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A ligand of Formula (I) is provided:

o y Y

HOOC —<
N N
HOOC J )\
A3

wherein A* represents a hydrogen atom, a nitro group, an
amino group, a thiocyanato group, or —Z—Y, in which Z is
a divalent linking group and Y is a group derived from a
biocompatible molecule, with the proviso that when X is
methylene, A* cannot be a hydrogen atom or a nitro group. A
metal complex having the ligand 1s also provided and is useful
as a blood pool contrast agent or a targeting contrast agent.
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LIGAND AND METAL COMPLEX

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority of Taiwanese Appli-
cation No. 098131213, filed on Sep. 16, 2009.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] This invention relates to a ligand and a metal com-
plex, more particularly to a ligand and a metal complex made
from the ligand and useful as a magnetic resonance imaging
(MRI) contrast agent, for example a blood pool contrast agent
or a targeting contrast agent.

[0004] 2. Description of the Related Art

[0005] MRI is used inin vivo imaging techniques for medi-
cal diagnosis. The image signal intensity generated in MRI
depends not only on the amount of targeted tissue water, but
also on the spin-lattice relaxation time (T1) and the spin-spin
relaxation time (T2) of protons of the targeted tissue water.
Reduction of T1 leads to an increase in the image signal
intensity. Contrast agents are commonly used in MRI for
improving image contrast due to their effect on reducing T1.
[0006] InY. M. Wang, et al.,, J. Chem. Soc., Dalton Trans,
1998, pp. 4113-4118, there is disclosed a ligand of 3,6,10-tri-
(carboxymethyl)-3,6,10-triazadodecanedioic acid (TTDA).
The publication also shows that TTDA exhibits a better effect
on reducing T1 than that of diethylene triamine-pentaacetic
acid (DTPA).

Hooc—\N /—\\I /\N /—COOH
HOOCJ k \—COOH

COOH
TTIDA

HOOC—\N /—\N /—\\I /—COOH
HOOCJ K A \—COOH

COOH
DTPA

[0007] InY. M. Wang, et al., Helv. Chim. Acta, 2002, 85,
1033, there is disclosed a modified TTDA, (S)-4-Bz-TTDA,
which has a formula:

HOOC CO0H
Ve e
N N N
HOOC J k \— COOCH.

COOH
(S)-4-Bz-TTDA
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[0008] Although (S)-4-Bz-TTDA is useful as a hepatobil-
iary MRI contrast agent, it is not snitable for MR1diagnosis of
other targets.

[0009] Hence, there is a need to find a contrast agent that
has a greater effect on reducing T1 and to develop a contrast
agent for MRI diagnosis of various targeted tissues or organs,
especially for blood pool contrast agents and targeting con-
trast agents exhibiting bioactivity.

SUMMARY OF THE INVENTION

[0010] Therefore, an object of the present invention is to
provide a ligand that exhibits an excellent chelation with a
paramagnetic metal ion.

[0011] Another object of the present invention is to provide
ametal complex having the ligand and a paramagnetic metal
ion chelated to the ligand. The metal complex exhibits high
stability, high relaxivity and better biocompatibility.

[0012] According to one aspect of this invention, there is
provided a ligand of Formula (I):

0y

R! At
R? R*
3
Al R x A?
HOOC—Z // \\ >—COOH,
N N N

wherein, in Formula (I),

[0013] X represents methylene, 1,1-cyclobutylene, 1,1-cy-
clopentylene, or 1,1-cyclohexylene;

[0014] A', A* and A® independently represent a hydrogen
atom, a C,~C; alkyl group, a C,~C; phenylalkyl group, a
C,~C; methoxyphenylalkyl group, diphenylmethyl or a
C,~C, isothiocyanato phenylalkyl;

[0015] A* represents a hydrogen atom, a nitro group, an
amino group, a thiocyanato group, or —7—Y, in which Z
is a divalent linking group and Y is a group derived from a
biocompatible molecule, with the proviso that when X is
methylene, A* cannot be a hydrogen atom or a nitro group;
and

[0016] R' R? R? andR*independently represent a hydro-
gen atom, an amino group, a nitro group or a thiocyanato
group.

[0017] According to another aspect of this invention, there

is provided a metal complex comprising: a paramagnetic

metal ion; and a ligand of Formula (i) chelated with the
paramagnetic metal ion:
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R! A4

R? R*

Al X A?

—OOC%

N
-00c—"

wherein, in Formula (i), X, A', A%, A*>, A* R!, R? R?and R*
have the same definitions as in Formula (I).

BRIEF DESCRIPTION OF THE DRAWING

[0018] Other features and advantages of the present inven-
tion will become apparent in the following detailed descrip-
tion of the preferred embodiments of this invention, with
reference to the accompanying drawing, in which:

[0019] FIG. 1 is a picture illustrating the image of in vivo
test of the metal complexes [Gd(Bz-CB-TTDA)]*~ and Mag-
nevist, in which (A) is an image tested from [Gd(Bz-CB-
TTDA)J*~ and (a) is an image tested from Magnevist.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0020] This invention provides a ligand of Formula (I):

R! At
R? R*
3
Al R ox A?
HOOC4 r \ >—COOH,
N N N

HOOC —

wherein, in Formula (I),

[0021] X represents methylene, 1,1-cyclobutylene, 1,1-cy-
clopentylene, or 1,1-cyclohexylene;

[0022] A, A% and A? independently represent a hydrogen
atom, a C,~C; alkyl group, a C,~C; phenylalkyl group, a
C,~C; methoxyphenylalkyl group, diphenylmethyl or a
C,~C,; isothiocyanato phenylalkyl;

[0023] A®* represents a hydrogen atom, a nitro group, an
amino group, a thiocyanato group, or —Z—Y, in which Z
is a divalent linking group and Y is a group derived from a
biocompatible molecule, with the proviso that when X is
methylene, A* cannot be a hydrogen atom or a nitro group;
and

[0024] R R? R? and R*independently represent a hydro-
gen atom, an amino group, a nitro group or a thiocyanato
group.
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[0025] Theterm “abiocompatible molecule” as used herein
means a molecule that is compatible with targeted cells or
tissues, i.e., the molecule is biologically active to bind the
targeted cells or tissues. Preferably, the biocompatible mol-
ecule is a peptide sequence, an antibody, etc. As a blood pool
contrast agent, the biocompatible molecule should be able to
couple to the human serum albumin (HSA), while as a target-
ing contrast agent, the molecule should be able to couple to
the targeted cell or organs.

[0026] WhenA* of Formula (I) is selected from a hydrogen
atom, a nitro group, an amino group or a thiocyanato group,
the metal complex containing the ligand of Formula (1) is
useful as a blood pool contrast agent. When A* of Formula (T)
is —7Z—Y, the metal complex containing the ligand of For-
mula (I) is useful as a targeting contrast agent.

[0027] Preferably, A* is a hydrogen atom or a thiocyanato
group.

[0028] Preferably, A*is —Z—Y, Z is selected

from and Y is a group derived from a targeting peptide
sequence. The “targeting peptide sequence” may be chosen or
designed according to the target. More preferably, the target-
ing peptide sequence is selected from interleukin 11 (IL-11),
bombesin (BN), cyclo(Arg-Gly-Asp) (cRGD) or Leu-Ala-
Arg-Leu-Leu-Thr (D4).

[0029] Preferably, X is methylene or 1,1-cyclobutylene.

[0030] Preferably, A', A* and A® independently represent a
hydrogen atom, methyl, benzyl, methoxybenzyl, diphenyl
methyl, orisothiocyanatobenzyl. A', Aand A® can be used to
increase liposolubility of the ligand, and be chosen according
to the actual requirements.

[0031] In a preferred embodiment of this invention, X is
1.1-cyclobutylene, and A', A%, A%, A* R', R? R? and R*
independently represent a hydrogen atom. The preferred
embodiment has a molecular structure shown below:

HOOC 8 ( \ /— COOH.

N
HOOC J k \— COOH

COOH
(Bz-CB-TTDA)

[0032] In another preferred embodiment of this invention,
X is methylene, A* is athiocyanato group, and A*, A%, A® R!,
R?, R? and R* independently represent a hydrogen atom. The
preferred embodiment has a molecular structure shown
below:
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NCS

HOOC COQOH.
—\ Nf\/—

N N
HOOC J K \— COCH

COOH
(NCS-Bz-TTDA)

[0033] In yet another preferred embodiment of this inven-
tion, X is methylene, A*is —Z—Y, Z is

Y is a group derived from IL-11, and A", A%, A®>, R', R*, R®
and R* independently represent a hydrogen atom. The pre-
ferred embodiment has a molecular structure shown below:

(Bz-TTDA-IL)

[0034] Preferably, the paramagnetic metal ion is selected
from lanthanide series metal ions, Mn*, or Fe**. More pref-
erably, the metal ion is selected from Gd**, Mn®*, or Fe**. In
a preferred embodiment of this invention, the metal ion is
Gd*.

[0035] This invention provides a metal complex useful as a
targeting contrast agent. The metal complex comprises a
paramagnetic metal ion and a ligand of Formula (i) chelated
with the paramagnetic metal ion:
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(M)

wherein, in Formula (i), X, A', A% A*, A% R' R® R?and R*
have the same definitions as in Formula (I).

[0036] Two preferred embodiments of the metal complex
of this invention are shown below:

[Gd(Bz-CB-TTDA))*
/Ala\
Arg Gly

[Gd(Bz-TTDA-IL)>

[0037] The following examples and comparative examples
are provided to illustrate the merits of the preferred embodi-
ments of the invention, and should not be construed as limit-
ing the scope of the invention.
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Example
Example 1
Preparation of the Ligand: Bz-CB-TTDA

1. Preparation of C-(1-aminoethyl-cyclobutyl)-me-
thylamine (1)

[0038]
0 O  BH;THF
TOF
LN NI, LN NI,

1

[0039] 5.2 g (36.6 mol) of cyclobutane-1,1-dicarboxylic
acid diamine, 250 mL of anhydrous THF and 300 mL of 1M
BH,;-THF solution [BH,: THF=1:8 (mol ratio)] were mixed in
an ice bath under a nitrogen gas environment. The mixture
was subjected to reaction in the ice bath for one hour and then
to reflux reaction at 70° C. for 36 hours to obtain a reaction
solution. Then, methanol was added into the reaction solution
to terminate the reaction, followed by evaporation to obtain a
crude product. The crude product was mixed with 250 m[ of
ethanol and 50 mL of 6N HCl solution. The mixture was then
refluxed at 80° C. for 12 hours, followed by evaporation to
obtain a yellow oil. The yellow oil was mixed with water and
HCl solution to adjust pH to 2. The mixture was then purified
by placing in a column (3x20 cm) filled with 100 mL of AG
50 Wx8 cationic exchange resin (available from Aldrich Co.,
200~400 mesh, H* type) and elutriating with HCI solutions
having gradient concentrations from 0.5 N to 3.0 N, collect-
ing an eluent fraction of gradient concentrations from 1.0Nto
2.0 N, and followed by evaporating the eluent fraction to
obtain a product of g (26.3 mmol, 70.9%) of C-(1-aminoet-
hyl-cyclo-butyl)-methylamine 1. The analytic data of the
product are as follows: 'H-NMR (D,0, 400 MHz) 8(ppm):
295 (s, 4H, NH,CH,CCH,NH,), 1.87-1.81 (m, 6H,
CCH,CH,CH,); "*C-NMR (D0, 100 MHz), 8(ppm):49.93,
49.81,36.91, 27.73, 26.28, 14.46; ESI-MS (m/z):caled. 114,
19, found 114.76 [M+H]*; Anal. Caled (Found) for CH, N,,.
3HCI: C, 32.44 (32.23); H, 7.20 (7.66); N, 12.24 (12.53).

2. Preparation of L-phenylalanine methyl ester (2)

[0040]

SOCl
—_—
0 CH;0H 0
N OH N OCH;

q
Z

[0041] 6.61 mL of SOCI, and 40 mL of methanol were
thoroughly mixed in an ice bath for 30 minutes, followed by
mixing with 10 g of L-phenylalanine. The mixture was sub-
jected to a reflux reaction at 70° C. for 24 hours, followed by
evaporating, re-crystallizing in ether, filtering and drying to
obtaina product of 11.5 g (88.3%) of L-phenylalanine methy!
ester 2. The analytic data of the product are as follows:
'H-NMR (D,0, 400 MHz), 8(ppm): 7.36-7.20 (m, 5H, Ar),
436-4.34 (t, 1H, J=6, I,NHCH), 3.75 (s, 3H, OCH,), 3.30-
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3.12 (m, 2H, CH,Ar); C-NMR (D,0, 100 MHz), d(ppm):
170.2, 133.9, 129.5, 129.4, 129.3, 128.3, 128.1, 54.2, 53.7,
35.7; ESI-MS (m/z): caled. 179.22, found 180.13 [M+H]*;
Anal. Caled (Found) for C,,H,sNO,.HCI: C, 55.69 (55.32);
H, 6.45 (6.54); N, 6.49 (6.35).

3. Preparation of 2-amino-N-((1-(aminomethyl)cy-
clo-butyl)-methyl)-3-phenylpropanamide (3)

[0042]
TEA, CH;0H ; 0
1 B S ——
reflux

LN N
H

LN
3

[0043] 3.6 g (31.5 mmol) of 1 was mixed with 100 mL of
methanol, followed by adding triethyl amine to adjust pH to
9-10to obtain a first reaction solution. 5.1 g (28.7 mmol) of 2
was mixed with 100 mL of methanol to obtain a second
reaction solution. The second reaction solution was added
dropwisely into the first reaction solution to obtain a reaction
mixture. The reaction mixture was subjected to reflux reac-
tion at 60-70° C. for 19 hours, followed by evaporation to
obtain a crude product. The crude product was dissolved in
ammonia, followed by extracting with chloroform and water
and evaporating to obtain a product of 2.9 g (11.1 mmol,
38.6%) of alight-yellow 0il 3. The analytic data of the product
are as follows: "H-NMR (D, 0, 400 MHz), 8(ppm): 7.29-7.15
(m, SH, Ar), 3.57 (t, 1H, J=3, H,NCH), 3.20-2.95 (m, 2H,
NHCH,), 2.89-2.76 (m, 2H, CH,Ar), 2.21-2.05 (m,
CH,NH,), 1.69-1.66 (m, 2H, CH,CH,CH,), 1.52-1.45 (m,
4H, CH,CH,CH,); “C-NMR (D,0, 100 MHz), 8(ppm):
176.88,137.37,129.38, 128.90, 127.11, 56.60, 45.82, 43.99,
42.36,40.90,26.59,26.51, 14.27; ESI-MS (m/z): calcd. 261.
36, found 262.18 [M+H]"; Anal. Caled (Found) for
C,sH,3N,O0.HCL: C, 60.94 (60.49); H, 8.43 (8.12); N, 14.53
(14.11).

4. preparation of (4-benzyl-8-cyclobutyl-3,6,10-tri-
(carboxymethyl)-3,6.10-triazadodecanedioic acid
(Bz-CB-TTDA)
[0044]

BH}-THF BrCHQCOO’Bu HCl
THF CH;CN/K,C0;

HOOC_\I\Q / A\ N/—COOH

HOOC J k \—COOH

COCH
Bz-CB-TTDA
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[0045] 36.7 mL of 1M BH,-THF solution [BH;: THF=1:4
(mole ratio)] was added dropwisely into 2.4 g (9.2 mmol) of
3 to obtain a reaction solution. The reaction solution was
subjected to reaction in an ice bath for 1 hour and then to
reaction at 70° C. for 36 hours. 50 mL of ethanol and 10 mL.
of 6N HCI solution were added into the reaction solution,
followed by subjecting the reaction solution to reflux reaction
at 80° C. for 12 hours and evaporating to obtain a matter. The
matter was dissolved in ammonia, followed by extracting
with chloroform and water, and evaporating to obtain a prod-
uct of 1.9 g (7.7 mmol, 38.6%) of yellow oil.

[0046] The yellow oil was dissolved into 250 ml of
CH;CN to obtain a solution and was mixed with 8.0 g (57.8
mmol) of K,CO, to adjust pH to 10, followed by mixing with
6.1 mL (42.4 mmol) of BrCH,COOBu to obtain a reaction
solution. The reaction solution was subjected to reflux reac-
tionat 70° C. for 48 hours, followed by filtering, evaporating,
extracting with chloroform and water, re-evaporating, and
mixing with 100 mL of 3N HCl solution to obtain a mixing
solution. The mixing solution was subjected to reaction at
room temperature for 24 hours, and then to evaporation to
obtain a crude product. The crude product was dissolved in
water, and was mixed with ammonia to adjust pH to 11~12.
The mixture was then purified by placing in a column (3x20
cm) filled with 100 mL of AG1x8 anionic exchange resin
(available from Aldrich Co., 200~400 mesh, HCOOH type)
and elutriating with formic acid solutions having gradient
concentrations from 0.1 N to 3.0 N, collecting an eluent
fraction of a concentration of 0.8 N, and followed by evapo-
rating an eluent collected therefrom to obtain a product of 1.4
g (2.7 mmol, 34.8%) of Bz-CB-TTDA. The analytic data of
the product are as follows: 'H-NMR (D,0, 400 MHz),
d(ppm): 7.34-723 (m, 5H, Ar), 3.82-3.60 (s, 10H,
CH,COOH), 3.58-3.28 (m, 6H, ArCH,CH,NHCH,), 3.16 (d,
2H, J=14, CH,NH,), 2.71 (m, 1H, H,NCH), 1.87 (m, 6H,
CCH,CH,CH,); *C-NMR (D,0, 100 MHz), 8(ppm): 185.
04, 136.48, 129.59, 129.30, 127.52, 62.05, 60.68, 60.27,
58.30,57.36,55.36,54.41,53.09,39.39, 33.14,30.14, 15.86;
ESI-MS (m/z): caled. 537.56, found 537.84 [M+H]*; Anal.
Calced (Found) for C,sH;N,0,,.3HCL5H,O: C, 40.52 (40.
74); H, 6.57 (6.56); N, 5.42 (5.70).

Example 2
Preparation of the Ligand Bz-TTDA-IL

1. preparation of p-Nitrophenylalanine methylester

(NBPDA)
[0047]
NO, NO,
S0Cl,
—_—
CH;OH
O 0]
LN OH LN 0CH;
NBPDA
[0048] 10 mL of SOCL, and 40 mL of methanol were thor-

oughly mixed in an ice bath for 30 minutes, followed by
mixing with 0.51 g of p-nitrophenylalanine to obtain a reac-
tion solution. The reaction solution was subjected to reflux
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reaction at 70° C. for 24 hours, followed by evaporating,
re-crystallizing in ether, and filtering to obtain a product of
0.53 g (97.0%) of a white solid of NBPDA.

2. preparation of 2-Amino-N-(1-aminomethy1)-3-(4-
nitro-phenyl)-propionamide (NP1)

[0049]
NO,
. TEA, CH;0H
— =
0 reflux
NH; NH,
H,N OCH;
NBPDA
NO,

0
LN N )
2 H

LN
NP1

[0050] 2.00 g (0.0175 mol) of (1-aminomethyl)methy-
lamine and 50 mL of methanol were mixed to obtain a first
reaction solution, the pH of which was adjusted to 9~10 by
adding a proper amount of triethyl amine. 2.10 g (0.0093 mol)
of NBPDA and 100 mL of methanol were mixed to obtain a
second reaction solution. The second reaction solution was
added dropwisely into the first reaction solution, followed by
reacting for 12 hours and evaporating to obtain a yellow oil.
The yellow oil was stirred in water and was mixed with HC1
to adjust pH to 2 so as to obtain a crude product. The crude
product was purified by placing in a column (3x20 cm) filled
with 100 mL of AG 50 Wx8 cationic exchange resin and
elutriating with HCl solutions having gradient concentrations
from 0.1 Nto 4.0 N, collecting an eluent fraction of gradient
concentrations from 2.5 N to 3.5 N, and followed by evapo-
rating the eluent fraction to obtain a product of 1.43 g (0.019
mol, 40.4%) of NP1.

3. preparation of N1-(1-(aminomethyl)methyl)-3-(4-
nitrophenyl)propane-1,2-diamine (NP2)

[0051]

NO, NO,

BH;-THF

0 T
H,N N LN N

H H

HN H,N
NP1 NP2
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[0052] 637 g (0.038 mol) of NP1, 50 mL of anhydrous
THEF, and 300 mL of 1 M BH,-THF solution [BH,: THF=1:8
(mole ratio)] were mixed in an ice bath under a nitrogen gas
environment to obtain a reaction solution. The reaction solu-
tion was subjected to reaction in an ice bath for 1 hour, and
then to reaction at 70° C. for 36 hours, followed by evapora-
tion. The matter thus obtained was mixed with 100 mL of
ethanol and 10 mL of 6N HCl, followed by reflux reaction for
12 hours and evaporating to obtain a yellow oil. The yellow oil
was stirred in water and was mixed with HCI to adjust pH to
2 50 as to obtain a crude product. The crude product was
purified by placing in a column (3x20 cm) filled with 100 mL
of AG 50 Wx8 cationic exchange resin and elutriating with
HCI solutions having gradient concentrations from 0.1 N to
5.0N, collecting an eluent fraction of gradient concentrations
from 3.5 N to 4.0 N, and followed by evaporating the eluent
fraction to obtain a product of 2.98 g (0.019 mol, 50.0%) of
NP2.

4. preparation of 4-(4-nitrobenzyl)-3,6,10-tri-(car-
boxymethyl)-3,6,10-triazadodecanedioic acid (NO,-

Bz-TTDA)
(0053]
NO,

BiCH,COOBu
—_—
CILON/K,CO;

HN N

2 H

HN
NP

2
NO,
HOOC COOH
- g SN
N N N

HOOC J k \— COOH

COOH
NO»-Bz-TTDA

[0054] 2.98 g (0.019 mol) of NP2 was dissolved into 250
mL of CH,CN, followed by mixing with 10 g of K,CO, to
adjust pH to 10 and with 21.19 mL (0.143 mol) of
BrCH,COOBu to form a reaction solution. The reaction
solution was refluxed for 48 hours, followed by filtering and
evaporating to obtain a crude product. The crude product was
extracted with chloroform and water, followed by evapora-
tion and purification using silica column chromatography
(eluent: CH,Cl,/CH;0H=19/1) to obtain a product 0 4.92 g
(6.18 mmol, 35.4%) of NO,-Bz-TTDA.
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5. preparation of 4-(4-aminobenzyl)3,6,10-tri-(car-
boxymethyl)-3,6,10-triazadodecanedioic acid (NH,-
Bz-TTDA)

[0055]

NO,
PdIC
CHCN
HOOC—\ /\ /—COOH
N N N

HOOC J k \— COOH

COOH
NO,-BzTTDA

NI,
HOOC COOH
- gN/\N/—

N
HOOC J k \—COOH

COOH
NI-BzTTDA

[0056] 1.03 g (1.25 mmol) of NO,-Bz-TTDA was dis-
solved into 50 mL of CH;CN, and was mixed with 24.8 mg of
Pd/C to form a reaction solution. The reaction solution was
charged into a reactor. The reactor was vacuumed for 3 min-
utes, followed by introducing H, therein to adjust the pressure
to 1.5 kg/em?, allowing reaction to take place by stirring at
room temperature for 4 hours, and evaporating when the
pressure in the reactor was kept constant to form a crude
product. The crude product was purified using silica column
chromatography (eluent: CH,Cl,/CH;OH=19/1) so as to
obtain a product of 0.82 g (1.03 mmol, 82.4%) of NH,-Bz-
TTDA.

6. preparation of 4-(4-thiocyanatobenzyl)-3,6,10-tri-
(carboxymethyl)-3,6.10-triazadodecanedioic acid
(NCS-Bz-TTDA)

[0057]

NH,
HOOC COOH
— g SN
N N N

HOOC J k \— COOH

COOH
NH>-BzTTDA

CSCL
——
THEF/TEA
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-continued

NCS§S
HOOC COOH
- g SN
N N N

HOOC J k \— COOH

COOH
NCS-Bz-TTDA

[0058] 1.9 mL (3.09 mmol) of CSCL,, 0.82 g (1.03 mmol)
ofNH,-Bz-TTDA, 40 mL of THF and 2 mL of triethylamine
were mixed to form a reaction solution. The reaction solution
was subjected to reaction under a nitrogen gas environment
for 12 hours, followed by evaporation to obtain a crude prod-
uct. The crude product was purified using silica column chro-
matography (eluent: CH,Cl,/methanol=19/1) so as to obtain
0.72 g (3.05 mmol, 83.7%) of yellow oil of NCS-Bz-TTDA.

7. Bz-TTDA-IL
(1) Preparation of Resin Containing IT.-11

[0059] 156 mg (0.1 mmol) of resin (available from Kel-
owna International Scientific Inc., R.O.C., the resin was a
type of rink amide) and 5 mL of dimethylformamide (DMF)
were thoroughly mixed in a reactor for 30 minutes. After the
resin swelled, DMF was removed from the reactor.

[0060] [De-protection]: 10 mL of piperidine-DMF mixing
solution (volume ratio: 20%) was added into the reactor to
proceed with de-protective reaction for 10 minutes. The
above step was repeated. The resin thus treated was sampled
for Kaiser test in order to determine whether the de-protective
reaction was complete.

[0061] [Preparing amino acid]: 0.4 mmol of an amino acid
specified in the amino acid sequence of 1L.-11, 208 mg (0.4
mmol) of benzotriazole-1-yl-oxy-tris-pyrrolidino-phospho-
nium-hexafluorophosphate (PyBOP), and 3 mL of an activa-
tor (0.4 M of N-methylmorpholine (NMM)-DMF mixing
solution) were thoroughly mixed at room temperature for 10
minutes to obtain a mixture.

[0062] [bonding amino acid]: The mixture was added into
the aforesaid reactor and subjected to react with the resin for
4-6 hours, followed by washing the resin in the reactor. The
resin was sampled for Kaiser test in order to determine
whether the bonding of amino acid with the resin was com-
plete.

[0063] Theabove steps, [De-protection], [Preparing amino
acid] and [bonding amino acid] were repeated until the
desired amino acid sequence of IL-11 was obtained, and
thereby the resin containing I1.-11 was obtained.

(2) Preparation of Bz-TTDA-IL

[0064] 0.72 g (0.862 mmol) of NCS-Bz-TTDA and 0.5 g
(0.31 mmol) of the resin containing IL-11 were placed in a
PS3 reactor, followed by adding 10 mL of DMSO and 5 mL
of N-diisopropylethylamine (DIPEA) into the PS3 reactor,
and allowing reaction to take place at 25° C. for 24 hours to
obtain the modified resin. 0.5 g of the modified resin thus
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obtained and 10 mL of a de-protective agent of a mixture of
trifluoroacetic acid, deionized water, ethanedithiol and triiso-
propylsilane (TIS) in a volume ratio of 94.5/2.5/2.5/1 were
mixed under stirring for 1.5 hours, followed by washing the
resin with methanol and toluene, filtering and collecting the
filtrate, adding triethylamine into the filtrate so as to neutral-
ize the residual trifluoroacetic acid, evaporating to remove the
solvent, adding dropwisely an ice ether into the filtrate in an
ice bath, centrifuging with a rotating rate of 1500 rpm for 5
minutes, washing the filtrate with ether till an upper layer
became transparent, and taking the upper layer out of the
filtrate. Deionized water was added into the upper layer, fol-
lowed by freezing in a refrigerator so as to obtain a red
powder. The red powder was dried to form a crude product,
followed by purifying using HPLC to obtain Bz-TTDA-IL.

Example 3
Preparation of Metal Complex [Gd(Bz-CB-TTDA)]
2

[0065] 0.2 mmol of ligand Bz-CB-TTDA prepared in
Example 1 and 0.25 mmol of GdCl, were mixed, followed by
adding 5 mL of deionized water to form a reaction solution.
The reaction solution was refluxed for 24 hours, followed by
adjusting pH to 8, precipitating, neutralizing, filtering and
drying so as to prepare a crystal of metal complex [Gd(Bz-
CB-TTDA)J*".

BExample 4

Preparation of Metal Complex [Gd(Bz-TTDA-IL)]*

[0066] The procedures and conditions in preparing the
metal complex of Example 4 were similar to those of
Example 3, except that in Example 4, ligand Bz-TTDA-IL
was used to replace Bz-CB-TTDA.

Comparative Example 1

Preparation of ligand 8-cyclobutyl-3,6,10-tri-(car-
boxymethyl)-3,6,10-triazadodecanedioic acid (CB-
TTDA)

1. preparation of 1-cyano-cyclobutylcarboxylic acid
methyl ester (4)

[0067]

H;CO
DBU
\[(\N _ /\/\Br 2

0]

H,CO

V4
2

[0068] 10 g (0.1 mol) of methyl cyanoacetate and 10 mL of
anhydrous DMF were mixed under stirring for 10 minutes,
followed by adding 33.4 g (0.22 mol) of 1,8-diazabicyclo[5,
4,0] undec-7-ene (DBU) at 10-20° C. into the mixture, heat-
ing the mixture to 50° C. to allow reaction to take place for 15
minutes, moving the mixture to an ice bath (-5~-10° C.) of a
mixture of liquid nitrogen and acetone, and adding 20.4 g
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(0.10 mol) of 1,3-dibromopropane dissolved in 10 mL of
anhydrous DMF into the mixture to form a reaction solution.
The reaction solution was subjected to reaction at 25° C. for
15 minutes, and to further reaction at 70° C. for 30 minutes,
followed by evaporating, extracting with CH,Cl, and deion-
ized water, collecting an organic layer from the extraction,
evaporating, purifying using silica column chromatography
(eluent: acetone/hexane=38/1), and re-evaporating to obtain a
product of 8.74 g (0.063 mol, 62.85%) of 4.

2. preparation of 1-cyano-cyclobutylcarboxylic acid
(2-amino-ethyl)amide (5)

[0069]
LN NH,
H3CO CH;00
%N
o}
4

V4

[0070] 8.74 g(0.063 mol) of4 and 50 mL of methanol were
mixed, after which the mixture was added dropwisely into
3.77 g (4.25 mL) of ethylene diamine to form a reaction
solution. The reaction solution was subjected to reaction at
room temperature for 15 hours, followed by evaporation to
obtain yellow oil. The yellow oil was stirred with water and
was mixed with HCI to adjust pH to 2 to obtain a crude
product. The crude product was purified by placing in a col-
umn (3x20 cm) filled with 100 mL of AG 50 Wx8 cationic
exchange resin and elutriating with water and HCI solution
having gradient concentrations, collecting an eluent fraction
ofa gradient concentration from 0.5 N to 1.0 N, and followed
by evaporating the eluent fraction to obtain 6.37 g (0.038 mol,
60.49%) of 5.

3. N'-((1-(aminomethyl)-cyclobutyl)methyl)ethane-1,
2-diamine (6)

[0071]

/T \ BH;-THF
HN HN THE
%N
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-continued

N

=z

LN

[0072] 6.37 g (0.038 mol) of 5 and 50 ml of anhydrous
THF were mixed, followed by adding 300 mL of 1 M BH;-
THF solution to the mixture in an ice bath (-10° C.) of liquid
nitrogen and acetone under a nitrogen gas environment to
form a reaction solution. The reaction solution was subjected
to reaction at =5~0° C. for 1 hour, followed by heating the
reaction solution to 70° C. to allow reaction to take place for
36 hours, and evaporating to obtain a solid substance. The
solid substance, 100 mL of ethanol and 10 mL of 6N HCI
were mixed, refluxed for 12 hours, followed by evaporation to
form yellow oil. The yellow oil was stirred in water and was
mixed with HCI to adjust pH to 2 to obtain a crude product.
The crude product was purified by placing in a column (3x20
cm) filled with 100 mL of AG 50 Wx8 cationic exchange resin
and elutriating HCI solutions having gradient concentrations,
collecting an eluent fraction of gradient concentration from
3.5N 1o 4.0 N, and followed by evaporating the eluent frac-
tion to obtain 2.98 g (0.019 mol, 50%) of 6.

4. CB-TTDA:
[0073]
/ \ BrCH,COOBu HCl
CH3CN/K,CO3

ILN N
i
N

HOOC—\N/—\N / N\ N/—COOH

HOOC J k \—COOH

COCH
CB-TTDA

[0074] 2.98¢g(0.019mol) of 6 was dissolvedinto 250 mL of
CH,CN, mixed with 10 g of K,CO; to adjust pH to 10, and
further mixed with 21.19 mL (0.143 mol) of BrCH,COOBu
to form a reaction solution. The reaction solution was refluxed
for 48 hours, followed by filtering 1o obtain a filtrate, evapo-
rating and extracting the filtrate with chloroform and water,
collecting the chloroform layer, re-evaporating, adding 100
mL of 3N HCl into the filtrate, allowing reaction to take place
at room temperature for 24 hours, re-evaporating, and adjust-
ing pH to 11.2 with ammonia to obtain a crude product. The
crude product was purified by placing in a column (3x20 cm)
filled with 100 mL of AGIx8 anionic exchange resin and
elutriating with formic acid solutions having gradient con-
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centrations from 0.1 N to 3.0 N, collecting an eluent fraction
of a concentration of 1.2 N, and followed by evaporating the
eluent fraction to obtain 2.72 g (0.006 mol, 31.98%) of CB-
TTDA.

Comparative Example 2
Preparation of Metal Complex [Gd(CB-TTDA)]*~

[0075] The procedures and conditions in preparing the
metal complex of Comparative Example 2 were similar to
those of Example 3, except that in Comparative Example 2,
ligand CB-TTDA was used to replace Bz-CB-TTDA.

[Test]

[0076] 1. Hydration number of the ligand Bz-CB-TTDA:
[0077] First, metal complexes of [Eu(Bz-CB-TTDA)]*
and [Eu(CB-TTDA)]*~ were prepared in accordance with the
procedures of Example 3 with GACl; being replaced by
EuCl,.

[0078] Each of metal complexes [Eu(Bz-CB-TTDA)J*
and [Eu(CB-TTDA)]* was mixed with D,0 and H,O to
obtain two samples, respectively. The half-life T of each
sample was determined by a fluorescence spectrometer
(available from Varian Co., model name: Cary-Eclipse), fol-
lowed by calculating the hydration number (q) with the fol-
lowing two formulas (i) and (ii). The results thus obtained are
listed in Table 1.

TABLE 1

Metal complex qin formula (1) g in formula (ii)

[Eu(Bz-CB-TTDA)P>~
[Eu(CB-TTDA)*~

1.26 £0.02
1.21+0.01

1.14 £ 0.03
1.09 £ 0.02

) 4= A[Ltg,0 - Lup,0l A = 1.05
(i) a.= (Vi - Vipyol - 0.25) x 1.2

[0079] 1In Table 1, the hydration numbers of [Eu(Bz-CB-
TTDA)]*™ and [Fu(CB-TTDA)J*™ are about 1, which indi-
cates that the basic skeletons of Bz-CB-TTDA and CB-TTDA
are the same as that of TTDA, i.e., metal complex [Gd(Bz-
CB-TTDA)]** prepared from the ligand Bz-CB-TTDA can
be a stable eight-coordinate complex.

2. Relaxivity (y, ) of the Metal Complex [Gd(Bz-CB-TTDA)]

[0080] The longitudinal relaxation time T, in each of dif-
ferent concentrations of [Gd(Bz-CB-TTDA)J*™ was mea-
sured by a relaxometer (20 MHz) in a T, mode. The relaxivity
of [Gd(Bz-CB-TTDA)]? is aslope determined by using a plot
of “1/T,” versus “concentration of [Gd(Bz-CB-TTDA)]*~".
The relaxivity of [Gd(CB-TTDA)]*~ was also measured in
accordance with the above step. The results thus obtained are
listed in Table 2.

TABLE 2
Metal complex pH value Y J(mM s
[Gd(Bz-CB-TTDA)]> 7401 4.29 £0.03
[GA(CB-TTDA)]> 7401 4.12 £0.05
[Gd(TTDAJ]> 7501 3.85 +0.037
[Gd(DTPA)*- 7.6+0.1 3.89 +0.037

“The relaxivity of[Gd(TTDA)]Z’ is disclosed in Inorg. Chem., 2005,44, 382; The relaxivity
of[Gd(DTPA)]Z’ is disclosed in Am. J. Roentgenol., 1984, 142, 619-624.
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[0081] In Table 2, the relaxivity of [Gd(Bz-CB-TTDA)]*
is higher than that of [Gd(CB-TTDA)]*~ and [Gd(TTDA)]*~,
and also higher than that of the commercial [Gd(DTPA)]*~. 3.
Water exchange rate (k,,) and molecular rotational correla-
tion time (tz) of [Gd(Bz-CB-TTDA)]*:

[0082] Accordingtothe disclosure of Chem. Rev., 1999, 99,
2293-2352, the relaxivity of the metal complex is affected by
the hydration number q and the correlation time ... The cor-
relation time T, depends on three parameters: (1) molecular
rotational correlation time (ty); (2) Electron longitudinal and
transverse spin relaxation time (T, ,, T,,); and (3) Water resi-
dence lifetime (t,,) or Water exchange rate (k,), T, =k,..
Since

[0083] Bz-CB-TTDA and CB-TTDA have the same hydra-
tion number, comparison between Bz-CB-TTDA and CB-
TTDA in relaxivity can be determined by the aforesaid
parameters, i.e., the higher the parameters, the higher will be
the relaxivity.

[0084] Electron longitudinal and transverse spin relaxation
time (T,,,T,,) of each test sample of the metal complexes was
measured by using '’O-NMR in a magnetic field of 9.4 T. The
water exchange rate at 298 K (K,,**®) and the molecular
rotational correlation time at 298 K (1,°®) of each test
sample were determined by using three plots of “T, versus
temperature”, “T, versus temperature” and “chemical shift
versus temperature”. The results thus obtained are listed in
Table 3.

TABLE 3
k, 28 (10557 1,28(ps)
[Gd(Bz-CB-TTDA)~ 271+3.0 151£3.0
[Gd(CB-TTDA) 2 23240 112220
[Gd(TTDA)> 146 = 17.0 104 £12.0
[GA(DTPA)]?~ 41 103

[0085] InTable 3,k _**® and tR*® of [Gd(Bz-CB-TTDA)]
> are higher than those of [Gd(CB-TTDA)]*", [GA(TTDA)]
2= and [GA(DTPA)]*~, which indicates that the relaxivity of
[Gd(Bz-CB-TTDA)}*™ is higher than those of [Gd (CB-
TTDA)]*", [Gd (TTDA)]*" and [Gd (DTPA)]*".

4, Bound Relaxivity (v,%):

[0086] Bound relaxivity (y,”) between [Gd (Bz-CB-
TTDA)]*~ and HSA, and v,” between [Gd (CB-TTDA)]*
and HSA were measured by proton relaxation enhancement
(PRE) method. The results thus obtained are listed in Table 4,
and the structures of the commercial products [ GA(BOPTA)]
#~, MS-325 and [Gd(S)-EOB-DTPAJ*" are shown below.

TABLE 4
Metal complex 2 (mMs7h
[Gd(Bz-CB-TTDA)]> 66.7 £2.2
[Gd(CB-TTDA}]* 293:08
[GA(BOPTA)>~ 33,07
MS-325 470 £ 4.0°
[Gd(S)-EOB-DTPA|*- 4412

“The v/ b of [GA(BOPTA)]> is disclosed in Inorg, Chem,, 1995, 34, 633 642; the yl of
MS-325 isdisclosedin I. Biol. Inorg, Chem., 1999, 4, 766- "74 andthe «{1 of[Gd(S) -EOB-
DTPA] is disclosed in J. Bicl. Inorg. Chem 2001, 6, 196-200.
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TABLE 4-continued

Metal complex v.2 (mM s

~

‘0oC /—\ /—\ /—COO'

N N N
'ooc—/ k \—COO'
coo-

[Gd(BOPTA)*
o) ‘ O

o

N N N
‘0oc —/ k \— Coo”
CoO”

MS-325

O\P/
/ X,

OC,Hs

‘ooc /—\ /—\ /—COO'

N N N
‘ooc —/ k \— COO”
COO~

[Gd(S)-EOB-DTPA]*

[0087] InTable 4, [Gd(Bz-CB-TTDA)]*" exhibits a bound
relaxivity much higher than those of other metal complexes
attributed to a higher water exchange rate and a good lipo-
solubility.

5. Kinetic Stability of [Gd (Bz-CB-TTDA)J*":

[0088] Kinetic stability is evaluated by testing the stability
of the metal complex in an environment containing a poison-
ous metal ion Zn*. The stability is defined as R # (t/R, » (0)
in which R # (t)=1/T, (1), T, is the relaxivity. The higher the
R,7(H/R, » (0), the higher will be the stability.

[0089] 2.5 mM of each of [Gd(Bz-CB-TTDA)]*™", [Gd
(CB-TTDA)J*~ and [GA(DTPA)]*~ was placed in a phosphate
buffer saline (PBS, pH=7.4), followed by adding 2.5 mM of
71Cl, to obtain a sample. The sample was subjected to reac-
tion at 37+0.1° C. for three days (t=3), after which the relax-
ity T, (1) of the sample was determined by using NMR (20
MHz). The results thus obtained are listed in Table 5.

TABLE 5
Metal complex R/Z (YR (0)
[Gd(Bz-CB-TTDA) > 46.14
[GA(CB-TTDA) > 474
[GA(DTPAY*~ 49.79
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[0090] InTable 5, the stability of [Gd(Bz-CB-TTDA)]* is
comparable to those of [Gd(CB-TTDA)]? and [Gd(DTPA)]*
50 as to prove that [Gd(Bz-CB-TTDA)]*" exhibits a better
kinetic stability.

6. In vivo Image Study of [Gd(Bz-CB-TTDA)]%:

[0091] 10 umol/kg of each of [Gd(Bz-CB-TTDA)]* and a
commercial product Magnevist was injected into two rats
(available from the foundation of National Laboratory Ani-
mal Center, R.O.C.), followed by subjecting each of the rats
to a measurement using a whole body MR scanner (3.0 T,
condition: T1 dynamic pulse sequence, TR/TE=800/12). The
images thus obtained are shown in FIG. 1 [(A) is the image
from the rat injected with [Gd(Bz-CB-TTDA)]*™ and (a) is
the image from the rat injected with Magnevist].

[0092] In FIG. 1, the signal intensity of the image from
[Gd(Bz-CB-TTDA)]* is similar to that of Magnevist, which
proves that [Gd(Bz-CB-TTDA)]*~ can be used as a blood
pool contrast agent.

7. In Vitro Image Study of [Gd(BZ-CB-TTDA)]*":

[0093] For each combination of the concentration and cell
number in Table 6, [Gd(Bz-CB-TTDA)]*~ and/or a positive
cell line (HT-1080, which exhibits a low expression to
IL-11Ra and is available from Bioresource Collection and
Research Center (BCRC), R.0.C.) and a negative cell line
(MDA-MB-231, which exhibits a high expression to
IL-11Ra and is available from BCRC) were mixed, followed
by culturing at 37+0.1° C. for 1 hour, and washing with PBS
three times to obtain samples A-D. Samples A-D were sub-
jected to a measurement using a T1-weighted image of MR
scanner. The results thus obtained are listed in Table 6.

TABLE 6

A B C D
Cone. of — 1.0 — 1.0
[Gd(BZ—TTDA—IL)]Z’
(mM)
Cell nmumber of 108 108 — —
positive cell line
Cell number of — — 108 108
negative cell line
Signal intensity 285« 1 496 £ 3 273x2 299 x1

[0094] InTable 6, the signal intensity of sample B is higher
than that of sample A, and the signal intensity of sample D is
higher than that of sample C, which indicates that the sample
with [Gd(Bz-TTDA-IL)]*" has a higher signal intensity than
the sample without [Gd(Bz-TTDA-IL)]*". Moreover, the
results show a synergistic effect on the signal intensity when
the sample contains [Gd(Bz-TTDA-IL)]* and the positive cell
line.

[0095] In conclusion, the metal complex of this invention
exhibits a better relaxivity and a better bound relaxivity for
MRI diagnosis, and is useful as a blood pool contrast agent or
a targeting contrast agent.

[0096] While the present invention has been described in
connection with what are considered the most practical and
preferred embodiments, it is understood that this invention is
not limited to the disclosed embodiments but is intended to
cover various arrangements included within the spirit and
scope of the broadest interpretation and equivalent arrange-
ments.
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What is claimed is:
1. A ligand of Formula (I):

R! At
R? R*
3
Al ox A?
HOOC—L r \ >—COOH,
N N N

wherein, in Formula (T),

X represents methylene, 1,1-cyclobutylene, 1,1-cyclopen-
tylene, or 1,1-cyclohexylene;

A, A? and A independently represent a hydrogen atom, a
C,~C; alkyl group, a C,~C, phenylalkyl group, a C,~C,
methoxyphenylalkyl group, diphenylmethyl or a C,~C;
isothiocyanato phenylalkyl;

A* represents a hydrogen atom, a nitro group, an amino
group, a thiocyanato group, or —7—Y, in which Z is a
divalent linking group andY is a group derived from a
biocompatible molecule, with the proviso that when X is
methylene, A* cannot be a hydrogen atom or a nitro
group; and

R', R?, R?, and R* independently represent a hydrogen
atom, an amino group, a nitro group or a thiocyanato
group.

2. The ligand of claim 1, wherein A* is —7—Y, Z is

and'Y is a group derived from a targeting peptide sequence.

3. The ligand of claim 2, wherein said targeting peptide
sequence is selected from the group consisting of interleukin-
11, bombesin, cyclo(Arg-Gly-Asp), and Leu-Ala-Arg-Leu-
Leu-Thr.

4. The ligand of claim 3, wherein X is methylene, A", A”
and A independently represent a hydrogen atom, and R', R?,
R? and R* independently represent a hydrogen atom.

5. The ligand of claim 1, wherein X is methylene or 1,1-
cyclobutylene.

6. The ligand of claim 1, wherein A', A* and A indepen-
dently represent a hydrogen atom, methyl, benzyl, methox-
yphenylmethyl, diphenylmethyl or isothiocyanato phenylm-
ethyl.

7. The ligand of claim 1, wherein X is methylene, A", A*
and A’ independently represent a hydrogen atom, A* is a
thiocyanato group, and R', R, R* and R* independently rep-
resent a hydrogen atom.

8. The ligand of claim 1, wherein X is 1,1-cyclobutylene,
A', A%, A® and A* independently represent a hydrogen atom,
and R*, R? R? and R* independently represent a hydrogen
atom.

9. A metal complex, comprising:

a paramagnetic metal ion; and

a ligand of Formula (i) chelated with said paramagnetic

metal ion:
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(i)
R! A4
R? R*
Al ®ox A
.oocJ\ r \ >—coo,
N N N
000—r~r" N—c00

wherein, in Formula (1),
X represents methylene, 1,1-cyclobutylene, 1,1-cyclopenty-
lene, or 1,1-cyclohexylene;
A', A% and A® independently represent a hydrogen atom, a
C,~C; alkyl group, a C,~C; phenylalkyl group, a C,~C,
methoxyphenylalkyl group, diphenylmethyl or a C,~C,
isothiocyanato phenylalkyl;
A* represents a hydrogen atom, a nitro group, an amino
group, a thiocyanato group, or —Z—Y, in which Z is a diva-
lent linking group and Y is a group derived from a biocom-
patible molecule, with the proviso that when X is methylene,
A* cannot be a hydrogen atom or a nitro group; and
R',R? R?, and R* independently represent a hydrogen atom,
an amino group, a nitro group or a thiocyanato group.

10. The metal complex of claim 9, wherein said metal ion
is selected from lanthanide series metal ion, Mn>*, or Fe**.

11. The metal complex of claim 10, wherein said lan-
thanide series metal ion is Gd**.

12. The metal complex of claim 9, wherein A* in Formula
()is—Z2—Y, Zis

andY is a group derived from a targeting peptide sequence.

13. The metal complex of claim 12, wherein said targeting
peptide sequence is selected from the group consisting of
interleukin-11, bombesin, cyclo (Arg-Gly-Asp), and Leu-
Ala-Arg-Leu-Leu-Thr.

14. The metal complex of claim 13, wherein X is methyl-
ene, A% A® independently represent a hydrogen atom, and R,
R?, R? and R* independently represent a hydrogen atom.

15. The metal complex of claim 9, wherein X is methylene
or 1,1-cyclobutylene.

16. The metal complex of claim 9, wherein A", A* and A®
independently represent a hydrogen atom, methyl, benzyl,
methoxyphenylmethyl, diphenylmethyl or isothiocyanato
phenylmethyl.

17. The metal complex of claim 9, wherein X is methylene,
A', A® and A® independently represent a hydrogen atom, A”is
a thiocyanato group, and R*, R?, R® and R* independently
represent a hydrogen aton.

18. The metal complex of claim 9, wherein X is 1,1-cy-
clobutylene, A", A%, A* and A* independently represent a
hydrogen atom, and R', R?, R* and R* independently repre-
sent a hydrogen atom.
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