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Catalytic mechanism of Cu( p- OTs) 2/ ethanolamine as mimetic enzyme®
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Abstract: The electrochemical behaviors of various copper salts complexes coordinated with equal molar ethanolamine were stud
ied, and those of Cu(p-OTs), and Cu( p-OT's) 5/ ethanolamine( 1: 1) complex in CH3;0H or DMF were characterized. The results
show that the reduction of Cu( II) in Cu(p-OTs), is via one two electron step mechanism both in CH;0H and DMF. The reduc

tion mechanism transforms to two one electron steps in the case of Cu( p- OTs) »/ ethanolamine( 11 1) in DMF. However, it does not

change in CH30H. All the Cu( 1)/ ethanolamine( I 1) with the electrochemical reactions are through two one electron steps, and

can act as mimetic enzyme to oxidize 1, l/-bi'2-naphthol. The Cu( 1I') / ethanolamine( I: 1) with electrochemical reactions through

one two- electron step could not act as mimetic enzyme. It is concluded that the transformation between centre Cu( II) and Cu( 1)

is the crucial condition for the catalytic activity of copper amine complex.
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1 INTRODUCTION

Most enzymes contain copper ion. The studies on
copper containing mimetic enzymes are an important emr
branchment in biomimetic chemistry. Blue copper proteins

have the functions of carrying oxygen and adding oxy-
[174]
gen' .

nase'” and some model compounds have been synthe-

Tyrosinase is a copper-containing MoNOOXyge

sized ® 7. Arrays consisting of organic free radicals proxi-
mate to metal centers have been identified as important
components of active sites in enzymes that catalyze multi-
electron redox reactions.

The literature reports that copper chloride/ amine can
catalyze the oxidation of phenols to benzoquinones by
0J% ' Tt is recently reported that the complex of CuCly/
ethanolamine( 1: 1) can catalyze the oxidation of 1, -br
2naphthol in methanol with high yield'”. In order to
deeply understanding the role of copper in the enzyme
catalysis, we have studied the catalytic activity of different
Cu( I]) / ethanolamine( 1: 1) complex for the oxidation of 1,
1'-bt 2 naphthol at the presence of O, in various media.
This paper also presents the electrochemical results of Cu
(p-OTs) 2 and Cu( p-OTs) o/ ethanolamine ( 1: 1) in N, N-
dimethylformamide( DMF) or methanol( CH3OH), respec
tively.

2 EXPERIMENTAL

The electrochemical measurements were carried out

on a French Voltal.ab 80 electrochemical workstation ( Ra-
diometer Analytical) . The working electrode was a Pt
(99.9 %) wire (0.073 cm®) and the counter electrode
was a Pt (99.9 %) sheet. The saturated calomel elec
trode (SCE) was used as reference electrode. All the po-
tential values in this paper are quoted versus SCE. Puri
fied argon was bubbled through the electrolytic solution to
remove oxygen. The electrochemical mea surements were
carried out in an argon atmosphere at room temperature.

'H-NMR was recorded in a Varian Unity INOVA-
500 spectrometer in CDCl3 with TMS as the internal stan-
dard. Mass spectra (MALDIFTOF-MS) were taken on
REFLEX 3 Bruker matrix assisted laser desorption/ ioniza-
tion time of flight mass spectrometry. Elemental analyses
were conducted on a PerkimrElmer 204 elemental analyz
er. Melting points were determined on a Thiele tube.

N, N-Dimethylformamide( DMF) and CH30H was dis-
tilled under vacuum after added 4 A molecular sieves to re-
move water. The supporting electrolyte tetrabutyl ammoni-
um perchlorate ( n-Bu)sNClO4 or TBAP) was prepared ac-
cording to Ref. [ 11]. Copper p-toluenesulfonate was pre-
pared by the reaction of CuO (99. 95 %) and p-
CH3C6H4SOsH * HyO. The hydrated product was deter
mined as Cu( p-OTs),°*6H,0 by means of thermogravime-
try. The structure of Cu(p-OTs)2*6H,0 was also proved
by X-ray crystallography. The freshly prepared copper p-
toluene sulfonate can lose all crystal water easily at 120 C
under 0. 5~ 1 kPa and preserved in a desiccator containing

anhydrous CaCl,. All the reagents were analytical pure.
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Aqueous solutions were prepared by double distilled-deion-
ized water.

Cu( p-OTs) 2o/ ethanolamine (1 1) complex can cat-
alyze the oxidation of 1, 1'-bi 2 naphthol as mimetic enr
zyme. The general procedure is described as follows: 50
mg 1, 1'-bi- 2naphthol was added to a flask containing 2
mL DMF solvent, then mixed with 20 mL 0. 01 mol/L Cu
(p-OIs) o/ ethanolamine ( 1: 1) complex and dissolved in
DMF. The solution was stirred at 60 ‘C and oxygen was
bubbled through the solution. 2 ml. ammonia solution and
50 mL water were added to the solution and extracted with
chloroform (3% 10 mL) after the reaction completed. The
main product peri-xanthenoxanthene with mass of 10. 5
mg, yield of 21 % was then isolated by evaporation of
CHCl3( Reaction 1). The final product was dried by anhy-
drous CaCl, followed by column chromatography on silica
gel using petroleum ether and ethyl acetate (10: 1) as elu-
ant. '"HNMR (500 MHz, CDCl;, & ppm): 6. 63 ~ 6. 65
(m, 2H, H- 1, H-7), 6.91 (d, 2H, J=9.2Hz, H
-3, H-9), 7.07- 7.09 (m, 4H, H- 2, H- 5, H-
8, H-11), 7.29(d, 2H, J= 8.9Hz, H- 4, H- 10);
MALDFTOF-MS: 283 ([M+ H]" ), analytical calcula
tion: for CooHi002: C 85.09, H 3.57, experiment: C 84.
97, H 3. 61; melt point: 238 =~ 239 C ( literature: 238
C).

OH  Cy(p-OTs),fethanolamin(1: 1)
OH DMF -

1, 1'-bi-2-naphthol
10 9
11 8

06 (1)

5

3 4
peri-xanthenoxanthene

However, the Cu( p-OTs) 2/ ethanolamine ( 1: 1)
complex is inactive towards the oxidation of 1, 1'-bi-2-
naphthol in CH30H (monitored by thin layer chromatogra-
phy, TLC) under the same conditions as in DMF. The
oxidation of 1, 1'-bi-2-naphthol can be catalyzed by the
Cu( p-0OTs) o/ ethanolamine ( 1: 1) complex in CH3OH/

DMSO (1 1) solution and gives the same product as in
Ref. [ 10].

3 RESULTS AND DISCUSSION

3.1 Electrochemical behavior of Cu( p-OTs); in
CH;OH

There are two kinds of electroreduction processes of
Cu® in different solutions. The first one is that Cu®* is
reduced to Cu by two one-electron processes. It appears
two cathodic peaks on the CV curve, which is called “two
oneelectron steps” in this paper. Another one is that
Cu® is reduced to Cu directly by one two-electron pro-
cess. In this case, only one cathodic peak appears on the
CV curve, which is a “one two-electron step” process,
the reactions are as follows.

Cu™ + e= Cu

Cu" + e= Cu

Cu™ + 2e= Cu

two one-electron steps

one two-electron step

Fig. 1(a) shows the cyclic voltammograms of Cu( p-
OTs) o/ TBAP/ CH30H system on a Pt electrode at differ-
ent scan rates. There is only one pair of redox peak on the
curve. The potential corresponds to the cathodic stripping
of Cu. The surface of Pt electrode appears yellow compact
deposit after 5 min electrolysis at the potential of cathodic
peak. There is no electroactive species between — 200
and 600 mV after Cu®* was changed to Na* (Fig. 1(b)).
The results show that the cathodic peak is corresponding
to the electroreduction process of Cu®* to Cu. It is proved
that the electrochemical reduction of Cu ( p-OTs), in
CH30H is through one two-electron step. The potential of
cathodic peak, E . in Fig. 1 changes with the scan rate.
The relationship between the cathodic peak current (/)
and the square root of the scan rate (v"?) is linear as
shown in the inset of Fig. 1. For the irreversible electrode
process! 2! :
| E,— Ey2| = 1.857TRT/( andl) (1)

E,, Ey2, a ngand T are the peak potential,
half peak potential, transfer coefficient and electron num-

where

ber in the rate-determining step and temperature, respec
tively. R= 8.314 Jemol*L™ ', F= 96485 Cemol™ .

The data of 0nq is 1. 08. The transfer coefficient a
is calculated as 0. 54 when nq equal 2. The data of a is
usually about 0. 5 or less than 0. 5, so it is reasonable.
The electron number transferred in the cathodic peak is 2.

The irreversible charge transfer process obeys the
Randles-Sevcik equation' ' :

I,= 0.4958nF"*( ondDv/ RT)"*Ac (2)
where [,, n, D, v, A and c are the peak current,
electron number, diffusion coefficient, scan rate, area of

2 .
work electrode and Cu” concentration.
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8ol @ (b)). The diffusion coefficient of the reactant can also be
200 calculated from';
120} 200;1“:,/:: [= nFAKel 1- 2KV (02DV?)] (3)
100 mV/s where I, K; and ¢ are the limit diffusion coefficient,
60 - S0mV/s reactive rate constant and time respectively. At a given
Eﬂ 20mVis slope datum of the line in the inset of Fig. 2, the calculat-
S oop ed value is 4. 36 x 10”7 em’*s™ ', which is lager than
that calculated by the result from the linear sweep poten-
-60 |- tial voltammetry.
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Fig.2 Chronoamperometric curves on
a0l Pt electrode in 0. 1 mol/ L. TBAP and
, 0. 011 mol/ L. Cu( p-OTs),/ CH30H
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Fig. 1 Cyclic voltammograms of Pt electrode
(0.073 am?) at different scan rates in 0. 1 mol/L
TBAP/ 0. 011 mol/ L. Cu(p-OTs)»/ CH;0H
(a) —CV curve in 0. 1 mol/ L TBAP;

(b) —1, —"? curve;
(¢) —0.011 mol/ L Na( p-OTs) / CH;0H
P

According to the slope of the line in the inset of Fig.
1 and Eqn. (2), the diffusion coefficient of Cu( II) in
Cu( p-OTs) o/ TBAP/ CH30H at 298 K is calculated as 1.
44% 107 " em®es™ .

Fig. 2 shows the chronoamperometric curves in Cu( p-
OTs) o/ TBAP/ CH30H solution at different potential steps.
The plot of /- t"* shows a linear relationship ( Fig. 2

at different potential steps
(a) —I —t curve; (b) —1 —t Y2 curve;

Fig. 3 is the cyclic voltammogram of Pt electrode in
Cu ( p-OTs )2/ TBAP/CH30H after adding equivalent
ethanolamine. The result shows that the reduction process
of Cu®* s through one step because only one pair of redox
peak appears in Fig. 3. The changes of cathodic peak po-
tential and anodic peak potential indicate that the copper/
amine complex has formed.

Cu( p-OTs) 5 has been shown to have octahedral co-
ordination of copper ions with a [ CuOg] skeleton in which
OTs™ acts as tridentate bridging ligand through the three
oxygen atoms bonded to sulfur' . The solvating power of
CH;OH is weak, therefore, the Cu( p-OTs), can not be

solvated well and Cu( II) and OTs™ exist as tight ion
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Cu( II) decreases with the increasing viscosity of the sol-
sk Scan rate: 100 mV/s vent. The viscosity of DMF is 7. 96 x 10 poise and is
' larger than that of CH30H, which is 5.43 x 10”2 poise.
T 04t a)
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Fig. 3 Cyclic voltammogram of Cu( p-OTs),/ =13 . .
ethanolamine (1: 1) in CH30H solution ~600 _3'00 0 100 600
EmV
pair. Fig. 4 shows the CV of Cu(p-OTs) 2/ ethanolamine 100
in CH30H/DMSO (1: 1) solution. The electroreduction ®)
of Cu( II) transforms two one-electron steps because the A
solvated power of DMSO is stronger enough to make the '
Cu(1) stable. 80
3
2
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Fig.5 Cyclic voltammograms of
Pt electrode (0.073 em?) at different scan
Ll rates in 0. 1 mol/ L TBAP and 0. 012 mol/ L

-400 200 0 200 400 60D
EfmV

Fig. 4 Cyclic voltammogram of
Cu( p-OTs) 5/ ethanolamine( 1: 1) in
CH30H/DMSO (1: 1) solution

3.2 Electrochemical behavior of Cu(p-OTs),

The cyclic voltammograms of Pt electrode in Cu( p-
OTs) o/ TBAP/ DMF with different scan rates are shown in
Fig. 5(a). Only one pair of redox peak appears. Metal Cu
is deposited on the surface of the electrode after 5 min
electrolysis at the cathodic peak potential. It shows that
the cathodic peak is corresponding to the reduction of Cu**
to Cu and the reductive reaction is controlled by one two
electron step mechanism in DMF. The transfer coefficient
a is 0.48 calculated using Eqn. (1) and nqe= 2.

According to the slope of the linear curve Fig. 5(b)
and Eqn. (2), the diffusion coefficient of Cu( II) in Cu
(p-OTs) o/ TBAP/ DMF at 298 K is calculated as 0. 49 x

100 " em?*s™ . Tt shows that the diffusion coefficient of

Cu( p-OTs) o/ DMF

(a) —CV curve; (b) —I, —u"? curve

Fig. 6 shows the cyclic voltammogram of Pt electrode
in Cu ( p-OTs)o/TBAP/ DMF after adding equivalent
ethanolamine. Two cathodic peaks (202 mV and — 105
mV) appear during the reduction in contrast to one peak
in the solution without ethanolamine. It is presumed that
both ethanolamine and DMF make the Cu( I ) stable with
stronger solvated power than CH30H.

3.3 Performance of Cu( II)/ ethanolamine (1. 1) as
mimetic enzyme

The oxidative mechanism of 1, 1/'bi'2-naphth01 cat~
alyzed by Cu( II)/ ethanolamine ( 1: 1) complex can be
concluded as shown in Fig. 7. The previous literature has
reported the catalytic mechanism based on the intermedi
ate obtained''” . But the coordination of mimetic enzyme
and substrate, and the valence change of metal ion of ac-
tive center in mimetic enzyme were not discussed. These
points are very important to

understand reactive
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tion of 1, '-bi-2naphthol. However, the complexes that

1.2

Scan rate: 100 mV/s behave one step reduction mechanism do not have catalyt-
ic activity.
AT Table 1 Performance of different
& cupric salt/ ethanolamine( 1 1) complexes
E . . .
:_: o4l Cupric Solvent Electroreduction Calél)fllc
£ salt steps activity
= CuCl, CH;0H Two Yes
0
- DMSO Two Yes
CuBr, CH,0OH Two Yes
_0.4 L 1 1 "
=300 0 300 600 CuSOy4 CH;0H One No
E/mVY
Cu( p-0OTs) 5 CH,;0OH One No
Fig. 6 Cyclic voltammogram of Cu(p-OTs) 2/ CH;OH+ DMSO T Yes
ethanolamine ( 11 1) in DMF solution
DMSO Two Yes
processes. Further experimental data are needed to DMF Two Yes
de@onstrate the catalyt.ic mechanisnf. The complexes of Cu(AcO) 5 CH;0H One No
various copper salts with ethanolamine have been tested
and summarized in Table 1. The complexes that the elec- Cu(NOs) » CH;0H One No
troreduction is by two steps can Cul €045 CH-OH One No

be used as mimetic enzyme to catalyze the oxida

in alcohol
solution

( + 1, 1" -bi-2-naphthol

g H; N
* O, "
[ ‘Cull I:CU'T]

Pl ¢ SN
N Q
H, H

koz H
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Fig.7 Oxidative mechanism of 1, 1'-bi-2-naphthol catalyzed by Cu( 11)/ ethanolamine

R=Me, Et, et al




e 1220 -

Trans. Nonferrous Met. Soc. China

Dec. 2004

The derivatives of xanthone consist in natural products
widely and have many physiological activities as astrin-
gent, antispasmodic and antibiotic agent!" and so on.
This work uses the complex of Cu( p-OTs) 2/ ethanolamine
(1I: 1) as mimetic enzyme to synthesize compounds with
physiological activities. In the present work, Cu ( p-
OTs) »/ ethanolamine ( 1: 1) was firstly applied for the
catalytic reaction. The results show that the complex of
Cu( p-0OTs) 2/ ethanolamine ( 1: 1) can catalyze the oxida-
tion of 1, 1'-br 2-naphthol in DMF. However, it does not
work in CH;OH.

4 CONCLUSIONS

1) The electrochemical behaviors of Cu( p-OTs)»
was studied on platinum electrode in CH30H and DMF
solutions for the first time. The results show that the elec-
trochemical reduction of Cu ( p-OTs)2 proceeds by one
two-electron step in CH30H and DMF solution. However,
the reaction transforms to two one-electron steps by the
addition of ethanolamine in DMF.

2) The complex of Cu( p-OTs) 2/ ethanolamine ( 1
1) can catalyze the oxidation of 1, I'-bi2-naphthol in
DMF. This reaction does not work in CH3OH. Summariz
ing the electrochemical behaviors of various Cu ( 1I)/
ethanolamine complexes, it can be concluded that the
electron transfer from 1, l/'bi'}naphthol to O, becomes
easily through the transformation between the centre Cu
(II) and Cu( I), so it can catalyze the oxidation of
substrate.
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