syntheses.

[0143]
(Example 1) Synthesis of Compound 100

In accordance with the scheme shown in Figure 1,
Compound 100 was synthesized.

[0144]

Synthesis of 3,5-pyridinedimethanol (Compound 2)

3,5-Pyridinedicarboxylic acid (Compound 1) (836 mg,

5.00 mmol) was dissolved in tetrahydrofuran (15 mL), and
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a tetrahydrofuran solution of borane-tetrahydrofuran (1
mol/L, 25 mL, 25 mmol) was added dropwise to the above-
obtained solution at 0°C over 1 hour. Thereafter, the
obtained mixture was stirred in an argon atmosphere at a
room temperature for 3 days. After completion of the
reaction, 6 mol/L hydrochloric acid (5 mL) was added to
the reaction solution, and the obtained mixture was then
stirred for 10 minutes. Thereafter, a 4 mol/L sodium
hydroxide aqueous solution (10 mL) was added to the
reaction mixture, so as to adjust the pH to pH 9. The
reaction solution was concentrated under a reduced
pressure, and the obtained crude product was then
purified by silica gel chromatography
(chloroform/methanol = 5/1 (volume ratio)) to obtain
Compound 2 (335 mg, 2.41 mmol, and yield: 48%).

'H-NMR of Compound 2 (solvent: deuterated dimethyl
sulfoxide, resonance frequency: 500MHz)d :8.38(d, J=2.0Hz,
2H), 7.67(s, 1H), 5.31(t, J=5.7Hz, 2H), 4.53(d, J=5.7Hz,
4H) .

[0145]

Synthesis of 5-hydroxymethyl-3-pyridinecarboxaldehyde

(Compound 3)

Compound 2 (141 mg, 1.01 mmol) was dissolved in
N,N'-dimethylformamide (2 mL) and dichloromethane (8 mL),
and manganese dioxide (878 mg, 10.1 mmol) was then added
to the above-obtained solution at a room temperature.

The obtained mixture was stirred overnight in an argon
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atmosphere at the same temperature as described above.
After completion of the reaction, a solution obtained by
filtration of the reaction solution through Celite was
concentrated under a reduced pressure, and the obtained
crude product was then purified by silica gel
chromatography (chloroform/methanol = 10/1 (volume
ratio)) to obtain Compound 3 (85.0 mg, 0.620 mmol, and
yield: 61%).

'"H-NMR of Compound 3 (solvent: deuterated chloroform,
resonance frequency: 500MHz)d :10.15(s, 1H), 9.01(d,
J=2.1Hz, 1H), 8.85(d, J=2.1Hz, 1H), 8.21(t, J=2.1Hz, 1H),
4.86(d, J=5.7Hz, 1H), 1.97(t, J=5.7Hz, 1H).

[0146]

Synthesis of 1-chloro-2,5-difluoro-4-nitrobenzene

(Compound 5)

2,5-Difluoro-1-chlorobenzene (Compound 4) (1.10 mL,
10.0 mmol) was dissolved in concentrated sulfuric acid
(12 mL), and potassium nitrate (1.12 g, 11.0 mmol) was
then added to the solution under cooling on ice. The
obtained mixture was stirred overnight in an argon
atmosphere at a room temperature. After completion of
the reaction, water was added to the reaction solution,
and the obtained mixture was then extracted with
dichloromethane three times. The combined
dichloromethane layer was dried over anhydrous sodium

sulfate, and was then concentrated under a reduced
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pressure, so as to obtain Compound 5 (1.98 g, 10.3 mmol,
qgquantitative) .

'H-NMR of Compound 5 (solvent: deuterated chloroform,
resonance frequency: 500MHz)d :7.94(dd, J=6.7, 1.1Hz, 1H),
7.43(dd, J=5.9, 3.9Hz, 1H).

[0147]

Synthesis of 5-chloro-4-fluoro-N- (2-fluoroethyl) -2-

nitrobenzenamine (6)

Compound 5 (404 mg, 2.09 mmol) was dissolved in
N,N'-dimethyl sulfoxide (10 mL), and triethylamine (1.19
mL, 6.27 mmol) and 2-fluoroethylamine hydrochloride (311
mg, 3.13 mmol) were then added to the above-obtained
solution at a room temperature. The obtained mixture was
stirred in an argon atmosphere at 50°C for 2 hours.

After completion of the reaction, water was added to the
reaction solution, and the obtained mixture was then
extracted with ethyl acetate three times. The combined
ethyl acetate layer was dried over anhydrous sodium
sulfate, and was then concentrated under a reduced
pressure, so as to obtain Compound 6 (503 mg, 2.12 mmol,
guantitative) .

'H-NMR of Compound 6 (solvent: deuterated chloroform,
resonance frequency: 500MHz)d :8.11(s, 1H), 8.02(d,
J=9.2Hz, 1H), 6.94(d, J=6.2Hz, 1H), 4.70(dt, J=47, 4.9Hz,
2H), 3.63(dq, J=25, 4.9Hz, 2H).

[0148]
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Synthesis of 5-chloro-4-fluoro-N- (2-fluoroethyl)-1,6-

phenylenediamine (Compound 7)

Compound 6 (30 mg, 0.127 mmol) was dissolved in
ethyl acetate (1.3 mL), and tin(II) chloride (120 mg,
0.634 mmol) and water (0.0229 mL, 0.127 mmol) were then
added to the above-obtained solution. The obtained
mixture was heated to reflux in an argon atmosphere for 2
hours. After completion of the reaction, a saturated
sodium hydrogen carbonate agqueous solution was added to
the reaction solution, and the precipitated solid was
then filtrated. The obtained filtrate was extracted with
ethyl acetate three times. The combined ethyl acetate
layer was dried over anhydrous sodium sulfate, and was
then concentrated under a reduced pressure. The obtained
crude product was purified by silica gel chromatography
(hexane/dichloromethane = 1/2 (volume ratio), so as to
obtain Compound 7 (22.8 mg, 0.110 mmol, and yield: 86%).

'H-NMR of Compound 7 (solvent: deuterated chloroform,
resonance frequency: 500MHz)d :6.62(d, J=7.0Hz, 1H),
6.53(d, J=10Hz, 1H), 4.66(dt, J=47.3, 4.8Hz, 2H), 3.51(s,
2H), 3.34(dg, J=27, 4.8Hz, 2H).

[0149]

Synthesis of 5-[6-chloro-5-fluoro-1-(2-fluoroethyl)

benzimidazol-2-yl]pyridine-3-methanol (Compound 8)

5-Hydroxymethyl-3-pyridinecarboxaldehyde (Compound
3) (125 mg, 0.909 mmol) was dissolved in N,N'-

dimethylformamide (7 mL), and thereafter, Compound 7 (207
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mg, 1.00 mmol) and potassium peroxymonosulfate (Oxone
(registered trademark) Monopersulfate Compound,
manufactured by Wako Pure Chemical Industries, Ltd.) (671
mg, 1.09 mmol) were added to the above-obtained solution
at a room temperature. The obtained mixture was stirred
in an argon atmosphere at the same temperature as
described above for 30 minutes. After completion of the
reaction, a saturated sodium thiosulfate aqueous solution
and a saturated sodium hydrogen carbonate agueous
solution were added to the reaction solution at 0°C, and
the obtained mixture was then extracted with ethyl
acetate three times. The combined ethyl acetate layer
was dried over anhydrous sodium sulfate, and was then
concentrated under a reduced pressure. The obtained
crude product was purified by silica gel chromatography
(ethyl acetate — ethyl acetate/methanol = 9/1 (volume
ratio)) to obtain Compound 8 (199 mg, 0.616 mmol, and
yield: 68%).

'"H-NMR of Compound 8 (solvent: deuterated chloroform,
resonance frequency: 500MHz)d :8.87(d, J=2.1Hz, 1H),
8.78(d, J=1.9Hz, 1H), 8.13(s, 1lH), 7.60(d, J=9.1Hz, 1H),
7.50(d, J=6.3Hz, 1H), 4.87(d, J=5.6Hz, 1H), 4.80(dt, J=47,
4.8Hz, 2H), 4.51(dt, J=25, 4.9Hz, 2H).

[0150]

Synthesis of Compound 100

Compound 8 (60.0 mg, 0.185 mmol) was dissolved in

dichloromethane (2.5 mL), and carbon tetrabromide (92.2
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mg, 0.278 mmol) and triphenylphosphine (97.0 mg, 0.370
mmol) were then added to the above-obtained solution at
0°C. The obtained mixture was stirred in an argon
atmosphere at the same temperature as described above for
2 hours. After completion of the reaction, the reaction
solution was concentrated under a reduced pressure, and
the obtained crude product was then purified by silica
gel chromatography (ethyl acetate), so as to obtain a
mixture (54.0 mg) containing 2- (5-bromomethylpyridin-3-
yl) -6-chloro-5-fluoro-1-(2-fluoroethyl)benzimidazole
(Compound 8A) was obtained.

Subsequently, imidazole (11.4 mg, 0.168 mmol) was
dissolved in N,N'-dimethylformamide (0.7 mL), and sodium
hydride (11.2 mg, 0.280 mmol) was then added to the
solution at 0°C. The obtained mixture was stirred in an
argon atmosphere at the same temperature as described
above for 10 minutes. An N,N'-dimethylformamide solution
(0.7 mL), in which the mixture (54.0 mg) containing
Compound 8A had been dissolved, was added to the reaction
solution at the same temperature as described above, and
the thus obtained mixture was then stirred in an argon
atmosphere at a room temperature for 1 hour. After
completion of the reaction, water was added to the
reaction solution, and the obtained mixture was then
extracted with ethyl acetate twice. The combined ethyl
acetate layer was dried over anhydrous sodium sulfate,

and was then concentrated under a reduced pressure. The
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obtained crude product was purified by silica gel

chromatography (dichloromethane/methanol = 10/1 — 5/1

(volume ratio)) to obtain Compound 100 (12.1 mg, 0.0324

o\°

mmol, two-step yield from Compound 8: 17%).

'H-NMR of Compound 100 (solvent: deuterated
chloroform, resonance frequency: 500MHz)
> :8.94(d, J=2.0Hz, 1H), 8.66(d, J=2.0Hz, 1H), 7.85(t,
J=2.0Hz, 1H), 7.62(s, 1H), 7.59(d, J=9.1Hz, 1H), 7.47(d,
J=6.2Hz, 1H), 7.15(s, 1H), 6.96(s, 1H), 5.27(s, 2H),
4.81(t, J=4.7Hz, 1H), 4.72(t, J=4.7Hz, 1H), 4.44 (t,
J=4.7Hz, 1H), 4.39(t, J=4.7Hz, 1lH).
[0151]
(Example 2) Synthesis of Compound ['®F] 100

Compound ['®F] 100 was synthesized in accordance with
the scheme shown in Figure 2.

[0152]

Synthesis of 2- (tert-butyldiphenylsilyloxy)ethylamine

(Compound 10)

2-Aminoethanol (Compound 9) (0.729 mL, 12.0 mmol)
was dissolved in dichloromethane (10 mL), and thereafter,
2.60 mL (10 mmol) of tert-butyldiphenylchlorosilane and
imidazole (1.20 g, 15.0 mmol) were added to the solution
at a room temperature. The obtained mixture was stirred
overnight in an argon atmosphere at the same temperature
as described above. After completion of the reaction,
water was added to the reaction solution, and the

obtained mixture was then extracted with dichloromethane
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twice. The combined dichloromethane layer was dried over
anhydrous sodium sulfate, and was then concentrated under
a reduced pressure. The obtained crude product was
purified by silica gel chromatography (ethyl acetate —
ethyl acetate/methanol = 10/1 (volume ratio)) to obtain
Compound 10 (2.70 g, 9.00 mmol, and yield: 90%).

'"H-NMR of Compound 10 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :7.68-7.66 (m,
4H), 7.44-7.36(m, 6H), 3.68(t, J=5.3Hz, 2H), 2.81(t,
J=5.3Hz, 2H), 1.07(s, 9H).

[0153]

Synthesis of N- (5-chloro-4-fluoro-2-nitrophenyl)-2- (tert-

butyldiphenylsilyloxy)ethylamine (Compound 11)

Compound 5 (1.94 g, 10.0 mmol) obtained by the
method described in Example 1 was dissolved in
dichloromethane (10 mL), and Compound 10 (3.29 g, 11.0
mmol) and potassium carbonate (2.07 g, 15.0 mmol) were
then added to the solution at a room temperature. The
obtained mixture was stirred overnight in an argon
atmosphere at the same temperature as described above.
After completion of the reaction, water was added to the
reaction solution, and the obtained mixture was then
extracted with ethyl acetate twice. The combined ethyl
acetate layer was dried over anhydrous sodium sulfate,
and was then concentrated under a reduced pressure. The
obtained crude product was purified by silica gel

chromatography (hexane — hexane/ethyl acetate = 20/1
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(volume ratio)) to obtain Compound 11 (3.92 g, 8.28 mmol,
and yield: 83%).

'H-NMR of Compound 11 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :8.28(bs, 1H),
7.99(d, J=9.3Hz, 1H), 7.66-7.64(m, 4H), 7.45-7.36(m, 6H),
6.88(d, J=6.3Hz, 1H), 3.90(t, J=5.3Hz, 2H), 3.40(t,
J=5.3Hz, 2H), 1.06(s, 9H).

[0154]

Synthesis of 3-chloro-4-fluoro-N-[2-(tert-

butyldiphenylsilyloxy)ethyl] -1, 6-phenylenediamine

(Compound 12)

Compound 11 (1.42 g, 3.00 mmol) was dissolved in
ethyl acetate (10 mL), and tin(II) chloride (2.28 g, 12.0
mmol) and water (0.216 mL, 12.0 mmol) were then added to
the solution. The obtained mixture was heated to reflux
in an argon atmosphere for 4 hours. After completion of
the reaction, a 4 mol/L sodium hydroxide agueous solution
was added to the reaction solution, and the precipitated
deposit was then filtrated. The obtained filtrate was
extracted with ethyl acetate twice. The combined ethyl
acetate layer was dried over anhydrous sodium sulfate,
and was then concentrated under a reduced pressure. The
obtained crude product was purified by silica gel
chromatography (hexane/ethyl acetate = 5/1 (volume
ratio)) to obtain Compound 12 (1.21 g, 2.74 mmol, and

yield: 91%).
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'"H-NMR of Compound 12 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :7.67-7.65(m,
4H), 7.45-7.37(m, 6H), 6.56(d, J=7.1Hz, 1H), 6.51(d,
J=10.1Hz, 1H), 3.90(t, J=5.2Hz, 2H), 3.61(s, 1H), 3.46 (s,
2H), 3.15(s, 2H), 1.07(s, 9H).

[0155]

Synthesis of 5-{6-chloro-5-fluoro-1-[2- (tert-

butyldiphenylsilyloxy)ethyl]lbenzimidazol-2-yl}pyridine-3-

methanol (Compound 13)

Compound 3 (205 mg, 1.50 mmol) obtained by the
method described in Example 1 was dissolved in N,N'-
dimethylformamide (5 mL), and thereafter, an N,N'-
dimethylformamide solution (5 mL), in which Compound 12
(665 mg, 1.50 mmol) had been dissolved, and potassium
peroxymonosulfate (Oxone (registered trademark)
Monopersulfate Compound, manufactured by Wako Pure
Chemical Industries, Ltd.) (1.11 g, 1.80 mmol) were added
to the above-obtained solution at a room temperature.
The obtained mixture was stirred in an argon atmosphere
at the same temperature as described above for 3 days.
After completion of the reaction, a saturated sodium
thiosulfate agqueous solution and a saturated sodium
hydrogen carbonate aqueous solution were added to the
reaction solution, the obtained mixture was then stirred
for 1 hour, and the reaction mixture was then extracted
with ethyl acetate twice. The combined ethyl acetate

layer was dried over anhydrous sodium sulfate, and was
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then concentrated under a reduced pressure. The obtained
crude product was purified by silica gel chromatography
(ethyl acetate — ethyl acetate/methanol = 20/1 (volume
ratio)) to obtain Compound 13 (341 mg, 0.609 mmol, and
yield: 41%).

'H-NMR of Compound 13 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :8.94(d,
J=2.1Hz, 1H), 8.73(d, J=2.1Hz, 1H), 8.11(t, J=2.1Hz, 1H),
7.59(d, J=9.2Hz, 1H), 7.42-7.36(m, 6H), 7.30-7.27(m, 5H),
4.77(d, J=5.9Hz, 2H), 4.39(t, J=5.4Hz, 2H), 3.94 (t,
J=5.4Hz, 2H), 1.99(t, J=5.9Hz, 1H), 0.89(s, 9H).

[0156]

Synthesis of 2- (5-bromomethylpyridin-3-yl)-6-chloro-5-

fluoro-1-[2- (tert-

butyldiphenylsilyloxy)ethyl]lbenzimidazole (Compound 14)

Compound 13 (272 mg, 0.486 mmol) was dissolved in
dichloromethane (6 mL), and carbon tetrabromide (242 mg,
0.728 mmol) and triphenylphosphine (255 mg, 0.972 mmol)
were then added to the solution at 0°C. The obtained
mixture was stirred in an argon atmosphere at the same
temperature as described above for 1 hour. After
completion of the reaction, the reaction solution was
concentrated under a reduced pressure, and the obtained
crude product was then purified by silica gel
chromatography (ethyl acetate/hexane = 2/1 (volume
ratio)) to obtain Compound 14 (212 mg, 0.340 mmol, and

yield: 69%).



'"H-NMR of Compound 14 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :8.97(d,
J=2.2Hz, 1H), 8.75(d, J=2.2Hz, 1H), 8.18(t, J=2.2Hz, 1H),
7.60(d, J=9.2Hz, 1H), 7.42-7.37(m, 6H), 7.30-7.26(m, 5H),
4.47(s, 2H), 4.38(t, J=5.4Hz, 2H), 3.97(t, J=5.4Hz, 2H),
0.90(s, 9H).

[0157]

Synthesis of 6-chloro-5-fluoro-2-[5-(imidazol-1-

ylmethyl)pyridin-3-y1l]-1-[2- (tert-

butyldiphenylsilyloxy)ethyl]benzimidazole (Compound 15)

Imidazole (27.5 mg, 0.404 mmol) was dissolved in
N,N'-dimethylformamide (1 mL), and sodium hydride (20.2
mg, 0.506 mmol) was then added to the solution at 0°C.
The obtained mixture was stirred in an argon atmosphere
at the same temperature as described above for 10 minutes.
An N,N'-dimethylformamide solution (1.5 mL), in which
Compound 14 (210 mg, 0.337 mmol) had been dissolved, was
added to the reaction solution at the same temperature as
described above, and the thus obtained mixture was then
stirred in an argon atmosphere at the same temperature as
described above for 1 hour. After completion of the
reaction, water was added to the reaction solution, and
the obtained mixture was then extracted with ethyl
acetate twice. The combined ethyl acetate layer was
dried over anhydrous sodium sulfate, and was then
concentrated under a reduced pressure. The obtained

crude product was purified by silica gel chromatography
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(dichloromethane/methanol = 10/1 (volume ratio)) to
obtain Compound 15 (132 mg, 0.216 mmol, and yield: 64%).
'H-NMR of Compound 15 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :9.04(d,
J=2.1Hz, 1H), 8.57(d, J=2.1Hz, 1H), 7.91(t, J=2.1Hz, 1H),
7.58(d, J=9.2Hz, 1H), 7.55(s, 1H), 7.42-7.39(m, 2H),
7.37-7.35(m, 4H), 7.30-7.26(m, 5H) , 7.10(s, 1H), 6.87(s,
1H), 5.15(s, 2H), 4.33(t, J=5.4Hz, 2H), 3.94(t, J=5.4Hz,
2H), 0.89(s, 9H).
[0158]

Synthesis of 2-{6-chloro-5-fluoro-2-[5- (imidazol-1-

ylmethyl)pyridin-3-yl]lbenzimidazol-1-yl}ethanol (Compound

16)

Compound 15 (130 mg, 0.213 mmol) was dissolved in
tetrahydrofuran (0.2 mL), and a tetrahydrofuran solution
(1 mol/L) of tetrabutylammonium fluoride (0.320 mL, 0.320
mmol) was then added to the solution at 0°C. The
obtained mixture was stirred in an argon atmosphere at a
room temperature for 1 hour. After completion of the
reaction, the reaction solution was concentrated under a
reduced pressure, and the obtained crude product was then
purified by silica gel chromatography
(dichloromethane/methanol = 10/1 — 8/1 — 5/1 (volume
ratio)) to obtain Compound 16 (79.0 mg, 0.212 mmol, and
yield: 99%).

'"H-NMR of Compound 16 (solvent: deuterated

chloroform, resonance frequency: 500MHz)d :9.06(d,
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J=2.1Hz, 1H), 8.64(d, J=2.1Hz, 1H), 7.88(t, J=2.1Hz, 1H),
7.59(s, 1H), 7.54-7.49(m, 2H), 7.10(s, 1H), 6.97(s, 1H),

5.27(s, 2H), 4.20(t, J=5.5Hz, 2H), 4.00(t, J=5.5Hz, 2H),

2.92(s, 1H).

[0159]

Synthesis of 6-chloro-5-fluoro-2-[5-(imidazol-1-

ylmethyl)pyridin-3-y1l]-1-[2- (p-

toluenesulfonyloxy)ethyllbenzimidazole (Compound 17)

Compound 16 (60.0 mg, 0.161 mmol) was dissolved in
dichloromethane (2.0 mL), and p-toluenesulfonyl chloride
(61.4 mg, 0.322 mmol) and 1,4-diazabicyclo[2,2,2]octane
(45.2 mg, 0.403 mmol) were then added to the solution.
The obtained mixture was stirred overnight in an argon
atmosphere at a room temperature. After completion of
the reaction, the reaction mixture was purified by silica
gel chromatography (chloroform/methanol = 10/1 (volume
ratio)) to obtain Compound 17 (58.5 mg, 0.111 mmol, and
yield: 69%).

'"H-NMR of Compound 17 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :8.86(d,
J=2.2Hz, 1H), 8.66(d, J=2.2Hz, 1H), 7.91(t, J=2.2Hz, 1lH),
7.66(s, 1H), 7.52(d, J=9.1Hz, 1H), 7.41(d, J=8.2Hz, 2H),
7.17-7.15(m, 2H), 7.11(d, J=8.2Hz, 2H), 7.03(t, J=1.2Hz,
1H), 5.30(s, 2H), 4.36(t, J=5.2Hz, 2H), 4.26(t, J=5.2Hz,

2H), 2.37(s, 3H).



10

15

20

25

[0160]

Synthesis of Compound ['®F] 100

['®*F] Fluoride ion-containing ['®0] water
(radiocactivity: 4540 MBqg, correction value at initiation
of the synthesis) was supplied to a Sep-Pak column (trade
name: Sep-Pak (registered trademark) Light Cartridge
Accell (TM) Plus QMA Carbonate, manufactured by Waters,
the amount of filler: 130 mg), so that the ['®F] fluoride
ion was adsorbed and captured in the column. To this
column, a potassium carbonate aqueous solution (42.4
umol/L, 0.3 mL) and an acetonitrile solution (0.7 mL) of
KRYPTOFIX 222 (trade name, manufactured by Merck) (14 mg,
37.2 umol) were supplied, so that the ['®F] fluoride ion
was eluted. The resultant was heated to 110°C under a
stream of argon gas, so that water was evaporated.
Thereafter, acetonitrile (0.5 mL X 2) was added to the
residue, and the obtained mixture was then azeotropically
distilled to dryness. To this reaction mixture, an
acetonitrile solution (0.3 mL), in which Compound 17 (5
mg, 0.00951 mmol) had been dissolved, was added, and the
thus obtained mixture was then heated at 110°C for 10
minutes. After completion of the reaction, 1 mol/L
hydrochloric acid (0.5 mL) was added to the reaction
solution, and the obtained mixture was then subjected to
HPLC under the below-mentioned conditions, so that a

fraction with the same retention time as Compound 100
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obtained in Example 1 was obtained as a fraction of
Compound ['®F] 100.

<HPLC conditions>

Column: Capcell Pak C1l8 MG (trade name, manufactured
by Shiseido Japan, Co., Ltd., size: 10 X 250 mm)

Mobile phase: 0.1% by volume of trifluoroacetic acid-
containing water/0.1% by volume of trifluorocacetic acid-
containing acetonitrile (volume ratio) = gradient from
80/20 to 20/80 over 40 minutes

Flow rate: 3.0 mL/min

Detector: ultraviolet visible spectrophotometer
(detection wavelength: 260 nm)

A liquid prepared by adding 10 mL of water to the
aforementioned fraction was supplied to a Sep-Pak C18
column (trade name: Sep-Pak (registered trademark) Light
Cl8 Cartridges, manufactured by Waters, the amount of
filler: 130 mg), so that Compound ['®F] 100 was adsorbed
and captured in the column. This column was washed with
water (1 mL), and diethyl ether (6 mL) was then supplied
to the resulting column to elute Compound ['®F] 100.
Thereafter, diethyl ether was distilled away to obtain
Compound ['®F] 100. The obtained radioactivity was 720
MBg immediately after completion of the synthesis (107
minutes after initiation of the synthesis). Moreover, a
TLC analysis was carried out under the below-mentioned
conditions. As a result, the radiochemical purity was

99.3%.
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<TLC analysis conditions>
TLC plate: Silica Gel 60 Fys54 (product name, manufactured
by Merck)
Development phase: ethyl acetate/methanol/diethylamine =
10/2/1 (volume ratio)
RI detector: RitaStar, manufactured by Raytest
[0161]
(Example 3) Synthesis of Compound 200
Compound 200 was synthesized in accordance with the
scheme shown in Figure 3.
[0162]

Synthesis of 5-bromo-4-fluoro-N-(2-fluorocethyl)-2-

nitrobenzenamine (Compound 18)

4-Bromo-2,5-difluoronitrobenzene (Compound 4A) (500
mg, 2.10 mmol) was dissolved in N,N'-dimethyl sulfoxide
(10 mL), and triethylamine (1.20 mL, 6.30 mmol) and 2-
fluoroethylamine hydrochloride (314 mg, 3.15 mmol) were
then added to the solution at a room temperature. The
obtained mixture was stirred in an argon atmosphere at
50°C for 1.5 hours. After completion of the reaction,
water was added to the reaction solution, and the
obtained mixture was then extracted with ethyl acetate
three times. The combined ethyl acetate layer was dried
over anhydrous sodium sulfate, and was then concentrated
under a reduced pressure, so as to obtain Compound 18

(585 mg, 2.08 mmol, and yield: 99%).
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'"H-NMR of Compound 18 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :8.08(s, 1H),
7.98(d, J=8.6Hz, 1H), 7.12(d, J=5.7Hz, 1H), 4.70(dt, J=47,
4.9Hz, 2H), 3.63(dg, J=25, 4.9Hz, 2H).

[0163]

Synthesis of 5-bromo-4-fluoro-N-(2-fluoroethyl)-1,6-

phenylenediamine (Compound 19)

Compound 18 (290 mg, 1.03 mmol) was dissolved in
ethyl acetate (5.0 mL), and thereafter, tin(II) chloride
(586 mg, 3.09 mmol) and water (0.0371 mL, 2.06 mmol) were
added to the solution. The obtained mixture was heated
to reflux in an argon atmosphere for 2 hours. Thereafter,
tin(II) chloride (195 mg, 1.03 mmol) and water (0.0371 mL,
2.06 mmol) were further added to the reaction solution.
The obtained mixture was heated to reflux in an argon
atmosphere for 1 hour. After completion of the reaction,
the reaction solution was concentrated under a reduced
pressure, and the obtained crude product was then
purified by silica gel chromatography (hexane/ethyl
acetate = 2/1 (volume ratio)) to obtain Compound 19
(113.0 mg, 0.450 mmol, and yield: 44%).

'H-NMR of Compound 19 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :6.76(d,
J=6.6Hz, 1H), 6.53(d, J=9.5Hz, 1H), 4.72-4.70(m, 1H),
4.61(t, J=4.7Hz, 1H), 3.59(bs, 2H), 3.40-3.37(m, 2H),
3.33-3.30(m, 1H).

[0164]
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Synthesis of 5-[6-bromo-5-fluoro-1-(2-fluorocethyl)

benzimidazol-2-yl]lpyridine-3-methanol (Compound 20)

Compound 3 (66.1 mg, 0.482 mmol) obtained by the
method described in Example 1 was dissolved in N,N'-
dimethylformamide (2.0 mL), and thereafter, Compound 19
(110 mg, 0.438 mmol) and potassium peroxymonosulfate
(Oxone (registered trademark) Monopersulfate Compound,
manufactured by Wako Pure Chemical Industries, Ltd.) (405
mg, 0.657 mmol) were added to the above-obtained solution
at a room temperature. The obtained mixture was stirred
in an argon atmosphere at the same temperature as
described above for 2 hours. After completion of the
reaction, a saturated sodium thiosulfate aqueous solution
and a saturated sodium hydrogen carbonate agueous
solution were added to the reaction solution at 0°C, and
the obtained mixture was then extracted with ethyl
acetate three times. The combined ethyl acetate layer
was dried over anhydrous sodium sulfate, and was then
concentrated under a reduced pressure. The obtained
crude product was purified by silica gel chromatography
(chloroform/methanol = 10/1 (volume ratio)) to obtain
Compound 20 (142 mg, 0.386 mmol, and yield: 88%).

'"H-NMR of Compound 20 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :8.87(d,
J=2.1Hz, 1H), 8.77(d, J=2.1Hz, 1H), 8.13(s, 1H), 7.65(d,

J=5.8Hz, 1H), 7.59(d, J=8.7Hz, 1H), 4.87-4.83(m, 3H),
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4.75(t, J=4.8Hz, 1H), 4.53(t, J=4.8Hz, 1H), 4.48(t,
J=4.8Hz, 1H), 1.99(d, J=5.6Hz, 1H).
[0165]

Synthesis of Compound 200

Compound 20 (140 mg, 0.380 mmol) was dissolved in
dichloromethane (5.0 mL), and thereafter, carbon
tetrabromide (189 mg, 0.570 mmol) and triphenylphosphine
(199 mg, 0.760 mmol) were added to the solution at 0°C.
The obtained mixture was stirred in an argon atmosphere
at the same temperature as described above for 30 minutes.
After completion of the reaction, the reaction solution
was concentrated under a reduced pressure, and the
obtained crude product was then purified by silica gel
chromatography (chloroform/methanol = 100/3 (volume
ratio)), so as to obtain a mixture (300 mg) containing 2-
(5-bromomethylpyridin-3-yl) -6-bromo-5-fluoro-1-(2-
fluoroethyl)benzimidazole (Compound 21).

Imidazole (28.5 mg, 0.418 mmol) was dissolved in
N,N'-dimethylformamide (0.5 mL), and thereafter, sodium
hydride (18.2 mg, 0.456 mmol) and an N,N'-
dimethylformamide solution (1.5 mL), in which the mixture
(300 mg) containing Compound 21 had been dissolved, were
added at 0°C to the above-obtained solution. The
obtained mixture was stirred in an argon atmosphere at
0°C for 1 hour. After completion of the reaction, water
was added to the reaction solution, and the obtained

mixture was then extracted with ethyl acetate twice. The
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combined ethyl acetate layer was dried over anhydrous
sodium sulfate, and was then concentrated under a reduced
pressure. The obtained crude product was purified by
silica gel chromatography (chloroform/methanol = 100/3 —

20/1 — 10/1 (volume ratio)) to obtain Compound 200 (41.5

o\

mg, 0.0992 mmol, two-step yield from Compound 20: 26%) .
'"H-NMR of Compound 200 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :8.94 (d,
J=2.1Hz, 1H), 8.66(d, J=2.1Hz, 1H), 7.85(s, 1H), 7.63-
7.57(m, 3H), 7.15(s, 1H), 6.96(s, 1H), 5.27(s, 2H),
4.81(t, J=4.7Hz, 1H), 4.72(t, J=4.7Hz, 1H), 4.44 (t,
J=4.7Hz, 1H), 4.39(t, J=4.7Hz, 1lH).
[0166]
(Example 4) Synthesis of Compound ['°F] 200
Compound [*®F] 200 was synthesized in accordance with
the scheme shown in Figure 4.
[0167]

Synthesis of N- (5-bromo-4-fluoro-2-nitrophenyl)-2- (tert-

butyldiphenylsilyloxy)ethylamine (Compound 22)

4-Bromo-2,5-difluoronitrobenzene (476 mg, 2.00 mmol)
was dissolved in dichloromethane (5.0 mL), and thereafter,
Compound 10 (749 mg, 2.50 mmol) obtained by the method
described in Example 2 and potassium carbonate (553 mg,
4.00 mmol) were added to the above-obtained solution at a
room temperature,. The obtained mixture was stirred in
an argon atmosphere at the same temperature as described

above for three nights. After completion of the reaction,
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water was added to the reaction solution, and the
obtained mixture was then extracted with dichloromethane
twice. The combined dichloromethane layer was dried over
anhydrous sodium sulfate, and was then concentrated under
a reduced pressure. The obtained crude product was
purified by silica gel chromatography (hexane/ethyl
acetate = 5/1), so as to obtain Compound 22 (1.03 g, 1.99
mmol, and yield: 99%).

'"H-NMR of Compound 22 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :8.25(bs, 1H),
7.95(d, J=8.8Hz, 1H), 7.66-7.64(m, 4H), 7.45-7.36(m, 6H),
7.06(d, J=5.8Hz, 1H), 3.90(t, J=5.3Hz, 2H), 3.41(t,
J=5.3Hz, 2H), 1.06(s, 9H).

[0168]

Synthesis of 3-bromo-4-fluoro-N-[2- (tert-

butyldiphenylsilyloxy)ethyl] -1, 6-phenylenediamine

(Compound 23)

Compound 22 (555 mg, 1.07 mmol) was dissolved in
ethyl acetate (6.0 mL), and tin(II) chloride (1.02 g,
5.36 mmol) was then added to the solution at a room
temperature. The obtained mixture was stirred overnight
in an argon atmosphere at the same temperature as
described above. Thereafter, the reaction solution was
stirred in an argon atmosphere at 70°C for 2 hours.
Thereafter, tin(II) chloride (468 mg, 2.15 mmol) was
added to the reaction solution, and the obtained mixture

was then stirred in an argon atmosphere at 70°C for 2
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hours. After completion of the reaction, the reaction
solution was concentrated under a reduced pressure, and
the obtained crude product was then purified by silica
gel chromatography (hexane/ethyl acetate = 6/1 — 3/1
(volume ratio)) to obtain Compound 23 (257 mg, 0.527 mmol,
and yield: 50%) .

'"H-NMR of Compound 23 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :7.67-7.66 (m,
4H), 7.45-7.37(m, 6H), 6.69(d, J=6.6Hz, 1H), 6.51(d,
J=9.6Hz, 1H), 3.90(t, J=5.1Hz, 2H), 3.59(bs, 1H), 3.49(s,
2H), 3.15(t, J=5.1Hz, 2H), 1.07(s, 9H).

[0169]

Synthesis of 5-{6-bromo-5-fluoro-1-[2- (tert-

butyldiphenylsilyloxy)ethyllbenzimidazol-2-yl}pyridine-3-

methanol (Compound 24)

Compound 3 (150 mg, 1.09 mmol) obtained by the
method described in Example 1 was dissolved in N,N'-
dimethylformamide (2.0 mL), and thereafter, an N,N'-
dimethylformamide solution (2.0 mL), in which Compound 23
(290 mg, 0.600 mmol) had been dissolved, and potassium
peroxymonosulfate (Oxone (registered trademark)
Monopersulfate Compound, manufactured by Wako Pure
Chemical Industries, Ltd.) (553 mg, 0.900 mmol) were
added to the above-obtained solution at a room
temperature. The obtained mixture was stirred overnight
in an argon atmosphere at the same temperature as

described above. After completion of the reaction, a
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saturated sodium thiosulfate agqueous solution and a 10%
potassium carbonate aqueous solution were added to the
reaction solution, and the obtained mixture was then
extracted with ethyl acetate twice. The combined ethyl
acetate layer was washed with water, and it was dried
over anhydrous sodium sulfate, and was then concentrated
under a reduced pressure. The obtained crude product was
purified by silica gel chromatography
(dichloromethane/methanol = 20/1 (volume ratio)) to
obtain Compound 24 (240 mg, 0.397 mmol, and yield: 66%).
'H-NMR of Compound 24 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :8.94(d,
J=2.1Hz, 1H), 8.73(d, J=2.1Hz, 1H), 8.12(s, 1H), 7.58(d,
J=8.8Hz, 1H), 7.47(d, J=5.9Hz, 1H), 7.40-7.36(m, 6H),
7.30-7.27(m, 4H), 4.78(d, J=5.9Hz, 2H), 4.39(t, J=5.4Hz,
2H), 3.94(t, J=5.4Hz, 2H), 1.84(t, J=5.9Hz, 1H), 0.89(s,
9H) .
[0170]

Synthesis of 6-bromo-2- (5-bromomethylpyridin-3-yl)-5-

fluoro-1-[2- (tert-

butyldiphenylsilyloxy)ethyl]lbenzimidazole (Compound 25)

Compound 24 (203 mg, 0.335 mmol) was dissolved in
dichloromethane (5.0 mL), and thereafter, carbon
tetrabromide (167 mg, 0.502 mmol) and triphenylphosphine
(176 mg, 0.670 mmol) were added at 0°C to the solution.
The obtained mixture was stirred in an argon atmosphere

at the same temperature as described above for 4 hours.
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After completion of the reaction, the reaction solution
was concentrated under a reduced pressure, and the
obtained crude product was then purified by silica gel
chromatography (ethyl acetate/hexane = 2/1 (volume
ratio)) to obtain Compound 25 (123 mg, 0.184 mmol, and
yield: 55%).

'H-NMR of Compound 25 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :8.97(d,
J=2.1Hz, 1H), 8.75(d, J=2.1Hz, 1H), 8.18(t, J=2.1Hz, 1H),
7.59(d, J=8.8Hz, 1H), 7.45(d, J=5.9Hz, 1H), 7.42-7.37(m,
6H), 7.31-7.27(m, 4H), 4.47(s, 2H), 4.38(t, J=5.3Hz, 2H),
3.97(t, J=5.3Hz, 2H), 0.90(s, 9H).

[0171]

Synthesis of 6-bromo-5-fluoro-2-[5-(imidazol-1-

ylmethyl)pyridin-3-yl]-1-[2- (tert-

butyldiphenylsilyloxy)ethyl]lbenzimidazole (Compound 26)

Imidazole (6.4 mg, 0.0942 mmol) was dissolved in
N,N'-dimethylformamide (0.5 mL), and sodium hydride (3.1
mg, 0.129 mmol) was then added at 0°C to the solution.
The obtained mixture was stirred in an argon atmosphere
at the same temperature as described above for 10 minutes.
Thereafter, an N,N'-dimethylformamide solution (0.5 mL),
in which Compound 25 (57.2 mg, 0.860 mmol) had been
dissolved, was added to the reaction solution at the same
temperature as described above. The obtained mixture was
stirred overnight in an argon atmosphere at a room

temperature. After completion of the reaction, water was
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added to the reaction solution, and the obtained mixture
was then extracted with ethyl acetate twice. The
combined ethyl acetate layer was dried over anhydrous
sodium sulfate, and was then concentrated under a reduced
pressure. The obtained crude product was purified by
silica gel chromatography (dichloromethane/methanol =
20/1 (volume ratio)) to obtain Compound 26 (31.1 mg,
0.0475 mmol, and yield: 55%).

'"H-NMR of Compound 26 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :9.05(d,
J=2.1Hz, 1H), 8.57(d, J=2.1Hz, 1H), 7.91(t, J=2.1Hz, 1H),
7.58-7.55(m, 2H), 7.44(d, J=5.9Hz, 1H), 7.42-7.36(m, 6H),
7.30-7.27(m, 4H), 7.09(s, 1H), 6.87(s, 1H), 5.15(s, 2H),
4.33(t, J=5.3Hz, 2H), 3.94(t, J=5.3Hz, 2H), 0.89(s, 9H).
[0172]

Synthesis of 2-{6-bromo-5-fluoro-2-[5-(imidazol-1-

ylmethyl)pyridin-3-yllbenzimidazol-1-yl}ethanol (Compound

27)

Compound 26 (29.8 mg, 0.0455 mmol) was dissolved in
tetrahydrofuran (0.50 mL), and thereafter,
tetrabutylammonium fluoride (0.0682 mL, 1 mol/L
tetrahydrofuran solution, 0.0682 mmol) was added to the
solution at a room temperature. The obtained mixture was
stirred in an argon atmosphere at a room temperature for
1 hour. After completion of the reaction, the reaction

solution was concentrated under a reduced pressure, and

the obtained crude product was then purified by silica
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gel chromatography (dichloromethane/methanol = 10/1 —
5/1 (volume ratio)) to obtain Compound 27 (15.6 mg,
0.0375 mmol, and yield: 82%).

'"H-NMR of Compound 27 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :9.02(d,
J=2.1Hz, 1H), 8.58(d, J=2.1Hz, 1H), 7.97(t, J=2.1Hz, 1H),
7.62(d, J=5.9Hz, 1H), 7.51(s, 1H), 7.42(s, 1H), 7.00(s,
1H), 6.94(s, 1H), 5.21(s, 2H), 4.36(bs, 1H), 4.19(t,
J=5.2Hz, 2H), 4.00(t, J=5.2Hz, 2H).

[0173]

Synthesis of 6-bromo-5-fluoro-2-[5-(imidazol-1-

ylmethyl) pyridin-3-y1l]-1-[2- (tosyloxy)ethyllbenzimidazole

(Compound 28)

Compound 27 (15.0 mg, 0.0360 mmol) was dissolved in
dichloromethane (0.50 mL), and thereafter, p-
toluenesulfonyl chloride (10.3 mg, 0.0540 mmol) and 1,4-
diazabicyclo[2,2,2]octane (8.1 mg, 0.0720 mmol) were
added at 0°C to the above-obtained solution. The
obtained mixture was stirred in an argon atmosphere at
the same temperature as described above for 2 hours.
Thereafter, the reaction mixture was stirred at a room
temperature for 2 hours, and after that, p-
toluenesulfonyl chloride (6.9 mg, 0.0360 mmol) and 1,4-
diazabicyclo[2,2,2]octane (4.9 mg, 0.0480 mmol) were
added to the reaction solution. The thus obtained
mixture was stirred overnight at the same temperature as

described above. After completion of the reaction, the
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reaction mixture was purified by silica gel
chromatography (dichloromethane/methanol = 10/1 (volume

ratio)) to obtain Compound 28 (4.3 mg, 0.00754 mmol, and

o\°

yield: 21%).

'H-NMR of Compound 28 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :8.87(d,
J=2.1Hz, 1H), 8.66(d, J=2.1Hz, 1H), 7.92(t, J=2.1Hz, 1H),
7.67(s, 1H), 7.50(d, J=8.6Hz, 1H), 7.40(d, J=8.2Hz, 2H),
7.31(d, J=5.8Hz, 1H), 7.1l6(s, 1H), 7.10(d, J=8.2Hz, 2H),
7.03(s, 1H), 5.30(s, 2H), 4.36(t, J=5.1Hz, 2H), 4.26(t,
J=5.1Hz, 2H), 2.36(s, 3H).

[0174]

Synthesis of Compound ['®F] 200

['®F] Fluoride ion-containing ['®0] water
(radiocactivity: 5150 MBg, correction value at initiation
of the synthesis) was supplied to a Sep-Pak column (trade
name: Sep-Pak (registered trademark) Light Cartridge
Accell (TM) Plus QMA Carbonate, manufactured by Waters,
the amount of filler: 130 mg), so that the [*® F] fluoride
ion was adsorbed and captured in the column. To this
column, a potassium carbonate aqueous solution (42.4
umol/L, 0.3 mL) and an acetonitrile solution (0.7 mL) of
KRYPTOFIX 222 (trade name, manufactured by Merck) (14 mg,
37.2 umol) were supplied, so that the ['®F] fluoride ion
was eluted. The resultant was heated to 110°C under a
stream of argon gas, so that water was evaporated.

Thereafter, acetonitrile (0.5 mL X 2) was added to the
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residue, and the obtained mixture was then azeotropically
distilled to dryness. To this reaction mixture, an
acetonitrile solution (0.3 mL), in which Compound 28 (4.3
mg, 0.00754 mmol) had been dissolved, was added, and the
thus obtained mixture was then heated at 110°C for 10
minutes. After completion of the reaction, water for
injection (1.0 mL) was added to the reaction solution,
and the obtained mixture was then subjected to HPLC under
the below-mentioned conditions, so that a fraction with
the same retention time as Compound 200 obtained in
Example 3 was obtained as a fraction of Compound [*°F]
200.

<HPLC conditions>

Column: Capcell Pak Cl1l8 MG (trade name, manufactured
by Shiseido Japan, Co., Ltd., size: 10 X 250 mm)

Mobile phase: 0.1% by volume of trifluoroacetic acid-
containing water/0.1% by volume of trifluorocacetic acid-
containing acetonitrile (volume ratio) = gradient from
80/20 to 20/80 over 40 minutes

Flow rate: 3.0 mL/min

Detector: ultraviolet visible spectrophotometer
(detection wavelength: 260 nm)

A liquid prepared by adding water (10 mL) to the
aforementioned fraction was supplied to a Sep-Pak C18
column (trade name: Sep-Pak (registered trademark) Light
Cl8 Cartridges, manufactured by Waters, the amount of

filler: 130 mg), so that Compound ['®F] 200 was adsorbed
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and captured in the column. This column was washed with
water (1 mL), and diethyl ether (6 mL) was then supplied
to the resulting column to elute Compound ['®F] 200.
Thereafter, diethyl ether was distilled away to obtain
Compound ['®F] 200. The obtained radioactivity was 23.3
MBg immediately after completion of the synthesis (121
minutes after initiation of the synthesis). Moreover, a
TLC analysis was carried out under the below-mentioned
conditions. As a result, the radiochemical purity was
100%.
<TLC analysis conditionss>
TLC plate: Silica Gel 60 Fys54 (product name, manufactured
by Merck)
Development phase: ethyl acetate/methanol/diethylamine =
10/2/1 (volume ratio)
RI detector: RitaStar, manufactured by Raytest
[0175]
(Example 5) Synthesis of Compound 300

Compound 300 was synthesized in accordance with the
scheme shown in Figure 5.
[0176]

Synthesis of 6-bromo-5-fluoro-2-[5-(5-

methylcarboxylateimidazol-1-ylmethyl)pyridin-3-yl]-1-[2-

(tert-butyldiphenylsilyloxy)ethyl]benzimidazole (Compound

9)

Compound 24 (80.0 mg, 0.132 mmol) synthesized by the

method described in Example 4 was dissolved in
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tetrahydrofuran (1.0 mL), and thereafter, diisopropyl
azodicarboxylate (56.9 UL, 0.265 mmol),
triphenylphosphine (69.5 mg, 0.265 mmol) and methyl 4-
imidazolecarboxylate (33.4 mg, 0.265 mmol) were added at
0°C to the above-obtained solution. The obtained mixture
was stirred overnight in an argon atmosphere at a room
temperature. After completion of the reaction, the
reaction solution was concentrated under a reduced
pressure, and the obtained crude product was then
purified by silica gel chromatography
(dichloromethane/methanol = 100/3 — 20/1 — 10/1 (volume
ratio)) to obtain Compound 29 (58.0 mg, 0.0814 mmol, and
yield: 62%).

'"H-NMR of Compound 29 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :9.01(d,
J=2.1Hz, 1H), 8.60(d, J=2.1Hz, 1H), 7.98(t, J=2.1Hz, 1H),
7.76(s, 1H), 7.70(s, 1H), 7.57(d, J=8.8Hz, 1H), 7.45(d,
J=5.9Hz, 1H), 7.42-7.37(m, 6H), 7.30-7.27(m, 4H), 5.55(s,
2H), 4.34(t, J=5.3Hz, 2H), 3.94(t, J=5.3Hz, 2H), 3.76(s,
3H), 0.89(s, 9H).

[0177]

Synthesis of Compound 300

Compound 29 (38.0 mg, 0.0533 mmol) was dissolved in
tetrahydrofuran (0.2 mL), and thereafter,
tetrabutylammonium fluoride (80.0 UL, tetrahydrofuran
solution, 1 mol/L, 0.0800 mmol) was added to the solution

at a room temperature. The obtained mixture was stirred
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in an argon atmosphere at the same temperature as
described above for 4 hours. After completion of the
reaction, the reaction solution was concentrated under a
reduced pressure, and the obtained crude product was then
purified by silica gel chromatography
(dichloromethane/methanol = 10 : 1 (volume ratio)) to
obtain Compound 300 (23.1 mg, 0.0487 mmol, and yield:
91%) .

'"H-NMR of Compound 300 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :9.02(d,
J=2.1Hz, 1H), 8.66(d, J=2.1Hz, 1H), 8.07(t, J=2.1Hz, 1H),
7.81(s, 1H), 7.78(d, J=0.9Hz, 1H), 7.64(d, J=5.9Hz, 1H),
7.52(d, J=8.7Hz, 1H), 5.61(s, 2H), 4.24(t, J=5.2Hz, 2H),
4.07(gq, J=5.2Hz, 2H), 2.58(t, J=5.2Hz, 1H).

[0178]
(Example 6) Synthesis of Compound 400

Compound 400 was synthesized in accordance with the
scheme shown in Figure 3.

[0179]

Synthesis of 5-fluoro-1-(2-fluoroethyl)-2-[5-(imidazol-1-

ylmethyl)pyridin-3-yl] -6-tributylstannylbenzimidazole

(Compound 30)

Compound 200 (34.5 mg, 0.0830 mmol) synthesized by
the method described in Example 3 was dissolved in N,N'-
dimethylformamide (1.0 mL), and thereafter,

bis(tributyltin) (125 puL, 0.249 mmol) and bis(tri-tert-

butylphosphine)palladium (8.5 mg, 0.0166 mmol) were added
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to the above-obtained solution at a room temperature.
The obtained mixture was stirred overnight in an argon
atmosphere at 100°C. After completion of the reaction,
the reaction solution was cooled, and ethyl acetate and
water were then added thereto, followed by filtration.
The filtrate was extracted with ethyl acetate twice. The
combined ethyl acetate layer was dried over anhydrous
sodium sulfate, and was then concentrated under a reduced
pressure. The obtained crude product was purified by
silica gel column chromatography (eluent:
chloroform/methanol = 20/1 — 10/1 (volume ratio)) to
obtain Compound 30 (3.1 mg, 0.00493 mmol, yield: 6%).
'H-NMR of Compound 30 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :8.94(d,
J=2.0Hz, 1H), 8.63(d, J=2.0Hz, 1H), 7.88(t, J=2.0Hz, 1H),
7.62(s, 1H), 7.44(d, J=6.6Hz, 1H), 7.33(d, J=2.6Hz, 1lH),
7.15(s, 1H), 6.97(s, 1H), 5.26(s, 2H), 4.82(t, J=4.8Hz,
1H), 4.73(t, J=4.8Hz, 1H), 4.48(t, J=4.8Hz, 1H), 4.43(t,
J=4.8Hz, 1H), 1.67-1.50(m, 6H), 1.40-1.28(m, 6H), 1.24-
1.08(m, 6H), 0.89(t, J=7.3Hz, 9H).
[0180]

Synthesis of Compound 400

Compound 30 (9.0 mg, 0.014 mmol) was dissolved in
dichloromethane (0.50 mL), and iodine (9.1 mg, 0.070
mmol) was then added to the solution at a room
temperature. The obtained mixture was stirred in an

argon atmosphere at the same temperature as described
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above for 2 hours. After completion of the reaction, a
saturated sodium thiosulfate aqueous solution and a
saturated sodium hydrogen carbonate aqueous solution were
added to the reaction solution, the obtained mixture was
then stirred for 10 minutes, and the reaction solution
was then extracted with chloroform twice. The combined
chloroform layer was dried over anhydrous sodium sulfate,
and was then concentrated under a reduced pressure. The
obtained crude product was purified by silica gel column
chromatography (eluent: chloroform/methanol = 10/1
(volume ratio)) to obtain Compound 400 (1.3 mg, 0.00279
mmol, yield: 20%).

'H-NMR of Compound 400 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :8.94(d,
J=2.1Hz, 1H), 8.66(d, J=2.1Hz, 1H), 7.86-7.85(m, 1H),
7.79(d, J=5.2Hz, 1H), 7.62(s, 1H), 7.54(d, J=8.1Hz, 1H),
7.15(s, 1H), 6.96(s, 1H), 5.27(s, 2H), 4.81(t, J=4.7Hz,
1H), 4.72(t, J=4.7Hz, 1H), 4.44(t, J=4.7Hz, 1H), 4.39(t,
J=4.7Hz, 1H).

[0181]
(Example 7) Synthesis of Compound [**’I] 400

To an acetonitrile solution (concentration: 1 mg/
mL) (90 uL) of Compound 30 synthesized by the method
described in Example 6, 1 mol/L hydrochloric acid (170
uUL), a 1178 MBg ['*’I] sodium iodide aqueous solution (60
uL), and a 30% (w/v) hydrogen peroxide aqueous solution

(10 uL) were added. The mixed solution was left at rest
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at 40°C for 10 minutes, and was then subjected to HPLC

under the below-mentioned conditions, so that a fraction
with the same retention time as Compound 400 obtained in
Example 6 was obtained as a fraction of Compound ["*’I]
400.

<HPLC conditions>

Column: YMC PackPro C8 (trade name, manufactured by
YMC, size: 4.5 X 150 mm)

Mobile phase: 0.1% by volume of trifluoroacetic
acid-containing water/0.1% by volume of trifluoroacetic
acid-containing acetonitrile (volume ratio) = gradient
from 80/20 to 10/90 over 40 minutes

Flow rate: 1.0 mL/min

Detectors: ultraviolet visible spectrophotometer
(detection wavelength: 260 nm) and radiation detector
(Raytest, STEFFI-type)

A liquid prepared by adding water (10 mL) to the
aforementioned fraction was supplied to a Sep-Pak C18
column (trade name: Sep-Pak (registered trademark) Light
Cl8 Cartridges, manufactured by Waters, the amount of
filler: 130 mg), so that Compound ["*’I] 400 was adsorbed
and captured in the column. This column was washed with
water (1 mL), and diethyl ether (6 mL) was then supplied
to the resulting column to elute Compound ['?*I] 400.
Thereafter, diethyl ether was distilled away to obtain
Compound ['??I] 400. The obtained radioactivity was 281

MBg immediately after completion of the synthesis (65
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minutes after initiation of the synthesis). Moreover, a
TLC analysis was carried out under the below-mentioned
conditions. As a result, the radiochemical purity was
100%.
<TLC analysis conditions>
TLC plate: Silica Gel 60 F,54 (product name, manufactured
by Merck)
Development phase: ethyl acetate/methanol/diethylamine =
10/2/1 (volume ratio)
RI detector: RitaStar, manufactured by Raytest
[0182]
(Example 8) Synthesis of Compound 500

Compound 500 was synthesized in accordance with the
scheme shown in Figure 6.
[0183]

Synthesis of 3-[N-(5-chloro-4-fluoro-2-

nitrophenyl) ]amino-1-propanol (Compound 31)

Compound 5 (581 mg, 3.00 mmol) synthesized by the
method described in Example 1 was dissolved in
dichloromethane (5 mL), and 3-amino-l-propanol (0.69 mL,
9.00 mmol) and potassium carbonate (2.07 g, 15.0 mmol)
were then added to the solution at a room temperature.
The obtained mixture was stirred overnight in an argon
atmosphere at the same temperature as described above.
After completion of the reaction, water was added to the
reaction solution, and the obtained mixture was then

extracted with dichloromethane three times. The combined
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dichloromethane layer was dried over anhydrous sodium
sulfate, and was then concentrated under a reduced
pressure, so as to obtain Compound 31 (718 mg, 2.88 mmol,
and yield: 96%).

'H-NMR of Compound 31 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :8.13 (bs, 1H),
7.99(d, J=9.3Hz, 1H), 6.96(d, J=6.3Hz, 1lH), 3.86(t,

J=4 .9Hz, 2H), 3.44(dd, J=6.7, 5.2Hz, 2H), 2.02-1.97(m,
2H), 1.47(s, 1H).
[0184]

Synthesis of N-(5-chloro-4-fluoro-2-nitrophenyl)-3-(tert-

butyldiphenylsilyloxy) -1-propylamine (Compound 32)

Compound 31 (718 mg, 2.88 mmol) was dissolved in
dichloromethane (10 mL), and thereafter, tert-
butyldiphenylchlorosilane (1.12 mL, 4.32 mmol) and
triethylamine (0.803 mL, 5.76 mmol) were added to the
solution at a room temperature. The obtained mixture was
stirred overnight in an argon atmosphere at the same
temperature as described above. After completion of the
reaction, water was added to the reaction solution, and
the obtained mixture was then extracted with
dichloromethane twice. The combined dichloromethane
layer was dried over anhydrous sodium sulfate, and was
then concentrated under a reduced pressure. The obtained
crude product was purified by silica gel chromatography
(hexane/ethyl acetate = 20/1 (volume ratio)) to obtain

Compound 32 (1.42 g, 2.91 mmol, guantitative).
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'"H-NMR of Compound 32 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :7.98(d,
J=9.3Hz, 1H), 7.90(bs, 1H), 7.65-7.63(m, 4H), 7.44-7.35(m,
6H), 6.91(d, J=6.2Hz, 1H), 3.80(t, J=5.7Hz, 2H), 3.40(dd,
J=6.8, 5.6Hz, 2H), 1.94-1.89(m, 2H), 1.07(s, 9H).

[0185]

Synthesis of 3-chloro-4-fluoro-N-[3-(tert-

butyldiphenylsilyloxy) -1-propyl] -1, 6-phenylenediamine

(Compound 33)

Compound 32 (1.42 g, 2.91 mmol) was dissolved in
ethyl acetate (15 mL), and thereafter, tin(II) chloride
(1.64 g, 8.64 mmol) and water (0.156 mL, 8.64 mmol) were
added to the solution. The obtained mixture was heated
to reflux in an argon atmosphere for 7 hours. After
completion of the reaction, a 2 mol/L sodium hydroxide
aqueous solution (15 mL) was added to the reaction
solution, and the precipitated deposit was then filtrated.
The obtained filtrate was extracted with ethyl acetate
twice. The combined ethyl acetate layer was dried over
anhydrous sodium sulfate, and was then concentrated under
a reduced pressure. The obtained crude product was
purified by silica gel chromatography (hexane/ethyl

acetate = 20/1 — 5/1 (volume ratio)) to obtain Compound

).

o\°

33 (1.01 g, 2.21 mmol, and yield: 77
'H-NMR of Compound 33 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :7.67-7.66(m,

4H), 7.44-7.36(m, 6H), 6.56(d, J=7.1Hz, 1H), 6.49(d,
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J=10.0Hz, 1H), 3.82(t, J=5.8Hz, 2H), 3.35(t, J=5.8Hz, 2H),
3.35(s, 2H), 3.23(s, 1H), 1.91-1.86(m, 2H), 1.07(s, 9H).
[0186]

Synthesis of 5-{6-chloro-5-fluoro-1-[3- (tert-

butyldiphenylsilyloxy) -1-propyl]lbenzimidazol-2-

vl }pyridine-3-methanol (Compound 34)

Compound 3 (140 mg, 1.02 mmol) synthesized by the
method described in Example 1 was dissolved in N,N'-
dimethylformamide (1 mL), and thereafter, an N,N'-
dimethylformamide solution (2 mL), in which Compound 33
(512 mg, 1.12 mmol) had been dissolved, and potassium
peroxymonosulfate (Oxone (registered trademark)
Monopersulfate Compound, manufactured by Wako Pure
Chemical Industries, Ltd.) (753 mg, 1.22 mmol) were added
to the above-obtained solution at a room temperature.

The obtained mixture was stirred in an argon atmosphere
at the same temperature as described above for 30 minutes.
After completion of the reaction, a saturated sodium
thiosulfate aqueous solution and a saturated sodium
hydrogen carbonate agueous solution were added to the
reaction solution, the obtained mixture was then stirred
for 30 minutes, and the reaction mixture was then
extracted with ethyl acetate twice. The combined ethyl
acetate layer was dried over anhydrous sodium sulfate,
and was then concentrated under a reduced pressure. The
obtained crude product was purified by silica gel

chromatography (ethyl acetate/methanol = 50/1 (volume
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ratio)) to obtain Compound 34 (524 mg, 0.913 mmol, and
yield: 89%).

'H-NMR of Compound 34 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :8.86(d,
J=2.1Hz, 1H), 8.72(d, J=2.1Hz, 1H), 8.08(t, J=2.1Hz, 1H),
7.60-7.56(m, 6H), 7.47-7.42(m, 2H), 7.39-7.36(m, 4H),
4.79(d, J=5.8Hz, 2H), 4.40(t, J=7.5Hz, 2H), 3.66(t,
J=5.6Hz, 2H), 1.99-1.94(m, 2H), 1.90(t, J=5.8Hz, 1H),
1.05(s, 9H).

[0187]

Synthesis of 3-{6-chloro-5-fluoro-2-[5- (imidazol-1-

ylmethyl)pyridin-3-yllbenzimidazol-1-yl]-1-propanol

(Compound 36)

Compound 34 (524 mg, 0.913 mmol) was dissolved in
dichloromethane (13 mL), and thereafter, carbon
tetrabromide (363 mg, 1.10 mmol) and triphenylphosphine
(359 mg, 1.37 mmol) were added at 0°C to the solution.
The obtained mixture was stirred in an argon atmosphere
at the same temperature as described above for 1 hour.
After completion of the reaction, the reaction solution
was concentrated under a reduced pressure to obtain a
crude product.

Imidazole (62.2 mg, 0.913 mmol) was dissolved in
N,N'-dimethylformamide (0.3 mL), and sodium hydride (44.0
mg, 1.10 mmol) was then added at 0°C to the solution.
The obtained mixture was stirred in an argon atmosphere

at the same temperature as described above for 10 minutes.
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An N,N'-dimethylformamide solution (0.7 mL), in which the
above described crude product had been dissolved, was
added to the reaction solution at the same temperature as
described above. The obtained mixture was stirred in an
argon atmosphere at the same temperature as described
above for 3 hours. After completion of the reaction,
water was added to the reaction solution, and the
obtained mixture was then extracted with ethyl acetate
twice. The combined ethyl acetate layer was dried over
anhydrous sodium sulfate, and was then concentrated under
a reduced pressure. The obtained crude product was
purified by silica gel chromatography
(dichloromethane/methanol = 20/1 — 10/1 (volume ratio)),
so as to obtain a mixture (239 mg) containing é6-chloro-5-
fluoro-2-[5- (imidazol-1-ylmethyl)pyridin-3-y1]-1-[3-
(tert-butyldiphenylsilyloxy)-1l-propyl]lbenzimidazole
(Compound 35) .

The mixture (239 mg) containing Compound 35 was
dissolved in tetrahydrofuran (2 mL), and
tetrabutylammonium fluoride (0.575 mL, 1 mol/L
tetrahydrofuran solution, 0.575 mmol) was then added to
the solution at a room temperature. The obtained mixture
was stirred in an argon atmosphere at the same
temperature as described above for 1 hour. After
completion of the reaction, the reaction solution was
concentrated under a reduced pressure, and the obtained

crude product was then purified by silica gel
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chromatography (chloroform/methanol = 5/1 (volume ratio))

to obtain Compound 36 (141 mg, 0.365 mmol, three-step

o\

yield from Compound 34: 40%) .

'"H-NMR of Compound 36 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :9.02(d,
J=2.1Hz, 1H), 8.67(d, J=2.1Hz, 1H), 7.73(t, J=2.1Hz, 1H),
7.65(s, 1H), 7.56(d, J=9.2Hz, 1H), 7.51(d, J=6.3Hz, 1H),
7.15(s, 1H), 7.00(s, 1H), 5.31(s, 2H), 4.26(t, J=7.7Hz,
2H), 3.64(t, J=5.8Hz, 2H), 2.02-1.99(m, 2H).

[0188]

Synthesis of 6-chloro-1-(3-chloropropyl)-5-fluoro-2-[5-

(imidazol-1-ylmethyl)pyridin-3-yllbenzimidazole (Compound

37)

Compound 36 (78.5 mg, 0.203 mmol) was dissolved in
dichloromethane (3 mL), and thereafter, p-toluenesulfonyl
chloride (116 mg, 0.609 mmol) and 1,4-
diazabicyclo[2,2,2]octane (137 mg, 1.22 mmol) were added
at 0°C to the solution. The obtained mixture was stirred
overnight in an argon atmosphere at a room temperature.
After completion of the reaction, the reaction mixture
was purified by silica gel chromatography
(dichloromethane/methanol = 10/1 (volume ratio)) to
obtain Compound 37 (47.7 mg, 0.118 mmol, and yield: 58%).

'"H-NMR of Compound 37 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :8.94(d,
J=2.1Hz, 1H), 8.66(d, J=2.1Hz, 1H), 7.79(t, J=2.1Hz, 1H),

7.63(s, 1H), 7.57(d, J=9.1Hz, 1H), 7.50(d, J=6.2Hz, 1H),
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7.15(s, 1H), 6.96(s, 1H), 5.28(s, 2H), 4.38(t, J=7.4Hz,
2H), 3.45(t, J=5.8Hz, 2H), 2.25-2.20(m, 2H).
[0189]

Synthesis of Compound 500

Compound 37 (14.0 mg, 0.0346 mmol) was dissolved in
tetrahydrofuran (0.5 mL), and tetrabutylammonium fluoride
(0.104 mL, 1 mol/L tetrahydrofuran solution, 0.104 mmol)
was then added to the solution at a room temperature.
The obtained mixture was stirred overnight in an argon
atmosphere at the same temperature as described above.
After completion of the reaction, the reaction solution
was concentrated under a reduced pressure, and the
obtained crude product was then purified by silica gel
chromatography (dichloromethane/methanol = 20/1 — 10/1
(volume ratio)) to obtain Compound 500 (8.1 mg, 0.0209
mmol, and yield: 60%) .

'H-NMR of Compound 500 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :8.94(d,
J=2.2Hz, 1H), 8.66(d, J=2.2Hz, 1H), 7.79(t, J=2.2Hz, 1lH),
7.62(s, 1H), 7.58(d, J=9.1Hz, 1H), 7.48(d, J=6.3Hz, 1H),
7.15(s, 1H), 6.96(s, 1H), 5.28(s, 2H), 4.45(t, J=5.3Hz,
1H), 4.36-4.32(m, 3H), 2.21-2.10(m, 2H).

[0190]
(Example 9) Synthesis of Compound ['®F] 500

['®F] Fluoride ion-containing H,'®0 (radioactivity:
4110 MBg, correction value at initiation of the

synthesis) was supplied to a Sep-Pak column (trade name:
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Sep-Pak (registered trademark) Light Cartridge Accell (TM)
Plus QMA Carbonate, manufactured by Waters, the amount of
filler: 130 mg), so that the ['®F] fluoride ion was
adsorbed and captured in the column. To this column, a
potassium carbonate aqueous solution (42.4 umol/L, 0.3
mL) and an acetonitrile solution (0.7 mL) of KRYPTOFIX
222 (trade name, manufactured by Merck) (14 mg, 37.2
umol) were supplied, so that the ['®F] fluoride ion was
eluted. The resultant was heated to 110°C under a stream
of argon gas, so that water was evaporated. Thereafter,
acetonitrile (0.5 mL X 2) was added to the residue, and
the obtained mixture was then azeotropically distilled to
dryness. To this reaction mixture, an acetonitrile
solution (0.3 mL), in which Compound 37 (5 mg, 0.00951
mmol) synthesized by the method described in Example 8
had been dissolved, was added, and the thus obtained
mixture was then heated at 110°C for 15 minutes. After
completion of the reaction, 1 mol/L hydrochloric acid
(0.5 mL) was added to the reaction solution, and the
obtained mixture was then subjected to HPLC under the
below-mentioned conditions, so that a fraction with the
same retention time as Compound 500 obtained in Example 8
was obtained as a fraction of Compound ['®F] 500.

<HPLC conditions>

Column: Capcell Pak C18 MG (trade name, manufactured

by Shiseido Japan, Co., Ltd., size: 10 X 250 mm)
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Mobile phase: 0.1% by volume of trifluoroacetic acid-
containing water/0.1% by volume of trifluorocacetic acid-
containing acetonitrile (volume ratio) = gradient from
80/20 to 20/80 over 40 minutes

Flow rate: 3.0 mL/min

Detector: ultraviolet visible spectrophotometer
(detection wavelength: 260 nm)

A liquid prepared by adding water (10 mL) to the
aforementioned fraction was supplied to a Sep-Pak C18
column (trade name: Sep-Pak (registered trademark) Light
Cl8 Cartridges, manufactured by Waters, the amount of
filler: 130 mg), so that Compound ['®F] 500 was adsorbed
and captured in the column. This column was washed with
water (1 mL), ['®F] 500 was then eluted, and diethyl
ether was then distilled away to obtain ['®F] 500. The
obtained radioactivity was 793 MBg immediately after
completion of the synthesis (133 minutes after initiation
of the synthesis). Moreover, a TLC analysis was carried
out under the below-mentioned conditions. As a result,
the radiochemical purity was 98.6%.
<TLC analysis conditions>
TLC plate: Silica Gel 60 F,s54 (product name, manufactured
by Merck)

Development phase: ethyl acetate/methanol/diethylamine =
10/2/1 (volume ratio)
RI detector: RitaStar, manufactured by Raytest

[0191]
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(Example 10) Synthesis of Compound 601

Compound 601 was synthesized in accordance with the
scheme shown in Figure 7.
[0192]

Synthesis of methyl-2-hydroxymethyl-5-pyridinecarboxylate

(Compound 38)

Dimethyl-2,5-pyridinedicarboxylate (5.00 g, 25.6
mmol) was dissolved in tetrahydrofuran (60 mL) and
ethanol (60 mL), and thereafter, calcium chloride (11.3 g,
102.4 mmol) and sodium borohydride (1.45 g, 38.4 mmol)
were added to the above-obtained solution under cooling
on ice. The obtained mixture was stirred for 17 hours.
After completion of the reaction, a saturated ammonium
chloride aqueous solution and water were added to the
reaction solution, and the obtained mixture was then
extracted with dichloromethane three times. The combined
dichloromethane layer was dried over anhydrous magnesium
sulfate, and was then concentrated under a reduced
pressure. The obtained crude product was purified by
silica gel column chromatography (eluent: chloroform) to
obtain Compound 38 (3.69 g, 22.1 mmol).

'H-NMR of Compound 38 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :9.16(s, 1H),
8.29(d, J=8.1Hz, 1H), 7.37(d, J=8.1Hz, 1H), 4.83(s, 2H),
3.96(s, 3H).

[0193]
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Synthesis of methyl-2-(t-butyldimethylsiloxymethyl) -5-

pyridinecarboxylate (Compound 39)

Compound 38 (1.00 g, 5.98 mmol) was dissolved in
dichloromethane (20 mL), and thereafter, triethylamine
(1.67 mL, 11.9 mmol) and t-butyldimethylchlorosilane
(1.35 g, 8.97 mmol) were added to the solution. The
obtained mixture was stirred for 21 hours. After
completion of the reaction, water was added to the
reaction solution, and the obtained mixture was then
extracted with dichloromethane three times. The combined
dichloromethane layer was dried over anhydrous magnesium
sulfate, and was then concentrated under a reduced
pressure. The obtained crude product was purified by
silica gel column chromatography (eluent: chloroform) to
obtain Compound 39 (607 mg, 2.16 mmol) .

'"H-NMR of Compound 39 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :9.11(s, 1H),
8.31(d, J=8.2Hz, 1H), 7.48(d, J=8.2Hz, 1lH), 4.89(s, 2H),
3.95(s, 3H), 0.97(s, 9H), 0.13(s, 6H).

[0194]

Synthesis of 2-(t-butyldimethylsiloxymethyl)-5-

pyridinemethanol (Compound 40)

Lithium aluminum hydride (146 mg, 3.85 mmol) was
suspended in tetrahydrofuran (10 mL), and thereafter, a
solution prepared by dissolving Compound 39 (725 mg, 2.57
mmol) in tetrahydrofuran (5 mL) was added dropwise to the

suspension under cooling on ice. The obtained mixture
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was stirred for 24 hours. After completion of the
reaction, sodium sulfate decahydrate was added to the
reaction solution, and the obtained mixture was then
filtrated through Celite. The residue was washed with
chloroform, and the resultant was combined with the
filtrate, followed by vacuum concentration. The obtained
crude product was purified by silica gel column
chromatography (eluent: chloroform) to obtain Compound 40
(393 mg, 1.55 mmol).

'H-NMR of Compound 40 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :8.47(d,
J=1.8Hz, 1H), 7.73(dd, J=8.0, 1.8Hz, 1H), 7.51(d, J=8.0Hz,
1H), 4.83(s, 2H), 4.72(s, 2H), 0.96(s, 9H), 0.12(s, 6H).
[0195]

Synthesis of 2- (t-butyldimethylsiloxymethyl) -5-

pyridinecarbaldehyde (Compound 41)

Compound 40 (393 mg, 1.55 mmol) was dissolved in
dichloromethane (15 mL), and thereafter, triethylamine
(840 UL, 6.16 mmol) and a Dess-Martin reagent (1.30 g,
3.08 mmol) were added to the solution. The obtained
mixture was stirred for 21 hours. After completion of
the reaction, a saturated sodium hydrogen carbonate
aqueous solution and a sodium thiosulfate agueous
solution were added to the reaction solution, and the
obtained mixture was then extracted with dichloromethane
three times. The combined dichloromethane layer was

dried over anhydrous magnesium sulfate, and was then
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concentrated under a reduced pressure. The obtained
crude product was purified by silica gel column
chromatography (eluent: chloroform) to obtain Compound 41
(220 mg, 0.875 mmol) .

'H-NMR of Compound 41 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :10.09 (s, 1H),
8.97(d, J=1.8Hz, 1H), 8.19(dd, J=8.1, 1.8Hz, 1H), 7.71(d,
J=8.1Hz, 1H), 4.91(s, 2H), 0.97(s, 9H), 0.14(s, 6H).
[0196]

Synthesis of 6-bromo-1-cyclopropyl-2-[2-

(hydroxymethyl)pyridin-5-yl] -1H-benzimidazole (Compound

42)

4-Bromo-4-cyclopropylamino-aniline (204 mg, 0.900
mmol) and Compound 41 (189 mg, 0.750 mmol) were dissolved
in dimethylformamide (4.0 mL), and thereafter, potassium
peroxymonosulfate (Oxone (registered trademark)
Monopersulfate Compound, manufactured by Wako Pure
Chemical Industries, Ltd.) (553 mg, 0.900 mmol) was added
to the solution. The obtained mixture was stirred at a
room temperature for 1.5 hours. After completion of the
reaction, a saturated sodium hydrogen carbonate aqueous
solution and a saturated sodium thiosulfate aqueous
solution were added to the reaction solution, and the
obtained mixture was then extracted with chloroform three
times. The combined chloroform layer was dried over

anhydrous magnesium sulfate, and was then concentrated

under a reduced pressure. The obtained crude product was
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purified by silica gel column chromatography (eluent:
chloroform/methanol = 10/1) to obtain Compound 42 (165 mg,
0.480 mmol) .

'"H-NMR of Compound 42 (solvent: deuterated methanol,
resonance frequency: 500MHz)d :9.12(s, 1H), 8.27(d, J=8.6,
1H), 7.78(s, 1H), 7.65(d, J=8.6Hz, 1H), 7.51(d, J=8.6Hz,
1H), 7.43(d, J=8.6Hz, 1H), 4.86(s, 2H), 3.58-3.54(m, 1H),
1.21-1.19(m, 2H), 0.79-0.78(m, 2H).

[0197]

Synthesis of methyl 1-[4-(6-bromo-1-cyclopropyl-1H-

imidazobenzo-2-yl) -3-pyridinylmethyl)]-1H-

imidazolecarboxylate (Compound 43)

Compound 42 (165 mg, 0.480 mmol) was dissolved in
tetrahydrofuran (15.0 mL), and thereafter, methyl 4-
imidazolecarboxylate (90.7 mg, 0.72 mmol), diisopropyl
azodicarboxylate (146 mg, 0.72 mmol) and
triphenylphosphine (189 mg, 0.72 mmol) were added to the
solution. The obtained mixture was stirred at a room
temperature for 2 hours, and the solvent was then
distilled away. The obtained crude product was purified
by silica gel column chromatography (eluent: chloroform
— chloroform/methanol = 96/4) to obtain Compound 43 (129
mg, 0.327 mmol) .

'"H-NMR of Compound 43 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :9.15(s, 1H),
8.25(d, J=8.1Hz, 1H), 7.85(s, 1H), 7.82(s, 1H), 7.76 (s,

1H), 7.64(d, J=8.6Hz, 1H), 7.41(d, J=8.6Hz, 1H), 7.25(d,
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J=8.1Hz, 1H), 5.72(s, 2H), 3.81(s, 3H), 3.55-3.51(m, 1H),
1.20-1.18(m, 2H), 0.79-0.77 (m, 2H).
[0198]

Synthesis of methyl 1-[4-(1l-cyclopropyl-6-

tributylstannyl-1H-imidazobenzo-2-y1l)-3-

pyridinylmethyl)] -1H-imidazolecarboxylate (Compound 44)

Compound 43 (19 mg, 0.04 mmol) was dissolved in 1,4-
dioxane (1.0 mL), and thereafter, bis(tributyltin) (40 UL,
0.08 mmol), a PdCl, (dppf) dichloromethane complex (3.2
mg, 0.004 mmol) and potassium acetate (11 mg, 0.12 mmol)
were added to the solution. The obtained mixture was
heated in an argon atmosphere at 100°C for 16 hours.
After completion of the reaction, the reaction solution
was cooled to a room temperature, and the solvent was
then distilled away. The obtained crude product was
purified by silica gel column chromatography (eluent:
chloroform/methanol = 96/4) to obtain Compound 44 (12.6
mg, 0.019 mmol) .

'"H-NMR of Compound 44 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :9.16(s, 1H),
8.26(d, J=8.2, 1H), 7.85(s, 1H), 7.82(s, 1H), 7.78-7.75(m,
1H), 7.69(s, 1H), 7.61(s, 1H), 7.24(d, J=8.2Hz, 1H),
5.72(s, 2H), 3.81(s, 3H), 3.59-3.55(m, 1H), 1.67-1.51(m,
6H), 1.40-1.32(m, 6H), 1.19-1.05(m, 8H), 0.90(t, J=7.3Hz,
9H), 0.80-0.76(m, 2H).

[0199]

Synthesis of Compound 601
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Compound 44 (12.6 mg, 0.019 mmol) was dissolved in
chloroform (1.0 mL), and iodine (2.5 mg, 0.02 mmol) was
then added to the solution. The obtained mixture was
stirred in an argon atmosphere at a room temperature for
2 hours. After completion of the reaction, the solvent
was distilled away, and the obtained crude product was
purified by silica gel column chromatography (eluent:
chloroform — chloroform/methanol = 96/4) to obtain
Compound 601 (2.4 mg, 0.0048 mmol) .

'H-NMR of Compound 601 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :9.17(s, 1H),
8.27(d, J=8.1Hz, 1H), 7.85(s, 1H), 7.82(s, 1H), 7.80-
7.78(m, 1H), 7.62-7.61(m, 1H), 7.36-7.30(m, 1H), 7.25(d,
J=8.1Hz, 1H), 5.73(s, 2H), 3.82(s, 3H), 3.59-3.54(m, 1H),
1.20-1.16(m, 2H), 0.80-0.77(m, 2H).

[0200]
(Example 11) Synthesis of Compound ['*°I] 601

An aqueous solution of ['?°I] sodium iodide (519
MBg/30 UL) in 1 mol/L hydrochloric acid (85 uL) and a 30%
(w/v) hydrogen peroxide aqueous solution (5 pL) were
added to an acetonitrile solution (concentration: 1 mg/mL,
45 pL) of Compound 44 synthesized by the method described
in Example 10. The mixed solution was left at rest at
40°C for 10 minutes, and was then subjected to HPLC under
the below-mentioned conditions, so that a fraction with

the same retention time as Compound 601 obtained in
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Example 10 was obtained as a fraction of Compound [**’I]
601.

<HPLC conditions>

Column: YMC PackPro C8 (trade name, manufactured by YMC,
size: 4.5 X 150 mm)

Mobile phase: 0.1% trifluoroacetic acid-containing
water/0.1% trifluoroacetic acid-containing acetonitrile
(volume ratio) = gradient from 80/20 to 10/90 over 40
minutes

Flow rate: 1.0 mL/min

Detectors: ultraviolet visible spectrophotometer
(detection wavelength: 260 nm) and radiation detector
(Raytest, STEFFI-type)

A liquid prepared by adding 10 mL of water to the
aforementioned fraction was supplied to a Sep-Pak C18
column (trade name: Sep-Pak (registered trademark) Light
Cl8 Cartridges, manufactured by Waters, the amount of
filler: 130 mg), so that Compound ['*?I] 601 was adsorbed
and captured in the column. This column was washed with
water (10 mL), and ethanol (1 mL) was then supplied to
the column, so that Compound ['*’I] 601 was eluted, and it
was then diluted with a physiological saline to obtain a
physiological saline aqueous solution of Compound ['*°I]
601. The obtained radiocactivity was 426 MBg immediately
after completion of the synthesis (64 minutes after

initiation of the synthesis). Moreover, a TLC analysis
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was carried out under the below-mentioned conditions. As
a result, the radiochemical purity was 100%.
<TLC analysis conditions>
TLC plate: Silica Gel 60 Fys54 (product name, manufactured
by Merck)
Development phase: ethyl acetate/methanol/diethylamine =
10/2/1 (volume ratio)
RI detector: RitaStar, manufactured by Raytest
[0201]
(Example 12) Synthesis of Compound 602

Compound 602 was synthesized in accordance with the
scheme shown in Figure 8.
[0202]

Synthesis of 4-bromo-4-cyclopropylamino-l-nitrobenzene

(Compound 45)

4-Bromo-4-fluoro-1l-nitrobenzene (2.00 g, 9.09 mmol)
was dissolved in dichloromethane (50 mL), and thereafter,
cyclopropylamine (1.90 mL, 27.3 mmol) and potassium
carbonate (3.77 g, 27.3 mmol) were then added to the
solution. The obtained mixture was stirred in an argon
atmosphere for 24 hours. After completion of the
reaction, a saturated ammonium chloride aqueous solution
and water were added to the reaction solution, and the
obtained mixture was then extracted with ethyl acetate
three times. The combined ethyl acetate layer was washed
with water and a saturated saline, and it was dried over

anhydrous magnesium sulfate, and was then concentrated
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under a reduced pressure. The obtained crude product was
purified by silica gel column chromatography (eluent:
hexane/ethyl acetate = 10/1) to obtain Compound 45 (2.25
g, 8.74 mmol) .

'H-NMR of Compound 45 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :8.08 (bs, 1H),
8.01(d, J=2.1Hz, 1H), 7.48(d, J=9.1Hz, 1lH), 6.81(dd,
J=2.1, 9.1Hz, 1H), 2.59-2.55(m, 1H), 1.00-0.90(m, 2H),
0.72-0.63(m, 2H).

[0203]

Synthesis of 4-bromo-4-cyclopropylamino-aniline (Compound

46)

Lithium aluminum hydride (663 mg, 17.5 mmol) was
suspended in tetrahydrofuran (50 mL), and Compound 45
(2.25 g, 8.74 mmol) was then added to the suspension
under cooling on ice. The obtained mixture was stirred
in an argon atmosphere for 2 hours. Thereafter, sodium
sulfate decahydrate was added to the reaction solution to
terminate the reaction, and the reaction solution was
then filtrated through Celite. The residue was washed
with ethyl acetate, and was then combined with the
filtrate, followed by vacuum concentration. The obtained
crude product was purified by silica gel column
chromatography (eluent: hexane/ethyl acetate = 4/1) to
obtain Compound 46 (1.02 g, 4.487 mmol, two-step yield

from 4-bromo-4-fluoro-l-nitrobenzene: 49%) .
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'"H-NMR of Compound 46 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :7.12(d,
J=2.2Hz, 1H), 6.68(dd, J=2.2, 8.1Hz, 1H), 6.55(d, J=8.1Hz,
1H), 3.97(bs, 1H), 3.17(bs, 2H), 2.46-2.40(m, 1H), 0.78-
0.72(m, 2H), 0.54-0.51(m, 2H).

[0204]

Synthesis of 6-bromo-1-cyclopropyl-2-[3-

(hydroxymethyl)pyridin-5-yl] -1H-benzimidazole (Compound

47)

Compound 46 (215 mg, 0.947 mmol), and Compound 3
(130 mg, 0.947 mmol) synthesized by the method described
in Example 1, were dissolved in dimethylformamide (5.0
mL), and thereafter, potassium peroxymonosulfate (Oxone
(registered trademark) Monopersulfate Compound,
manufactured by Wako Pure Chemical Industries, Ltd.) (699
mg, 1.14 mmol) was added to the above-obtained solution.
The obtained mixture was stirred at a room temperature
for 2 hours. After completion of the reaction, a
saturated sodium hydrogen carbonate aqueous solution and
a saturated sodium thiosulfate agqueous solution were
added to the reaction solution, and the obtained mixture
was then extracted with ethyl acetate three times. The
combined ethyl acetate layer was washed with water and a
saturated saline, and it was dried over anhydrous
magnesium sulfate, and was then concentrated under a

reduced pressure. The obtained crude product was

purified by silica gel column chromatography (eluent:
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chloroform/methanol = 10/1) to obtain Compound 47 (292 mg,
0.848 mmol) .

'H-NMR of Compound 47 (solvent: deuterated methanol,
resonance frequency: 500MHz)d :9.03(d, J=2.0Hz, 1H),
8.71(d, J=2.0Hz, 1H), 8.40(d, J=2.0Hz, 1H), 7.92(d,
J=2.0Hz, 1H), 7.61(d, J=8.6Hz, 1H), 7.46(d, J=2.0, 8.6Hz,
1H), 4.79(s, 2H), 3.80-3.75(m, 1H), 1.21-1.17(m, 2H),
0.75-0.72(m, 2H).

[0205]

Synthesis of 6-bromo-1l-cyclopropyl-2-[3-(1lH-imidazol-1-

ylmethyl)pyridin-5-yl] -1H-benzimidazole (Compound 48)

Compound 47 (292 mg, 0.848 mmol) was dissolved in
dichloromethane (3.0 mL), and thereafter,
triphenylphosphine (334 mg, 1.27 mmol) and carbon
tetrabromide (422 mg, 1.27 mmol) were added to the
solution. The obtained mixture was stirred at a room
temperature for 1 hour, and the solvent was then
distilled away under a reduced pressure. The residue was
purified by flash silica gel column chromatography
(chloroform), so as to obtain 265 mg (corresponding to
0.848 mmol) of a crude product.

Subsequently, sodium hydride (approximately 60%,
dispersed in liquid paraffin) (33.9 mg, 0.846 mmol) was
dissolved in dimethylformamide (5.0 mL), and imidazole
(66.5 mg, 0.977 mmol) was then added to the solution.
The obtained mixture was stirred at a room temperature

for 15 minutes, and the above described crude product
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(265 mg, 0.848 mmol) was then added to the reaction
mixture. The thus obtained mixture was stirred at a room
temperature for 1 hour, and thereafter, a saturated
ammonium chloride aqueous solution and water were added
to the reaction mixture. The obtained mixture was
extracted with ethyl acetate three times. The combined
ethyl acetate layer was washed with water and a saturated
saline, and it was dried over anhydrous magnesium sulfate,
and was then concentrated under a reduced pressure. The
obtained crude product was purified by silica gel column
chromatography (eluent: chloroform/methanol = 10/1) to
obtain Compound 48 (129 mg, 0.327 mmol, three-step yield

from Compound 46: 35%).

o\

'"H-NMR of Compound 48 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :9.22(d,
J=2.1Hz, 1H), 8.62(d, J=2.1Hz, 1H), 8.04(t, J=2.1Hz, 1H),
7.76(d, J=1.7Hz, 1H), 7.64(d, J=8.6Hz, 1H), 7.63(s, 1H),
7.42(dd, J=1.7, 8.6Hz, 1H), 7.15(s, 1H), 6.98(bs, 1H),
5.27(s, 2H), 3.48-3.44(m, 1H), 1.15-1.11(m, 2H), 0.75-
0.72(m, 2H).

[0206]

Synthesis of l1-cyclopropyl-2-[3-(1lH-imidazol-1-

ylmethyl)pyridin-5-yl] -6-tributylstannyl-1H-benzimidazole

(Compound 49)

Compound 48 (70.5 mg, 0.179 mmol) was dissolved in
dimethylformamide (1.0 mL), and thereafter,

bis(tributyltin) (179 pL, 0.358 mmol) and bis(tri-t-
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butylphosphine)palladium (9.2 mg, 0.018 mmol) were added
to the solution. The obtained mixture was heated in an
argon atmosphere at 100°C for 4 hours. After completion
of the reaction, the reaction solution was cooled to a
room temperature, water was then added thereto, and the
obtained mixture was then extracted with ethyl acetate
three times. The combined ethyl acetate layer was washed
with water and a saturated saline, and it was dried over
anhydrous magnesium sulfate, and was then concentrated
under a reduced pressure. The obtained crude product was
purified by silica gel column chromatography (eluent:
chloroform/methanol = 10/1) to obtain Compound 49 (23.9
mg, 0.045 mmol, yield: 47%).

'"H-NMR of Compound 49 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :9.23(d,
J=2.0Hz, 1H), 8.59(d, J=2.0Hz, 1H), 8.07(t, J=2.0Hz, 1H),
7.76(d, J=8.3Hz, 1H), 7.69(s, 1H), 7.63(s, 1H), 7.39(d,
J=8.3Hz, 1H), 7.14(s, 1H), 6.98(s, 1H), 5.23(s, 2H),
3.53-3.49(m, 1H), 1.61-1.51(m, 6H), 1.40-1.34(m, 8H),
1.19-1.05(m, 6H), 0.90(t, J=7.3Hz, 9H), 0.76-0.72(m, 2H).
[0207]

Synthesis of Compound 602

Compound 49 (19.2 mg, 0.0318 mmol) was dissolved in
dichloromethane (1.0 mL), and iodine (4.04 mg, 0.0318
mmol) was then added to the solution. The obtained
mixture was stirred in an argon atmosphere at a room

temperature for 30 minutes. After completion of the
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reaction, a saturated sodium hydrogen carbonate aqueous
solution and a saturated sodium thiosulfate aqueous
solution were added to the reaction solution, and the
obtained mixture was then extracted with chloroform three
times. The combined chloroform layer was washed with
water and a saturated saline, and it was dried over
anhydrous magnesium sulfate, and was then concentrated
under a reduced pressure. The obtained crude product was
purified by silica gel column chromatography (eluent:
chloroform/methanol = 10/1) to obtain Compound 602 (8.2
mg, 0.019 mmol) .

'"H-NMR of Compound 602 (solvent: deuterated
chloroform, resonance frequency: 500MHz)d :9.21(d,
J=2.1Hz, 1H), 8.62(d, J=2.1Hz, 1H), 8.04(t, J=2.1Hz, 1H),
7.95(s, 1H), 7.64(bs, 1H), 7.60(d, J=8.5Hz, 1H), 7.53(d,
J=8.5Hz, 1H), 7.16(bs, 1H), 6.99(bs, 1H), 5.27(s, 2H),
3.47-3.43(m, 1H), 1.15-1.11(m, 2H), 0.75-0.71(m, 2H).
[0208]

(Example 13) Synthesis of Compound [**’I] 602

An aqueous solution of ['?°I] sodium iodide (756
MBg/60 UL) in 1 mol/L hydrochloric acid (170 uL) and a
30% (w/v) hydrogen peroxide aqueous solution (10 uL) were
added to an acetonitrile solution (concentration: 1 mg/mL,
90 UL) of Compound 49 synthesized by the method described
in Example 12. The mixed solution was left at rest at

40°C for 10 minutes, and was then subjected to HPLC under

the below-mentioned conditions, so that a fraction with
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the same retention time as Compound 602 obtained in
Example 12 was obtained as a fraction of Compound ['*’I]
602.

<HPLC conditions>

Column: YMC PackPro C8 (trade name, manufactured by YMC,
size: 4.5 X 150 mm)

Mobile phase: 0.1% trifluorocacetic acid-containing
water/0.1% trifluoroacetic acid-containing acetonitrile
(volume ratio) = gradient from 80/20 to 10/90 over 40
minutes

Flow rate: 1.0 mL/min

Detectors: ultraviolet visible spectrophotometer
(detection wavelength: 260 nm) and radiation detector
(Raytest, STEFFI-type)

A liquid prepared by adding water (10 mL) to the
aforementioned fraction was supplied to a Sep-Pak C18
column (trade name: Sep-Pak (registered trademark) Light
Cl8 Cartridges, manufactured by Waters, the amount of
filler: 130 mg), so that Compound ["*’I] 602 was adsorbed
and captured in the column. This column was washed with
water (10 mL), and ethanol (1 mL) was then supplied to
the column, so that Compound ['*’I] 602 was eluted, and it
was then diluted with a physiological saline to obtain a
physiological saline aqueous solution of Compound ['*°I]
602. The obtained radioactivity was 153 MBg immediately
after completion of the synthesis (42 minutes after

initiation of the synthesis). Moreover, a TLC analysis
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was carried out under the below-mentioned conditions. As
a result, the radiochemical purity was 100%.
<TLC analysis conditions>
TLC plate: Silica Gel 60 Fys54 (product name, manufactured
by Merck)
Development phase: ethyl acetate/methanol/diethylamine =
10/2/1 (volume ratio)
RI detector: RitaStar, manufactured by Raytest
[0209]
(Example 14) Synthesis of Compound 603

Compound 603 was synthesized in accordance with the
scheme shown in Figure 9.
[0210]

Synthesis of 6-bromo-1-cyclopropyl-2-[3-(1H-1,2,3-

triazol-1-ylmethyl)pyridin-5-yl]-1H-benzimidazole

(Compound 50)

Compound 47 (245 mg, 0.712 mmol) synthesized by the
method described in Example 12 was dissolved in
dichloromethane (3.0 mL), and thereafter,
triphenylphosphine (280 mg, 1.07 mmol) and carbon
tetrabromide (354 mg, 1.07 mmol) were added to the
solution. The obtained mixture was stirred at a room
temperature for 1 hour. Thereafter, the solvent was
distilled away under a reduced pressure, and the residue
was then purified by flash silica gel column
chromatography (chloroform), so as to obtain a crude

product of 6-bromo-l-cyclopropyl-2-[3-
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(bromomethyl)pyridin-5-yl] -1H-benzimidazole (290 mg,
0.712 mmol) .

Sodium hydride (approximately 60%, dispersed in
liquid paraffin) (37.0 mg, 0.926 mmol) was dissolved in
5.0 mL of dimethylformamide, and 1,2,3-triazole (72.7 mg,
1.07 mmol) was then added to the solution. The obtained
mixture was stirred at a room temperature for 2 minutes,
and the crude product of 6-bromo-1l-cyclopropyl-2-[3-
(bromomethyl) pyridin-5-yl] -1H-benzimidazole (290 mg,
0.712 mmol) was then added to the reaction solution. The
thus obtained mixture was stirred at a room temperature
for 1 hour, and a saturated ammonium chloride aqueous
solution and water were then added to the reaction
solution. The obtained mixture was extracted with ethyl
acetate three times. The combined ethyl acetate layer
was washed with water and a saturated saline, and it was
dried over anhydrous magnesium sulfate, and was then
concentrated under a reduced pressure. The obtained
crude product was purified by silica gel column
chromatography (eluent: chloroform/methanol = 10/1) to
obtain Compound 50 (81.9 mg, 0.208 mmol, yield from
Compound 47: 29%) .

'"H-NMR of Compound 50 (solvent: deuterated
dimethylformamide, resonance frequency: 500MHz) :5 9.23 (s,
1H), 8.73(s, 1H), 8.24(s, 1H), 7.76(s, 1H), 7.73(s, 1H),
7.68(s, 1H), 7.65-7.61(m, 1H), 7.42-7.40(m, 1H), 5.73(s,

2H), 3.52-3.51(m, 1H), 1.14-1.13(m, 2H), 0.75-0.72(m, 2H).
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[0211]

Synthesis of 1-cyclopropyl-2-[3-(1H-1,2,3-triazol-1-

ylmethyl)pyridin-5-yl] -6-tributylstannyl-1H-benzimidazole

(Compound 51)

Compound 50 (81.9 mg, 0.208 mmol) was dissolved in
dimethylformamide (1.0 mL), and thereafter,
bis(tributyltin) (208 UL, 0.416 mmol) and bis(tri-t-
butylphosphine)palladium (10.6 mg, 0.0208 mmol) were
added to the solution. The obtained mixture was heated
in an argon atmosphere at 100°C for 4 hours. After
completion of the reaction, the reaction solution was
cooled to a room temperature, water was then added
thereto, and the obtained mixture was then extracted with
ethyl acetate three times. The combined ethyl acetate
layer was washed with water and a saturated saline, and
it was dried over anhydrous magnesium sulfate, and was
then concentrated under a reduced pressure. The obtained
crude product was purified twice by silica gel column
chromatography (eluent: chloroform/methanol = 10/1) to

) .

o\°

obtain Compound 51 (12.0 mg, 0.023 mmol, yield: 11
'"H-NMR of Compound 51 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 9.25(d,
J=2.0Hz, 1H), 8.69(d, J=2.0Hz, 1H), 8.23(t, J=2.0Hz, 1H),

7.77(s, 1H), 7.76(d, J=7.9Hz, 1H), 7.69(s, 1H), 7.64 (s,
1H), 7.39(d, J=7.9Hz, 1H), 5.71(s, 2H), 3.55-3.52(m, 1H),
1.65-1.51(m, 6H), 1.45-1.23(m, 6H), 1.19-1.05(m, 8H),

0.87(t, J=7.9Hz, 9H), 0.74-0.71(m, 2H).
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[0212]

Synthesis of Compound 603

Compound 51 (11.0 mg, 0.0182 mmol) was dissolved in
dichloromethane (1.0 mL), and iodine (2.54 mg, 0.0200
mmol) was then added to the solution. The obtained
mixture was stirred in an argon atmosphere at a room
temperature for 10 minutes. After completion of the
reaction, a saturated sodium hydrogen carbonate aqueous
solution and a saturated sodium thiosulfate aqueous
solution were added to the reaction solution, and the
obtained mixture was then extracted with dichloromethane
three times. The combined dichloromethane layer was
washed with water and a saturated saline, and it was
dried over anhydrous magnesium sulfate, and was then
concentrated under a reduced pressure. The obtained
crude product was purified by silica gel column
chromatography (eluent: chloroform/methanol = 10/1) to
obtain Compound 603 (4.5 mg, 0.010 mmol).

'"H-NMR of Compound 603 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 9.24(d,
J=1.9Hz, 1H), 8.71(d, J=2.1Hz, 1H), 8.22(t, J=2.1Hz, 1lH),
7.96(d, J=1.2Hz, 1H), 7.77(d, J=1.0Hz, 1H), 7.64(d,
J=1.2Hz, 1H), 7.64-7.59(m, 1H), 7.54-7.53(m, 1H), 5.71(s,
2H), 3.51-3.46(m, 1H), 1.15-1.11(m, 2H), 0.73-0.70(m, 2H).
[0213]

(Example 15) Synthesis of Compound ['?°I] 603
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An aqueous solution of ['*’I] sodium iodide (1496
MBg/30 uL) in 1 mol/L hydrochloric acid (170 pL) and a
30% (w/v) hydrogen peroxide aqueous solution (5 UL) were
added to an acetonitrile solution (concentration: 1 mg/mL,
90 UL) of Compound 51 synthesized by the method described
in Example 14. The mixed solution was left at rest at
40°C for 10 minutes, and was then subjected to HPLC under
the below-mentioned conditions, so that a fraction with
the same retention time as Compound 603 obtained in
Example 14 was obtained as a fraction of Compound ['*°I]
603.
<HPLC conditions>
Column: YMC PackPro C8 (trade name, manufactured by YMC,
size: 4.5 X 150 mm)

Mobile phase: 0.1% trifluoroacetic acid-containing
water/0.1% trifluoroacetic acid-containing acetonitrile
(volume ratio) = gradient from 80/20 to 10/90 over 40
minutes

Flow rate: 1.0 mL/min

Detectors: ultraviolet visible spectrophotometer
(detection wavelength: 260 nm) and radiation detector
(Raytest, STEFFI-type)

A liquid prepared by adding 10 mL of water to the
aforementioned fraction was supplied to a Sep-Pak C18
column (trade name: Sep-Pak (registered trademark) Light
Cl8 Cartridges, manufactured by Waters, the amount of

filler: 130 mg), so that Compound ['*?I] 603 was adsorbed
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and captured in the column. This column was washed with
1 mL of water, and ethanol (0.3 mL) was then supplied to
the column, so that Compound ['*’I] 603 was eluted, and it
was then diluted with a physiological saline to obtain a
physiological saline aqueous solution of Compound ['*°I]
603. The obtained radiocactivity was 1010 MBg immediately
after completion of the synthesis (42 minutes after
initiation of the synthesis). Moreover, a TLC analysis
was carried out under the below-mentioned conditions. As
a result, the radiochemical purity was 95.5%.
<TLC analysis conditionss>
TLC plate: Silica Gel 60 Fis54 (product name, manufactured
by Merck)
Development phase: ethyl acetate/methanol/diethylamine =
10/2/1 (volume ratio)
RI detector: RitaStar, manufactured by Raytest
[0214]
(Example 16) Synthesis of Compound 604

Compound 604 was synthesized in accordance with the
scheme shown in Figure 10.
[0215]

Synthesis of 5-bromo-N- (2-fluoroethyl) -2-nitrobenzenamine

(Compound 52)

4-Bromo-2-fluoronitrobenzene (1.00 g, 4.55 mmol) was
dissolved in N,N'-dimethyl sulfoxide (5 mL), and
thereafter, triethylamine (1.90 mL, 13.6 mmol) and 2-

fluoroethylamine hydrochloride (679 mg, 6.82 mmol) were



10

15

20

25

- 147 -

added to the solution at a room temperature. The
obtained mixture was stirred overnight in an argon
atmosphere at the same temperature as described above.
After completion of the reaction, water was added to the
reaction solution, and the obtained mixture was then
extracted with ethyl acetate twice. The combined ethyl
acetate layer was dried over anhydrous sodium sulfate,
and was then concentrated under a reduced pressure. The
obtained crude product was purified by silica gel
chromatography (hexane/ethyl acetate = 5/1) to obtain
Compound 52 (1.17 g, 4.46 mmol, and yield: 98%).

'"H-NMR of Compound 52 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :6 8.23(bs, 1H),
8.06(d, J=9.1Hz, 1H), 7.04(d, J=2.0Hz, 1lH), 6.82(dd,
J=9.1, 2.0Hz, 1H), 4.70(dt, J=47.0, 5.0Hz, 2H), 3.68-
3.60(m, 2H)

[0216]

Synthesis of 5-bromo-N- (2-fluoroethyl)-1,2-

phenylenediamine (Compound 53)

Compound 52 (526 mg, 2.00 mmol) was dissolved in
ethyl acetate (10.0 mL), and thereafter, tin(II) chloride
(1.14 g, 6.00 mmol) and water (0.108 mL, 6.00 mmol) were
added to the solution. The obtained mixture was heated
overnight in an argon atmosphere at 80°C. After
completion of the reaction, a 4 mol/L sodium hydroxide
aqueous solution (10 mL) was added to the reaction

solution, and the obtained mixture was then filtrated
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through Celite. The obtained filtrate was dried over
anhydrous sodium sulfate, and was then concentrated under
a reduced pressure. The obtained crude product was
purified by silica gel chromatography (hexane/ethyl
acetate = 3/1) to obtain Compound 53 (356.0 mg, 1.53 mmol,
yield: 76%).

'"H-NMR of Compound 53 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :d 6.81(dd, J=8.2,
2.1Hz, 1H), 6.74(d, J=2.1Hz, 1H), 6.60(d, J=8.2Hz, 1H),
4.68(dt, J=47.3, 4.9Hz, 2H), 3.77(t, J=5.7Hz, 1H), 3.47-
3.34(m, 4H)

[0217]

Synthesis of 5-[6-bromo-1-(2-fluoroethyl)benzimidazol-2-

yllpyridine-3-methanol (Compound 54)

Compound 3 (150 mg, 1.09 mmol) synthesized by the
method described in Example 1 was dissolved in N,N'-
dimethylformamide (5.0 mL), and thereafter, Compound 53
(356.0 mg, 1.53 mmol) and potassium peroxymonosulfate
(Oxone (registered trademark) Monopersulfate Compound,
manufactured by Wako Pure Chemical Industries, Ltd.) (807
mg, 1.31 mmol) were added to the above-obtained solution
at a room temperature. The obtained mixture was stirred
in an argon atmosphere at the same temperature as
described above for 1 hour. After completion of the
reaction, a saturated sodium thiosulfate aqueous solution
and a saturated sodium hydrogen carbonate agqueous

solution were added at 0°C to the reaction solution, and
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the obtained mixture was then stirred for 10 minutes.
Thereafter, the reaction mixture was extracted with ethyl
acetate three times. The combined ethyl acetate layer
was dried over anhydrous sodium sulfate, and was then
concentrated under a reduced pressure. The obtained
crude product was purified by silica gel chromatography
(ethyl acetate/methanol/diethylamine = 50/1/0 — 20/1/0
— 10/1/0.3) to obtain Compound 54 (291 mg, 0.831 mmol,

) .

o\°

and yield: 76
'H-NMR of Compound 54 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.87(d,
J=2.1Hz, 1H), 8.77(d, J=2.1Hz, 1H), 8.13(s, 1lH), 7.65(d,
J=5.8Hz, 1H), 7.59(d, J=8.7Hz, 1H), 4.87-4.83(m, 3H),
4.75(t, J=4.8Hz, 1H), 4.53(t, J=4.8Hz, 1H), 4.48(t,
J=4.8Hz, 1H), 1.99(d, J=5.6Hz, 1H)
[0218]

Synthesis of 6-bromo-1-(2-fluoroethyl)-2-[5-(imidazol-1-

yvlmethyl)pyridin-3-yllbenzimidazole (Compound 55)

Compound 54 (291 mg, 0.831 mmol) was dissolved in
dichloromethane (9.0 mL), and thereafter, carbon
tetrabromide (412 mg, 1.24 mmol) and triphenylphosphine
(434 mg, 1.66 mmol) were added at 0°C to the solution.
The obtained mixture was stirred in an argon atmosphere
at the same temperature as described above for 1 hour.
After completion of the reaction, the reaction solution
was concentrated under a reduced pressure, and the

obtained crude product was then purified by silica gel
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chromatography (ethyl acetate), so as to obtain a mixture
containing 2- (5-bromomethylpyridin-3-yl)-6-bromo-5-
fluoro-1- (2-fluoroethyl)benzimidazole.

Imidazole (56.4 mg, 0.831 mmol) was dissolved in
N,N'-dimethylformamide (2.5 mL), and sodium hydride (23.8
mg, 0.997 mmol) was then added at 0°C to the solution.
The obtained mixture was stirred for 30 minutes. An
N,N'-dimethylformamide solution (2.5 mL), in which the
mixture containing 2- (5-bromomethylpyridin-3-yl)-6-bromo-
5-fluoro-1-(2-fluoroethyl)benzimidazole had been
dissolved, was added to the reaction solution, and the
thus obtained mixture was then stirred in an argon
atmosphere at a room temperature for 1.5 hours. After
completion of the reaction, water was added to the
reaction solution, and the obtained mixture was then
extracted with ethyl acetate twice. The combined ethyl
acetate layer was dried over anhydrous sodium sulfate,
and was then concentrated under a reduced pressure. The
obtained crude product was purified by silica gel
chromatography (chloroform/methanol = 20/1 — 8/1) to
obtain Compound 55 (113.0 mg, 0.282 mmol, two-step yield

from Compound 54: 34%).

o\

'H-NMR of Compound 55 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.95(d,
J=2.0Hz, 1H), 8.65(d, J=2.0Hz, 1H), 7.88(t, J=2.0Hz, 1H),

7.70(d, J=8.6Hz, 1H), 7.62-7.58(m, 2H), 7.47(dd, J=8.6,
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1.8Hz, 1H), 7.15(s, 1H), 6.96(s, 1H), 5.26(s, 2H),
4.77(dt, J=46.8, 4.8Hz, 2H), 4.42(dt, J=25.0, 4.8Hz, 2H)
[0219]

Synthesis of 1-(2-fluoroethyl)-2-[5-{(imidazol-1-

yl)methyl}pyridin-3-yl] -6-tributylstannylbenzimidazole

(Compound 56)

Compound 55 (110.0 mg, 0.275 mmol) was dissolved in
N,N'-dimethylformamide (1.0 mL), and thereafter,
bis(tributyltin) (275 puL, 0.550 mmol) and bis(tri-tert-
butylphosphine)palladium (28.1 mg, 0.0550 mmol) were
added to the solution at a room temperature. The
obtained mixture was stirred overnight in an argon
atmosphere at 110°C. After completion of the reaction,
ethyl acetate and water were added to the reaction
solution, and an ethyl acetate layer was extracted three
times. The combined ethyl acetate layer was dried over
anhydrous sodium sulfate, and was then concentrated under
a reduced pressure. The obtained crude product was
purified by silica gel column chromatography (eluent:
chloroform/methanol = 50/1 — 20/1) to obtain Compound 56
(89.0 mg, 0.145 mmol, yield: 53%).

'H-NMR of Compound 56 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.96(d,
J=2.0Hz, 1H), 8.62(d, J=2.0Hz, 1H), 7.91(t, J=2.0Hz, 1lH),
7.82(d, J=7.9Hz, 1H), 7.62(s, 1H), 7.47(s, 1H), 7.44(d,
J=7.9Hz, 1H), 7.14(s, 1H), 6.96(s, 1H), 5.26(s, 2H),

4.79(dt, J=46.8, 4.8Hz, 2H), 4.47(dt, J=24.7, 4.8Hz, 2H),
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1.69-1.49(m, 6H), 1.39-1.30(m, 6H), 1.24-1.04(m, 6H),
0.90(t, J=7.3Hz, 9H)
[0220]

Synthesis of Compound 604

Compound 56 (20.0 mg, 0.0327 mmol) was dissolved in
dichloromethane (1.50 mL), and iodine (15.7 mg, 0.127
mmol) was then added to the solution at a room
temperature. The obtained mixture was stirred in an
argon atmosphere at the same temperature as described
above for 2 hours. After completion of the reaction, a
saturated sodium thiosulfate aqueous solution and a
saturated sodium hydrogen carbonate aqueous solution were
added to the reaction solution, and the obtained mixture
was then extracted with dichloromethane twice. The
combined dichloromethane layer was dried over anhydrous
sodium sulfate, and was then concentrated under a reduced
pressure. The obtained crude product was purified by
silica gel column chromatography (eluent:
chloroform/methanol = 10/1), so as to quantitatively
obtain Compound 604 (15.5 mg, 0.0347 mmol) .

'H-NMR of Compound 604 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.95(d,
J=2.1Hz, 1H), 8.64(d, J=2.1Hz, 1H), 7.88(s, 1H), 7.77(d,
J=1.4Hz, 1H), 7.65-7.58(m, 3H), 7.14(s, 1H), 6.96-6.95(m,
1H), 5.26(s, 2H), 4.76(dt, J=46.8, 4.8Hz, 2H), 4.41(dt,
J=24.9, 4.8Hz, 2H)

[0221]
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(Example 17) Synthesis of Compound ['*?I] 604

An aqueous solution of ['?°I] sodium iodide (1178
MBg/15 uL) in 1 mol/L hydrochloric acid (42.5 uL) and a
30% (w/v) hydrogen peroxide aqueous solution (2.5 uL)
were added to an acetonitrile solution (concentration: 1
mg/mL, 22.5 uL) of Compound 56 synthesized by the method
described in Example 16. The mixed solution was left at
rest at 40°C for 10 minutes, and was then subjected to
HPLC under the below-mentioned conditions, so that a
fraction with the same retention time as Compound 604
obtained in Example 16 was obtained as a fraction of
Compound ['*?’I] 604.
<HPLC conditions>
Column: YMC PackPro C8 (trade name, manufactured by YMC,
size: 4.5 X 150 mm)
Mobile phase: 0.1% trifluoroacetic acid-containing
water/0.1% trifluoroacetic acid-containing acetonitrile
(volume ratio) = gradient from 80/20 to 10/90 over 40
minutes
Flow rate: 1.0 mL/min
Detectors: ultraviolet visible spectrophotometer
(detection wavelength: 260 nm) and radiation detector
(Raytest, STEFFI-type)

A liquid prepared by adding 10 mL of water to the
aforementioned fraction was supplied to a Sep-Pak C18
column (trade name: Sep-Pak (registered trademark) Light

Cl8 Cartridges, manufactured by Waters, the amount of
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filler: 130 mg), so that Compound ['*’I] 604 was adsorbed
and captured in the column. This column was washed with
water (1 mL), and ethanol (0.4 mL) was then supplied to
the column, so that Compound ['*’I] 604 was eluted, and it
was then diluted with a physiological saline to obtain a
physiological saline aqueous solution of Compound ['*°I]
604. The obtained radiocactivity was 252 MBqg immediately
after completion of the synthesis (66 minutes after
initiation of the synthesis). Moreover, a TLC analysis
was carried out under the below-mentioned conditions. As
a result, the radiochemical purity was 98.8%.
<TLC analysis conditions>
TLC plate: Silica Gel 60 F,s54 (product name, manufactured
by Merck)
Development phase: ethyl acetate/methanol/diethylamine =
10/2/1 (volume ratio)
RI detector: RitaStar, manufactured by Raytest
[0222]
(Example 18) Synthesis of Compound 605

Compound 605 was synthesized in accordance with the
scheme shown in Figure 11.
[0223]

Synthesis of 5-chloro-4-fluoro-N- (4-iodobenzyl) -2-

nitrobenzenamine (Compound 57)

Compound 5 (500 mg, 2.58 mmol) synthesized by the
method described in Example 1 was dissolved in

dichloromethane (15.0 mL), and potassium carbonate (1.07
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g, 7.74 mmol) was then added to the solution. Then, 4-
iodobenzylamine (902 mg, 3.87 mmol) was added to the
mixture, and the thus obtained mixture was then heated to
reflux overnight in an argon atmosphere. After
completion of the reaction, water was added to the
reaction solution, and the obtained mixture was then
extracted with dichloromethane three times. The combined
dichloromethane layer was dried over anhydrous sodium
sulfate, and was then concentrated under a reduced
pressure. The obtained crude product was purified by
silica gel column chromatography (eluent:
hexane/chloroform = 5/1 — 1/1) to obtain Compound 57
(946 mg, 2.33 mmol, yield: 90%).

'"H-NMR of Compound 57 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.27(s, 1H),
8.02(d, J=9.2Hz, 1H), 7.72(d, J=8.4Hz, 2H), 7.09(d,
J=8.4Hz, 2H), 6.81(d, J=6.2Hz, 1H), 4.46(d, J=5.7, 2H).
[0224]

Synthesis of 5-chloro-4-fluoro-N1-(4-iodobenzyl)-1,2-

benzenediamine (Compound 58)

Compound 57 (100 mg, 0.246 mmol) was dissolved in
ethyl acetate (2.00 mL), and thereafter, water (0.0441 mL,
2.45 mmol) and tin(II) chloride (233 mg, 1.23 mmol) were
added to the solution. The obtained mixture was heated
to reflux in an argon atmosphere for 3.5 hours. After
completion of the reaction, a saturated sodium hydrogen

carbonate aqueous solution was added to the reaction
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solution, and the precipitated solid was then removed by
filtration. The resultant was extracted with ethyl
acetate three times, and the combined ethyl acetate layer
was dried over anhydrous sodium sulfate and was then
concentrated under a reduced pressure, so as to
quantitatively obtain Compound 58 (93.3 mg, 0.248 mmol) .
'"H-NMR of Compound 58 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :6 7.69(d,
J=8.4Hz, 2H), 7.12(d, J=8.4Hz, 2H), 6.57(d, J=7.0Hz, 1H),
6.54(d, J=9.9Hz, 1H), 4.19(s, 2H), 3.47(s, 3H).
[0225]

Synthesis of 6-chloro-5-fluoro-1-(4-iodobenzyl)-2-[5-

hydroxy-1-ylmethyl) -3-pyridinyl] -1H-benzimidazole

(Compound 59)

Compound 3 (30.3 mg, 0.221 mmol) synthesized by the
method described in Example 1 was dissolved in
dimethylformamide (2.00 mL), and thereafter, Compound 58
(92.6 mg, 0.246 mmol) and potassium peroxymonosulfate
(Oxone (registered trademark) Monopersulfate Compound,
manufactured by Wako Pure Chemical Industries, Ltd.) (181
mg, 0.295 mmol) were added to the above-obtained solution.
The obtained mixture was stirred in an argon atmosphere
at a room temperature for 2 hours. After completion of
the reaction, a saturated sodium hydrogen carbonate
aqgueous solution and a saturated sodium thiosulfate
aqueous solution were added to the reaction solution

under cooling on ice, and the obtained mixture was then
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extracted with ethyl acetate three times. The combined
ethyl acetate layer was dried over anhydrous sodium
sulfate, and was then concentrated under a reduced
pressure. The obtained crude product was purified by
silica gel column chromatography (eluent: ethyl acetate)
to obtain Compound 59 (78.7 mg, 0.159 mmol, yield: 72%).
'"H-NMR of Compound 59 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :d 8.75-8.73 (m,
2H), 8.07(s, 1H), 7.70-7.68(m, 2H), 7.63(d, J=9.1Hz, 1H),
7.24 (s, 1H), 6.80(d, J=8.5Hz, 2H), 5.37(s, 2H), 4.81(d,
J=5.5Hz, 2H)
[0226]

Synthesis of Compound 605

Compound 59 (78.7 mg, 0.159 mmol) was dissolved in
dichloromethane (1.60 mL), and thereafter,
triphenylphosphine (83.4 mg, 0.318 mmol) and carbon
tetrabromide (79.3 mg, 0.239 mmol) were added to the
solution under cooling on ice. The obtained mixture was
stirred in an argon atmosphere at 0°C for 15 minutes.
After completion of the reaction, the reaction solution
was concentrated under a reduced pressure to obtain a
crude product.

To a solution prepared by dissolving imidazole (21.6
mg, 0.318 mmol) in dimethylformamide (0.800 mL), sodium
hydride (12.7 mg, 0.318 mmol) was added under cooling on
ice. The previously obtained crude product was dissolved

in dimethylformamide (0.800 mL), and the obtained
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solution was then added to the imidazole solution under
cooling on ice. The obtained mixture was stirred under
cooling on ice for 2 hours. After completion of the
reaction, water was added to the reaction solution under
cooling on ice, and the obtained mixture was then
extracted with ethyl acetate three times. The combined
ethyl acetate layer was dried over anhydrous sodium
sulfate, and was then concentrated under a reduced
pressure. The obtained crude product was purified by
silica gel column chromatography (eluent:

chloroform/methanol = 7/1) to obtain Compound 605 (38.9

o°

mg, 0.0715 mmol, two-step yield from Compound 59: 45%).
'H-NMR of Compound 605 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.80(s, 1H),
8.61(s, 1H), 7.78(s, 1H), 7.69(d, J=6.9Hz, 2H), 7.63-
7.61(m, 1H), 7.53(s, 1H), 7.25(d, J=8.0Hz, 1H), 7.11 (s,
1H), 6.85(s, 1H), 6.73(d, J=7.9Hz, 2H), 5.30(s, 2H),
5.19(s, 2H).
[0227]
(Example 19) Synthesis of Compound ['*°I] 605
As shown in Figure 11, Compound 605 (23.1 mg, 0.0425
mmol) synthesized by the method described in Example 18
was dissolved in dimethylformamide (0.500 mL), and
thereafter, bis(tributyltin) (0.0425 mL, 0.0850 mmol) and
bis(tri-tert-butylphosphine)palladium (2.17 mg, 0.00425

mmol) were added to the solution. The obtained mixture

was stirred overnight in an argon atmosphere at 100°C.
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After completion of the reaction, the reaction mixture
was extracted with ethyl acetate three times, and the
combined ethyl acetate layer was dried over anhydrous
sodium sulfate and was then concentrated under a reduced
pressure. The obtained crude product was purified by
silica gel column chromatography (eluent: ethyl acetate
— ethyl acetate/methanol = 9/1), so as to quantitatively
obtain 6-chloro-5-fluoro-1- (4-tributylstannylbenzyl) -2-
[5- (1H-imidazol-1-ylmethyl) -3-pyridinyl] -1H-benzimidazole
(Compound 60) (9.2 mg, 0.0130 mmol).

'"H-NMR of Compound 60 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.84(d,
J=2.0Hz, 1H), 8.59(d, J=2.2Hz, 1H), 7.88(s, 1H), 7.61(d,
J=9.1Hz, 1H), 7.55(s, 1H), 7.46(d, J=8.0Hz, 2H), 7.30(d,
J=6.3Hz, 1H), 7.10(s, 1H), 6.96(d, J=8.0Hz, 2H), 6.85(s,
1H), 5.36(s, 2H), 5.17(s, 2H), 1.56-1.50(m, 6H), 1.36-
1.29(m, 6H), 1.08-1.04(m, 6H), 0.88(t, J=7.3, 9H).

[0228]

To an acetonitrile solution of Compound 60
(concentration: 1 mg/mL, 45 uL), an aqueous solution of
['*°I] sodium iodide (1178 MBg/30 UL) in 1 mol/L
hydrochloric acid (85 uL) and a 30% (w/v) hydrogen
peroxide aqueous solution (5 UL) were added. The mixed

solution was left at rest at 40°C for 10 minutes, and was

then subjected to HPLC under the below-mentioned

conditions, so that a fraction with the same retention
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time as Compound 605 obtained in Example 18 was obtained
as a fraction of Compound ['?°I] 605.

<HPLC conditions>

Column: YMC PackPro C8 (trade name, manufactured by YMC,
size: 4.5 X 150 mm)

Mobile phase: 0.1% trifluoroacetic acid-containing
water/0.1% trifluoroacetic acid-containing acetonitrile
(volume ratio) = gradient from 80/20 to 10/90 over 40
minutes

Flow rate: 1.0 mL/min

Detectors: ultraviolet visible spectrophotometer
(detection wavelength: 260 nm) and radiation detector
(Raytest, STEFFI-type)

A liquid prepared by adding 10 mL of water to the
aforementioned fraction was supplied to a Sep-Pak C18
column (trade name: Sep-Pak (registered trademark) Light
Cl8 Cartridges, manufactured by Waters, the amount of
filler: 130 mg), so that Compound ['*?I] 605 was adsorbed
and captured in the column. This column was washed with
1 mL of water, and ethanol (0.2 mL) was then supplied to
the column, so that Compound [**’I] 605 was eluted, and it
was then diluted with a physiological saline to obtain a
physiological saline aqueous solution of Compound ['*°I]
605. The obtained radiocactivity was 334 MBg immediately
after completion of the synthesis (116 minutes after

initiation of the synthesis). Moreover, a TLC analysis
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was carried out under the below-mentioned conditions. As
a result, the radiochemical purity was 98.2%.
<TLC analysis conditions>
TLC plate: Silica Gel 60 Fys54 (product name, manufactured
by Merck)
Development phase: ethyl acetate/methanol/diethylamine =
10/2/1 (volume ratio)
RI detector: RitaStar, manufactured by Raytest
[0229]
(Example 20) Synthesis of Compound 606

Compound 606 was synthesized in accordance with the
scheme shown in Figure 12.
[0230]

Synthesis of 5-bromo-N-isopropyl-2-nitroaniline (Compound

61)

4-Bromo-2-fluoronitrobenzene (880 mg, 4.00 mmol) was
dissolved in dichloromethane (6.00 mL), and potassium
carbonate (2.76 g, 20.0 mmol) was then added to the
solution. Thereafter, isopropylamine (1.03 mL, 12.0
mmol) was added to the mixed solution, and the thus
obtained mixture was then stirred overnight in an argon
atmosphere at a room temperature. After completion of
the reaction, water was added to the reaction solution,
and the obtained mixture was then extracted with
dichloromethane twice. The combined dichloromethane

layer was dried over anhydrous sodium sulfate, and was

then concentrated under a reduced pressure. The obtained
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crude product was purified by silica gel chromatography
(eluent: hexane/ethyl acetate = 10/1) to obtain Compound
61 (1.04 g, 4.01 mmol, yield: 99%).

'"H-NMR of Compound 61 (solvent: deuterated
chloroform, resonance frequency: 500MHz) : 5 8.03(d,
J=9.1Hz, 2H), 7.02(d, J=2.0Hz, 1H), 6.72(dd, J=2.0Hz, 1H),
3.79(sext, J=6.5, 19.5Hz, 1H), 1.34(d, J=6.4Hz, 6H)

[0231]

Synthesis of 5-bromo-Nl-isopropylbenzene-1,2-diamine

(Compound 62)

Compound 61 (1.04 g, 4.01 mmol) was dissolved in
ethyl acetate (15.0 mL), and thereafter, water (0.289 mL,
16.0 mmol) and tin(II) chloride (3.04 g, 16.0 mmol) were
added to the solution. The obtained mixture was heated
to reflux in an argon atmosphere for 5 hours. After
completion of the reaction, a 4 mol/L sodium hydroxide
agueous solution was added to the reaction solution, and
the precipitated solid was then removed by filtration.
The resultant was extracted with ethyl acetate twice, and
the combined ethyl acetate layer was dried over anhydrous
sodium sulfate, and was then concentrated under a reduced
pressure. The obtained crude product was purified by
silica gel chromatography (eluent: chloroform/methanol =

40/1) to obtain Compound 62 (883 mg, 3.84 mmol, yield:

'"H-NMR of Compound 62 (solvent: deuterated

chloroform, resonance frequency: 500MHz) :d 6.74-6.71 (m,
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2H), 6.57(d, J=8.6Hz, 1H), 3.55(quin, J=6.3, 12.6Hz, 1H),
3.23(br, 3H), 1.23(d, J=6.3Hz, 6H)
[0232]

Synthesis of {5-(6-bromo-1-isopropyl-1H-benzo[d]imidazol-

2-yl)pyridin-3-yl}methanol (Compound 63)

Compound 3 (473 mg, 3.45 mmol) synthesized by the
method described in Example 1 was dissolved in
dimethylformamide (5.00 mL), and thereafter, a
dimethylformamide solution (10.0 mL), in which Compound
62 (881 mg, 3.84 mmol) had been dissolved, and potassium
peroxymonosulfate (Oxone (registered trademark)
Monopersulfate Compound, manufactured by Wako Pure
Chemical Industries, Ltd.) (2.83 g, 4.60 mmol), were
added to the above-obtained solution. The obtained
mixture was stirred in an argon atmosphere at a room
temperature for 1 hour. After completion of the reaction,
a saturated sodium hydrogen carbonate aqueous solution
and a saturated sodium thiosulfate aqueous solution were
added to the reaction solution under cooling on ice, and
the obtained mixture was then extracted with ethyl
acetate twice. The combined ethyl acetate layer was
dried over anhydrous sodium sulfate, and was then
concentrated under a reduced pressure. The obtained
crude product was purified by silica gel chromatography
(eluent: chloroform/methanol = 10/1) to obtain Compound

63 (1.01 g, 2.92 mmol, yield: 76%).
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'"H-NMR of Compound 63 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.73(d,
J=2.1Hz, 1H), 8.67(d, J=2.1Hz, 1H), 7.98(t, J=2.1Hz, 1H),
7.79(d, J=1.7Hz, 1H), 7.69(d, J=8.7Hz, 1lH), 7.42(dd,
J=1.8Hz, 1H), 4.82(d, J=3.3Hz, 2H), 4.72(quin, J=7.0,
13.9Hz, 1H), 3.52(s, 1H), 1.65(d, J=7.0Hz, 6H).

[0233]

Synthesis of 2-[5-{(1H-imidazol-1-yl)methyl}pyridin-3-

yl] -6-bromo-1-isopropyl-1H-benzo[d] imidazole (Compound

64)

Compound 63 (500 mg, 1.44 mmol) was dissolved in
dichloromethane (14.4 mL), and thereafter,
triphenylphosphine (755 mg, 2.88 mmol) and carbon
tetrabromide (716 mg, 2.16 mmol) were added to the
solution under cooling on ice,. The obtained mixture was
stirred in an argon atmosphere at 0°C for 15 minutes.
After completion of the reaction, the reaction mixture
was concentrated under a reduced pressure to obtain a
crude product.

To a solution prepared by dissolving imidazole (196
mg, 2.88 mmol) in dimethylformamide (0.50 mL), sodium
hydride (115 mg, 2.88 mmol) was added under cooling on
ice, and the obtained mixture was then stirred in an
argon atmosphere at 0°C for 10 minutes. The previously
obtained crude product was dissolved in dimethylformamide
(1.50 mL), and the obtained solution was then added to

the imidazole solution under cooling on ice. The
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obtained mixture was stirred for 1 hour. After
completion of the reaction, water was added to the
reaction solution, and the obtained mixture was then
extracted with ethyl acetate twice. The combined ethyl
acetate layer was dried over anhydrous sodium sulfate,
and was then concentrated under a reduced pressure. The
obtained crude product was purified by silica gel
chromatography (eluent: chloroform/methanol = 20/1) to
obtain Compound 64 (353 mg, 0.890 mmol, two-step yield
from Compound 63: 52%).

'H-NMR of Compound 64 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.84(d,
J=2.0Hz, 1H), 8.63(d, J=2.2Hz, 1H), 7.78-7.76(m, 2H),
7.67(d, J=8.6Hz, 1H), 7.62(s, 1H), 7.42(dd, J=1.8Hz, 1H),
7.15(s, 1H), 6.97(t, J=1.3Hz, 1H), 5.27(s, 2H), 4.66(quin,
J=7.0, 13.9Hz, 1H), 1.64(d, J=7.0Hz, 6H).

[0234]

Synthesis of 2-[5-{(1H-imidazol-1-yl)methyl}pyridin-3-

yl]l -1-isopropyl-6- (tributylstannyl) -1H-benzo[d] imidazole

(Compound 65)

Compound 64 (353 mg, 0.890 mmol) was dissolved in
dimethylformamide (2.00 mL), and thereafter,
bis(tributyltin) (1.34 mL, 2.67 mmol) and bis(tri-tert-
butylphosphine)palladium (92.0 mg, 0.180 mmol) were added
to the solution. The obtained mixture was stirred

overnight in an argon atmosphere at 110°C. After

completion of the reaction, the reaction mixture was
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extracted with ethyl acetate twice, and the combined
ethyl acetate layer was dried over anhydrous sodium
sulfate, and was then concentrated under a reduced
pressure. The obtained crude product was purified by
silica gel chromatography (eluent: chloroform/methanol =

10/1) to obtain Compound 65 (238 mg, 0.392 mmol, yield:

'H-NMR of Compound 65 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.84(d,
J=2.0Hz, 1H), 8.60(d, J=2.3Hz, 1H), 7.81-7.79(m, 2H),
7.72(s, 1H), 7.62(s, 1H), 7.38(dd, J=0.6Hz, 1H), 7.14(t,
J=1.0, 1H), 6.97(t, J=1.3Hz, 1H), 5.26(s, 2H), 4.69(guin,
J=6.9Hz, 13.9Hz, 1H), 1.67(d, J=6.9Hz, 6H), 1.62-1.56(m,
6H), 1.40-1.33(m, 6H), 1.14-1.11(m, 6H), 0.90(t, J=7.3Hz,
9H)

[0235]

Synthesis of Compound 606

Compound 65 (30.0 mg, 0.0495 mmol) was dissolved in
dichloromethane (2.00 mL), and iodine (25.4 mg, 0.200
mmol) was then added to the solution. The obtained
mixture was stirred in an argon atmosphere at a room
temperature for 15 minutes. After completion of the
reaction, a saturated sodium hydrogen carbonate aqueous
solution and a saturated sodium thiosulfate aqueous
solution were added to the reaction solution, and the
obtained mixture was then extracted with dichloromethane

twice. Thereafter, the combined dichloromethane layer
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was dried over anhydrous sodium sulfate, and was then
concentrated under a reduced pressure. The obtained
crude product was purified by silica gel chromatography
(eluent: chloroform/methanol = 20/1) to obtain Compound
606 (22.0 mg, 0.0496 mmol, yield: 99%).

'H-NMR of Compound 606 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.83(d,
J=2.0Hz, 1H), 8.63(d, J=2.2Hz, 1H), 7.97(d, J=1.0Hz, 1H),
7.77(t, J=2.1Hz, 1H), 7.62(s, 1H), 7.59-7.55(m, 2H),
7.15(s, 1H), 6.97(s, 1H), 5.27(s, 2H), 4.65(quin, J=7.0,
13.9Hz, 1H), 1.63(d, J=7.0Hz, 6H).

[0236]
(Example 21) Synthesis of Compound ['*’I] 606

To an acetonitrile solution of Compound 65
synthesized by the method described in Example 20
(concentration: 1 mg/mL, 45 uL), an aqueous solution of
['*°I] sodium iodide (720 MBg/30 uL) in 1 mol/L
hydrochloric acid (85 uL) and a 30% (w/v) hydrogen
peroxide aqueous solution (5 UL) were added. The mixed

solution was left at rest at 40°C for 10 minutes, and was

then subjected to HPLC under the below-mentioned
conditions, so that a fraction with the same retention
time as Compound 606 obtained in Example 20 was obtained
as a fraction of Compound ['?°I] 606.

<HPLC conditions>

Column: YMC PackPro C8 (trade name, manufactured by YMC,

size: 4.5 X 150 mm)
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Mobile phase: 0.1% trifluoroacetic acid-containing
water/0.1% trifluoroacetic acid-containing acetonitrile
(volume ratio) = gradient from 80/20 to 10/90 over 40
minutes

Flow rate: 1.0 mL/min

Detectors: ultraviolet visible spectrophotometer
(detection wavelength: 260 nm) and radiation detector
(Raytest, STEFFI-type)

A liquid prepared by adding 10 mL of water to the
aforementioned fraction was supplied to a Sep-Pak C18
column (trade name: Sep-Pak (registered trademark) Light
Cl8 Cartridges, manufactured by Waters, the amount of
filler: 130 mg), so that Compound ['*?I] 606 was adsorbed
and captured in the column. This column was washed with
water (1 mL), and ethanol (0.2 mL) was then supplied to
the column, so that Compound ['*’I] 606 was eluted, and it
was then diluted with a physiological saline to obtain a
physiological saline aqueous solution of Compound ['?*°I]
606. The obtained radiocactivity was 229 MBg immediately
after completion of the synthesis (53 minutes after
initiation of the synthesis). Moreover, a TLC analysis
was carried out under the below-mentioned conditions. As
a result, the radiochemical purity was 98.1%.
<TLC analysis conditions>
TLC plate: Silica Gel 60 Fys54 (product name, manufactured

by Merck)
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Development phase: ethyl acetate/methanol/diethylamine =
10/2/1 (volume ratio)
RI detector: RitaStar, manufactured by Raytest
[0237]
(Example 22) Synthesis of Compound 607
Compound 607 was synthesized in accordance with the
scheme shown in Figure 13.
[0238]

Synthesis of 5-bromo-N-methyl-2-nitroaniline (Compound

66)

4-Bromo-2-fluoronitrobenzene (220 mg, 1.00 mmol) was
dissolved in dichloromethane (5.00 mL), and potassium
carbonate (691 mg, 5.00 mmol) was then added to the
solution. Thereafter, methylamine (1.50 mL, 3.00 mmol)
was added to the mixed solution, and the thus obtained
mixture was stirred overnight in an argon atmosphere at a
room temperature. After completion of the reaction,
water was added to the reaction solution, and the
obtained mixture was then extracted with dichloromethane
twice. The combined dichloromethane layer was dried over
anhydrous sodium sulfate, and was then concentrated under
a reduced pressure. The obtained crude product was
purified by silica gel chromatography (eluent:
hexane/ethyl acetate = 10/1) to obtain Compound 66 (230
mg, 1.00 mmol, yield: 99%).

'"H-NMR of Compound 66 (solvent: deuterated

chloroform, resonance frequency: 500MHz) :5 8.03(d,
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J=9.1Hz, 2H), 7.01(d, J=2.0Hz, 1H), 6.77(dd, J=2.0Hz, 1H),
3.02(d, J=5.1Hz, 3H).
[0239]

Synthesis of 5-bromo-Nl-methylbenzene-1,2-diamine

(Compound 67)

Compound 66 (231 mg, 1.00 mmol) was dissolved in
ethyl acetate (5.00 mL), and thereafter, water (72.0 uL,
4.00 mmol) and tin(II) chloride (758 mg, 4.00 mmol) were
added to the solution. The obtained mixture was heated
to reflux in an argon atmosphere for 5 hours. After
completion of the reaction, a 4 mol/L sodium hydroxide
aqueous solution was added to the reaction solution, and
the precipitated solid was then removed by filtration.
The resultant was extracted with ethyl acetate twice, and
the combined ethyl acetate layer was dried over anhydrous
sodium sulfate, and was then concentrated under a reduced
pressure. The obtained crude product was purified by
silica gel chromatography (eluent: chloroform/methanol =
40/1) to obtain Compound 67 (196 mg, 0.973 mmol, yield:
89%) .

'"H-NMR of Compound 67 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :0 6.77-6.75(m,
1H), 6.72(d, J=2.2Hz, 1H), 6.57(d, J=8.1Hz, 1H), 3.48(br,
1H)3.24 (bxr, 2H), 2.84 (s, 3H).

[0240]

Synthesis of {5-(6-bromo-1-methyl-1H-benzo[d]imidazol-2-

yl)pyridin-3-yl}methanol (Compound 68)
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Compound 3 (119 mg, 0.870 mmol) synthesized by the
method described in Example 1 was dissolved in
dimethylformamide (1.00 mL), and thereafter, a
dimethylformamide solution (1.00 mL), in which Compound
67 (196 mg, 0.973 mmol) had been dissolved, and potassium
peroxymonosulfate (Oxone (registered trademark)
Monopersulfate Compound, manufactured by Wako Pure
Chemical Industries, Ltd.) (713 mg, 1.16 mmol), were
added to the above-obtained solution. The obtained
mixture was stirred in an argon atmosphere at a room
temperature for 25 minutes. After completion of the
reaction, a saturated sodium hydrogen carbonate aqueous
solution and a saturated sodium thiosulfate aqueous
solution were added to the reaction solution under
cooling on ice, and the obtained mixture was then
extracted with ethyl acetate twice. The combined ethyl
acetate layer was dried over anhydrous sodium sulfate,
and was then concentrated under a reduced pressure. The
obtained crude product was purified by silica gel
chromatography (eluent: chloroform/methanol = 10/1) to
obtain Compound 68 (230 mg, 0.722 mmol, yield: 74%).

'H-NMR of Compound 68 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.92(d,
J=2.1Hz, 1H), 8.75(d, J=2.1Hz, 1H), 8.18(t, J=2.1Hz, 1lH),
7.69(d, J=8.6Hz, 1H), 7.60(d, J=1.8Hz, 1H), 7.45-7.43(m,
1H), 4.87(s, 2H), 3.89(s, 3H)

[0241]
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Synthesis of 2-[5-{(1H-imidazol-1-yl)methyl}pyridin-3-

yl] -6-bromo-1-methyl-1H-benzo[d] imidazole (Compound 69)

Compound 68 (230 mg, 0.722 mmol) was dissolved in
dichloromethane (7.20 mL), and thereafter,
triphenylphosphine (378 mg, 1.44 mmol) and carbon
tetrabromide (358 mg, 1.08 mmol) were added to the
solution under cooling on ice. The obtained mixture was
stirred in an argon atmosphere at 0°C for 20 minutes.
After completion of the reaction, the reaction mixture
was concentrated under a reduced pressure to obtain a
crude product.

To a solution prepared by dissolving imidazole (98.0
mg, 1.44 mmol) in dimethylformamide (0.50 mL), sodium
hydride (57.6 mg, 1.44 mmol) was added under cooling on
ice. The obtained mixture was stirred in an argon
atmosphere at 0°C for 10 minutes. The previously
obtained crude product was dissolved in dimethylformamide
(1.50 mL), and the obtained solution was then added to
the imidazole solution under cooling on ice. The
obtained mixture was stirred for 1 hour. After
completion of the reaction, water was added to the
reaction solution, and the obtained mixture was then
extracted with ethyl acetate twice. The combined ethyl
acetate layer was dried over anhydrous sodium sulfate,
and was then concentrated under a reduced pressure. The
obtained crude product was purified by silica gel

chromatography (eluent: chloroform/methanol = 20/1) to
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obtain Compound 69 (205 mg, 0.558 mmol, two-step yield

o\

from Compound 68: 77%).

'H-NMR of Compound 69 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.97(d,
J=2.1Hz, 1H), 8.64(d, J=2.2Hz, 1H), 7.92(t, J=2.2Hz, 1H),
7.67(d, J=8.6Hz, 1H), 7.62(s, 1H), 7.58(d, J=1.8Hz, 1H),
7.44 (dd, J=1.8Hz, 1H), 7.15(s, 1H), 7.12(s, 1H), 6.97(t,
J=1.3Hz, 1H), 5.27(s, 2H), 3.84(s, 3H)

[0242]

Synthesis of 2-[5-{(1H-imidazol-1-yl)methyl}pyridin-3-

yl]-1-methyl-6- (tributylstannyl) -1H-benzo[d] imidazole

(Compound 70)

Compound 69 (205 mg, 0.558 mmol) was dissolved in
dimethylformamide (2.00 mL), and thereafter,
bis(tributyltin) (0.840 mL, 1.68 mmol) and bis(tri-tert-
butylphosphine)palladium (56.2 mg, 0.110 mmol) were added
to the solution. The obtained mixture was stirred at
110°C overnight. After completion of the reaction, the
reaction mixture was extracted with ethyl acetate twice,
and the combined ethyl acetate layer was dried over
anhydrous sodium sulfate and was then concentrated under
a reduced pressure. The obtained crude product was
purified by silica gel chromatography (eluent:

chloroform/methanol = 20/1) to obtain Compound 70 (133 mg,

o\°

0.230 mmol, yield: 41%).
'"H-NMR of Compound 70 (solvent: deuterated

chloroform, resonance frequency: 500MHz) :5 8.97(d,



10

15

20

25

- 174 -

J=2.1Hz, 1H), 8.60(d, J=2.2Hz, 1H), 7.95(t, J=2.2Hz, 1H),
7.80(dd, J=0.7Hz, 1H), 7.62(s, 1H), 7.48(s, 1H), 7.41(dd,
J=0.6Hz, 1H), 7.14 (s, 1H), 6.97(s, 1H), 5.26(s, 2H),
3.88(s, 3H), 1.61-1.55(m, 6H), 1.39-1.32(m, 6H), 1.14-
1.11(m, 6H), 0.90(t, J=7.3Hz, 9H)

[0243]

Synthesis of Compound 607

Compound 70 (30.0 mg, 0.0500 mmol) was dissolved in
dichloromethane (2 mL), and iodine (25.4 mg, 0.200 mmol)
was then added to the solution at a room temperature.

The obtained mixture was stirred in an argon atmosphere
for 25 minutes. After completion of the reaction, a
saturated sodium hydrogen carbonate aqueous solution and
a saturated sodium thiosulfate aqueous solution were
added to the reaction solution, and the obtained mixture
was then extracted with dichloromethane twice. The
combined dichloromethane layer was dried over anhydrous
sodium sulfate, and was then concentrated under a reduced
pressure. The obtained crude product was purified by
silica gel chromatography (eluent: chloroform/methanol =
20/1) to obtain Compound 607 (20.7 mg, 0.0499 mmol,
yield: 99%).

'"H-NMR of Compound 607 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.96(d,
J=2.1Hz, 1H), 8.63(d, J=2.2Hz, 1H), 7.92(t, J=2.1Hz, 1H),
7.78(d, J=1.4Hz, 1H), 7.63-7.61(m, 2H), 7.57(d, J=8.5Hz,

1H), 7.15(s, 1H), 6.97(s, 1H), 5.27(s, 2H), 3.83(s, 3H)
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[0244]
(Example 23) Synthesis of Compound ['*°I] 607

To an acetonitrile solution of Compound 70
synthesized by the method described in Example 22
(concentration: 1 mg/mL, 45 uL), an aqueous solution of
['?°I] sodium iodide (846 MBg/30 uL) in 1 mol/L
hydrochloric acid (85 pL) and 5 UL of a 30% (w/v)
hydrogen peroxide aqueous solution were added. The mixed
solution was left at rest at 40°C for 10 minutes, and was
then subjected to HPLC under the below-mentioned
conditions, so that a fraction with the same retention
time as Compound 607 obtained in Example 22 was obtained
as a fraction of Compound ['*°I] 607.
<HPLC conditions>
Column: YMC PackPro C8 (trade name, manufactured by YMC,
size: 4.5 X 150 mm)
Mobile phase: 0.1% trifluoroacetic acid-containing
water/0.1% trifluoroacetic acid-containing acetonitrile
(volume ratio) = gradient from 80/20 to 10/90 over 40
minutes
Flow rate: 1.0 mL/min
Detectors: ultraviolet visible spectrophotometer
(detection wavelength: 260 nm) and radiation detector
(Raytest, STEFFI-type)

A liquid prepared by adding 10 mL of water to the
aforementioned fraction was supplied to a Sep-Pak C18

column (trade name: Sep-Pak (registered trademark) Light
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Cl8 Cartridges, manufactured by Waters, the amount of
filler: 130 mg), so that Compound ['*’I] 607 was adsorbed
and captured in the column. This column was washed with
water (10 mL), and ethanol (0.2 mL) was then supplied to
the column, so that Compound ['*’I] 607 was eluted, and it
was then diluted with a physiological saline to obtain a
physiological saline aqueous solution of Compound ["*°I]
607. The obtained radiocactivity was 295 MBg immediately
after completion of the synthesis (110 minutes after
initiation of the synthesis). Moreover, a TLC analysis
was carried out under the below-mentioned conditions. As
a result, the radiochemical purity was 98.8%.
<TLC analysis conditions>
TLC plate: Silica Gel 60 Fi54 (product name, manufactured
by Merck)
Development phase: ethyl acetate/methanol/diethylamine =
10/2/1 (volume ratio)
RI detector: RitaStar, manufactured by Raytest
[0245]
(Example 24) Synthesis of Compound 608

Compound 608 was synthesized in accordance with the
scheme shown in Figure 14.
[0246]

Synthesis of 5-bromo-N-ethyl-2-nitroaniline (Compound 71)

4-Bromo-2-fluoronitrobenzene (220 mg, 1.00 mmol) was
dissolved in dichloromethane (6.00 mL), and potassium

carbonate (691 mg, 5.00 mmol) was then added to the
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solution. Thereafter, ethylamine hydrochloride (245 mg,
3.00 mmol) was added to the mixed solution, and the thus
obtained mixture was then stirred overnight in an argon
atmosphere at a room temperature. After completion of
the reaction, water was added to the reaction solution,
and the obtained mixture was then extracted with
dichloromethane twice. The combined dichloromethane
layer was dried over anhydrous sodium sulfate, and was
then concentrated under a reduced pressure. The obtained
crude product was purified by silica gel chromatography
(eluent: hexane/ethyl acetate = 10/1) to obtain Compound
71 (239 mg, 0.975 mmol, yield: 97%).

'H-NMR of Compound 71 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.03(d,
J=9.1Hz, 1H), 7.01(d, J=2.0Hz, 1H), 6.75(dd, J=2.0Hz.1H),
3.36-3.30(m, 2H), 1.38(t, J=7.2Hz, 3H)

[0247]

Synthesis of 5-bromo-Nl-ethylbenzene-1,2-diamine

(Compound 72)

Compound 71 (245 mg, 1.00 mmol) was dissolved in
ethyl acetate (5.00 mL), and thereafter, water (72.0 uL,
4.00 mmol) and tin(II) chloride (758 mg, 4.00 mmol) were
added to the solution. The obtained mixture was heated
to reflux in an argon atmosphere for 4 hours. After
completion of the reaction, a 4 mol/L sodium hydroxide
aqueous solution was added to the reaction solution, and

the precipitated solid was then removed by filtration.
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The resultant was extracted with ethyl acetate twice, and
the combined ethyl acetate layer was dried over anhydrous
sodium sulfate and was then concentrated under a reduced
pressure. The obtained crude product was purified by
silica gel chromatography (hexane/ethyl acetate = 5/1) to
obtain Compound 72 (204 mg, 0.950 mmol, and yield: 95%).
'"H-NMR of Compound 72 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :d 6.76-6.72 (m,
2H), 6.56(d, J=8.1Hz, 1H), 3.27(br, 3H), 3.12(q,
J=14.3Hz.2H), 1.30(t, J=7.1Hz, 3H).
[0248]

Synthesis of {5-(6-bromo-1l-ethyl-1H-benzo[d]imidazol-2-

yv1l)pyridin-3-yl}methanol (Compound 73)

Compound 3 (118 mg, 0.860 mmol) synthesized by the
method described in Example 1 was dissolved in
dimethylformamide (1.00 mL), and thereafter, a
dimethylformamide solution (1.00 mL), in which Compound
72 (204 mg, 0.950 mmol) had been dissolved, and potassium
peroxymonosulfate (Oxone (registered trademark)
Monopersulfate Compound, manufactured by Wako Pure
Chemical Industries, Ltd.) (701 mg, 1.14 mmol), were
added to the above-obtained solution. The obtained
mixture was stirred in an argon atmosphere at a room
temperature for 1 hour. After completion of the reaction,
a saturated sodium hydrogen carbonate aqueous solution
and a saturated sodium thiosulfate aqueous solution were

added to the reaction solution under cooling on ice, and
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the obtained mixture was then extracted with ethyl
acetate twice. The combined ethyl acetate layer was
dried over anhydrous sodium sulfate, and was then
concentrated under a reduced pressure. The obtained
crude product was purified by silica gel chromatography
(eluent: chloroform/methanol = 10/1) to obtain Compound
73 (205 mg, 0.617 mmol, yield: 84%).

'H-NMR of Compound 73 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.87(d,
J=2.1Hz, 1H), 8.74(d, J=2.1Hz, 1H), 8.13(t, J=2.1Hz, 1H),
7.69(d, J=8.6Hz, 1H), 7.61(d, J=1.7Hz, 1H), 7.44(d4dd,
J=1.8Hz.1H), 4.86(d, J=4.8Hz, 2H), 4.28(g, J=7.3Hz, 2H),
2.33(br, 1H), 1.50(t, J=7.3Hz, 3H)

[0249]

Synthesis of 2-[5-{(1H-imidazol-1-yl)methyl}pyridin-3-

yl] -6-bromo-1-ethyl-1H-benzo[d] imidazole (Compound 74)

Compound 73 (265 mg, 0.798 mmol) was dissolved in
dichloromethane (8.00 mL), and thereafter,
triphenylphosphine (420 mg, 1.60 mmol) and carbon
tetrabromide (398 mg, 1.20 mmol) were added to the
solution under cooling on ice. The obtained mixture was
stirred in an argon atmosphere at 0°C for 20 minutes.
After completion of the reaction, the reaction mixture
was concentrated under a reduced pressure to obtain a
crude product.

To a solution prepared by dissolving imidazole (109

mg, 1.60 mmol) in dimethylformamide (0.50 mL), sodium
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hydride (64.0 mg, 1.60 mmol) was added under cooling on
ice. The obtained mixture was stirred in an argon
atmosphere at 0°C for 10 minutes. The previously
obtained crude product was dissolved in dimethylformamide
(1.50 mL), and the obtained solution was then added to
the imidazole solution under cooling on ice. The
obtained mixture was stirred for 1 hour. After
completion of the reaction, water was added to the
reaction solution, and the obtained mixture was then
extracted with ethyl acetate twice. The combined ethyl
acetate layer was dried over anhydrous sodium sulfate,
and was then concentrated under a reduced pressure. The
obtained crude product was purified by silica gel
chromatography (eluent: chloroform/methanol = 10/1) to
obtain Compound 74 (186 mg, 0.487 mmol, two-step yield
from Compound 74: 61%) .

'H-NMR of Compound 74 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.94 (d,
J=2.0Hz, 1H), 8.64(d, J=2.2Hz, 1H), 7.85(t, J=2.2Hz, 1lH),
7.68(dd, J=0.3Hz, 1lH), 7.62(s, 1H), 7.60-7.59(m, 1H),
7.44(dd, J=1.8Hz.1H), 7.15(t, J=1.0Hz, 1H), 6.96(t,
J=1.3Hz, 1H), 5.28(s, 2H), 4.21(g, J=7.3Hz, 2H), 1.47(t,
J=7.3Hz, 3H)

[0250]

Synthesis of 2-[5-{(1H-imidazol-1-yl)methyl}pyridin-3-

yl]l-1-ethyl-6- (tributylstannyl)-1H-benzo[d] imidazole

(Compound 75)
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Compound 74 (131 mg, 0.343 mmol) was dissolved in
dimethylformamide (2.00 mL), and thereafter,
bis(tributyltin) (0.51 mL, 1.02 mmol) and bis(tri-tert-
butylphosphine)palladium (35.8 mg, 0.0700 mmol) were
added to the solution. The obtained mixture was stirred
overnight in an argon atmosphere at 110°C. After
completion of the reaction, the reaction mixture was
extracted with ethyl acetate twice, and the combined
ethyl acetate layer was dried over anhydrous sodium
sulfate and was then concentrated under a reduced
pressure. The obtained crude product was purified by
silica gel chromatography (eluent: chloroform/methanol =

20/1) to obtain Compound 75 (30.0 mg, 0.0506 mmol, yield:

'H-NMR of Compound 75 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.94(d,
J=2.1Hz, 1H), 8.61(d, J=2.2Hz, 1H), 7.89(t, J=2.1Hz, 1H),
7.80(dd, J=0.6Hz, 1H), 7.63(s, 1H), 7.51(s, 1H), 7.41(dd,
J=0.6Hz.1H), 7.15(s, 1H), 7.00(s, 1H), 5.27(s, 2H),
4.26(q, J=14.5Hz, 2H), 1.61-1.55(m, 6H), 1.48(t, J=7.3Hz,
3H), 1.40-1.32(m, 6H), 1.14-1.11(m, 6H), 0.90(t, J=7.3Hz,
9H) .

[0251]

Synthesis of Compound 608

Compound 75 (12.0 mg, 0.0203 mmol) was dissolved in
dichloromethane (1.00 mL), and iodine (9.60 mg, 0.0757

mmol) was then added to the solution. The obtained
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mixture was stirred for 30 minutes. After completion of
the reaction, a saturated sodium hydrogen carbonate
aqueous solution and a saturated sodium thiosulfate
aqueous solution were added to the reaction solution, and
the obtained mixture was then extracted with
dichloromethane twice. The combined dichloromethane
layer was dried over anhydrous sodium sulfate, and was
then concentrated under a reduced pressure. The obtained
crude product was purified by silica gel chromatography
(eluent: chloroform/methanol = 20/1) to obtain Compound
608 (8.30 mg, 0.0193 mmol, yield: 97%).

'H-NMR of Compound 608 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.94 (d,
J=2.0Hz, 1H), 8.64(d, J=2.2Hz, 1H), 7.85(t, J=2.1Hz, 1lH),
7.79(d, J=1.2Hz, 1H), 7.62(s, 1H), 7.60(d, J=1.5Hz, 1H),
7.56(d, J=8.5Hz.1H), 7.15(s, 1H), 7.00(s, 1H), 5.27(s,
2H), 4.20(g, J=7.3Hz, 2H), 1.46(t, J=7.3Hz, 3H).

[0252]
(Example 25) Synthesis of Compound [**’I] 608

To an acetonitrile solution of Compound 75
(concentration: 1 mg/mL, 45 ML), an aqueous solution of
['*°I] sodium iodide (845 MBg/30 uL) in 1 mol/L
hydrochloric acid (85 uL) and a 30% (w/v) hydrogen
peroxide aqueous solution (5 UL) were added. The mixed

solution was left at rest at 40°C for 10 minutes, and was

then subjected to HPLC under the below-mentioned

conditions, so that a fraction with the same retention
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time as Compound 608 obtained in Example 24 was obtained
as a fraction of Compound ['*°I] 608.

<HPLC conditions>

Column: YMC PackPro C8 (trade name, manufactured by YMC,
size: 4.5 X 150 mm)

Mobile phase: 0.1% trifluoroacetic acid-containing
water/0.1% trifluoroacetic acid-containing acetonitrile
(volume ratio) = gradient from 80/20 to 10/90 over 40
minutes

Flow rate: 1.0 mL/min

Detectors: ultraviolet visible spectrophotometer
(detection wavelength: 260 nm) and radiation detector
(Raytest, STEFFI-type)

A liquid prepared by adding water (10 mL) to the
aforementioned fraction was supplied to a Sep-Pak C18
column (trade name: Sep-Pak (registered trademark) Light
Cl8 Cartridges, manufactured by Waters, the amount of
filler: 130 mg), so that Compound ['*?I] 608 was adsorbed
and captured in the column. This column was washed with
10 mL of water, and 0.2 mL of ethanol was then supplied
to the column, so that Compound ['*’I] 608 was eluted, and
it was then diluted with a physiological saline to obtain
a physiological saline aqueous solution of 2-[5-Compound
['2°I] 608. The obtained radiocactivity was 253 MBg
immediately after completion of the synthesis (40 minutes
after initiation of the synthesis). Moreover, a TLC

analysis was carried out under the below-mentioned
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conditions. As a result, the radiochemical purity was
98.4%.
<TLC analysis conditions>
TLC plate: Silica Gel 60 Fys54 (product name, manufactured
by Merck)
Development phase: ethyl acetate/methanol/diethylamine =
10/2/1 (volume ratio)
RI detector: RitaStar, manufactured by Raytest
[0253]
(Example 26) Synthesis of Compound 609

Compound 609 was synthesized in accordance with the
scheme shown in Figure 15.
[0254]

Synthesis of 3,5-dibromo-4-methoxypyridine (Compound 76)

4 -Methoxypyridine (550 mg, 5.04 mmol) was dissolved
in concentrated sulfuric acid (8 mL), and N-
bromosuccinimide (3.59 g, 20.2 mmol) was then added to
the solution at a room temperature. The obtained mixture
was stirred overnight in an argon atmosphere at 60°C.
After completion of the reaction, the reaction solution
was added dropwise at 0°C to a mixed solution of a
saturated sodium thiosulfate aqueous solution and a 4
mol/L sodium hydroxide aqueous solution, and the obtained
mixture was then extracted with ethyl acetate twice. The
combined ethyl acetate layer was dried over anhydrous
sodium sulfate, and was then concentrated under a reduced

pressure. The obtained crude product was purified by
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silica gel chromatography (hexane/ethyl acetate = 10/1)

to obtain Compound 76 (1.12g, 4.19 mmol, and yield: 83%).
'H-NMR of Compound 76 (solvent: deuterated

chloroform, resonance frequency: 500MHz) :d 8.59 (s, 2H),

4.00(s, 3H)

[0255]

Synthesis of 5-bromo-4-methoxy-3-pyridinecarboxaldehyde

(Compound 77)

Compound 76 (267 mg, 1.00 mmol) was dissolved in
tetrahydrofuran (1 mL), and thereafter, an
isopropylmagnesium chloride-lithium chloride complex
tetrahydrofuran solution (approximately 14%) (1.56 mL,
1.50 mmol) was added dropwise to the above-obtained
solution at a room temperature. The obtained mixture was
stirred in an argon atmosphere at the same temperature as
described above for 1 hour. Thereafter, N,N'-
dimethylformamide (0.775 mL, 10.0 mmol) was added
dropwise to the reaction solution, and the obtained
mixture was then stirred in an argon atmosphere at the
same temperature as described above for 3 hours. After
completion of the reaction, a saturated ammonium chloride
aqueous solution was added at 0°C to the reaction
solution, and the obtained mixture was then extracted
with ethyl acetate twice. The combined ethyl acetate
layer was dried over anhydrous sodium sulfate, and was
then concentrated under a reduced pressure. The obtained

crude product was purified by silica gel chromatography
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(hexane/ethyl acetate = 3/2) to obtain Compound 77 (122
mg, 0.565 mmol, and yield: 57%).

'H-NMR of Compound 77 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :6 10.38 (s, 1H),
8.88-8.86(m, 2H), 4.13(s, 3H).

[0256]

Synthesis of 5-bromo-4-methoxy-3-(tert-

butyldimethylsilyloxy)methylpyridine (Compound 78)

Compound 77 (122 mg, 0.565 mmol) was dissolved in
methanol (5 mL), and sodium borohydride (21.1 mg, 0.565
mmol) was then added at 0°C to the solution. The
obtained mixture was stirred in an argon atmosphere at
the same temperature as described above for 1 hour.

After completion of the reaction, 2 mol/L hydrochloric
acid and a 3 mol/L sodium hydroxide aqueous solution were
added to the reaction solution, and the obtained mixture
was then stirred. Thereafter, the reaction mixture was
extracted with chloroform twice. The combined chloroform
layer was dried over anhydrous sodium sulfate, and was
then concentrated under a reduced pressure, so as to
obtain a crude product.

This crude product was dissolved in N,N'-
dimethylformamide (1 mL), and thereafter, tert-
butyldimethylchlorosilane (166 mg, 1.10 mmol) and
imidazole (93.7 mg, 1.38 mmol) were added to the solution
at a room temperature. The obtained mixture was stirred

in an argon atmosphere at the same temperature as
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described above for 1 hour. After completion of the
reaction, water was added to the reaction solution, and
the obtained mixture was then extracted with ethyl
acetate twice. The combined ethyl acetate layer was
dried over anhydrous sodium sulfate, and was then
concentrated under a reduced pressure. The obtained
crude product was purified by silica gel chromatography
(hexane/ethyl acetate = 15/1) to obtain Compound 78 (169
mg, 0.509 mmol, two-step yield from Compound 77: 92%).
'H-NMR of Compound 78 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.86(s, 1H),
8.53(s, 1H), 4.79(s, 2H), 3.95(s, 3H), 0.94 (s, 9H),
0.13 (s, 6H)
[0257]

Synthesis of 4-methoxy-5- (tert-

butyldimethylsilyloxy)methyl-3-pyridinecarboxyaldehyde

(Compound 79)

Compound 78 (167 mg, 0.503 mmol) was dissolved in
tetrahydrofuran (1 mL), and thereafter, an
isopropylmagnesium chloride-lithium chloride complex
tetrahydrofuran solution (approximately 14%) (0.783 mL,
0.755 mmol) was added dropwise to the above-obtained
solution at a room temperature. The obtained mixture was
stirred in an argon atmosphere at the same temperature as
described above for 1 hour. Thereafter, N,N'-
dimethylformamide (0.389 mL, 5.03 mmol) was added

dropwise to the reaction solution. The obtained mixture
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was stirred in an argon atmosphere at the same
temperature as described above for 2 hours. After
completion of the reaction, a saturated ammonium chloride
aqueous solution was added at 0°C to the reaction
solution, and the obtained mixture was then extracted
with ethyl acetate twice. The combined ethyl acetate
layer was dried over anhydrous sodium sulfate, and was
then concentrated under a reduced pressure. The obtained
crude product was purified by silica gel chromatography
(hexane/ethyl acetate = 3/1) to obtain Compound 79 (40.0
mg, 0.142 mmol, and yield: 28%).

'"H-NMR of Compound 79 (solvent: deuterated
chloroform, resonance frequency: 500MHz) : 6 10.35(s, 1H),
8.90(s, 1H), 8.80(s, 1H), 4.82(s, 2H), 4.05(s, 3H),
0.95(s, 9H), 0.14 (s, 6H)

[0258]

Synthesis of {5-(6-bromo-1-cyclopropylbenzimidazol-2-vyl) -

4-methoxypyridin-3-yl}methanol (Compound 80)

Compound 79 (40.0 mg, 0.142 mmol) was dissolved in
N,N'-dimethylformamide (1.0 mL), and thereafter, Compound
46 (42.0 mg, 0.185 mmol) synthesized by the method
described in Example 12 and potassium peroxymonosulfate
(Oxone (registered trademark) Monopersulfate Compound,
manufactured by Wako Pure Chemical Industries, Ltd.) (114
mg, 0.185 mmol) were added to the above-obtained solution
at a room temperature. The obtained mixture was stirred

in an argon atmosphere at the same temperature as
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described above for 1 hour. After completion of the
reaction, a saturated sodium thiosulfate aqueous solution
and a saturated sodium hydrogen carbonate agqueous
solution were added to the reaction solution, and the
obtained mixture was then stirred for 10 minutes.
Thereafter, the reaction mixture was extracted with ethyl
acetate three times. The combined ethyl acetate layer
was dried over anhydrous sodium sulfate, and was then
concentrated under a reduced pressure. The obtained
crude product was purified by silica gel chromatography
(dichloromethane/methanol = 10/1) to obtain Compound 80
(34.0 mg, 0.0909 mmol, and yield: 64%).

'H-NMR of Compound 80 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.70(s, 1H),
8.69(s, 1H), 7.79(d, J=1.7Hz, 1H), 7.68(d, J=8.6Hz, 1H),
7.44(dd, J=8.6, 1.7Hz, 1H), 4.84(d, J=6.3Hz, 2H), 3.57(s,
3H), 3.38-3.34(m, 1H), 2.12(t, J=6.3Hz, 1H), 0.98-0.94 (m,
2H), 0.69-0.66(m, 2H)

[0259]

Synthesis of 6-bromo-1-cyclopropyl-2-[5-(imidazol-1-

ylmethyl)pyridin-3-yl] -4-methoxybenzimidazole (Compound

81)
Compound 80 (50.0 mg, 0.134 mmol) was dissolved in
dichloromethane (3.0 mL), and thereafter, methanesulfonyl

chloride (20.7 uL, 0.268 mmol) and triethylamine (55.9 UL,

0.402 mmol) were added at 0°C to the solution. The

obtained mixture was stirred in an argon atmosphere at
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the same temperature as described above for 20 minutes.
After completion of the reaction, the reaction solution
was concentrated under a reduced pressure to obtain a
crude product.

Imidazole (90.9 mg, 1.34 mmol) was dissolved in

N,N'-dimethylformamide (0.5 mL), and sodium hydride (21.4

mg, 0.532 mmol) was then added at 0°C to the solution.

The obtained mixture was stirred for 10 minutes. An
N,N'-dimethylformamide solution (0.8 mL), in which the
above described crude product had been dissolved, was
added to the reaction solution, and the obtained mixture
was then stirred in an argon atmosphere at the same
temperature as described above for 1 hour. After
completion of the reaction, water was added to the
reaction solution, and the obtained mixture was then
extracted with ethyl acetate twice. The combined ethyl
acetate layer was dried over anhydrous sodium sulfate,
and was then concentrated under a reduced pressure. The
obtained crude product was purified by silica gel
chromatography (chloroform/methanol = 10/1) to obtain
Compound 81 (50.0 mg, 0.118 mmol, two-step yield from
Compound 80: 88%) .

'"H-NMR of Compound 81 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.74 (s, 1H),
8.57(s, 1H), 7.78(d, J=1.8Hz, 1H), 7.67(d, J=8.6Hz, 1H),

7.61(s, 1H), 7.44(dd, J=8.6, 1.8Hz, 1H), 7.07(s, 1H),
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6.94(s, 1H), 2.21(s, 2H), 3.41(s, 3H), 3.28-3.24(m, 1H),
0.88-0.84(m, 2H), 0.61-0.58(m, 2H)
[0260]

Synthesis of 1-cyclopropyl-2-[5-(imidazol-1-

ylmethyl)pyridin-3-yl] -4-methoxy-6-

tributylstannylbenzimidazole (Compound 82)

Compound 81 (40.0 mg, 0.943 mmol) was dissolved in
N,N'-dimethylformamide (1.0 mL), and thereafter,
bis(tributyltin) (94.3 UL, 0.186 mmol) and bis(tri-tert-
butylphosphine)palladium (9.6 mg, 0.0186 mmol) were added
to the above-obtained solution at a room temperature.

The obtained mixture was stirred overnight in an argon
atmosphere at 110°C. After completion of the reaction,
ethyl acetate and water were added to the reaction
solution, and the obtained mixture was then filtrated.
Thereafter, the filtrate ethyl acetate layer was
extracted twice. The combined ethyl acetate layer was
dried over anhydrous sodium sulfate, and was then
concentrated under a reduced pressure. The obtained
crude product was purified by silica gel column
chromatography (eluent: chloroform/methanol = 20/1) to
obtain Compound 82 (23.0 mg, 0.0363 mmol, yield: 39%).

'H-NMR of Compound 82 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.74 (s, 1H),
8.55(s, 1H), 7.80(d, J=7.9Hz, 1H), 7.71(s, 1H), 7.61(s,
1H), 7.41(d, J=7.9Hz, 1H), 7.07-7.06(m, 1H), 6.95-6.94 (m,

1H), 5.21(s, 2H), 3.44 (s, 3H), 3.32-3.28(m, 1H), 1.68-
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1.56(m, 6H), 1.41-1.33(m, 6H), 1.20-1.05(m, 6H), 0.91(t,
J=7.3Hz, 9H), 0.87-0.82(m, 2H), 0.62-0.58(m, 2H)
[0261]

Synthesis of Compound 609

Compound 82 (21.4 mg, 0.0337 mmol) was dissolved in
dichloromethane (1.00 mL), and iodine (21.4 mg, 0.169
mmol) was then added to the solution at a room
temperature. The obtained mixture was stirred in an
argon atmosphere at the same temperature as described
above for 2.5 hours. After completion of the reaction, a
saturated sodium thiosulfate aqueous solution and a
saturated sodium hydrogen carbonate aqueous solution were
added to the reaction solution, and the obtained mixture
was then extracted with dichloromethane three times. The
combined dichloromethane layer was dried over anhydrous
sodium sulfate, and was then concentrated under a reduced
pressure. The obtained crude product was purified by
silica gel column chromatography (eluent:
chloroform/methanol = 10/1), so as to quantitatively
obtain Compound 609 (16.0 mg, 0.0339 mmol) .

'"H-NMR of Compound 609 (solvent: deuterated
chloroform, resonance frequency: 500MHz) :5 8.73 (s, 1H),
8.57(s, 1Hz), 7.98(t, J=1.5Hz, 1H), 7.63-7.56(m, 3H),
7.08(s, 1H), 6.95(s, 1H), 5.21(s, 2H), 3.40(s, 3H), 3.27-

3.23(m, 1H), 0.85(d, J=6.3Hz, 2H), 0.58(d, J=2.5Hz, 2H).
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[0262]
(Example 27) Synthesis of Compound ['*°I] 609

To an acetonitrile solution of Compound 82
(concentration: 1 mg/mL, 45 uL), an agqueous solution of
['*°I] sodium iodide (934 MBg/30 uL) in 1 mol/L
hydrochloric acid (85 uL) and a 30% (w/v) hydrogen
peroxide aqueous solution (5 UL) were added. The mixed

solution was left at rest at 40°C for 10 minutes, and was

then subjected to HPLC under the below-mentioned
conditions, so that a fraction with the same retention
time as Compound 609 obtained in Example 26 was obtained
as a fraction of Compound ['*°I] 609.
<HPLC conditions>
Column: YMC PackPro C8 (trade name, manufactured by YMC,
size: 4.5 X 150 mm)
Mobile phase: 0.1% trifluoroacetic acid-containing
water/0.1% trifluoroacetic acid-containing acetonitrile
(volume ratio) = gradient from 80/20 to 10/90 over 40
minutes
Flow rate: 1.0 mL/min
Detectors: ultraviolet visible spectrophotometer
(detection wavelength: 260 nm) and radiation detector
(Raytest, STEFFI-type)

A liquid prepared by adding 10 mL of water to the
aforementioned fraction was supplied to a Sep-Pak C18
column (trade name: Sep-Pak (registered trademark) Light

Cl8 Cartridges, manufactured by Waters, the amount of
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filler: 130 mg), so that Compound ['*’I] 609 was adsorbed
and captured in the column. This column was washed with
10 mL of water, and 0.2 mL of ethanol was then supplied
to the column, so that Compound ['*’I] 609 was eluted, and
it was then diluted with a physiological saline to obtain
a physiological saline aqueous solution of 1-Compound
['*°I] 609. The obtained radiocactivity was 213 MBqg
immediately after completion of the synthesis (46 minutes
after initiation of the synthesis). Moreover, a TLC
analysis was carried out under the below-mentioned
conditions. As a result, the radiochemical purity was
95.0%.

<TLC analysis conditions>

TLC plate: Silica Gel 60 Fis54 (product name, manufactured
by Merck)

Development phase: ethyl acetate/methanol/diethylamine =
10/2/1 (volume ratio)

RI detector: RitaStar, manufactured by Raytest

[0263]

(Example 28) Synthesis of Compound 610

Compound 610 was synthesized in accordance with the
scheme shown in Figure 16.

Compound 8 (100 mg, 0.309 mmol) synthesized by the
method described in Example 1 was dissolved in
dichloromethane (3.0 mL), and thereafter,
triphenylphosphine (113 mg, 0.340 mmol) and carbon

tetrabromide (97.2 mg, 0.371 mmol) were added at 0°C to
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the above-obtained solution. The obtained mixture was
stirred in an argon atmosphere at the same temperature as
described above for 2 hours. Thereafter,
triphenylphosphine (56.4 mg, 0.170 mmol) and carbon
tetrabromide (48.6 mg, 0.186 mmol) were added at 0°C to
the reaction solution, and the obtained mixture was then
stirred in an argon atmosphere at the same temperature as
described above for 1 hour. After completion of the
reaction, the reaction solution was concentrated under a
reduced pressure to obtain a crude product.

This crude product was dissolved in chloroform (1.0
mL), and 4-iodo-1l-tritylimidazole (270 mg, 0.618 mmol)
was then added to the solution at a room temperature.

The obtained mixture was heated to reflux overnight in an
argon atmosphere. After completion of the reaction, the
reaction solution was concentrated under a reduced
pressure.

Acetonitrile (1.5 mL) and water (1.5 mL) were added
to the obtained crude product, so that the crude product
was dissolved therein. Thereafter, acetic acid (1.5 mL)
was added to the solution, and the obtained mixture was
then heated at 100°C for 30 minutes. After completion of
the reaction, the reaction solution was neutralized with
a saturated sodium hydrogen carbonate aqueous solution,
and was then extracted with dichloromethane twice. The
combined dichloromethane layer was dried over anhydrous

sodium sulfate, and was then concentrated under a reduced
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pressure. The obtained crude product was purified by
silica gel chromatography (dichloromethane/methanol =

20/1) twice, so as to obtain Compound 610 (26.0 mg,

o\

0.0520 mmol, three-step yield from Compound 8: 18%).

'H-NMR of Compound 610 (solvent: deuterated
chloroform, resonance frequency: 500MHz) : 5 8.94 (d,
J=2.1Hz, 1H), 8.66(d, J=2.1Hz, 1H), 7.79(s, 1H), 7.75(s,
1H), 7.60(d, J=9.1Hz, 1H), 7.47(d, J=6.2Hz, 1lH), 7.23(s,
1H), 5.29(s, 2H), 4.75(dt, J=46.8, 4.7Hz, 2H), 4.41(dt,
J=25.0, 4.7Hz, 2H)
[0264]
(Example 29) Synthesis of Compound [**’I] 610

As shown in Figure 16, Compound 610 (22.0 mg, 0.0440
mmol) was dissolved in N,N'-dimethylformamide (0.5 mL),
and thereafter, bis(tributyltin) (44.0 uL, 0.0881 mmol)
and bis(tri-tert-butylphosphine)palladium (4.5 mg,
0.00881 mmol) were added to the solution at a room
temperature. The obtained mixture was stirred overnight
in an argon atmosphere at 110°C. After completion of the
reaction, water was added to the reaction solution, and
the obtained mixture was then extracted with ethyl
acetate twice. The combined ethyl acetate layer was
dried over anhydrous sodium sulfate, and was then
concentrated under a reduced pressure. The obtained
crude product was purified by silica gel column
chromatography (eluent: dichloromethane/methanol = 12/1),

so as to obtain 6-chloro-5-fluoro-1- (2-fluoroethyl)-2-{5-
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(5-tributylstannyl-1H-imidazol-1-ylmethyl)pyridin-3-
vl}benzimidazole (Compound 83) (4.8 mg, 0.00724 mmol,
yield: 10%).

'H-NMR of Compound 83 (solvent: deuterated
chloroform, resonance frequency: 500MHz) : 5 8.94 (d,
J=2.1Hz, 1H), 8.50(d, J=2.1Hz, 1H), 7.76(s, 1H), 7.62(s,
1H), 7.58(d, J=9.1Hz, 1H), 7.47(d, J=6.2Hz, 1H), 7.1l4(s,
1H), 5.28(s, 2H), 4.72(dt, J=46.7, 4.7Hz, 2H), 4.38(dt,
J=25.0, 4.7Hz, 2H), 1.66-1.37(m, 6H), 1.34-1.20(m, 6H),
1.02-0.88(m, 6H), 0.83(t, J=7.3Hz, 9H)

[0265]

To an acetonitrile solution of Compound 83
(concentration: 1 mg/mL, 45 uL), an aqueous solution of
['*°I] sodium iodide (495 MBg/30 ML) in 1 mol/L
hydrochloric acid (85 uL) and a 30% (w/v) hydrogen
peroxide aqueous solution (5 UL) were added. The mixed

solution was left at rest at 40°C for 10 minutes, and was

then subjected to HPLC under the below-mentioned
conditions, so that a fraction with the same retention
time as Compound 610 obtained in Example 28 was obtained
as a fraction of Compound ['*’I] 610.

<HPLC conditions>

Column: YMC PackPro C8 (trade name, manufactured by YMC,
size: 4.5 X 150 mm)

Mobile phase: 0.1% trifluoroacetic acid-containing

water/0.1% trifluorocacetic acid-containing acetonitrile
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(volume ratio) = gradient from 80/20 to 10/90 over 40
minutes

Flow rate: 1.0 mL/min

Detectors: ultraviolet visible spectrophotometer
(detection wavelength: 260 nm) and radiation detector
(Raytest, STEFFI-type)

A liquid prepared by adding water (10 mL) to the
aforementioned fraction was supplied to a Sep-Pak C18
column (trade name: Sep-Pak (registered trademark) Light
Cl8 Cartridges, manufactured by Waters, the amount of
filler: 130 mg), so that Compound ["*’I] 610 was adsorbed
and captured in the column. This column was washed with
1 mL of water, and ethanol (0.2 mL) was then supplied to
the column, so that Compound [**’I] 610 was eluted, and it
was then diluted with a physiological saline to obtain a
physiological saline aqueous solution of Compound ["*°I]
610. The obtained radioactivity was 298 MBg immediately
after completion of the synthesis (55 minutes after
initiation of the synthesis). Moreover, a TLC analysis
was carried out under the below-mentioned conditions. As
a result, the radiochemical purity was 98.2%.
<TLC analysis conditions>
TLC plate: Silica Gel 60 Fi54 (product name, manufactured
by Merck)

Development phase: ethyl acetate/methanol/diethylamine =
10/2/1 (volume ratio)

RI detector: RitaStar, manufactured by Raytest
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[0266]
Evaluation 1: Evaluation of affinity and selectivity
Chinese hamster lung-derived fibroblasts, V79 cells
(acquired from ECACC (European Collection of Cell
Cultures) through DS Pharma Biomedical), were allowed to
express human CYP11B2, so as to produce V79-B2, and were
also allowed to express human CYP11B1l, so as to produce
V79-Bl. V79 cells were cultured in a DMEM medium
(containing 4,500 mg/L D-glucose, L-glutamine, and 110
mg/L sodium pyruvate; manufactured by Life Technologies) .
V79-B2 or V79-Bl was inoculated on a microplate, and then
cultured overnight. Thereafter, a mixed solution of
corticosterone and a compound as a test target was added
into a culture supernatant of V79-B2, and a mixed
solution of 1ll-deoxycortisol and a compound as a test
target was added into a culture supernatant of V79-Bl.

As a solvent for these mixed solutions, the

o\°

aforementioned DMEM medium further containing 0.1 v/v
dimethyl sulfoxide was used. The concentration of
corticosterone or ll-deoxycortisol was adjusted to be 100
nmol/L by addition of the solvent. As test target
compounds, (R)-4-iodometomidate (IMTO), and Compounds 100,
200, 300, 400, 500, and 601 to 610 synthesized by methods
shown in Examples 1, 3, 5, 6, 8, 10, 12, 14, 16, 18, 20,
22, 24, 26, and 28, respectively, were used. The
aforementioned mixed solution was prepared such that the

concentration of each compound was 107* to 10* nmol/L in
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the mixed solution. One hour later, the culture
supernatant of V79-Bl was recovered, and the
concentration of cortisol as a metabolite of CYP11B1l was
measured by ELISA (Enzyme-Linked ImmunoSorbent Assay) .
Moreover, four hours later, the culture supernatant of
V79-B2 was recovered, and the concentration of
aldosterone as a metabolite of CYP11B2 was measured by
ELISA. Provided that the concentration of aldosterone or
the concentration of cortisol obtained when none of IMTO
and Compounds 100, 200, 300, 400 and 500 was added was
defined as 100%, an inhibition curve was produced, and
the inhibitory activity (ICsy) of each compound was then
calculated.

[0267]

Tables 5 and 6 show ICsy values for aldosterone
production inhibition and ICsq values for cortisol
production inhibition with IMTO and Compounds 100, 200,
300, 400, 500, and 601 to 610, expressed as mean value or
mean value * standard deviation. In Tables 5 and 6, the
term "Selectivity factor" indicates a quotient of the
mean value of ICs, for cortisol production inhibition
divided by the mean value of ICsy for aldosterone
production inhibition. In addition, the symbol "n"
indicates the number of tests.

[0268]
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Table 5
Aldosterone Cortisol production Selectivity
Compound production inhibition inhibition factor
IC5p (nM) IC5p (nM)

IMTO 0.21 £0.21 (n=22) 0.22 £0.17 (n=22) 1.01
Compound 100 6.90 £ 2.87 (n=3) 109 £+ 15.8 (n=3) 15.8
Compound 200 7.47 (n=1) 142 (n=1) 19.0
Compound 300 10.6 (n=1) 19.0 (n=1) 1.79
Compound 400 44.5 (n=1) 345 (n=1) 7.77
Compound 500 3.94 (n=1) 33.5 (n=1) 8.51
[0269]

Table 6
Aldosterone Cortisol production Selectivity
Compound production inhibition inhibition factor
IC5p (nM) IC5p (nM)

IMTO 0.24 0.25 1.03
Compound 601 3.09 37.8 12.2
Compound 602 2.17 44.5 20.5
Compound 603 18.1 296 16.4
Compound 604 4.54 54.0 11.9
Compound 605 204 359 1.76
Compound 606 116 368 3.17
Compound 607 0.93 7.07 7.62
Compound 608 6.58 52.2 7.93
Compound 609 1.49 15.5 10.4
Compound 610 9.81 91.0 9.27
[0270]

From the above results, it was demonstrated that all

of Compounds 100, 200, 300, 400, 500, and 601 to 610 have

higher specificity to CYP11B2, in comparison to IMTO.
[0271]
Evaluation 2: In vitro autoradiography using human
adrenal adenoma

From adrenal gland excised from a human patient for

treatment of primary aldosteronism, a portion containing
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aldosterone-producing adenoma was removed and was then
frozen. The frozen adrenal gland was embedded in an
embedding agent for production of a frozen tissue section
(Tissue-Tek 0.C.T. Compound, Sakura Finetek Japan).

Using a freezing microtome (CM3050S, Leica Microsystems),
a 7-um thin slice section, which is schematically shown
in Figures 17(a) and 17(b), was produced, and was
preserved at -20°C before use. In Figure 17, 71la and 71b
indicate aldosterone-producing adenomas, 72a and 72b
indicate normal adrenal cortexes, and 73a and 73b
indicate normal adrenal medullas. A 5-33 kBg/mL solution
was prepared by adding a suitable amount of each of
Compounds [*®F] 100, ['®F] 200, ['**I] 400, ['®F] 500, and
['>°I] 601 to ['*’I] 610, which were obtained by the
methods described in Examples 2, 4, 7, 9, 11, 13, 15, 17,
19, 21, 23, 25, 27, and 29, or ['*’I] IMTO to a phosphate-
buffered physiological saline containing 1 w/v % bovine
serum albumin (not containing fatty acid). The
radiocactivity concentration was measured using an
autowell gamma system (ARC-7001, manufactured by Hitachi
Aloka Medical, Ltd.). The section was immersed in the
obtained sample solution for 10 minutes. For Compounds
[**F] 100, [*®F] 200, [**1] 400, [*®*F] 500, ["*’I] 601 and
['2*I] 602, the section shown in Figure 17 (a) was used,
and for Compounds ['*?I] 603 to 610, the section shown in
Figure 17 (b) was used. For [*231] IMTO, both sections

shown in Figures 17 (a) and (b) were used. Each sample
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solution was washed off, and the section was then exposed
to an imaging plate (BAS-SR2040, manufactured by FUJIFILM
Holdings Corporation) (IP) for 16-20 hours, and
thereafter, an autoradiogram was obtained using a fluoro-
image analyzer (FLA-7000, manufactured by FUJIFILM
Holdings Corporation) .

In order to quantitatively compare differences
between images caused by '?*’I and '°F nuclides, a
correction was made by calculating accumulation of
radioactivity within the range of a region of interest
(ROI) by means of integral calculation based on half-life,
added radioactivity and IP contact time.

[0272]

The obtained results are shown in Figures 18 to 31.
Figure 18 (a) shows an autoradiogram of ['®F] 100, Figure
19 (a) shows an autoradiogram of ['°F] 200, Figure 20 (a)
shows an autoradiogram of ['?°I] 400, Figure 21 (a) shows
an autoradiogram of ['®F] 500, Figure 22 (b) shows an
autoradiogram of ['*’I] 601, Figure 23 (b) shows an
autoradiogram of ['?°I] 602, Figure 24 (b) shows an
autoradiogram of ['*°I] 603, Figure 25 (b) shows an
autoradiogram of ['?°I] 604, Figure 26 (b) shows an
autoradiogram of [*?°1] 605, Figure 27 (b) shows an
autoradiogram of ['?°I] 606, Figure 28 (b) shows an
autoradiogram of ['?°I] 607, Figure 29 (b) shows an
autoradiogram of ['?°I] 608, Figure 30 (b) shows an

autoradiogram of ['?°I] 609, and Figure 31 (b) shows an
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autoradiogram of ['?°I] 610. Figure 18 (b), Figure 19 (b),
Figure 20(b), Figure 21 (b), Figure 22(a), Figure 23(a),
Figure 24 (a), Figure 25(a), Figure 26(a), Figure 27 (a),
Figure 28 (a), Figure 29(a), Figure 30(a), and Figure
31(a) each show an autoradiogram of ['?°I] IMTO. As shown
in the figures, in the case of ['?’I] IMTO, accumulation
of radiocactivity was observed in the entire adrenal gland
section, whereas in all of the cases of [*®F] 100, ['®F]
200, [**’1] 400, ['F] 500, and ['*’I] 601 to ['*’I] 610,
accumulation of radioactivity was selectively observed in
a region in which aldosterone-producing adenoma had been
pathologically observed. The ROI having the same area as
each other was established in a normal site and in a site
in which aldosterone-producing adenoma had developed.
Then, the PSL value (Bl) indicating accumulation of
radiocactivity in the sites of normal adrenal cortexes 72a
and 72b was compared with the PSL value (B2) indicating
accumulation of radioactivity in the sites of
aldosterone-producing adenomas 7l1a and 71b. The results
are shown in Tables 7 and 8. In Table 7, the Bl, B2 and
B2/B1l values of ['®F] 100 indicate the mean values for

the number of tests (n), respectively.
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[0273]
Table 7

n B2 Bl B2/B1

accumulation ratio

['“1] IMTO 1 7863 9415 0.84
["®F] 100 2 16480 3241 5.08
[®F] 200 1 4409 1321 3.34
[*°1] 400 1 4611 1596 2.89
["®F] 500 1 3619 643 5.63
['“1] 601 1 3201 3040 1.05
1] 602 1 6142 2981 2.06
[0274]
Table 8

n B2 Bl B2/B1

accumulation ratio
['*1] IMTO 2 6649 8453 0.79
[°1] 603 1 2043 2027 1.01
['1] 604 2 3493 1813 1.93
['1] 605 1 4065 4318 0.94
['1] 606 1 1655 1913 0.87
['*1] 607 1 5332 5945 0.90
[*1] 608 1 3580 3303 1.08
[*1] 609 1 3805 4479 0.85
['*1] 610 1 2786 2931 0.95
[0275]
Evaluation 3: In vivo kinetics experiment
Each of Compounds ['®F] 100, ['°F] [*2°1] 400,

[*®*F] 500, and [**°1]

described in Examples 2,

23, 25, 27, and 29,

or

[1231]

4, 7, 9,

IMTO,

11,

601 to 610 obtained by the methods

15, 17, 19, 21,

was diluted with a

physiological saline containing 1 w/v

prepare a solution to be administered.

described compound

ascorbic acid to
The above

(approximately 1 to 3.7 MBqg) was
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injected into the caudal vein of a Wistar male rat (9
weeks old) under anesthesia with a mixed gas of
isoflurane/air, and ten minutes after the injection, the
rat was sacrificed by exsanguination. From the thus
sacrificed rat, blood and organs (heart, lung, stomach,
liver, spleen, small intestine, large intestine, kidney,
bladder (including urine), muscle (lower limbs), brain,
adrenal gland, testis, fat, femur, or thyroid gland) were
excised, and the weights thereof were then measured.
Thereafter, radioactivity was measured in the blood, the
individual excised organs, and the remaining whole body.
Further, 30 and 60 minutes after the administration, the
same operations as those described above were carried out.
The radiocactivity distribution (% injected dose (ID)/g)
in the blood, the individual excised organs, and the
remaining whole body is shown as mean value * standard
deviation in Tables 9 to 23 (Table 11 shows the mean
values only concerning the radioactivity distributions 10
and 30 minutes after the administration). The symbol "n"
in Tables 9 to 23 indicates the number of rats used. In
addition, Tables 9 to 23 also show the ratio of
radioactivity accumulation in adrenal grand (% ID/g) to
radioactivity accumulation in each of blood, liver,

kidney, small intestine, muscle and fat (% ID/g).
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Table 9 ['*F] 100
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Radioactivity distribution (%ID/g)

10 min after

30 min after

60 min after

administration administration administration
(n=8) (n=9) (n=9)
Blood 0.08 +0.01 0.08 +0.01 0.09 +0.01
Heart 0.32 + 0.08 0.27 +0.06 0.26 +0.03
Lung 0.63+0.08 0.43 +0.07 0.45 +0.05
Stomach 0.56+0.17 0.73+0.11 1.02+0.19
Liver 5.39 +0.99 5.55+0.80 4.11%0.66
Spleen 3.85+0.65 4.57+1.32 4.40+1.15
Small intestine 1.03+0.14 1.78 £ 0.21 2.85+0.37
Large intestine 0.15+0.02 0.20 + 0.02 0.38+0.22
Kidney 1.70 £ 0.40 1.10+0.16 1.1340.17
Bladdeurri(rll‘gl“dmg 0.22 +0.08 1.17 £0.77 2.41 +0.97
M“SI‘?IG (lower 0.23+0.24 0.12 +0.03 0.09 +0.01
1mbs)
Whole brain 0.01 % 0.00 0.01 + 0.00 0.02 + 0.00
Adrenal gland 10.19 +3.35 19.61 +4.29 21.34+ 524
Femur 0.63 + 0.08 0.71 £0.18 0.77+0.13
Testis 0.05+0.01 0.06 + 0.01 0.08 +0.01
Fat 0.08 + 0.02 0.07 £ 0.02 0.06 + 0.03
Remalgmg whole 0.22 +0.03 0.18 £ 0.03 0.18 +0.02
ody
Adrenal 137.96 + 52.72 249.08 + 51.81 24732 + 64.42
gland/blood
Adrenal gland/liver 1.93 £0.69 3.58+£0.82 520+ 1.19
Adrenal 6.14 +2.01 18.18 +4.58 18.96 + 4.83
gland/kidney
Adrenal
gland/small 9.89 +2.73 11.12 +2.64 7.66 +2.34
intestine
Adrenal
63.25 + 34.56 179.35 + 63.77 236.89 + 62.76
gland/muscle

Adrenal gland/fat

141.33 £ 57.27

352.33 £ 208.06

397.01 £ 160.35
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Table 10 [*F] 200
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Radioactivity distribution (%ID/g)

10 min after

30 min after

60 min after

administration administration administration
(n=3) (n=3) (n=3)
Blood 0.15+0.01 0.16 +0.00 0.13+0.01
Heart 0.32+0.03 0.33 +0.02 0.27 +0.02
Lung 0.54+0.07 0.48 + 0.04 0.39 +0.09
Stomach 0.36 + 0.04 0.56 + 0.06 0.65+0.16
Liver 5.54+0.78 4.48+0.13 3.18+0.23
Spleen 1.49 +0.32 1.09 +0.25 0.68 + 0.05
Small intestine 1.07 +0.07 2.70+0.21 4.13+0.83
Large intestine 0.16+0.01 0.27 + 0.04 0.41 +0.06
Kidney 1.39+0.39 1.33 +0.03 1.21 +0.04
Bladder (including 12840.11 2.82+1.27 583+221
urine)
Muscle (lower 0.16 + 0.00 0.14 +0.01 0.12 +0.00
limbs)
Whole brain 0.02 + 0.00 0.01 +0.00 0.01 +0.00
Adrenal gland 14.35 + 4.09 2261 £2.12 21.73 £3.25
Femur 0.38 +0.03 0.40 +0.10 0.28 +0.00
Testis 0.04 + 0.00 0.05 + 0.04 0.09 + 0.00
Fat 0.08 +0.02 0.06 + 0.02 0.05 + 0.00
Remaining whole 0.15 £ 0.00 0.13 £ 0.02 0.12 £ 0.00
body
Adrenal
100.87 + 36.73 145.45 + 14.69 168.33 +36.80
gland/blood
Adrenal gland/liver 2.68 £1.01 5.06 £0.59 6.87+1.26
Adrenal 11.40 +5.81 17.00 + 1.67 18.05 + 3.00
gland/kidney
Adrenal
gland/small 13.32 +3.08 8.44+1.36 543 +1.42
intestine
Adrenal
88.35 +26.16 158.65 + 18.59 180.41 +24.02
gland/muscle

Adrenal gland/fat

174.42 + 63.32

425.84 + 103.54

417.70 £ 25.29
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Table 11 ['*°1] 400
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Radioactivity distribution (%ID/g)

10 min after

30 min after

60 min after

administration administration administration
(n=2) (n=2) (n=3)
Blood 0.32 0.43 0.40+0.01
Heart 0.63 0.49 0.35+0.03
Lung 1.06 0.76 0.60+0.03
Stomach 1.03 2.24 435%+0.25
Liver 2.98 1.24 0.70 £ 0.05
Spleen 5.26 5.44 5.27+0.89
Small intestine 1.30 1.83 1.85+0.44
Large intestine 0.19 0.19 0.43+£0.19
Kidney 1.54 0.95 0.62+0.08
Bladder (including 0.32 135 127+0.07
urine)
Muscle (lower 0.17 015  0.12+0.02
limbs)

Whole brain 0.02 0.02 0.02 £0.00
Adrenal gland 9.09 16.93 11.65+ 1.54
Thyroid gland 3.54 9.97 19.76 £ 1.03

Testis 0.07 0.12 0.15£0.01
Fat 0.10 0.12 0.11£0.02
Remaining whole 0.27 031  033+0.02
body
Adrenal
gland/blood 28.34 40.26 29.41+3.13
Adrenal gland/liver 3.02 13.82 16.66 + 3.13
Adrenal
gland/kidney 5.85 17.90 18.87 £3.12
Adrenal
gland/small 6.95 9.24 6.64 +2.31
intestine
Adrenal 5421 11091 | 9538 +22.07
gland/muscle
Adrenal gland/fat 89.23 147.73 105.17 £28.98
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Table 12 ["*F] 500
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Radioactivity distribution (%ID/g)

10 min after

30 min after

60 min after

administration administration administration
(n=3) (n=3) (n=3)
Blood 0.12 +0.02 0.10+0.01 0.10 +0.02
Heart 0.31 £0.03 0.25 +0.02 0.24 +0.04
Lung 0.68 + 0.08 0.44 +0.02 0.48 £ 0.04
Stomach 0.86 £ 0.06 1.11£0.14 1.66 + 0.45
Liver 532+0.21 476 £0.15 3.08 +£0.99
Spleen 0.93+0.10 0.41 +0.06 0.32 +£0.09
Small intestine 1.3240.13 3.54+0.51 536+ 1.39
Large intestine 0.23 +0.03 0.28 +0.04 0.41 £0.09
Kidney 1.28+0.08 1.10 £ 0.08 1.23+0.22
Bladder (including 0.86+0.38 2.02+1.20 3.87+0.37
urine)
Muscle (lower 0.27 +0.08 0.13+0.01 0.1140.03
limbs)
Whole brain 0.02 £ 0.00 0.01 +0.00 0.02 £ 0.00
Adrenal gland 18.45 +3.39 20.88 +2.82 21.41+4.42
Femur 0.25+0.01 0.14+0.01 0.12+0.03
Testis 0.06 £ 0.01 0.08 +0.01 0.11 +£0.03
Fat 0.09 £ 0.02 0.07 £ 0.02 0.06 £ 0.02
Remaining whole 0.20 £ 0.02 0.11£0.01 0.10 £ 0.02
body
Adrenal
oland/blood 158.10 + 31.05 206.39 + 28.57 21422+ 75.71
Adrenal gland/liver 3.45+0.50 4.39£0.61 7.45+2.80
Adrenal 14.57 +3.27 19.08 + 3.40 17.62 + 3.44
gland/kidney
Adrenal
gland/small 13.90 + 1.21 599+ 1.25 417+1.22
intestine
Adrenal
74.08 +27.27 160.44 + 36.00 210.35 +70.86
gland/muscle

Adrenal gland/fat

210.51 £ 56.26

295.05+ 101.53

371.37+112.38
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Table 13 ['*’1] 601
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Radioactivity distribution (%ID/g)

10 min after

30 min after

60 min after

administration administration administration
(n=3) (n=3) (n=3)
Blood 0.27 +0.01 0.20 +0.03 0.12 +0.02
Heart 0.61+0.03 0.42 +0.08 0.26 +0.05
Lung 0.54 +0.01 0.43 +0.07 0.26 +0.03
Stomach 0.83 +0.25 0.86 +0.23 0.50 +0.29
Liver 4.15+0.27 2.71+0.39 1.80 +0.26
Spleen 0.51 +0.02 0.35+0.07 0.20 +0.03
Small intestine 1.99 +0.27 554+1.72 9.33+1.02
Large intestine 0.14+0.01 0.15+0.01 0.14 +0.02
Kidney 1.16 +0.02 0.80 +0.39 0.84 +0.09
Bladder (urine) 0.65 +0.26 0.41 +0.03 1.17+0.51
Muscle (lower 0.26 +0.02 0.24 + 0.04 0.14 + 0.02
limbs)

Whole brain 0.15+0.01 0.11+0.02 0.10 + 0.04
Adrenal gland 13.40 +2.41 17.21 + 1.46 8.87 +3.98
Thyroid gland 0.62 +0.09 0.69 +0.26 0.93 +0.47

Testis 0.32+0.01 0.31+0.05 0.22 +0.05
Fat 0.34+0.16 0.50 +0.03 0.50 +0.09
Remaining whole 0.30 +0.01 0.24 +0.03 0.15+0.01
body
Adrenal
gland/blood 49.76 + 8.04 88.31+19.36 73.52 +21.70
Adrenal gland/liver 3.21+0.44 6.49 + 1.59 479 + 1.48
Adrenal 11.53 £2.04 28.94 +22.29 10.42 + 4.49
gland/kidney
Adrenal
gland/small 6.93 +2.04 3.30 +0.96 0.99 +0.55
intestine
Adrenal
gland/muscle 51.74+11.28 72.90 + 18.29 63.30 +21.65
Adrenal gland/fat 48.18 +26.02 3433 +3.72 18.31£9.45




[0281]

Table 14 ['*1] 602
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Radioactivity distribution (%ID/g)

10 min after

30 min after

60 min after

administration administration administration
(n=3) (n=3) (n=3)
Blood 0.32+0.01 0.43 +0.05 0.40 +0.01
Heart 0.63 +0.07 0.49 +0.01 0.35+0.03
Lung 1.06 +0.09 0.76 + 0.04 0.60 +0.03
Stomach 1.03+0.28 2.24+0.39 435+0.25
Liver 2.98+0.35 1.24 +0.09 0.70 +0.05
Spleen 526+ 1.78 544 +1.82 527+0.89
Small intestine 1.30 +0.05 1.83 +0.07 1.85 +0.44
Large intestine 0.19 +0.00 0.19 +0.00 0.43+0.19
Kidney 1.54+0.11 0.95 + 0.06 0.62 +0.08
Bladdeurri(rll‘gl“dmg 032+0.15 1.35+0.14 1.27 +0.07
Muscle (lower 0.17 + 0.00 0.15+0.01 0.12 +0.02
limbs)

Whole brain 0.02 + 0.00 0.02 + 0.00 0.02 + 0.00
Adrenal gland 9.09 +2.28 16.93 +3.32 11.65 + 1.54
Thyroid gland 3.54+0.37 9.97 +0.74 19.76 + 1.03

Testis 0.07 +0.02 0.12 +0.00 0.15+0.01
Fat 0.10+0.01 0.12 +0.04 0.11+0.02
Remaining whole 0.27 +0.01 0.31£0.01 0.33 +0.02
body
Adrenal
oland/blood 28.34+5.95 40.26 + 12.64 29.41 +3.13
Adrenal gland/liver 3.02+0.41 13.82 +3.67 16.66 + 3.13
Adrenal 5.85+1.07 17.90 + 4.66 18.87 +3.12
gland/kidney
Adrenal
gland/small 6.95+ 1.48 9.24 + 1.46 6.64 +2.31
intestine
Adrenal
5421 + 12.64 110.91 + 25.83 95.38 +22.07
gland/muscle
Adrenal gland/fat 89.23 + 14.22 147.73 + 74.06 105.17 +28.98
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Table 15 ['*1] 603
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Radioactivity distribution (%ID/g)

10 min after

30 min after

60 min after

administration administration administration
(n=3) (n=3) (n=3)
Blood 0.13£0.01 0.10 £0.02 0.06 £0.01
Heart 0.65 +0.09 0.64 £ 0.04 0.56 £0.01
Lung 0.98 £0.16 0.97£0.10 0.78 £0.03
Stomach 0.66 + 0.34 0.61+£0.14 0.89 £0.21
Liver 4.09 £0.45 1.89 £0.21 0.96 £0.10
Spleen 5.59+1.78 6.71 £0.48 562+ 1.11
Small intestine 1.29£0.12 3.40 £ 0.80 3.98 £1.32
Large intestine 0.11 £0.01 0.14 £0.02 0.55+0.52
Kidney 2.09 £0.09 1.65+0.27 1.23£0.01
Bladder (including 0.43+0.13 1.13+0.19 3.04+1.32
urine)
Muscle (lower 0.18 +0.05 0.16 +0.02 0.14+0.01
limbs)
Whole brain 0.01 £0.00 0.01 £0.00 0.01 £0.00
Adrenal gland 10.24 +4.48 15.46 + 8.64 18.65+1.67
Femur 0.8510.40 0.83 £0.03 0.90%0.10
Testis 0.04 £0.01 0.05 £ 0.01 0.05+0.01
Fat 0.11 £0.01 0.12+£0.03 0.12 £0.04
Remaining whole 0.24 £ 0.01 0.27 +0.01 0.28 + 0.04
body
Adrenal
52.24+£16.82 199.21 £91.92 235.46 £ 58.57
gland/blood
Adrenal gland/liver 437+1.12 17.77 £ 9.08 20.07 £5.16
Adrenal
gland/kidney 3.95+1.50 12.16 £7.12 13.73 £3.51
Adrenal
gland/small 3.44 £ 1.04 3.25+1.07 242+0.71
intestine
Adrenal
34.85+6.45 98.15+67.95 124.82 £30.33
gland/muscle
Adrenal gland/fat 49.21 + 30.24 106.15 £23.20 108.45 + 23.85
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Table 16 ['*1] 604
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Radioactivity distribution (%ID/g)

10 min after

30 min after

60 min after

administration administration administration
(n=3) (n=3) (n=3)
Blood 0.13£0.01 0.10 £0.02 0.06 £0.01
Heart 0.65 +0.09 0.64 £ 0.04 0.56 £0.01
Lung 0.98 £0.16 0.97£0.10 0.78 £0.03
Stomach 0.66 + 0.34 0.61+£0.14 0.89 £0.21
Liver 4.09 £0.45 1.89 £0.21 0.96 £0.10
Spleen 5.59+1.78 6.71 £0.48 562+ 1.11
Small intestine 1.29£0.12 3.40 £ 0.80 3.98 £1.32
Large intestine 0.11 £0.01 0.14 £0.02 0.55+0.52
Kidney 2.09 £0.09 1.65+0.27 1.23£0.01
Bladder (including 0.43+0.13 1.13+0.19 3.04+1.32
urine)
Muscle (lower 0.18 +0.05 0.16 +0.02 0.14+0.01
limbs)
Whole brain 0.01 £0.00 0.01 £0.00 0.01 £0.00
Adrenal gland 10.24 +4.48 15.46 + 8.64 18.65+1.67
Femur 0.8510.40 0.83 £0.03 0.90%0.10
Testis 0.04 £0.01 0.05 £ 0.01 0.05+0.01
Fat 0.11 £0.01 0.12+£0.03 0.12 £0.04
Remaining whole 0.24 £ 0.01 0.27 +0.01 0.28 + 0.04
body
Adrenal
75.41 £ 30.78 170.18 £126.19 329.57 £56.14
gland/blood
Adrenal gland/liver 2.48 £1.00 8.55+5.73 19.61 +£2.12
Adrenal
gland/kidney 4.89+£2.15 9.69 £ 6.36 15.22 £1.37
Adrenal
gland/small 7.85+3.21 437+1.61 5.02 £ 1.64
intestine
Adrenal
67.00 + 51.23 100.20 £ 67.99 130.19 £7.34
gland/muscle
Adrenal gland/fat 92.23 +£49.88 156.19 £ 135.29 161.46 + 40.00
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Table 17 ['*1] 605
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Radioactivity distribution (%ID/g)

10 min after

30 min after

60 min after

administration administration administration
(n=3) (n=3) (n=3)
Blood 0.14 £0.00 0.12+0.01 0.09 £0.02
Heart 0.73 £0.06 0.52+0.04 0.35+0.09
Lung 1.94+0.16 0.99+0.10 0.56+0.15
Stomach 0.80 £0.23 1.38£0.42 2.22+0.73
Liver 4.12+0.23 2.72+£0.12 1.93+0.37
Spleen 1.08 £0.10 0.58 £0.09 0.34+0.07
Small intestine 2.46 £0.61 3.99£0.33 6.65+0.98
Large intestine 0.13£0.01 0.16 £0.01 0.19£0.03
Kidney 2.17£0.09 1.18+0.14 0.83+0.10
Bladder (including 0.09 + 0.06 0.15 £ 0.01 0.13+0.05
urine)
Muscle (lower 0.16 + 0.01 0.22 +0.02 0.16+0.01
limbs)
Whole brain 0.03 £0.00 0.03 £0.00 0.02 £0.01
Adrenal gland 5.67+0.25 3.10£1.06 1.70 £0.21
Femur 0.51 £0.02 0.44 +£0.04 0.36 £0.03
Testis 0.03 £0.00 0.03 £0.00 0.03 £0.01
Fat 0.14 £0.02 0.14£0.03 0.16 £0.02
Remaining whole 0.20 £0.01 0.21 £0.02 0.13+0.02
body
Adrenal
sland/blood 39.83+1.25 2642 +7.24 20.07 +1.94
Adrenal gland/liver 1.38+0.01 1.14 £0.36 0.88 £0.05
Adrenal
gland/kidney 2.61 £0.04 2.58 £0.55 2.05+0.09
Adrenal
gland/small 2.44 +0.80 0.79+0.34 0.26 £ 0.08
intestine
Adrenal
36.77 £ 3.87 14.44 +£5.54 10.90 £ 0.67
gland/muscle
Adrenal gland/fat 41.90+6.19 22.69 +9.87 10.82 £1.23
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Table 18 ['*1] 606
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Radioactivity distribution (%ID/g)

10 min after

30 min after

60 min after

administration administration administration
(n=3) (n=3) (n=3)
Blood 0.15+0.01 0.14 +0.00 0.12+0.01
Heart 0.56 + 0.04 0.44 +0.01 0.40 + 0.02
Lung 0.86 + 0.07 0.65 %+ 0.03 0.60 +0.03
Stomach 0.75 +0.09 1.66 +0.35 1.90 +0.35
Liver 3.24 +0.05 2.59+0.07 2.24+0.16
Spleen 4.55+0.41 3.80+0.26 3.05 +0.35
Small intestine 1.35 +0.04 2.75+0.21 3.77+0.38
Large intestine 0.17 +0.00 0.23+0.01 0.35 +0.06
Kidney 1.29+0.11 1.01 +0.04 0.87 +0.07
Bladder (including 0.27 +0.01 1.17+0.36 2.06 + 0.40
urine)
M“SI‘?IG (lower 0.22 +0.04 0.16 +0.01 0.12+0.01
1mbs)
Whole brain 0.03 +0.00 0.03 +0.00 0.03 +0.00
Adrenal gland 13.01 +£3.75 21.23 +4.43 19.67 + 3.42
Femur 0.59 +0.02 0.50 +0.01 0.62 + 0.04
Testis 0.08 + 0.00 0.11+0.01 0.16 +0.03
Fat 0.13+0.01 0.12+0.01 0.09 +0.02
Remaining whole 0.29 + 0.02 0.24 +0.01 0.22 +0.01
body
Adrenal
85.09 +27.52 151.28 +30.77 161.94 +14.16
gland/blood
Adrenal gland/liver 4.02+1.20 8.21 +1.88 8.81 +1.68
Adrenal 10.11 +2.69 20.98 + 3.60 22.62 +2.40
gland/kidney
Adrenal
gland/small 9.70 + 3.04 7.82+2.11 5.20+0.46
intestine
Adrenal
57.42+9.23 130.86 + 25.55 168.08 +24.28
gland/muscle
Adrenal gland/fat |  100.88 + 26.65 172.63 +42.67 229.99 + 79.47
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Table 19 ['*1] 607
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Radioactivity distribution (%ID/g)

10 min after

30 min after

60 min after

administration administration administration
(n=3) (n=3) (n=3)
Blood 0.17 £0.02 0.09 £0.00 0.08 £0.01
Heart 0.66+0.03 0.54 £ 0.05 0.43 +£0.08
Lung 0.90+£0.07 0.72+0.05 0.65+0.15
Stomach 0.88+0.20 1.17£0.29 1.52 +£0.61
Liver 2.93 +0.40 0.94 +0.06 0.67 +0.04
Spleen 493 £0.56 6.69+1.24 6.95+0.95
Small intestine 2.82+0.12 5.06+0.42 5.48 £0.49
Large intestine 0.12£0.02 0.12+0.01 0.16 £0.03
Kidney 1.96 £0.19 1.24 +£0.36 1.04 +£0.19
Bladder (including 1.20+0.71 2.79+0.51 2.99 +1.26
urine)
Muscle (lower 0.17 £ 0.02 0.13 £ 0.00 0.11+0.02
limbs)
Whole brain 0.03 +0.00 0.02 +£0.00 0.02 +0.00
Adrenal gland 11.13£0.88 14.61 £1.60 18.47 £2.05
Femur 0.86 £0.02 098 £0.16 1.17£0.10
Testis 0.06 +0.01 0.09 +£0.02 0.11 £0.02
Fat 0.12+0.02 0.13£0.01 0.10+£0.02
Remaining whole 0.27 +0.03 0.27 £ 0.03 0.26 £ 0.01
body
Adrenal
64.15+4.03 163.89 +£22.78 241.20+ 3948
gland/blood
Adrenal gland/liver 3.85+0.67 15.55+2.37 27.59 +£4.15
Adrenal 5.73 4 1.00 12.63 £4.53 18.18 +3.94
gland/kidney
Adrenal
gland/small 395+0.40 2.89+0.23 3.39+0.53
intestine
Adrenal
gland/muscle 64.58 £8.21 114.11 £13.20 177.15+43.41
Adrenal gland/fat 92.36 £15.53 109.60 £+ 14.02 194 91 +44.02
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Radioactivity distribution (%ID/g)

10 min after

30 min after

60 min after

administration administration administration
(n=3) (n=3) (n=3)
Blood 0.12+0.01 0.06 +0.01 0.04 +0.01
Heart 0.74 + 0.09 0.76 £ 0.16 0.72 + 0.09
Lung 1.11£0.11 1.14 +0.08 0.94 +0.08
Stomach 0.53+0.16 134+ 0.66 1.15+0.26
Liver 3.03 +0.36 1.08+0.13 0.57 +0.06
Spleen 3.79 + 1.44 4.81+0.73 4.13+121
Small intestine 1.74 +0.42 3.18+0.18 4.35+0.69
Large intestine 0.12£0.01 0.11£0.00 0.16 £0.07
Kidney 1.79+0.11 1.82+0.08 1.55+0.21
Bladder (including 0.82 +0.43 2.70+1.51 2.67+0.43
urine)
Muscle (lower 0.15 % 0.00 0.17 +0.03 0.15+0.03
limbs)
Whole brain 0.03+0.01 0.02 + 0.00 0.02 + 0.00
Adrenal gland 8.76 + 2.34 10.75+ 1.11 15.22+7.58
Femur 0.82 % 0.05 1.17 £ 0.02 1.28+0.07
Testis 0.07 +0.01 0.11 £ 0.00 0.09 +0.01
Fat 0.10 £ 0.01 0.10 £ 0.01 0.11+0.04
Remalgmg whole 0.29 +0.05 0.30 % 0.00 0.28+0.01
ody
Adrenal 75.20 + 24.87 172.72 + 25.00 345.58 + 116.00
gland/blood
Adrenal gland/liver 2.86 +£0.42 10.03 + 1.46 2591 +10.25
Adrenal
gland/kidney 4.95+1.61 5.90 + 0.47 10.46 + 6.81
Adrenal
gland/small 5.04 +0.35 3.39 +0.42 339+1.14
intestine
Adrenal
5735+ 15.85 65.62 + 16.66 113.23 +76.79
gland/muscle
Adrenal gland/fat 90.02 + 14.66 103.83 + 16.66 158.96 + 131.25
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Radioactivity distribution (%ID/g)

10 min after

30 min after

60 min after

administration administration administration
(n=3) (n=3) (n=3)
Blood 0.12 £ 0.00 0.14+0.01 0.13 £ 0.00
Heart 0.36 £ 0.01 0.36 £ 0.02 0.33 +£0.02
Lung 0.51 +0.04 0.42 +0.05 0.38 +0.02
Stomach 0.65 +0.25 127 +0.17 1.47 £0.33
Liver 5.50 +0.46 436 £ 0.46 2.77+0.15
Spleen 0.82 +0.05 0.43 +0.03 0.30+0.01
Small intestine 1.71 £0.18 4.44 +0.63 7.17 £0.45
Large intestine 0.16 £ 0.01 0.18+0.03 0.63 +0.43
Kidney 1.17+0.08 1.00 £ 0.07 0.85+0.03
Bladder (including 0.17+0.08 0.80 4 0.10 2.03+0.70
urine)
Muscle (lower 0.20 +0.06 0.17 +0.03 0.1140.00
limbs)
Whole brain 0.02 £ 0.00 0.02 +0.00 0.01 +0.00
Adrenal gland 8.54+1.17 11.21 £3.24 11.04 £ 1.72
Femur 0.37 £0.06 0.29 + 0.04 0.33+0.03
Testis 0.05 £ 0.00 0.07+0.01 0.07 £ 0.01
Fat 0.09 £ 0.01 0.10 £ 0.02 0.07 £0.01
Remaining whole 0.20 £ 0.03 0.14 £ 0.01 0.10 £ 0.00
body
Adrenal
oland/blood 70.18 £9.10 78.36 +23.36 87.48 + 12.64
Adrenal gland/liver 1.55+0.09 2.54+0.51 3.99 £0.57
Adrenal 738+ 1.46 11.13£2.62 13.00 £ 2.52
gland/kidney
Adrenal
gland/small 5.04+0.97 2.54+0.80 1.53+0.14
intestine
Adrenal
cland/muscle 46.03 + 17.74 66.27 + 15.78 103.59 + 13.53
Adrenal gland/fat 92.34 + 17.88 110.76 + 35.85 147.76 + 20.75
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Radioactivity distribution (%ID/g)

10 min after

30 min after

60 min after

administration administration administration
(n=3) (n=3) (n=3)
Blood 0.46 +0.03 0.66 + 0.04 0.68 +0.05
Heart 0.33 +0.02 0.31+0.02 0.28 + 0.04
Lung 0.49 +0.03 0.53 +0.02 0.50 + 0.03
Stomach 0.66+0.21 1.27+0.33 2.97 +0.54
Liver 3.43+0.26 2.46+0.18 0.95+0.10
Spleen 1.43+0.11 1.00 + 0.04 0.78 + 0.25
Small intestine 0.71+0.10 0.98 + 0.06 1.18+0.18
Large intestine 0.13+0.02 0.16 +0.03 0.19 +0.02
Kidney 0.86 + 0.06 0.55 + 0.02 0.47 +0.02
Bladdeurri(rll‘gl“dmg 0.22 +0.08 0.28 +0.08 0.29 +0.08
Muscle (lower 0.21£0.05 0.17 £0.02 0.13 £0.01
limbs)
Whole brain 0.04 + 0.00 0.04 + 0.00 0.03 +0.00
Adrenal gland 12.62 +2.99 15.71 + 1.59 19.09 + 6.65
Femur 3.25+0.85 19.34 + 6.00 4438 +12.58
Testis 0.13+0.02 0.25+0.02 0.32 +0.05
Fat 0.13+0.02 0.18+0.01 0.16 +0.03
Remaining whole 0.30 + 0.04 0.31+0.02 0.310.02
body
Adrenal
oland/blood 27.61 +6.22 23.78 +2.07 27.80 +8.18
Adrenal gland/liver 3.68 £ 0.80 6.43 £0.94 20.57+8.91
Adrenal 14.48 +2.49 28.65+3.77 40.68 +13.23
gland/kidney
Adrenal
gland/small 18.10 + 4.67 16.12 +2.61 15.84 +3.51
intestine
Adrenal
62.69 +29.38 94.79 + 8.71 147.93 +55.03
gland/muscle
Adrenal gland/fat |  100.35 +29.67 88.69 +3.10 120.42 + 43.06
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Radioactivity distribution (%ID/g)

10 min after

30 min after

60 min after

administration administration administration
(n=3) (n=3) (n=3)
Blood 1.40 +0.13 2.55+0.16 2.91+0.09
Heart 0.48 +0.07 0.74 +0.03 0.77 +0.03
Lung 0.72 +0.05 0.90 +0.09 1.01 +0.03
Stomach 0.52+0.18 0.46 +0.11 0.41 +0.05
Liver 3.29+0.08 1.82 +0.04 1.37 +0.06
Spleen 0.30 +0.02 0.43 + 0.04 0.39 +0.03
Small intestine 0.62 +0.03 0.68 + 0.06 0.79+0.11
Large intestine 0.10 +0.02 0.12+0.01 0.14 +0.02
Kidney 0.70 + 0.01 1.10+0.12 1.10£0.10
Bladdeurri(rllrgl“dmg 0.25 +0.27 0.39 +0.08 0.68 +0.30
Muscle (lower 0.18 +0.05 0.18 + 0.02 0.16 +0.02
limbs)

Whole brain 0.30 +0.02 0.18 +0.02 0.11+0.00
Adrenal gland 22.14 + 6.98 17.66 + 7.43 19.70 + 8.14
Thyroid gland 1.30 + 1.05 0.81+0.16 1.29 +0.25

Testis 0.52 +0.08 0.32 +0.04 0.33+0.02
Remalgmg whole 0.29 % 0.00 0.31£0.03 0.34%0.01
ody
Adrenal
gland/blood 15.93 +4.94 6.84 +2.49 6.73 +2.57
Adrenal gland/liver 6.72 +2.00 9.74 + 4.16 14.20 +5.28
Adrenal 31.76 £ 10.16 16.66 + 8.95 18.20 + 8.58
gland/kidney
Adrenal
gland/small 35.65 +9.43 25.49 + 831 24.59 + 8.26
intestine
Adrenal
126.18 + 54.27 97.10 + 32.37 120.14 + 30.92

gland/muscle
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[0291]

As shown in Tables 9 to 22, in all cases of [*®F] 100,
[**F] 200, [**’1] 400, ['®F] 500, and ['*’I] 601 to 610,
high accumulation of radiocactivity in adrenal gland was
observed, in comparison to in blood and peripheral
tissues.

[0292]
Evaluation 4: Plasma stability evaluation

Evaluation was made using a heparin-treated normal
human plasma pool (Kohjin Bio Co., Ltd.). Compounds ['®F]
100, [**°F] 200, [**°1] 400, ['®*F] 500, and ['*’I] 601 to 610
obtained by the methods shown in Examples 2, 4, 7, 9, 11,
13, 15, 17, 19, 21, 23, 25, 27, and 29 were each added to
the aforementioned human plasma (5 mL), and the obtained
mixture was then incubated at 37°C for 60 minutes.
Thereafter, the mixture was centrifuged with addition of
methanol, so that a deproteinization treatment was
carried out. Thereafter, stability was evaluated by TLC
analysis. As TLC analysis conditions, the TLC analysis
conditions applied upon the above described synthesis of

each compound were applied.

[0293]
Table 24
Radiochemical purity after incubation
in human plasma

[®F] 100 97%
['®F] 200 92%
[%°1] 400 88%
['®F] 500 88%
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[0294]
Table 25
Radiochemical purity after incubation
in human plasma

1] 601 98%
[1] 602 82%
[1] 603 94%
['1] 604 85%
['°1] 605 90%
[1] 606 88%
[1] 607 84%
[*1] 608 88%
[1] 609 86%
['*1] 610 92%
[0295]

The results are shown in Tables 24 and 25 and
Figures 32 to 45. Figures 32 to 45 show the comparison
of the TLC analysis result of each compound with its
reference sample (which is untreated with plasma) .

Figure 32(a) shows the TLC analysis result of a reference
sample for ['®F] 100, and Figure 32 (b) shows the TLC
analysis result of ['®F] 100 after incubation in human
plasma. Figure 33 (a) shows the TLC analysis result of a
reference sample for [*® F] 200, and Figure 33 (b) shows
the TLC analysis result of ['®F] 200 after incubation in
human plasma. Figure 34 (a) shows the TLC analysis result
of a reference sample for ['?°I] 400, and Figure 34 (b)
shows the TLC analysis result of ['?’I] 400 after
incubation in human plasma. Figure 35(a) shows the TLC
analysis result of a reference sample for ['®F] 500, and

Figure 35(b) shows the TLC analysis result of ['®F] 500
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after incubation in human plasma. Figure 36(a), 37(a),
38(a), 39(a), 40(a), 41(a), 42(a), 43(a), 44 (a) and 45 (a)
each show the TLC analysis results of each reference
sample for ['*’I] 601 to 610, and Figures 36 (b), 37(b),
38(b), 39(b), 40(b), 41(b), 42(b), 43(b), 44(b) and 45 (b)
each show the TLC analysis results of ['*’I] 601 to 610
after incubation in human plasma. From these results, it
was demonstrated that ["®F] 100, ["®*F] 200, ["’I] 400,
['®*F] 500, and ['*’I] 601 to 610 are hardly metabolized

and decomposed in the plasma.
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Claims

1. A compound represented by the following general

formula (1) or a salt thereof:

X, X
R, N X2
R‘>7, AN l | (1)
Rz/ { LA *
R4 NJ?A

wherein R; represents a hydrogen atom or COzR;, Rz
represents a hydrogen atom, a halogen atom or CO2R,, Rs
represents a hydrogen atom or a hydroxyalkyl group
containing 1 to 10 carbon atoms, R4 represents a hydrogen
atom, a hydroxy group or an alkoxy group containing 1 to
10 carbon atoms, Rs represents a linear alkyl group
containing 1 to 5 carbon atoms in which a hydrogen atom
is optionally replaced by a halogen atom, a cyclic alkyl
group containing 3 to 5 carbon atoms iIn which a hydrogen
atom is optionally replaced by a halogen atom, a
hydroxyalkyl group containing 1 to 5 carbon atoms, or an
o-, p- or m-halobenzyl group, A represents CH or a
nitrogen atom, X; and X3 each independently represent a

hydrogen atom or a halogen atom, X, represents a hydrogen
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atom, a halogen atom or a nitrile group, provided that at
least one of X;, X, and Xz represents a halogen atom, and
each R, independently represents an alkyl group

containing 1 to 10 carbon atoms.

2. The compound according to claim 1 or a salt thereof,

wherein, in the general formula (1), X, Is a halogen atom.

3. The compound according to claim 1 or 2 or a salt
thereof, wherein, in the general formula (1), Rz is a

hydrogen atom.

4. The compound according to any one of claims 1 to 3
or a salt thereof, wherein, in the general formula (1),

X3 1S a hydrogen atom.

5. The compound according to any one of claims 1 to 4
or a salt thereof, wherein, in the general formula (1),
Rs iIs a methyl group, an ethyl group, a propyl group, an
i1sopropyl group, a group represented by -(CHx)Xs (wherein
n represents an integer of 1 to 5 and X; represents a
halogen atom), a cyclopropyl group, or a p-halobenzyl

group.

6. The compound according to claim 1, which is
represented by the following general formula (2) or a

salt thereof:
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/\]fji (2)
N X N
%;\ | N/ /EAXM

wherein Ri> represents a hydrogen atom, a halogen atom or
CO2Ra, Xi11 represents a hydrogen atom or a halogen atom,
X12 represents a halogen atom, X4 represents a halogen
atom or a hydroxy group, n represents an integer of 1 to
5, and R, represents an alkyl group containing 1 to 10

carbon atoms.

7. The compound according to claim 6 or a salt thereof,
wherein, in the general formula (2), X;1 and X;» each
independently represent a different halogen atom, and Xia

iIs a halogen atom.

8. A medicament comprising the compound according to

any one of claims 1 to 7 or a salt thereof.

9. The medicament according to claim 8, which iIs an

Image diagnostic agent for an adrenal disease.
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10. The medicament according to claim 9, which is an
Image diagnostic agent for use In positron emission

tomography.

11. The medicament according to claim 9, which is an
Image diagnostic agent for use in single-photon emission

computed tomography.

12. The medicament according to claim 8, which is a

therapeutic agent for an aldosterone-producing tumor.

13. A compound represented by the following general

formula (3) or a salt thereof:

(3)

R1 N

wherein R; represents a hydrogen atom or COzR;, Rz
represents a hydrogen atom, a halogen atom or CO,R,, R3
represents a hydrogen atom or a hydroxyalkyl group
containing 1 to 10 carbon atoms, Rs represents a hydrogen

atom, a hydroxy group or an alkoxy group containing 1 to
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10 carbon atoms, Rs represents a halogen atom, a
substituted or unsubstituted alkylsulfonyloxy group, or a
substituted or unsubstituted arylsulfonyloxy group, n
represents an integer of 1 to 5, A represents CH or a
nitrogen atom, X; and X3z each independently represent a
hydrogen atom or a halogen atom, X, represents a hydrogen
atom, a halogen atom or a nitrile group, provided that at
least one of X;, X and X3 is a halogen atom, and each R,
independently represents an alkyl group containing 1 to

10 carbon atoms.

14. A compound represented by the following general
formula (5) or a salt thereof:

X3 X,

™ <N N (5)
s

R4 N
wherein R; represents a hydrogen atom or COzR;, Rz
represents a hydrogen atom, a halogen atom or CO,R,, R3
represents a hydrogen atom or a hydroxyalkyl group
containing 1 to 10 carbon atoms, Rs represents a hydrogen
atom, a hydroxy group or an alkoxy group containing 1 to

10 carbon atoms, Rs represents a linear alkyl group
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containing 1 to 5 carbon atoms in which a hydrogen atom
i1s optionally replaced by a halogen atom, a cyclic alkyl
group containing 3 to 5 carbon atoms in which a hydrogen
atom i1s optionally replaced by a halogen atom, a
hydroxyalkyl group containing 1 to 5 carbon atoms, or an
o-, p- or m-halobenzyl group, R; represents a trialkyltin
group or a trialkylsilyl group, A represents CH or a
nitrogen atom, X; represents a hydrogen atom or a halogen
atom, Xz represents a hydrogen atom or a halogen atom,
and each R, independently represents an alkyl group

containing 1 to 10 carbon atoms.

15. A compound represented by the following general

formula (7) or a salt thereof:

X X
R4 N Xz
AT | N (7)
N N\ﬁ(
R4 Né?A Rs

wherein R; represents a hydrogen atom or COzR;, Rz
represents a hydrogen atom, a halogen atom or CO;R,, R3
represents a hydrogen atom or a hydroxyalkyl group
containing 1 to 10 carbon atoms, R; represents a hydrogen

atom, a hydroxy group or an alkoxy group containing 1 to
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10 carbon atoms, Rsg represents a trialkyltin group or a
trialkylsilyl group, A represents CH or a nitrogen atom,
X1 represents a hydrogen atom or a halogen atom, X
represents a hydrogen atom, a halogen atom or a nitrile
group, Xz represents a hydrogen atom or a halogen atom,
provided that at least one of X;, X; and Xz Is a halogen
atom, and each R, independently represents an alkyl group

containing 1 to 10 carbon atoms.

16. A compound represented by the following general

formula (8) or a salt thereof:

X X
Ry N X
AP I (8)
N KON
R, Né?A

wherein R; represents a hydrogen atom or COzR,, R3
represents a hydrogen atom or a hydroxyalkyl group
containing 1 to 10 carbon atoms, R4 represents a hydrogen
atom, a hydroxy group or an alkoxy group containing 1 to
10 carbon atoms, Rs represents a linear alkyl group
containing 1 to 5 carbon atoms in which a hydrogen atom
is optionally replaced by a halogen atom, a cyclic alkyl

group containing 3 to 5 carbon atoms in which a hydrogen
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atom is optionally replaced by a halogen atom, a
hydroxyalkyl group containing 1 to 5 carbon atoms, or an
o-, p- or m-halobenzyl group, Rg represents a trialkyltin
group or a trialkylsilyl group, A represents CH or a
nitrogen atom, X; represents a hydrogen atom or a halogen
atom, X; represents a hydrogen atom, a halogen atom or a
nitrile group, X3 represents a hydrogen atom or a halogen
atom, provided that at least one of X;, X, and X3 is a
halogen atom, and R, represents an alkyl group containing

1 to 10 carbon atoms.

17. A method for producing a radioactive compound
represented by the following general formula (9) or a
salt thereof from the compound according to claim 13 or a
salt thereof by a radiohalogenation reaction:

X3 X4

(9)

R4 N
wherein R; represents a hydrogen atom or COzR;, Rz
represents a hydrogen atom, a halogen atom or CO2R,, Rs
represents a hydrogen atom or a hydroxyalkyl group

containing 1 to 10 carbon atoms, R; represents a hydrogen



10

15

20

- 233 -

atom, a hydroxy group or an alkoxy group containing 1 to
10 carbon atoms, A represents CH or a nitrogen atom, X;
and Xz each independently represent a hydrogen atom or a
halogen atom, X; represents a hydrogen atom, a halogen
atom or a nitrile group, provided that at least one of X,
X2 and X3 1s a halogen atom, X; represents a radioactive
halogen atom, and each R, independently represents an

alkyl group containing 1 to 10 carbon atoms.

18. A method for producing a radioactive compound
represented by the following general formula (11) or a
salt thereof from the compound according to claim 14 or a

salt thereof by a radiohalogenation reaction:

Xs X
R, hi Xe
] RS: i AN T (11)
2/ \ N
R Né?A

wherein R; represents a hydrogen atom or COzR;, Rz
represents a hydrogen atom, a halogen atom or CO,R,, R3
represents a hydrogen atom or a hydroxyalkyl group
containing 1 to 10 carbon atoms, Rs represents a hydrogen
atom, a hydroxy group or an alkoxy group containing 1 to

10 carbon atoms, Rs represents a linear alkyl group
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containing 1 to 5 carbon atoms in which a hydrogen atom
i1s optionally replaced by a halogen atom, a cyclic alkyl
group containing 3 to 5 carbon atoms in which a hydrogen
atom i1s optionally replaced by a halogen atom, a
hydroxyalkyl group containing 1 to 5 carbon atoms, or an
o-, p- or m-halobenzyl group, A represents CH or a
nitrogen atom, X; represents a hydrogen atom or a halogen
atom, Xz represents a hydrogen atom or a halogen atom, Xg
represents a radioactive halogen atom, and each R,
independently represents an alkyl group containing 1 to

10 carbon atoms.

19. A method for producing a radioactive compound
represented by the following general formula (13) or a
salt thereof from the compound according to claim 15 or a

salt thereof by a radiohalogenation reaction:

X3 X4
R4 hi X2
" AN N (13)
|
v / N\>IN/
R4 N47A

X7
wherein R; represents a hydrogen atom or COzR,, R>
represents a hydrogen atom, a halogen atom or CO,R,, R3

represents a hydrogen atom or a hydroxyalkyl group
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containing 1 to 10 carbon atoms, R; represents a hydrogen
atom, a hydroxy group or an alkoxy group containing 1 to
10 carbon atoms, A represents CH or a nitrogen atom, X;
represents a hydrogen atom or a halogen atom, X
represents a hydrogen atom, a halogen atom or a nitrile
group, Xz represents a hydrogen atom or a halogen atom,
provided that at least one of X;, X; and X3 iIs a halogen
atom, X; represents a radioactive halogen atom, and each
Ra Independently represents an alkyl group containing 1

to 10 carbon atoms.

20. A method for producing a radioactive compound
represented by the following general formula (14) or a
salt thereof from the compound according to claim 16 or a

salt thereof by a radiohalogenation reaction:

Xs X
R, |~i X2
™ <X N (14)
Xa/ N> kN/ Rs
\
R4 Né?A

wherein R; represents a hydrogen atom or COzR;, Rz
represents a hydrogen atom or a hydroxyalkyl group
containing 1 to 10 carbon atoms, R; represents a hydrogen

atom, a hydroxy group or an alkoxy group containing 1 to
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10 carbon atoms, Rs represents a linear alkyl group
containing 1 to 5 carbon atoms in which a hydrogen atom
is optionally replaced by a halogen atom, a cyclic alkyl
group containing 3 to 5 carbon atoms in which a hydrogen
atom is optionally replaced by a halogen atom, a
hydroxyalkyl group containing 1 to 5 carbon atoms, or an
o-, p- or m-halobenzyl group, A represents CH or a
nitrogen atom, X; represents a hydrogen atom or a halogen
atom, X; represents a hydrogen atom, a halogen atom or a
nitrile group, X3 represents a hydrogen atom or a halogen
atom, provided that at least one of X;, X, and X3 is a
halogen atom, Xg represents a radioactive halogen atom,
and R, represents an alkyl group containing 1 to 10

carbon atoms.



