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A New Chemosensing Ensemble for Colorimetric Detection of Oxalate in Water
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To realize highly selective recognition of oxalate in water, a new chemosensing ensemble that behaves highly selec-
tive colorimetric recognition of oxalate in water at pH 7.4 has been developed. The ensemble was constructed by a pyrrole
containing mononuclear copper complex and chromeazurol S. The ensemble shows a highly selective recognition of
oxalate through an obvious color change from blue to yellow upon the addition of oxalate, whereas, other dicarboxyl-
ates such as malonate, succinate, fumarate, maleate, glutarate, adipate, phthalate, isophthalate and terephthalate do not
induce any noticeable color changes. The oxalate recognition process is not significantly affected by other coexisting

dicarboxylate.
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Introduction

Recently, considerable attention have been paid to the de-
velopment of chemosensors for biologically important anions
due to their fundamental roles in a wide range of chemical,
environmental and biological processes.® Colorimetric sensing
of a specific anion is a particularly attractive research topic be-
cause of its simplicity and naked eyes detectable nature, which
allows visual detection of anions without resort to expensive
spectroscopic instrumentation.'*” '

Dicarboxylates are among the most attractive targets for
anion recognition and sensing due to their critical roles in
numerous metabolic processes such as the generation of high-
energy phosphate bonds and the biosynthesis of important inter-
mediates.”” Detection of oxalate is particularly useful in food
chemistry and in clinical analysis. For instance, the level of oxa-
late in urine is an indicator of calcium oxalate kidney stones.”*
Although a vast number of artificial receptors for dicarboxyl-
ates have been developed during the past decade,” ™ very few
examples of optical sensors for oxalate have been reported to
date.”® Thus, there is an urgent need to develop new water-
soluble artificial receptors for the detection of oxalate under
physiological conditions.

Among the important design principles for anion sensing,
the chemosensing ensemble approach is relatively new and
simple, which is based on competitive binding of an indicator
and an analyte to a receptor.”” > In this protocol, a signaling
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Scheme 1. Synthesis of copper complex CuL.

unit (indicator) is bound to a binding site (receptor) by non-
covalent interactions to form a chemosensing ensemble, which
avoid the complicated synthetic process to chemically link an
indicator and a receptor, thus one can focus on design of re-
ceptors having complementary shape with the target anion.
Generally, it is challenging to develop receptors that bind tightly,
reversibly and selectively to small molecules in water for sens-
ing purposes.® It has been demonstrated that some carefully
designed metallic receptors can bind a target anion selectively
and tightly in water.”> 14

Herein, we developed a new chemosensing ensemble for co-
lorimetric detection of oxalate in water at physiological pH. The
ensemble was constructed by copper complex CuL (Scheme 1)
and chromeazurol S (3), which showed a high selectivity toward
oxalate over other dicarboxylates.
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Experimental Section

Compound 2 was prepared according to literature proce-
dure.** All other reagents were purchased from commercial
sources and used without further purification. 'H NMR spec-
traand C NMR spectra were obtained on a Varian INOVA-
400 MHz and Bruker AV-300 MHz Spectrometer, respectively.
High-resolution mass spectrometry (HRMS) was carried out
on a UPLC/Q Tof mass spectrometer. UV spectra were mea-
sured on a UV-2550 spectrophotometer.

Preparation of compound L. To a 50 mL round bottom flask
were added 1 (150 mg, 1.31 mmol) and 2 (500 mg, 3.27 mmol).
These were dissolved in anhydrous methanol (20 mL) and the
reaction mixture was stirred under a nitrogen atmosphere for
6 h at room temperature. Then the reaction mixture was cool-
ed to 0 °C and NaBH4 (160 mg, 4.10 mmol) was added portion-
wise during 1 h, and the reaction mixture was allowed to stir
for further 1 h. After the completion of the reaction, the sol-
vent was removed under reduced pressure to give a white resi-
due, which on recrystallization from ethyl acetate-hexane
(1:19, v/v) gave L as white solid. Yield: 77%. mp 107 - 108 °C.
'"H NMR (400 MHz, CDCl;) 8 6.83 (d, J= 3.6 Hz, 2H), 5.97
(d,J=3.6 Hz,2H),4.26 (d, /=16 Hz, 2H), 4.01 (d, /=16 Hz,
2H), 3.78 (s, 6H), 2.24 (d,J=9.2 Hz, 2H), 2.18 (d,/=13.2 Hz,
2H), 1.81 (b, 4H), 1.72 (d, /J=8.4 Hz, 2H), 1.17 (t, /=10 Hz,
2H), 1.01 (d, J = 8.4 Hz, 2H). "C NMR (75 MHz, CDCl;)
163.4,137.5,121.4,116.2,106.8,61.4,51.1,43.6,32.9,25.2.
HRMS (ESI+): caled for CagH2oN4O4 [L+H] 389.2189, found
389.2193.

Preparation of complex CuL. To a solution of L (100 mg,
0.26 mmol) in 5 mL ethanol, ethanolic solution of CuCly:
2H,0 (56 mg, 0.33 mmol) was added at room temperature, the
mixture was stirred for 1 h. The blue precipitate formed was
filtered and washed thoroughly with cold diethyl ether. The
product CuL was isolated in 70% yield (102 mg). ESI-TOF MS:
caled for C20Ha7CuN4O4 [(L-H)Cu]" 450.1317, found 450.2875.

Results and Discussion

After screening several of colorimetric indicators for chemo-
sensing ensemble, chromeazurol S (3) was finally selected for
this research. First, the UV-vis absorption changes of 3 (1.0 x
10° M) toward CuL in a HEPES (4-(2-hydroxyethyl)-1-pipe-
razineethanesulfonic acid, 10 mM) buffer (pH 7.4) at 25 °C was
investigated (Fig. 1). With a gradual increase in the concentra-
tion of CuL, the absorption band of 3 centered at 426 nm grad-
ually decreased, simultaneously, a new absorption band center-
ed at 606 nm was formed and developed, accompanied with a
significant color change from yellow to blue. A noticeable iso-
sbestic point appeared at 500 nm can be observed, which in-
dicated the formation of a stable complex between Cul. and 3.
When 10 equiv of CuL was added to 3 solution, the UV-vis
absorption changes were completely saturated. Nonlinear least-
squares fitting of the titration profiles (inset in Fig. 1, absor-
bance at 606 nm) was consistent with the formation of a 1:1
receptor-indicator complex (the correlation coefficient is over
0.99), and the binding constant K was calculated to be 1.01 x
10° M™".*" The equation used was:
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Figure 1. UV-vis absorption changes of 3 (1.0 x 10 M) upon the
addition of CuL. All were water solutions buffered by HEPES (10 mM,
pH 7.4). Inset: nonlinear least-squares fitting curve.
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Figure 2. Job plot of CuL. w1th 3 (at 606 nm). The total concentration
of CuL and 3 is 5.0 x 10° M.
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A=A0+0.5 Ae{CL+ Cy+ VK~ [(CL+Cor+ 1K) - 4Cu CL]"

Where 4 represents the recorded absorbance, 4o represents
the start value without addition of CuL, Ag is the change in
molar extinction coefficient, Cis and C; represent the concentra-
tion of CuL. and 3, respectively. K; is the binding constant bet-
ween CuL and 3.

The 1:1 binding stoichiometry of CuL and 3 was further
proved by Job’s plot according to the continuous variation me-
thods with a total concentration of [CuL] + [3] as 5.0 x 10°M
(Fig. 2). The absorbance at 606 nm reached a maximum when
the molar fraction of 3 was 0.5, which also demonstrated the
1:1 binding stoichiometry of CuL and 3.

Then absorbance changes of the prepared chemosensing en-
semble (water solution containing 3 (1.0 x 10° M) and CuLL
(1.0 x 10 *M) buffered by HEPES, 10 mM, pH 7.4) upon the
addition of some commonly existing dicarboxylates were ex-
amined (for each anion, 50 equiv to 3 of the sodium salt was
used), and the results were depicted in Fig. 3. Among the test-
ed dicarboxylates, only oxalate is able to induce significant ab-
sorption changes, which indicates the successful displacement
of 3 from the receptor-indicator pair, this also can be proved
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Figure 3. UV-vis absorption changes of the ensemble upon the addi-
tion of different dicarboxylates (50 equiv to 3) in HEPES buffered
(10 mM, pH 7.4) water solution.

Figure 4. Color changes of the ensemble upon the addition of different
dicarboxylates in HEPES buffered (10 mM, pH 7.4) water solution.
1. ensemble, 2. oxalate, 3. malonate, 4. succinate, 5. glutarate, 6. adipate,
7. phthalate, 8. isophthalate, 9. terephthalate, 10. fumarate, 11. maleate
(50 equiv to 3 was used for each dicarboxylate).

by visual detection (Fig. 4). Whereas, no noticeable absorption
changes were observed upon the addition of other surveyed
dicarboxylates such as malonate, succinate, fumarate, maleate,
glutarate, adipate, phthalate, isophthalate and terephthalate.
These results demonstrated that the chemosensing ensemble
has a high selectivity toward oxalate.

The UV-vis absorption changes of the ensemble upon the
addition of different amount of oxalate were illustrated in Fig. 5.
Upon incremental addition of oxalate to the solution of en-
semble, the UV-vis absorption curves increased at 426 nm and
decreased at 606 nm, the absorption at 426 nm reached satura-
tion when 100 equiv of oxalate (relative to 3) was added. The
binding constant between oxalate and CuLL was measured to
be K,=1.85x10'M "' by fitting the data with a standard method
for competition assays.‘w‘48

To further verify the high selectivity of CulL toward oxalate,
the competition experiments in the presence of potentially com-
petitive dicarboxylates were also carried out. As shown in Fig. 6,
except oxalate, other dicarboxylates (100 equiv to 3) do not
produce dramatic absorption decrease at 606 nm. Nevertheless,
upon the addition of oxalate (50 equiv to 3) to the solution con-
taining ensemble and other dicarboxylate, a significant decrease
in absorption at 606 nm is observed. These results revealed
that the recognition of oxalate by this ensemble is not signifi-
cantly influenced by other coexisting dicarboxylate, therefore,
the ensemble exhibits a very high selectivity toward oxalate.

For potential applicability of the chemosensing ensemble,
the effect of pH on absorbance (at 606 nm) of the ensemble in

Bull. Korean Chem. Soc. 2010, Vol. 31, No. 11~ 3161
0.3
0 equiv
© 021 ,
8 100 equiv
®
£
(@)
(%2}
Ne)
< 017
]
—
0.0 T T
400 500 600 700

Wavelength (nm)

Figure 5. UV-vis absorption changes of the ensemble upon the addi-
tion of different amount of oxalate (0 - 100 equiv to 3). All were water
solutions buffered by HEPES (10 mM, pH 7.4).
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Figure 6. UV-vis absorption changes of the ensemble in the presence
of potentially competitive dicarboxylates. 1. fumarate; 2. maleate; 3.
terephthalate; 4. isophthalate; 5. phthalate; 6. adipate; 7. glutarate; 8.
succinate; 9. malonate; 10. oxalate.
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Figure 7. Effect of pH on absorbance (at 606 nm) of the ensemble (black
square) and ensemble + oxalate solutions (red dot).

both the absence and presence of oxalate was also investigated.
As shown in Fig. 7, the absorbance of the ensemble decreased
significantly under both strong acidic and basic conditions com-
pared with that under near neutral conditions. After addition
of oxalate (50 equiv to 3), the absorbance of the ensemble solu-
tions decreased remarkably and showed very weak absorbance.
These results revealed that dramatic changes in absorbance of
the ensemble before and after addition of oxalate only can be
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obtained under near neutral conditions. Thus, oxalate recogni-
tion by this ensemble in water is applicable under near neutral
conditions.

Conclusion

In summary, we have presented a new chemosensing ensem-
ble that exhibits high selectivity toward oxalate in 100% aqueous
solution at physiological pH. The readily prepared chemosens-
ing ensemble can effectively differentiate oxalate from other
dicarboxylates such as malonate, succinate, fumarate, maleate,
glutarate, adipate, phthalate, isophthalate and terephthalate. The
recognition of oxalate is hardly affected by those commonly
coexisted dicarboxylates.
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