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A bis(phosphonate) mono-amide

analogue of DOTA: a potential agent
for bone-targeting
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Ligand BPAMD

O
HOOC— /\ <X POsH;
N N_ HN—=<

[ j PO4H,

N N
HOOC— \__/ Y—COOH

Bis(phosphonic acid) group — bone targeting group

DOTA monoamide — chelating group for lanthanide(l11) ions
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Synthesis
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Complexation of Ln(lll) ions

3 step process: WNWMW

» pH 2—4. only phosphonates are coordinated :

* pH 7-9: “out of cage” complex (A)
* After heating: DOTA-like complex (B)
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The signals of excess of the free ligand
are marked with asterisks
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Ln-BPAMD complexes

25 °C *
e All pendants coordinated S 0
« One molecule of water in the inner coordination sphere
* Bis(phosphonic acid) group is not coordinated
 Phosphorus atoms are nonequivalent

80 °C .
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The signals of excess of the free ligand
are marked with asterisks
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» Slow water exchange

 High value of relaxivity

» Expected second hydration sphere
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Relaxometry of Gb-BPAMD
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Relaxometry of Gb-BPAMD
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pH dependence of relaxivity

* Two stepsin relaxivity: pH = 2-3 and 6-8
=) protonation of bis(phosphonic) acid group

* Increase in basic region: 757
*
=) prototropic exchange 7
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Interaction of Gd-BPAMD with Ca(ll) ions
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e 1:1 complex formation —logh = 2.2
 2times shorter YO T,, == increase of rotation correlation time

 Formation of 2+2 complexes— 8 member ring typical for phosphonate complexes
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Interaction of Gd-BPAMD with Ca(ll) ions
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* Increase of relaxivity upon interaction with Ca(l1) ions
» Unusually flat 1O temperature relaxation profiles

* Different complexing mode at higher temperature
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Sorption of Th-BPAMD complex
on the hydroxyapatite (HA)
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« Fast and fully reversible sorption

« Maximum adsorption capacity X = 4.0x10°> mol g+ (specific surface of HA 53 n?g?)
indicates monomolecular layer formation

o Affinity constant K = 2.1x10° dm3mol-!
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¢ — equilibrium concentration; X — specific adsorbed amount; X — maximum adsorption capacity; K — affinity constant



Charles University, Prague Delft University of Technology

Sorption of Th-BPAMD complex
on the hydroxyapatite (HA)
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 Very strong interaction of Tb-BPAMD complex with HA surface
* Identical sorption abilities of free ligand BPAMD and its Th(l11) complex

 a-amido-bis(phosphonic acid) group — responsible for exceptional properties
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Relaxometry of the hydroxyapatite durry

» Gd-BPAMD complex is fully adsorbed inthe slurry

 Vaue of the relaxivity of adsorbed Gd-BPAMD comparable with that
obtained for the slurry containing Gd-DTPA complex

« Same concentration of Gd-DTPA in the solution and in the slurry
X different relaxivities due to physicochemical conditions
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Relaxometry of the hydroxyapatite durry
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 Superposition of a paramagnetic contribution from the complex and a diamagnetic
contribution coming from HA

 Paramagnetic contribution shows a maximum at 10 — 20 MHz typical for Gd(l11)
complexes with slow rotation of the molecule

» 3-5 times higher milimolar relaxivity than the Gd-BPAMD complex in the solution
as result of the hindered rotation
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Conclusion

* new bis(phosphonate) containing DOTA monoamide

» three step lanthanide complexation

 DOTA-like Ln(111) complexes

o interaction with Ca(ll) ions

o fast and strong adsorption of Ln(l11)complexes on hydroxyapatite

e increase of rotation corelation time and relaxivity upon binding on
hydroxyapatite
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