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Abstract : Gopper (I1) paraolysulfate has been synthesized and characterized by thermo-gravimetric
(TG measurements and differentid scanning calorimetric (DSC) andysds. This st can easly lose al
crysd weater and the dehydrated sdt does not deliquesce in the air. It isfound for the firg time that the
ocomplex of Cu( p-OTs) »f etharolamine(11) can catalyze the oxidation of 1,1 -bi-2-ngphthol in DMSO
and DMF, while the process is difficult to perfform in H,O and CH;OH. The dectrochemica behaviors of
both Cu( p-OTs) » and its conplexes with ethanolamine have been sudied on platinum eectrode in DM
0, DMF, CH;OH and H,O regectively. The conplexes of various copper sdts with ethamolamine are
a9 gudied by cyclic voltammetry in different lvents. It is concluded that the two one electron seps are
esential condition for the oxidation of 1,1 -hi-2-ngphthol .
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1 Introduction

Qopper conplexes are involved in variety of important biochemical process, such as oxygen trangort
and oxygen activation by oxidase and monooxygenase enzymes ™. Synthes's and characterization of low
nolecular weight analogsfor the active stesdf metdloproteins is receiving increas ng attention worl dwide.
Sme oopper conplexes with different type of ligands have been syntheszed and <dudied
as mimetic enzyme!®®! . As a rue , their redox properties have been invesigated by electro -
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chemical techniques, eecialy the cyclic voltammetry (CV) in appropriate Dlvents® . It is recently
reported that the conplex of Cud,/ etharolamine (11) can catalyze the oxidation of 1,1’ -bi- 2-naphthol
in metharol with high yield®

In the present pagper we report that copper paratolysulfate (Cu( p-OTs) 2) can lose dl the crysa war
ter eadly and the dehydrated st does not deliquesce in the air. Preliminary Sudy showed that the cont
plex of Cu( p-OTs) o/ etharolamine(11) could catdyze the oxidation of 1,1 -hi-2-ngphthol by O, in DM-
S0 and DMF. The product was peri-xanthenoxanthene in accord with the resi/i catalyzed by Cudy/
etharolamine (11) in the same lvent!®!. However , the cataytic reaction could hardly proceed in CHs
OH and HyO.

The work on the eectrochemica behavior of oth Cu( p-OTs) ; and its conplexes with ethanolamine
is a9 reported here. This sudy is undertaken with the purpose of invedigating the dfect of lvents on
the redox and cataytic properties of Cu( p-OTs) » and analyze the reaction mechani sm.

2 Experimental
2.1 Apparatus

Thermogravimetric (TG andyses and differential scanning caorimetric (DSC) andyses were carried
out with NETZSCH TG 209 Thernogravimetric andyzer and Perkin- Bmer Differential Scanning Calorime-
ter , repectively. *H NMR was recorded in a Varian Unity INOVA-500 spectrometer in CDO s with TMS
as the internd gandard. Mass ectra (MALDIF TOFMS) was taken on REAL EX 3 Bruker matrix asd g-
ed laser deorption/ ionization time of flight mass Pectrometry. The eectrochemical measurements were
carried out on a French Volta_ab 80 eectrochemical workgation (Radiometer Anaytical) . The working
dectrode was a Pt (99.9 %) wire (0.073 cnf) and the counter electrode was a Pt (99.9 %) sheet.
The saturated calomel eectrode (SCE) was used as reference eectrode. All the potentid vaues in this
paper are versus SCE. Purified argon was bubbled through the eectrolytic sl ution to renove oxygen. The
electrochemica measurements were carried out in an argon atmophere.

2.2 Reagents

Dimethyl sulfoxide (DMS0O, AR) and N ,N-Dimethyliformamide (DMF, AR) and CH3;OH was dis
tilled under vacuum &ter added 0.4 nm nolecular Seves to rermove water. The supporting e ectrolyte te
trabutyl ammonium perchiorate (( ~Bu) sNOO, or TBAP) was prepared following the literature!”). Gop-
per paratolysulfate was prepared by the reaction of CuO (99. 95 %) and pCH3CsHsSOsH- HO (AR).
The hydrated sdt was dehydrated & 120  under 0. 51 kPa and preserved in a dedccator containing arr
hydrous Cad, for usng in the electrochemica experiments. Unless gated otherwise, dl the reagents were
anaytical pure. Aqueous lutions were prepared by double didilled water.
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2.3 Catalytic Oxidation o 1,1 -bi-2-naphthol with Cu( p-OTS) 2/ ethandamine

(11) as Mimetic Enzyme

A 50 mg (0. 17 mnol) sarple of 1,1 -bi-2-ngphthol was added to a flask containing 2 nL
DMSO(or DMF) slution of 0.01 nol/L Cu( p-OTs) o/ etharolamine(11) conplex disolved in 20 mL o
DMSO(or DMF) . The solution was dirred at 60  and oxygen was bubbled through the olution. The
reaction was alowed to take place until the oxygen consunption had ceased. A 2 niL amnonia <l ution
and 50 m_ water were added to the olution and extracted with chloraform (3 x 10 mL.) . The peri-xan-
thenoxanthene (10.5 mg, 21 % yield) oxidation product was then ilated by evgporation of CHO; dried
by anhydrous Cadl; followed by column chromatography on dlica gel usng petroleum etherethyl acetate
(101, VV) asduant. HNMR (CDA30 (10" ®from TMS) 6.63 6.65 (m, 2H, 1-H, 7-H) , 6.91
(d,2H,3J=9.2Hz,3H,9H) ,7.0-7.09 (m,4H, >H,5H,8H,11-H) ,7.29 (d, 2H,J =8.

9Hz, 4H, 10-H) . MALDFTOFMS: 283 ([M + H]*).
10

8 11
Cu(p-OTs),/ethanolamine(1:1) 7
o or CuCly/ethanolamine(1:1) o
or DMSO or DMF ° 1
5 2
4 3

The conplex of Cu( p-OTs) 2/ ethanolamine (1 1) precipitated from agueous solution. The oxidation
o 1,1'-hi-2-ngphthol could ot take place in CH;OH and H,O (ronitored by thin layer chromatography ,
TLC) under the same condition asin DMSO (or DMF) snce the 1,1 -bi-2-ngphthol does not disolve in
H.O.

3 Resultsand Discussion

3.1 Analysisd Copper Paratdysulfate

Two endothermic peaks (58.1186.6 ) and two exothermic peaks (292.8 481.7 ) werefound
from the DSC curve andyssof the st in the temperature range of 30630 as sownin Hg. 1. The TG
curve showed four weight lose processes. Thefirg two peaks are owing to water loss; acoording to the val-
ues of weight losson the TG curve , the numbers of water nolecules log were caculated as 4 and 2 re
gectively. Therefore, the freshly prepared copper paratolysulfate should has the nolecular formula of Cu
(prCHsCsH4303) »- 6H,0, thisis d proved by X-ray crysd sructure. The DSC and TG experiments
showed that this sdt can lose al cryda water eadly and the dehydrated salt does not deliquesce in the
air. Hence, the Cu(p-OT9) . is slitable for the dectrochemica sudies in nonagueous Solvents.
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3.2 The Hectrochemical Behavior of Cu( prOTs), in H,O

The cydlic voltamnograms of Rt dectrode in Cu( p-OTs) o/ KO aqueous olution at different scan
rates were sown in Hg. 2. There were two pairs o redox peaks as shown in thefigure. The suface of R
electrode kept clean dter 5 min eectrolyss at the potentia of 0. 1V (at thefirg cathodic peak) ; howev-
er , red color gppeared on the Pt dectrode &ter 5 min ectrolyss a the potentid of - 0.2V (at the sec
ond cathodic peak) . It was proved that the eectrochemica reduction of Cu( p-OTs) 2 in agueous ol ution
was through two geps. The CV curves changed a little &fter added equivaent etharolamine in Cu( p-
OTs) o/ KA agueous sl ution.
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Figl The DSC and TG curves of Cu(p-OTs), -6H,0 Fig.2 Cyclic voltammogram of 0. 012 mol - L™

Cu(p-0Ts),/0. 1 mol + L™' KCl in H,0

solution ¢: 298 K, scan rate; 0.1 V™'

3.3 The Hectrochemical Behavior o Cu( prOTs), in CH;OH

In Fg. 3 curve a shows the cydic wltannogram of Cu( p-OTs) o/ TBAP/ CH;OH on R eectrode.
Only one pair of redox peak on the curve wasfound. Yellow cormpact deposit was gppeared on the surface
o P eectrode dter 5 min eectrolyss at the cathodic peak potentid . It isobvious that the peaks are cor
regponding to the cathodic reduction of Cu (I1) to Cu and the anodic oxidation of Cu. Therefore, the re-
sult reveded that the eectrochemica reduction of Cu( p-OTs) 2 in CH;OH was through one step.

The eectrochemica reduction of Cu( p-OTs), was o a one gep process dter added equivalent
etharolamine (see Fig. 3b) .

3.4 The Hectrochemical Behavior o Cu( prOTs), in DM SO

In Fig. 4 ,curve a shows the cyclic woltammogram of Cu( p-OTs) o/ TBAP/ DMS0 on R dectrode at
<can rate of 100 mV-s™ 1. There are two pairs of recox peaks on the curve , indicating that the first car
thodic peak was due to the reduction of Cu(I11) to Cu(Il) and the second cathodic peak was the reduction
o Cu(l) to Cu. Curve bisthe cyclic wltamnogram of Cu( p-OTs) »/ TBAP/ DMSO &ter adding eguivar
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Fig.3 The CV curves of 0. 05 mol + L™ TBAP + Fig. 4 Cyclic voltammograms of the 0.011 mol - L~

0.011mol - L™ Cu(p-OTs), in CH,OH (a) Cu(p-OTs), + 0.05 mol - L™'TBAP in DMSO
and after added 0. 011mol - L™" ethanolamine - () and after added 0. 011mol - L™ ethanola-
(b) t:298 K, scan rate; 0.1V - s’ mine (b) ¢: 298 K,scanrate; 0.1V -s™"

lent etharolamine. There are gopeared two pairs of peaks. Both of two cathodic peaks shifted to nore
postive potentials. The first peak potential postively changed 351 mV and the second one changed 238
mv.

3.5 The Hectrochemical Behavior o Cu( pOTs), in DMF

One gep mechanismwas a o found in Cu( p-OTs) o/ TBAP DMF sysem. The cyclic woltannogram
o Cu(p-OTs) ./ TBAPin DMFis shown in Fig.5a. Only one pair of cathodic peak and anodic peak gp-
peared. Black compact depodted on the eectrode surface dter 5min gavampgatic dectrolyss a the ca
thodic peak potertiad. However , the one sep process changed to two seps processesfor the sygemof Cu
(p-OTs) o/ TBAP/ DMF dter added equivdent etharolamine. Two cathodic peaks (at 202 mv and - 105
mV) and one anodic peak (188 mv) gppeared in Fg. 5b. Both of the cathodic peak potentia moved pos
itively conpared with Fig. 5a( - 216 mV) and the anodic peak potentiad noved negatively conpared with
Fig.5a (233 mv) .

Cu(1l) can be slvated by DMF better than by CHsOH , therefore , the oxidation of Cu is eader in
DMF than that of in CHsOH which resulting in the nore negetive anodic peak in DMF compared with that
in CHzOH. The reductive process became two geps processes by the addition of etharolamine is probably
due to the strong coordination power between solvated Cu(1l) and the amino of ethanolamine.

3.6 Sudies o Cu( p-OTs)2/ ethanodamine(11) as Mimetic Enzyme

The derivatives of xanthone are widdly exiged in naturd products and have many physological activ
ities’® . Thiswork aimsto use the conplex of Cu( p-OTs) o/ etharolamine(11) as mimetic enzyme to syn-
thedze phydologcaly active compounds and research the reactive mechani am.
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In the present work, Cu ( pOTs)./ 2
etharolamine (1 1) was applied for the cataytic
reactions. The prdimnary results showed that the
conplex o Cu( p-OTs) o/ etharolamine (11) could  1f
catalyze the oxidation of 1,1 -bi-2-naphthol in DM-
SO and DMF but could not work in CHsOH and H,
O. In dl the cases, the lution became brown in
oolor and small quartity of brown precipitation pro-
duced dter added Cu( p-OTS) o/ etharolamine(11) |
into 1,1 -bi-2-ngphthol as reported in the literar ~300 0 300 500
turel®!. The precipitation disgppeared a the end of
the reaction in DMSO and DMF, but kept the Same  Fg 5 The OV curves of the 0. 05mol- L~ “TBAP + 0.
in CH3OH and H,O. By conparing the CV curves 012nol-L " Cu(p-OT9), in DMF (&) and &ter
o Cu(p-OTS) 4/ etharolamine(11) in the four solur added 0.012 ol L * etharolamine(b)  t: 298
tions, it was found that the eectrochemica reduc- K. soan rete: 0.1 V- 5%
tion of Cu( p-OTS) ,»/ ethanolamine(11) is a two one-eectron processes in DMS0 and DMF. In that case,
Cu(p-OT9) 2/ etharolamine (11) acts as a mimetic enzyme to catalyticaly oxidize 1,1 -bi-2-naphthol .
However , the processis a one two-dectron reaction in CHzOH , which can hardly work for the 1,1 -hbi-2-
naphthol oxi dation.

Tab.1 Peformance of cupric sat/ ethanolamine (11) conplexesin different olvents

Cupric <t Slvents Bectrochemicd reduction 1,1 -bi-2 ngphthol oxidation
Cud, HO Two deps No
DMSO Two geps Yes
CH;OH Two deps Yes
CuBr;, H0 Two geps No
CHsOH Two seps Yes
CusO, H0 Two geps No
CH:OH One gep No
Cu(pOT9 2 HO Two geps No
DMSD Tho geps Yes
CHOH One gep No
DMF Two deps Yes
Cu(AcO) » H,0O Two geps No
CH;OH Ore gep No
Cu(NGs) » H,O Two geps No
CH;OH Ore gep No
CU(OO4) 2 H,O Two deps No
CH:OH One dep No

The conplexes of various copper salts with ethanolamine have been tesed and summarized in Table
1. The conplexesthat the reduction proceeds by two seps can be used as minmetic erzyme , the conplexes
that the reduction is through one gep can not catayze the oxidation of 1,1 -hi-2-ngphthol. S the oxider
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tion of 1,1 -bi-2-naphthol catayzed by Cu(Il)/ ethanolamine is carried out by the trander of Cu(l)/ Cu
(.

Although the dectrochemicd reduction of copper-amine conplexesin HyO is a two one e ectron pro-
ceses, the cataytic oxidation of 1,1 -bi-2-ngphthol can not carry out is mainly due to the poor ol ubility
of copper-amine conmplexes and 1,1 -hbi-2-ngphthol in HO ol ution.

4 Conclusions

Qopper paratolysulfate was syntheszed and characterized by various techniques. The dectrochemica
behaviors of Cu( p-OTs) » on platinum eectrode were sudied in DMSO , DMF, CHOH and HO sl utions
for the firg time. The results showed that the eectrochemica reduction f Cu(ll) to Cuisvia a two one
eectron gepsin DMSOand H,O sl utions and proceeds by one two-electron gep in CH;OHand DMF -
lution. However , the reaction trandorms to two one-eectron geps by the addition of ethanolamine in
DMF.

The conplex. of Cu( p-OTS) o/ etharolamine (11) can catayze the oxidation of 1,1’ -bi-2-naphthol in
DMSO and DMF. This reaction does not work in CHsOH and H,O. Summarizing the eectrochemica be-
haviors of complexesdf various copper saltswith etharplamine , it can conclude that two one e ectron geps
reduction of Cu(p-OTs) 2 isthe essentid condition for the oxidation of 1,1 -bi-2-ngphthol .

The reaction is indiginguishable in agueous Dlutions due to the limited lubility both
Cu(p-OTs) ,/ etharolamine and 1,1 -bi-2-ngphthol .
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