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Polyaminopolycarboxylate gadolinium ([l ) complexes have been studied intensively
in recent years because of their potential uses as contrast agents for magnetic reso-
nance imaging [MRI]“]. The research interests are mainly focussed on Gd®t complexes
of DTPA, DOTA and their various derivatives. Four kinds of Gd** complexes can
be used presently in clinical MRI, which are Gd(DTPA)?, Gd(DOTA)®, Gd(DTPA-
BMA) and Gd(HP-DO3A)®. Here report two new DTPA bis (amide) derivatives-
diethylenetriaminepentaacetic acid-N, N"-bis (dimethylamide) (DTPA-BDMA) and -bis
(diethylamide) (DTPA-BDEA).

1 Experimental

DTPA-BDMA and DTPA-BDEA were synthesized similarly to the published procedu
-rel®l. The purities were checked by elemental analysis and 'H NMR. measurements, which
were all consistent with purities>95%. They were dissolved in D;0 at 0.2mol-L~1. The pH
were adjusted by HCl/NaOH and tested on PHS-2 type pH meter. Their Gd** complexes
were obtained by mixing stoichiometric amount of GdCls with DTPA-BDMA and DTPA-
BDEA solutions and adjusting to pH 7.340.1. "H NMR spectra were recorded on Varian
Unity-400 superconducting spectrometer with observing frequency 400MHz. 0.5%(V/V)
t-butyl alcohol was served as internal reference (§y=1.23ppm).

2 Results and Discussion

DTPA-BDMA (DTPA-BDEA) has six functions, three carboxyls and three amines,
which could be deprotonated by adding the base. The electric densities would increase if
the proton ions were removed from the compounds, which would lead the resonances of
eth}'len.lc protons nearby to shift to higher field.
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Shown in Fig.l is 'H NMR titra-
tion curve for DTPA-BDMA (similarly for
DTPA-BDEA). There are five inflection

points which correspond to six proton dis-

sociation processes. The mechanism of
proton dissociation processes can be de-
duecd from the chemical shift values and
their directions, which are in the order
of the central amine (pH<0.5), the ter-
minal carboxyls (0.5<pH<3.1), the cen-
tral carboxyl (3.1<pH<5.4), the termi-
nal amines (5.4<pH<8.5) and the central
amine (8.5<pH<12.5). A very compli-

Fig.1 'H NMR titration

curve for DTPA-BDMA
cated pattern was observed in pH 5.4 to

8.5. The resonances of H,, Hy, and Hy have very large higher field shifts (0.68, 0.52 and
0.44ppm, respectively), but the resonances of H. and H, have reversible changes (0.43 and
0.22ppm, respectively). The fact means that both the deprotonation and the protonation
are occured at the same time. It is likely that one proton icn on the terminal amine
dissociates and the another one transfers from the terminal amine onto the central amine.
The existance of proton transfer proceses is also confirmed by the fact that all resonances
are broadened (especially for backbone protons) because of the chemical exchange in this
pH range. The fact that the resonances separate from each other for about 0.12ppm for
the two methyl protons binding on the same amide reveals that the structure of DTPA-
BDMA changes dramatically when the proton ions on the terminal amines are removed
by deprotonation and/or proton transfer. The similar phenomena have also been observed
for DTPA" and DTPA-BMAI®,

The pK, values are equal to the pH values at the inflection points!™), which are listed
in Table 1. Tt is stated that the complex stability is closely related to the value of } pKa o1,
From this point, it could be concluded that Gd (DTPA-BDMA) and Gd(DTPA-BDEA)
would be more stable than that of Gd (DTPA-BMA).

Table 1 Proton dissociation constants for DTPA bis (amide) derivatives

ph., pia, pK., pK., pEe,
DTPA-BDMA ~ 0.2 1.3 4.0 7.0 10.0
DTIrA-BDEA ~ (.2 2.0 4.0 7.0 10.1
DTPA-BMA” 1.43 331 4.38 9.37

* from refecence [10]
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The relaxation rates of water protons increase linearly with the adding of Gd** com-
plexes (0 ~ 5 mmol-L !). From the slope, the normalized relaxivities are obtained to be
4.01 and 4.97 L-mmol~!-s~! for Gd (DTPA-BDMA) and Gd (DTPA-BDEA), respectively,
which are very close to that of MRI contrast agents used presentlyl!).

In summary, two novel DTPA bis (amide) derivatives, DTPA-BDMA and DTPA-
BDEA, were synthesized and their proton dissociation processes were studied. The re-
laxation analysis indicates that their Gd®* complexes are very usefully potential MRI
contrast agents.
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