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ABSTRACT: Studies of the acyclic ligand scaffold H2dedpa and its derivatives with the peptide cRGDyK for application in
copper radiopharmaceuticals are described. Previously shown to be a superb ligand for 67/68Ga, the chelate is now shown to
coordinate 64Cu in its derivatized and nonderivatized forms rapidly under mild reaction conditions (10 min, RT, pH 5.5 10 mM
sodium acetate buffered solution). The hexadentate, distorted octahedral coordination of H2dedpa is confirmed in the
corresponding solid state X-ray crystal structure of [Cu(dedpa)]. Cyclic voltammetry determined the reduction potential of
[Cu(dedpa)] to be below values found for common bioreductants. Reduction and reoxidation were irreversible but reproducible,
indicating a potential change of coordination mode upon reduction of Cu(II) to Cu(I). The thermodynamic stability constant
log KCuL was determined to be 19.16(5), comparable to other frequently used 64Cu chelates. Serum stability of the 64Cu labeled
chelate revealed only 3% transchelation/association to serum proteins after 2 h, while the conjugates reveal 10% ([Cu(RGD1)])
and 6% ([Cu(RGD2)]) transchelation at the same time point.

A variety of Cu isotopes applicable to diagnostic imaging
and radiotherapy have been the subject of extensive

research. 64Cu (t1/2 = 12.7 h, β+ 17.4%, Emax = 0.656 MeV, β−

39%, Emax = 0.573 MeV) is of current interest for both positron
emission tomography (PET) and radiotherapy.1 Its longish
half-life is applicable to developing PET agents with larger
biomolecules, such as monoclonal antibodies, that may require
longer circulation times before imaging to achieve optimal
target uptake.2 While not available as a generator-produced
isotope, the longer half-life allows for shipment of this
cyclotron-produced isotope over longer distances.3

As opposed to the nonredox active Ga(III), mainly two
oxidation states (I, II) are relevant for copper in aqueous
solution. The d9 Cu(II) configuration is predominant in
aqueous solution and prefers square planar and Jahn−Teller
distorted octahedral geometries. The ligand exchange kinetics
of Cu(II) are particularly rapid, therefore kinetically inert ligand
systems with strong crystal field stabilization for complexation
are preferred for incorporation into radiopharmaceuticals.4

Cu(II) is a borderline soft metal center, with preferences for
donor atoms similar to the preferences of Ga(III): amines,
imines, pyridines, and carboxylates.5

Among the bifunctional ligand systems investigated and
previously reported for the purpose of targeted delivery of
64Cu, a strong preference for hexadentate cage-like polyaza
macrocyclic ligands can be found.1 Preferred properties for
good 64Cu bifunctional chelates include complex stability
against blood serum challenge over the course of 24 h and in
vivo inertness toward transchelation; the latter can be
monitored by liver uptake, negative complex reduction
potentials well below −0.4 V (NHE),4,6 and reversibility of
the reduction reaction without loss of ligand.7 Cu(II) is
preferentially reduced to give a 1+, 1−, or neutral overall charge
of the metal complex in order to minimize high kidney uptake
and accelerate excretion. Mild labeling conditions are preferred,
despite the long half-life, because heat- and pH-sensitive
biomolecules such as antibodies are often used with this
isotope.1 Thermodynamic stability is a consideration when
designing Cu(II) chelates; however, it does not necessarily
correlate with in vivo complex stability.4 In Figure 1 and Table
1, a brief summary of important chelate structures (for 64Cu)
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and some of their relevant characteristics such as labeling
conditions, reduction potential and thermodynamic stability
constant (log KML) are shown. Recently published compre-
hensive reviews provide a more in-depth analysis of this field.3

In this work, we utilized the H2dedpa chelate for rapid
chelation of 64Cu under mild labeling conditions, as well as in
vitro serum stability. The [Cu(dedpa)] complex is further
investigated for its structural properties via solid state structure
determination and electrochemical properties using cyclic
voltammetry. The 64Cu complexes of two dedpa2− conjugates
bearing cRGDyK ([Cu(RGD1)] and [Cu(RGD2)], Figure 2)
are also investigated for their labeling properties and in vitro
serum stability. cRGDyK is a small cyclic peptide targeting αvβ3
integrin, a receptor which is highly expressed on activated
endothelial and tumor cells.13 cRGDyK conjugates have been
widely investigated for the targeting of tumors in nuclear
medicine14−16 and hence serve as a convenient tool to evaluate
the tumor targeting properties of novel radiolabeled conjugates
such as [Cu(RGD1)] and [Cu(RGD2)]. It was our goal to

investigate the potential of the H2dedpa chelate to serve as a
multipurpose ligand system, capable of coordination of two
PET nuclides: 64Cu and 68Ga.

■ EXPERIMENTAL SECTION
Materials and Methods. Electrospray ionization mass spectrom-

etry (ESI-MS) spectra were recorded on a Micromass LCT instrument
at the Department of Chemistry, University of British Columbia. IR
spectra were collected neat in the solid or liquid state on a Thermo
Nicolet 6700 FT-IR spectrometer and UV−vis spectra in solution with
a Hewlett-Packard 8453 spectrophotometer. High-performance liquid
chromatography (HPLC) analysis of nonradioactive complexes, and
monitoring decomplexation in 6 M HCl at 90 °C were undertaken on
a Phenomenex Synergi 4 μm Hydro-RP 80A column (250 mm × 4.6
mm) on a Waters WE 600 HPLC system equipped with a 2478 dual-
wavelength absorbance UV detector run using the Empower software
package. HPLC analysis or purification of nonradioactive peptides was
undertaken on a Phenomenex Jupiter 5 μm C18 300 Å (100 × 4.6
mm). HPLC solvents consisted of 0.1% trifluoroacetic acid in water
(solvent A) and acetonitrile (solvent B). A linear gradient method
(100% solvent A to 100% solvent B over 30 min) was used.

64Cu was obtained as a dilute HCl solution (Nordion); it was
commercially available from Nordion at the time of the 64Cu
experiments. Product specification reported the specific activity of
the 64Cu to be >5000 Ci/g with <0.2 μg Cu per mCi. The HPLC
system used for analysis of the 64Cu labeled compounds consisted of a
Waters Alliance HT 2795 separation module equipped with a Raytest
Gabbistar NaI detector and a Waters 996 photodiode array (PDA)
detector. Radiolabeling yields for the 64Cu labeled compounds were
determined using a Waters XBridge BEH130 4.6 mm ×150 mm
column. Samples were analyzed with a linear gradient method (95%
solvent A to 100% solvent B over 30 min). If not mentioned otherwise,
cRGDyK was acquired from Peptides International (Louisville, KY) in

Figure 1. Structures of selected known chelate systems for labeling with 64Cu.

Table 1. Summary of Relevant Properties of Previously
Investigated Chelates for Labeling of 64Cu

ligand system labeling conditions log KML
a Ered (vs NHE)

NOTA8 30 min, room temp 21.63 −0.7 (irrev)
DOTA9 5 min, room temp 22.7 −0.74 (irrev)
Cyclam10 10 min, room temp 27 −0.48 (irrev)
DIAMSAR11 5−20 min, room temp nd −0.90 (irrev)
CB-TE2A12 1 h, 95 °C nd −0.88 (q-rev)
CB-DO2A12 30 min, 80 °C nd −0.72 (irrev)

aKML = [ML]/[M][L]

Figure 2. Ligand systems investigated in this study.
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25 mg aliquots. Syntheses of conjugates H2RGD1 and H2RGD2 were
executed as previously reported.17

1,2-[{6-(Carboxylato)pyridin-2-yl}methylamino]ethane
Copper(II) Trihydrate, [Cu(dedpa)]·3H2O. H2dedpa·2 HCl18 (5.8
mg, 0.023 mmol) was dissolved in 1 mL H2O. CuCl2·H2O (2.4 mg,
0.023 mmol) was dissolved in a 1:1 mixture of CH3OH/H2O (2 mL
total volume) and added dropwise to the ligand solution. The color of
the mixture was a greenish blue indicating coordination of the ligand.
The pH was adjusted to 6−7 by dropwise addition of an aqueous
solution of 0.1 M NaOH. Subsequently, the solvent was removed and
the blue crude residue was redissolved in minimal amounts of H2O
and loaded onto a C18 Waters sep-pak column cartridge. The column
was flushed with 20 mL H2O and the complex was eluted with EtOH
as a clear blue solution, which was set aside for slow evaporation in the
fume hood. IR (neat, cm−1): 1621 (w), 1574 (s, br), 1410 (m), 1362
(m). HR-ESI-MS calcd. for C16H16CuN4NaO4: 414.0365, found:
414.0374 [M + Na]+. Elemental analysis: calcd. (found) for
[Cu(dedpa)]·3H2O: C 43.09 (42.58), H 4.97 (4.67), N 12.56
(12.04). UV−vis (sodium acetate buffer 10 mM, pH 4.4): λ = 212
(sh) ε = 23,865 M−1 cm−1, 261 (sh) (10,400), 267 (11240), 275 (sh)
(8805).
Solid State Crystal Structure Determination. A blue prism

crystal of C16H16Cu N4O4·3H2O having approximate dimensions of
0.11 mm × 0.15 mm × 0.21 mm was mounted on a glass fiber. All
measurements were made on a Bruker APEX DUO diffractometer
with graphite monochromated Mo−Kα radiation. Data were collected
and integrated using the Bruker SAINT19 software package. The linear
absorption coefficient, μ, for Mo−Kα radiation is 12.07 cm−1. Data
were corrected for absorption effects using the multiscan technique
(SADABS20), with minimum and maximum transmission coefficients
of 0.808 and 0.876, respectively. The data were corrected for Lorentz
and polarization effects. The structure was solved by direct methods.
The material crystallizes with three molecules of H2O in the
asymmetric unit. All non-hydrogen atoms were refined anisotropically.
All hydroxyl hydrogen atoms and N−H hydrogen atoms were located
in difference maps and refined isotropically. The hydrogen atoms of
each water molecule were disordered in three orientations, each
orientation taking advantage of a possible hydrogen bond interaction.
The excellent quality of the data made it possible to refine the
positions and occupancies of the hydrogen fragments on each water
molecule; however, the isotropic thermal parameters were constrained
to be 1.5 times the thermal parameter of its associated oxygen. All
other hydrogen atoms were placed in calculated positions. Finally, the
material crystallizes as a racemic twin, in an approximately 80:20 ratio
between the two twin volumes.
Cyclic Voltammetry Measurements on [Cu(dedpa)]. Cyclic

voltammetry was carried out using an Autolab potentiostat. A glassy
carbon electrode (MF 2012, 3 mm diameter) was used as the working
electrode, the reference electrode was Ag/AgCl (sat.), and the counter
electrode was platinum mesh. Cyclic voltammetry was carried out in
0.1 M NaOAc, pH 7 (adjusted with glacial acetic acid), with a 0.1 M
solution of [Cu(dedpa)] at scan rates of 100 and 10 mV/s. A 100 mV/
s scan was applied to a solution of solvent between 2 and −2 V in
order to establish solvent reduction and oxidation limits. These were
found to be 0.5 to −1.25 V and should not lead to solvent redox
behavior. Subsequently, the ligand or complex was dissolved in the
previously measured solvent solution and the cyclic voltammogram
was measured within a variety of electrochemical potential windows
(1.5 to −1.25 V, as well as 0.5 to −0.5 V). It was found that the one
electron reduction of the copper complex could be observed at −1.12
V (normal hydrogen electrode, NHE: 0.92 V) with reoxidation at 0.02
V (NHE: 0.22). The afforded voltammogram is reproducible upon
cycling (see the Supporting Information).
Acid Stability of [Cu(dedpa)]. A solution of 6 M HCl (10 mL)

was heated to 90 °C. [Cu(dedpa)] (20 mg) was added into the
solution and aliquots of 10 μL were removed from the solution at time
points 0, 3, 5, 10, 20, and 30 min and injected onto the HPLC.
Disappearance of the initial peak indicative of [Cu(dedpa)] was
monitored (t1/2 ≤ 5 min).

Thermodynamic Stability. The experimental procedures and
details of the apparatus closely followed those previously reported for
H2dedpa with Ga(III).21 As a result of the strength of the binding of
dedpa2− to Cu(II), the complex formation constants could not be
determined directly; the ligand−ligand competition method using the
known competitor Na2H2EDTA was used. All experiments were
performed at 25 °C in 0.15 M NaCl as supporting electrolyte. Cu(II)
ion solutions were prepared by dilution of the appropriate atomic
absorption standard (AAS) solution. The exact amount of acid present
in the copper standard was determined by titration of an equimolar
solution of Cu(II) and Na2H2EDTA. The amount of acid present was
determined by Gran’s method.22 Calibration of the electrode was
performed prior to each measurement by titrating a known amount of
HCl with 0.1 M NaOH. Calibration data were analyzed by standard
computer treatment provided within the program MacCalib23 to
obtain the calibration parameters E0 and pKw. Equilibration times for
titrations were 10 min for metal complexation titrations. Ligand and
metal concentrations were in the range of 0.8 mM to 1.0 mM for
potentiometric titrations. The data were treated by the program
Hyperquad2008.24 The four successive proton dissociation constants,
corresponding to hydrolysis of Cu(II)aq ion, included in the
calculations were taken from the work of Baes and Mesmer.25 All
values and errors represent the average of at least three independent
experiments.

Molecular Modeling. Molecular modeling was performed using
the Gaussian 0926 and GaussView packages. Density functional theory,
with the B3LYP functional, employing the 6-31+G(d,p) basis set, was
used to obtain the optimized geometry and the electron density.
Solvent (water) effects were described through a continuum approach
by means of the IEF PCM as implemented in G09. The electrostatic
potential was mapped onto the calculated electron density surface.

Radiolabeling Procedure. 64Cu2+ in dilute HCl (100 μL, 0.7
mCi) was added to 900 μL of a 10−5 M solution of H2dedpa in 10 mM
sodium acetate solution (pH 5.5) and left to react for 10 min at RT.
The reaction progress was monitored by analytical HPLC to evaluate
yield of the coordination reaction: [64Cu(dedpa)] tR on HPLC: 5.2
min (gradient: A: 0.1% TFA in H2O, B: CH3CN 5−100% B linear
gradient 30 min), yield: 99%. Ligand concentrations as low as 10−6 M
were capable of coordinating the radionuclide with a 63% yield (under
these labeling conditions). To evaluate complex stability, an aliquot
(500 μL) of the reaction mixture was added to a solution of mouse
serum (500 μL). The mixture was incubated at 37 °C and analyzed by
PD-10 size exclusion columns after 2 and 24 h (a 15 min time point
was included for the conjugates). Aliquots of the reaction mixtures
were loaded onto the prerinsed PD-10 columns (total loading volume:
2.5 mL). Subsequently, the column was rinsed with 3.5 mL phosphate
buffered saline (PBS). The resulting eluent was collected and
measured for radioactivity. The activity eluted corresponds to
serum-bound 64Cu; stability versus serum (2 h/24 h; in % complex
intact): 97/77.

[64Cu(RGD1)]. Rt of
64Cu radiolabeled product on HPLC (gradient:

A: H2O, 0.1% TFA, B: CH3CN. 5−100% B linear gradient 30 min):
8.4 min. Stability versus serum (15 min/2 h/24 h; in % complex
intact): 94/90/72.

[64Cu(RGD2)]. Rt of
64Cu radiolabeled product on HPLC (gradient:

A: H2O, 0.1% TFA, B: CH3CN. 5−100% B linear gradient 30 min):
9.2 min. Stability versus serum (15 min/2 h/24 h; in % complex
intact): 98/94/88.

■ RESULTS AND DISCUSSION

Formation of the copper complex with H2dedpa can be
followed by the strong, rapid color change of the reaction
mixture to a dark turquoise upon mixing of the ligand and
metal solution (which exhibits light blue coloring prior to
addition). The resulting complex is only soluble in protic
solvents despite its neutral charge; hence, the product cannot
be precipitated or extracted in order to separate out other
inorganic salts present in the mixture. Separation from salts was
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done with purification using a C18 reversed phase cartridge.
The paramagnetic nature of the Cu(II) metal center hinders
NMR spectroscopic investigations, hence the product was
characterized through elemental analysis, IR spectroscopy, and
mass spectrometry. IR spectral data show a characteristic
decrease of carboxylate stretching frequencies upon metal
coordination (from 176121 to 1621 cm−1). In the mass
spectrum, diagnostic [M + Na]+ peaks were easily identified
and displayed the characteristic isotope distribution of
63Cu/65Cu (414.0374 corresponds to the 63Cu isotope with
higher abundance; the M+2 peak is also found, corresponding
to the 65Cu isotope).
The product crystallizes forming small blue prism crystals

suitable for X-ray diffraction. The complex cocrystallizes with
three water molecules in the lattice (Figure 3). Bond length

comparisons between the metal complex and the ligand provide
insight into the coordination environment (Table 2). Most
bond lengths in [Cu(dedpa)] are between 1.93 and 2.04 Å,
except N2−Cu and O1−Cu, which at 2.30 Å show a Jahn−
Teller type distortion, typical for octahedral Cu(II) complexes
and also observed for [Cu(CB-TE2A)].7 In order to illustrate
the elongation of the axial bonds, a side-on view in Figure 4 is
provided, with comparison to [Ga(dedpa)]+. The Cu(II)
complex appears to be closer to octahedral geometry; however,
both complexes are strongly distorted. The H2dedpa ligand
system shows great flexibility in terms of metal ion tolerance
(Figure 4).
In order to evaluate the capability of the complex to

withstand bioreductive conditions without reduction of Cu(II)

to Cu(I) and subsequent decomplexation, a cyclic voltammo-
gram was measured. A metal based reduction process was
observed at −1.12 V (−0.92 V vs NHE, Supporting
Information Figure S1), and an oxidation process was observed
at 0.02 V (0.22 V vs NHE, Figure S1). The cyclic
voltammogram, while irreversible, was found to be reproducible
over multiple cycles without decrease of intensities of either
peak. In order to show that the two distinct, dissimilar peaks
observed are related, a smaller electrochemical potential
window was chosen, which excludes the reduction process
found at −1.12 V. Subsequently, the oxidation peak at 0.02 was
not observed (Supporting Information Figure S2); hence, the
two peaks are shown to be related. Due to dissimilar peak
shape, it is likely that the coordination mode of dedpa2−

changes upon reduction. Previously reported CV data on
Cu(II) complexes with ligands DOTA, TETA, CB-DO2A, and
CB-TE2A indicate that complexes that dissociate in vivo are
also found to produce irreversible voltammograms, where
cycling is not possible, indicating loss of the metal upon
reduction (e.g., TETA, CB-DO2A).12 This was not observed
for [Cu(dedpa)]; hence, no copper is lost in the course of
multiple reduction and reoxidation cycles. The reduction
potential lies well below the −0.4 V (NHE) threshold for
bioreductants, suggesting that [Cu(dedpa)] could have high
stability against redox-induced decomplexation in vivo.3

The tendency for acid-catalyzed dissociation was demon-
strated using HPLC methods. [Cu(dedpa)] was found to
dissociate rapidly in acid solution (t1/2 ≤ 5 min), indicating
decreased kinetic stability similar to ligand systems such as
DOTA, NOTA, or cyclam. The thermodynamic instability of a
monoprotonated species of [Cu(dedpa)] is indicated by the
corresponding low thermodynamic stability constant log KMHL
(3.10).
The term log KML was determined to be 19.16(5),

corresponding to pM (−log[Mfree
n+ ]) = 18.5 at [Mn+] = 1 μM,

[L] = 10 μM. These values are significantly lower than values

Figure 3. ORTEP drawing of [Cu(dedpa)]. Shown is the atom
numbering scheme (50% thermal ellipsoids), and hydrogen atoms
within the complex structure are omitted for clarity.

Table 2. Selected Bond Lengths (Å) and Angles (deg) in [Cu(dedpa)], Compared to Selected Bond Lengths in
[Ga(dedpa)][ClO4]

21

bond length [Å] (M = Cu) length [Å] (M = Ga) angle (M = Cu) degree [deg]

N1−M 2.0008(12) 1.992(5) N(4)−Cu(1)−O(3) 81.17(5)
N2−M 2.3171(13) 1.981(5) N(4)−Cu(1)−N(3) 78.65(5)
N3−M 2.1364(13) 2.188(5) N(1)−Cu(1)−N(3) 104.83(5)
N4−M 1.9386(13) 2.159(5) N(4)−Cu(1)−O(1) 97.86(5)
O1−M 2.3014(11) 1.967(4) N(1)−Cu(1)−O(1) 76.23(4)
O3−M 2.0430(10) 1.976(4) N(1)−Cu(1)−N(2) 76.82(5)

Figure 4. Selected bond lengths in side-on view of [Ga(dedpa)]+

(left) and [Cu(dedpa)]·3H2O (right), H atoms, and [ClO4]
−

counterion of Ga complex omitted for clarity. M−O1 and M−N2
distances are given in angstroms. This graphic was generated using
Mercury 2.2.27
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found for highly thermodynamically stable Cu(II) complexes
such as cyclam (log KML = 27) or TETA (log KML = 21).3 The
low stability constant measured for the monoprotonated
complex species also suggests facile decomplexation once
protonation has taken effect. The dedpa2− chelate is acyclic and
is therefore expected to have a faster koff rate, which can be
highly detrimental to successful in vivo application as a
bifunctional chelator. Indications for kinetic lability can be
seen from serum stability measurements of corresponding 64Cu
complexes at different time points which are more
representative of complex inertness in vivo.
Further insight into the instability of [Cu(dedpa)] compared

to [Ga(dedpa)]+ can be obtained from modeling of the
corresponding electrostatic potentials. While [Ga(dedpa)]+

displays a mainly positive electrostatic potential throughout
the molecular surface (Figure 5, indicated by blue areas),

[Cu(dedpa)] is found to have greater areas of electronegative
potential (Figure 5, indicated by red areas). This could point
toward a greater potential for destabilization through
protonation of the Cu complex, opposed to the high stability
of the Ga complex.
The labeling of H2dedpa with 64Cu proceeds quantitatively

with ligand concentrations as low as 10−5 M in 10 min at room
temperature. The stability of the radiochemical complex was
measured by a competition experiment in mouse serum. While
the complex remains relatively stable over the first 2 h (only 3%
transchelation), over the course of 24 h, 23% of the 64Cu
previously coordinated to dedpa2− is associated with serum. It
cannot be determined if actual transchelation has happened or
if the complex is still intact but associated with serum proteins
as a whole entity. Coordination of H2RGD1 to

64Cu affords the
complex within 10 min at room temperature in 97%
radiochemical yield (Figure 6). The subsequent serum
challenge experiment revealed that 72% of the radiolabeled
complex remained intact after 24 h in the presence of excess
serum. PD-10 columns were used to filter off any serum-bound
64Cu. In the case of H2RGD2, the

64Cu complexes are formed
within 10 min at room temperature in 96% radiochemical yield
(Figure 6). The subsequent serum challenge experiment yields
over 88% of the complex remaining intact after 24 h.
Both radiochemical coordination experiments confirm

observations with H2dedpa: efficient labeling with radio-
chemical yields >92% can be observed with ligand concen-
trations as low as 10−5 M. A decrease of radiochemical yield at
lower concentrations of ligand was observed due to lower
specific activity (compared to what can be observed with
67Ga)21 of the 64Cu stock solution. 64Cu labeled bioconjugates

show a non-negligible percentage of 64Cu transchelated with
serum proteins after only 2 h (comparable to the [Cu-
(DOTA)]2− complex),28 which will impose limitations likely
too great for the successful use of the H2dedpa system as a
bifunctional chelate for 64Cu.

■ CONCLUSION

The H2dedpa scaffold was investigated for its capability to
coordinate Cu(II). It has many promising properties for the
coordination of Cu(II) and its radionuclide of interest, 64Cu.
The solid state structure shows similarities to the CB-TE2A
coordination sphere. Studies of the redox properties of
[Cu(dedpa)] yielded a reproducible, irreversible cyclic
voltammogram with a reduction event at −0.92 V and an
oxidation at 0.22 V (vs NHE). Because the two events are
related but show dissimilar peak shape, it is likely that the
ligand system changes its coordination sphere according to the
predominant redox species. Labeling of H2dedpa with 64Cu
proceeds within 10 min at room temperature, whereas some of
the more established ligand systems require heat and prolonged
reaction times. The thermodynamic stability constant was
found to be log KML = 19.16(5), which is a value found for
moderately stable Cu(II) complexes. Two bioconjugates of
H2dedpa, derivatized with either one or two cRGDyK peptides,
were also evaluated for their coordination chemistry with 64Cu.
H2RGD1 and H2RGD2 coordinate the two PET isotopes 68Ga
and 64Cu, both of interest to the radiopharmaceutical
community, in a fast and efficient manner. Due to low kinetic
and thermodynamic stability, as well as decreased serum
stability of the conjugates with 64Cu in vitro within 24 h the
complex is not suitable for in vivo applications. The search for a
universal chelate suitable for all radiometals of great interest to
the radiopharmaceutical community continues.
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Figure 5. Electrostatic potentials of the complexes of dedpa2− with
Ga(III) (left) and with Cu(II) (right) mapped onto the electron
density. The MEPs represent a maximum potential of 0.20 au, and a
minimum of −0.10 au, mapped onto electron density isosurfaces of
0.002 e Å−3.

Figure 6. Radioabeling traces of the crude reaction mixtures of
[64Cu(RGD1)] (left) and [64Cu(RGD2)] (right).
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