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Tetra-dansylated diphenyl glycoluril has been synthesized and evaluated for ionic recognition. The syn-
thesized molecular receptor shows selective response to silver ions as determined through the enhance-
ment of fluorescence intensity.

� 2010 Elsevier Ltd. All rights reserved.
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Recently, among numerous macrocycles, glycoluril-based
molecular receptors have garnered immense attention.1–3 This is
mainly due to their rigid skeleton, high melting point, and poten-
tially significant multiple hydrogen bond donative (NH) and accep-
tive (C@O) molecular characteristics.4–8 Since fluorescence
spectroscopy offers a sensitive detection technique for ionic and
molecular species,9,10 we decided to introduce a fluorophore in a
glycoluril backbone (1) to achieve an on/off type chemosensor for io-
nic recognition. Though most reported chemosensors for heavy/
transition metal ions are based upon quenching of fluorescence
intensity (‘turn off’)11 only a few are based upon enhancement of
fluorescence intensity (‘turn on’).12 The latter type of chemosensors
are both desired and preferred due to their better overall signal pro-
cessing in biosystems12 and specificity of mode of action. We report
herein a novel glycoluril-based ‘turn-on’ type fluorescence chemo-
sensor 1 which can recognize silver ions from amongst lithium, so-
dium, nickel, zinc, copper, mercury, lead, cobalt, cadmium, iron,
and chromium.

Compound 1 was obtained in 70% yield from benzil and urea4a,6

through a series of reactions presented in Scheme 1. It was charac-
terized by 1H and 13C NMR and ESI-TOF MS analysis.13 When a di-
lute solution of 1 (20 lM) in acetonitrile (ACN) was excited at
350 nm,14,15 it exhibited a fluorescence emission band with a max-
imum at 550 nm.

Compound 1 showed good solvatochromism as its emission
maxima were red shifted with increasing solvent polarity (except
chloroform) (Supplementary data, Fig. S1). Addition of varying con-
centrations of metal ions (Ag+, Li+, Na+, Ni2+, Zn2+, Cu2+, Co2+, Cd2+,
Pb2+, Hg2+, Fe3+, and Cr3+) revealed an increase of 71% in the pres-
ence of 67 lM Ag+ (Fig. 1). In the presence of most other metal ions
the percent enhancement in the fluorescence intensity of 1 was
insignificant in comparison to Ag+ ions. The addition of the same
ll rights reserved.
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Scheme 1. Synthesis of tetra-dansylated glycoluril 1 and reference compound 1a.
Reagents and conditions: (i) EtOH, concd HCl, refluxing; (ii) paraformaldehyde,
room temperature stirring, N2 atm; (iii) p-toluene sulfonic acid, excess hydroqui-
none, reflux; (iv) dansyl chloride, Et3N, stirring; (v) p-toluene sulphonyl chloride,
Et3N, stirring.
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Figure 2. Percent change in fluorescence intensities of 1 (20 lM) in the presence of
67 lM of various metal ions in acetonitrile (perchlorate salts are used).
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Figure 1. Fluorescence enhancement of 1 in the presence of increasing [Ag+] in
acetonitrile at ambient conditions ([1] = 20 lM, kexcitation = 350 nm). Inset of the
figure represents F0�F

F versus the mole ratio of the host-to-guest clearly showing the
stoichiometry of the complexation to be 1:1. ([1] = 20 lM, kexcitation = 350 nm).
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concentration of Cu2+, Hg2+, and Pb2+ led to the quenching of fluo-
rescence intensity of 1 (Fig. 2). Control experiments with dansyl
chloride revealed that severe quenching of 1 in the presence of
Cu2+ was due to the heavy metal effect through collisional
quenching.14

A plot of F0�F
F versus the mole ratio of [1]-to-[Ag+] revealed that

they interact in a 1:1 stoichiometric manner (where F0 and F are
the fluorescence intensities in the absence and the presence of
[Ag+], respectively (inset of Fig. 1)) with an equilibrium constant
of 224(±15) M�1 (for 1þ Agþ�1 � Agþ) (calculations are provided
in Supplementary data). Reference compound 1a was also synthe-
sized. It was observed that there was an insignificant enhancement
in the fluorescence intensity of 1a in the presence of varying con-
centrations of Ag+ (Supplementary data, Fig. S2). Again when the
same experiments were repeated with dansyl chloride alone, a
small decrease in the fluorescence intensity was observed (data
not shown). NMR titration experiments (Supplementary data,
Fig. S3) revealed that the dan-H signal shifts upfield while those
of N–CH2 protons shift downfield on the addition of Ag+ to the host
1 in CDCl3 indicating the close proximity of Ag+ to the dansyl aro-
matic framework through a plausible cation p-type interaction. It
appears that the Ag+ imparts certain rigidity to the dansyl moieties
on the glycoluril framework. Apparently, the interaction of Ag+

with the dansyl moiety decreases the rate of non-radiative deacti-
vation pathways by facilitating the twisted intra-molecular charge
transfer (TICT) process to result in the fluorescence intensity
enhancement.

In conclusion, we have achieved a novel ‘turn on’ type glycolu-
ril-based fluorescence sensor for silver ions. Further work to under-
stand the exact sensing mechanism is in progress.
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