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Abstract: A novel class of molecular clips based on diethoxycarbo-
nyl glycoluril was synthesized via click chemistry. Seven different
arylacetylenes were used in this research, and all reaction products
gave satisfying 1H NMR, 13C NMR, HRMS, and IR spectra. The
structure and conformation of 7a were further confirmed by single-
crystal X-ray diffraction. A primary study on the metal-ion binding
ability of 7f showed that its fluorescence was obviously quenched
by Fe3+, Ag+, and Cu2+ among metal ions examined.
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Natural receptors play fundamental roles in molecular
recognition, catalysis, and transport processes. Inspired
by nature, artificial receptors have been developed to
mimic these functions.1 The rigid concave shape of gly-
coluril makes it a versatile building block to construct var-
ious supramolecular objects, such as molecular capsules,2

molecular clips,3 and cucurbit[n]uril family.4 Especially
glycoluril-based clips with a preorganized cleft and rigid
aromatic arms have been proved to be effective receptors
for hydroxybenzene derivatives,5 metal ions,6 and an-
ions.7 In order to expand the range of possible guest struc-
tures, we would like to introduce new binding sites and
flexible side arms in the glycoluril-based clips.1a

‘Click chemistry’ developed by Meldal8 and Sharpless9

for constructing 1,2,3-triazole compounds has found
growing applications in bioconjugation, drug discovery,
materials and supramolecular chemistry.10 Besides the ad-
vantages of its reliability, regioselectivity, and compati-
bility with reaction conditions, the unique structural
features of the 1,2,3-triazole ring–free electron pairs on
nitrogen, polarized proton, large dipole moment, and aro-
matic stability, render it active participation in hydrogen
bonding, metal–lone pair bonding, dipole–dipole and p–p
stacking interactions.10e,11 Recently, some triazole-based
receptors with interesting binding properties have been re-
ported, such as cyclodextrins,12 calix[4]arenes,13 dendrim-
ers,14 macrocycles,15 foldmers,16 and bile acids.17 These
results demonstrate that 1,2,3-triazole ring can play an im-
portant role in molecular recognition. However, to our
knowledge, the potential application of 1,2,3-triazole ring
in glycoluril-based clips has not yet been explored.

In connection with our ongoing program on the synthesis
of novel molecular clips and the interesting structural fea-
tures of the 1,2,3-triazole ring, we were interested in ex-
ploring this versatile reaction on diethoxycarbonyl
glycoluril to synthesize novel molecular clips with 1,2,3-
triazole rings in flexible side arms.

The synthetic route used to obtain clips 7a–g is shown in
Scheme 1. Diethoxycarbonyl glycoluril 3, which has a
high degree of organic solubility unlike most other gly-
colurils, was synthesized according to the literature
procedure18 and used for these studies. As we previously
reported,19 compound 4 could be smoothly prepared by
treatment of 3 with ethanolamine in the presence of form-
aldehyde in MeOH. Tosylation of the hydroxyl group of 4
with TsCl afforded compound 5 in 61% yield.20 The tosy-
late 5 was reacted with sodium azide in DMF to give com-
pound 6 in 88% yield.21 Treatment of azide 6 with a
number of arylacetylenes in t-BuOH–H2O (1:1) in the
presence of CuSO4 and ascorbic acid (click reaction)9

Table 1 Synthesis of 7a–g from Arylacetylenes

Entry R2C≡CH Product Yield (%)a

1 7a 80

2 7b 70

3 7c 78

4 7d 74

5 7e 75

6 7f 82

7 7g 82

a Isolated yield.
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gave the expected molecular clips 7a–g in 70–82% yield
(Table 1).

Taking into consideration that the nature of the substitu-
ents in arylacetylene could affect the binding properties, a
variety of arylacetylenes were used in this research. In ad-
dition to phenylacetylene, we had synthesized 4-
ethynylpyridine22 and three para-substituted phenyl-
acetylenes23 with electron-donating or -withdrawing
groups. To further enlarge the scope of the clip receptor as
a fluorescent or electrochemical sensor, we attached 1-
naphthalenyl group24 and ferrocenyl group25 to the tri-
azole units, which may allow us to monitor the binding
ability of the 1,2,3-triazole ring by fluorescence or cyclic
voltammetry (CV). All reaction products gave satisfacto-
ry 1H NMR, 13C NMR, HRMS, and IR data.26 In addition,
the structure and conformation of compound 7a were fur-
ther elucidated by single-crystal X-ray diffraction,27 as
shown in Figure 1. Compound 7a has a well-defined ge-
ometry due to the rigidity that the fused rings confer on the
molecule. It is built up from four fused rings, namely two
nearly planar imidazole five-membered rings and two
nonplanar triazine six-membered rings. Both six-mem-
bered rings have chair conformations. The distance be-
tween two carbonyl oxygen atoms (O1–O2) of the
glycoluril moiety is 5.299 Å. The distance between the
centers of two trizole rings is 6.388 Å, and the dihedral an-
gle between two trizole rings is 9.00°. The flexible spacer
connecting the glycoluril cavity and 1,2,3-triazole ring
can contribute to the conformational flexibility of this
host, allowing it to adopt the most favorable conformation
for guest complexation.

Because fluorescent chemosensors have advantages of
high selectivity, sensitivity, and simplicity in molecular
recognition,28 we first chose 7f to screen its metal-ion
binding ability. The fluorescence spectrum of 7f (10 mM)

in THF–MeOH (v/v, 50:1) was found to exhibit maximum
emission at 350 nm (excitation at 301 nm). Seventeen
metal ions were screened by comparing the fluorescence
intensities of the solutions before and after adding 10
equivalents metal ions as their chloride or nitrate salts: K+,
Mg2+, Ca2+, Sr2+, Ba2+, Mn2+, Fe3+, Co2+, Ni2+, Cu2+, Ag+,
Zn2+, Cd2+, Hg2+, Al3+, Sn2+, and Pb2+. The results are
shown in Figure 2.

We found that the fluorescence of 7f (10 mM) was obvi-
ously quenched by Fe3+, Ag+, and Cu2+ ions. Comparing
these results with what we previously reported,6 we spec-
ulated that Fe3+ was bound in the cavity of the clip, the
fluorescent aromatic units of side arms probably behaved
as PET donors whereas the bound Fe3+ as electron accep-
tors, which led to a severe fluorescence quenching.29

However, complexation of Ag+ and Cu2+ ions requires the

Scheme 1 Reagents and conditions: (i) AcOH, Br2, H2O; (ii) EtOH, HCl(g), 0 °C; (iii) PhH, H2NCONH2, TFA, reflux; (iv) NH2CH2CH2OH,
37% aq HCHO, MeOH, reflux; (v) TsCl, Et3N, CH2Cl2, r.t., 61%; (vi) NaN3, DMF, 60 °C, 88%; (vii) R2C≡CH, CuSO4, ascorbate acid, t-BuOH–
H2O, r.t., 70–82%.
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Figure 1 X-ray crystal structure of compound 7a; hydrogen atoms
are omitted for clarity
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coordination of the two triazole groups of 7f. This was
supported by silver(I) ion induced chemical shift of 7f
changes in the 1H NMR spectra (see Figure 3). In the pres-
ence of 5.0 equivalents of Ag+ ions, chemical shifts of
protons Ha–Hd downfield shifted by 0.02, 0.06, 0.06, and
0.07 ppm, respectively. The peak of He on the triazole
group was downfield shifted by 0.19 ppm, but the peaks
of Hf and Hg were upfield shifted by 0.31 and 0.09 ppm.
These results suggest that the two triazole groups are in-
volved in the complexation with Ag+.

Figure 3 (a) 1H NMR (600 MHz, CD3CN) spectra of 7f (5 mM); (b)
in the presence of 5.0 equiv of silver nitrate

The fluorescence spectra of 7f (10 mM) at various concen-
trations of Ag+ ions are depicted in Figure 4; as can be
seen, no shift in the fluorescence maximum was observed.
However, the fluorescence intensities of 7f gradually de-
creased as the concentration of Ag+ increased from 10 to
240 mM. In the Job plot (see inset of Figure 4),30 a maxi-
mum fluorescence change was observed when the molar
fraction of 7f vs Ag+ was 0.5, indicative of a 1:1 complex.
Similar fluorescence titration behavior and a 1:1 binding
stoichiometry was also observed in the cases of 7f with
Cu2+ and Fe3+ ions, respectively (see supporting informa-
tion for details).

In summary, we have synthesized a novel class of molec-
ular clips based on diethoxycarbonyl glycoluril via click
chemistry. The primary study on the metal ion binding
ability of 7f shows that its fluorescence was obviously
quenched by Fe3+, Ag+, and Cu2+ among seventeen metal
ions examined. Further studies on the quenching mecha-
nism and other molecular clips’ binding behavior are un-
der way in our laboratory.

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.
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59.3, 49.6, 46.9, 13.7. ESI-HRMS: m/z [M + Na]+ calcd for 
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Compound 7f: IR (KBr): 3423, 3137, 2988, 1766, 1730, 
1707, 1612, 1411, 1286, 1234, 1045, 907, 718 cm–1. 1H 
NMR (400 MHz, CDCl3): d = 8.43 (d, J = 8.0 Hz, 2 H), 7.82 
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8 H), 4.82 (d, J = 13.6 Hz, 4 H), 4.34 (t, J = 6.0 Hz, 4 H), 
4.27 (q, J = 7.2 Hz, 4 H), 4.20 (d, J = 13.6 Hz, 4 H), 2.95 (t, 
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calcd for C42H42N12NaO6: 833.3242; found: 833.3220.
Compound 7g: IR (KBr): 3448, 3122, 2982, 1719, 1414, 
1232, 1035, 906, 821, 712, 505, 488 cm–1. 1H NMR (400 
MHz, CDCl3): d = 7.47 (s, 2 H), 4.81–4.78 (m, 8 H), 4.34–
4.30 (m, 8 H), 4.27 (q, J = 7.2 Hz, 4 H), 4.20 (d, J = 13.2 Hz, 
4 H), 4.10 (s, 10 H), 2.94 (t, J = 5.6 Hz, 4 H), 1.29 (t, J = 7.2 
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Hz, 6 H). 13C NMR (100 MHz, CDCl3): d = 164.9, 158.5, 
146.4, 119.5, 76.0, 75.5, 69.6, 68.6, 66.5, 63.5, 60.0, 50.3, 
47.1, 13.8. ESI-HRMS: m/z [M + Na]+ calcd for 
C42H46Fe2N12NaO6: 949.2273; found:949.2215.

(27) Crystal Data for Compound 7a
C34H38N12O6, MW = 710.78, triclinic, a = 10.0153 (5), 
b = 12.0495 (6), c = 16.3995 (8) Å, a = 102.658 (0)°, 
b = 103.272 (0)°, g = 108.398 (0)°, V = 1734.28 (15) Å3, 
T = 294 (2) K, space group Z = 4, m(MoKa) = 0.094 mm–1, 
15230 reflections measured, 6724 unique (Rint = 0.0981) 

which were used in all calculations. The final wR2 (F2) was 
0.1531. CCDC 699457 contains the supplementary 
crystallographic data for this paper. These data can be 
obtained free of charge from The Cambridge 
Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.
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