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Mono- and di-nuclear Cu(Il) complexes of p-tert-butyl-calix[4]arene-1,3-diacid
derivative: A comparative study of their characterization and
catecholase mimetic activity
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Reaction of copper(Il) perchlorute  with  p-rest-butyl-calix[4]arene-1.3-diacid  gives mono-nuclear complex in
acelonitrile and dinuclear complex in methunol which have been isolated as their pyridine bound adducts. The dinuclear
complex exhibits different characteristics in its EPR and magnetic studies. The reactivity studies clearly indicate that the
dinuclear complex has higher catecholase mimetic activity over its mononuclear counterpart owing to its coordination

favourability.

IPC Code: Int. CL* COTF1/0%

Cu(ll) based catecholase oxidases exhibit diverse
physiological roles in various organisms, including in
the biosynthesis of catecholamine neurotransmitters
and hormones (dopamine, norudrenaline, adrenaline)
of humans and vertebrates, as well as in the formation
of pigment melanin and browning of cut fruits and
vegetables' . The catalytic mechanism of dinuclear
copper complexes hus been dealt with by Soloman
et al.” Studies reporting such activity of the copper
complexes ol calixarene derivatives are few", and to
our knowledge, no such study is reported with the
calix[4Jarene-di-acid derivanve, In this puaper. we
report the synthesis and characterization of mono- and
di-copper complexes of calix|4|arene-1,3-diacid and
compare  their  characterization  features  und
catecholuse mimetic activities. The present study is a
continuation of our recent efforts in metallo-chemistry
of calix|4Jarene derivatives® ",

Materials and Methods

p-tert-Butylphenol.  formaldehyde  and  ethyl
bromoacetate were procured from Lancaster (UK) and
3, S-di-terr-butyl-catechol and Cu(ClOy)>.6H-0 from
Sigmu Chennicals, All solvents were purchased from
locul sources and were purified and dried by standard
methods  immediately  betore  use.  p-rert-Butyl-
culix[4arene-1.3-diacid  (Hy1.) was synthesized as
reported earlier'”.

Elemental analysis was carnied out on Carlo Erba
instruments Flash EA 1112 series/ThermoQuest EA
1112 and metal contents were determined by
inductively  coupled  plasma  atomic  emission
spectroscopy (ICP-AES). FTIR spectra were recorded
in KBr matrix between 400 and 4000 cm™ on a Nicolet
impact 400. UV-vis spectrophotometric experiments
were performed on a Shimadzu UV-2101PC. The FAB
mass spectra were recorded on a Jeol SX 102/DA-6000
mass spectrometer data system using argon/xenon (6
kV, 10 mA) as the FAB gas. The accelerating voltage
was 10 kV and the spectra were recorded at room
temperature using m-nitrobenzyl alcohol (NBA) as the
matrix. Solution conductivity was measured using u
Systronic conductivity bridge-302. The EPR spectra
were recorded on a Varan (model 109C) E-line X-
band spectrometer fitted with a quartz Dewar for

measurements  at 77K and calibrated by using
tetracyunoethylene (TCNE. g = 2.00277). The

magnetization curves were recorded using the SQUID
magnetometer (Quantum Design MPMS5) and TGA
and DTA were reccrded on Shimadzu-thermul analyzer
(DT-30).

Synthesis of complexes
{Cu(HL,L):Py), (1)

Hylo (100 mg, 0.133 mmol) was dissolved in
CH:CN and to this was added a solution of
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Cu(Cl10O,)-.6H:0 (76 mg, 0.133 mmol) to give a clear
light green solution which turns to yellow after one
hour. To this solution, (.25 mL of pyridine was added
to give a light green precipitate. The reaction mixture
was stirred for 12 hr to obtain a blue precipitate,
which was washed with CH,CN and then dried under
vacuum.  Yield: (60 mg) 54%:. m.pt. 230°C
(decomp.); CyyHi: NOCu (1668.58): C 72.70, H
7.31, N 0.84, Cu 3.81; found: C 72.56, H 7.11, N
1.07, Cu 3.64%. FTIR: (KBr, cm™): 1604, 1736
(V=) 3410 (van). UV-vis: (Ape/nm. €/dm’mol
'em '): 282 (17030), 244 (20600), 677 (10). FAB-MS:
m/z  (intensity (%), fragment) 1596 (10,
[{Cu(H,L)2 }+Li[": 825 (20, [{Cu(HaL)}-2H]"); 787
(100, [HsL+Na]"), Weight loss observed (13%) in
TGA in the temperature range 100-170°C s
assignable to the loss ol pyridine and CH;CN.

{Cu(HL)Py)s, (2)

Complex 2 was prepared by the same method as
that given for 1, but using MeOH instead of CH;CN.
Yield: (79 mg) 65%: m.pt. >220°C (decomp):
Cs:HuaNOgCu.CHLOH (936.41): € 69.17, H 7.20, N
1.49, Cu 6.78: Found: C 68.94, H 6.83, N 1.35, Cu
6.92%. FTIR: (KBr, em'); 1608, 1638 (Ven). 3403
(Var).  UV-vis  (Apa/nm, eldm'mol 'em™): 282
(32860), 249 (28960), 780 (6). FAB-MS: m/
(intensity (%). fragment) 1652 (4. [{Cu(H-L)}-]"):
827 (50. [Cu(H-L)]"); 787 (32, [HiL+Na]"). Weight
loss observed (5%) in TGA in the temperalure range
60-165°C is assignable to the loss of pyridine.
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Results and Discussion

The reaction of p-rerr-butyl-calix|4]arene-1.3-
diacid (HyL) with Cu(Cl0O,);.6H-0 yielded a mono-
nuclear complex 1 when carried out in CH:CN und a
dinuclear complex, 2 when carried out in CH;OH, as
shown in Scheme 1. Both 1 and 2 were characterized
by elemental analysis, conductivity, VT magnetic
susceptibility, TGA, FAB mass, FT-IR, UV-visible
and VT EPR. The elemental analysis including that of
the metal ion content fits well with a composition of
melal to the ligand to pyridine ratio of 1:2:1 and 1:1:1
in 1 and 2 respectively. The molecular ion peaks
observed in the FAB mass spectra were consistent
with mono-nuclear in 1 and dinuclear in 2 and ihe
spectra exhibit several other interpretuble fragments
as given under the experimental section. The presence
of bound pyridine in both the complexes has been
quantitatively demonstrated based on the weight loss
observed in TGA under N: atmesphere in  the
temperature range 60-200°C. These complexes were
found to be neutral based on the conductivity studies.
Thus, the analytical data along with the mass spectrul
data fits well with the formula, {Cu(H.L).Py} for 1
and {Cu(HsL)Py}, for 2.

FTIR and UV-vis spectral studies

FTIR spectra of ligand shows u sharp band at 1747
cem’ due 1o carboxylate vibration and this shifts to
1632 and 1607 e¢m' in 1 and 2 respectively upon
Cu(Il) binding. Besides, these complexes exhibited
Vycoo, 4t ~1480 and ~1380 em’. The difference Av
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Scheme 1
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~120 em™ and ~220 em™" are
indicative of the coordination arising  from
monodentate and also  from bidentate including
bridging mode for the carboxylate groups in these
complexes. These results agree well with the literature
reports' . Absorption spectra for 1 and 2 exhibit d=>d
transition at 677 and 780 nm, respectively, besides the
ligand based ones. supporting the formation of Cu(ll)
complexes.

(Vaacooy = Vacoo)s VIZ.,

EPR spectral studies

The EPR spectra for T and 2 meuasured ut 77K in its
powder and glassy (CHCIl)  forms,  exhibit
characteristic differences hc‘lwccn these two types of
complexes as shown in Fig. 1. Mononuclear complex
exhibits a spectrum that is lypu..ll of ldmgmmlly
elongated Cu(ll] with g >8> 2 and a d;\ ground

state doublet'. The dinuclear complex 2 shows
rhombic signal with resolved hyperfine splitting with
g = 2.28, g, =213 and g, = 1.98 with A;, =48 G. No
half-field signal was detected in 2.
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VTMS analysis

Plots of %uT versus 7 and pey versus T are shown in
Fig. 2 for complex 2. The w7 plot was found to be
0.66 cm'mol 'K with iy = 2.28 g at 300K which is
less than that observed for two non-coupled Cu(ll)
centers. The yuT continuously decreases on cooling
down to 75 K and exhibits a well-defined local
maximum in the temperature range 75-45 K, A further
decrease was observed in yuT up to 5 K where the
value was found to be 0.10 em’mol” K. The observed
Wy varies from 2.28 1o 0.92 wy; on going from 300 to
SK. This behaviour observad with 2 accounts for the
antiferromagnetic coupling between the two copper
(1) centers, extending to both intra- as well as inter-
moleculur types"*".

A best fit for the data was obtained only when
paramagnetic impurity was introduced as shown by
the expression, = (".-_Ngl[iszT)lf%wxp(—JfkT]| (1-
p)+[Ng B /2kTp + Net, where different terms present
in this equation carry same meaning as that given in
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Fig. |-—EPR spectra of mono- and dinuelear complexes at 77 K. [(a) 1. powder: (b) 1. CHCly: (¢) 2. powder. (d) 2. CHCI .
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Fig. 2—(a) Plot of temperature vs gy tor 2 and (b) Plot of peg vs T for 2
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the literature'®. The fitting yields, J = -315 cm™, g =
22, p = 0.20, Na. = 0.000120 and R = 8.12 x 107
Owing to the presence of large paramagnetic impurity
in the complex. the synthesis was repeated at least
five times and also the VT-magnetic susceptibility
measurements. However, same result was obtained
with several scannings. The value of p = 0.20 can also
be accounted for based on the intermolecular
interactions between the dimeric units of 2, as that
reported in the literature',

Catecholase-mimetic activity of 1 and 2
A general reaction for the catecholase mimetic
activity is shown in Scheme 2.

OH
T AP
catalyst e
OH o)

Scheme 2

The catecholase-mimetic activity studies were
carried out m methanolic solution since the substrate,
3.5-di-tert-butylcatechol (3,5-DTBC) and the product,
3,5-di-tert-butyl-o-quinone (3,5-DTBQ) were soluble,
and further the solutions of 1 and 2 in chloroform can
be diluted with methuanol. For the purpose of this
study, a 6.25x10° M solution of 1 or 2, in
CHC1s/MeOH (7/93, vwA) were mixed with equal
volume of 3.125x107 M solution of 3,5-DTBC (1:50

Absorbance

Wavelength (nm)

of 1 or 2 versus 3,5-DTBC). The course of the
reaction was followed by measuring absorption
spectra over a period of 16 hr and by monitoring the
OD of 400 nm band that appears due to the formation
of 3, 5-DTBQ as shown in Fig. 3. Initial rate of the
reaction was derived from the plot of the OD of the
400 nm band versus time in both the cases. Similarly,
the riate constant in both the cases was determined
from the plot of In(Ay-A/A-A..) versus time as the
reaction follows pseudo first order In order to
determine the kinetic parameters, the Michaelis-
Menten approach  was adapted'’.  For  the
determination of the kinetic parameters of 1 and 2, the
substrate concentrations were used at 3.125x107",
6.25x10" and 1.563x10" M with fixed complex
concentration of 3.125x10” M. Figure 4 shows the
Lineweaver-Burk  plot  obtained from  these
experiments and all the kinetic parameters calculated
from these plots are summarized in Table 1. From the
table it is evident that the binding of the substrate is
better at least by about six times and that of the K, is
better by at least two times in case of the di-nuclear
copper complex (2) as compared to the mono-nuclear
(1) owing 1o its bridged Cu,O, core. The values
obtained for dinuclear complexes in the literature',
viz., Ky = 2922107 M. ko = 3.28x107 s, and
Kulkew = 89.02x107" Ms were in the same order of
magnitude as that found in case of the present
dinulcear complex'. However, the enzymatic rate for
catechol conversion in sweet potatces” has been

measured (o be 2.3x10" s .
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Fig. 3—Absorption spectral traces as a function of time (4 hrs duration) in the range 300-500 am lor the oxidative reaction of 3.5-DTRC
by the Cu(ll) complexes. [(a) I and (b) 2, at the mole ratio of 3,5-DTBC : complex as 50:1].
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Fig. +4—Lineweaver-Burk plots (1/V versus 1/8) for (a) 1 and (b) 2, for the oxidation of 3. 5-DTBC measured at the ratios of the

complex : 3.5-DTBC of 1:50, 1:20 and 1:10.

Table |

Kinetic parameters obtained from Lineweaver-Burk
plot for the oxidation of 3, 5-DTBC by 1 und 2

Complex 5 e Ky K
(h'" 0" Mmin'y  (mM) (107 min)
1 T 2.0 | 5.67
2 18.0 4.8 1.8 357

This study clearly demonstrates the spectral and
magnetic data differences between the mono- and di-
nuclear copper complexes of calix[4]arene-1.3-diacid
derivative and clearly elicits the better catecholase
mimetic activity of the dinuclear one owing to its
Cu-0- core.
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