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Abstract—A pair of novel fluorescent molecular clips was synthesized from diethoxycarbonal glycoluril cyclic ether and 1,2-dihydro-
indazol-3-one. Their structures and conformations were confirmed by single crystal X-ray diffraction and chemosensory properties
were studied by fluorescent spectroscope. Both of them exhibited selective recognition toward Fe3+ over other metal ions examined
in DMF/CH3OH (50:1, v/v).
� 2007 Elsevier Ltd. All rights reserved.
Recognition and sensing of heavy and transition metal
ions via artificial receptors are of current interest in
supramolecular chemistry because of their significant
importance in chemical, biological, and environmental
assays.1 Of particular interest in this regard are fluores-
cent sensors, because they have both high sensitivity and
ease of signal transduction.2 Up to now, many fluores-
cent molecular sensors and switches for heavy and tran-
sition metal ions such as Pb2+, Hg2+, Cu2+, and Zn2+

have been developed.3–6 However, examples of specific
fluorosensors for Fe3+ are still scarce.7 Iron is an essen-
tial element for humans and plays an important role in
biochemical and nutritional processes. Many proteins
and enzymes contain ferric ions either for structural pur-
poses or as part of a catalytic site.8 Therefore, the devel-
opment of selective as well as sensitive fluorescent
sensors for ferric ions is still a challenge.

Glycoluril is an important building block for supra-
molecular chemistry, and its derivatives have been used
as the basis for molecular clips,9 molecular capsules,10

anion-binding receptors,11 xerogels,12 and the cucur-
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bit[n]uril (CB[n]) family.13 However, there are few stud-
ies having been carried out to explore its utilization as a
platform for the synthesis of fluorescent chemosensors
for ionic guest in recent years.14 In this Letter, we report
the synthesis and X-ray structure of a pair of novel
molecular clips 1a and 1b from diethoxycarbonyl glyco-
luril and 1,2-dihydro-indazol-3-one together with an
evaluation of its utility as a new class of fluorescent
Fe3+ sensor. To the best of our knowledge, this is the
first report on fluorescent chemosensors based on glyco-
luril developed for metal ion recognition.

The new fluorescent clip molecules 1a and 1b were syn-
thesized as outlined in Scheme 1. Diethoxycarbonal
glycoluril cyclic ether 5 was prepared according to
reported procedure.15 After condensation of 5 with
2 equiv of 1,2-dihydro-indazol-3-one in MeSO3H at
80 �C according to the previous method,16 the desired
product diastereomers, 1a and 1b17 were obtained in
35% and 26% yields, respectively. Although no obvious
difference can be observed for the 1H NMR spectrum of
isomers 1a and 1b, assignment of them was possible with
help of 13C NMR. Isomer 1a possesses a C2 symmetric
axis through the molecular plane perpendicularly, caus-
ing two carbonyl groups of glycoluril ring with the same
chemical environment and only one signal appearing at
154.2 ppm, whereas two carbonyl groups of glycoluril
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Scheme 1. Reagents and conditions: (i) AcOH, Br2, H2O, Na2CO3; (ii) EtOH, HCl (g), 0 �C; (iii) PhH, H2NCONH2, TFA, reflux; (iv) TFA,
(CH2O)n, reflux; (v) 1,2-dihydro-indazol-3-one, MeSO3H, 80 �C, 3 h, Yield: 35% for 1a and 26% for 1b.

Figure 2. The molecular structure of 1b. Hydrogen atoms and solvent
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ring in 1b situated in different chemical environments
result in two signals at 154.9 and 153.5 ppm. The
structures and conformations of 1a and 1b were further
elucidated by the single crystal X-ray diffraction,18 as
shown in Figures 1 and 2.

The crystals of 1a and 1b were obtained by the slow
evaporation of solution of them in chloroform/metha-
nol (20:1, v/v) mixture. The crystal structures of 1a
and 1b clearly reveal that they have well-defined geo-
metry due to the rigidity that the fused rings confer on
the molecule. It is easy to disclose the difference in the
structures and conformations of 1a and 1b. In 1a, the
distance between the two carbonyl oxygen atoms
(O2–O3) of glycoluril ring amounts to 5.522 Å. The
dihedral angle between the two phenyl rings of the side-
walls is 78.70�, and the distance between the centroids of
the two phenyl rings of the sidewalls is 9.092 Å; In 1b,
the distance between the two carbonyl oxygen atoms
(O2–O3) of glycoluril ring amounts to 5.423 Å. The
dihedral angle between the two phenyl rings of the side-
walls is 48.99�, and the distance between the centroids of
the two phenyl rings of the sidewalls is 7.573 Å. Because
 

Figure 1. The molecular structure of 1a. Hydrogen atoms and solvent
molecules omitted for clarity.

molecules omitted for clarity.
of the presence of the polarized carbonyl groups and the
electron-rich nitrogen atoms in the cavity, both 1a and
1b have the potential to bind guests by means of hydro-
gen bonding, p–p stacking interactions and a so-called
‘cavity-effect’.

The chemosensory behavior of isomers 1a and 1b were
investigated by fluorescence measurements. The changes
of the fluorescence properties of 1 · 10�5 M of 1a and 1b
in DMF/CH3OH (50:1, v/v) caused by 15 equiv of var-
ious metal ions (K+, Mg2+, Hg2+, Cd2+, Fe3+, Zn2+,
Co2+, Ni2+, Cu2+, Pb2+, Cr3+, and Ce3+) were measured
once their emission intensity were constant. The results
showed Fe3+ produced significant quenching in the fluo-
rescent emission of 1a and 1b, the other tested metals
only show relatively insignificant changes (Figs. 3 and
4). So it can be concluded that 1a and 1b have a higher
selectivity for recognition of Fe3+. Moreover, since
sensors 1a and 1b have the same functional groups but
different structures and conformations, in the same con-



Figure 3. Fluorescence emission changes of 1a (1 · 10�5 M) in DMF–
MeOH (50:1, v/v) in the presence of 15 · 10�5 M various metal ions
(excitation at 328 nm).

Figure 4. Fluorescence emission changes of 1b (1 · 10�5 M) in DMF–
MeOH (50:1, v/v) in the presence of 15 · 10�5 M various metal ions
(excitation at 328 nm).

Figure 5. Fluorescence emission spectra (excitation at 328 nm) of 1a

(1 · 10�5 M) in DMF–MeOH (50:1, v/v) in the presence of
Fe(H2O)6Cl3. The concentration of Fe3+: 0, 1.0, 2.0, 3.0, 4.0, 5.0,
6.0, 7.0, 8.0, 9.0, 10.0, 11.0, 12.0, 13.0, 14.0, and 15 · 10�5 M; Inset:
Stern–Volmer plot of the emission data.

Figure 6. Fluorescence emission spectra (excitation at 328 nm) of 1b

(1 · 10�5 M) in DMF–MeOH (50:1, v/v) in the presence of
Fe(H2O)6Cl3. The concentration of Fe3+: 0, 1.0, 2.0, 3.0, 4.0, 5.0,
6.0, 7.0, 8.0, 9.0, 10.0, 11.0, 12.0, 13.0, 14.0, and 15 · 10�5 M; Inset:
Stern–Volmer plot of the emission data.
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ditions, the fluorescence emission intensity of 1a is high-
er than that of 1b.

The sensitivity of the fluorescence emission response of 1a
and 1b toward Fe3+ was subsequently examined under
the same conditions with various Fe3+ concentrations
(Figs. 5 and 6). The fluorescence intensity (kem = 415 nm)
of 1a and 1b was decreased continually upon the addition
of Fe3+ with no significant change in the position of the
emission maxima. When the concentration of Fe3+

increased to 15 equiv, the fluorescence intensity of 1a
and 1b were reduced to 39% and 49% of the initial one,
respectively. From Stern–Volmer plot (the fluorescence
quenching followed the Stern–Volmer equation),19 both
hosts 1a and 1b formed 1:1 stoichiometry complex with
Fe3+, and the association constants were estimated
1.106 · 104 and 6.227 · 103 M�1, respectively.

To investigate the quench mechanism, for 1a and 1b,
Fe3+ may be easily establish coordinative interactions
with the polarized carbonyl groups and the nitrogen
atoms in their cavities than other metal ions examined,
the capture of Fe3+ resulted in the electron or energy
transfer from the excited aromatic sidewalls with nitro-
gen atom conjugated to the benzene ring of them to
Fe3+; thus, 1a and 1b showed quench fluorescence emis-
sion for Fe3+ and provided a high selectivity for Fe3+

over the other tested metal ions. Moreover, the difference
in the structures and conformations of 1a and 1b resulted
in different association constants of them with Fe3+.

In conclusion, we have described the synthesis and struc-
tural characterization of a pair of novel fluorescent clip
molecules 1a and 1b derived from diethoxycarbonyl
glycoluril. The studies of fluorescence emission spectra
clearly showed that isomers 1a and 1b were two good
sensors in the selective recognition for Fe3+ over other
metal ions examined. Moreover, 1a and 1b showed dif-
ferent association constants with Fe3+ because of the
difference in their structures and conformations. Further
studies on their fluorescent quench mechanism toward
Fe3+ are in progress.
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3191.4(4) Å3, Z = 4, Dc = 1.503 g cm�3, reflections
collected: 30,507, independent reflections: 5605 [Rint =
0.1894], final R indices [I > 2r(I)]: R1 = 0.0694, wR2 =
0.1623. R indices (all data): R1 = 0.1161, wR2 = 0.1854.
CCDC 626345.

19. (a) Tsukube, T.; Furuta, H.; Odani, A.; Takeda, Y.; Kudo,
Y.; Inoue, Y.; Liu, Y.; Sakamoto, H.; Kimura, K. In
Determination of Stability Constants. In Comprehensive
Supramolecular Chemistry; Lehn, J.-M., Atwood, J. L.,
Davies, J. E. D., MacNicol, D. D., Vögtle, F., Eds.;
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