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ABSTRACT
A library of novel pyridinophane tetra-aza macrocyclic molecules derived from
1,4,7,10-tetraaza-2,6-pyridinophane (pyclen) capable of chelating biologically
relevant metal ions have been synthesized. Applications of these types of
molecules currently being pursued are 1) therapeutic, focusing on radical
scavenging and metal chelation and 2) diagnostic, focusing on magnetic
resonance imaging (MRI) contrast agents when complexed with specific metal
ions. Despite wide interest in these molecules, a full study of the electronic effects
imparted by substitution to the pyridyl moiety and the subsequent impact on the
metal center has not yet been conducted. The objective of the present study is to
characterize metal complexes of four, new tetra-aza macrocyclic metal chelating
molecules. The pyridyl functional groups studied include: A) unmodified pyridyl
(L1), B) 14-hydroxyl (L2), C) 14-nitrile (L3), and D) 14-nitro (L4) modified
pyclen structures. Procedures for metal ion chelation with copper (II) ion,
followed by characterization and analysis of the electronic environments of each
are presented.

INTRODUCTION

• Developed synthetic method for 3 and 4 copper (II) complexes,
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* 1H NMR data for L2.2 Crystallographic data, UV-visible, and CV spectrums for 2.3 Complex synthesis for 4.1

Electrochemical parameters:
Glassy Carbon working electrode

Pt auxiliary electrode

Ag wire reference electrode

DMF/TBAP

Ligand library for analysis

1H NMR Spectra for L1, L2, L3 and L4 in D2O.
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Cu1+ à Cu2+

Development of ligand series (organic synthesis)

Metal-binding promiscuity

Pyridine backbone features
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Research question

Current study

If small chemical modifications are introduced to the pyridine backbone, then a 

change in the electronic environments of the free macrocycle and the metal 

complex should be measurable using fundamental chemical techniques.

”
“

Significance to new-molecule development
Ligand- (LBDD), structure- (SBDD), & fragment- (FBDD) based approaches to drug design. 

EXPERIMENTAL	APPROACH

LIGAND	ANALYSIS:	1H	NMR
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SOLID-STATE	ANALYSIS
X-RAY	DIFFRACTION

Synthesis

Crystal Structures

Solid state structures of
complexes 1, 2, 3, and 4
highlighting the metal
coordination sphere. The
carbon scaffold is represented
in light grey. The perchlorate
counter ions were omitted for
clarity. *Apical chlorine (Cla)
was determined by an N4-Cu-
Cl bond angle greater than
135◦. **Equatorial chlorine
(Cle) was determined by an
N4-Cu-Cl bond angle less than
135◦.

SOLUTION-STATE	ANALYSIS
UV-VISIBLE	SPECTROSCOPY

Selected bond lengths (Å)
for the five-coordinate
complexes 1, 2, 3, and 4.
Bond lengths for the
equatorial complexes 1 and
4 are omitted for clarity.

Selected bond angles (◦) for
the five-coordinate
complexes 1, 2, 3, and 4. τ-
values were calculated
according to literature,
where τ=(β-⍺)/60 where
β is the greater basal angle
and ⍺ is the lesser of the
basal angles. Bond angles for
the equatorial complexes 1
and 4 are omitted for clarity.

Molar absorption [λmax/nm =
(ϵ/M-1cm-1)] values for complexes
1, 2, 3, and 4 measured in water.
sh = shoulder, all values reported
in table were completed in water.

The electronic
absorption spectra
for complexes 1, 2,
3, and 4 measured
in water at ambient
temperature. The
inset shows the
spectra from 600 to
800 nm in water.

Electrochemical data for 1, 2, 3, and 4 using a glassy carbon working
electrode, platinum auxiliary electrode, and Ag wire quasi reference
electrode (CH3CN, TBAP, vs. Fc/Fc+).

Cyclic voltammogram overlays of complexes 1, 2, 3, and 4 at scan rates
of 100 mV/s. Experimental conditions: glassy carbon working electrode,
platinum auxiliary electrode, Ag wire reference electrode, TBAP in
CH3CN, vs. Fc/Fc+ (0.00 V).
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CONCLUSIONS

Crystalline sample of 3
grown by slow evaporation in
water.

Significant & observable change in the electronic environment

Beginning to understand how the electronics change

Increasing control facilitates design-to-function

New approach to studying these macrocycles
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