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Introduction

During the last three decades, the synthesis, charac-
terization and rationalization of binucleating ligand bound
[Cu2] complexes have received significant interest due to
their involvement as model compounds in magnetic-ex-
change interaction1, DNA binding and cleavage2, oxida-
tion of catechols3,1d and as building units for the con-
struction of tetra- and pentanuclear complexes4. These
ligands having two coordination pockets suitable for pro-
viding strong and highly directional metal-ligand interac-
tions that can lead to [Cu2L] and [Cu2L2] species depend-
ing upon the availability of co-ligands for stabilization of
different types of molecular entities. Thus coordination of
solvent water and added metal salt derived HO–, O2

–,
RCO2

– and NO3
– groups as well as CO3

2– group from
fixation of atmospheric CO2 are crucial along with bind-
ing of organic phenol bearing ligand with two adjacent
ligand donor arms5. The tendency of the CuII ions in
these pockets to accept a fifth coordinating group in the
apical position is also important at the same time. Thus
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competitive binding of HO–, O2–, RCO2
– and NO3

– groups
as ancillary ligand usually trigger the assembly of [Cu2L]
units around HO–, O2

– and NO3
– groups during the for-

mation of [Cu4] and [Cu12] aggregates4a-b,6. Rigid
azomethine (-CH=N-) fragments play important role for
such assembly processes. In an attempt to realize the role
of flexible and long ligand side arms in satisfying copper
coordination environments we examined the reactivity of
reduced Schiff base ligand with two different metal salts
under chosen reaction conditions to provide nucleating
groups like HO– and O2–.

In this regard the type of ligand is important in stabi-
lizing the [Cu2] complexes and for better understanding
of substrate binding and bimetallic catalysis. Recent stu-
dies have indicated that phenoxido bridged [Cu2] com-
plexes can function as useful chemical model for
catecholase enzyme7–10. A Cu···Cu separation in the range
of 2.9–3.2 Å is ideal for binding of substrate catechol by
two metal ion centers11a. It is reported in some cases that
double-phenoxido or -hydroxido bridges give catalytically
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inactive species11b although other similar double-bridged
compounds have shown good catalytic activity11c-g.

Synthesis :

H5L : 2-(2-Aminoethoxy)-ethanol (1 mL, 1.051 g, 10
mmol) was added dropwise to a solution of 2,6-diformyl-
4-methylphenol (0.820 g, 5 mmol) in MeOH (40 mL) at
ambient temperature and the mixture was stirred for 15
min. The reaction mixture was then refluxed for 2 h and
solvent was removed under vacuum to give an oily resi-
due. To an orange MeOH solution (20 mL) of H3L (1.690
g, 5.00 mmol), NaBH4 (0.38 g, 10 mmol) was added
slowly with stirring at 0 ºC. The solution was stirred for
2 h at room temperature till colorless and acidified with
conc. HCl (3 mL). The reaction mixture was evaporated
to dryness followed by extraction with MeOH14. The
MeOH extract was then evaporated, leaving the product
as light yellow viscous oil. Yield : 1.56 g (91%). 1H
NMR (CDCl3, ppm) :  6.75 (2H, s, ArH), 4.61 (2H,
s(br), NH), 3.79 (4H, s, CH2), 3.62 (4H, d, CH2), 3.55
(4H, t, CH2), 3.49 (4H, t, CH2), 2.77 (4H, t, CH2), 2.16
(3H, s, CH3); 

13C NMR (CDCl3, ppm) :  154.48, 129.21,
127.83, 124.22, 72.69, 69.82, 61.63, 50.84, 48.33, 20.63.

Synthesis of complexes [Cu2(-H4L)2](MeCO2)2 (1) :
To a colorless solution (10 mL) of H5L (0.342 g, 1.00
mmol) a methanol solution of Cu(MeCO2)2·H2O (0.400
g, 2 mmol) was added slowly followed by NEt3 (0.140
mL, 0.101 g, 1.00 mmol) and stirred for 3 h at room
temperature. The reaction mixture was evaporated to give
a green solid product and it was washed with cold metha-
nol and dried under vacuum over P4O10. The solid was
dissolved in a minimum quantity of CH2Cl2 and an equiva-
lent amount of MeCN was added. Green prismatic single
crystals suitable for X-ray analysis were obtained after
keeping the solution at room temperature for about 4
days. Yield : 0.650 g, 70%. Anal. Calcd. for
C38H76Cu2N4O14 (940.13 g mol–1) : C, 48.55; H, 8.15;
N, 5.96. Found : C, 48.64; H, 8.17; N, 6.04. Selected
IR peaks : (KBr, cm–1, vs = very strong, br = broad, s
= strong, m = medium, w = weak) : 3400 (br), 3273
(s), 3170 (s), 1576 (vs), 1476 (s), 1400 (m), 1270 (m),
1236 (m); M (Molar conductivity) : (MeOH solution)
155 –1 cm2 mol–1; UV-Vis : max, nm (, M–1 cm–1)]
(MeOH) = 592 (161), 353 (4900), 242 (45300).

Cu2(-H4L)2](HCO2)2 (2) : Complex 2 was obtained
following a similar procedure as outlined above for the

In trying to study and isolate the reaction products of
Cu(RCO2)2·H2O (R = Me and H) with ligand 2,6-bis[((2-
(2-hydroxyethoxy)ethyl)amino)methyl]-4-methylphenol
(H5L) (Chart 1) we examined the competitive binding
capacity of the reduced and flexible ligand arms and avail-
able ancillary groups in stabilizing the [Cu2] complexes
as against other higher order aggregates. The precursor
ligand H3L (Chart 1) was used by Oshio et al. for the
generation of a hexanuclear family of [Mn4Ln2] com-
plexes12. Herein, two new [Cu2] complexes Cu2(-
H4L)2](CH3CO2)2 (1) and Cu2(-H4L)2](HCO2)2 (2) of
H4L

– have been isolated and crystallographically charac-
terized. Along with spectroscopic characterization solu-
tion phase catalytic activity for catechol oxidation have
also been examined.

Experimental

Starting materials : The chemicals were used as ob-
tained from the following sources : copper(II) acetate,
copper(II) carbonate, formic acid and triethylamine from
E. Merck (India) and 2-(2-aminoethoxy)-ethanol from Alfa
Aesar. All other chemicals and solvents were reagent grade
and used as received without further purification. 2,6-
Diformyl-4-methylphenol was prepared following a lit-
erature procedure13. Cu(HCO2)2·4H2O was synthesized
by adding copper(II) carbonate to a solution of formic
acid (20 mL, 98–100%) in 20 mL of water with constant
stirring until effervescence ceased. Then the solution was
filtered, and the clear filtrate was kept on a water bath
until deep blue solid of Cu(HCO2)2·4H2O separated. The
solution was then cooled to room temperature and the
separated Cu(HCO2)2·4H2O was filtered through suction
and dried in vacuum. All manipulations were performed
in air.

Chart 1. H3L and H5L.
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synthesis of 1 by using Cu(HCO2)2·4H2O (0.450 g, 2
mmol) in place of Cu(CH3CO2)2·H2O. Yield : 0.575 g,
64%. Anal. Calcd. for C36H56Cu2N4O14 (895.95 g
mol–1) : C, 48.26; H, 6.30; N, 6.25. Found : C, 48.31;
H, 6.26; N, 6.11. Selected IR peaks : (KBr, cm–1, vs =
very strong, br = broad, s = strong, m = medium, w =
weak) : 3400 (br), 3297 (s), 3182 (s), 1591 (vs), 1474
(s), 1335 (m), 1270 (m), 1237 (m); M (Molar conducti-
vity) : (MeOH solution) 165 –1 cm2 mol–1; UV-Vis spec-
tra [max, nm (, L mol–1 cm–1)] : (MeOH solution) =
592 (165), 353 (2700), 241 (24800).

Physical measurements : The elemental analyses (C,
H and N) were performed with a Perkin-Elmer model
240C elemental analyzer. Fourier transform infrared (FT-
IR) spectra in KBr (4000–400 cm–1) were recorded on a
Perkin-Elmer 883 spectrometer. Solution electrical con-
ductivity and electronic spectra were obtained using a
Unitech type U131C digital conductivity meter with a
solute concentration of about 10–3 M and a Shimadzu UV
3100 UV-Vis-NIR spectrophotometer, respectively. The
purity of powder complexes for all three samples were
determined by PXRD using a BRUKER AXS X-ray
diffractrometer (40 kV, 20 mA) using Cu K radiation (k
= 1.5418 Å) over the 5–50º (2) angular range and a
fixed-time counting of 4 s at 25 ºC.

Computational method : Hirshfeld surfaces were
mapped using Crystal Explorer (version 3.1) software
using the crystal structure coordinates of CIF files15.
Graphical plots of the molecular Hirshfeld surfaces were
mapped with normalized contact distance (dnorm) using a
color code of red-white-blue, where red spots indicate
shorter contacts, white regions highlights contacts around
the van der Waals distance, and the blue areas are for
longer contacts.

X-Ray crystallography : X-Ray diffraction analysis was
performed on suitable single crystals of 1 and 2. Intensity
data were collected on a Bruker SMART APEX-II CCD
diffractometer, equipped with a fine focus 1.75 kW sealed
tube Mo K radiation ( = 0.71073 Å), with increasing
 (width of 0.3º per frame) at a scan speed of 5 s per
frame at 293 K. The SMART software was used for data
acquisition. Data integration and reduction were performed
with SAINT and XPREP software16. Multiscan empirical

absorption corrections were applied to the data using the
program SADABS17. Structures were solved by direct
methods using SHELXS-9718 and refined with full-ma-
trix least squares on F2 using the SHELXL-9719 program
package incorporated into WinGX 1.80.0520. The loca-
tions of the heaviest atoms (Cu) were easily determined,
and the O, N, and C atoms were subsequently deter-
mined from the difference Fourier maps. All non-hydro-
gen atoms were refined anisotropically. The H atoms were
introduced in calculated positions and refined with fixed
geometry and riding thermal parameters with respect to
their carrier atoms. A summary of the crystal data and
relevant refinement parameters are given in Table 1.
CCDC 1431950 (1) and 1431951 (2) contain the supple-
mentary crystallographic data for this paper.

Table 1. Crystal parameters and refinement data for 1 and 2

Parameters 1 2

Formula C38H76Cu2N4O14 C36H56Cu2N4O14

F.W. (g mol–1) 940.13 895.95

Crystal system Triclinic Triclinic

Space group P1
–

P1
–

Crystal color Green Green

Crystal size (mm3) 0.33 × 0.27 × 0.24 0.32 × 0.28 × 0.22

a (Å) 9.9101(9) 9.863(3)

b (Å) 10.3296(9) 9.870(3)

c (Å) 11.1834(10) 11.279(3)

 (deg) 103.891(3) 94.383(9)

 (deg) 94.977(3) 105.763(8)

 (deg) 101.130(3) 104.233(8)

V (Å3) 1079.73(17) 1012.1(5)

Z 1 1

Dc (g cm–3) 1.445 1.470

 (mm–1) 1.054 1.121

F(000) 502 470

T (K) 298(2) 293(2)

Total reflections 13954 11525

R(int) 0.0378 0.0727

Unique reflections 4342 3501

Observed reflections 3411 2629

Parameters 262 253

R1; wR2 (I > 2(I)) 0.0511, 0.0972 0.0698, 0.1938

GOF (F2) 2.265 1.103

Largest diff peak

and hole (e Å–3) 0.842, –0.649 0.977, –1.108

CCDC No. 1431950 1431951
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Results and discussion

Synthesis : The azomethine (-CH=N-) fragments bear-
ing Schiff base H3L (2,6-bis[((2-(2-hydroxyethoxy)ethyl)-
imino)methyl]-4-methylphenol) was synthesized by the
condensation of 4-methyl-2,6-diformylphenol and 2-(2-
aminoethoxy)-ethanol in about 95% yield. NaBH4 reduc-
tion next provided H5L (2,6-bis[((2-(2-hydroxyethoxy)-
ethyl)amino)methyl]-4-methylphenol (Scheme 1). Reac-
tion of H5L with Cu(RCO2)2·H2O (R = CH3, H) and
NEt3 in 1 : 2 : 1 molar ratio in MeOH provided two
[Cu2] species 1 and 2 as green solid in moderate yield
under ambient condition. In presence of carboxylates and
water derived HO– and O2– ions no dimer-of-dimer as-
sembly for [Cu4(OH)2] or [Cu4O] species took place
(Scheme 1, left). Increased ligand arm flexibility of re-
duced H5L, facilitated by -CH2-NH- moieties, resulted in
axial coordination of ether oxygen atom from one half of
the ligand (Scheme 1, right). Eq. (1) summarizes the for-
mation of 1 and 2 from the employed reaction conditions.

2H5L + 2Cu(RCO2)2·H2O + 2NEt3 

[Cu2(-H4L)2](RCO2)2 + 2(NHEt3)(RCO2) + 2H2O   (1)

Prior to molecular structure determination elemental analy-
sis and molar conductivity studies establish the above
proposed formula for 1 and 2.

Spectral characterizations :

FT-IR spectra :

Two bound H4L
– ligands in complexes 1 and 2 can be

identified from their NH stretching vibrations (NH) at
3170 and 3182 cm–1 respectively (Fig. S1). In absence of
any water of crystallization the OH for hydrogen bonded
terminal hydroxyl groups of the ether-alcohol arms were

identified at 3273 cm–1 and 3297 cm–1 respectively, along
with broad shoulders around 3400 cm–1. The presence of
two different carboxylate groups as counter anions regis-
ter as(COO) and s(COO) bands at 1576 cm–1 and 1236
cm–1 in 1 and at 1591 cm–1 and 1237 cm–1 in 2. These
values and their differences ( = as(COO) –s(COO)) in
the order of 340 cm–1 and 354 cm–1 respectively, for 1
and 2 clearly indicate their presence as non coordinating
anions trapped in the crystal lattice.

Electronic spectra :

Electronic absorption spectral change in MeOH dur-
ing metal ion coordination and formation of complexes 1
and 2 are presented in Fig. S2. Presence of CuII ions are
clearly discernible by identifying absorption bands in
MeOH at 592 nm with molar extinction coefficient values
of 161 and 165 L mol–1 cm–1 for 1 and 2 respectively.
Next high energy bands at 353 nm ( = 4900 and 2700 L
mol–1 cm–1) were considered for PhO–  CuII charge
transfer transitions within Cu2(OPh)2 motifs. The charac-
teristic ligand centered –* transition was seen at 287 nm
( = 2240 L mol–1 cm–1). Intra ligand –* transitions
were blue shifted to 242 nm ( = 45300 L mol–1 cm–1)
and 241 nm ( = 24800 L mol–1 cm–1) for complexes 1
and 2, respectively.

Powder X-ray diffraction :

For elemental analysis and other solution measurements
as synthesized powder samples were utilized. Both FT-IR
measurements and the powder XRD technique were very
useful to check the phase purity and exactness of the pre-
pared complexes in powdered form in different batch of
synthesis. The experimental powder XRD pattern for each
complex is consistent with the simulated one obtained from

Scheme 1. Schematic representation of hitherto unknown [Cu4O] and obtained [Cu2] complexes.
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the single crystal X-ray diffraction data (cif files). Most
of the peak positions of the simulated and experimental
patterns are in good agreement with each other, and slight
difference in intensity may be is attributed to the orienta-

Å (Table 2). Generation of -CH2-NH- units from -C=N-
is responsible for the elongation of C-N distances from
1.271–1.285 Å to 1.483–1.503 Å. The Cu-N(amine) bond
distances involving sp3 hybridized nitrogen atoms are
longer in 1.984–2.000 Å range and in good agreement

Fig. 1. Experimental (green) and simulated (blue) PXRD patterns
for 1 and 2.

tion of the powder samples (Fig. 1).

Description of crystal structures :

[Cu2(-H4L)2](CH3CO2)2 (1) and Cu2(-
H4L)2](HCO2)2 (2) : Single crystal X-ray diffraction re-
vealed that complexes 1 and 2 crystallizes in triclinic P1

–

space group with inversion centers at the midpoint of
Cu1···Cu1*. The molecular structures of 1 and 2 are
shown in Fig. 2 and selected bond lengths and angles are
provided in Table 2. The bound H4L

– units provide adja-
cent ONO and NO chelate bites with bridging oxygen
from phenoxido group. Two six-membered adjacent bites
around the phenoxido unit are highly puckered due to the
presence of two adjacent sp3 hybridized carbon atoms.
The chelate ring from bidentate coordination remains in
half-chair conformation. The back-to-back square-pyra-
midal coordination geometry around each Cu atom shows
long (2.491 and 2.419 Å) apical bonds to ether oxygen
atoms. Weak ether oxygen coordination did not lead to
any kind of appreciable trigonal distortion as seen from
the calculated Addison parameter () values of 0.016 and
0.033, respectively for 1 and 2. The Cu-O distances within
Cu2O2 core are very close and range from 1.941–1.954

Table 2. Selected interatomic distances (Å) and angles (º) of
1 and 2

Complex 1

Bond distances

Cu1-O1 1.941(2) Cu1-N1 1.995(3)

Cu1-O1* 1.954(2) Cu1-O2 2.491(3)

Cu1-N2* 1.984(3) Cu1···Cu1* 3.044(2)

Bond angles

O1-Cu1-O1* 77.23(1) N2*-Cu1-N1 95.92(1)

O1-Cu1-N2* 167.70(1) O1-Cu1-O2 91.01(9)

O1*-Cu1-N2* 91.59(1) O1*-Cu1-O2 109.68(1)

O1-Cu1-N1 94.44(1) N2*-Cu1-O2 97.67(1)

O1*-Cu1-N1 168.77(1) N1-Cu1-O2 77.62(1)

Cu1-O1-Cu1* 102.77(1)

Complex 2

Bond distances

N2*-Cu1 2.000(5) Cu1-O1 1.945(4)

O4*-Cu1 2.419(4) Cu1-N1 1.985(5)

Cu1-O1* 1.944(4) Cu1···Cu1* 3.053(1)

Bond angles

O1-Cu1-O1* 76.6(1) N1-Cu1-O4* 98.1(1)

O1*-Cu1-N1 166.6(1) N2*-Cu1-O4* 79.0(1)

O1-Cu1-N1 91.9(1) N1-Cu1-N2* 95.8(1)

O1*-Cu1-N2* 94.6(1) O1*-Cu1-O4* 91.9(1)

O1-Cu1-N2* 168.5(1) O1-Cu1-O4* 108.2(1)

Cu1-O1-Cu1* 103.4(2)

Fig. 2. Perspective view 1 and 2. The starred atoms represent sym-
metry code (–x, –y, –z). H atoms are omitted for clarity.
Color scheme : Cu, brown; O, red; N, blue; C, green.

JICS-23
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with the literature values (~1.977–2.007 Å)8,9. The
Cu···Cu separation amounts to 3.0437 and 3.0530 Å, for
1 and 2, respectively, which are close to the separations
found in phenoxido-bridged [Cu4O] complexes4a,4b.

Unique trapping of carboxylate anions by dangling
ether-alcohol arms of the ligands have been established
by the intricate hydrogen bonding network. In complex
1, the O12 of acetato group engage in hydrogen bonding
interaction with H3 (O···O, 2.732 Å) of terminal OH
groups of ether oxygen coordinated ligand arms. Whereas
O11 of acetato oxygen show three hydrogen bonding in-
teractions with H5A attached to O5 (O···O, 2.828 Å) of
dangling ligand arms and H1* and H2 from the reduced
nitrogen centers N1* and N2 (O···N, 3.018 and 2.956 Å,
respectively) (Fig. S3, Table S1). In complex 2, the O7
and O6 formato group form strong hydrogen bonds with
H3 and H10 hydrogen atoms on O3 and O5 of ligand
ether-alcohol arms showing O···O separation of 2.780
and 2.708 Å, respectively. The H1 atom on amine N1
also show interaction with formato O7 (O···N, 2.974 Å)
(Fig. S3, Table S1). Trapping of acetate anions of com-
plex 1 in space fill model during crystal packing is shown
in Fig. S4.

Hirshfeld surfaces :

The analysis of crystal structure data using
CrystalExplorer 3.1 provides a visual picture for differ-
ent types of non-bonding interactions and can be clearly
identified by the shapes, contours, and colors13. The found
surfaces provide insight into the varying inter- and intra-
molecular interactions. The Hirshfeld surfaces of com-
plex 1 and 2 have been displayed in Fig. 3, showing the

surfaces that have been mapped over a dnorm range of
–0.5 to 1.5 Å. The normalized contact distance (dnorm) in
the Hirshfeld surface map is defined as [eq. (2)].

dnorm = [(di – ri
vdW)/ri

vdW] +

[(de – re
vdW)/re

vdW] (2)

where di and de are the distances from the surface to the
nearest atom interior and exterior, respectively and ri

vdW

and re
vdW are the van der Waals radii of the nearest atom

interior to the surface and exterior to the surface, respec-
tively. The hydrogen bonding interactions (O-H···O and
N-H···O) are effectively viewed in the spots with the
large deep red circular depressions on the dnorm surfaces.
The light red spots are due to C-H···O interactions and
red to white regions correspond to H···H contacts. The
large deep red circular spots visible clearly in 1 and 2 are
due to the presence of extensive hydrogen bonding inter-
actions (Fig. 3).

Reactivity of the complexes, Kinetic evaluation for
catechol oxidase activity : The catecholase like activity of
1 and 2 was evaluated for oxidation of the prototypical
catechol oxidase substrate 3,5-di-tert-butylcatechol (3,5-
DTBC) by UV-Vis spectroscopy. Bulky tertiary butyl
groups at 3 and 5 positions render low redox potential
suitable for oxidation to 3,5-di-tert-butylquinone (3,5-
DTBQ) and prevents further oxidation or ring-opening
reaction. In MeOH-MeCN (1 : 10) mixed solvent the
complexes catalyze the oxidation of 3,5-DTBC to 3,5-
DTBQ following Michaelis-Menten kinetics (vide supra).
For this purpose, ~1 × 10–4 M solutions of the com-
plexes were treated with a 100-fold concentrated solu-
tions of 3,5-DTBC, under aerobic conditions at room

Fig. 3. Hirshfeld surfaces mapped with dnorm for 1 (left) and 2 (right).

Complex 1 Complex 2
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temperature and the course of the reaction was monitored
by time dependent measurement of UV-Vis spectra up to
45 min. Spectral changes of complex 1 and 2 after addi-
tion of 3,5-DTBC are shown in Fig. 4. Addition of 3,5-
DTBC causes a red shift in absorption band of complexes
from 353 nm to 396 nm with a gradual increase of ab-
sorption intensity and this clearly indicates the formation

of the corresponding quinone (3,5-DTBQ).

Kinetics for the formation of 3,5-DTBQ was followed
by monitoring the growth of the absorbance at 396 nm in
MeOH : MeCN (1 : 10). Solutions of ~1 × 10–4 M
strength were treated with 3,5-DTBC (20, 30, 40, 50,
60, 70, 100 equivalents and 10, 20, 30, 40, 70, 80, 90,
100 equivalents for complexes 1 and 2, respectively) and

Fig. 4. UV-Vis spectral changes for complexes 1 and 2 (conc. ~1 × 10–4 mol L–1) upon addition of 100-fold 3,5-DTBC (conc. ~1 × 10–2

mol L–1) in MeOH : MeCN (1 : 10) medium at 298 K at 3 min interval.

Complex 1 Complex 2

Fig. 5. Plots of the initial rates versus substrate concentrations for the oxidation reaction catalyzed by 1 and 2. The inset shows the Hanes-
Woolf plot.

Complex 1 Complex 2
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time scan was run for first 5 min of reaction (Fig. 5).  The
rates thus obtained were fitted by Michaelis-Menten ap-
proach and linearized by means of Hanes-Woolf plot of
[S]/V vs [S] to calculate various kinetic parameters such
as Michaelis-Menten constant (KM) and the maximum
reaction rate (Vmax) achieved by the system at maximum
(saturating) substrate concentration. The turnover num-
bers (kcat) were calculated for the two complexes from the
ratio of Vmax values to the concentration of the corre-
sponding complexes. The kinetic parameters Vmax, KM,

and kcat are listed in Table 3.

Conclusions

New [Cu2] complexes, with weak ether oxygen coor-
dination and having Cu···Cu separations in the range of
3.043–3.053 Å were found to be suitable for binding of
catechol for its catalytic oxidation. The ether oxygen at-
oms of the ligand backbone provided longer Cu-O apical
bonds in 2.41–2.49 Å range. Weak ether oxygen coordi-
nation thus gave elongated square pyramidal coordina-
tion geometry around each copper(II) ions. On Hirshfeld
surfaces the hydrogen bonding interactions (O-H···O and
N-H···O) responsible for trapping of acetate and formate
anions were clearly observed as large deep red depres-
sions. The cationic complexes did not show any type of
coordination by available carboxylate anions, instead they
were shown to be trapped by long ether-alcohol arms
through hydrogen bonding. These carboxylate groups were
thus unavailable for any higher order aggregation such as
[Cu4] or [Cu6]. The new [Cu2] systems in solution showed
evidence of oxidation of catechol to quinone and can act
as a catalyst in catechol oxidation reaction in spite of
having double phenoxido bridges. Complex 1 showed
higher catecholase activity as compared to 2 although both
have similar structures of the dicopper unit. pH measure-
ments in mixed non-aqueous solvent revealed that the so-
lution of 1 had a higher pH value than that of 2 due to the
presence of free MeCOO– ions in 1 as compared to HCOO–

ions in 2. The higher pH facilitates the deprotonation of
catechol and hence its coordination to the metal centers
resulting in the higher catecholase activity of complex 1.
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Table 3. Kinetic parameters

Complex Vmax KM kcat kcat/KM

(M s–1) (M) (h–1) (M–1 h–1)

1 1.975 × 10–6 2.680 × 10–3 71.089 26.526 × 103

2 6.092 × 10–7 1.642 × 10–3 21.931 13.356 × 103

Table 4. Comparison of kcat vaules of complexes 1-2 and other
known phenoxido bridged Cu2 complexes

Complex Solvent kcat (h
–1) Ref.

[Cu2L2(ClO4)2] MeOH 93.6 8

[Cu2L2(OH)]ClO4 MeOH 233.4 8

[Cu2(L
1)2(NCO)2] MeOH 64 9

[Cu2(L
2)2(NCO)2]·2CH3OH MeOH 98 9

[(Cu--L3)(CH3COO)]2 MeOH 3.2 10

1 MeOH/MeCN 71.0 Present work

(1 : 10)

2 MeOH/MeCN 21.9 Present work

(1 : 10)

The weakly coordinated ether oxygens are probably

displaced by the deprotonated 3,5-DTBC to give the ini-

tial catalyst substrate adduct. From inspection of the ki-

netic data it is found that the kcat value of 1 is more than

three times than that of 2. This difference in activity can

be considered to have stemmed from the nature of the

two trapped carboxylate anions. The measured pH values

of the complexes in the mixed non-aqueous solvent me-

dium have given some indication. Complex 1 has a pH

~12.38 while for complex 2 it is ~10.48 (the experi-

mentally measured pH of MeOH/MeCN (1 : 10) is

~11.18)21,22. The higher solution pH of 1 as compared

to 2 is attributable to the presence of uncoordinated

MeCOO– in the former against HCOO– in the latter. A

higher solution pH value favours the deprotonation of

3,5-DTBC more efficiently and stronger binding of the

catecholate to the dicopper site. Therefore, the enhanced

catalyst substrate interaction is believed to be responsible

for 1 showing better catalytic activity than 2.

The kcat values of our complexes are similar to a num-

ber of other [Cu2] complexes known in the literature (Table

4). Significantly higher value for [Cu2L2(OH)]ClO4 is

due to the presence of bridging hydroxido group between

the two metal ions.
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Crystallographic data of the complexes have been de-
posited with the Cambridge Crystallographic Data Cen-
ter with the CCDC numbers 1431950 (1) and 1431951
(2).
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