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Abstract 

 

In this short communication, we reported preparation of hybrid systems of chiral 

Schiff base Cu(II) complexes incorporating asparagine derivatives, Schiff base 

and micro particles of TiO2. Under N2 atmosphere, it has been known that 

ultraviolet light irradiation results in photo-induced reduction reaction of Cu(II) 

species to Cu(I) complexes. In this study, we investigate the conditions of the 

redox reactions in the view of the substituent effects of the ligands. We 

summarized the derived substitution effects for multiple functions, namely both 

photo and chemical reduction. 
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Introduction 
 

   In recent years, bioinorganic photochemistry has developed into a new 

research area that is derived both from photochemistry and inorganic chemistry 

[1]. In previous studies, some Cu(II) complexes that underwent photo-induced 

electron transfer reactions with TiO2 after ultraviolet (UV) light irradiation, were 

reported [2-6]. Among these, Schiff base complexes containing L-amino acid 

moieties were found to be appropriate for tuning functionality by molecular 

design [7-11]. However, as only limited spectral and electrochemical data could  
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be obtained, the effect of varying reaction conditions and molecular design on the 

redox properties could not be clearly understood [12, 13]. Herein, we report the 

preparation of four new related Cu(II) complexes 1–4 containing an asparagine 

moiety (Fig. 1). The photo-induced reaction with TiO2 and the chemical reduction 

of the Cu(II) complexes were examined to understand their reaction mechanism. 

 

 
 

Fig. 1. Structures of Cu(II) complexes 1–4. 

 

Experimental Sections 
 

Preparations.   Chemicals of the highest commercial grade available were 

purchased from Aldrich, Wako, TCI and Kanto and they were used as received 

without further purification.  

Preparation of 1.   A methanol solution (50 mL) of L-asparagine (0.26 g, 2.0 

mmol) and salicylaldehyde (0.24 g, 2.0 mmol) containing 2.0 mmol KOH was 

heated for 2 h at 333 K. CuCl2 in methanol (0.13 g, 1.0 mmol) was added and the 

mixture was stirred for another 1 h to yield greenish precipitates after evaporation 

and filtration. The resulting crude compounds were filtered and purified by 

recrystallisation. Yield 25.6%. Anal. Found: C 43.22%; H 3.19%; N 9.09%. Calc. 

for C22H20CuK2N4O8: C 43.31%; H 3.30%; N 9.18%. infrared spectroscopy (IR) 

(KBr): 1648 cm−1 (C=N), UV-vis (diffuse reflectance) 250, 270, 290, 370, 650 nm. 

Circular Dichloism (CD) (1 mM methanol, 298 K) 280(+), 400(+), 600(+) nm. 

Electron spin resonance spectroscopy (ESR) (X-band, 1 mM methanol, 77 K) g = 

2.058, A = 113 G. CV (cyclic voltammetry) (1 mM in pH 5.1, sodium citrate 

buffer) E = 0.264 V. 

Preparation of 2.   A methanol solution (50 mL) of L-asparagine (0.26 g, 2.0 

mmol) and 5-chlorosalicylaldehyde (0.32 g, 2.0 mmol) containing 2.0 mmol KOH 

was stirred for 2 h at 333 K. CuCl2 in methanol (0.13 g, 1.0 mmol) was added and 

the mixture was stirred for another 1 h to yield greenish precipitates after 

evaporation and filtration. The resulting crude compounds were filtered and 

purified by recrystallisation. Yield 41.7%. Anal. Found: C 39.00%; H 2.46%; N 

8.21%. Calc. for C22H18Cl2CuK2N4O8: C 38.91%; H 2.67%; N 8.25%. IR (KBr): 

1636 cm−1 (C=N), UV-vis (diffuse reflectance) 260, 390, 660 nm. CD (1 mM 

methanol, 298 K) 280(+), 400(+), 600(+) nm. ESR (X-band, 1 mM methanol, 77 

K) g = 2.057, A = 121 G. CV (1 mM in pH 5.1, sodium citrate buffer) E = 0.268 

V. 
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Preparation of 3.   A methanol solution (50 mL) of L-asparagine (0.26 g, 2.0 

mmol) and 5-bromosalicylaldehyde (0.40 g, 2.0 mmol) containing 2 mmol KOH 

was stirred for 2 h at 333 K. CuCl2 in methanol (0.13 g, 1.0 mmol) was added and 

the mixture was stirred for another 1 h to yield greenish precipitates after 

evaporation and filtration. The resulting crude compounds were filtered and 

purified by recrystallisation. Yield 40.9%. Anal. Found: C 33.47%; H 2.68%; N 

6.85%. Calc. for C22H18Br2CuK2N4O8: C 33.62%; H 2.56%; N 7.13%. IR (KBr): 

1634 cm−1 (C=N), UV-vis (diffuse reflectance) 260, 390, 660 nm. CD (1 mM 

methanol, 298 K) 280(+), 400(+), 600(+) nm. ESR (X-band, 1 mM methanol, 77 

K) g = 2.059, A = 133 G. CV (1 mM in pH 5.1, sodium citrate buffer) E = 0.269 

V. 

Preparation of 4.   A methanol solution (50 mL) of L-asparagine (0.26 g, 2.0 

mmol) and 2-hydroxy-5-methoxybenzaldehyde (0.30 g, 2.0 mmol) containing 2.0 

mmol KOH was stirred for 2 h at 333 K. CuCl2 in methanol (0.13 g, 1.0 mmol) 

was added and the mixture was stirred for another 1 h to yield greenish 

precipitates after evaporation and filtration. The resulting crude compounds were 

filtered and purified by recrystallisation. Yield 22.1%. Anal. Found: C 41.88%; H 

3.81%; N 8.14%. Calc. for C24H26CuK2N4O11: C 41.38%; H 3.86%; N 7.84%. IR 

(KBr): 1644 cm−1 (C=N), UV-vis (diffuse reflectance) 260, 390, 660 nm. CD (1 

mM methanol, 298 K) 280(+), 400(+), 600(+) nm. ESR (X-band, 1 mM methanol, 

77 K) g = 2.058, A = 144 G. CV (1 mM in pH 5.1, sodium citrate buffer) E = 

0.274 V. 

Physical measurements.   Elemental analyses (C, H, N) were carried out using a 

Perkin-Elmer 2400II CHNS/O analyzer. IR spectra were recorded using a JASCO 

FT-IR 4200 spectrophotometer over the range 400–4000 cm−1 at 298 K. 

Electronic spectra were measured on a JASCO V-570 spectrophotometer over the 

range of 200–900 nm at 298 K. CD spectra were measured on a JASCO J-725 

spectropolarimeter over the range 200–800 nm at 298 K. X-band ESR spectra of 

solutions were measured using a JEOL JES-FA200 spectrometer at 77 K. 

Electrochemical (CV) measurements were carried out on a BAS 

SEC2000-UV/CVIS and ALS2323 system with Ag/AgCl electrodes. The UV and 

visible light sources used were Hayashi LA-310UV and LA-251Xe, respectively, 

with visible (λ > 350 nm) or UV (λ < 350 nm) cut-off filters. 

 

Results and Discussion 
 

   We investigated the effect of ligand substituents on the photochemistry of the 

four new Cu(II) complexes 1–4, which were well-characterized by means of 

several methods. First, the UV-vis spectra of each complex before and after UV 

light irradiation were measured. These suggested no changes occurred as a result 

of UV light irradiation (as a control), and are similar to analogous 

four-coordinated Cu(II) complexes [11]. ESR spectra also supported the 

hypothesis that 1–4 possess four-coordinate distorted tetrahedral coordination 

geometries in methanol solutions. Conversely, Fig. 2 shows the UV-vis spectral 

changes, including in the UV region, for 1–4 in the presence of TiO2. For 1, the  
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intensity of the π–π* band around 200–350 nm and the d–d band around 650 nm 

decreased on UV irradiation. For 2 and 3, the peak of the d-d bands slightly 

shifted with no change in intensity. For 4, the intensity of the d–d band decreased 

with no change in the π–π* band. These results suggest that the decrease in the 

d–d band intensity can be ascribed to the reduction of Cu(II) in the complexes to 

Cu(I), as this decrease is only seen for complexes that have ligands with 

substituents that favour this reduction [13].  

 

 
 

Fig. 2. UV-vis spectral changes upon UV light irradiation in the presence of TiO2 

for 1–4. 

 

   A To confirm this, chemical reduction of the Cu(II) complexes to Cu(I) 

complexes were carried out in the absence (not shown) or presence (Fig. 3) of 

TiO2. In the absence of TiO2, NaBH4 reduced the whole molecules (metal ions as 

well as ligands), and the spectral changes observed, including in the * region, 

were complicated and difficult to understand. In contrast, in the presence of TiO2, 

especially for 2, 3 and 4, the spectra indicated a clear decrease in the d-d band 

intensity on reduction of Cu(II) to Cu(I). Because of reaction (1), 

 

B(OH)4
− + 4 H2O + 8 e− → BH4

− + 8 OH− (1) 

 

NaBH4 was added up to 0.125 equivalents (Cu(II) complexes:NaBH4 = 8:1) for 

solutions of 1–4 to ensure complete reduction of Cu(II) to Cu(I) complexes. Thus, 

on chemical reduction, the spectral changes due to the photoreaction were 

reproduced [11]. 
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Fig. 3. UV-vis spectral changes on NaBH4 reduction in the presence of TiO2 for 

1–4. 

 

 

Among the newly prepared Cu(II) complexes 1–4 containing an asparagine 

moiety, the chemical reduction by NaBH4 and the resulting spectral changes show 

that only 4 (having electron-donating methoxy groups) showed photo-induced 

reduction in the presence of TiO2. Because of this substituent effect, the π–π * 

bands in the UV-vis spectra show a red shift in the order 4 > 3 > 2 > 1. The red 

shift leads to an increase in the redox potential. Therefore, photo-induced electron 

transfer can be controlled by designing the structures of the Cu(II) complexes [7, 

8, 10, 11]. 

 

Conclusions 
 

  In summary, we synthesized new Cu(II) complexes containing asparagine 

moieties 1–4 and investigated their photo-induced reactions with TiO2. Although 

Cu(II) complexes did not react, composite systems (Cu(II) complexes + TiO2) 

showed UV light-induced reduction depending on ligand substituent effects. A 

comparison with the behaviour that occurs upon chemical reduction clearly 

indicated that 4 was reduced by UV light irradiation. From these findings, it is 

concluded that it is possible to control the reduction reaction of Cu(II) complexes 

with a slight chemical modification of the ligands.  
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