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Structure-function correlation of mononuclear nonheme copper(ll)
compounds based on ligand backbone effect and phenoxazinone
synthase activity

Sarvesh S. Harmalkar?, Vishnu R. Chari?, Rohan K. Kunkalekar?, S. N. Dhuri#*

Mononuclear nonheme copper(ll) compounds, [Cu(BQEN)(CH;CN)]?* 1 and [Cu(BQPN)(CH;CN)]** 2 (BQEN = N,N’-dimethyl-
N,N’-di(quinolin-8-yl)ethaneane-1,2-diamine; BQPN = N,N’-dimethyl-N,N’-di(quinolin-8-yl)propane-1,2-diamine) are
synthesised and characterized by elemental analysis, ESI-MS, EPR and single crystal X-ray diffratrometry. Compound 1
crystalises in Pispace group while 2 crystallises in P2,/n. Compounds 1 and 2 exhibit distorted square pyramidal geometry
which deviate interestingly by 4.8 and 48.0 % from a regular square pyramidal structure in 1 and 2 respectively.
This is attributed to the marginal increase in the carbon chain backbone of ligand in 2. Compounds 1 and 2 have
been used in aerial oxidation of 2-aminophenol (H,AP) to 2-amino-phenoxazine-3-one (APX) which revealed phenoxazinone
synthase activity. The DFT steric maps were utilized to understand the catalytic activity of 1 (%Vbur, 71.3 %) and 2 (%Vbur,
75.6 %). The current results clearly demonstrate an interesting structure-function relationship based on the effect of ligand

backbone on the geometry.

Introduction

Enzymes are the most enthralling macromolecular molecules in
nature with versatile structure. Metalloenzymes which are a
significant group of enzymes have a metal core in their active site
usually a transition metal core owing to their unique characteristic
properties such as variable oxidation states [1]. The recent
developments in bioinorganic chemistry have witnessed many
attempts to mimic these metalloenzymes that brings better
understanding of their properties connected with various.

The model inorganic compounds are composed of the metal core and
a suitable ligand as a stabilizer to metal ion. The bioinorganic
chemists have designed and studied a large number of transition
metal compounds by tuning the carbon backbone and donor atoms
of coordinating ligands. This has resulted in understanding of the rich
diversity and versatility in their structural and functional properties.
The tunability of the ligands have played major role in perturbing

intrinsic properties which directly affects the rate of reaction,
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selectivity of the substrate binding and product formation and yields,
the stability and traceability of intermediates and the enzymatic
activity. In recent times we have been successful in designing several
nonheme ligand skeletons and practically metallated all of them to
from stable compounds with rich applications and reactivities. In the
quest of doing this, a selection of an appropriate metal ion that can
embrace all complexities of ligands is a vital factor. The coinage metal
namely copper in third row of transition metals is well known for its
flexibility to adopt various coordination geometries based on the
steric constraints manifested by the ligands. For instance, the penta-
coordinated Cu(ll) compounds adopts square pyramidal (sp), trigonal
bipyramidal (tbp) geometries or a geometry in between the two
these extremes. For the first time Addison and co-workers in 1984
introduced the trigonality parameter (75) to understand the cause of
deviation from the ideal geometries [2]. After two decades, Houser
and co-workers introduced another geometric parameter (74) for the
four-coordinated transition metal compounds [3]. One way to study
the gradual change in geometrical features of the metal compounds
is by adopting mixed ligands based on their steric factors. The Cu(ll)
compounds of mixed ligands have captivated the attention of many
researchers not only owing to their fascinating structures which

influence their photophysical properties [4], but also due to their
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exceptional anticancer activity which has a potential to replace the
expensive platinum metal based drugs [5].

Another aspect of selecting copper is its high abundance in different
biological metalloenzymes in Cu(ll) & Cu(l) ion forms. The
metalloenzymes containing copper at active site have been known to
play vital roles in dioxygen transportation [6], quercetin 2,3-
dioxygenase [7-9] and catechol oxidase reaction [10], catalytic
oxidation of aromatic rings in tyrosine [11], methane oxidation as
methane monoxygenase [12-14] as well as in hydrogen peroxide
formation in glyoxal and galactose oxidase [15-18].

Another oxygen activating copper containing metalloenzyme is
phenoxazinone synthase (PHS) [19-23]. PHS is a type of multicopper
oxidase enzyme which catalyses dimerization of 2-aminophenol
(H,AP) in the presence of dioxygen to 2-aminophenoxazinone
species (APX). This bioinspired oxidation is the crucial final step for
the biosynthesis of actinomycin D which is a powerful antineoplastic
agent [24-27] wused in clinical treatment of gestational
choriocarcinoma, Wilm’s tumour and other tumour cells [23]. Begley
and co-workers demonstrated that the oxidative dimerization
reaction involves three two-electron transfer steps leading to a six-

electron oxidation [20]. PHS was structurally characterised and

known exhibit dimeric and hexameric oligomeric forms [22].

The various bioinspired models have been studied owing to
availability of a literature on structural and functional properties of
PHS [23, 28-35]. A tetranuclear cubane-like Cu(ll) core was first
reported by Chaudhuri and co-workers which could catalyse the
oxidation of H,AP to APX in the presence of molecular oxygen [28].
Few more tetranuclear centres were later reported as the possible
mimics of PHS [29]. Apart from the cubane centres, the several
heterometallic Cu-Mn compounds have been studied as PHS models
[30]. The dimeric Cu(ll) compounds have been reported and found to
be very effective in the aerobic conversion of H,AP to APX [31]. In
addition, a several mononuclear compounds are reported to mimic
PHS property. In this respect not only Cu [32] but other metals like
Mn [33], Fe [34], Co [35] have been used to prepare mononuclear

mimic of PHS.

Although many reports on PHS mimics exists, there is a need to
obtain more clarity on the understanding of structure-function
relationship, dioxygen activation pathways, mechanistic aspects and
several other factors involved in the PHS activity. Hence, there is

ample scope to investigate and explore this area in the current time.

2| J. Name., 2012, 00, 1-3

In our continuous efforts to understand structureireactivity

. DOI: 0.1039/.D2NJQ48%9§
herein we ave investigate

correlations and patterns,
phenoxazinone synthase (PHS)-like activity of two novel new Cu(ll)
compounds viz. [Cu(BQEN)(CH3CN)](ClO4), 1 and
[Cu(BQPN)(CH3CN)](ClO,), 2 bearing nonheme tetradentate N4
ligands, (BQEN = N,N’-dimethyl-N,N’-di(quinolin-8-yl)ethaneane-1,2-
diamine and BQPN = N,N’-dimethyl-N,N’-di(quinolin-8-yl)propane-
1,2-diamine). BQEN and BQPN (Fig. 1) differ only in their carbon chain
backbones by one carbon that has led to form two different
geometries for 1 and 2 (vide infra). In our earlier work [36], we have
synthesised Ni(ll) compounds of containing BQEN and demonstrated

the cis-ligand substitution effect on the reactivity of alkanes to
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alcohols.

Fig. 1. Chemical structures of ligands; BQEN and BQPN used in this study.

Experimental
Material and methods
All chemicals used in this work were of analytical grade and used

without any further purification. The ligands namely BQEN and
BQEPN were synthesised by following the reported procedures [36].
Infra-red (IR) spectra were recorded using Shimadzu (IR-Prestige-21)
FT-IR spectrometer in the region from 4000-400 cm™. UV-visible
spectra were measured on Agilent UV-Visible spectrophotometer
(8453 model) using standard and kinetic modes. Elemental analyses
(C,H,N) were performed on Elementar Variomicro Cube CHNS
Analyser. The single crystal X-ray structures of 1 and 2 were
determined using Bruker D8 Quest Eco X-ray diffractometer.
Intensity data were collected at room temperature (RT) using
monochromated (MoKa = 0.7107 A) radiation. The program suite
APEX3 (Version 2018.1) was used to integrate the frames, to perform
absorption correction and to determine unit cell. The structures were
solved with SHELXS and subsequent refinements were performed
with SHELXL [37]. The structure refinement parameters of 1 and 2

are given in Table S1. The organic products formed in the reactions

This journal is © The Royal Society of Chemistry 20xx
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were analysed using the Shimadzu GC 2014 equipped with HP
capillary column (30 m x 0.25 mm x 2.5 uM) and an FID detector. The
retention time and peak areas of the products were compared with
authentic samples using decane as an internal standard. The X-band
EPR measurements were performed at 77 K on a JEOL X-band
spectrometer (JESFA100). The g value was calibrated using the
manganese marker. The geometry optimizations were performed
using density functional theory (DFT). For geometry optimization the
asymmetric unit shown in Fig. 2a (for 1) and Fig. 3a (for 2) is
considered. These calculations were performed at B3LYP/6-31++G(d,
p) level of theory in gas phase using Gaussian 16 program suite [38].
The frequency calculation at the same level of theory were
performed to confirm that the optimized structure is a minimum on
the potential energy surface. The steric maps were obtained using a
SambVca 21

web application, available at

https://www.molnac.unisa.it/Omtools/sambvca2.1/index.html [39].

The optimized geometry structures were used for the calculations of

steric maps.
Results and discussion

Characterisation of compounds 1 and 2

The single crystals of 1 and 2 were grown by slow diffusion method
in which diethylether was added slowly to the acetonitrile solution
of compounds 1 and 2. Compound 1 crystallises in triclinic space
group Pi while 2 crystallises in a monoclinic P2,/n space group. The
technical details of data collection and selected refinement
parameters for 1 and 2 are given in Table 1. The crystal structure of
1 contains Cu(ll) cation, a BQEN molecule functioning as tetradentate
ligand and a coordinated acetonitrile molecule leading to a penta-
coordinate distorted square pyramidal (SP) geometry around the
copper(ll) (Fig. 2a). The distances of copper(ll) from the quinoline
nitrogens N1 and N4 are 2.004(2) and 1.973(2) A respectively while
amine nitrogens N2 and N3 are away from copper(ll) by 2.275(3) and
2.126(2) A respectively. The Cu(ll) ion is coordinated to N of CH;CN
by a distance of 2.036(3) A (Table S1). The axial positions of SP
geometry are occupied by N2 while the equatorial positions are
occupied by N1, N3, N4 and N5. The bond angles N1-Cu-N3; 94.62,
N3-Cu-N4; 83.28, N4-Cu-N5; 92.84 and N1-Cu-N5; 89.11 sums to
359.85°, the value which is very close to the expected 360° indicating
that the structure of 1 is slightly distorted. The structure of 1 is
completed by perchlorate ions which act as the counter anions and

are involved in weak hydrogen bonding interactions with the cations

This journal is © The Royal Society of Chemistry 20xx
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(Table S2 and Fig. 2b). The cations form dimeric units through the C-
H---H-C interactions with a distance of 2.371 %O( flgogg ?/DZNJMSSQK
Crystal structure of 2 contains Cu(ll) cation, a BQPN tetradentate
ligand and a coordinated acetonitrile molecule leading to a penta-
coordinate geometry (Fig. 3a). The difference in BQEN and BQPN is
the only presence of addition carbon backbone in terms of -CH,-
group. The distances of copper from the quinoline nitrogens N1 and
N4 are 1.994(3) and 2.024(2) A respectively while the amine
nitrogens N2 and N3 are separated from copper(ll) by distance of
2.096(2) and 2.053(3) A respectively. On the other hand the Cu(ll) ion
is away from N atom of CH3CN by distance of 2.283(3) A (Table S3).
The axial positions of SP geometry are occupied by N5 atom while
the equatorial positions are occupied by N1, N2, N3 and N4 donor
atoms. The bond angles N1-Cu-N2; 81.99, N2-Cu-N3; 96.16, N3-Cu-
N4; 84.03 and N1-Cu-N4; 98.90 sums to 361.08°, the value which is
close to the expected 360° but higher the value observed in 1
indicating slightly more distortion of SP geometry in 2. Like in 1, the
perchlorate counter anions are involved in hydrogen bonding
interactions with the cations (Table S4 and Fig. 3b). The cation forms
one-dimensional chain along the b axis curtsey of the m-m

interactions with a distance of 3.412 A (Fig. S4).

Table 1 - Crystal data and structure refinement of 1 and 2.

Compound 1 2

Empirical formula Cy4H55Cl,CuN50g CysH,7Cl,CuNsOg
Formula weight 645.94 659.97
Temperature 296(2) K 296(2) K
Wavelength 0.71073 A 0.71073 A
Crystal system Triclinic Monoclinic
Space group P-1 P2,/n

Unit cell dimensions

Volume

zZ

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Theta range for data

collection
Index ranges

Reflections collected

a=8.8978(2) A
b=12.9429(3) A
c=13.0536(3) A
o = 89.5050(10)°
B =71.2600(10)°
y = 74.5360(10)°
1367.17(6) A3

2

1.569 Mg/m3

1.051 mm-1

662

0.45 x 0.32 x 0.21
mm3

2.593 to 28.282°.

-11<=h<=11,
-17<=k<=17,
-17<=Ik=17
32636

a=8.6168(3) A
b=19.1651(7) A
c=16.7109(7) A
o =90°

B =93.2210(10)°
y=90°
2755.31(18) A3
4

1.591 Mg/m3

1.045 mm~1

1356

0.55 x 0.33 x 0.11
mm3

2.595 to 26.387°.

-10<=h<=10,
-23<=k<=23,
-20<=1<=20
33466

J. Name., 2013, 00, 1-3 | 3
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Independent
reflections
Completeness to theta
=25.242°

Absorption correction

Refinement method

Data / restraints /
parameters

Goodness-of-fit on F2
Final R indices
[I>2sigma(l)]

R indices (all data)

Extinction coefficient
Largest diff. peak and
hole

7922
0.0380]
99.9 %

[R(int)

Semi-empirical from
equivalents

Full-matrix least-

squares on F2
6769 /0/ 364

1.035

R1 = 0.0517, wR2 =
0.1479

R1 = 0.0651, wR2 =
0.1617

n/a

1.134 and

e.A3

-0.783

[ New Journal of Chemistryi

5615
0.0344]
99.8 %

[R(int) =

Semi-empirical
from equivalents
Full-matrix least-

squares on F2
5615/0/373

1.057

R1 = 0.0469, wR2
=0.1311

R1 = 0.0611, wR2
=0.1450

n/a

0.703 and -0.418

e A3

Journal Name

close to the perfect square pyramidal geometry, while,2 has z value
of 0.46 (46.0 %) which suggest that 2 has aDg(()elf)%r?élt?\z/giﬁ%'#%oé i%gtg
between square pyramidal (SP) and trigonal bipyramidal (TBP). Thus
addition of one carbon in the ligand backbone has emerged into a
noticeable influence on the geometry and structure parameters of
the compound 2. Interestingly the level of distortion in 2 is quite high
as compared to the other reported compounds of copper(ll)

stabilised by tetradendate N-donor ligands (Scheme 1 and Table 2)
[40].

Compound 1 and 2 were characterized by EPR spectroscopy. The EPR
spectrum of 1 is exhibited in Fig. S6. It can be clearly seen that there

are two g values gy and g» which is typically seen for copper(ll)

a)

b)

Fig. 2. (a) Crystal structure showing the asymmetric unit of 1. (b) H-bonding

situation around 1. Symmetry codes: [i = x+1, vy, z, ii = -, -y+1, -z+1, iii = -x+1,

-y+1, -z].

It is noted that both 1 and 2 exhibit distorted square pyramidal

geometry while the only difference in 1 and 2 is the C chain length

extended by one carbon in 2 (Fig. 1). The degree of distortion is
known by 7 (distortion index) given by the equation 7=B - a / 60
where a and B are the trans angles of the square base and the larger
angle is considered as B. Typically defined as 7 = 0 for square
pyramidal geometry and 7 =1 for trigonal bipyramidal geometry [2].

Our results showed that 1 has 7 value 0.048 (4.8 %) which is very

4| J. Name., 2012, 00, 1-3

compounds with square pyramidal geometry with d,?-,? as its ground
state and a axial spectrum with equivalent x and y axes and two g

values, gy (gz) and g (gx = gy) [41].

a)

Fig. 3. (a) Crystal structure showing the asymmetric unit of 2. (b) H-bonding
situation around 2. Symmetry codes: [i = -x+1/2, y-1/2, -z+1/2, ii = x+1, y, z, i
=-x+3/2,y-1/2,-z+1/2, iv = x+1/2, -y+3/2, z-1/2].

This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins



https://doi.org/10.1039/D2NJ04859K

oNOYTULT D WN =

[ New Journal of Chemistry i

Journal Name

/ \ -

SN N \n/\u/
N s
u/clu\n N/l\N

[Cu(PDP)H,0] [Cu(BPMCN)CIO,| [Cu(BPMEN)CIO|

Scheme 1. Chemical structures of 1 and 2 along with report copper(Il)
compounds stabilized by tetradentate N-donor ligands

Table 2 — Comparison of structural parameter (7) for 1 and 2 with
known copper(ll) compounds containing N-donor ligands

Compound 7 (distortion index)  Reference
1 0.04 This work
2 0.48 This work
[Cu(PDP)H,0] 0.17 40a
[Cu(BPMEN)CIO,] 0.36 40b
[Cu(BPMCN)CIO,4] 0.02 40c

The EPR spectrum of 2 is depicted in Fig. 4. The spectrum of 2 showed
three g values g,, g, and g, which are typically seen for other reported
copper(ll) compounds with geometry intermediate between square
pyramidal and trigonal bipyramidal geometry with a linear
combination of the d,2-,2 and d,? orbitals as the ground state and a
rhombic spectrum with g, > g, > g, [41]. These results from EPR data

are consistent with the single crystal structure data (vide supra).

2

500 4

(=1
1

Intensity

b £.=1.90

-500 4

-1000

T T T
100 200 300 400 500

Magnetic field (mT)
Fig. 4. X-band EPR spectra of 2 recorded at 77 K in CH5CN.

Both compounds 1 and 2 were freely soluble in acetonitrile and we
were able to measure their ESI-MS spectra. ESI-MS of 1 showed
peaks at m/z 202.58, 222.58, 431.16 and 504.08, corresponding to
[Cu(BQEN)]** (caled m/z 202.58), [Cu(BQEN)(CHsCN)]?* (calcd m/z

223.07), [Cu(BQEN)(CN)]* (caled m/z 431.12) and

This journal is © The Royal Society of Chemistry 20xx

ARTICLE

[Cu(BQEN)(CIO,)]1** (calcd m/z 504.06) (Fig. S7). While\ﬁggAI;t%-eM%gg

. . |- 10. D2NJ04859K
2 (Fig 5) showed a prominent peak at 445.0 Owh&ﬁoggt{resp‘]oongg%o

[Cu(BQPN)(CN)1** (calcd m/z 445.13) [42].

2
o0 445.08
o 75
g
3
2 s0
E 504
<
2
25+
L Al
L L] L) L] ) L] L]
2000 250 300 30 400 450 S00 550

mz
Fig. 5. ESI-MS spectrum of 2 recorded in CHsCN.

Solid state IR spectra of 1 and 2 were recorded to infer the bands due
to organic ligands BQEN and BQPN. The IR spectra both 1 and 2 are
shown in Fig. S8. Both compounds shows bands corresponding to C-
C, C-N, C-H similar to parent ligand molecules and are shifted slightly
to lower wavenumbers indicating coordination with copper(ll) ion to
ligands. The weakly coordinated perchlorate anions in 1 and 2
showed well resolved absorption bands at 1093 (s) and 621 (m) cm!
[43]. In order to understand the electronic structure of 1 and 2,
compounds were studied by UV-visible spectroscopy using CH3CN
solvent. UV-visible spectra of 1 and 2 are shown in Fig. S9. The bands
in the higher energy region are assigned due to intra-ligand charge
transfer transitions viz n-t* (270-320 nm) and m-t*(220-230 nm)
[44]. At higher concentrations, the compound 1 showed a band at
620 nm while 2 exhibited a band at 590 nm which are attributed to
typical d-d transitions of copper(ll) ion. The bands in the region of
580-660 nm range are shown by compounds having square
pyramidal or distorted square pyramidal geometry and these are

assigned to dxz, dxy - dz? transitions [45].

J. Name., 2013, 00, 1-3 | 5
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Scheme 2. Plusiable mechanism for the catalytic reaction

Phenoxazinone synthase activity and kinetic studies

433 nm

Absorbance

450 600
Wavelength (nm)

Fig. 6. UV-visible Spectral changes occurring at band at 433 nm on addition of
100 equivalents of substrate H,AP to the methanolic solution of 1 due to the
formation of aminophenoxazinone.

Since compounds 1 and 2 were structurally deviating from regular SP
geometries, 1 being closer to regular SP geometry while 2 exhibiting
pronounced distortion, we decided to investigate the reactivity of
compounds 1 and 2 with 2-aminophenol (H2AP) which a model
substrate for the phenoxazinone synthase activity. Compounds 1 and
2 were reacted H,AP substrate in air saturated methanol solvent at
room temperature (25 °C). The reactions were carried out using 1 x
107> M concentrations of 1 and 2 and 1 x 103 M (100 equiv.) of H,AP.
The course of the reaction was followed by measuring the increase
in  absorbance at 433 nm band corresponding 2-
aminophenoxazinone (APX) [47] as shown in (Fig. 6). The APX
product formed was purified using column chromatography and
characterised by NMR spectroscopy. H NMR (CDClz, 400 MHz,) &4:

7.62 (m, 1H), 7.48 (m, 3H), 6.41 (s, 1H), 6.30 (s, 1H).

6 | J. Name., 2012, 00, 1-3

OH 0 0
2 [Cu]
25°C, 0, P
NH, N NH,
H,AP APX

Scheme 3. Oxidation of H,AP to phenoxazinone chromophore.

The catalytic reactions were carried out on a larger scale and the
products formed were quantified by gas chromatography using
decane as an internal standard and APX as standard sample. Product
yields of 84 % and 72 % were obtained for compounds 1 and 2
respectively (Table 3). The TON of product formed in the reaction of
1 was higher compared to that observed in compound 2 (Table 3).
Turnover number (TON) of the compounds were calculated by diving
the number of moles of substrate converted by the mole of catalyst

used.

Table 4 - Catalytic conversion of H,AP?

Compound  VYield (%) TONP
1 84 41.5
2 70 32.5

2 Reaction conditions: catalyst = 1 x 10~ mol, H,AP = 1x10-3 mol (100 eq),
temperature = 25°C, methanol =5 mL.
5 TON: number of moles of substrate converted per mole of catalyst.

Catalytic efficiency of the compounds was evaluated through a
detailed kinetic study. The studies were carried out by taking a
fixed amount of catalyst (1x10® M). The concentration of H,AP
was chosen such that it follows pseudo first order kinetics. The
experiment was performed during a time span of 10 minutes for
a particular set of compound-substrate mixture at maximum
band of APX. All the reactions were carried out at temperature 25
°C. The plots of initial rates (v, versus concentration of substrate

[H,AP] show saturation behaviour for both the compounds as

This journal is © The Royal Society of Chemistry 20xx
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seen in Fig. 7. The saturation kinetics indicate an intermediate
compound-substrate adduct formation. The data was analysed
using Michaelis-Menten hyperbolic equation 1 which is typically
used in modelling enzymatic saturation kinetics [48].
Uy = Vmax [HQAP] eq. (1)
Ky + [HLAP]

The values of maximum rate of reaction (V,.) and Michaelis
binding constant (Ky) were determined by a non-linear fit
computer program (Origin 8.5) using equation (1). The catalytic
turnovers (ke:) were calculated by dividing V. with the

concentration of the complex used.

—_1

2541

1
)
()
<
I

(mol dm™ s

107V,
w3
'} 1
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0 5 10 15 20 fins 30
107 [H,AP] (mol dm™)

Fig. 7. Plot of initial rate vs. substrate concentration for the oxidation of
H,AP using 1 as catalyst in methanol

Table 3 - Kinetic parameters for phenoxazinone synthase activity of

compounds 1 and 2

Compound | Vpax (moldm=3s1) | Ky (moldm3) | kcat (h?)
1 26.27 x 102 5.11x 103 71.94
2 20.52 x 102 6.52 x 103 55.19

The turnover number (kcat) for 1 is higher than 2, these results

supports our observations from GC experiments.

To gain insights into the mechanistic aspects of the reaction, we then
carried out ESI-MS of the reaction products of 1 and 2 by adding 5
eq. of H,AP to solutions of 1 and 2. ESI-MS showed the mass peak for
the reduced species of copper(l) in addition to the mass peaks of 1
and 2. In case of 1, the peak at m/z 405.25 corresponds to
[Cu(BQEN)]** (calcd m/z 405.11) (Fig. S10) while for compound 2, a
new peak at m/z 419.25 correspond to [Cu(BQPN)]** (calcd m/z
419.13) (Fig. 8). To further prove the existence of Cu(l) species in the
end product, we also recorded the EPR spectrum of the end product
mixture obtained after addition of the substrate of H,PA to

acetonitrile solution of 1 using spin-amount quantification of the EPR

This journal is © The Royal Society of Chemistry 20xx
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spectrum, it was found that the amount of Cu(ll) during_the reaction
was reduced to 55 % in case of 1 (Fig. 9) anB%’i%%%%é?e”é%%‘???é
S9) compared to that of the original spectra. The reduced area may
be attributed to the reduction of Cu(ll) to Cu(l). These results led us
to propose a two-step mechanism for reaction of H,AP with 1 and 2
(Scheme 2). In step (i) the H,AP substrate binds to the Cu(ll) centre
by substituting a solvent molecule. The H,AP is then deprotonated to
form Cu(l)-(2- iminosemiquinonato) [Cu(l)-(1SQ)*~] radical anion. In
successive stage the dioxygen then irreversibly oxidises radical anion
to produce 2 electron oxidised product 2-benzoquinone monoamine
(BQMI). In second step, the highly electrophilic BQMI then rapidly
couple with second molecule of H,AP in the presence of H,0,

resulting in the formation of desired product APX.

100 4
445.08

75
5
§ 419.25
E 504
E=]
-1
S

254

0 A - l 2 R Lh.‘ I

L L) T L) L T
200 250 300 330 400 450 500 530
m'z

Fig. 8. ESI-MS of end metal product obtained after addition of 5 eq. H,AP to
the CH;CN solution of 2.
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Fig. 9. X-band EPR spectra of 1 (black) and (red) after addition with 5 eq.
H,AP recorded at 77 K CH;CN.
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The substrate can bind to the copper centre in monodentate as well
as bidentate modes, however the bidentate mode will be preferred
due to chelate effect. The binding of the substrate to the copper
centre will be easier in 1 as it has square pyramidal geometry and the
solvent molecule is easily displaced by an attack of the substrate
from the vacant site. However, in case 2, since its structure is
intermediate between square planer and trigonal bipyramidal it will
be difficult for the substrate to bind to the copper centre. Thus
compound 2 has to undergo structural changes to accommodate the
substrate at the active site. Whereas in case of 1 the reaction is SN2
type where the substrate attacks from one side and the solvent
molecule leaves from the other side. This also explains the lower TON

of the product APX by 2 compared to the reaction of 1.

In order to further gain the knowledge on the influence of steric
factor on reactivity of 1 over 2, we have performed computational
studies and obtained their steric maps for 1 and 2. The steric maps
and percent buried volume (% Vbur) calculated for 1 and 2 are
depicted in Fig. 10. The steric maps provide the information about
the possible surface of interaction between the catalytically active
metal atom and the substrate. The steric nature of the ligand possibly
hinders substrate binding and leads to lower reactivity. The
compounds with ligands having lower steric nature are known to
show better catalytic activity and high TON [49]. The higher catalytic
activity of 1 is thus attributed to its less steric nature (%Vbur, 71.3 %)
as compared to that of 2 (%Vbur, 75.6 %) based on the steric map
studies. Overall results suggest that increase in carbon number (en
to pn) in the carbon chain backbone of ligand (BQPN) has not shown
the distorted the geometry but also showed the effects on catalytic

activity.

Conclusions

Mononuclear Cu(ll) compounds 1 and 2 supported by quinoline
based tetradentate nonheme ligands were synthesized and
characterized. Both compounds have shown five coordination
pentagonal geometries exhibiting interesting structural
behaviours in terms of the degrees of distortions from a perfect
square pyramid. Both compounds 1 and 2 showed good
reactivity towards H,AP and formed high yields of product APX
thus exhibiting phenoxazinone synthase like activity. Higher

TON numbers of APX in 1 are attributed to the lower steric

8 | J. Name., 2012, 00, 1-3
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effects of the BQEN ligand whereas lower TON, in case 2,is

attributed to the sterically hindered Iigan%oé:dg&f).s?ﬂjezsg‘]roéss&ﬂ}é

supported by the computational studies on steric maps which
showed steric nature (%Vbur, 71.3 %) for 1 and (%Vbur, 75.6 %)
for 2.
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