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Abstract: Symmetric and sequential isobutenylidene-bridged bis-
(8-hydroxyquinoline)s are prepared by application of the Hiratani–
double-Claisen rearrangement as a key step in the reaction se-
quence. The formation of a dinuclear helicate-type zinc(II) complex
is also described.
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8-Hydroxyquinoline derivatives 1 are well-established
metal binding units. Initially they were mainly used for
analytical purposes,1 however, more recently they have
been exploited due to the extraordinary emission proper-
ties of their metal complexes.2

We became interested in bis(8-hydroxyquinoline)s in the
context of helicate self-assembly. We prepared a series of
alkyl-bridged derivatives.3 Our approach employed the
method described by Hiratani:4 a double-Claisen rear-
rangement resulting in the formation of two carbon–car-
bon bonds in one reaction step.5 Thus, we were able to
obtain triple-stranded dinuclear helicate-type complexes
(Figure 1) in a template-directed self-assembly process.6 

In order to extend this chemistry and to prepare more
sophisticated homo- or heterodinuclear complexes we
applied the Hiratani–double-Claisen rearrangement to the
preparation of functionalized and sequential bis(8-hy-
droxyquinoline)s.7 Therefore, we prepared 2-cyano-8-hy-
droxyquinoline 2 starting from 8-hydroxyquinoline 1 by a
known three-step procedure.8 In the last step the desired
compound 2 was obtained in 60% yield together with 15%
of the corresponding amide 3 (Scheme 1), which also
represents an interesting building block.

Scheme 1 Preparation of the building blocks 2 and 3 following a 
literature procedure.

Williamson ether formation of 2 with an excess of 3,3¢-
dichloroisobutene 4 in the presence of potassium carbon-
ate afforded the bis-ether 5 in 32% together with the
mono-ether 6 in 35% yield (Scheme 2).

For the Hiratani–double-Claisen rearrangement, 5 was
heated in a vacuum for five hours at 175 °C to obtain the
rearranged product 7 in 95% yield. Hydrolysis of the
nitrile 7 afforded the bis-carboxylic acid 8.9 However, due
to the low solubility of this diacid 8 and its metal com-
plexes we were not able to obtain defined coordination
compounds.

In order to prepare a sequential ligand, Williamson ether
synthesis of the mono-ether 6 and 8-hydroxyquinoline 1
was performed (Scheme 3). The resulting compound 9
(90–95%) underwent rearrangement at 175 °C to give the
isobutenylidene-bridged dihydroxyquinoline 10 in 95%
yield (crude product). Hydrolysis of the nitrile 10 yielded
the carboxylic acid 11-H3 in 70%, which was character-
ized by standard analytical methods.10

N

OH
MCPBA
CHCl3 N

OH O
(CH3)2SO4

CCl4

N

OH O
CH3

(CH3)SO4
–

NaCN
H2O N

OH

CN
+

N

OH

NH2

O

60% 15%

1

2 3

Figure 1 Triple-stranded helicate-type complexes, which are 
formed from a simple bis(8-hydroxyquinoline) in the presence of 
appropriate templates M¢+.5
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Preliminary coordination studies of ligand 11-H3 were
performed with zinc(II) acetate in the presence of potassi-
um carbonate as base (Figure 2); a solid yellow material
was obtained in quantitative yield, which exhibited a sin-
gle set of signals by 1H NMR spectroscopy.11

X-ray quality crystals were obtained for the rubidium salt
Rb2[(11)2Zn2]. The molecular structure of the dianion
[(11)2Zn2]

2– is represented in Figure 2.12 Two ligands 11
are bridging the two zinc(II) ions in an anti-parallel fash-
ion resulting in the coordination of a bidentate quinolinate

as well as a tridentate quinolinate-2-carboxylate unit to
each of the metal centers.13 Thus the zinc(II) ions adopt a
distorted trigonal bipyramidal geometry. Due to a bent
arrangement of the dinuclear complex it forms a dimeric
structure in the solid phase (Figure 2).

Herein we presented the preparation of bis(8-hydroxy-
quinoline) derivatives with at least one tridentate ligand
moiety using the Hiratani–double-Claisen rearrangement
as a key step of the reaction sequence. In addition we de-
scribed the formation of a dinuclear helicate-type zinc(II)
complex with an anti-parallel orientation of the two
sequential ligand strands. Further studies are required to
obtain hetero-dinuclear d-d or d-f complexes.14
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Scheme 2 Preparation of the dicarboxylic acid derivative 8.
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Scheme 3 Preparation of the sequential bis(8-hydroxyquinoline)
derivative 11-H3.
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Figure 2 Formation of the dinuclear zinc(II) complex M2[(11)2Zn2]
and two representations of the molecular structure of the dianion as
found in the crystal of Rb2[(11)2Zn2] and intertwined packing of the
dimer (blue: Zn, yellow: Rb).
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