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18F-LABELLED COMPOUND FOR PROSTATE CANCER

DIAGNOSIS, AND USE THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to an !8F-labelled
compound for prostate cancer diagnosis, and a use

thereof.

2. Description of the Related Art

Prostate cancer 1is the leading cause of death
among male cancers 1in the United States, fifth in
Korea and second in the world. Prostate cancer usually
develops 1in men over 50, but the number of patients
increases rapidly with age. It usually progresses
slowly, but when it develops into a malignant
metastasis, 1t 1is extremely difficult to treat. The
metastasis usually begins to the lymph nodes, pelvic
bones, vertebrae and bladder around prostate cancer

and gradually spreads throughout the body.

Prostate-specific antigen test (PSA test) and
digital rectal examination are currently used
primarily for prostate cancer diagnosis, and

transrectal ultrasonography, CT, MRI and whole body
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bone scan (WBBS) imaging are also used. Biopsies for
prostate cancer diagnosis are also being conducted.
However, in most cases the diagnostic accuracy is low
and early diagnosis of the disease is difficult. 1In
addition, it is difficult to determine metastasis and
difficult to distinguish from benign diseases such as
prostate hyperplasia and prostatitis.

PET (Positron Emission Tomography) is a human
imaging method using molecular probes targeting
disease-specific metabolism or protein. This method
has advantages 1in early diagnosis, evaluation of
treatment and confirmation of metastasis/recurrence by
observing biochemical changes in the early stage of
the disease by using a short half-1life radioisotope.

[18F] FDG is a representative PET
radiopharmaceutical used for cancer diagnosis because
it can observe the enhanced glucose metabolism of
cancer cells. One example of such a technique 1is
disclosed in Patent Reference 1 below. However, in the
case of prostate cancer, the intake of [18F] FDG 1is
not high so that it is difficult to use for prostate
cancer diagnosis. In addition, compounds such as [18F]
fluorocholine, [!1C] acetate, and [!8F] FACBC have been
applied for prostate cancer diagnosis. However, when

using them, the accuracy of diagnosis is not high, and
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the small sized prostate cancer metastasized is
difficult to observe.

Prostate-Specific Membrane Antigen (PSMA) 1is a
protein that is specifically overexpressed in prostate
cancer, and it is known that the urea-based dipeptide
compound of glutamic acid-Urea-lysine (GUL) binds
thereto very selectively. Several compounds labeled
with GUL-based radioisotopes have been developed as
prostate cancer-specific diagnostic drugs.

Among them, 18F-DCFPyL 1s an 18F isotope-labeled
GUL compound and is evaluated as one of the best PET
tracers for prostate cancer diagnosis. The said 18F-
DCFPyL has a relatively low lipophilic ©property
compared to the previously developed compound (18F-
DCFBzL), so that it has a low non-specific binding
property 1in vivo and 1s qguickly removed through the
kidney.

Recently, a compound called 18F-YC88 was further
developed. It is a compound having a lower lipophilic
property than the 18F-DCFPyL compound, which is
characterized by reducing non-specific binding further
and 1is rapidly removed. However, this compound has a
problem that the binding force to the PSMA protein is

reduced by about 10 times compared to 8F-DCFPyL, and
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the prostate cancer signal is greatly reduced over the

time.

[PRIOR ART REFERENCE]
Korean Patent Publication No. 10-2016-0085769,

Korean Patent Publication No. 10-2011-0038725

SUMMARY OF THE INVENTION

It 1is an object of +the present invention to
provide an 8F-labeled compound capable of accurate
diagnosis of prostate cancer and a use thereof.

The object of the present invention is not
limited to the above-mentioned object. The object of
the present invention will become more apparent from
the following description, and will be realized by the
means described in the «c¢claims and the combinations

thereof.

A  compound according to an embodiment of the
present invention 1s represented by the following
formula 1.

[Formula 1]
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In formula 1, Y is Ci1-Cs alkylene; and 72 is -CHx-
(CH2-0-CH2) n—-CH2-, wherein n is an integer of 1 to 4; R
is hydrogen or (Ci-C2 alkyl having a substituent,
wherein the substituent is Cs—C12 aryl or C4-Caio
heteroaryl containing one or more elements selected
from the group consisting of O, S and N; and F can be

18F or 19F.

Y is Ci1-Cz alkylene, and F can be 18F.

A compound according to another embodiment of the
present invention 1s represented by the following
formula 11.

[Formula 11]
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In formula 11, Y 1is Ci1-Cs alkylene; and R 1is
hydrogen or Ci1-C; alkyl having a substituent, wherein
the substituent 1is Cs-Ci2 aryl or Cy4-Cio heterocaryl
containing one or more elements selected from the

group consisting of O, S and N.

Y can be Ci1-Cz alkylene.

A pharmaceutical composition for treating or
diagnosing prostate cancer according to another
embodiment of the present invention comprises a
compound of formula 1 or a pharmaceutically acceptable

salt thereof.

According to another embodiment of the present
invention, there 1is provided use of the compound of
formula 1 in the manufacture of a pharmaceutical
composition for treating or diagnosing prostate

cancer.
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A radiopharmaceutical for imaging diagnosis of
prostate cancer according to another embodiment of the
present invention comprises a compound of formula 1 or

a pharmaceutically acceptable salt thereof.

The imaging diagnosis can include positron

emission tomography (PET).

According to another embodiment of the present
invention, there 1is provided use of the compound of
formula 1 in the manufacture of a radiopharmaceutical

for imaging diagnosis of prostate cancer.

ADVANTAGEOUS EFFECT

According to an embodiment of the present
invention, the compound of formula 1 to which 18F is
bound has high  hydrophilicity, excellent in vivo
pharmacokinetic properties and low non-specific
binding, so that clear positron emission tomography

(PET) images can be obtained in a short time.

BRIEF DESCRIPTION OF THE DRAWINGS
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Figures 1A and 1B are diagrams illustrating the
results of Radio-TLC according to the preparation step
of the compound [18F]1-6.

Figure 2 1is a diagram illustrating the results of
HPLC separation according to the preparation step of
the compound [18F]1-6.

Figure 3 1is a diagram illustrating the results of
MicroPET/CT of the prostate cancer mouse.

Figures 4A to 4C are graphs illustrating the
intake ratio of muscle, liver and spleen compared to
tumor.

Figures 5A and 5B are graphs illustrating the

organ biodistribution over the time.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The above objects, other objects, features and
advantages of the present invention are readily
understood through the following preferred examples
associated with the accompanying drawings. However,
the present invention is not limited to the examples
described herein and can be embodied in other forms.
Rather, the examples introduced herein are provided so

that the disclosure can be made thorough and complete,
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and to fully transfer the spirit of the present

invention to those skilled in the art.

Hereinafter, a compound represented by formula 1

of the present invention is described in detail.

The present invention includes a compound
represented by the following formula 1.

[Formula 1]

Z,
NNy, R
N:N j\
0% “NH

F-—

CO,H
.
Hozc/““N N™ T COM

In formula 1,

Y is C1-Cs alkylene;

Z 1s -CHz-(CH2-0-CH2),-CHz-, wherein n is integers
of 0 to 5;

R is hydrogen or C1-C» alkyl having an
substituent, wherein the substituent is Cs-Ci2 aryl or
Cs-C10 heteroaryl containing one or more elements
selected from the group consisting of O, S and N; and

F can be 18F or 19F.
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More specifically, Y is Ci-C2 alkylene;
Z 1s -CHz-(CH2-0-CH2),-CH2-, wherein n is integers
of 0 to 5;

R is hydrogen or C1-C»y alkyl having an
substituent, wherein the substituent is Cs-Ci2 aryl or
C4—-C10 heterocaryl containing one or more elements
selected from the group consisting of O, S and N; and

F can be 18F,

Ligands of formula 1 of the present invention can
be additionally bound to PSMA proteins via lipophilic
bonds because they <can be structurally bound to
aromatic aryl groups. In addition, the triazole group
in the side chain to which 1!8F is bound can increase
the polarity of the compound to reduce non-specific
bindings in vivo.

Such a compound labeled with fluorine-18 of the
present invention can have excellent binding capacity
to PSMA proteins and excellent pharmacokinetic

properties simultaneously.

The present invention provide a pharmaceutical

composition for treating or diagnosing prostate cancer

comprising a compound of formula 1 or a

10
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pharmaceutically acceptable salt thereof as an active

ingredient.

The present invention also provides a use of a
diagnostic radiopharmaceutical to a subject in need of
therapeutic monitoring or imaging diagnosis of
prostate cancer. Such a radiopharmaceutical for
imaging diagnosis can include a compound of formula 1
or a pharmaceutically acceptable salt thereof as an
active ingredient. Herein, the imaging diagnosis can
include magnetic resonance imaging (MRI) or positron
emission tomography (PET) , and preferably can Dbe
performed using positron emission tomography (PET).

In the compound described above, radioligands are
ingested in the prostate cancer tissues expressing
PSMA and can be removed in other organs, so that PET

images can be obtained clearly in a short time.

Hereinafter, a compound represented by formula 11
of the present invention is described in detail.

The present invention includes a compound
represented by the following formula 11.

[Formula 11]

11
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In formula 11,

Y is Ci1-Cs alkylene; and

R is hydrogen or Ci:-Cz alkyl having a substituent,
wherein the substituent is Ce—Ci12 aryl or C4-Caio
heteroaryl containing one or more elements selected
from the group consisting of O, S and N.

More specifically, Y is Ci1-C2 alkylene; and

R is hydrogen or Ci-C, alkyl having a substituent,
wherein the substituent is Cs-Ci2 aryl or Cs-Cio
heteroaryl containing one or more elements selected

from the group consisting of O, S and N.

Example 1. Preparation of N-propazyl amine
derivatives

A schematic reaction process of the present
invention is shown in reaction formula 1 below.

[Reaction Formula 1]

12
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Step 1 Step 2 Step 3

Example 1-1. Preparation of compound 3 (step 1)
4-Aminopyridine (2, 9.0g, 96mmol) was dissolved
5 in dichloromethane (400mL), to which (Boc)20 (25.0qg,
110mmol) was added at O0C. Triethylamine (20.0mL,
140mmol) was slowly added thereto, followed by
stirring at room temperature for 2 hours. Water was
added thereto and the organic compound was extracted
10 using dichloromethane three times. The collected
organic solvent was dried over anhydrous sodium

sulfate, concentrated under reduced ©pressure and

o°

purified by column chromatography (7
methanol/dichloromethane). As a result, the compound 3
15 was obtained as a white solid (18.0g, 97%).
'H NMR (400 MHz, CDClsz) &1.53 (s, 9H), 7.29 (brs,
1), 7.34 (dd, J = 4.8, 1.6 Hz, 2H), 8.44 (dd, J =
4.8, 1.6 Hz, 2H);
3¢ NMR (100 MHz, CDCls) 528.2, 8l.6, 112.3,

20 145.8, 150.4, 152.0; MS (ESI) m/z 193 [M-H]-

Example 1-2. Preparation of compound 4 (step 2)

13
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The compound 3 (18.0g, 93mmol) synthesized in
step 1 above was dissolved in dimethylformamide (DMF,
400mL), to which sodium hydride (7.4g, 900mmol) was
added at 07T. Propazyl Dbromide was slowly added
thereto, followed by stirring at room temperature for
2 hours. Methanol (50ml) was added thereto at 07T,
followed by stirring for 30 minutes. Water was added
thereto and the organic compound was extracted using
ethyl acetate three times. The collected organic
solvent was washed with ammonium chloride aqgueous
solution three times, dried over anhydrous sodium

sulfate, concentrated under reduced ©pressure and

o°

purified by column chromatography (5

methanol/dichloromethane). As a result, the compound 4

o©

was obtained as a light yellow solid (13.4g, 62%).

IH NMR (400 MHz, CDCliz) &1.53 (s, 9H), 2.31 (t, J
= 2.6 Hz, 1H), 4.43 (d, J = 2.4 Hz, 2H), 7.38 (d, J =
5.2 Hz, 2H), 8.54 (m, 2H);

13C NMR (100 MHz, CDCls) d&28.1, 38.5, 72.4, 79.1,
82.7, 118.0, 149.2, 150.2, 152.6; MS (ESI) m/z 233

[M+H]*

Example 1-3. Preparation of compound 5 (step 3)

Dioxane (75mL) containing 4N HCl was added to the

compound 4 (13.0qg, 56mmol) synthesized in step 2

14
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above, followed by stirring at room temperature for 6
hours. 2N sodium hydroxide aqueous solution (500ml)
was added thereto and the organic compound was
extracted using dichloromethane three times. The
collected organic solvent was dried over anhydrous
sodium sulfate, concentrated under reduced pressure
and purified by column chromatography (60% ethyl
acetate/dichloromethane, NH silica gel). As a result,
the compound 5 was obtained as a light vyellow solid
(6.8g9, 92%).

IH NMR (400 MHz, CDCls) %2.27 (t, J = 2.6 Hz, 1lH),
3.97 (dd, J = 6.0, 2.4 Hz, 2H), 4.66 (brs, 1H), 6.53
(dd, 0 = 4.8, 1.6 Hz, 2H), 8.26 (dd, J = 4.4, 1l.6Hz,
2H) ;

13C NMR (100 MHz, CDCls) 0©32.4, 72.0, 79.4, 108.1,

150.1, 152.3; MS (ESI) m/z 133 [M+H]T

Example 2. Preparation of compound 8 (N-
propazyl, N-(pyridine-4-yl methyl)amine)
4-Pyridinecarboxyaldehyde (7, 0.5mL, 4.7mmol) was

dissolved in dichloromethane (10mL), to which propazyl

amine (0.31mL, 5.6mmol) was added. Sodium
triacetoxyborohydride (1.5qg, 7.05mmol) was slowly
added thereto, followed by stirring at room

temperature for 2 hours. Water was added thereto and

15



the organic compound was extracted using
dichloromethane three times. The collected organic
solvent was dried over anhydrous sodium sulfate,
concentrated under reduced pressure and purified by
5 column chromatography (2% methanol/dichloromethane).
As a result, the compound 8 was obtained as a bright
red liquid (315mg, 46%).
IH NMR (400 MHz, CDCls3) &2.28 (t, J = 2.4 Hz, 1lH),
3.45 (d, J = 2.4 Hz, 2H), 3.93 (s, 2H), 4.24 (brs,
0o 1H), 7.32 (dd, J = 5.2, 0.8 Hz, 2H), 8.57 (dd, J =
5.2, 0.8 Hz, 2H);
13C NMR (100 MHz, CDCls) ©&37.4, 50.8, 72.1, 81.3,

123.3, 148.8, 149.4; MS (ESI) m/z 147 [M+H]T

15 A  schematic reaction process of the present
invention is shown in reaction formula 2 below.

[Reaction Formula 2]

O
NaBH{OAc);
2N Y Z N
. N CH2C|2 i N
6 7 rt2h 8
20 Example 3. Preparation of N-propazyl amine-urea-

GUL compound
A schematic reaction process of the present

invention is shown in reaction formula 3 below.

16
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[Reaction Formula 3]

R
# N
NH; O TNH
COBu
H\ : trphosgene. EtsN H\ CO5tBu
R w o}
N * : MaCN > 9
= H Fa )‘l\ o~ J'\
1BuO,L7 N7 TNT TCO,1BU ore Bu,C” N TN T CO,BL
H H H H
9 101 R=H

10-2 R = {pyndime-4-ylimethy|

Example 3-1. Preparation of compound 10-1

Triphosgene (107mg, 0.36mmol) was dissolved in
acetonitrile (5.0mL), to which glutamate-urea-lysine
(9, 500mg, 1.03mmol) dissolved in acetonitrile (10mL)
was slowly added at 0C. Triethylamine (0.50mL,
3.61lmmol) was added thereto, followed by stirring for
30 minutes. Propazyl amine (0.072mL, 1.13mmol) was
added thereto at 0TC. 15 minutes later, the mixture
was stirred at room temperature for 1 hour and then
concentrated under reduced pressure. Water was added
thereto and the organic compound was extracted using
ethyl acetate three times. The <collected organic
solvent was dried over anhydrous sodium sulfate,
concentrated under reduced pressure and purified by
column chromatography (2% methanol/dichloromethane).
As a result, the compound 10-1 was obtained as a white

solid (492mg, 84%).

17



'H NMR (400 MHz, CDCls3) ©1.25-1.30 (m, 2H), 1.44

(s, 18H), 1.48 (s, 9H), 1.51-1.60 (m, 3H), 1.67-1.76

(m, 1H), 1.80-1.90 (m, 1H), 2.05-2.13 (m, 1H), 2.18

(¢, = 2.6 Hz, 1H), 2.29-2.40 (m, 2H), 3.06-3.12 (m,

5 1H), 3.30-3.36 (m, 1H), 3.95-4.06 (m, 2H), 4.08-4.14

(m, 1H), 4.36 (sext, J = 4.4 Hz, 1H), 5.64 (d, J = 7.6

Hz, 1H), 5.69 (t, J = 5.2 Hz, 1H), 5.89 (t, J = 5.4
Hz, 1H), 6.11 (d, J = 8.4 Hz, 1H);

13C NMR (100 MHz, CDCliz) &23.4, 27.7, 27.8, 27.9,

o 28.0, 29.6, 29.7, 31.7, 32.1, 39.4, 53.3, 54.2, 70.5,

8.7, 81.4, 81.5, 83.1, 158.0, 158.2, 172.0, 172.3,

174.6; MS (ESI) m/z 569 [M+H]*

Example 3-2. Preparation of compound 10-2
15 The compound 10-2 was obtained by the same manner
as described in Example 3-1 as a light vyellow solid
(270mg, 66%) except that triphosgene (64mg, 0.211lmmol)
dissolved in acetonitrile (3.0mL), glutamate-urea-
lysine (9, 300mg, 0.62mmol) dissolved in acetonitrile
20 (omL) , triethylamine (0.302mL, 2.17mmol) and the
compound 8 (100mg, 0.68mmol) synthesized in Example 2
were used.
'H NMR (400 MHz, CDClsz) ©1.22-1.30 (m, 2H), 1.43
(s, 9H), 1.45 (s, 18H), 1.48-1.54 (m, 2H), 1.59-1.64

25 (m, 1H), 1.71-1.77 (m, 1H), 1.79-1.88 (m, 2H), 2.03-

18
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2.09 (m, 1H), 2.27-2.32 (m, 1H), 2.35 (t, J = 2.2 Hz,
1H), 3.24 (sept, J = 6.2 Hz, 2H), 4.07 (t, J = 2.4 Hz,
2H), 4.27-4.35 (m, 2H), 4.60 (dd, J = 20.4, 17.2 Hz,
2H), 4.92 (s, 1H), 5.24 (d, J = 7.6 Hz, 1H), 5.44 (d,
J = 8.0 Hz, 1H), 7.24 (d, J = 5.2 Hz, 2H), 8.60 (d, J
= 4.8 Hz, 2H);

I3C NMR (100 MHz, CDCls) 0%22.3, 27.9, 28.0, 28.1,
28.4, 29.4, 31.06, 32.4, 36.8, 40.7, 49.6, 53.0, 53.3,
73.4, 78.8, 80.5, 81.7, 82.0, 122.3, 147.0, 150.2,
157.0, 157.7, 172.3, 172.4, 172.5; MS (ESI) m/z 660

[M+H]*

Example 3-3. Preparation of compound 10-3

The compound 5 (200mg, 1.51mmol) synthesized in
Example 1-3 was dissolved in acetonitrile (5.0 mL), to
which 4-nitrophenyl chloroformate (305mg, 1.51mmol)
dissolved in acetonitrile (5.0 mL) was slowly added at
0C. Triethyl amine (0.50mL, 3.6lmmol) was added
thereto, followed by stirring for 30 minutes.
Glutamate-urea-lysine (9, 886mg, 1.82mmol) dissolved
in acetonitrile (10mL) was slowly added thereto at 07T
and then diisopropylamine (0.324mL, 1.82mmol) was also
added thereto. 15 minutes later, the mixture was
stirred at 100C for 12 hours. After cooling the

mixture to room temperature, water was added thereto

19
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and the organic compound was extracted using ethyl
acetate three times. The collected organic solvent was
dried over anhydrous sodium sulfate, concentrated
under reduced pressure and purified by column
chromatography (5% methanol/dichloromethane). As a
result, the compound 10-3 was obtained as a colorless
ligquid (836mg, 86%) .

'H NM (400 MHz, CDCliz) ©1.27-1.37 (m, 2H), 1.43 (s,
9H), 1.45 (s, 18H), 1.50-1.55 (m, 2H), 1.59-1.65 (m,
1), 1.72-1.88 (m, 2H), 2.01-2.10 (m, 1H), 2.27-2.34
(m, 1H), 2.35 (t, J = 2.4 Hz, 1H), 2.16 (g, J = 6.7
Hz, 2H), 4.25-4.34 (m, 2H), 4.50 (ddd, J = 25.2, 18.0,
2.4 Hz, 2H), 5.21 (t, J = 5.8 Hz, 1H), 5.48 (s, 1H),
5.50 (s, 1H), 7.32 (dd, J = 4.8, 1.6 Hz, 2H), 8.59 (d,
J = 6.4 Hz, 2H);

I3C NMR (100 MHz, CDCls) 0o22.4, 27.9, 28.0, 28.1,
28.3, 29.4, 31.6, 32.4, 38.2, 40.7, 52.9, 53.3, 72.9,
79.3, 80.5, 81.6, 82.0, 119.5, 149.6, 151.2, 155.3,

157.1, 172.3, 172.4, 172.5; MS (ESI) m/z 646 [M+H]*

A  schematic reaction process of the ©present

invention is shown in reaction formula 4 below.

[Reaction Formula 4]

20
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Example 4. Deprotecting group of compound 10
A  schematic reaction process of the present
5 invention is shown in reaction formula 5 below.

[Reaction Formula 5]

R
N ///\N-R
0 0

NH NH
A WL
1Bu0,C” N7 N7 TCO,B ot HOLC” N" "N >CO,H
H H H
10-1,R=H 111 R=H
10-2, R = {pyfidine-4-ylimethyl 11-2, R = {pyridine-4-yl)methyl
10-3, R= 4-pyridinyl 11-3, R= 4-pyridinyt

Example 4-1. Preparation of compound 11-1
10 The compound 10-1 (450mg, O0.79mmol) synthesized
in Example 3-1 was dissolved 1in 60% trifluoroacetic
acid/dichloromethane (2mL), followed by stirring at
room temperature for 4 hours. The reactant was
concentrated under reduced pressure and purified by

15 high performance 1liquid chromatography (HPLC). As a

21



10

15

20

25

result, the compound 11-1 was obtained as a white
solid (280mg, 88%).

IH NMR (400 MHz, DMSO-de) 1.24-1.29 (m, 2H),
1.32-1.39 (m, 2H), 1.46-1.55 (m, 1H), 1.60-1.67 (m,
1H), 1.68-1.77 (m, 1H), 1.84-1.92 (m, 1H), 2.24 (td, J
= 7.8, 2.6 Hz, 2H), 2.96 (g, J = 6.4 Hz, 2H), 3.01 (t,
J = 2.6 Hz, 1H), 3.77 (dd, J = 5.6, 2.4, 2H), 4.05
(sext, J = 7.6 Hz, 2H), 5.98 (t, J = 5.6 Hz, 1H), 6.13
(¢, 9 = 5.6, 1H), 6.31 (d, J = 8.4 Hz, 2H), 12.43
(brs, 3H);

13 NMR (100 MHz, D20) o&621.4, 25.6, 27.8, 28.5,
29.3, 29.9, 38.7, 52.0, 52.6, 70.5, 80.4, 118.2,

158.3, 159.2, 175.6, 176.4; MS (ESI) m/z 399 [M-H]-

Example 4-2. Preparation of compound 11-2

The compound 10-2 (460mg, O0.70mmol) synthesized
in Example 3-2 was dissolved in 60% trifluoroacetic
acid/dichloromethane (2mL), followed by stirring at
room temperature for 4 hours. The reactant was
concentrated under reduced pressure and purified by
high performance 1liquid chromatography (HPLC). As a
result, the compound 11-2 was obtained as a white
solid (289mg, 84%).

'H NMR (400 MHz, D0) &1.10-1.18 (m, 2H), 1.29-

1.36 (m, 2H), 1.44-1.52 (m, 1H), 1.56-1.63 (m, 1H),

22
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1.71-1.80 (m, 1H), 1.91-1.99 (m, 1H), 2.28 (t, J = 7.4
Hz, 2H), 2.56 (t, J = 2.4 Hz, 1H), 3.03 (td, J = 6.6,
2.0 Hz, 2H), 3.89 (dd, J = 8.6, 5.0 Hz, 1H), 3.98 (dd,
J = 8.6, 5.0 Hz, 1H), 4.06 (d, J = 2.4 Hz, 2H), 4.72
(s, 2H), 7.78 (d, J = 5.6 Hz, 2H), 8.55 (d, J = 4.8
Hz, 2H);

3¢ NMR (100 MHz, D20) &22.3, 27.3, 28.7, 30.6,
31.3, 37.7, 40.2, 50.9, 53.9, 54.3, 74.0, 78.6, 124.8,
140.9, 158.7, 158.8, 15%9.2, 160.3, 178.0, 178.6; MS

(ESI) m/z 492 [M+H]*

Example 4-3. Preparation of compound 11-3

The compound 10-3 (650mg, 1.0lmmol) synthesized
in Example 3-3 was dissolved in 60% trifluoroacetic
acid/dichloromethane (3mL), followed by stirring at
room temperature for 4 hours. The reactant was
concentrated under reduced pressure and purified by
high performance 1liquid chromatography (HPLC). As a
result, the compound 11-3 was obtained as a white
solid (390mg, 81%).

'H NMR (400 MHz, D0) &1.21-1.26 (m, 2H), 1.38-
1.43 (m, 2H), 1.46-1.53 (m, 1H), 1.58-1.67 (m, 1H),
1.69-1.74 (m, 1H), 1.84-1.93 (m, 1H), 2.22 (t, J = 7.6

Hz, 2H), 2.61 (t, J = 0.8 Hz, 1H), 3.12 (t, J = 6.6

23



Hz, 2H), 3.92 J = 6.5 Hz,

(a,

(d, J = 6.4 Hz, 2H), 8.27 (4,

13C NMR (100 MHz, D20)

3.2, 37.9, 40.6, 53.6,

5 140.7, 156.1, 156.2, 159.0,

(EST) m/z 478 [M+H]*

Example 5. Preparation of

2H),

022.4,
54.1,

177.7,

4.45 (s, 2H), 7.44

= 4.0 Hz, 2H);

27.1, 27.7, 30.

74.8, 76.5, 114.

177.9, 178.4;

fluorine-triazole-urea-

GUL compound through click chemistry

10 A schematic reaction process of the present
invention is shown in reaction formula 6 below.
[Reaction Formula 6]
.,;;// \N‘R
A
07 "NH
0 \\'1 (;-:OEH CaB0,, Na-msoortsee
o S T ¥ | A -
n S /[ E:OHH0
I:
HO,C NN oM rt
124.r=0 1141 R=H
1222 rn=1 11-2. R = ipyriclin-d-yymethyl
123, 0 =2 11-3 R=4 pynding
B N e L TAn-3R-H
- N l\: | 1-2 n =1 R = (pyridir-4-vl}rethy
i P 1. m =0 R = epyrid nyl
o TH 14 n=% =t
. CLIaH 1-8. 11 = "R = (pyridin-2viirwthy
1 16, n =" K= 4-pyrid nyt
~ N - 1-7.n=2. FR=H
e 1 1B n=4. K=ipyndir £ vljmcthy
HOﬁ"j \ﬁ’“COﬁf 18.n= 2, R = £ pynd nyl
15
Example 5-1. Preparation of compound 1-1
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2-Fluoroethyl toluenesulfonate (FCH>CH»OTs, 82mg,
0.38mmol) was dissolved in dimethylformamide (0.2mL),
to which sodium azide (73mg, 1.13 mmol) was added,
followed by stirring at 60T for 12 hours to
synthesize fluoroethylazide (12-1) . The reaction
solution was filtered and washed with ethanol (0.3mL).
An aqueous solution (0.5mL) in which the compound 11-1
(30mg, 0.075mmol) synthesized in Example 4-1 was
dissolved was added to the filtrate. CuSO04 - 5H20
aqueous solution (0.5M, 0.046mL, 0.023mmol) and sodium
ascorbate aqueous solution (0.5M, 0.076mL, 0.038mmol)
were added thereto stepwise, followed by stirring at
room temperature for 1 hour. The reaction mixture was
filtered and washed with water. Then, the filtrate was
separated by HPLC. As a result, the compound 1-1 was
obtained as a white solid (7 mg, 19%).

'H NMR (400 MHz, D0) &1.17-1.28 (m, 2H), 1.30-
1.37 (m, 2H), 1.50-1.59 (m, 1H), 1.64-1.72 (m, 1H),
1.77-1.87 (m, 1H), 1.98-2.05 (m, 1H), 2.36 (t, J = 7.4
Hz, 2H), 2.96 (t, J = 6.4 Hz, 2H), 4.03 (dd, J = 8.4,
4.8 Hz, 1H), 4.11 (dd, J = 8.8, 5.6 Hz, 1H), 4.24 (s,
2H), 4.56-4.57 (m, 1H), 4.65-4.68 (m, 2H), 4.75 (t, J
= 4.6 Hz, 1H), 7.79 (s, 1H);

3¢ NMR (100 MHz, D,0) &22.0, 26.1, 28.5, 29.9,

30.4, 34.9, 3%9.4, 50.7 (4, J = 19 Hz), 52.5, 53.1,
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81.9 (d, J = 168 Hz), 124.0, 146.2, 159.5, 160.2,

176.2, 177.1, 177.2; MS (ESI) m/z 488 [M-H]-

Example 5-2. Preparation of compound 1-2

2-Fluoroethyl toluenesulfonate (FCH,CH20Ts, 89mg,
0.41lmmol) was dissolved in dimethylformamide (0.2mL),
to which sodium azide (79mg, 1.22mmol) was added,
followed by stirring at 60C for 12 hours to
synthesize fluoroethylazide (12-1). The reaction
solution was filtered and washed with ethanol (0.3mL).
An aqgueous solution (0.5mL) in which the compound 11-2
(40mg, 0.081lmmol) synthesized 1in Example 4-2 was
dissolved was added to the filtrate. CusS04-5H20
aqgueous solution (0.5M, 0.049mL, 0.024mmol) and sodium
ascorbate aqueous solution (0.5M, 0.081mL, 0.041mmol)
were added thereto stepwise, followed by stirring at
room temperature for 1 hour. The reaction mixture was
filtered and washed with water. Then, the filtrate was
separated by HPLC. As a result, the compound 1-2 was
obtained as a white solid (33mg, 70%).

'H NMR (400 MHz, D0) &1.21-1.34 (m, 2H), 1.41-
1.50 (m, 2H), 1.59-1.68 (m, 1H), 1.71-1.80 (m, 1H),
1.86-1.96 (m, 1H), 2.08-2.16 (m, 1H), 2.45 (t, J = 7.2
Hz, 2H), 3.16 (t, J = 6.6 Hz, 2H), 4.09 (dd, J = 8.4,

5.2 Hz, 1H), 4.21 (dd, J = 8.8, 5.6 Hz, 1H), 4.63-4.70
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(m, ©6H), 4.84 (s, 2H), 7.72 (d, J = 6.0 Hz, 2H), 7.93
(s, 1H), 8.60 (dd, J = 6.8, 1.2 Hz, 2H);

3¢ NMR (100 MHz, D20) &22.1, 26.0, 28.5, 29.9,
30.4, 40.0, 42.6, 50.5, 50.6 (d, J = 19 Hz), 81.9 (d,
J = 168 Hz), 124.6, 124.7, 140.6, 143.5, 159.0, 159.2,

l60.6, 176.1, 177.0, 177.1; MS (ESI) m/z 581 [M+H]T

Example 5-3. Preparation of compound 1-3

2-Fluoroethyl toluenesulfonate (FCH,CH20Ts, 91lmg,
0.42mmol) was dissolved in DMF (0.2mL), to which NaN
(82mg, 1.26 mmol) was added, followed by stirring at
60C for 12 hours to synthesize fluoroethylazide (12-
1) . The reaction solution was filtered and washed with
ethanol (0.3mL). An aqueous solution (0.5mL) in which
the compound 11-3 (40mg, 0.084 mmol) synthesized in
Example 4-3 was dissolved was added to the filtrate.
CuS0Os4.-5H20 aqueous solution (0.5M, 0.050mL, 0.025mmol)
and sodium ascorbate aqueous solution (0.5M, 0.084mL,
0.042mmol) were added thereto stepwise, followed by
stirring at room temperature for 1 hour. The reaction
mixture was filtered and washed with water. Then, the
filtrate was separated by HPLC. As a result, the
compound 1-3 was obtained as a white solid (27mg,

57%) .

27



10

15

20

25

IH NMR (400 MHz, D20) 81.15-1.24 (m, 2H), 1.36-
1.43 (m, 2H), 1.49-1.58 (m, 1H), 1.63-1.72 (m, 1H),
1.75-1.84 (m, 1H), 1.96-2.05 (m, 1H), 2.34 (t, J = 7.4
Hz, 2H), 3.15 (t, J = 6.6 Hz, 2H), 4.01 (dd, J = 8.8,
5.2 Hz, 1H), 4.10 (dd, J = 9.0, 5.0 Hz, 1H), 4.55-4.61
(m, 3H), 4.73 (t, J = 4.4 Hz, 1H), 5.05 (s, 2H), 7.47
(d, 0 = 7.6 Hz, 2H), 7.92 (s, 1H), 8.27 (d, J = T.6
Hz, 2H);

13 NMR (100 MHz, D0) &22.2, 26.1, 27.5, 29.9,
30.4, 40.4, 43.2, 50.7 (4, J = 19 Hz), 52.4, 53.0,
81.9 (d, J = 168 Hz), 114.4, 124.7, 140.7, 142.3,
156.4, 156.8, 159.2, 176.1, 176.9, 177.1; MS (ESI) m/z

567 [M+H]*

Example 5-4. Preparation of compound 1-4

A solution prepared by dissolving the compound
11-1 (40mg, 0.10mmol) synthesized in Example 4-1 1in
water (0.5mL) was added to ethanol (0.5mL) in which 1-
azido-2-(2-fluorocethoxy)ethane (12-2, 1l6émg, 0.12mmol)
was dissolved. CuS04-5H20 aqueous solution (0.5M,
0.060mL, 0.030mmol) and sodium ascorbate agueous
solution (0.5M, 0.100mL, 0.050mmol) were added thereto
stepwise, followed by stirring at room temperature for
1 hour. The reaction mixture was filtered and washed

with water. Then, the filtrate was separated by HPLC.

28



10

15

20

25

As a result, the compound 1-4 was obtained as a white

solid (20mg, 38

o

) .

IH NMR (400 MHz, D,0) &1.14-1.22 (m, 2H), 1.24-
1.32 (m, 2H), 1.45-1.54 (m, 1H), 1.59-1.66 (m, 1H),
1.72-1.82 (m, 1H), 1.93-2.02 (m, 1H), 2.31 (t, J = 7.2
Hz, 2H), 2.91 (t, J = 6.8 Hz, 2H), 3.51 (td, J = 4.0,
0.8 Hz, 1H), 3.58 (td, J = 4.0, 0.8 Hz, 1H), 3.81 (t,
J = 4.8 Hz, 2H), 3.98 (dd, J = 8.8, 4.8 Hz, 1H), 4.06
(dd, J = 9.2, 5.2 Hz, 1H), 4.20 (s, 2H), 4.28 (td, J =
4.0, 0.8 Hz, 1H), 4.39 (td, J = 4.0, 0.8 Hz, 1H), 4.45
(t, J = 4.68 Hz, 2H), 7.78 (s, 1H);

13 NMR (100 MHz, D;0) &22.0, 26.0, 28.4, 29.9,
30.4, 34.7, 39.4, 50.3, 52.4, 53.0, 68.6, 69.7 (d, J =
18 Hz), 83.1 (d, J = 162 Hz), 124.3, 145.8, 159.2,

le0.1, 176.1, 177.0, 177.1; MS (ESI) m/z 534 [M+H]*

Example 5-5. Preparation of compound 1-5

A solution prepared Dby dissolving the compound
11-2 (40mg, 0.081lmmol) synthesized in Example 4-2 1in
water (0.5mL) was added to ethanol (0.5mL) in which 1-
azido-2-(2-fluorocethoxy)ethane (12-2, 13mg, 0.097mmol)
was dissolved. CuS04-5H20 aqueous solution (0.5M,
0.049mL, 0.024mmol) and sodium ascorbate agueous
solution (0.5M, 0.081mL, 0.041lmmol) were added thereto

stepwise, followed by stirring at room temperature for
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1 hour. The reaction mixture was filtered and washed
with water. Then, the filtrate was separated by HPLC.

As a result, the compound 1-5 was obtained as a white

o©

solid (37mg, 72%).

lH NMR (400 MHz, D20) &1.16-1.23 (m, 2H), 1.33-
1.40 (m, 2H), 1.52-1.60 (m, 1H), 1.63-1.70 (m, 1H),
1.81-1.88 (m, 1H), 2.00-2.07 (m, 1H), 2.38 (t, J = 7.4

Hz, 2H), 3.07 (t, = 6.8 Hz, 2H), 3.57 (t, J = 4.0

J
Hz, 1H), 3.65 (t, J 4.0 Hz, 1H), 3.83 (t, J = 5.0
J

Hz, 2H), 4.02 (dd, = 8.4, 5.2 Hz, 1H), 4.14 (dd, J =
9.0, 5.0 Hz, 1H), 4.34 (t, J = 4.0 Hz, 1H), 4.45-4.49
(m, 3H), 4.59 (s, 2H), 4.75 (s, 2H), 7.69 (d, J = 6.8
Hz, 2H), 7.86 (s, 1H), 8.55 (d, J = 6.8 Hz, 2H);

13 NMR (100 MHz, D0) &22.2, 26.2, 28.6, 29.9,
30.5, 40.1, 42.7, 49.9, 50.6, 52.5, 53.2, 68.7, 69.7
(d, J = 19 Hz), 83.2 (d, J = 163 Hz), 124.7, 124.9,
140.7, 143.5, 159.1, 159.2, 160.7, 176.1, 177.0,

177.1; MS (ESI) m/z 625 [M+H]*

Example 5-6. Preparation of compound 1-6

A solution prepared Dby dissolving the compound
11-3 (40mg, 0.084mmol) synthesized in Example 4-3 in
water (0.5mL) was added to ethanol (0.5mL) in which 1-
azido-2-(2-fluoroethoxy)ethane (12-2, 13mg, 0.10 mmol)

was dissolved. CuS0O4-5H20 agueous solution (0.5M,
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0.050mL, 0.025mmol) and sodium ascorbate agueous
solution (0.5M, 0.084mL, 0.042mmol) were added thereto
stepwise, followed by stirring at room temperature for
1 hour. The reaction mixture was filtered and washed
with water. Then, the filtrate was separated by HPLC.
As a result, the compound 1-6 was obtained as a white
solid (38mg, 75%).

'H NMR (400 MHz, D0) &1.20-1.28 (m, 2H), 1.40-
1.47 (m, 2H), 1.54-1.62 (m, 1H), 1.66-1.74 (m, 1H),
1.77-1.86 (m, 1H), 1.98-2.08 (m, 1H), 2.36 (t, J = 7.4

Hz, 2H), 3.17 (t, = 6.8 Hz, 2H), 3.52 (t, J = 3.8

J
Hz, 1H), 3.60 (t, J 4.0 Hz, 1H), 3.83 (t, J = 5.0
J

Hz, 2H), 4.05 (dd, = 8.8, 4.8 Hz, 1H), 4.12 (dd, J =

9.2, 5.2 Hz, 1H), 4.28 (t, J = 4.0 Hz, 1H), 4.40 (t, J

3.8 Hz, 1H), 4.48 (t, J = 5.0 Hz, 2H), 5.06 (s, 2H),
7.48 (d, J = 7.6 Hz, 2H), 7.90 (s, 1H), 8.28 (d, J =
7.6 Hz, 2H);

13 NMR (100 MHz, D20) 322.3, 26.2, 27.6, 29.9,
30.5, 40.5, 43.3, 50.0, 52.5, 53.1, 68.7, 69.7 (4, J =
19 Hz), 83.1 (d, J = 163 Hz), 114.4, 124.7, 140.7,
142.1, 15¢6.4, 156.8, 15%.2, 17¢.1, 176.9, 177.1; MS

(ESI) m/z 611 [M+H]*

Example 5-7. Preparation of compound 1-7
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A solution prepared Dby dissolving the compound
11-1 (40mg, 0.10mmol) synthesized in Example 4-1 1in
water (0.5mL) was added to ethanol (0.5mL) in which 1-
azido-2-(2-(2-fluorocethoxy)ethoxy)ethane (12-3, 21lmg,
0.12mmol) was dissolved. CuSOs4.5H20 aqgqueous solution
(0.5M, 0.060mL, 0.030mmol) and sodium ascorbate
aqueous solution (0.5M, 0.100mL, 0.050mmol) were added
thereto stepwise, followed Dby stirring at room
temperature for 1 hour. The reaction mixture was
filtered and washed with water. Then, the filtrate was
separated by HPLC. As a result, the compound 1-3 was
obtained as a white solid (50mg, 77%).

IH NMR (400 MHz, D20) d81.16-1.26 (m, 2H), 1.28-
1.36 (m, 2H), 1.49-1.58 (m, 1H), 1.63-1.71 (m, 1H),
1.76-1.85 (m, 1H), 1.97-2.06 (m, 1H), 2.35 (t, J = 7.4
Hz, 2H), 2.94 (t, J = 6.4 Hz, 2H), 3.49-3.50 (m, 5H),
3.57 (td, J = 4.0, 1.2 Hz, 1H), 3.81 (t, J = 4.8 Hz,
2dH), 4.02 (dd, J = 8.8, 4.8 Hz, 1H), 4.10 (dd, J =
9.0, 5.4 Hz, 1H), 4.24 (s, 2H), 4.34 (td, J = 4.4, 1.2
Hz, 1H), 4.45-4.49 (m, 3H), 7.84 (s, 1lH);

13 NMR (100 MHz, D0) &22.0, 26.1, 28.4, 29.9,
30.4, 34.6, 39.4, 50.5, 52.4, 53.0, 68.4, 69.3, 69.4,
69.7 (4, J = 19 Hz), 83.1 (d, J = 163 Hz), 124.5,
145.5, 159.2, 160.1, 176.2, 177.0, 177.1; MS (ESI) m/z

578 [M+H]*
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Example 5-8. Preparation of compound 1-8

A solution prepared by dissolving the compound
11-2 (40mg, 0.081mmol) synthesized in Example 4-2 in
water (0.5mL) was added to ethanol (0.5mL) in which 1-
azido-2-(2-(2-fluoroethoxy)ethoxy)ethane (12-3, 17mg,
0.097 mmol) was dissolved. CuSOs.5H20 aqueous solution
(0.5M, 0.049mL, 0.024mmo1l) and sodium ascorbate
aqueous solution (0.5M, 0.081mL, 0.041lmmol) were added
thereto stepwise, followed by stirring at room
temperature for 1 hour. The reaction mixture was
filtered and washed with water. Then, the filtrate was
separated by HPLC. As a result, the compound 1-8 was
obtained as a white solid (47mg, 87%).

H NMR (400 MHz, D0) ©01.13-1.25 (m, 2H), 1.36
(quint, J = 7.0Hz, 2H), 1.50-1.60 (m, 1H), 1.63-1.72
(m, 1H), 1.79-1.88 (m, 1H), 2.00-2.09 (m, 1H), 2.38
(¢, 9= 17.2 Hz, 2H), 3.07 (t, J = 6.8 Hz, 2H), 3.52

(s, 4H), 3.54 (t, = 4.0 Hz, 1H), 3.62 (t, J = 4.0

J
Hz, 1H), 3.80 (t, J = 5.2 Hz, 2H), 4.02 (dd, J = 8.6,
5.4 Hz, 1H), 4.14 (dd, J = 9.0, 5.0 Hz, 1H), 4.38 (t,
J = 4.0 Hz, 1H), 4.46-4.51 (m, 3H), 4.58 (s, 2H), 4.75
(s, 2H), 7.70 (4, J = 6.4 Hz, 2H), 7.88 (s, 1H), 8.55

(d, J = 6.8 Hz, 2H);
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13 NMR (100MHz, D20) &22.2, 26.2, 28.6, 30.0,
30.5, 40.1, 42.7, 50.0, 50.6, 52.5, 53.2, 68.6, 69.4,
69.5, 69.7 (d, J = 19Hz), 83.3 (d, J = 162Hz), 124.7,
124.9, 140.8, 143.5, 159.1, 159.2, 160.7, 176.1,

177.0, 177.1; MS (ESI) m/z 669 [M+H]*

Example 5-9. Preparation of compound 1-9

A solution prepared Dby dissolving the compound
11-3 (40mg, 0.084mmol) synthesized in Example 4-3 in
water (0.5mL) was added to ethanol (0.5mL) in which 1-
azido-2-(2-(2-fluorocethoxy)ethoxy)ethane (12-3, 18mg,
0.10mmol) was dissolved. CuSO;.5H20 aqueous solution
(0.5M, 0.050mL, 0.025mmol) and sodium ascorbate
aqueous solution (0.5M, 0.084mL, 0.042mmol) were added
thereto stepwise, followed Dby stirring at room
temperature for 1 hour. The reaction mixture was
filtered and washed with water. Then, the filtrate was
separated by HPLC. As a result, the compound 1-9 was
obtained as a white solid (30mg, 55%).

'H NMR (400 MHz, D0) &1.15-1.22 (m, 2H), 1.35-
1.40 (m, 2H), 1.47-1.56 (m, 1H), 1.61-1.68 (m, 1H),
1.72-1.81 (m, 1H), 1.93-2.03 (m, 1H), 2.31 (t, J = 7.2
Hz, 2H), 3.12 (t, J = 6.6 Hz, 2H), 3.43 (s, 4H), 3.46
(¢, = 4.0 Hz, 1H), 3.54 (t, J = 4.0 Hz, 1H), 3.75

(¢, J = 4.8 Hz, 2H), 3.99 (dd, J = 8.8, 5.2 Hz, 1H),
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4.07 (dd, J = 9.2, 5.2 Hz, 1H), 4.30 (t, J = 4.0 Hz,

1H), 4.41-4.44 (m, 3H), 5.00 (s, 2H), 7.43 (d, J 7.6

Hz, 2H), 7.87 (s, 1H), 8.24 (d, J = 7.2 Hz, 2H);
13 NMR (100 MHz, D20) 822.2, 26.1, 27.5, 29.9,
5 30.4, 40.4, 43.2, 50.0, 52.4, 53.0, 68.6, 69.3, 69.4,
69.7 (d, J = 18 Hz), 83.1 (4, J = 162 Hz), 114.3,
124.¢6, 140.6, 142.0, 156.3, 156.8, 159.2, 176.1,

176.9, 177.1; MS (ESI) m/z 655 [M+H]T

10 Example 6. Synthesis of 125I-MIP1095 compound
A schematic reaction process of the present
invention is shown in reaction formula 7 below.

[Reaction Formula 7]
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15
Example 6-1. Preparation of compound 13 (step 1)
Triphosgene (21mg, 0.071lmmol) was dissolved 1in

dichloromethane (5mL), to which 4-iodoaniline (45mg,
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0.205mmo1l) dissolved in dichloromethane (5mL) was
slowly added at 0C. Triethylamine (0.57mL, 0.410mmol)
was added thereto, followed Dby stirring for 30
minutes. Glutamate-urea-lysine (9, 100mg, 0.205mmol)
dissolved in dichloromethane (10mL) was slowly added
thereto at 0TC. Triethylamine (0.57mL, 0.410mmol) was
also added thereto. 15 minutes later, the mixture was
stirred at room temperature for 5 hours. The mixture

was concentrated under reduced pressure and purified

o

by column chromatography (2

methanol/dichloromethane). As a result, the compound

o

13 was obtained as a white liquid (66mg, 44%).
1H NMR (400 MHz, CDCls3) &1.20-1.27 (m, 2H), 1.37
(s, 9H), 1.40 (s, 9H), 1.44 (s, 9H), 1.47-1.57 (m,

21y, 1.71-1.81 (m, 2H), 1.83-1.91 (m, 1H), 2.03-2.11

(m, 1H), 2.37 (sext, J 8.2Hz, 2H), 3.01-3.07 (m,
i), 3.51-3.56 (m, 1H), 3.97-4.01 (m, 1H), 4.26-4.32
(m, 1H), 5.75 (d, J = 7.2 Hz, 1H), 6.31 (g, J = 3.4
Hz, 1H), 6.40 (4, J = 8.0 Hz, 1H), 7.27 (d, J = 8.8
Hz, 2H), 7.52 (4, J = 8.8 Hz, 2H), 7.90 (s, 1H);

13C NMR (100 MHz, CDClz) &24.5, 27.1, 27.8, 27.9,
28.0, 29.6, 31.7, 32.0, 39.1, 53.8, 54.9, 81.0, 81.8,
83.6, 83.7, 120.2, 137.5, 140.2, 155.6, 158.5, 171.8,

172.0, 175.3; MS (ESI) m/z 733 [M+H]'

36



10

15

20

Example 6-2. Preparation of compound 14 (step 2)

The compound 13 (50mg, 0.068mmol) synthesized in
step 1 above was dissolved in 1,4-dioxane (1.0mL), to
which hexamethylditin (0.043mL, 0.206mmol) and
bsi(triphenylphosphine)palladium(II) dichloride
(4.8mg, 0.005mmol) were added stepwise, followed by
stirring at 110C for 1.5 hours. After cooling the
mixture to room temperature, potassium fluoride
aqueous solution (50mL) was added thereto and the
organic compound was extracted using ethyl acetate
three times. The collected organic solvent was dried
over anhydrous sodium sulfate, concentrated under
reduced pressure and purified by column chromatography
(triethylamine:ethyl acetate:n-hexane, 1:40:59). As a
result, the compound 14 was obtained as a white solid
(28mg, 53%).

H NMR (400 MHz, CDCliz) &0.25 (s, 9H), 1.22-1.29
(m, 2H), 1.38 (s, 9H), 1.41 (s, 9H), 1.43 (s, B9H),
1.48-1.59 (m, 2H), 1.72-1.78 (m, 1H), 1.81-1.91 (m,
1), 2.05-2.13 (m, 2H), 2.34-2.43 (m, 2H), 3.04-3.09
(m, 1H), 3.51-3.55 (m, 1H), 4.04 (pent, J = 4.9 Hz,
1H), 4.33 (sext, J = 4.5 Hz, 1H), 5.73 (d, J = 6.8 Hz

1H), 6.23 (br s, 1H), 6.32 (d, = 8.4 Hz, 1H), 7.35

J
(d, J = 8.0 Hz, 2H), 7.43 (d, J = 8.4 Hz, 2H), 7.73
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13C NMR (100 MHz, CDClsz) &-9.5, 24.2, 27.4, 27.8,
27.9, 28.0, 29.7, 31.8, 32.1, 39.1, 53.7, 54.7, 80.9,
81.7, 83.5, 118.4, 133.6, 136.2, 140.4, 155.9, 158.3,

171.9, 172.2, 175.1; MS (ESI) m/z 771 [M+2H]*

5
Example 7. Preparation of 18F-labelled compound
([*8F]1)
A  schematic reaction process of the present
invention is shown in reaction formula 8 below.
10 [Reaction Formula 8]
Pt
TLM
\"\
o KLLZK o ?O-’H
R, Oy ~ 0
n +BuOH n .t J:
TH O 10 e HOLCTTTN T TN TGO, H
' H O H
15,0 DiG Ol ["F12-10 D 11-1,R H
152,17 1.LG - OTs [YF2.20 1 11-2, K = {pyndin-4-ylimethy!
15-3.n G OV ['RF?IZ-.’;,."I =5 11-3, 5 4-pynding
. i P -0 K- H
1r’“‘bfc‘»f“\’*ﬁw"u'ﬁ ['°F11-2, 0 = O R = {pyricined-yDmpliy
05 KM CJSO, mOoAeN L [RE1-3.n - 3. R - dprding
0.5 M Ma-ascorbate - O ThH M4, n=1R=H
EtHiH,0 \l co U*F1-5 mo= 1R = fpyrinten-de Lmnt by
.10 ein - - I'UF11-6, n = 1. R = 4-pyrding
: UL J IPF1-7. n=2. R=H
HOLG N N TG0, (P18, n = 2 R = pyndimdeylimethy
HOOH U'8F|1-9, n = 2, R = 4-pur.dmy
Example 7-1. Preparation of [18F]1-1 compound
15 Distilled water (3mL) was poured down on

Chromafix® (HCOs3), which passed through [!8F]fluoride
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aqgueous solution (508 mCi), and then ethanol (1lmL) was
poured down thereto. Krytofix222-Potassium
methanesulfonate (10mg) was dissolved 1in ethanol
(lmL), through which Chromafix® was passed, and the
solvent was removed by Dblowing nitrogen to the
solution at 100TC. 2-Azidoethyl 4-toluenesulfonate 15-
1 (1.2mg) was dissolved 1in t-butanol (500uLlL), which
was placed in a reaction vessel containing
[18F] fluoride, followed by reaction at 100C for 10
minutes (preparation of [18F]112-1) . The reaction
mixture was cooled to room temperature. Then, 150 pL
(137mCi) of the reaction mixture was placed in another
reaction vessel, to which ethanol (150uL), an aqueous
solution containing the compound 11-1 (1lImg) dissolved
therein (100pL), 0.5M CuSOs (5uL) and 0.5M sodium
ascorbate (1l0uL) were added in that order, followed by
reaction at room temperature for 10 minutes. Distilled
water (2mL) was added to the reaction mixture, which
was filtered and separated by HPLC. As a result, the
compound [!8F]1-1 (55.3mCi) was obtained.

HPLC condition: Column, XTerra MS Cl18 (250 mm x
10 mm); Moving phase, 5-30% acetonitrile/water (0.1%
TFA), 70 minutes; Flow rate, 4 mL/min.; UV, 230 mm;

Retention time, 15-20 minutes.
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Example 7-2. Preparation of [18F]1-2 compound

150uL (122mCi) of t-butanol containing [18F]12-1
prepared in Example 7-1 dissolved therein was placed
in another reaction vessel, to which ethanol (150uL),
an aqueous solution containing the compound 11-2
(1.5mg) dissolved therein (100pL), O0.5M CuSOs (5pL)
and 0.5M sodium ascorbate (10uL) were added in that
order, followed by reaction at room temperature for 10
minutes. Distilled water (2mL) was added to the
reaction mixture, which was filtered and separated by
HPLC. As a result, the compound [!8F]1-2 (39mCi) was
obtained.

HPLC condition: Column, XTerra MS C18 (250mm x
10mm); Moving phase, 5-30% acetonitrile/water (0.1%

TFA) 50 minutes; Flow rate, 4mL/min.; UV, 230mm;

Retention time, 17-20 minutes.

Example 7-3. Preparation of [!8F]1-3 compound

200 pL (120mCi) of t-butanol containing [18F]112-1
prepared in Example 7-1 dissolved therein was placed
in another reaction vessel, to which ethanol (150ulL),
an aqueous solution containing the compound 11-3
(1.5mg) dissolved therein (100uL), 0.5M CuSO4 (5ulL)
and 0.5M sodium ascorbate (10uL) were added in that

order, followed by reaction at room temperature for 10
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minutes. Distilled water (2mL) was added to the
reaction mixture, which was filtered and separated by
HPLC. As a result, the compound [!8F]1-3 (19.9 mCi)
was obtained.

HPLC condition: Column, XTerra MS C18 (250mm x
10mm); Moving phase, 5-30% acetonitrile/water (0.1%

TFA), 90 minutes; Flow rate, 4mL/min.; UV, 230mm;

Retention time, 14-16 minutes.

Example 7-4. Preparation of [18F]1-4 compound

Distilled water (3mL) was poured down on
Chromafix® (HCOs), which passed through [!8F]fluoride
agueous solution (493 mCi), and then ethanol (1mL) was
poured down thereto. Krytofix222-Potassium
methanesulfonate (10mg) was dissolved 1in ethanol
(lmL), through which Chromafix® was passed, and the
solvent was removed by blowing nitrogen to the
solution at 100C. 2-(2-Azidoethoxy)ethyl
methanesulfonate 15-2 (2.2mg) was dissolved 1in t-
butanol (500pL), which was placed in a reaction vessel
containing [!8F]fluoride, followed by reaction at 100T
for 10 minutes (preparation of [18F]112-2) . The
reaction mixture was cooled to room temperature. Then,
150 pL (81.3mCi) of the reaction mixture was placed in

another reaction vessel, to which ethanol (150uL), an
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agueous solution containing the compound 11-1 (2mg)
dissolved therein (100pL), O0.5M CuSOs (5pL) and 0.5M
sodium ascorbate (10pL) were added in that order,
followed by reaction at room temperature for 10
minutes. Distilled water (2mL) was added to the
reaction mixture, which was filtered and separated by
HPLC. As a result, the compound [!8F]1-4 (16.8 mCi)
was obtained.

HPLC condition: Column, XTerra MS C18 (250mm x
10mm); Moving phase, 5-30% acetonitrile/water (0.1%

TFA), 70 minutes; Flow rate, 4mL/min.; UV, 254mm;

Retention time, 26-29 minutes.

Example 7-5. Preparation of [18F]1-5 compound

150 pL (88.4 mCi) of t-butanol containing [18F]12-
2 prepared in Example 7-4 dissolved therein was placed
in another reaction vessel, to which the compound 11-2
(1.5mg) dissolved in distilled water (100uL), O0.5M
CuS0Os (5pL) and 0.5M sodium ascorbate (10pL) were
added in that order, followed by reaction at room
temperature for 10 minutes. Distilled water (2mL) was
added to the reaction mixture, which was filtered and
separated by HPLC. As a result, the compound [!8F]1-5

(26.5 mCi) was obtained.
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HPLC condition: Column, XTerra MS C18 (250mm x
10mm); Moving phase, 5-30% acetonitrile/water (0.1%
TFA), 50 minutes; Flow rate, 4mL/min.; UV, 254mm;

Retention time, 29 minutes.

Example 7-6. Preparation of [!8F]1-6 compound

100 pL (88.0 mCi) of t-butanol containing [!8F]12-
2 prepared in Example 7-4 dissolved therein was placed
in another reaction vessel, to which the compound 11-3
(2mg) dissolved in distilled water (100uL), 0.5M CuSOg4
(5pL) and 0.5M sodium ascorbate (10uL) were added in
that order, followed by reaction at room temperature
for 10 minutes. Distilled water (2mL) was added to the
reaction mixture, which was filtered and separated by
HPLC. As a result, the compound [!8F]1-6 (16.1 mCi)

was obtained.

Figures 1A, 1B and 2 are graphs illustrating the
results of Radio-TLC and HPLC separation according to

the preparation step of the compound [l8F]1-6.

HPLC condition: Column, XTerra MS C18 (250mm x
10mm); Moving phase, 5-30% acetonitrile/water (0.1%
TFA), 50 minutes; Flow rate, 4mL/min.; UV, 254mm;

Retention time, 27 minutes.
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Example 7-7. Preparation of [18F]1-7 compound

Distilled water (3mL) was poured down on
Chromafix® (HCO3"), which passed through [!8F]fluoride
aqueous solution (574 mCi), and then ethanol (1lmL) was
poured down thereto. Krytofix222-Potassium
methanesulfonate (10mg) was dissolved 1in ethanol
(IlmL), through which Chromafix® was passed, and the
solvent was removed by Dblowing nitrogen to the
solution at 100TC. 2-(2-(2-Azidoethoxy)ethoxy)ethyl
methanesulfonate 15-3 (2.7mqg) was dissolved 1n t-
butanol (500uL), which was placed in a reaction vessel
containing [18F]fluoride, followed by reaction at 1007T
for 10 minutes (preparation of [18F]112-3) . Upon
completion of the reaction, the solvent was removed by
gently blowing nitrogen gas to the solution at 100°T,
and then the reaction mixture was dissolved in ethanol
(300nuL) . 100 pL (87mC1) of the ethanol solution
containing [18F]12-3 dissolved therein was placed in
another reaction vessel, to which distilled water
containing the compound 11-1 (2mg) dissolved therein
(100uL), O0.5M CuSOs4 (5uL) and 0.5M sodium ascorbate
(10pL) were added in that order, followed by reaction
at room temperature for 10 minutes. Distilled water

(2mL) was added to the reaction mixture, which was
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filtered and separated by HPLC. As a result, the
compound [18F]1-7 (31.2mCi) was obtained.

HPLC condition: Column, XTerra MS Cl18 (250 mm x
10 mm); Moving phase, 5-30% acetonitrile/water (0.1%
TFA), 50 minutes; Flow rate, 4mL/min.; UV, 254mm;

Retention time, 29 minutes.

Example 7-8. Preparation of [!8F]1-8 compound

100 pL (87 mCi) of the ethanol solution (100ulL)
containing [18F]12-3 prepared in Example 7-7 dissolved
therein was placed in another reaction vessel, to
which the compound 11-2 (1.5 mg) dissolved in
distilled water (100pL), 0.5M CuSOs4 (5uL) and 0.5M
sodium ascorbate (10ulL) were added 1in that order,
followed Dby reaction at room temperature for 10
minutes. Distilled water (2mL) was added to the
reaction mixture, which was filtered and separated by
HPLC. As a result, the compound [18F]1-8 (26.5mCi) was
obtained.

HPLC condition: Column, XTerra MS C18 (250mm x
10mm); Moving phase, 5-30% acetonitrile/water (0.1%

TFA), 50 minutes; Flow rate, 4mL/min.; UV, 254mm;

Retention time, 27 minutes.

Example 7-9. Preparation of [18F]1-9 compound
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100 pL (89 mCi) of the ethanol solution (100ulL)
containing [18F]12-3 prepared in Example 7-7 dissolved
therein was placed 1in another reaction vessel, to
which the compound 11-3 (2mg) dissolved in distilled
water (100pL), 0.5M CuSO0q (5uL) and 0.5M sodium
ascorbate (10ulL) were added in that order, followed by
reaction at room temperature for 10 minutes. Distilled
water (2mL) was added to the reaction mixture, which
was filtered and separated by HPLC. As a result, the
compound [18F]1-9 (18.9mCi) was obtained.

HPLC condition: Column, XTerra MS C18 (250mm x
10mm); Moving phase, 5-30% acetonitrile/water (0.1%

TFA), 50 minutes; Flow rate, 4mL/min.; UV, 254mm;

Retention time, 27.5 minutes.

Comparative Example 1. Preparation of [1251I]15
([12°I]1MIP-1095) compound

The compound 14 (0.1lmg) synthesized in Example 6-
2 was dissolved in ethanol (250pL), which was added to
sodium [!2°I]iodide aqueous solution (4.6mCi, 50uL),
followed by stirring. 1N HC1 aqueous solution (100uL)
and 3% H202 were added thereto, followed by stirring
at room temperature for 10 minutes. 0.1M sodium
thiosulfate aqueous solution (200uL) and distilled

water (18mL) were added to the reaction mixture, which
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was passed through C-18 Sep-Pak, followed by pouring
with distilled water (20mL). Acetonitrile (2.0mL) was
poured into C-18 Sep-Pak, and then the acetonitrile
was removed by blowing nitrogen to the solution.
Dichloromethane (0.2mL) and trifluoroacetic acid
(0.8mL) were added thereto, followed by stirring at
room temperature for 20 minutes. The reaction solvent
was removed by Dblowing nitrogen to the solution.
Distilled water (2mL) was added to the reaction
mixture, which was separated by HPLC. As a result, the
compound [125TI]15 (1.1mCi, 24%) was obtained.

HPLC condition: Column, XTerra MS C18 (250mm x
10mm) ; Moving phase, 30% acetonitrile/water (0.1%

TFA); Flow rate, 5mL/min; UV, 254mm; Retention time,

10.4 minutes.

A  schematic reaction process of the ©present

invention is shown in reaction formula 9 below.

[Reaction Formula 9]
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Reference Example 1. Material preparation
A human prostate cancer cell 1line (22RV1) used
5 herein was purchased from American Type Culture
Collection (ATCC). PC3 PIP (PSMA*) and PC3 flu (PSMA-
), the human prostate cancer cell lines, were provided
by Dr. Martin G. Pomper (Johns Hopkins Medical School,
Baltimore, MD). The human prostate cancer cell 1lines

10 were maintained in RPMI1640 medium supplemented with

o°

10% fetal bovine serum (FBS) and 1
antibiotic/antifungal agent. In the culture of PC3 PIP
(PSMA+) and PC3 flu (PSMA-) cell lines, puromycin was
additionally added at the concentration of 2 ug/mL.

15 As test animals, 6 weeks o0ld male nude mice

(Narabio, Seoul, Korea) were used.
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Experimental Example 1. Measurement of binding
capacity

To confirm the Dbinding capacity of the 18F-
labelled compound obtained in Example 7 and the
[125T]15 obtained in Comparative Example 1 of the
present invention to prostate cancer cell 1line, the
following experiment was performed.

RPMI1640 supplemented with 1% BSA (bovine serum
albumin) was used as a buffer solution.

[125T]115 (0.1nM) was added to a vessel containing
22RV1 cells (5X104), to which [!8F]1-1 to [!8F]1-9
compounds were loaded at 9 concentrations (1.00X10-4
to 1.00X10-12M), followed by stirring at 37C for 2
hours. Upon completion of the stirring, the vessel was

washed with 2 mL of PBS solution three times, and then

the remaining radioactivity and 50% inhibition
concentration (nonlinear regression method) were

measured using a gamma counter (2480 WIZARD2 Gamma
Counter PerkinElmer Co., MA) and GraphPad Prism
(GraphPad Software, Inc., CA).

Table 1 1is a table showing the measurement
results.

As a result, as shown in Table 1, the ICso value
of [18F]1-6 (Example 7-6) in which ©pyridine was

directly bound to the urea functional group was the

49



10

15

20

best (5.08), the ICsg value of [18F]1-3 (Example 7-3)
without pyridine was worse more than 70 times, and the
ICso value of [18F]1-9 (Example 7-9) in which
methylpyridine was bound was worse more than 40 times.
Therefore, 1t was confirmed that the pyridine of
([18F]1-6 (Example 7-6) formed a high lipophilic bond
with the PSMA protein.

Example 7-4 to Example 7-6 were compared. As a
result, it was confirmed that the longer the distance
between the triazole group and the 18F isotope, the
better the ICso value.

Therefore, it was found that the [18F]1-6 (Example
7-6) having pyridine directly bound to urea and having
a triethylene glycol group between the 18F isotope and
the triazole group was most strongly bound to the PSMA
protein.

The ICsg value of [l!8F]DCFPyL (Comparative Example
1) was 30.71. Therefore, [!8F]1-6 (Example 7-6) of the
present invention was confirmed to have about 6 times

higher binding capacity.

[Table 1]
Compound ICs0 (MeanxzSD, nM)
Comparative Example 1 30.71+£10.18
Example 7-1 635.13+262.66
Example 7-2 65.34+£39.08
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Example 7-3 391.00+£227.94
Example 7-4 56.99+33.02
Example 7-5 11.80
Example 7-6 5.08x2.57
Example 7-7 64.62+38.44
Example 7-8 284.10+£115.70
Example 7-9 235.63+2190.70

Experimental Example 2. Measurement of cellular
internalization

To confirm the cellular internalization
characteristics of the 8F-labelled compound obtained
in Example 7 and the [!2°I]15 obtained in Comparative
Example 1 of the present invention to prostate cancer
cell line, the following experiment was performed.

3.7 MBg (100upCi) of Example 7-3, Example 7-6, and
Comparative Example 1 were added to PC-3 PIP
(1X10¢/1mL), which was washed twice each with 2 mL of
PBS solution after 30, 60, and 120 minutes. Then, the
membrane protein and the cytoplasmic protein were
separated by using Mem-PER Plus Membrane Protein

Extraction Kit and NE-PER Nuclear and Cytoplasmic

Extraction Kit (ThermoFisher Scientific). The
internalization rate (%) was confirmed by obtaining

the radiocactivity ratio in the cytoplasmic protein to

the total radioactivity.
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Table 2 shows the rate of cellular
internalization.

As a result, as shown 1in Table 2, it was

confirmed that the three compounds were well

5 1nternalized in ©prostate cancer <cells without any

significant difference and the internalization was

almost complete within the first 30 minutes without

any change over the time.

10 [Table 2]
Classif Time % Internalization ratio

Y (min) (MeantSD)

30 94.24+0.80

60 92.33+1.89

Example 7-3 120 85.7746.12
240 95.47+1.52

30 93.30+2.11

60 91.89+5.76

Example 7-6 120 94.77%2.92
240 96.32+1.08

30 91.27+4.03

Comparative 60 86.91+8.13
Example 1 120 94.31+2.94
240 95.01+2.58

Experimental Example 3. Measurement of

MicroPET/CT in mice transplanted with prostate cancer
cell lines
15 To confirm the Dbinding properties of the 18F-

labelled compound obtained in Example 7 and the

52



10

15

20

25

[125T]115 obtained 1in Comparative Example 1 of the
present invention to prostate-specific cell membrane
antibody, the following experiment was performed.

A tumor model was prepared by subcutaneously
injecting PSMA* PC-3 PIP cells (a human prostate
cancer cell line) to the right side of the nude mouse
hind leg and subcutaneously injecting PSMA- PC-3 flu
cells to the left side of the nude mouse hind leg as
the control. In addition, each of Example 7-3 and
Example 7-6 was intravenously injected with 5.5 to 7.4
MBg (200pL), and PET/CT images were obtained using
small animal nanoScan PET/CT (Mediso, Budapest,
Hungary) for 60 minutes. The obtained PET/CT image
results were guantitatively analyzed using InterViewTM
FUSION software (Mediso). Comparative Example 1 was
used as the control compound.

Figure 3 1is a diagram illustrating the results of
MicroPET/CT of the prostate cancer mouse. Figures 4A
to 4C are graphs illustrating the intake ratio of
muscle, liver and spleen compared to tumor.

As shown 1in Figure 3, it was confirmed that
Example 7-3, Example 7-6, and Comparative Example 1
were rapidly excreted through the kidneys and bladder,
and they selectively bound to PSMA* PC-3 PIP tumors.

As shown in Figures 4A to 4C, it was confirmed that
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Example 7-3 showed relatively higher tumor/muscle
(tumor to muscle ratio) and tumor/liver (tumor to
liver ratio) intake ratios than those of Example 7-6

and Comparative Example 1.

Experimental Example 4. Biodistribution test with
prostate cancer model mouse

To confirm the biodistribution of the !8F-labelled
compound obtained in Example 7 and the [125T]15
obtained 1in Comparative Example 1 of the present
invention 1in the prostate cancer model mouse, the
following experiment was performed.

A tumor model was prepared by subcutaneously
injecting PSMA* PC-3 PIP cells (a human prostate
cancer cell line) to the right side of the nude mouse
(6 weeks o0ld, 20-25g) hind 1leg and subcutaneously
injecting PSMA- PC-3 flu cells to the left side of the
nude mouse hind leg as the control. The compounds of
Example 7-3 and Example 7-6 were synthesized, which
were injected into the tail vein of the mouse at the
dose of 3.7 MBg (100upCi), respectively. Each organ
(blood, muscle, fat, heart, lung, liver, spleen,
stomach, intestine, kidney, bone and tumor) was

extracted at 30 minutes, 1 hour, 2 hours and 4 hours
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later and the radiocactivity thereof was measured using
a gamma counter.

Table 3 and Table 4 show the radiocactivity degree
of the compounds of Example 7-3 and Example 7-6 1in
each organ. Figures 5A and 5B are graphs illustrating
the organ biodistribution over the time.

As a result, as shown 1in Tables 3 and 4 and
Figure 5A and 5B, the tumor intake rate (%ID/g) was
increased to more than 10%, 30 minutes after the
injection of the compounds of Examples 7-3 and 7-6. In
addition, the compound of Example7-3 was confirmed to
have higher PSMA-tumor tissue (PC-3 flu) intake rate
compared to PSMA' tumor (PC-3 PIP) and superior normal

tissue intake rate compared to tumor.

[Table 3]
Tl_me PIP/flu PIF to muscle FIP to bloed FIP 1o PIP to lrver
ih) spleen

3.5 40.59+985 47.39=3805 3564=2501 774+6,02 | 17.35=434
1 103452973 86.15=29.07 98693004 | 13.77£33 1592-1.95
2 17633163583 23414-26049 487.24-33487|58.80+53.63 | 1847=763
4  23260+71.80 >33.80=188.83 766.82-331.65|128.24+95.38| 20.93=7.40

[Table 4]
Tl_me PIP/flu PIP to muscle|PIP to blood PIP to PIP to liver
{h) ~ spleen

0.5 | 1600568  13.00=497 | 1405=361 7.31=334 5641610
1 | 2308-1491 20..1-14.99 | 30.30=17.05 1246=16.18 993-13.26
7 ] 3335-1464  387°1-14.83 | 3690-0.32  7598+866 13.71+17.60
4 | 3569:z1164 45.39:2254 | 4290=1849 3251=10.12 19.77zl1l121
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The present invention has been described in
detail according to the above embodiments. However,
the present invention 1is not 1limited by the above
embodiments and can be wvariously modified without

departing from the scope of the invention.
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WHAT IS CLAIMED 1IS:

1. A  compound represented by the following
formula 1:

[Formula 1]

Z,
E :S—Y\N R
*N
o)‘NH

F--

CO.H
> 0
Hozc;"'\m)]\plI CO.H

in formula 1,

Y is Ci1-Cs alkylene;

Z is -CH2- (CH2-0-CH2) n,—CH>2—, wherein n is an
integer of 1 to 4;

R is hydrogen or Ci1-Cz alkyl having a substituent,
wherein the substituent is Cs-Ci2 aryl or Cs-Cio
heteroaryl containing one or more elements selected
from the group consisting of O, S and N; and

F is 18F or 19F.

2. The compound according to claim 1, wherein Y

is Ci1-Cz alkylene and F is 18F.
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3. A compound represented Dby the following
formula 11:

[Formula 11]

::T_YkN’R

O)\NH
CO.H
- 0
HochNJLN CO,H
H H
in formula 11,
Y is Ci1-Cs alkylene; and
R is hydrogen or Ci-Cz alkyl having a substituent,
wherein the substituent is Ce—Ci12 aryl or C4-Cio
heteroaryl containing one or more elements selected

from the group consisting of O, S and N.

4. The compound according to claim 3, wherein Y

is C1-Cz alkylene.

5. A pharmaceutical composition for treating or
diagnosing prostate cancer comprising a compound of
claim 1 or a pharmaceutically acceptable salt thereof

as an active ingredient.
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6. Use of the compound of c¢claim 1 in the
manufacture of a pharmaceutical composition for

treating or diagnosing prostate cancer.

7. A radiopharmaceutical for imaging diagnosis of
prostate cancer comprising a compound of claim 1 or a
pharmaceutically acceptable salt thereof as an active

ingredient.

8. The radiopharmaceutical according to claim 7,
wherein the imaging diagnosis includes magnetic
resonance imaging (MRI) or positron emission

tomography (PET).

9. Use of the compound of claim 1 in the

manufacture of a radiopharmaceutical for imaging

diagnosis of prostate cancer.
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