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Synthesis and anion recognition properties of
8,8�-dithioureido-2,2�-binaphthalene
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Abstract—A novel artificial receptor based on 2,2�-binaphthalene skeleton bearing two thiourea groups was prepared via
nickel(II)-catalyzed homocoupling of the corresponding bromide. The receptor showed high binding ability for F− and AcO− in
acetonitrile.
© 2003 Elsevier Ltd. All rights reserved.

Artificial receptors based on molecular recognition have
attracted considerable attention in host–guest chem-
istry.1 Recently, considerable attention has focused on
the design of anion receptors because of their medicinal
and environmental utilities.2 For construction of anion
receptors, it would be crucial to select spacer molecules
bearing anion binding sites. Such receptors are also
required to display dynamic structural changes through
anion binding, in which information of the binding
process could be detected, as optical signals, by simple
spectroscopic methods. It is known that receptors bear-
ing two thiourea groups at suitable positions bind
anions through hydrogen bondings.3 Although the
binding strength and anion selectivity are considered to
depend on acidity of H-donors, structure of the spacers,
and solvents, it may be difficult to design anion-selec-
tive receptors probably because of different shape and
size of anions, which are tetrahedral for oxoanions such
as H2PO4

− and HSO4
−, planar for AcO− and NO3

−, and
spherical for halide ions. For example, Umezawa et al.
have reported that highly preorganized xanthene
derivatives bearing two thiourea groups strongly and
selectively bind H2PO4

− in DMSO, whereas 1,3-
bisthioureidomethylbenzene shows lower anion selectiv-
ity in 1,2-dichloroethane.3d Hong et al. have reported
that 2,2�-(bisthioureidomethyl)biphenyl shows a high
selectivity for F− in CHCl3.3n However, indoaniline
spacers have been reported to show much smaller selec-
tivities for oxoanions and halide ions in MeCN.3o

A skeleton of 2,2�-binaphthalene is expected to strong
fluorescence properties rather than biphenyl moiety.4

However, as far as we know, no receptors based on
2,2�-binaphthalene were reported. These prompted us to
examine a 2,2�-binaphthalene derivative directly con-
nected with two thiourea groups at 8- and 8�-positions,
since the receptor could provide a convergent binding
site on anion binding and the anion-induced changes of
absorption and fluorescence spectra due to two naph-
thyl moieties (Scheme 1). In this letter, we describe the
synthesis of 8,8�-di(3-butylthioureido)-2,2�-binaph-
thalene (1) and its binding abilities for various anions in
comparison with those of 1-(3-butylthioureido)naph-
thalene (2) in MeCN (Chart 1).

Synthetic route of 1 is illustrated in Scheme 1. 1-
Amino-7-bromonaphthalene (3) was prepared from
bromobenzene in five steps according to the literature.5

Homocoupling of 3 by a catalytic amount of nickel(II)
chloride with a stoichiometric amount of zinc as a
reducing metal in the presence of 2,2�-bipyridine and
triphenylphosphine in N,N-dimethylacetamide at 70°C
gave 8,8�-diamino-2,2�-binaphthalene (4) in 70% yield as
yellow crystals.6 Reaction of 4 with butyl isothio-

Scheme 1. Reagents and conditions : (a) Zn, NiCl2 (cat.), bpy,
PPh3, DMAc, 60°C, 70%; (b) BuNCS, EtOH, reflux, 64%.
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Figure 1. An ORTEP view of the crystal structure of receptor
1 (50% probability ellipsoids). Hydrogen atoms except for
NH’s are omitted for clarity.

Figure 2. UV–vis spectral titration of 1 with AcO− in MeCN
at 298 K. [1]=6.67×10−5 mol dm−3. [AcO−]=0–2.88×10−4 mol
dm−3. Inset: Change of absorbance of 1 at 360 nm upon
addition of AcO−.

Chart 1.
that host 1 binds anionic guests for 1:1 ratio. Binding
constants of 1 and 2 for anionic species were calculated
by non-linear curve fitting of UV–vis titrations and the
results are summarized in Table 1. Binding constants of
1 for F−, AcO−, H2PO4

−, and Cl− were larger than those
of 2, indicating that two thiourea groups of 1 act as
cooperative binding sites. Unfortunately, 1H NMR
titration was not able to be performed due to low
solubility of 1 in MeCN-d3.

Fluorescence titrations of 1 excited at 333 nm were also
performed in MeCN and typical spectral changes are
shown in Figure 3. Upon addition of AcO− into the
solution of 1, the emission at 459 nm was decreased and
a weak broad emission at around 650 nm was
increased. Similar spectra were observed upon addition
of F− and H2PO4

−. Binding constants were calculated
by non-linear curve fitting of I/I0 at 650 nm, giving
1.2×105, 1.4×106, and 1.5×104 dm3 mol−1 for AcO−, F−,

cyanate in EtOH in reflux gave receptor 1 in 64% yield.
The product was characterized by 1H NMR spec-
troscopy, ESI-MS and elemental analysis.7 Receptor 2
was also prepared from 1-aminonaphthalene with butyl
isothiocyanate in EtOH in 92% yield.3m UV–vis spectra
of 1 and 2 in MeCN showed �max at 314.5 nm (�=1.9×
104 M−1 cm−1) and 292.5 nm (�=8.7×103 M−1 cm−1),
respectively.

Single crystals of 1 for X-ray crystallographic structure
analysis were obtained by recrystallization from MeCN.
The result showed that two naphthyl rings are placed in
the same plane and two thiourea groups are located in
anti-position as shown in Figure 1.8 The thiourea func-
tionalities are syn–anti conformation due to formation
of intermolecular hydrogen bonds in solid state.

Titration experiments for anion recognition of 1 and 2
were performed by UV–vis spectroscopy in MeCN. As
shown in Figure 2, a bathochromic shift was observed
passing through isosbestic points at 292.5 and 334.0 nm
upon addition of AcO− (tetra(n-butyl)ammonium was
used for counter cation) into the solution of 1. The
addition of F− (isosbestic points at 293 and 333 nm)
and H2PO4

− (301 and 333 nm) showed similar spectral
changes and the addition of Cl− showed small spectral
changes. However, addition of Br−, I−, HSO4

−, and
NO3

− virtually showed no spectral changes. ESI-MS
(negative ion mode) of 1 in the presence of 1 equiv. of
F−, AcO−, and H2PO4

− showed peaks corresponding to
1:1 complex in good agreement of the isotope patterns,
and no higher order complexes (receptor:guest=1:2
and so on) were observed. Job’s plots of 1 and guests
(F−, AcO−, and H2PO4

−) in MeCN showed maxima at a
mole fraction of 0.5 in each cases. These results indicate

Table 1. Binding constants of 1 and 2 for various anions

Ka/dm3 mol−1 (−�G/kJ mol−1)aAnion

1 2

1.1×105 (29) 3.7×103 (20)AcO−

5.5×104 (27) 2.4×103 (19)H2PO4
−

<102bHSO4
− <102b

<102b <102bNO3
−

2.1×106 (36) 7.7×103 (22)F−

1.1×104 (23) 6.4×102 (16)Cl−

<102b<102bBr−

<102bI− <102b

a Measured by UV–vis spectroscopy in MeCN at 298 K. The errors in
the binding constants were at less than 10%.

b No spectral change was observed.
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Figure 3. Fluorescence titration of 1 with AcO− in MeCN
excited at 333 nm at 298 K. [1]=3.33×10−5 mol dm−3. [AcO−]
=0–1.00×10−4 mol dm−3. Inset: Change of I/I0 of 1 at 650 nm
upon addition of AcO−.

The present study demonstrated that 2,2�-binaphthalene
bearing two thiourea groups strongly binds anionic
species, such as F− and AcO− in MeCN and the binding
constants are simply determined by UV–vis spec-
troscopy. We believe that the 2,2�-binaphthyl scaffold is
quite useful for construction of various types of recep-
tors by introducing functional groups at 8- and 8�-posi-
tions. Further studies on this line are in progress.
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