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Synthesis, characterization and relaxivity
of functionalized aromatic amide DTPA-lanthanide complexes?
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Summary — Aromatic DTPA-amide derivatives have been synthesized and their protonation constants determined by
potentiometry. The stability constants of the gadolinium(II1I) complexes have been also measured using a spectrophotometric
method. These values are compared with corresponding values reported in the literature for mono and other bis-amide DTPA
derivatives. The bis-aromatic amide conjugates of DTPA show similar protonation constants but slightly lower stability
constants. The measurements of the proton spin-lattice (T7) relaxation time of these new chelates suggest that they contain
only one water molecule in the internal coordination sphere, as was previously found for the parent DTPA complex.
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Résumé — Synthése, caractérisation et relaxivité de complexes DTPA-lanthanide possédant des liaisons amide
aromatique. Des dérivés du DTPA possédant des liaisons amide aromatique ont été préparés et leurs constantes de
protonation ont été déterminées par potentiométrie. Les constantes de stabilité des complexes de gadolinium (III) ont été
mesurées & V'aide d’une méthode spectrophotométrique. Les valeurs obtenues sont comparées avec les valeurs correspondantes
reportées dans la littérature pour des dérivés du DTPA mono et bis amides. Les dérivés DTPA bis amide aromatique révelent
des constantes de protonation similaires a celles obtenues pour le DTPA, les constantes de stabilité sont cependant légérement
inférieures. Les mesures des temps de relazation spin-réseau (T1) réalisées avec ces nouveauz chélates suggerent la présence
d’une seule molécule d’eau dans la sphére de coordination interne, comme ceci a déja été démontré avec le DTPA.
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Introduction metastatic deposits, particularly focal hepatic le-
sions [4, 5]. The efficacy for tumor detection of

Paramagnetic gadolinium chelates are currently used the hepatocyte-specific contrast agent - gadobenate

for improving the contrast enhancement in magnetic dimeglumine was recently demonstrated [4]. A new
resonagce imga ing (MRI) [1] The first agent %o b hepatobiliary contrast agent, gadolinium ethoxybenzyl-
widely used wis g[G d(DTP A)(H 02 (D’%P A i df diethylenetriaminepentaacetate was also found clini-

Y . 2 y cally advantageous for MRI detection of focal hepatic
ethylenfetrlamlnepentaace.tate.) . However t.he presence.of masses [5]. The observed hepatocellular uptake was re-
gnegatwe charge results in high osmolarity under clin- lated to the presence of some active transporters and
ical formulations. In order to solve this problem, efforts the lipophilic benzyl moiety covalently bound to the
have recently focused on modify ing DTPA derivatives to DTPA chelator [6]. BThus current efforts are mainly de-
prepare negtral la'nth'a nide complexes. Therefore, sev- voted to the search for a higher specificity towards
eral bls—am}de derlvatlveg of DTPA hav‘e been prepa.,red organs and tissues, in particular tumoral tissues. Our
as alternatives (2]. In this area, the bis(methylamide) approach to this p’roblem has been to use Gd(DTPA)
derivative of DTPA, Gd(DTPA-BMA), is the first non

ionic MRI contrast agent developed for clinical applica- Couphng with tetrgphen}i lporphyrin  derivatives [7].
tion [3]. Magnetic resonance images showed an enhancement of

contrast between tumor and the adjacent tissues after
However the sensitivity of this modern tech- injection of this agent. In order to extend this coupling
nique is still inadequate for the recognition of method to different porphyrin derivatives, and thus to
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design new generations of MRI contrast reagents, we
need a suitable functionalized derivative of the DTPA-
gadolinium complex. In this paper, we report our initial
attempts to reach this goal by preparing DTPA chelates
with aromatic amine functionality [8]. The presence of
two lipophilic aromatic groups covalently bound to the
chelate may also favor a hepatic uptake. The protona-
tion constants of these ligands together with the stabil-
ity constants and the relaxivity of the lanthanide com-
plexes are also presented.

Experimental section

General procedures

The DTPA-bis-(aromatic amide) chelates were synthesized
by the condensation of the appropriate aromatic amines with
DTPA-bis-(anhydride) according to the literature [9] with
minor modification. The procedure for covalent coupling
only one aromatic amine to the parent DTPA chelate via
amide linkage was realized using the method reported by
Krejcarek and Tucker [10]. Controlled potential electrolysis
was carried out in a batch cell at a mercury pool cathode
[11]. The products were characterized by 'H and *C NMR
spectroscopy, FAB mass spectra and elemental analysis.

e DTPA-bis-(anilide) 1

Aniline (2.6 g, 2.8 x 10™2 mol) was added to the dianhydride

of DTPA (1 g, 2.8 mmol) dissolved in 5 mL DMSO using

Schlenk tubes and stirred under argon at room temperature

for 8 h. The solvent was removed under vacuum at 60 °C.

After addition of 20 mL THF and stirring the resulting mix-

ture for 6 h, the precipitate was filtered and recrystallized

twice (methanol/ether, 1:1) to yield 1.5 g (95%).

'H NMR (D20, pD 7) 6 (ppm): 7.39 (m, 8H), 7.20 (t, 2H,
J = 7.1 Hz), 3.81 (s, 4H), 3.47 (s, 2H), 3.39 (t, 4H,
J = 5.8 Hz), 3.28 (s, 4H), 3.11 (t, 4H, J = 5.8 Hz).

'H NMR (DMSO ds) é (ppm): 10.08 (s, 2H, NH), 7.66 (d,
4H, J = 7.9 Hz), 7.26 (t, 4H, J = 7.9 Hz), 7.02 (t, 2H,
J = 7.4 Hz), 3.63 (s, 2H), 3.47 (s, 8H), 3.12 (s, 4H), 2.98
(s, 4H).

13C NMR (DO, pD 7) 6 (ppm): 181.68, 175.05, 173.14,
139.01, 131.86, 128.34, 124.58, 62.17, 61.42, 57.40, 55.60,
53.07.

13C NMR (DMSO ds) 6 (ppm): 173, 172.50, 138.62, 128.51,
123.19, 119.27, 58.14, 55.28, 55.18, 52.17, 50.64.

Anal calc for CaH33Ns50s: C, 57.46; H, 6.08; N, 12.89.
Found: C, 55.43; H, 6.21; N, 12.85.

e DTPA-bis-(p-NOz-anilide) 2

4-Nitroaniline (2.7 g, 1.97 x 1072 mol) was added to the

dianhydride of DTPA (1 g, 2.8 mmol) dissolved in & mL

DMSO using Schlenk tubes and stirred under argon at room

temperature for 8 h. The solvent was removed under vacuum

at 60 °C. After addition of 20 mL THF and stirring the
resulting mixture for 6 h, the precipitate was filtered and

recrystallized twice (methanol/ether, 1:1) to yield 1.15 g

(65%).

'H NMR (D20, pD 7) § (ppm): 7.88 (d, 4H, J = 9.1 Hz),
7,49 (d, 4H, J = 9.1 Hz), 3.86 (s, 2H), 3.57 (s, 4H), 3.43
(t,4H, J = 5.4 Hz), 3.33 (s, 4H), 3.16 (t, 4H, J = 5.4 Hz).

'"H NMR (DMSO ds) § (ppm): 10.69 (s, 2H, NH), 8.11 (d,
4H, J = 8 Hz), 7.88 (d, 4H, J = 8 Hz), 3.59 (s, 2H), 3.54
(s, 4H), 3.47 (s, 4H), 3.08 (s, 4H), 2.98 (s, 4H).

3C NMR (D20, pD 7) 6 (ppm): 181.62, 175.27, 173.28,
145.96, 145.56, 127.43 , 122.62, 62.08, 60.96, 57.87, 55.84,
52.91.

FAB-MS (TTL/E) for 025H23N7012Na32 700 (I\A + 1), 678,
656, 632, 610.

o DTPA-bis-(p-CF3-anilide) 3
4-(trifluoromethyl)aniline (4.52 g, 2.81 x 107> mol) was
added to the dianhydride of DTPA (1 g, 2.8 x 10~ mol)
dissolved in 5 mL DMSO using Schlenk tubes and stirred
under argon at room temperature for 72 h. The solvent was
removed under vacuum at 60 °C. After addition of 20 mL
THF and stirring the resulting mixture for 48 h, the precip-
itate was filtered and recrystallized twice (methanol/ether,
1:1) to yield 1.77 g (93%).

'H NMR (D20, pD 7) § (ppm): 7.50 (s, 8H), 3.83 (s, 2H),
3.54 (s, 4H), 3.42 (t. 4H, J = 5.6 Hz), 3.31 (s, 4H), 3.16
(t, 4H, J = 5.6 Hz).

13C NMR (D0, pD 7) é (ppm): 181.47, 175.02, 173.21,
142.53, 128.68, 123.39, 62.06, 61.00, 57.45, 55.85, 53,02.

Anal calc for CogH31 NsFsOg: C, 49.48; H, 4.56; N, 10.31; F,
16.79. Found: C, 49.57; H, 4.71; N, 10.35; F, 16.89.

o DTPA-bis-(p-NHs-anilide) 4

For the electrosynthesis of the amino derivative, direct re-

duction of 2 (1.32 g, 2.08 mmol), dissolved in a solution of

70 cm® methanol and 50 cm® H2SO4 N, was performed at

—0.9 Ve for 5 h. At the end of the electrolysis, the so-

lution was neutralized with NaOH 2N. After precipitation

and filtration, the solid residue was washed three times with
methanol (4: 85% yield).

'H NMR (D20, pD 7) é (ppm): 7.17 (d, 4H, J = 8.4 Hz),
6.77 (d, 4H, J = 8.4 Hz), 3.79 (s, 2H), 3.45 (s, 4H), 3.37
(t, 4H, J = 6 Hz), 3.25 (s, 4H), 3.08 (t, 4H, J = 6 Hz).

3¢ NMR (D20, pD 7.6) 6 (ppm): 181.67, 174.85, 173.14,
146.54, 130.86, 126.45, 61.95, 61.35, 57.34, 55.54, 52.98.

'H NMR (DMSO ds) é (ppm): 10,73 (s, 2H, NH-CO).

e DTPA-mono-(p-NOs-anilide) 5
Pentakis-triethylammonium DTPA was first prepared from
DTPA (1 g, 2.54 mmol) and 5 equiv of triethylamine
(12.7 mmol) in 50 mL acetonitrile. The solution was stirred
for 1 h at 40 °C. The solution was then cooled to 0 °C
and 3.05 mmol isobutyl chloroformate (1.2 equiv) was added
dropwise, followed by immediate addition of a solution of
the 4-nitroaniline (17.75 mmol) in 20 mL dry acetonitrile.
The resulting mixture was stirred for 30 min, then the sol-
vent was distilled off under vacuum. The residue was dis-
solved in water (pH 8.0), and the unreacted 4-nitroaniline
was extracted with ether. The solution was loaded onto a
5 x 80 cm sephadex G 25 column, and eluted with water
(pH 8.0). Two fractions were collected corresponding to the
mono-amide (840 mg, 1.4 mmol, 55% yield) and to the bis-
amide (275 mg, 0.38 mmol, 15% yield).

'H NMR (D20, pD 10) § (ppm): 8.23 (d, 2H, J = 9.1 Hz),
7.74 (d, 2H, J = 9.1 Hz), 3.48 (s, 4H), 3.28 (s, 6H), 3.05
(s, 4H), 2.93 (4H).

FAB-MS (m/e) for Cz()H23N5O11Na4: 602 (M —+ 1).

Protonation

Deionized water was purified with a MilliQ-Reagent system
to produce water with a specific resistance > 15 Mohm cm.
Sodium perchlorate (C Erba ACS grade) was purified as pre-
viously described [12]. HCIO4 and NaOH solutions were pre-
pared under nitrogen and were standardized by conventional
methods. The ionic strength was adjusted to 0.15 mol dm™3
with NaClOy,.

Potentiometric titrations were carried out using a Crison
Micro pH 2002 potentiometer fitted with a Radiometer
GK2401 combined pH glass electrode in conjunction with
a Hamilton Microlab M motor-driven syringe under the



control of an appropriate program running on a IBM PS/2
mod 20 computer [13]. The solutions to be titrated were
kept at 298.2 + 0.1 K and magnetically stirred in a water
vessel with a jacket. The vessel was closed to the atmosphere,
apart from a vent to allow egress of a nitrogen steam
which was passed over the solution to exclude contamination
by atmospheric carbon dioxide. The instrumentation was
calibrated by titration of 0.100 mol dm™® NaOH (about
1 ¢cm® from the syringe) against 4 mmol dm~* HCIO,
(20 cm®).

Two main procedures were used in performing the po-
tentiometric experiments: (a) addition of a 0.100 mol dm™?
NaOH solution to a solution (= 20 cm®) of modified
acidic DTPA gz 0.5 mmol dm™3) and excess HCIO,
(0.5 mmol dm™?); (b) addition of a 0.200 mol dm™* HCIO,
solution to a solution (=~ 20 cm®) of modified DTPA
(0.5 mmol dm™?) previously neutralized, if necessary, by
reaction with NaOH, in slight excess with respect to the
stoichiometric amount. The data were processed using Hy-
perquad [14].

Stability

The gadolinium-chelate stability constants were determined
using a spectrophotometric method, previously reported by
Sherry [2a, 15] and Kumar and Tweedle [16]. All spectropho-
tometric measurements were made with an Uvikon 941 spec-
trophotometer, using arsenazo III as indicator. Solutions of
mixtures of Gd(1II), arsenazo III and variable amounts of
the ligand were prepared. The absorbance variation with
ligand concentration was used to calculate the equilibrium
constant. The method was verified i) by checking the ex-
tinction coefficients of the 1:1 and 1:2 gadolinium complexes
of arsenazo III, of 35000 and 50000 L mol *cm™ respec-
tively, and ii) by the determination of the thermodynamic
stability constant of the parent DTPA and comparison with
literature values. The solutions were buffered at pH 4 with
0.01 mol dm™? acetate and the ionic strength was adjusted
to 0.1 M with 0.1 mol dm™3 NaCl. All the measurements
were made at 25 °C. Stability constants were calculated
using a computer program described previously [2a, 18].

Relazivity

The relaxivities of the gadolinium complexes were measured
at 25 °C in deionized aqueous solutions for relaxation en-
hancement evaluation. A Bruker PC 20 spectrometer was
used with the following pulse sequences: 7| were measured
from an inversion-recovery pulse sequence with 87 values
ranging from 0.04-5 T (typically 20 ms to 2.5 s for a T}
of 500 ms); T2 were obtained from a Meiboom-Gill-Carr—
Purcell sequence with 20 measurement points ranging from
0.1-2.3 T3 (typically 11-230 ms for a T of 100 ms).

NMR

The 'H and *C NMR measurements were recorded on
a Bruker AC 300P spectrometer at 300 MHz (*H) and
75 MHz (**C) in D2O (pH 7) or DMSO (ds) using Me4Si
as a reference standard. NMR pH titrations in DO were
carried out at ambient temperature of 25 °C, from pH 4
to 12 at intervals of approximately 0.3 pH units. Stock
solutions of the free ligands were prepared by dissolving
appropriate amounts of the ligand in DO (pH = 4). The
pH of the stock solutions were adjusted by the addition of
0.1 mol dm~* NaOD in D20. Apparent pD (pDapp) was
measured with a glass combination electrode standardized
with H2O on the basis of pH buffers. Observed values for
pDapp were taken without correction.
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Results and discussion
Ligand synthesis

We have been interested in preparing lanthanide com-
plexes of polyaminocarboxylate chelates as MRI con-
trast agents, achieving high local concentrations at
lower dosages. An example of tumor-specific con-
trast agents is tetra-p-aminophenylporphyrin conju-
gated with Gd(DTPA) [7]. Since the reaction employed
to conjugate DTPA to the porphyrin involves formation
of aromatic amide linkages with the carboxyl groups,
the first goal of this study was to synthesize model com-
pounds in order to better understand the role of the aro-
matic group on the chelation effect and on the relaxivity
of the gadolinium complexes. Recent reports have em-
ployed a similar synthesis using aromatic amines and
chelates in order to prepare heterobimetallic complexes
[17], reagents for the determination of glycated proteins
[18] and a label for fluorescent immunoassays [19].

Thus, new DTPA-bis-(aromatic amide) ligands have
been prepared through the coupling of DTPA-bis-
(anhydride) and pare-substituted aniline-producing
ligands with functional groups in the para position. The
vield of the coupling was good but longer reaction times
were necessary due to the lower basicity of the ani-
line derivatives in comparison to that of the alkylamine.
The 'H NMR spectra confirm the expected structures.
The structure of ligand 1 is illustrated in figure 1. The
aliphatic proton magnetic resonance spectrum of the
ligand 1 (pH 6.4), shown in figure 2, displays three
singlets at 3.81 (2H), 3.47 (4H) and 3.28 (4H) ppm
and two triplets at 3.39 and 3.11 ppm with an inten-
sity ratio 4H:4H. The assignments of the peaks follow
those previously reported for DTPA-BMA (BMA: bis-
methylamide) in which the distinction between the two
terminal CHy groups was based on the fact that amide
groups have a larger inductive effect compared to an
a-carboxylate group [3b]. The two triplets are assigned
to the protons of the two methylene groups between
the nitrogen atoms, using 'H-detected heteronuclear
multiple-bond connectivity spectroscopy (HMBC) [20].
Similar results were found with the other aromatic
chelates. The low-field part of the spectrum displays
a triplet at 7.20 ppm (4H, o-phenyl) and a multiplet
centered at 7.36 ppm [6H, (m + p)-phenyl].

@'NH—COﬂ —p— /—CO—NH@
NN N

HO,C—" < N—COH
COH

Fig 1. DTPA-bis-(anilide) 1.

Protonation constants

At least two different acid-base titrations for each
ligand (DTPA, 1, 2, 3, 4 and 5) have been ana-
lyzed using the program Hyperquad [14] to obtain the
stepwise basicity constants, which are summarized in
table I. These constants are first compared with the
corresponding values for DTPA [21]. As previously ob-
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Fig 2. 'H NMR spectrum of DTPA-bis-(anilide) at 25 °C.

Table I. Logarithms of the stepwise protonation constants for DTPA and DTPA derivatives®.

ligand log Ky log Ko log Kg log K log K5 ref
DTPA 9.76(1) 8.33(1) 4.19(1) 2.68(2) 2.01(1) b
DTPA-mono-(p-NO2-anilide) 9.60(9) 6.20(1) 3.98(8) 2.63(8) 1.60(4) b
DTPA-bis-(anilide) 9.10(6)  4.39(6)  3.41(6)  2.10(1) b
DTPA-bis-(p-NO2-anilide) 9.10(1) 4.30(1) 3.24(9) 2.10(2) b
DTPA-bis-(p-NH-anilide) 9.65(9) 5.00(1) 3.70(1) 2.10(2) b
DTPA-bis-(p-CF3-anilide) 9.02(9) 4.40(9) 3.35(9) 2.10(2) b
DTPA 9.86 8.32 4.12 2.85 c
DTPA 10.2 8.6 4.2 2.9 2.4 d
DTPA-mono propylamide 9.9 6.4 3.8 1.8 d
DTPA-BMA 9.4 4.5 3.4 d

% The values in parentheses are 3 ¢ on the last significant figure. b This work: T = 208; ionic strength
0.15 M NaClOy. © Ref [21c]: T = 298; ionic strength 0.50 M KNOs. ¢ Ref [2a): T’ = 298; ionic strength

0.1 M NaCl.

served, the greater electron-withdrawing ability of an
amide group compared to that of a carboxyl group
increases the acidity of all the nitrogen atoms (see
also NMR studies). In table I, the potentiometrically-
determined constants of DTPA-bis-aromatic amide are
also compared with other bis-alkylamide derivatives re-
ported by Sherry and Cacheris [2a]. The presence of an
aromatic amide linkage instead of an alkyl amide group
increases the acidity of the first protonated nitrogen, the
pKa of the two other amino groups not being strongly
affected by the aromatic moiety. The carboxylate pro-
tonations are typical of the amine carboxylate chelates
occurring in the pH range 1-2.7.

NMR studies

Two protonation constants for all DTPA-bis-(anilide)
chelates were observed in the pH range 4-12, corres-
ponding to the stepwise protonation of the amino

groups. First, figure 3 clearly shows three main inflec-
tions at pH 9-10, corresponding to protonation of the
central nitrogen. The (a), (d) and (e) protons first move
downfield due to the nitrogen protonation. The second
protonation (pH 4-5) seems to occur at the terminal
nitrogen atoms, whereas the central nitrogen loses its
proton, thus the two protons reside on the two outer ni-
trogens. Accordingly the (e), (b) and (c) protons move
downfield and an upfield shift is observed for the (a) and
(d) protons. This behavior of the chemical shifts of the
chelate 1 as a function of pH is very similar to that of
the parent compound DTPA which has been discussed
by Letkemann and Martell [21]. It is interesting to note,
however, that a different protonation sequence has been
reported for DTPA-bis-(methoxyethylamide) [22].

Stability constants

The equilibrium constant from the reaction of the mix-
ture of Gd and arsenazo—Gd complexes with the new
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Fig 3. Chemical shift of DTPA-bis-(anilide) vs pH.

ligands at pH 4 was determined by the spectrophoto-
metric method previously reported by Sherry et al [2a].
Thus the conditional stability constants of DTPA com-
plexes could be obtained at pH 4. The thermodynamic
stability constants for the complexes may then be calcu-
lated from the equilibrium constants measured at pH 4
by:

cond[l + Kl [H+] + KIKQ[H+]2
+ K1 Ky Ka[HY]? + .

Ktherm =

where Ky, Ky and K3 are the stepwise protonation
constants for the DTPA conjugate.

The thermodynamic stability constants for the
Gd(DTPA)-bis-(aromatic amide) complexes are re-
ported in table II. Also shown are the Gd(DTPA)-
bis-(alkylamide) complexes and the parent Gd(DTPA)
complex for comparison. It is thought that the particip-
ation of the amide carbonyl oxygen is maintained in the
metal coordination (vide infra). The lower stability of
the amide complexes, as compared to the parent DTPA
complex, reflects the lower basicity of the amide car-
bonyl oxygen relative to the carboxylate oxygen. The
stability constants of Gd(DTPA)-bis-(aromatic amide)
complexes, with the exception of Gd(DTPA)-bis-
(p-NHgz-anilide) (log ktherm = 16.13), did not change sig-
nificantly throughout the series and are about one order
of magnitude smaller than the corresponding values for
the GA(DTPA)-BMA complex: log kiherm = 16.86 [23].
However the value we found for the DTPA complex is
also slightly lower than that found by Sherry [2a]; this
difference, which is about a factor of 10, may reflect
slight differences in experimental conditions. Actually,
the stability of alkyl and phenyl amide derivatives seem
very similar.

Relaxivity

A plot of the water proton longitudinal relaxation rate
of a solution of DTPA-bis-(anilide) as a function of Gd
concentration at 25 °C (pH 7) is shown in figure 4.
The [Gd(DTPA)-bis-(anilide)] complex has a relaxiv-
ity of 4.1 mmol dm~2 s=! at 25 °C and 20 MHz.
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Table II. Thermodynamic stability constants measured at
25 °C.

ligand log Kiherm reference
DTPA 21.04 a
DTPA-mono-(p-NO;-anilide) 17.63 a
DTPA-bis-(p-NHz-anilide) 16.13 a
DTPA-bis-(p-CF3-anilide) 15.33 a
DTPA-bis-(anilide) 15.16 a
DTPA-bis-(p-NO2-anilide) 14.90 a
DTPA 20.73 b
DTPA 22.26 c
DTPA-mono-({propylamide) 19.68 c
DTPA-bis-{propylamide) 16.23 c
DTPA-bis-(methylamide) 16.85 d

a This work: T" = 298; ionic strength 0.15 M NaClOy4. b Ref [21b]:
T = 298; ionic strength 0.50 M KNO3. ¢ Ref [2a]: T' = 298; jonic
strength 0.10 M NaCl. d Ref [1b]: T" = 298; ionic strength 0.10 M
KCl.

Similar measurements of the proton relaxation times
following stepwise addition of Gd allow the determina-
tion of the relaxivity of the other ligands (table III).
These results are only sligthly lower than the value
(4.8 mmol dm~? s™!) found for the parent Gd(DTPA)
complex. This finding leads us to suggest that the num-
ber of coordination sites available for inner-sphere water
binding is similar in both complexes: one site is occu-
pied by a water molecule and the other eight sites by the
ligand, ie, three nitrogens, three carboxylate oxygens
and two carboxamido groups. Such a situation has been
previously suggested for other Gd(DTPA)-bis-(amides)
[2a, 24] and is confirmed by the X-ray structures
of Gd(DTPA)-bis-(ethylamide) [9] and Gd(DTPA)-bis-
(methyl-amide) [25] . In the classical theory underlying
hard and soft behavior of acids and bases [26], oxygen
donors such as carboxylate groups are hard bases and
will form strong bonds with hard acids, such as Gd.
Aromatic amides will be softer but still strong enough
to complete the coordination sphere. Thus the contri-
bution of the amide functional group to the stability of
gadolinium(I1I) complexes has been recently reported
[27]. Moreover the amide functional groups seem to
contribute to the relative selectivity of the bis-(amide)
ligands as gadolinium complexing agents in comparison
with calcium complexation [27].

1/T1 s-1

{Gd] mM

Fig 4. Plot of the water proton longitudinal relaxation rate
(R1) of a 1 mM solution of DTPA-bis-(anilide) as a function
of Gd concentration, measured at 20 MHz, 25 °C and pH 7.
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Table III. Relaxivities of the gadolinium complexes mea-
sured at 20 MHz, 25 °C in H,O.

Ligand r; (mmol™! dm™s7)
Gd-DTPA-mono-(p-NO;-anilide) 5.08
Gd-DTPA 4.82
Gd-DTPA-bis-(anilide) 4.66
Gd-DTPA-bis-(p-NHz-anilide) 4.12
Gd-DTPA-bis-(p-NQq-anilide) 3.78
Gd-DTPA-bis-(p-CF3-anilide) 3.71

a This work: 7' = 298; ionic strength 0.15 M NaClQy. b Ref [21b]:
T = 298; ionic strength 0.50 M KNO3. ¢ Ref [2a]: T = 298; ionic
strength 0.10 M NaCl. d Ref [1b]: T' = 298; ionic strength 0.10 M
KClL.

Conclusion

The physical properties, stability constants and re-
laxivity of Gd(DTPA)-bis-(aromatic amide) complexes
are approximately the same as for those formed with
DTPA-BMA, which is currently in clinical use. These
lipophilic chelates, which remain hydrosoluble, may of-
fer new alternatives for use as tissue-specific contrast
agents, in particular for liver imaging. In vivo trials will
be necessary to confirm this hypothesis.
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