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Gallium complexes with R-(o-hydroxybenzyl)iminodiacetate
ligands (Lx) have been synthesized and their thermodynamic
constants determined in aqueous solution by potentiometric
titration. These quantitative results were also confirmed by
H and '°F NMR spectroscopy. An X-ray study of GaL3 (R =
NO,) showed that the gallium(im) ion is hexacoordinate with
two H,O molecules in cis positions. The ability of the ligands

to chelate Ga'! was evaluated at physiological pH and ionic
strength from the pGa values. Among the different ligands
studied, L6 (R = OMe) has a pGa value two orders of magni-
tude higher than that of the complex between Ga and the
blood serum protein transferrin.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2005)

Introduction

The design and synthesis of new chelating agents for ef-
fective coordination of Ga''! has received an important and
increasing interest in the past decade. This is in part because
of promising potential applications of ¢’Ga and *®Ga com-
plexes as diagnostic radiopharmaceuticals.'#! In order to
be considered as radiopharmaceuticals, these metal com-
plexes must be stable with respect to demetalation by the
blood serum protein transferrin and they must have a con-
ditional stability constant greater than that of Ga-trans-
ferrin.’1 Moreover, the presence on the ligand of a second
functional group that is not involved in the metal chelating
process leads to a bifunctional chelatorl® and allows coval-
ent linkage to targeting biomolecules such as antibodies,
small proteins, or synthetic macromolecules. These conju-
gates are considered as in vivo metal carriers. Concerning
the metal bonding unit, a large number of chelators have
been synthesized and studied,!® including groups such as
catechols, hydroxamates, hydroxypyridinones, or amino-
phosphonates. Among them, aminocarboxylate groups
presenting a high affinity towards Ga'™ have been widely
used to build polydentate ligands based on EDTA and
DTPA backbones. However, ligands possessing both ami-
nocarboxylate and phenolic sub-units have been studied to
a lesser extent, even though they present the highest sta-
bility constants towards Ga''! [for HBED, i.e. N,N'-bis(2-
hydroxybenzyl)ethylenediamine-N,N'-diacetic acid, log f19
= 37.7].0 The introduction of a conjugation group for the
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attachment to a biomolecule is rather difficult when several
phenolic rings are present.® For this reason, we have re-
ported the synthesis of bifunctional chelating agents based
on phenol. This synthesis compares favorably in terms of
simplicity and step saving with other bifunctional structures
based on DTPA or DOTA. Moreover, a wide number of
chemical functions can be made available in the para posi-
tion of the phenol.

In this present work, we report the stability constants
of the gallium complexes in aqueous solution with R-(o-
hydroxybenzyl)iminodiacetate ligands (Lx; Figure 1) to de-
termine if these systems are good candidates for radiophar-
maceutical applications. These studies were performed by
combining potentiometry and NMR ('H and '°F) spec-
troscopy. Solid-state characterizations were also performed
for L6 (R = OMe) and the complex GaL3 (R = NO,).

on _n_Hd

CO,H  COH
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Figure 1. Structure of the ligands Lx.
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Results and Discussion

Synthesis of the Ligands and Complexes

The Lx ligands are easily accessible from the appropriate
para-substituted phenols and diethyl iminodiacetate in a
solvent-less Mannich reaction, followed by the hydrolysis
of the diethyl ester functions with hydrochloric acid. More
details concerning the ligands’ synthetic procedure have
been described elsewhere. '

Solid-State Structure of the Ligand L.6 and Complex GalL3

Crystals of L6 (R = OMe) suitable for X-ray structure
determination were obtained from an aqueous solution
(1072 M, pH 2.8) stored at room temperature. Details of the
data collections are summarized in Table 4. The unit cell of
L6 is depicted in Figure 2 and the structural representation
of L6 is given in Figure 3.

The unit cell is shown down the a axis and displays two
molecules, one of which is linked to three molecules of
neighboring cells through hydrogen bonds (O5-H4---O5* =
1.22 A, 03-H3--03* = 1.21 A, O1-H1--02* = 1.95A).
This representation explains the zwitterionic state of L6,
since two hydrogens atoms (H3 and H4) of the molecule are
shared with two molecules from adjacent unit cells. There is
also a hydrogen bond between the hydrogen H1 of the phe-
nol and the oxygen O2* of the carboxylic function. All of
these intermolecular hydrogen bonds provide the stability
of the crystal. In addition, three intramolecular hydrogen
bonds are observed (N1-H2-+02 = 2.18 A, N1-H2---04 =
2.23 A, N1-H2--01 = 2.56 A; see Figure 2). They realise
the cohesion of the internal structure of the molecule, and
might propitiously orientate the donor atoms for complex-
ation.
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Figure 3. Structural representation of L6.

Among the different GaLx complexes, only GalL3 gave
suitable crystals for an X-ray structural study. The ORTEP
diagram of GaL3 (R = NO,) is depicted in Figure 4, with
selected bond lengths and angles listed in Table 1.

The gallium ion is located in a slightly distorted octahe-
dral coordination environment formed by the deprotonated
phenolic oxygen, two carboxylate oxygen atoms, the tertiary
nitrogen atom, and two H,O molecules coordinated in cis
positions. The bond lengths of Ga to the tertiary amino

Figure 2. Unit cell representation down the a axis. This representation explains the zwitterionic state of L6 as it can be seen that two
protons of the molecule are shared with two molecules from adjacent unit cells (most of the hydrogen atoms have been omitted for

clarity).

4418 © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 1. Selected bond lengths [A] and angles [°] for GaL3.

Ga-0(1) 1.884(2) Ga-0(3)

Ga-0(8) 1.964(2) Ga-0(9)

O(1)-Ga-0(3) 170.88(7) 0(1)-Ga-0(5)
O(1)-Ga-0(9) 97.78(7) O(1)-Ga-N(1)
0(3)-Ga-0(8) 87.04(7) 0(3)-Ga-0(9)
0(5)-Ga-0(8) 172.97(7) 0(5)-Ga-0(9)
0(8)-Ga-0(9) 87.53(7) 0(8)-Ga-N(1)

2.077(2) Ga-0(5) 1.938(1)
1.956(2) Ga N(1) 2.097(2)
95.87(7) O(1)-Ga-O(8) 88.94(7)
94.86(7) 0(3)-Ga-0(5) 88.91(7)
90.23(7) 0(3)-Ga-N(1) 77.76(7)
86.75(6) 0(5)-Ga-N(1) 85.24(6)
99.49(7) 0(9)-Ga-N(1) 165.66(7)

Figure 4. Structural representation of GaL3.

nitrogen atom and to the carboxlate oxygen atoms pre-
sented in Table 1 are consistent with those observed in com-
plexes obtained with other carboxylate ligands.['''?l The
gallium—phenolate bond length (1.884 A) compares well
with such bonds in other similar complexes,!'? but is signifi-
cantly shorter than that found for the bridging phenolate in
[Ga,(HXTA)] [1.999 A and 2.078 A;!' HXTA = N,N'-

Table 2. Deprotonation constants of the ligands Lx.

(2-hydroxy-5-methyl-1,3-xylene)bis(N-methoxycarbonylgly-
cine].'”! The N(1)-Ga—OOC angles have the largest devia-
tion from 90°, probably caused by the steric constraints of
the five-membered chelate rings.

Ligand Deprotonation Constants

The deprotonation constants, K,,, of the ligands (as hy-
drochloride salts) investigated in this work were studied by
potentiometric titrations. Analysis of the titration curve
(part a of Figure 5, as an example) by the program SU-
PERQUAD!!Y yielded the pK,, values defined by Equa-
tions (1) and (2) and reported in Table 2.

LH,=LH,, + H* (1)

K‘dn = [LHn 1][H+]/[LHH] (2)

For each ligand, three pK, values out of the four possible
ones were determined, corresponding to one carboxylic
acid group, the ammonium group, and the phenolic hy-
droxyl group. The pK, value of the other carboxylic acid
was inferred to be significantly lower than 2, since if we
tried to include this pK, in the fit, this constant was dis-
carded by the program. The pK, values for the different Lx
ligands are close to those given (see Table 2) for the ligand
HBIDA  [N-(2-hydroxybenzyl)iminodiacetic ~ acid],l'”:!®]
which has a similar structure.

From a general point of view, it should be noted that
the substituent in the para position of the phenol plays an
important part in its acidity. For example, the presence of
an electron-withdrawing group for L2 (R = CHO) and L3
(R = NO,) increases the phenol acidity (pK,; = 10.35 and
10.05, respectively, instead of 11.7 for HBIDA). In the same
way, the phenolate basicity of L1 (R = Me) is slightly higher

PK 1) Ll L2 L3 L4 L5 L6 HBIDA™
pKar 12.1(1)el 10.35(2) 10.05(5) 12.2(1)l 12314 12.51e! 11.7
102211
pK.> 8.30(1) 6.65(6) 6.20(4) 8.05(9) 7.60(7) 7.92(5) 8.07
8.0l0 6.181¢ 7,514
pKaus 2.3(1) 2.1(1)e 2.4 1.910 1.8 1.911 2.34

[a] All values were determined at 25 °C and 7 = 0.1 M. Values in parentheses are standard deviations in the last significant digit. [b] N-
(2-Hydroxybenzyl)iminodiacetic acid.['” [c] Estimated value since the true uncertainty in these pK, values is greater than the standard
deviation obtained from the least-squares fitting of the potentiometric data. [d] Determined by 'F NMR spectroscopy. [e] Ref.['®] [f]
Determined by 'H NMR spectroscopy. [g] Determined by UV/Vis spectroscopy.
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Figure 5. Potentiometric titration curves for (a) 1 mm ligand L1 and
(b) L1 + Ga’** (1:1, 1 mm). ¢ = mols of base added per mol of
ligand. All solutions were at 25°C and 7 = 0.1 m (NaNOs). The
data were refined with the program SUPERQUAD (o, = 3.5-4.5).

than that of HBIDA; this effect is due to the presence of
the methyl group, which increases the electronic density on
the phenolic ring. The effect of these groups also has an
influence on the ammonium acidity, which is more acidic
for ligands L2 and L3 (pK,, values of 6.65 and 6.21, respec-
tively). On the other hand, for ligands L1 and L4, which
bear low inductive groups (R = Me and CH,OH, respec-
tively), or with an electron-donating group (R = OMe, L6),
the ammonium always has a pK, value larger than 8.
Since low pK, values are difficult to determine by
potentiometric titration, some of the deprotonation con-
stants of L4 and L6 were also calculated by '"H NMR spec-
troscopy from the titration curves of J vs. pH under the
same conditions of ionic strength as used for the potentio-
metric study (Table 3). The K,, values were obtained from
the chemical shift.['”) The resonances of the methylene pro-
tons of the benzylic and acetic (CH,COO) positions (sing-
lets) become more shielded upon addition of base (Ad =
0.8 ppm in all the cases for pH ranging from 0.5 to 12)
while the deprotonations only produce a small chemical
shift (around 0.1 ppm) of the three aromatic protons. These
observations make it clear that these protons are sensitive
to the protonation state of the amine and one of the two
carboxylic functions. In the same way, '°F NMR spec-
troscopy can be considered as an excellent tool for the pK,
determination for L5 because three constants out of the
four can be determined. The fourth deprotonation produces
a marked change in the '°F chemical shift (Ad = 6 ppm).
This increased shielding of the fluorine ring substituent in-
dicates a net increase of negative charge on the aromatic
ring in this process. This observation is consistent with the

4420 © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

loss of the phenolic proton, which cannot be determined by
'H NMR spectroscopy. It is also very interesting to notice
that the fluorine atom is a much more sensitive probe than
'H, since a carboxylic function located in a °J position can
affect the fluorine chemical shift. The agreement between
the values from various experimental techniques is reason-
able, and the dissociation constants correlate well with the
data reported for HBIDA (see Table 2).

Table 3. Stability constants and pGa values.

Con- L1 L2 L3 L4 L5 L6 HBIDAIP!

stants?

log piekx 235 205 201 225 224 253 21.40

log pPx 221 194 19.1 21.1 214 252 21.55

PKLHE  5.70(4) 5.77(2) 5.54(2) 5.72(6) 6.21(3) 6.42(1)  5.75
5.3l 6.0l

pK3u  8.2(1) 8.8(1) 8.53

8.8
pGa @ 19.1 19.0 19.2 182 183 21.5 19.1

[a] All values were determined at 25 °C and 7 = 0.1 m (NaNOs). [b]
Refl'l [c] Kby = [GaLx(OH)|[H*)/[GaLx]for the equilibrium
Galx + H,0 = GaLx(OH) + H". [d] Determined by 'H NMR
titration. [e] Determined by "F NMR titration. [f] Kpy =
[GaLx(OH),][H*)/[GaLx(OH)] for the equilibrium GaLx(OH) +
H,O0 = GaLx(OH), + H". [g] Calculated for [Lx],, = 10> M and
[Ga)ior = 10 M at pH 7.4.

Stability Constants of the Gallium Complexes

It was not possible to determine the stability constants
Galx of the complexes by potentiometric titration since the
formation of the complexes is complete at low pH values
(Figure 5b). The titration curves for a 1:1 ratio of Ga" and
ligand (Figure 5b as an example) exhibit two breaks at a =
4 and a = 5, where a is equal to the number of mols of base
added per mol of ligand. This indicates the formation of
the hydroxo complexes [GaLx(OH)] and [GaLx(OH),] at
relatively low pH values. Analysis of the titration curves
with the program SUPERQUADI!Y yielded the K&y (n = 1
or 2) constants expressed by Equation (3).

Kbn = [GaLx(OH),|[H*)/[GaLx(OH), ] (©)

The Kby values are given in Table 3, and can also be
determined by '"H NMR spectroscopy for GaLl. In the case
of GaL5, '"F NMR spectroscopy was used to determine
the two hydrolysis constants, as shown in Figure 6, reveal-
ing two important chemical shift jumps (Aé = 0.75 and
1.2 ppm) as a function of pH.

The obtained values are in good agreement with the
potentiometric titrations. It should be noted that higher pK
bu values have been obtained for GaL5 and GalLé6 in rela-
tion with the higher basicity of the phenolate group as it
increases the electronic density on the metal ion. The sta-
bility constants SF4* were determined in acidic medium!*!
(pH 2.01) by metal-metal competition, using the ab-
sorbance of FeLx as a spectral probe. In these experiments,
exchange of Ga'l with Fe''' was allowed to occur [Equa-
tions (4) and (5)].

www.eurjic.org Eur. J. Inorg. Chem. 2005, 4417-4424
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Figure 6. Dependence of the '°F chemical shift (vs. C4F) of GaL5
on the addition of NaOH [measured in an H,O/D,O (80:20) me-
dium at 25°C and 7 = 0.1 M NaNO;3].

FeLx + Ga'' = GalLx + Fe'! 4

_ [GaLX][Fe“[] N l)llGlszx

[FeLx][Ga] ~ pFid> ©)

The amount of uncomplexed Lx was assumed to be neg-
ligible.

Knowledge of the formation constants of FeLx com-
plexes, along with mass balance, absorbance, and pH mea-
surements, is necessary to calculate the formation constants
of GaLx. Beforehand, the stability constants of FelLx
(BYsE>) were determined by competition experiments
against HEDTAI' over the pH range 2-2.5. The following
equation corresponds to the equilibrium [charges omitted
for clarity, Equation (6)].

FeLx + HEDTA = FeHEDTA + Lx (6)

where HEDTA is (hydroxyethyl)ethylenediaminetriacetic
acid [Equation (7)].

., _ [Lx][FeHEDTA] _ piHEPTA

" [FeLx[HEDTA]  gFdx M

The concentrations of FeLLx complexes were calculated
from the absorbances between 486 and 578 nm (depending
on the ligand Lx), where FeLLx is the only absorbing species.
The concentration of the other species was calculated from
mass balance equations and pH, using the usual a Ringbom
coefficient.?!! With the known formation constant of Fe!!l-
HEDTA (log Bi§§EPTA = 19.8), and the deprotonation con-
stants of HEDTA (pK,; = 9.81, pK,» = 5.37, and pK,; =
2.6),[181 the values of AT~ and B3 were calculated from
Equations (6) and (7), respectively, and are reported in
Table 3. They span over the range 19.1-25.3 and are consis-
tent with the one obtained for the HBIDA ligand taken as
the reference (no electronic effect).!'”]

Eur. J. Inorg. Chem. 2005, 4417-4424 www.eurjic.org

As we can observe, the stability of the complexes (Fe™

or Ga'l) increases with the basicity of the phenolate, i.e.
with its greater electron donor ability. Ligands with an elec-
tron-withdrawing substituent (the more acidic) lead to com-
plexes with a gallium stability constant lower than that of
Ga-transferrin (log K = 19.8),?? whereas ligands with elec-
tron-donating substituents (R = OMe, Me) give BG4 val-
ues up to five times higher than the complex Ga-transferrin.
The distribution curves shown in Figure 7 for the 1:1
Ga'™:LL1 system provide a typical picture of the successive
complexes formed as a function of pH. GaLl is dominant
in the pH range 2-4.5, while the first hydroxo complex [Ga-
L1(OH)] is the major species at physiological pH. pK'oy
values can also be related to the basicity of the phenolate
group: this increases the electronic density on the metal ion
and decreases its affinity towards coordinated water mole-
cules, so the highest pK'oy values are obtained for GaL5
and GaLé.

100

GaL1(OH)

80

60

% concentration

40

20 A

pH

Figure 7. Distribution curves for the system Ga''-L1 as a function
of pH. [Ga**] = 1 mm and [L1] = 10 mm.

Since the ligands are weak acids, proton competition oc-
curs depending on their pK, and the pH. The pGa
(log [Ga**]) is thus a better measure of the relative com-
plexation efficiency of the ligands under given conditions
of pH, Ga, and Lx concentrations: the larger the pGa val-
ues, the more effective the ligand. The pGa values for
pH 7.4 ([Ga’*] = 10°wm, [Lx] = 103 M) are collected in
Table 3. They have also been calculated for pH values over
the range 2-8 and reported as the plot pGa = f(pH) pre-
sented in Figure 8. In this pH range, the uncertainty in the
high pK, values does not affect the calculations of the pGa
values.

Except for L6, it is important to note a similar efficiency
in the complexation of Ga'" by the various aminophenolate
ligands. pGa values have small variations whenever Lx be-
ars electron-withdrawing substituents (R = CHO, R = NO,)
or an electron-donating group (R = Me). These ligands’
complexing abilities are thus similar to Ga-EDTA (pGa =
20.0)??1 and Ga-DTPA (pGa = 20.2)1*?l but with a lower
denticity. pGa vs. pH curves indicate that L6 is the best
complexing agent of this family over the whole pH range

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 4421
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Figure 8. Plot of pGa (-log [Ga**]) vs. pH. pGa was calculated for [Lx] = 10> M and [Ga?*] = 10 ° M. For HBIDA, the deprotonation
constants and the complexation constants f3;,o were taken from ref.?” (x L1, @ L2, A L3, ¢ L4, (0 L5, A L6, + HBIDA).

(pGa = 21.5 at pH 7.4). This good affinity is due to an
increased basicity of the phenolate with a methoxy group
in the para position. Indeed, according to Pearson’s prin-
ciple of hard and soft acids and bases (HSAB),1>’! a very
basic negative oxygen donor has a high affinity for a hard
metal ion such as Ga™. Except for L6, and as could be
expected from theory, acidic ligands (those bearing elec-
tron-withdrawing substituents) have the best complexing
ability at low pH. So, L6 is a good Ga'™ chelator compared
to the Ga-transferrin (pGa = 19.7)1*?! system (around two
orders of magnitude difference). GalLLé may thus be resist-
ant to demetalation in vivo, and radiopharmaceutical appli-
cations are possible in this context.

Conclusions

This work has shown that the R-(o-hydroxybenzyl)imin-
odiacetate ligands (obtained in only two steps) with a po-
tential conjugating group in the para position to the phenol
and a rather low denticity are strong chelators for Ga'l.
For the GaL3 (R = NO,) complex in the solid state, the
Ga''' ion is hexacoordinate with two water molecules in cis
positions. The protonation constants of the ligands and the
hydoxo complexes’ formation constants were measured by
different techniques and gave consistent data. Considering
the pGa values, GaLL6 (R = OMe) appears to be a promis-
ing candidate for use in radioimaging since the stability
constant of Ga-transferrin is two orders of magnitude
lower. Studies with ¢”®3Ga radiolabeling are now in pro-
gress in order to confirm the kinetic inertness of these bi-

4422 © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

functional chelating systems against common decomplex-
ation pathways.

Experimental Section

General Remarks: 'H NMR spectra were recorded on a Bruker AC
200 spectrometer. Chemical shifts are reported in ppm from in-
ternal sodium 3-(trimethylsilyl)propane-1-sulfonate. '°F NMR
spectra were recorded on a Varian U400 with chemical shifts in
ppm relative to an external C¢Fg reference in CDCl; (6 = 163 ppm
relative to CFCly). The pH was adjusted with small additions of
concentrated HCI or NaOH solutions (prepared in D,O). The pK,
values were measured in pure D,O and the pD was obtained from
the pH meter readings by adding 0.4 units.>* For the dissociation
constants in D,O and H,0O, the relationship pKp = 1.018pKy +
0.43 was used.?’! Measurements were made in a H,O/D,O medium
(80:20 v/v) and in this case no correction for isotopic or solvents
effects was needed. Analyses were performed by the Service Central
d’Analyse (CNRS Solaize). All chemicals were obtained from
Acros or Aldrich and were used without further purification.

Synthesis of GaL3: 10 mL of an aqueous solution of NaOH
(2 mmol) was added to a solution of L3 (165 mg, 0.5 mmol) in
water (10 mL). The gallium nitrate salt in H,O (0.5 mmol in 10 mL)
was then added to this homogeneous solution and the pH adjusted
to 3-4. After stirring for 30 min, half of the solvent was slowly
removed under reduced pressure. Slow concentration of the filtrate
over a period of one week yielded suitable crystals for X-ray dif-
fraction studies. Yield: 164 mg (81%). C,;H;5GaN,O,: calcd. C
32.62, H 3.73, Ga 17.22, N 6.92; found C 32.82, H 3.59, Ga 16.95,
N 6.85. 'H NMR (DMSO): 6 = 3.16-3.38 (dd, J = 21 Hz, 4 H,
H..), 3.95 (s, 2 H, Hpeny), 6.65-6.67 (d, J = 6 Hz, 1 H, H,,), 7.95-
8.05 (m, 2 H, H,,) ppm.

www.eurjic.org Eur. J. Inorg. Chem. 2005, 4417-4424
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Table 4. Summary of crystallographic data for L6 and GaL3.

L6 GaL3
Formula C12H1 5NO() C] 1H13G3N209
M 269.25 386.95
Symmetry triclinic monoclinic
Morphology pale yellow prism pale yellow prism
Crystal dimensions [mm] 32x21x14 35%22x%20
a[A] 5.459(5) 6.9456(3)
b[A] 9.268(4) 32.120(1)
c[A] 12.902(3) 6.9606(2)
a [°] 103.97(3) 90
L] 93.58(4) 117.7(1)
7 [°] 78.52(5) 90
Unit-cell volume [A3] 620.7(6) 1374.9(7)
T [K] 293.0 293.0
Space group P1 P2/a
zZ 2 4
Diffractometer Enraf-Nonius CAD-4 Enraf-Nonius Kappa CCD
Monochromator graphite graphite
Radiation (wavelength) Mo-K,, (0.71073 A) Mo-K,, (0.71073 A)
4 [mm] 0.116 2.055
No. of reflections (measured) 3756 20881
No. of reflections (unique) 3609 6097
No. of reflections 1981 [1 > 2.65(1)] 2955 [1 > 3.0(D)]
Riy 0.028 0.062
R 0.053 0.038
R(w) 0.056 0.038

Potentiometric Titrations: All the measurements were made at
25°C and the solutions were prepared with deionized water that
had been distilled twice. The ionic strength was fixed at 7 = 0.1 M
with NaNO;3; (PROLABO puriss). The potentiometric titrations
were performed using an automatic titrator system, DMS 716 Ti-
trino (Metrohm), equipped with a combined glass electrode (Met-
rohm, filled with saturated NaCl solution) and connected to an
IBM Aptiva microcomputer. The electrodes were calibrated to read
pH according to the classical method?® (from titration of 0.01 m
HCIO,4 with 0.025m NaOH). The ligands and their gallium(i)
complexes (ca. 0.001 m) were titrated with standardized 0.025 M so-
dium hydroxide. Argon was bubbled through the solutions to ex-
clude CO, and O,. Aqueous sodium hydroxide (0.1 M NaOH) was
prepared from 1 M commercial NaOH solution (Prolabo) and was
standardized against hydrogen phthalate solution. The titration
data (120 points collected over the pH range 2.5-10.5 for the ligand
solutions and 100 points collected over the pH range 2.5-10 for the
Ga''ligand solution) were refined with the nonlinear least-squares
refinement program SUPERQUADI!® to determine the deproton-
ation constants (oy; in the range 3.5-4.5). The pK,, values were
calculated from the cumulative constants determined with the
above program. The uncertainties in the pK,, values correspond to
the standard deviations (l1o) in the cumulative constants.

Spectrophotometric Experiments: UV/Vis absorption spectra were
recorded with a Perkin—Elmer Lambda 2 spectrometer using 1-cm
path-length quartz cells and connected to a microcomputer; the
acquisition was made with the UV Winlab software (Perkin-EI-
mer). The temperature was maintained at 25 °C with a Perkin—
Elmer PTP.1 variable temperature unit. The pH measurements were
made with a 713 Metrohm digital pH meter equipped with a micro-
electrode. The ionic strength was fixed at / = 0.1 m with NaNOs.

X-ray Crystallographic Data Collection and Refinement of the Struc-
tures: The main crystallographic features, the strategy used for the
crystal structure determination, and its results are gathered in
Table 4. Data collection was performed at room temperature. The
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Uiso of the H atoms was fixed to 1.2 U.q of the C atom to which
they are bound. All the structures were solved by direct methods
(SIR92).271

CCDC-201447 (for L6) and -201562 (for GaL3) contain the supple-
mentary crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallographic
Data Centre via www.ccde.cam.ac.uk/data_request/cif.
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