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Abstract:  

A novel tripodal hexadentate ligand, consisting of  three catechol units, three isobutenyl ether arms, and one 

aromatic core, was synthesized through four steps, in which the Claisen rearrangement was included as the key 

step. The hexadentate ligand formed a 1:1 complex with iron(III) trichloride hexahydrate with an equilibrium 

constant (conditional) of 6.3 x 104 M-1 in acetonitrile in the presence of 2,4,6-trimethylpyridine. © 1998 Elsevier 

Science Ltd. All rights reserved. 
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There have been synthesized a large number of hexadentate ligands, as models of 
enterobactin, for biological and/or medicinal applications upon mimicking naturally- 
occurring siderophores. [1-3] Most of the artificial hexadentate ligands have the structural 
feature of three catechol units connected with a core by three arms of amide linkages, which 
feature renders the ligands soluble in water. In contrast to the advanced studies on such 
enterobactin-like, amide-linked hexadentate ligands, [4] there have been few attempts to 
synthesize a lipophilic tripodal hexadentate ligand, in which three bidentate moieties are 
attached to a core by stable arms such as carbon-chain and ether linkers, and to apply it to 
selective extraction and/or transportation. 

In this paper we wish to report the synthesis and Fe3+-binding ability of a novel tripodal 
hexadentate ligand having three catechol units connected with a core by stable ether linkers. 
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One of the authors has recently reported the synthesis and binding ability of tetradentate 
ligands having two bidentate units and demonstrated that the Claisen rearrangement was very 
useful in the construction of such ligands. [5] This success prompted us to similarly apply the 
Claisen rearrangement to the synthesis of a new tripodal hexadentate ligand. As the tripodal 
hexadentate ligand, we designed compound 1, which has both catechol units as binding sites 
and a mesitylylene derivative as a core. 
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a) K2CO 3, Acetone, reflux (74 %) b) Amberlyst 15 (H+), MeOH, rt (81%) c) Nail, DME, reflux (77 %) 
d) Et2AICI, CH2CI2, reflux (33 %) 

For the construction of the target ligand 1 by the Claisen rearrangement, tris(isobutenyl 
ether) 2 should be a precursor. In order to synthesize precursor 2, 2-(chloromethyl)-2- 
propen-l-yl 2-tetrahydropyranyl ether (6) is necessary as well as catechol (7) and 1,3,5- 
tris(bromomethyl)benzene (4) as the starting materials. Ether 6 [6] was easily prepared 
from ethyl 2-(hydroxymethyl)acrylate [7] through protection with dihydropyran (quant.), 
reduction with DIBAL (95% yield), and chlorination with CC14/Ph3P (84% yield). 

The reaction of 6 with two equimolar amounts of 7 in the presence of K2CO3 (equimolar 

to 7) proceeded very smoothly to give catechol mono-ether 5 in 74% yield, and the 
corresponding bis-ether was not detected, indicating that the second Williamson reaction was 
strongly suppressed probably due to steric hindrance. Hydrolysis of 5 with an acidic ion 
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exchange resin afforded alcohol 3 (81% yield), the dianion of which was allowed to react 
with 4 to give precursor 2 [8] in 77% yield. 

In order to optimize the reaction conditions for the Claisen rearrangement of 2, the 
rearrangement of model compound 8 was carried out. The thermal Claisen rearrangement 
of 8 at 180 °C for 4 h unfortunately gave a mixture of 9 and further Cope-rearranged 
product 10 in a ratio of 44:56, although the conversion was satisfactory. In contrast, the 
rearrangement of 8 proceeded smoothly, when the reaction was carried out by using Et2AIC1 

as an activator in dichloromethane under reflux, to give 9 in 69% isolated yield with 
excellent selectivity (9:10 = 92:8). Under these optimized conditions, the Claisen 
rearrangement of 2 was performed to afford 1 [9] in 33% isolated yield. 

H O  

0 / " " t f ' " ~ O  B n HO ~ ' -~J"O B n H O , , y ~  

HO~ II 8 H O ~  9 . 
Claisen Cope 

Rearrangement Rearrangement 0 B n 

10 

In the next stage, the binding ability of 1, thus prepared, for trivalent cations was 
preliminarily examined. Figure 1 shows the UV spectral change upon titrating an acetonitrile 
solution of FeC13.6H20 with a mixture of 1 and 6 equimolar amounts (vs 1) of 2,4,6- 

trimethylpyridine in acetonitrile. With increasing the molar ratio of 1, the peak at 360 nm, 
which corresponds to the absorption of Fe3+, decreased and a new broad peak appeared at 
528 nm, which would correspond to the absorption of complex(es) newly formed. [10] The 
clear isosbestic points indicate that the complexation of 1 with Fe3+ gives only one species of 

the complex. [ 10] 
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Figure 1. UV titration of Fe 3+ with 1. [Fe 3+] = 0.2 Figure 2. Plots of UV absorbance (528 nm 
mM in acetonitrile. Spectra were recorded with corresponding to the absorbance of 1.Fe 3+ 
increasing the amount of 1 (0.1 equivalent interval complex) vs 1/Fe 3+ ratio. The conditions were 
from 0.1 to 2.4 equivalents to Fe 3+) and 2,4,6- the sameasFigure 1. 
trimethylpyridine (6 equimolar amount to 1 added). 



6214 

Figure 2 shows the plots of  UV absorbance vs 1/Fe 3+ ratio. From this figure, it became 
clear that the molar ratio of l :Fe3+ in the complex formed was 1:1 and that the equilibrium 
constant (conditional) was 6.3 x 10 4 M-1. 

In conclusion, we have synthesized a new type of tripodal hexadentate ligand and found 
that the ligand formed a 1:1 complex with Fe3+. Further investigations on the complexation 
of 1 with other metal cations and on selective extraction/transportation are currently in 
progress. 
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