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An important clinical PET application is in myocardial perfusion imaging

(MP1) for heart disease. The aim of this research was to synthesize and evaluate new
67/68Ga-complexes for PET MPI.
We studied two separate classes of new hexadentate chelates (N4S2 and N402) that can easily be
modified with substituents, provide stable complexation of Ga(lll), and result in lipophilic,
monocationic [Ga-complexes]+, properties necessary for myocardial uptake. Ligands for both chelate
classes were synthesized and their Ga-complexes provided mono-cationic Ga-complexes. Radiolabeling
with 67Ga(l11) achieved high radiochemical yield in 30 min. In-vivo studies in normal mice display
in-vivo stability, rapid distribution and clearance with low myocardial uptake due to lower
lipophilicity compared to 99mTc-MIBI. Further modifications for increased lipophilicity and improved
myocardial retention are required to attain a effective PET myocardial perfusion agent with high
myocardial uptake.
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Background of the
Research: Molecular imaging in nuclear
medicine has become increasingly important
in early diagnosis of disease as well as in
better understanding the pathophysiology of
diseases. For this, both positron emission
tomography (PET) and single-photon
emission tomography (SPECT) imaging has
contributed in important ways to modern
clinical medicine, particularly in oncology,
neurology and cardiology. However, the
widespread use of PET imaging agents is
hampered by the necessity of the close
proximity to a cyclotron production facility,
particularly in non-oncological settings such
as cardiology, where an important clinical
application of PET isin the determination of
regiona myocardial perfusion imaging
(MPI), which relies on either a cyclotron for
the production of short- I|ved NH3 (half-life
9.9 min) or an expensive ®Sr/*Rb generator
for the radionuclide #Rb (half-life 76 sec).
Recent interest in the metallic radioisotope
®Ga (half-life 68 min), a positron-emitting
isotope, has emerged suitable for PET
radiopharmaceuticals. It has been further
facilitated by the avallab|l|ty of a long life
(271 days) commercial ®Ge/®Ga generator
system and the clinica demonstration in
humans of chelated ®Ga-labeled peptides in
PET imaging.
The am of this study was to synthesize
small-molecule ®®Ga-myocardial perfusion
imaging probes that could be used for
myocardial PET imaging, independent of an
on-site cyclotron facility.

Purpose of the study:

The design strategy in this investigation was
to synthesize two separate class of chelates,
both of which could prowde lipophilic,
monocationic [Ga-complexes]®, properties
necessary for myocardial uptake. The
strategy adopted was to synthesize two
separate core chelate platforms with the
ability to easily modify syntheticaly the
structure of the complex so as to change and
optimize the molecules physiochemical
properties for the development of a PET
myocardial imaging agent that has high
myocardial uptake and fast clearance from
non-target tissue such as blood, liver and
lungs. The chelates desi gned and synthesized
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Figure 1. General Synthetic Scheme

in this study are hexa-dentate (a property
necessary for sable and complete
coordination of ®™Ga) and form
mono-cationic, lipophilic metal complexes
with the Ga-radioisotope. The chelating
ligands and their respective non-radioactive
Gacomplexes were synthesized and
characterized using standard synthetlc
methods. Radiolabeling with the” °Ga
isotope have also been successfully
optimized for labeling conditions to achieve
high radiochemical yield in 30 min of
radiolabeling time. The radiolabeled
complexes co-elute with the previously
characterized non-radioactive Ga-compl exes,
and establishing the identity of the ®Ga
complexes as monocationic complexes.
Additionally, in-vitro  physiochemical
properties, plasma stability and in-vivo
biodistribution studies in normal mice were
aso conducted to evauate the in-vivo
behavior and potentiad to locaize in
myocardial tissue.

Materialsand Methods:
Tetradentate N,S ligand:
Thiazolidine (9.81 gm; 110 mmol) was
dissolved in liquid NH3 (120mL) at -68
and the mixture was stirred vigorously till all
solid material was dissolved. Solid Na metal
was then added to this solution until dark
blue color persisted for at least 15 min at
-68 . The reaction was quenched by
addition of solid NH,Cl in portions until
discoloration occurred and persisted. The
resulting reaction mixture was alowed to
come to room temperature and alow slow
evaporation of the NH; gas to obtain a
cloudy-white dlurry. Ice cold distilled
water (150mL) was added and the solution
was neutralized to pH=1 with HCIl(con).
The clear solution with white precipitates
was filtered through a glass filter and the
filtrate was washed 3 times with 100mL
EtOAc. The aqueous solution was
evaporated at 45  on rotary evaporator and
the white solid precipitates were dried
overnight under high vacuum. Yield =9.2g
(36mmol, 27.9%)
Tetradentate N,S(Trt), Ligand:
Solid N,S, crude (3.49g, 13.7mmol) was
dissolved in 100mL TFA and
triphenylmethanol (3.57g, 13.7mmol) was
added to this solution. The yellow solution
was stirred at room temperature for 2h. After
rotary-evaporation of the TFA from the
solution, the resulting greenish yellow solid
was dissolved in CHCI; and washed with 1N
NaOH. The product was purified on 2 mm
silica preparative plates using 2-5%
NH3-MeOH(7M) in CHCl;. A pae yellow
oil was obtained (1.73Q) Wh|ch was
characterized by Mass Spec and *H NMR.
3-chloropropyl -N-bis(ethoxyethyl et
her)amine: Bis(ethoxyethyl)amine (750mg,
4.65mmol) was mixed with



1-bromo-3-chloropropane (5.0g, 32mmol)
and K,CO; (1.93g, 14.0mmol). The mixture
was stirred at room temperature overnight
and the product was purified via a silica
chromatography using CHCIl; as the the
eluent. The clear liquid was obtained. Yield
= 949mg(4.0mmol, 85.8%), was
characterized by Mass Spec and *H NMR.
Hexadentate-N, N propy-bis(Ethoxy
ethylether)amine-N,S;Trt: N,S,(Trt), (482mg,

726pmol) was dissolved in anhydrous
CH;CN,

3-Chloropropyl-N-bis(Ethoxyethylether)ami
ne (380 mg, 1.6 mmol), potassium

carbonate(200 mg, 1.45mmol), potassium
iodide(241 mg, 1.45 mmol) were added in
sequence. The mixture was refluxed
overnight, cooled to room temperatureand
evaporated to remove the CH;CN and
purified on 2mm preparative silica plate
using a 2.5% of a NH;-MeOH(7M) in CH;Cl
as a solvent. A yellow-oil was obtained in a
yield of 353 mg (330umol, 45. 4%) and was
characterized by Mass Spec and 'H NMR.

N, N propy-bis(Ethoxyethylether)a
mine-N,S: (EtOEt),N,S,(Trt), was dissolved
in TFA and the solution was stirred at room
temperature for 30 min, Triethylsilane was
added dropwise till the bright-yellow color
becomes pale. White precipitate of
triphenylmethane  appeared, that were
filtered. The filtrate was evaporated to
dryness using rotary evaporator. HCI/EtOH
was added to the residue and evaporated
twice to convert the product to an HCl salt.

Hexadentate-N, N -(3,4-diMeOPyri
dyl)-NoS(Trt)2: - NoSy(Trt), (300 mg,

451umol) was dissolved in anhydrous
CH;CN (20mL) and
2-Chloromethyl-3,4-dimethoxypridine

hydrochloride  salt(303mg,  1.35mmol),

potassium carbonate(312 mg, 2.26 mmol),
potassium iodide(150mg, 902umol) were
added in sequence. The mixture was stirred
at 40 overnight and purified on 2mm
preparative silica plates using 2.5% of
NH;-MeOH(7M) in CH;Cl as a solvent. A
pale yellow oil was obtained yielding 150
mg (155 pmol, 34.4%) of the desired product
Wthh was characterized by Mass Spec and
'H NMR.

N,N’-(3,4-diMeOPyridyl)-N,S,(Trt),: N,
N’-(3, 4-diMeOPyridyl)-N,S,(Trt), (122 mg,
126 pmol) was dissolved in TFA (10 mL)
and the bright yellow solution was stirred at
room temperature for 30 min. Triethylsilane
was added dropwise to this solution crude till
the yellow color discharged and the solution
became pale yellow. The white precipitates
of triphenylmethane appeared upon standing
and were filtered off, while the filtrate was
evaporated to dryness using a rotary
evaporator. HCI/EtOH was added to the
residue and evaporated twice to convert the
product to an HCI salt.

2-methoxymethoxy-4-methoxybenz
aldehyde:
2-hydroxy-4-methoxybenzaldehyde (1.0 g,
6.57 mmol) and DIPEA (1.7g, 13.1mmol)
were dissolved in CH,Cl, (100mL) and
cooled to -35 . Methoxymethylchloride
(530 mg, 6.57 mmol) to then slowly added to
the reaction mixture dropwise at -35  with
stirring. After stirring at -35  for 30 min,
the temperature was raised to room
temperature and stirred overnight. The
product was purified using a silica column
with 70% CHCI; /hexane to obtain a pale
yellow solid in a yield = 1.101 g (5.61 mmol,
85.4 %). This compound was characterized
by Mass Spec and '"H NMR.

Tetradentate MOM  protected
Nzon:
2-methoxymethoxy-4-methoxybenzaldehyde
(2.0 mmoles) was dissolved in anhydrous
EtOH (20mL) and ethylenediamine (61.3mg,
1.02mmol) diluted in EtOH (5mL) was
slowly added drop-wise while stirring at
80 . After a 6 hour reflux, the solution was
cooled to room temperature and solid NaBH,
in excess was added to the reaction with
further stirred at room temperature overnight.
A few drops of water were added to quench
NaBH,, and the solution was subsequently
evaporated to dryness using a rotary
evaporator. The product was extracted in
CH;Cl from water and purified on 2mm
preparative  silica plate using 3 %
NH3;MeOH(7M) in CHCI3. A yellow solid
was obtained in a yield of 3.68 g (877umol,
86 %). This compound was characterized by
Mass Spec and 'H NMR.

Hexadentate-N, N propy-bis(Ethoxy
ethylether)amine-MOM-N,O,M:
MOM-N,O,M (368.7 mg, 877 umol) was
dissolved in dry CH;CN and
3-Chloropropyl-N-bis(Ethoxyethylether)ami
ne (500 mg, 2.1 mmol), potassium carbonate
(242 mg, 1.75mmol), potassium iodide(291
mg, 1.75 mmol) were added in sequence.
The mixture was refluxed overnight and
purified on 2mm preparative silica plates
using 5% of an NH3 MeOH(7M) solution in
CH;Cl as the solvent. The desired product
was obtained as a yellow oil was obtained in
a yield of 352 mg (428umol, 48.8%) and the
cornpound was characterized by Mass Spec
and H NMR.

N-N propy-bis(Ethoxyethylether)a
mine-MOM-N,O,M: N,N’propy-bis(Ethoxy
ethylether)amine-MOM-N,0O.M (403 mg,
490 umol) was dissolved in 2M
HCI/EtOH(6.5 mL) and stirred at room
temperature for 2 hours. The HCI/EtOH was
then evaporated using rotary evaporator and
the product was extracted into CHCI; from
5% NaHCO;. The CHCI; was evaporated to
yield the desired product that was
characterized by Mass Spec and 'H NMR.

Hexadentate-N, N ’-3,4-diMeOPyrid
yI'MOM'Nzon: MOM-N,O,M (540 mg,



1.284 mmol) was dissolved in anhydrous
CH;CN (50mL),
2-Chloromethyl-3,4-dimethoxypridine
hydrochloride salt (863.2 mg, 3.852 mmol),
potassium carbonate(887.3 mg, 6.42 mmol),
potassium iodide(426.4 mg, 2.568 mmol)
were added in sequence. The mixture was
stirred at 40 for 24 hours and
subsequently purified on 2mm preparative
silica plate using 10% of NH3 MeOH(7M)
in CH;Cl as a solvent. A yellow oil was
obtained in a yield of 717.5 mg (993 umol,
77.3%) and was characterlzed as the desired
compound by Mass Spec and '"H NMR.
N,N’-3,4-diMeOPyridyl-MOM-N,O
oM: N,N’-3.4-diMeOPyridyl-MOM-N,0O,M
(500 mg, 691.7 pmol) was dissolved in 2M
HCI/EtOH (8 mL) and stirred at room
temperature for 5 hours. Then HCI/EtOH
was then evaporated using rotary evaporator
and the product was extracted into CHCl;
from 5% NaHCOj; solution. The and CHCl;
was then concentrated to obtain the desired
compound that was characterized by Mass
Spec and '"H NMR.
2-methoxymethoxybenzal dehyde:
2-hydroxybenzaldehyde (4.0 g, 32.8 mmol)
and DIPEA (8.478 g, 65.6 mmol) were
dissolved in CH,Cl, and cooled to -35 .
Methoxymethylchloride (3.961 mg, 49.2
mmol) was then added to the reaction
mixture dropwise at -35 . After stirring at
-35 for 3 hours, the temperature was
raised to room temperature and stirred
overnight. The product was purified on a
silica column using CHCI; as the eluent. A
pale yellow solid was obtained in a yield of
5.325 g (32.1 mmol 979 %) and was
characterized by 'H NMR
Tetradentate-MOM-N,O.:
2-methoxymethoxybenzaldehyde(4.69 g,
28.3 mmol) was dissolved in dried EtOH
(100mL) and ethylenediamine(775.3mg,
12.9 mmol) diluted with EtOH was added
drop-wise while stirring at 80 . After 2
hours reflux, the solution was cooled and
NaBH, was added in portions. The reaction
was stirred at room temperature overnight. A
few drops of water were added to quench
NaBH, and the ethanol was evaporated using
rotary evaporator. The product was extracted
in CH;Cl from saturated a NaHCO; aqueous
solution and purified on 2mm preparative
silica plate using a 3 % NH;-MeOH(7M) in
CHCI3. A yellow solid was obtained in a
yield of 3.2 g (8.88 mmol, 68.9 %) and was
characterized by Mass Spec and 'H NMR.
Hexadentate-bis-Pyridylmethyl-M
OM-N;,O: MOM-N,O, (500 mg, 1.39
mmol) was dissolved in anhydrous CH;CN
and 2-Chloromethylpridine hydrochloride
(569 mg, 3.5 mmol), potassium
carbonate(958 mg, 6.9 mmol), potassium
iodide(690 mg, 4.2 mmol) were added in
sequence. The mixture was stirred at 40
overnight and purified on 2mm preparative

silica plates using a 4% NH;-MeOH in
CH;Cl as a solvent. A yellow oil was
obtained in a yield of 533 mg (982 pmol,
70. 7%) and was characterized by Mass Spec
and 'H NMR.

N,N’-Pyridylmethyl-MOM-N,O;:
bis-Pyridylmethyl-MOM-N,O, (100mg, 185
umol) was dissolved in 2M HCI/EtOH (2
mL) and stirred at room temperature
overnight. A precipitate occurred overnight.
The HCI/EtOH was evaporated using rotary
evaporator and the product was extracted
into CHCl; from 5% NaHCO; and CHCl,
was concentrated to give the desired product
as a sohd which was characterized by Mass
Spec and '"H NMR.

[Ga(diMeOPyrN,S,)]" The

deprotected of N, N’-(3,
4-diMeOPyridyl)-N>S, (78 mg, 162 pmol)
was dissolved in EtOH(10 mL) and solid
Ga(acetylacetonate); (60 mg, 162 umol) was
added to the solution. The reaction mixture
was stirred at room temperature. The
completion of the reaction was comfirmed
by MS. The product was purified on the
silica TLC with 40% NH4Cl saturated
MeOH in CHCI; and was characterized by
Mass Spec displaying the natural gallium
isotopic pattern of the desired gallium
complex.
[Ga(diMeOPyrN,O,M)]" :  The deprotected
of N,N’-34- dlMeOPyrldyl-NZOZM ligand
(46 mg, 73 umol) was suspended in
EtOH(10 mL) and solid Ga(acetylacetonate);
(27 mg, 73 pmol) was added to the solution.
The reaction mixture was stirred at room
temperature for 4 hours. The product was
purified on the HPLC. [Column:
4.6x150mm C8-MS Waters gradient; A:
10mM NH4CI pH=6.0 buffer B: MeOH B=
20%(0-5min)20-100%(5-25min)100%(25-30
min)] and characterized Mass Spec
displaying the natural gallium isotopic
pattern of the desired galhum complex.

[Ga(PyrN,O,)]" : The deprotected
N,N’-Pyridylmethyl-N,O, Iigand (53.5mg,
118umol) was suspended in EtOH (15 mL)
and solid Ga(acetylacetonate); (43.3 mg, 118
umol) was added to the solution. The

reaction mixture was stirred at room
temperature overnight. The product was
purified on the HPLC. [Column:

4.6x150mm C8-MS Waters gradient; A:
10mM NH4CIl pH=6.0 buffer B: MeOH B=
20%(0-5min)20-100%(5-25min)100%(25-30
min)] to obtain the desired gallium complex
that was characterized by Mass Spec
displaying the natural gallium isotopic
pattern of the desired gallium complex.

Research Results We
successfully synthesized and characterized
hexadentate chelate ligands, based on two
separate N4S, and N,O, metal chelating
hexadentate scaffolds. After characterized
these organic chelating systems with NMR



and Mass spectroscopy, we also synthesized
and characterized non-radioactive
Ga-complexes, these non-radioactive
complexes displayed the required molecular
mass and pattern for desired metal
complexes. Using the long-lived ¢Ga
radioisotope, radiolabeling was also
successfully optimized for radiolabeling
conditions to achieve high radiochemical

yield (>90%) in 30 min of radiolabeling time.

The radiolabeled complexes co-elute with
the previously characterized non-radioactive
Ga-complexes, and established the
identity —of the  %’Ga-radiolabeled
complexes.

Lipophilicity =~ measurements  of  the
"Ga-labeled complexes were determined to
be log D;y of -144 for the
[Ga(diMeOPyrN,S,)]"  complex,  while
[Ga(PyrN40O,)]" displayed a logD;4 of -1.14
and the [Ga(diMeOPyrN,0,M)]" displayed a
relatively higher logD;4 of -0.223. Despite
the complexes being lipophilic and cation,
their lipophilicity was significantly lower
then that observed for the clinical MPI
SPECT agent #mTe-sestaMIBI
(logD74=0.43; literature 0.7).

In-vivo biodistribution studies conducted
with these *’Ga-labeled complexes displayed
rapid clearance and excreation. The
heart/blood ratios over a 2-hour period did

Figure 2. HPLC  co-elution  profile of|
7Ga-diMeOpry-N,0, and cold Ga-complexes.
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F'7gure 4. In-vivo heart/blood ratios over time for the]
[¢’Ga(diMeOPyrN,O,M)] complex.

myocardial tissue, as required for a
optimized ®"**Ga-complex for PET MPI

imaging.

These results suggest that while the core
chelate scaffolds provide an adequate
platform for the synthesis and radiolabeling
of 7%8Ga complexes, additional
modifications maybe necessary to further
optimize the complexes for higher
lipophilicity and enhanced clearance.
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