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Figure 2. Possible roles for metal-catalyzed transesterifications or hydrolysis: (a] metal hydroxide as a general base, (b)

metal stabilization of hydroxy] {or water), () metal stabilization of pentacoordinate transition state/intermediate, andfor
(d} metal stabilization of leaving group.
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Thisis aresearch program originally started seven years ago (since 1995). Over
the years, we have made considerable research progress as proposed and described
previously. Recent progress shall be briefly discussed as follows:

A. Comparisonsof Various L anthanide Complexes as Catalysts for BNPP
Phosphodiester Bond Hydrolysis

We have been interested in the design, synthesis and characterization of artificia
DNA/RNA cleavage agents employing macrocyclic lanthanide complexes. We have
partially completed the study of the use of the europium complex, EUDO2A™ (DO2A
is 1,7-dicarboxymethyl-1,4,7,10-tetraazacyclododecane) and two other complexes,
Eu(HEDTA) and Eu(EDDA)", as catalysts for the hydrolysis of phosphodiester bond
of the model compound BNPP. At pH 11.0, the hydrolysis rate of BNPP in the
presence of EUDO2A" is 100 times faster than that of EUHEDTA, presumably due the
additional positive charge of EUDO2A". EUEDDA™ with the greatest number of
water-coordinated sites among the three hydrolyzes BNPP more efficiently at pH
below 8. (At pH > 8, EUEDDA™ solution becomes misty and precipitates form.) Plots
of observed rate constants (25°C) vs. pH (9.35-11.0) for the BNPP (0.1 mM) -
EuHEDTA (10-70 mM) reaction shows atitration-like curve, indicating that the first



pKy, of the coordinated water molecule of EUHEDTA is around 10.5. On the other
hand, an interesting second order dependence on [EUDO2A *] for the BNPP hydrolysis
reaction suggests that the dinuclear species of EUDO2A" is probably more reactive
than the mononuclear species.

-c|>ocj (@ OH,
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B. The Synthesis of Polyaminopolycarboxylate Macrocyclic Ligands NO2A
and 3N12DA

The synthesis and characterization of trivalent lanthanide (Ln**) complexes of
macrocyclic polyaminopolycarboxylate ligands are of recent interest for biomedical
applications, including the use as magnetic resonance imaging (MRI) contrast agents
and artificial DNA/RNA cleavage reagents. These complexes require high
thermodynamic  stability and low  kinetic lability and  macrocyclic
polyaminopolycarboxylate ligands can serve the purpose. We have initiated the
sunthesis of the macrocyclic ligands, NO2A and

1,5-di-(carbomethyl)-1,5,9-triazacyclododecane (3N12DA). The synthetic schemes
are depicted below:

NO2A:
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(1) Me2NCH(OMe)2, benzene, reflux, 2-4 h (~100%)
(2)EtOH-H20, room temp., 2 h (70~85%)
(3)BrCH2COOR, iPr2NEt, MeCN (~90%)

(4)H+

For NO2A, we have prepared the CHO-group protected macrocycle, the
alkylation step will follow, after hydrolysis and purification, NO2A should be
obtained. For 3N12DA, the 12-membered ring macrocycle has been made. The next
protection and alkylation steps will be carried out immediately.

C. Molecular Structural Simulations of Ligandsand Their Lanthanide(l11)
Complexes

Functional mimics of ribozymes are of current interest. Recently, we are
interested in devel oping lanthanide complexes as artificial nucleases, includong the
synthesis and characterization of 1,4-dicarboxymethyl-1,4,7- triazacyclononane
(NO2A) and its lanthanide complexes. While the thermodynamic stability constants
and formation and dissociation reaction rate constants are to be measured, we have
initiated the molecular modeling studies of Ln(NO2A) and severd structural



anaogues, ie. 1,5-dicarboxymethyl-1,5,9-triazacyclododecane (3N12DA) and
1,7-dicarboxymethyl-1,4,7,10-tetraazacyclododecane (DO2A). The ligand systems
studied include the following: (1) NO2A, NOTA; (2) 3N12DA, 3N12TA; (3) TE2A
(3isomers), TE3A, TETA; (4) DO2A (2 isomers), DO3A, DOTA.The lowest energy
structures as well as possible protonation sites have been predicted based on these
studies. The results revea that al ligands except TETA related systems are
pre-organized for lanthanide complexation. For 12-membered macrocyclic ligands
(e.g. DO2A and 3N12DA), tertiary nitrogens are the preferred protonation sites.
However, for 9-membered macrocyclic ligands (e.g., NO2A), one secondary nitrogen
and it’s adjacent tertiary nitrogen sites are more likely to be protonated.
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