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monohydroxy chelate of BIPY, which is less basic than 

TMED, has greater affinity for an additional donor atom than 

is the analogous chelates of the aliphatic diamines; hence 

dimer formation takes place more easily in the case of the 

aromatic compounds. The dimers of these chelate compounds 

were known to possess negligible catalytic activity.512
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2b : m-2, n»2, x-2-CH3 
2c : m-2, n-2, x«4-CH3 
2d : m=2,眼2, x«4-NO2

찌 xWc CU(CIO4)2
HjN^1 八^NH2+ N NH―.__竺 

H V=>x NaOH

3a : m=3, n=2. x고H 
3b : m^3, n=2, x=2 CH3 
3c : m=3, n=2, x=4-CH3 
3d : m=3, n=2, x=4-NOz 
4a : m=3, n=3. x=H 
4b : m=3, n=3, x=2-CH3

Figure 1. Plots of [CAT] vs. b血 for 나le hydrolysis of ^-nitro

phenyl acetate at 25t (pH 7.0).

Catalysis of Triamine-copper(II)-imidazolate 
Complexes for Ester Hydrolysis

Myoung-Ho Jeong, Jae-Geun Noh, Tae-Weon Kim, 

Chang Suk Kim\ and Soon-Yung Hong*

Department of Chemistry, Hanyang University,

Seoul 133-791

^Department of Science Education, Chungbuk National 

University, Cheongju 360-763

Received October 16, 1993

Imidazole and imidazolate as catalysts for ester hydrolyses 

have aroused many worker's interest,1 since they have an 

essential active site of several hydrolytic enzymes.2 Recently 

imidaz이e when co-ordinated to a copper(II) complex of die

thylenetriamine (2a) was reported to exhibit a marked in

crease in catalytic effect on the hydrolysis of />-nitrophenyl 

benzoate.3

In this work, we have synthesized nine additional deriva

tives of triamine-copper(II)-imidazolate complexes (2b-4b in 

Scheme 1), and examined their catalytic activity to the hy

drolysis of />-nitrophenyl acetate (NPA).

Catalytic actions of these complexes to the hydrolysis of 

力-nitrophenyl acetate, PNA+ H2O^*AcOH +/>-nitrophenol, 

were investigated by a similar method utilized for the imida

zole catalyzed hydrolysis of the same substrate by Lombardo.4 

The I•간e law applied to this study is written in Eqs. (1)-(3), 

where k0 is the first-order rate constant for the uncatalyz

ed hydrolysis and kcat is the second-order rate constant for 

the catalysis. Under pseudo first-order conditions in which 

[CAT]>[NPA], Eq. (1) is reduced to Eq. (2) and Eq. (3). 

As shown several examples in Figure 1, plots of kobs against 

[CAT] revealed straight lines. Then kcat values were derived 

(Table 1) from slopes of the lines.

rate느 {知+尾况CAT]”} [NPA] (1)

rate=^ENPA] (2)

kobs 二知+灼[CAT了 ⑶

The first-order rate constants (总)for the uncatalyzed hydroly

sis, obtained from intercepts of lines in Figure 1, are in the 

range of 4.95-5.25X 10~5 s~!. The ring size of complexes 

seems to affect the catalytic activity. The complex consists
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Table 1. Second-order Rate Constants (&) for the Hydrolysis 

of />-Nitrophenyl Acetate at 25t (pH=7.0); [NPA] = 8.13 X10~5 

M, [CAT]=0.5-2.0X10~2 M

Catalysts 丿妇 X10, MfT

Imidazole (ImH) 1.48

4-CH3-ImH 2.22

2a 3.12

2b 4.72

2c 4.81

2d 0.29

3a 2.28

3b 2.88

3c 2.69

3d 1.73

4a 1.99

4b 2.44

of two five-membered rings (2a) showed better catalytic ac

tion than that consists of one five-membered ring and one 

six-membered ring (3a) or that consists of two six-member

ed rings (4a). Substituents on imidazole ring also affected 

the catalytic activity. The catalytic action was promoted by 

the presence of an electron-donating group but suppressed 

by the presence of an electron-withdrawing group.

The catalyzed hydrolysis of /)-nitrophenyl acetate has been 

considered to proceed via two distinct but kinetically indisti

nguishable pathways: (1) general base catalysis in which imi- 

dazolate enhances the nucleophilicity of water through par

tial proton abstraction from water, and (2) nucleophilic catal

ysis in which imidazol가e nitrogen attacks directly to the 

carbonyl carbon of the acetate. Though both mechanisms are 

still controversial,4 kinetic results suggest that imidazolate 

is a direct participant in the transition state and imidazole 

when co-ordinated to a Cu(II) complex with triamine displays 

a more reinforced nucleophilicity. However, the reason why 

the complex of smaller ring-sized (2a) shows better catalytic 

action than that of larger ring-sized (3a or 4a), as observed 

in this work, is not clear.

Experimental

Preparation of Complexes. All monoperchlorate salts 

of triamine-copper(II)-imidazolate complexes (2a-d, 3a-d and 

4a-b) were obtained from Cu(C104)2r imidazole and correspo

nding triamine (1) by using a slight modification of the me

thod reported by Sato, et al. for 2a synthesis.5 Products were 

identified by checking elemental analysis data and UV bands 

occured near 220, 260, and 330 nm presumably due to a(Im) 

t, n2(Im)->, and ni(Im)^Cu(II) LMCT (ligand to m아al cha

rge-transfer) absorptions respectively.6 'H-NMR spectra 

(Bruker 300 MHz) of these complexes showed corresponding 

kinds of equivalent protons with broad peaks ranging from 

—13 to 41 ppm, but their resonance positions and integrals 

were unreliable. Analytical data are as follows.

Diethylenetriamine-copper(II)-imidazolate mono
perchlorate (2a). Pale 미ue crystal; mp. 154-158t (dec.). 

Anal. Calcd for C7H16N5O4 CICu: C, 25.23; H, 4.84; N, 21.01; 

Cl, 10.64. Found: C, 25.20; H, 4.75; N, 20.50; Cl, 10.45.

Diethylenetriamine-copper(II)-2-methylimidazolate 
monoperchlorate (2b). Pale blue crystal; mp. 180t 

(dec.). Anal. Calcd for C8Hi8N5O4C1Cu: C, 27.67; H, 5.23; N, 

20.17; Cl, 10.21. Found： C, 27.03; H, 5.18; N, 19.95; Cl, 9.81.

Diethylenetriamlne-copper(II)-4-methylimidazolate 
monoperchlorate (2c). Pale blue crystal; mp. 164-165t： 

(dec.). Anal. Calcd for C8Hi8N5O4ClCu: C, 27.67; H, 5.23; N, 

20.17; Cl, 10.21. Found: C, 26.72： H, 5.19; N, 19.85; Cl, 9.92.

Diethylenetriamine-copper(II)-4-nitroimidazolate 
monoperchlorate (2d). Blue crystal; mp. 170t： (dec.). 

Anal. Calcd for C7Hi5N6O6C1Cu: C, 22.23; H, 4.00; N, 22.22; 

Cl, 9.37. Found: C, 21.52; H, 3.95; N, 21.05; Cl, 8.95.

N-(2-Aminoethyl)-l,3-propanediamine-copper(II)- 
imidazolate monoperchlorate (3a). Blue crystal; mp. 

166-168t (dec.). Anal. Calcd for C8Hi8N5O4C1Cu: C, 27.67; 

H, 5.23; N, 20.17： Cl, 10.21. Found: C, 26.47; H, 5.10; N, 

19.61; Cl, 10.01.

N-(2-Aminoethyl)-lf3-propanediamine-copper(Il)-2- 
methylitnidazolate monoperchlorate (3b). Pale blue 

crystal; mp. 175-179M (dec.). Anal. Calcd for C9H20N5O4CICU： 

C, 29.92; H, 5.58; N, 19.38; Cl, 9.81. Found: C, 29.05; H, 

5.62; N, 20.05; Cl, 10.03.

N-(2-Aminoethyl)-lv3apropanediamine-copper(II)-4- 
methylimidazolate monoperchlorate (3c). Blue crys

tal; mp. 188t (dec.). Anal. Calcd for C9H20N5O4CICU： C, 29. 

92; H, 5.58; N, 19.38; Cl, 9.81. Found: C, 30.03; H, 6.02;

N, 20.15; Cl, 10.25.

N-(2-Aminoethyl)-l,3-propanediamine-copper(II)-4- 
nitroimidazolate monoperchlorate (3d). Blue cryatel; 

mp. 193t (dec.). Anal. Calcd for CgHnNgOeClCu: C, 24.50; 

H, 4.37; N, 21. 43; Cl, 9.04. Found: C, 23.80; H, 4.03; N, 

20.35; Cl, 8.62.

d^^lKninobispropylamine-coppertl^-iinidazolate 
monoperchlorate (4a). Blue crystal; mp. 152.5-154^ 

(dec.). Anal. Calcd for C9H20N5O4CICU： C, 29.92; H, 5.58; N, 

19.38; Cl, 9.81. Found： C, 28.94; H, 5.22; N, 18.13; Cl, 9.02.

3,3-Iminobisproylamine-copper(II)-2-inethyliinida- 
zolate monoperchlorate (4b). Pale blue crystal; mp. 155. 

5-158t (dec.). Anal. Calcd for C10H22N5O4CICU： C, 32.00; H, 

5.91; N, 18.66; Cl, 9.45. Found: C, 31.01; H, 5.03; N, 15.75; 

Cl, 9.03.

Kinetic Procedure. Rates of hydrolysis of ^-nitrophe- 

nyl acetate in the presence corresponding triamine-Cu(II)- 

imidazolate complexes as catalyst were measured by moni

toring the appearance of /)-nitrophenoxide, a hydrolysis pro

duct, at 405 nm. A Kontron Uvikon 860 UV-Visible Spectro

photometer fitted with an external recorder was used. Tem

perature was controlled to within ± O.lt with a Julabo SN 

Circulator. Kinetics were performed at an ionic strength of

O. 1 M which was adjusted with KC1. The pH of the reactant 

buffer (pH = 7.0) was measured before and after the reaction 

with a Corning pH Meter 220. Pseudo first-order rate con

stants 侬珈怎)were obtained from the slopes of linear plots 

of in A^/A^-At against t, where is the optical density 

of the reaction mixture measured at infinity time (more than 

ten half-lives).

Acknowledgment. This paper was supported in part 

by NON DIRECTED RESEARCH FUND, Korea Research 

Foundation, 1992. The authors thank to Dr. Chang Joo Lee, 

University of Minnesota, for elemental and NMR analyses 

of complexes used as catalyst in this work.



Notes Bull. Korean Chem. Soc. 1994 Vol. 15, No. 3 265

References

1. (a) Bruice, T. C.; Benkovic, S. Bioorganic Mechanisms, Be

njamin, W. A., New York, 1966; V시. 1, p 46-66; (b) Over- 

berger, C. G.; Pierr, T. S.; Vorchheimer, N. Lee, J.; Yaros

lavsky, S. J. Am. Chem. Soc. 1965 87, 296.

2. (a) Wilson, T. B.; Bergmann, F. J. Biol. Chem. 195Q 186, 

683; (b) Hammond, R. B.; Gutfreund, H. Biochem. J. 1955 
61, 187; (c) Gutfreund, H., Trans. Faraday Soc. 1955, 51, 

441; (d) Mounter, L. A. J. Biol. Chem. 195& 219, 677.

3. Sato, M.; Ohmae, K.; Nagae, S.; Nakaya, J. J. Chem. Soc.t 

Chem. Commun. 1987, 839.

4. Lambardo, A. J. Chem. Educ. 198Z 59, 887.

5. Sato, M.; Nagae, S.; Ohmae, K.; Nakaya, J. / Chem. Soc., 

Dalton Trans. 1986, 1947.

6. Fawcett, T. G.; Bernarducci, E. E.; Krogh-Jespersen, K.; 

Schugar, H. J. / Am. Chem. Soc. 198Q 102, 2598.

7. Kim, C. S.; Kim, T. S.; J. Korean Chem. Soc. 1991 37, 

265.


