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A cyclic, bidentate hydroxamic acid binding unit 
based on an isoquinoline scaffold has been utilized 
for the synthesis of a hexadentate tripodal ligand 
based on the TREN backbone. This prototype for a 
new class of multidentate chelators forms 
mononuclear iron(III) complexes and one-dimensional 
coordination polymers with lanthanide(III) cations. 
The latter has been determined by single crystal X-
ray analysis of the cerium species. The solid state 
structure in the monoclinic space group P21/c 
(C36H34CeN7O11, a=12.341(2)Å, b=26.649(4)Å, 
c=10.621(2)Å, α=γ=90°, β=96.753(3)°, V=3468.6(9) 
Å3, Z=4) exhibits a trigonal-dodecahedral environment 
around the cerium cation.  The proof of concept for 
the versatility of the new scaffold has been shown by 
the modification of the crucial precursor 3-carboxyiso-
coumarin through electrophilic aromatic substitutions 
to yield the corresponding chlorosulfonated and 
nitrated analogs. 

The 1-hydroxy-2-pyridinone (1,2-HOPO) 3-carboxylic 
acid  motif (1) (Figure 1)  has been very successful for the 
design of multidentate ligands for a number of 
applications, such as actinide sequestering,1 magnetic 
resonance imaging,2 treatment of iron-overload,3 and 
lanthanide luminescence.4 Despite the very attractive 
properties of this class of cyclic hydroxamic acid ligands 
(facile synthetic access, high complex stability, etc.), the 
main drawback is the difficulty to introduce substituents at 
the heterocyclic pyridinone ring.  
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Figure 1. 1,2-HOPO (left) and 1,2-HOIQO (right). 

In an effort to overcome these limitations we decided to 
utilize the structurally related 2-hydroxy-2H-isoquinolin-1-
one (1,2-HOIQO) 3-carboxylic acid scaffold (2) (Figure 1). 
Modification would allow for the tuning of a wide field of 

properties (e.g. solubility, electronics, photophysics, steric 
demand, functionality, etc.), which would greatly increase 
the value of the class of ligands based on cyclic 
hydroxamic acids.  The key intermediate for its synthesis is 
3-carboxyiso-coumarin (3) prepared in a three-step 
sequence from homophthalic acid by a modification of 
literature precedence.5,6 Cyclic ester 3 was converted to the 
corresponding hydroxamic acid 2 according to a published 
procedure (Scheme 1).7 The remaining transformations 
were carried out following the analogous optimized route 
for the similar TREN-1,2-HOPO.8 

 
Scheme 1. Synthesis of TREN-1,2-HOIQO (7). 
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With the new ligand TREN-1,2-HOIQO (7) in hand, 
complexes with a variety of metal ions were prepared. Due 
to the relevance to the applications mentioned in the 
introduction, iron(III) and lanthanide(III) (Ln = Ce, Eu, 
Gd, Lu) were chosen. The synthesis involved heating 
equimolar amounts of the ligand and the metal(III) chloride 
precursors in methanol with pyridine as a base. The 
products were isolated in analytically pure form by simply 



 

filtering off the precipitates, followed by washing with 
methanol and drying in vacuo (Scheme 2). 

 
Scheme 2. Synthesis of metal complexes with TREN-1,2-HOIQO. 
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In the case of the lanthanide complexes one molecule of 
water was assigned to the inner coordination sphere based 
on the findings by X-ray analysis (vide infra). The 
properties of the iron species 8 (soluble in nonpolar 
solvents such as CHCl3, with [Fe(7)H]+ as the prevalent 
peak in the mass spectrum) are consistent with a neutral, 
mononuclear complex. In contrast to this, the lanthanide 
compounds are only soluble in highly polar solvents like 
DMF or DMSO. In DMF solution the predominant species 
also seems to be mononuclear in nature as indicated by 
mass spectrometry of the europium complex 10•MeOH 
(detection of [Eu(7)H]+). The 1H-NMR spectrum of the 
lutetium complex 12•MeOH in DMSO-d6 shows the 
presence of one single species, with all three arms of the 
tripodal ligand 7 equivalent, indicating a fast equilibration 
of different coordination isomers. The low solubility,  
suggests that the solid species is polymeric, which upon 
dissolution is broken up by coordination of DMF or DMSO 
to the metal center. This hypothesis was corroborated by 
growing single crystals of the cerium complex by vapor 
diffusion of water into a DMF solution. The crystal 
structure shows a complex with the composition 
[Ce(7)(H2O)]•H2O (9•H2O) with one water molecule 
bound to the metal and another one isolated in the lattice 
(Figure 2).9 
 

 
Figure 2. Asymmetric unit of [Ce(7)(H2O)]•H2O (9•H2O). Thermal 
ellipsoid plot (Ortep 3 for Windows,10 50% probability level) with atom 
numbering scheme. Hydrogens and the isolated water molecule are 
omitted for clarity.11 

The coordination sphere of the cerium atom consists of 
the three bidentate 1,2-HOIQO moieties, one water 
molecule and oxygen O7´ from a neighboring complex, 
resulting in one-dimensional polymeric coordination 
polymers (Figure 3). This design principle is similar to the 

dimeric nature of the previously reported gadolinium 
complex with TREN-1,2-HOPO.2 The geometry around 
the cerium is best described as trigonal-dodecahedral with 
a mean angular deviation (shape measure)12 of the dihedral 
angles between adjacent faces compared to the ideal 
polyhedron of S = 11.0°.  

 
Figure 3. Part of the extended one-dimensional chain for the complex 
[Ce(7)(H2O)]•H2O (9•H2O). Hydrogens and the isolated molecule of 
water in the crystal omitted for clarity (Mercury 1.413). 

The rigidity of the structure is enhanced by inter-
molecular π-π-interactions of the aromatic 1,2-HOIQO 
moieties of different one-dimensional polymeric strands. 
The distance of 3.4Å between the almost parallel ring 
planes is consistent with interactions of that kind.14 Since 
the composition, as well as the properties of the related 
lanthanide complexes with europium(III), gadolinium(III) 
and lutetium(III) are exactly the same, it is highly likely 
that these species have the same polymeric structure as the 
cerium(III) complex. 

To test the hypothesis that the extended aromatic system 
could be modified, two prototypical electrophilic aromatic 
substitutions were carried out on the precursor 3-
carboxyisocoumarin (3). The first was a chlorosulfonation 
with chlorosulfonic acid, the second a nitration under non-
aqueous conditions with concentrated sulfuric acid / 
potassium nitrate (Scheme 3). 

 
Scheme 3. Electrophilic aromatic substitution of isocoumarin 3. 
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The selectivity of the substitution reactions for the 5-

position is established by single crystal X-ray analysis of 
the methyl ester of 14.15 Since both 13 and 14 have a 



 

similar coupling pattern in the 1H-NMR spectrum (3JH-H ≈ 
8 Hz and 3JH-H ≈ 2 Hz) the same selectivity can be deduced 
for 13. These two building blocks should be very valuable 
for the synthesis of functionalized 1,2-HOIQO analogs. 
Investigations in that direction are currently underway. 

In conclusion, we have synthesized the first example of 
ligands with the new class of cyclic hydroxamic acid 
binding units, 1,2-HOIQO; TREN-1,2-HOIQO forms 
mononuclear complexes with iron(III) and one-
dimensional coordination polymers with lanthanide(III) 
cations (Ln = Ce, Eu, Gd, Lu).  The binding properties 
seem to be comparable to the characteristics of the 
analogous 1,2-HOPO complexes. As a proof of concept for 
the versatility for structural modifications, two precursors 
for the synthesis of functionalized 1,2-HOIQO building 
blocks were prepared by electrophilic aromatic substitution 
reactions, promising a rich chemistry based around the new 
1,2-HOIQO metal coordinating group. 
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A new bidentate hydroxamic acid chelator based on an isoquinoline scaffold has been developed. This 1,2-HOIQO unit 
is the latest member of the successful hydroxy-pyridinone (HOPO) family. TREN-1,2-HOIQO forms mononuclear iron 
and one-dimensional, polynuclear lanthanide (Ce, Eu, Gd, Lu) complexes. The main advantage of this new scaffold is 
the possibility to introduce functional groups via electrophilic aromatic substitution as has been shown for the 
chlorosulfonation and nitration of a key precursor. 

 




