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The boron complex composed of the noncyclic ligand hav-
ing plural hydroxy groups behaves as a complex ligand and a
forms hetero-binuclear complex with a lanthanoid ion.

Various ligands having several coordination sites such as
hydroxy groups, amide, pyridine, pyrrole, and phenanthroline
have been developed, and are currently of interest in the field
of supramolecular chemistry.1 Self-assembly of the noncyclic li-
gands assisted by metal ions and anions gave the higher ordered
supramolecular structures such as helicates, cube, and cage com-
pounds which can behave as host molecules having the ability of
the molecular recognition.2 For example, it has been reported
that the noncyclic ligands and the noncyclic-macrocyclic com-
plexes bearing some catechol units form supramolecular clusters
with metal ions (e.g., BIII, AlIII, FeIII, ZnII, GaIII, TiIV, SnIV,
MoVI), and those clusters are able to recognize another metal
ions and organic molecules.3 On the other hand, we have report-
ed that the isobutenyl bis(aryl ether) derivatives are easily con-
verted into the compounds having two hydroxy groups via ther-
mal reaction, so called ‘‘tandem Claisen rearrangement.’’4 By
using this tandem Claisen rearrangement, various ligands having
plural hydroxy groups which possess the complexation ability
toward transition metal ions and anions such as fluoride have
been designed till now.5

In the present work, we synthesized a novel noncyclic ligand
having plural hydroxy groups via tandem Claisen rearrange-
ment. Complexation of the ligand with boric acid was carried
out, moreover, and the binding ability of the obtained boron
complex toward lanthanoid ions was investigated by using the
electronic absorption spectroscopy.

The synthesis of the ligand is shown in Scheme 1. The reac-
tion between 2-hydroxy-3-naphthoic acid methyl ester and the
excess amount of 3-chloro-2-chloromethyl-1-propene in the

presence of t-BuOK in DMF mainly gave compound 1. The pol-
yether compound 2 was prepared from compound 1 and 2,3-di-
hydroxynaphthalene in DMF under Ar atmosphere. The thermal
reaction (tandem Claisen rearrangement) of the polyether com-
pound 2 in decalin at 160 �C for 3 h afforded the ligand 3 having
four phenolic hydroxy groups in good yield.6

Complexation of the ligand 3 (L) with boric acid was carried
out. The reaction of L with 0.5–5 equiv. of B(OH)3 in the pres-
ence of triethylamine as base in methanol at room temperature
(or refluxing condition) resulted in pale yellow solid
(Scheme 1). ESIMS (anion mode) of an acetonitrile solution of
the solid showed a peak at m=z 1343, [2L + B3þ � 4H]� corre-
sponding to a mononuclear complex composed of L:B = 2:1. 1H
NMR spectrum of the mononuclear complex in CDCl3 gave the
structure information in which the phenolic hydroxy groups of
catechol moiety take part in the complexation with boron on
the basis of the disappearance of those hydroxy protons, and
the complex has the symmetrical four coordinated structure be-
cause each protons of two ligands have same chemical shifts.7

The boron complex not only has a negative charge but also
has the hydroxy groups and the carbonyl groups of ester moiety
as shown in Scheme 1, therefore, the boron complex is expected
to behave as a complex ligand or a host molecule and form a pol-
ynuclear complex with other metal ions. Here, the binding abil-
ity of the boron complex toward lanthanoid ions (Ln), which
have large coordination number and the flexible coordination
structure, was studied by using UV–vis spectrophotometry.

Spectrophotometric titration of a CHCl3 solution of the bo-
ron complex with a varying concentration of MeOH solution of
LnA36H2O (A: Cl�, NO3

�) in the presence of triethylamine was
carried out (Figure 1). The composition of the solution was kept
constant at CHCl3:MeOH = 4:1. Only the mixed solution of Ce
became the brown colored solution. This general phenomenon

Scheme 1.

Figure 1. Absorption spectra of 1:4� 10�5 M boron complex
in the presence and absence of 3:5� 10�6–5:6� 10�5 M
Ce(NO3)36H2O in CHCl3/MeOH solution. [NEt3] = 5:6�
10�5 M. Inset shows the molar ratio plots using the apparent ab-
sorbance at 375 nm.
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indicates that CeIII was oxidized to CeIV in the solution with the
hydrolysis of Ce at neutral pH region.8 Figure 1 demonstrates a
clear isosbestic point at 398 nm, indicating an equilibrium sys-
tem containing two chromophores, i.e., free boron complex
and the boron complex captured a Ce ion (hetero-binuclear com-
plex). Similar results were obtained for La, Eu, and Lu cases, al-
though the wavelength of the isosbestic point were observed at
391 (La), 393 (Eu), and 394 nm (Lu) respectively. Inset shows
the relationship between the absorption maximum of the boron
complex at 375 nm and the molar ratio of Ln ion to the boron
complex in the solution. The molar ratio plot of Ce obviously
showed an intersection at the molar ratio of 1, which corresponds
to a 1:1 stoichiometry as expected from an isosbestic point. Fur-
thermore, the composition of the polynuclear complexes was
supported by ESIMS measurements (cation mode): 1535, [2L
+ B3þ + La(H2O)3

3þ � 6Hþ]Hþ; 1535, [2L + B3þ +
Ce(OH)(H2O)2

3þ � 6Hþ]Hþ; 1549, [2L + B3þ + Eu-
(H2O)3

3þ � 6Hþ]Hþ; 1571, [2L + B3þ + Lu(H2O)3
3þ �

6Hþ]Hþ. The binding constant, �1 = [Binuclear complex]/
([Boron complex][Ln]), determined by using the general equa-
tion derived with respect to the apparent absorbance (Aapp) of
the boron complex.9 The logarithmic values of �1 were calculat-
ed to be 4:42� 0:02 (La), 5:06� 0:01 (Ce), 4:55� 0:02 (Eu),
4:64� 0:02 (Lu) by a least-squares fitting for the plots in
Figure 1 on the basis of the general equation. The dashed line
in the inset of Fig. 1 indicate the regression curve, and is in good
agreement with the experimental plots for all Ln.

IR spectrum (KBr) of the crude containing both free boron
complex and the binuclear complex was measured. In all Ln cas-
es, a clear band at 1640–1645 cm�1 which is significantly differ-
ent from the stretching vibration of C=O (1680 cm�1) in the free
boron complex was observed. The C=O band observed in lower
wavenumber region is similar to that of the Ln-methyl salicy-
late.10 Therefore, a Ln ion is expected to be captured by the hy-
droxy groups at the end position, carbonyl groups in the methyl
ester, and the negative charge of the boron complex as shown in
Figure 2. Figure 3 shows the plot of the �1 against the ionic po-
tential of Ln ion (ionic charge/ionic radius). The �1 value in-
creased with increase the ionic potential, and a good correlation
was observed. It was elucidated the stabilization of the hetero-bi-
nuclear complex strongly depends on the electrostatic interac-
tion between the negatively charge of the boron complex and
lanthanoid cation.

In conclusion, the complexation of the noncyclic ligand hav-
ing plural hydroxy groups with boron proceeded selectively to
afford a mononuclear complex. It has been found that the boron
complex can act as a complex ligand and form a hetero-binuclear
complex with a lanthanoid ion. Since various functionalized

groups are introduced readily into the ester moiety in the ligand,
the boron complexes having those ligands are expected to be-
have as a host molecule toward various metal cations, anions,
and organic molecules. Furthermore, boron-assisted self-assem-
bly of the functionalized ligands is possible to utilize the devel-
opment of supramolecular structures such as helical compounds,
rotaxanes, and catenanes.
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Figure 2. Complexation of the boron complex with a Ln ion.
Coordinated water molecules or hydroxide ion of Ln ion were
omitted for clarify. : COOMe, : OH, : O�.

Figure 3. Correlation between the logarithmic values of the
binding constant and the ionic potential of Ln ion. The ionic
radii adopted the effective ionic radii in case of eight coordina-
tion.11
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