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Two chiral fluorescent chemosensors 1 and 2 were synthesized, and the structure characterized by IR, H
NMR, 13C NMR, MS spectra and elemental analysis. Their recognition ability was studied in aqueous solu-
tion (Tris–HCl buffer pH 7.4, MeOH/H2O = 1:1) through fluorescence spectra. Receptors 1 and 2 showed a
good binding ability to the copper ion. The host 1-Cu2+ complex showed a chiral recognition ability to
mandelate anions with a preferable binding to L-mandelate than D-mandelate anions. The host 1-Cu2+

complex and L- or D-mandelate anions formed 1:1 stoichiometric complex. The binding constant for
L-mandelate is 576 M�1, whereas that for D-mandelate is only 38 M�1, which can be distinguished
by the different change of fluorescence intensity.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Anions play an important role in a range of chemical, biological
and environmental processes. For this, the recognition of anions
has attracted much interest from chemists in the supramolecular
field to design and synthesize different receptors for the detection
of different anions.1

Chiral recognition of racemic compounds exists extensively in
nature. To understand biological process, synthetic chiral receptors
were prepared to bind the chiral guest selectively;2 these have the
ability of discriminating the enantiomers. Many receptors have
already been reported; their binding ability to both chiral and
achiral anion guests has been studied by 1H NMR, UV–vis spectra,
fluorescence and electrochemical analysis.3 Most of the receptors
have mainly been studied in organic solvents such as chloroform,
CH3CN and DMSO.4 For the competing effect of water, receptors
of these kinds based on hydrogen bonding have little interaction
with guests in aqueous solution.5 The synthesis and study of water
soluble receptors has become challenging work in the recent years.

Since many anion recognition processes occur in neutral aque-
ous solution in bio-systems, much work has been carried out in
this area.6 Unlike the traditional hydrogen binding in uncompeti-
tive solvents, many new receptors based on strong binding ability
have been synthesized to minimize the competing effect of water
and other highpolarity solvents.7 Receptors of this purpose are
usually based on the electrostatic interaction between the host
and guest,8 such as guanidinium, boronic acid9 and metal–anion
coordination.10
ll rights reserved.
The binding of the receptor to anions such as halogen,11 tar-
trate,12 ppi,13 ATP,14 saccharate15 and peptide16 has been studied.
These receptors exhibit good binding properties to the anion guest
in aqueous solution. However, receptors for chiral anion recogni-
tion in aqueous solution are still rare.17

To develop a receptor for chiral recognition in aqueous solution
we designed a ligand–metal complex. At first, in order to find a
metal which can form a complex with ligand 1 and 2 so as to be
used in the anion binding, it is interesting to note that the ligands
1 and 2 have a special selective binding to Cu2+, meaning that recep-
tors 1 and 2 can be used as an efficient sensor for Cu2+. As a result,
the complex 1-Cu2+ and 2-Cu2+ were chosen as host binding anions.

Many receptors for mandelate anions have been designed and
synthesized,18 and their enantioselective recognition ability tested
by 1H NMR and fluorescence in the uncompetitive organic solvents
such as CHCl3 and DMSO. However, the recognition of mandelate
in aqueous solution still remains rare. Herein, we report two hosts
1-Cu2+ and 2-Cu2+ for anions, their binding properties towards car-
boxylate anions were examined by fluorescence and CD spectra in
aqueous solution. The host 1-Cu2+ exhibited excellent enantiose-
lective recognition abilities for the enantiomers of mandelate, the
enantioselectivity: Kass(L)/Kass(D) = 15.2. The difference of the fluo-
rescence response indicates that host 1-Cu2+ could be used as an
enantioselective fluorescent chemosensor for mandelate under
physiological pH conditions.

2. Results and discussion

2.1. Synthesis

The synthesis routine of receptors 1, 2 and 1-Cu2+ is outlined in
Scheme 1. The terminal compounds 1 and 2 were obtained in the
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Scheme 1. Synthesis of receptor 1, 2 and 1-Cu2+.
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total yield of 73% and 55%, respectively. At first, compound 3 was
synthesized according to the literature.4d After being treated with
(Boc)2O in chloroform at room temperature, the protected com-
pound 4 was reacted with diamine in dry methanol to afford 5 or
6. Compound 5 or 6 was then reacted with 9-anthraldehyde to
afford the Schiff’s base, which was directly reduced without purifi-
cation to afford intermediate 7 or 8. Finally intermediate 7 or 8 was
deprotected in trifluoroacetic acid to get the target molecule 1 or 2.
Compound 1-Cu2+ was directly obtained by mixing compound 1
and copper perchlorate in methanol to afford a blue precipitation.
Compounds 1 and 2 have a good solubility in many organic
solvents, such as CHCl3, DMF, DMSO, CH3CN and 1,4-dioxane. Com-
pound 1-Cu2+ also has a solubility in H2O/MeOH (v/v 9:1). The
structures of these compounds were characterized by IR, 1H
NMR, and 13C NMR, electrospray ionization mass spectroscopy
(ESI-MS) and elemental analysis.
2.2. Binding study of the receptors to metal ions19

The binding study of receptors 1 and 2 to metal ions was stud-
ied by fluorescence and UV–vis spectra by gradually titrating the
guest to the host solution in aqueous solution (Tris–HCl buffer
pH 7.4, MeOH/H2O = 1:1) at room temperature. The emission spec-
tra of the corresponding titration curves revealed the dependence
of the fluorescence behavior of the receptor on the guest
concentration.

Figure 1 shows the fluorescence emission spectra of a mixture
of receptor 1 (5 � 10�5 mol L�1) and different concentrations of
the guest Cu2+ (kex = 369 nm). By gradually increasing the concen-
tration of copper ions, the fluorescence emission intensity of recep-
tor 1 at 415 nm dramatically decreased. When 1.1 equiv of copper
ion was added, the fluorescence intensity was quenched about
57%. The quench efficiency was 68% when 2.0 equiv of copper ion
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Figure 1. Fluorescence spectra of receptor 1 (5.0 � 10�5 mol L�1) upon the addition
of various amounts of Cu2+ in 1:1 MeOH/H2O Tris–HCl buffer pH 7.4. The
equivalents of guest are 0, 0.23, 0.47, 0.70, 0.93, 1.17, 1.40, 1.63, 1.87, 2.10, 2.33,
2.57, kex = 366 nm. Inset: changes of fluorescence intensity of 1 at 415 nm upon
addition of Cu2+. The correlation coefficient (R) of non-linear curve fitting is 0.9998.
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Figure 2. Fluorescence spectra of receptor 2 (5.0 � 10�5 mol L�1) upon the addition
of various amounts of Cu2+ in 1:1 MeOH/H2O Tris–HCl buffer pH 7.4. The
equivalents of guest are 0, 0.35, 0.93, 1.52, 2.45, 3.38, 4.55, 6.88, 10.38, 16.22,
25.55, kex = 366 nm. Inset: changes of fluorescence intensity of 2 at 415 nm upon
addition of Cu2+. The correlation coefficient (R) of non-linear curve fitting is 0.9959.
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was added to the solution of receptor 1; the fluorescence intensity
required no further quenching when additional copper ion was
added. While other metal ions were added to the solution of recep-
tor 1, such as Zn2+, Cd2+, K+, Ca2+, Mg2+, Fe2+, Co2+, Ni2+, La3+, there
was little to no fluorescence response. The association constants of
receptor 1 to metal ions are listed in Table 1.
Table 1
The association constants of receptors 1 and 2 with metal ions in aqueous solution
(1:1 MeOH/H2O Tris–HCl buffer pH 7.4) at 20 �C

Entry Receptor 1 Receptor 2
Kass (M�1) Kass (M�1)

Cu2+ (1.8 ± 0.1) � 105 (9.1 ± 0.9) � 103

Zn2+ 324 c
Ni2+ 87 c
Cd2+ 220 c

c: The constant is too small to be calculated.
In the binding process, the fluorescence change phenomenon
can be attributed to the classic photoinduced electron transfer
(PET) mechanism. When the amine groups of the host formed a
complex with the metal, the excited electron state of the anthra-
cene was then transferred to the LUMO of Cu2+, which induced
the fluorescence quenching. This phenomenon was confirmed by
the UV–vis spectra of the host when the copper ion was added to
the solution of 1. The slight intensity change of the UV–vis absorp-
tion bands of the anthracene moiety in the receptor at 348 nm,
366 nm, 386 nm, indicated that a classic PET process occurred
when the receptor bound the guest metal ion.

The binding property of receptor 2 was also evaluated by these
metal ions, Figure 2 shows the fluorescence emission spectra of a
mixture of compound 2 and different concentrations of the guest
Cu2+ (kex = 366 nm). By gradually increasing the concentration of
Cu2+, the fluorescence emission intensity of receptor 2 (5 �
10�5 mol L�1) at 415 nm was decreased. When 4.5 equiv of copper
ion was added, the fluorescence intensity was quenched at about
33%, when a further 10 equiv of copper ion was added, the fluores-
cence intensity quenched at about 44% and without much further
change by adding more metal ions. There were no fluorescence re-
sponses to other metal ions. The slightly changed UV–vis spectra,
which occurred by adding Cu2+, illustrated the same PET process
as above.

The satisfactory results (the correlation coefficient is over 0.99)
of the non-linear curve fitting confirmed that receptors 1 and 2
formed a 1:1 complex with Cu2+, which was also confirmed by
the ESI-MS. For a complex with 1:1 stoichiometry, the association
constant Kass can be calculated by using the following equation in
the ORIGIN 7.0:

X ¼ X0 þ ðXlim � X0Þ=2c0fcH þ cG þ 1=Kass � ½ðcH þ cG

þ 1=KassÞ2 � 4cHcG�1=2g ð1Þ

where X is the absorption intensity and CH and CG are the corre-
sponding concentrations of the host and guest anion; C0 is the initial
concentration of the host. The association constants (Kass) and cor-
relation coefficient (R) were obtained by a non-linear least squares
analysis of X versus CH and CG, the results are listed in Table 1.

From the data in Table 1, the Kass for Cu2+ was 1.8 � 105 M�1 and
9.1 � 103 M�1, respectively. We found that the receptor 1 and 2
have a selective binding to Cu2+. Since receptor 1 has a shorter
chain, resulting in a larger rigidity and a better reorganization
ability than receptor 2, receptor 1 exhibited a larger association
constant with Cu2+. Receptor 1 can be used as a sensitive fluores-
cence chemosensor for Cu2+ in aqueous solution.

2.3. Binding study of the receptor-Cu2+ complexes to the anion
guests

The binding properties of host 1-Cu2+ complex to anions were
studied by fluorescence and UV–vis spectra by gradually titrating
the guest anions to the host solution in aqueous solution (Tris–
HCl buffer pH 7.4, MeOH/H2O = 1:1) at room temperature.

Figures 3 and 4 show the fluorescence emission spectra of the
host 1-Cu2+ under different concentrations of L- or D-mandelate an-
ions in aqueous solution, respectively. By adding L- or D-mandelate
anions gradually, the fluorescence intensity of host 1-Cu2+

(5 � 10�5 mol L�1) at 415 nm (kex = 366 nm) was enhanced. The
enhancement was 27.5% when 5.8 equiv of L-mandelate anion
was added to the solution of 1-Cu2+, while the enhancement was
only 5.3% when 5.8 equiv of D-mandelate anion was added. The en-
hanced efficiencies (DIL/DID = 5.18) indicated that the host 1-Cu2+
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Figure 3. Fluorescence spectra of host 1-Cu2+ (5.0 � 10�5 mol L�1) upon addition of
various amounts of L-mandelate anion in 1:1 MeOH/H2O Tris–HCl buffer pH 7.4. The
equivalents of guest are 0?37.3, kex = 366 nm. Inset: changes of fluorescence
intensity of 1-Cu2+ at 415 nm upon addition of L-mandelate anion. The correlation
coefficient (R) of non-linear curve fitting is 0.9910.
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Figure 4. Fluorescence spectra of host 1-Cu2+ (5.0 � 10�5 mol L�1) upon addition of
various amounts of D-mandelate anion in 1:1 MeOH/H2O Tris–HCl buffer pH 7.4.
The equivalents of guest are 0?37.3, kex = 366 nm. Inset: changes of fluorescence
intensity of 1-Cu2+ at 415 nm upon addition of D-mandelate anion. The correlation
coefficient (R) of non-linear curve fitting is 0.9982.
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Figure 5. UV–vis absorption spectra of host 1-Cu2+ (5.0 � 10�5 mol L�1) upon the
addition of various amounts of L-mandelate anions in 1:1 MeOH/H2O Tris–HCl
buffer pH 7.4. The equivalents of guest are 0?37.3.
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Figure 6. UV–vis absorption spectra of host 1-Cu2+ (5.0 � 10�5 mol L�1) upon the
addition of various amounts of D-mandelate anions in 1:1 MeOH/H2O Tris–HCl
buffer pH 7.4. The equivalents of guest are 0?37.3.
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complex has a good enantioselective recognition ability between
the L- and D-mandelate anions. When the same 37.3 equiv of L- or
D-mandelate was added, enhancements in fluorescence intensity
of 110% and 32% were seen, respectively.

In the binding with L- and D-mandelate anions, the fluorescence
enhancement phenomenal can be attributed to the photoinduced
electron transfer (PET) mechanism. In the absence of the guest
mandelate anions, the fluorescence quenching of the host 1-Cu2+

complex arose from the change in free energy of electron transfer
of the photoinduced anthracene unit and the metal Cu2+ unit.
When the guest anion binds with the host, the electron of the elec-
tron-sufficient anions transferred to the host 1-Cu2+, which in turn
decreased the excited-state anthracene electron transferring to the
LUMO of Cu2+, consequently leading to the recovery of the fluores-
cence intensity of the fluorophore. This PET mechanism can be con-
firmed by the UV–vis spectra in Figures 5 and 6. When increasing
the concentrations of both L- (Fig. 5) and D- (Fig. 6) mandelate an-
ions, no changes in the intensity in the absorption peaks of anthra-
cene at 348 nm, 366 nm, 386 nm were seen, which indicates a
classic PET process when the host binds with these anions.3c,4b

The association constants of 1-Cu2+ with guests L- and D-man-
delate anions were calculated by Eq. 1 listed above using the ORIGIN

7.0 software.
The satisfactory result (emission intensity at 415 nm vs the

equivalent of the anion guest, the correlation coefficient is over
0.99) of the non-linear curve fitting was obtained, which indicates
that a 1:1 complex was formed between the host and guest. The
binding constants were different [Kass(L) = 576 M�1, Kass(D) =
38 M�1], the enantioselectivity was Kass(L)/Kass(D) = 15.2, which dem-
onstrates that the host 1-Cu2+ can be used as an excellent enantio-
selective fluorescent chemosensor for the enantiomers of
mandelate anions in aqueous solution. Figure 7 shows the different
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Table 2
Association constant (Kass),a,b the correlation coefficients (R) and enantioselectivities
(KL/KD) of host 1-Cu2+ in the aqueous solution (1:1 MeOH/H2O Tris–HCl buffer pH 7.4)
at 20 �C

Anionsc Kass R KL/KD

L-Mandelate 576 ± 52 0.9910 15.2
D-Mandelate 38 ± 13 0.9982
L-Phenylglycine (1.2 ± 0.16) � 103 0.9954 1.20
D-Phenylglycine (1.0 ± 0.17) � 103 0.9941
L-Alanine 453 ± 24 0.9948 1.52
D-Alanine 688 ± 51 0.9944
L-Aspartate (6.7 ± 0.48) � 103 0.9987 0.97
D-Aspartate (6.9 ± 0.52) � 103 0.9986
L-Glutamate (1.6 ± 0.17) � 103 0.9971 1.23
D-Glutamate (1.3 ± 0.14) � 103 0.9973

a The data were calculated from the fluorescence titration in 1:1 MeOH/H2O Tris–
HCl buffer pH 7.4.

b All error values were obained by the results of non-linear curve fitting.
c All anions were used as their tetrabutylammonium salts.
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fluorescence intensity changes when the same equiv of L- or D-
mandelate anions were added to the host 1-Cu2+, and Figure 8
shows the different fluorescence response to the L- or D-mandelate
anions. The different fluorescences demonstrate a good enantiose-
lective recognition ability of the host 1-Cu2+ for the enantiomers of
mandelate.

The binding of complex 1-Cu2+ and other chiral guests was also
carried out and the association constants of the host 1-Cu2+ and
other guest are listed in Table 2. The receptor exhibits moderate
enantioselective recognition ability to the chiral guest anions we
have tested. From the association constants listed in Table 2, the
host 1-Cu2+ has a little chemoselective binding ability to other
anions.

The interaction between the host 1-Cu2+ and L-, D-mandelate
anions may be the result of the hydrogen bonding, coordination,
electrostatic interactions, steric effects and p–p stacking. In addi-
tion to the fluorescence study to L-/D-mandelate above, we have
also tested the binding property of receptor 1 with anions without
the metal Cu2+. The receptor 1 also has a binding ability to anions
in the aqueous solution. When binding with D-, L-mandelate
anions, there are slight changes in the fluorescence intensity, and
the constant is too small to be calculated. When interacting with
phenylglycine and amino acid anions, the fluorescence intensity
of receptor 1 was quenched, this can be seen as the interaction
of hydrogen bonding between the receptor 1 and guest in the
aqueous solution. When receptor 1 binds with other metals such
as the zinc ion, the low binding behaviour between receptor 1
and Zn2+ made the complex 1-Zn2+ which shows no improvement
in the binding with anions. It was confirmed by fluorescence titra-
tion that the associate constant calculated was 201 M�1 for recep-
tor 1 and 236 M�1 for 1-Zn2+ when binding with L-glutamate
anions. The same was seen when other metal ions were used,
and the weaker binding behaviour between the compound 2 and
Cu2+ also let complex 2-Cu2+ which has little response to anions.
From all of these phenomena, we can conclude that the metal ions
were involved and played important roles in the binding process; it
was also confirmed by the larger binding constant of 1-Cu2+ with L-
asp and L-glutamate anions, which have more binding sites with
metal ion than that of alanine and mandelate. There were also
p–p stacking interactions between the phenyl group of the guest
and the anthracene moieties of the host, which was confirmed by
the fluorescence titration. Complex 1-Cu2+ has little response of
fluorescence to the OAc� anion but the response of fluorescence
is larger when binding to benzoate anion, and also the binding con-
stants of 1-Cu2+ for phenylglycine and phenyl alanine anions were
large than that of the alanine anion, which indicate that p–p stack-
ing occurred in the binding process.

To obtain further information about the interactions between
host 1-Cu2+ and the anion guest, the binding of the host 1-Cu2+

complex was studied by the circular dichroism (CD) spectra. In Fig-
ures 5 and 6, there was no change in the absorption (250–320 nm)
of the host 1-Cu2+ when large amounts of guest L- and D-mandelate
anions were added. The CD spectra were taken from 250 to 300 nm
in the solution H2O/MeOH = 1:1 (v/v) (20 �C) at a concentration of
1.0 � 10�5 mol L�1. From Figure 9, receptor 1 displays a strong neg-
ative Cotton effect at 259 nm (h = �8.3 mdeg). When 1 equiv of
Cu2+ was added to receptor 1, the CD signal was strongly reversed,
a positive Cotton effect at 259 nm (h = 3.0 mdeg) appeared, which
indicated a strong complexation between the receptor 1 and
Cu2+. Then the CD spectra of complex 1-Cu2+ with 30 equiv of L-
or D- mandelate anions were recorded, respectively. By adding
30 equiv of D-mandelate anions, the positive Cotton effect peak
intensity at 259 nm decreased from 3.0 mdeg to 0.93 mdeg, indi-
cating an interaction between the host and guest. When the L-man-
delate anion was added to the aqueous solution of complex 1-Cu2+,
the positive peak intensity decreased to 0.26 mdeg. The larger de-
crease in the intensity of the positive peak at 259 nm by L-mandel-
ate than that of the D-mandelate anion, which indicated a stronger
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interaction between the complex 1-Cu2+ with L-mandelate, is in
accordance with the result of the fluorescence study.

3. Conclusion

In conclusion, two chiral fluorescent receptors 1 and 2 were
synthesized. Receptors 1 and 2 showed a good selective binding
ability to Cu2+. The host 1-Cu2+ complex revealed an excellent
enantioselective recognition ability for L-/D-mandelate anions in
aqueous solution (Kass(L)/Kass(D) = 15.2) and formed a 1:1 stoichi-
ometry complex. The obvious differences in the fluorescence inten-
sity of the interaction between 1-Cu2+ and the enantiomers of
mandelate showed that host 1-Cu2+ can be used as an enantio-
selective fluorescent chemosensor for chiral mandelate anions in
physiological pH conditions.

4. Experimental

4.1. Materials and methods

CHCl3, CH3OH and Et3N were dried and distilled before using
according to the standard procedure. All other commercially avail-
able reagents were used without further purification. Melting
points were determined with a Reichert 7905 melting-point appa-
ratus and are uncorrected. Optical rotations were taken on a Perk-
inElmer Model 341 polarimeter. CD spectral were recorded on a
JASCO J-810 spectrometer, IR spectra were obtained on a Nicolet
670FT-IR spectrometer. 1H NMR and 13C NMR spectra were
recorded in CDCl3 or DMSO-d6 on a Varian Mercury VX-300 MHz
spectrometer. Mass spectra were recorded on a Finnigan LCQ
advantage mass spectrometer. Elemental analysis was determined
with a FlashEA 1112 instrument. Fluorescence spectra were ob-
tained on Schimadzu RF-5301 spectrometer. The UV-spectra were
performed with a TU-1901 spectrophotometer. All anions were
used as their tetrabutylammonium salts.

4.2. Synthesis

4.2.1. Synthesis of compound 4
Dimethyl L-glutamate 3 (1.89 g, 10 mmol) was dissolved in a

solution of 20 mL dry chloroform with 2.0 mL Et3N, after adding
20 mL dry CHCl3 containing 2.18 g (Boc)2O in 1 h. The mixture
was stirred under nitrogen at room temperature for 16 h. The
mixture was washed with 20 mL 10% HCl, saturated NaHCO3 and
water, respectively. The organic layer was dried over anhydrous
Na2SO4. After filtration, the solvent was evaporated under reduced
pressure to afford the compound 4 2.80 g as a colourless oil (yield:
97.0%). 1H NMR (CDCl3,300 MHz) d (ppm): 5.36 (d, J = 7.2 Hz, 1H,
NHBoc), 4.12 (br s, 1H, chiral H), 3.56 (s, 3H, OMe), 3.51 (s, 3H,
OMe), 2.24 (br s, 2H, CH2), 2.00–1.73 (br s, 2H, CH2), 1.25 (d,
J = 7.2 Hz, 9H, Boc-CH3). 13C NMR (CDCl3, 75 MHz) d (ppm):
168.0, 167.6, 150.3, 74.6, 61.8, 47.7, 47.1, 46.5, 24.9, 23.1, 22.4.

4.2.2. General synthesis of compounds 5 and 6
At first, 0.50 g 4 (1.73 mmol) was dissolved in 20 mL of dry

methanol, ethylenediamine (1.0 g, 17 mmol) or 1,3-diaminopro-
pane (1.26 g, 17 mmol) was added. The solution was stirred under
nitrogen at 50 �C for 3 h. The solvent was evaporated under
reduced pressure, and then the excess ethylenediamine or 1,3-
diaminopropane was removed under high vacuum to afford 5 or
6, respectively, as a pale yellow oil in high yield. Compounds 5
and 6 were not purified further and can be used directly in the next
step.

4.2.3. General synthesis of compounds 7 and 8
Compound 6 (0.55 g, 1.6 mmol) or 7 (0.63 g, 1.7 mmol) was dis-

solved in 30 mL of dry methanol; 0.70 g 9-anthraldehyde
(3.4 mmol) was added to the stirring solution. After stirring for
24 h under nitrogen at room temperature, a Schiff’s base was
formed and the precipitated as a yellow solid. NaBH4 (0.38 g,
10 mmol) was then added to the mixture in 3 portions over 1 h,
after which it was stirred under nitrogen for another 3 h at 50 �C.
The mixture was poured into 10% NaHCO3, and extracted with
CHCl3 for three times. The organic layers were combined and dried
over anhydrous Na2SO4; the solvent was evaporated under reduced
pressure. The residue was purified by column chromatography on
silica gel using CHCl3/MeOH (30:1) as eluent to obtain pure prod-
ucts 7, 8, respectively.

Compound 7: the pure product was obtained as pale yellow
foam (0.92 g) in 80.7% yield, mp 88–90 �C, ½a�20

D ¼ �169 (c 0.071,
CHCl3); IR (KBr, cm�1): m 3408, 3307, 3081, 3050, 2975, 2931,
2860, 2361, 1705, 1654, 1524, 1447, 1385, 1366, 1249, 1167,
1112, 1050, 883, 863, 835, 789, 734. 1H NMR (CDCl3, 300 MHz) d
(ppm): 8.28 (s, 2H, An-H), 8.24 (d, J = 7.5 Hz, 4H, An-H), 7.92 (d,
J = 7.5 Hz, 4H, An-H), 7.48–7.40 (m, 8H, An-H), 7.28 (s, 2H, CONH),
5.87 (d, J = 5.1 Hz, 1H, NHBoc), 4.59 (s, 4H, An-CH2), 4.02 (br s, 1H,
chiral H), 3.20 (br s, 4H, CH2), 2.85 (br s, 4H, CH2), 1.94–1.62 (m, 4H,
CH2), 1.38 (s, 9H, Boc-CH3). 13C NMR (CDCl3, 75 MHz) d (ppm):
172.7, 171.9, 155.9, 131.6, 131.1, 130.9, 130.4, 130.3, 130.2,
129.4, 129.3, 127.7, 126.6, 125.3, 124.2, 124.1, 123.9, 80.0, 53.6,
49.2, 45.3, 39.2, 38.7, 33.1, 28.6. Elemental Anal. Calcd for
C44H49N5O4: C, 74.23; H, 6.94; N, 9.84. Found: C, 74.10; H, 6.99;
N, 9.77.

Compound 8: the pure product was obtained as a pale yellow
foam (0.83 g) in 69.7% yield, mp 80–82 �C, ½a�20

D ¼ þ81:1 (c 0.074,
CHCl3); IR (KBr, cm�1): m 3412, 3308, 3078, 3056, 2973, 2932,
2867, 2361, 2330, 1704, 1649, 1525, 1447, 1385, 1366, 1281,
1249, 1168, 1106, 1051, 1022, 883, 840, 789, 733. 1H NMR (CDCl3,
300 MHz) d (ppm): 8.34–8.32 (m, 2H, An-H), 8.26–8.01 (m, 4H, An-
H), 7.94–7.91 (m, 4H, An-H), 7.65 (s, 2H, CONH), 7.53–7.39 (m, 8H,
An-H), 5.62 (d, J = 7.8 Hz NHBoc), 4.59 (s, 2H, An-CH2), 4.45 (s, 2H,
An-CH2), 4.12 (br s, 1H, chiral H), 3.38 (br s, 2H, CH2), 2.98–2.90 (m,
4H, CH2), 2.76–2.54 (m, 6H, CH2), 2.11–1.93 (m, 4H, CH2), 1.39 (d,
J = 7.8 Hz, Boc-CH3). 13C NMR (CDCl3, 75 MHz) d (ppm): 172.9,
172.1, 156.1, 131.7, 131.5, 131.2, 130.5, 129.5, 127.6, 126.5,
125.3, 124.3, 124.2, 79.8, 77.9, 77.7, 77.5, 77.1, 54.2, 48.9, 48.3,
45.8, 39.1, 38.2, 32.7, 29.6, 28.8, 28.6. Elemental Anal. Calcd for
C46H53N5O4: C, 74.67; H, 7.22; N, 9.46. Found: C, 74.44; H, 7.26;
N, 9.32.
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4.2.4. General synthesis of receptors 1 and 2
Compound 7 (0.40 g, 0.56 mmol) or 8 (0.40 g, 0.54 mmol) was

dissolved in 2 mL dry chloroform, after adding trifluoroacetic acid
(0.30 g, 2.6 mmol), the mixture was stirred for 1 h at room temper-
ature. The solvent and excess trifluoroacetic acid were evaporated
in reduced pressure to afford the TFA salt as pale yellow oil. The
TFA salt was then dissolved in 10 mL of chloroform, 1 mL Et3N
was added and stirred for 10 min. The mixture was then poured
into water and extracted with chloroform; the organic layer was
dried over anhydrous Na2SO4 and the solvent was evaporated
under reduced pressure. The residue was then purified on a column
of silica gel using CHCl3/MeOH/NH3�H2O (100:10:1) as eluent to
obtain pure products 1 and 2, respectively.

Receptor 1: the pure product was obtained as a pale yellow so-
lid (0.32 g) in 93.2% yield, mp 74–76 �C, ½a�20

D ¼ �114:2 (c 0.061,
CHCl3); IR (KBr, cm�1): m 3412, 3350, 3305, 3081, 3052, 2928,
2840, 1937, 1647, 1551, 1525, 1445, 1384, 1330, 1256, 1155,
1116, 1027, 887, 867, 844, 789, 733. 1H NMR (CDCl3, 300 MHz) d
(ppm): 8.40 (s, 2H, An-H), 8.20 (d, J = 8.7 Hz, 4H, An-H), 8.00 (d,
J = 7.8 Hz, 4H, An-H), 7.62 (s, 1H, CONH), 7.52–7.28 (m, 8H, An-
H), 7.17 (s, 1H, CONH), 4.67 (s, 2H, An-CH2), 4.63 (s, 2H, An-CH2),
3.19 (br s, 1H, chiral H), 3.11–2.72 (m, 8H, CH2), 2.11–1.81 (m,
4H, CH2). 13C NMR (CDCl3, 75 MHz) d (ppm): 175.0, 173.0, 131.6,
131.2, 130.3, 129.5, 127.7, 126.5, 125.3, 124.1, 54.6, 49.4, 49.1,
46.1, 45.4, 45.2, 38.8, 33.0, 31.4. MS m/z (%): 612 (M++1, 100%). Ele-
mental Anal. Calcd for C39H41N5O2: C, 76.55; H, 6.77; N, 11.45.
Found: C, 76.32; H, 6.81; N, 11.32.

Receptor 2: the pure product was obtained as a pale yellow so-
lid (0.28 g) in 81.1% yield, mp 82–84 �C, ½a�20

D ¼ þ109 (c 0.064,
CHCl3); IR (KBr, cm�1): m 3284, 3055, 2932, 2852, 1941, 1809,
1648, 1547, 1446, 1384, 1331, 1260, 1202, 1178, 1158, 1107,
1031, 949, 887, 842, 790.4, 733.5. 1H NMR (CDCl3, 300 MHz) d
(ppm): 8.39 (s, 2H, An-H), 8.31 (d, J = 7.8 Hz, 4H, An-H), 7.99 (d,
J = 8.1 Hz, 4H, An-H), 7.67 (s, 2H, CONH), 7.55–7.42 (m, 8H, An-
H), 4.72 (s, 4H, An-CH2), 3.26 (m, 4H, CH2), 3.09 (br s, 1H, chiral
H), 2.99–2.87 (m, 8H, CH2), 2.08–1.66 (m, 4H, CH2). 13C NMR
(CDCl3, 75 MHz) d (ppm):169.8, 167.9, 129.1, 126.4, 125.7, 125.3,
124.2, 122.6, 122.1, 121.3, 120.1, 118.9, 53.9, 49.3, 43.5, 43.0,
41.0, 40.5, 33.5, 32.6, 27.7, 26.0, 24.3, 23.7. MS m/z (%): 640
(M++1, 100%). Elemental Anal. Calcd for C41H45N5O2: C, 76.95; H,
7.10; N, 10.95. Found: C, 76.82; H, 7.15; N, 10.88.

Synthesis of complex 1-Cu2+: compound 1 (0.20 g, 0.33 mmol)
was dissolved in 10 mL dry methanol, Copper perchloride (0.15 g,
0.40 mmol) in 5 mL of methanol was added dropwise to the solu-
tion. The blue solid was precipitated and collected by filtration.

The ESI-MS of complex 1-Cu2+ was taken in methanol and
shows a peak at 874 (m/z), which demonstrating a structure of
[CuII(l)](ClO4)2.

4.3. Tetrabutylammonium salts

The tetrabutylammonium salts were prepared by adding
2 equiv of tetrabutylammonium hydroxide in methanol to a solu-
tion of the dicarboxyl acid and 1 equiv to the monocarboxyl acid
derivatives in methanol. The mixture was stirred at room temper-
ature for 4 h and evaporated to dryness under reduced pressure.
The residue was dried at high vacuum for 24 h and then stored
in a desiccator.

4.4. Binding studies

The study of binding properties was carried out in the aqueous
Tris–HCl buffer (0.05 M. pH 7.4, v(MeOH):v(H2O) = 1:1, 0.1 M
NaCl). The fluorescence and UV–vis titration were performed with
a series of 5 � 10�5 mol L�1 solutions of the receptors. The complex
1-Cu2+ or 2-Cu2+ was tested by adding 1.0 equiv of Cu2+ to the
solution of receptor 1 or 2, respectively. Association constants were
calculated by means of a non-linear least-square curve fitting with
ORIGIN 7.0 (Origin-Lab Corporation).
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