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Synthesis of Ligands:

Scheme S1. General synthetic scheme for the ligands N4, N30 and N3S.
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Scheme S2. General procedure for the synthesis of the Cu(ll) complexes.
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Instrumentation

The copper complexes were characterized by various techniques such as elemental analysis (CHN), UV-Vis
spectroscopy, electrospray ionization mass spectrometry (ESI-MS), FT-IR spectroscopy, cyclic voltammetry,
electron paramagnetic resonance (EPR) spectroscopy and single crystal X-ray diffraction (XRD)
crystallography. The CHN analysis of the copper complexes were carried out in a VarioMICRO superuser
setup. UV-Vis spectral data and kinetics experiments were recorded on an Agilent 8453 spectrophotometer
and SFA 20 rapid kinetics accessory (Hi-Tech scientific pneumatic drive unit) coupled with a Cary 60
spectrophotometer. ESI-MS data were obtained using the Agilent G6546 series UHPLC-LC/Q-TOF-HRMS
mass spectrometer at 298 K with a 2 kV nozzle voltage and 325 °C gas temperature. FT-IR spectroscopy
were conducted on the three copper complexes using Bruker Alpha FT-IR spectrophotometer. Cyclic
voltammetry spectra (polarographic method) were recorded in dry degassed acetonitrile using CH
Instruments electrochemical workstation (CHI 1120B) with a glassy carbon working electrode, a Pt-wire
auxiliary, and an Ag/AgCl reference electrode; 0.1 M tetrabutylammonium perchlorate in MeCN was used
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as the electrolyte. All the values were reported against Ag/Ag* and calibrated with the Fc*/Fc couple. EPR
experiments were done at 77 K in acetonitrile using a JES-FA200 ESR spectrometer, maintaining
experimental parameters as follows: frequency at 9138.66 MHz, power at 0.995 mW, field centre at 490.00
mT, width £500.00 mT, sweep time of 30.0 s, modulation frequency of 100.00 kHz, width at 2 mT, amplitude
for CH1=25.0, CH2= 2.0, and a time constant of 0.03 s, consistent across all samples. Single crystal XRD data
was collected at room temperature using a single source Super Nova CCD System instrument from Agilent
Technologies equipped with a fine focus 1.75 kW sealed tube with MoKa radiation. The data was reduced
using CrysAlis RED36. The structural parameters have been reported in one of our recent reports.?

Kinetic Experiments

The reactivity studies and reaction kinetic experiments were recorded on a Hewlett-Packard 8453
spectrophotometer equipped with a constant temperature circulating water and/or SFA 20 rapid kinetics
accessory (Hi-Tech scientific pneumatic drive unit) coupled with a Cary 60 spectrophotometer. For kinetics,
UV-Vis spectral changes were monitored for reactions involving different concentrations of the catalysts or
the substrate in the presence of air. The initial rates were obtained by fitting the changes in the absorbance
at 420 nm for 1, 2, and 3. The second-order rate constants were evaluated by varying the o-Aminophenol
(OAP) concentrations and fitting the thus obtained pseudo-first-order rate constants against the
concentration of OAP to give a linear fit. Reactions were run in triplicate for reproducibility of the data
reported.
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Fig. $1. "H-NMR (600MHz, CDCls) spectrum of the ligand N4.
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Fig. S2. 3C{'"H} NMR (125MHz, CDCl3) spectrum of the ligand N4.
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Fig. $3. '"H-NMR (600MHz, CDCI3) spectrum of the ligand N30.
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Fig. S4. 3C{'"H} NMR (125MHz, CDCl3) spectrum of the ligand N3O.
L2-SME-1H
1H
/4\ ~N
19
5 3
\ N“ﬂ\ // \/15
S / §9/ N
6 { 15N\, —
H30/ \ \14 16
T
[e2]
a
~—
\
(3]
e}
%
wn
~N
2R 8~ ® 3
T ER b
N~
l q 1
l | l
4 Led 4 Ao 4
o S99 o oo 9
o~ N NN < NN ™
6 15 14 13 1 11 1o 9 8 7 6 5 4 3 2 1 0 i 3

& (ppm)

Fig. S$5. '"H-NMR (600MHz, CDCIl3) spectrum of the ligand N3S .
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Fig. S6. *C{'"H} NMR (125MHz, CDCls) spectrum of the ligand N3S.
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Fig. S7. Positive ESI-MS of the ligand N4 (expected mass 271.17).
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Fig. S8. Positive ESI-MS of the ligand N3O (expected mass 258.15).
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Fig. S9. Positive ESI-MS of the ligand N3S (expected mass 274.13).
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Fig. S10. Positive ESI-MS of complex 1, m/z = 433.58 corresponds to [Cu''(N4)(CIO4)]* in CHsCN at 298 K.
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Fig. S11. Positive ESI-MS of complex 2, m/z 420.15 corresponds to [Cu'(N30O)(ClO4)]*in CHsCN at 298 K.
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Fig. S12. Positive ESI-MS of complex 3, m/z 436.01 corresponds to [Cu'(N3S)(CIO4)]*in CHsCN at 298 K.
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Fig. $13. FT-IR Spectra of Complex 1.
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Fig. S14. FT-IR Spectra of Complex 2.
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Fig. $15. FT-IR Spectra of Complex 3.
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Fig. $16. "H-NMR (500 MHz, CDCIz) of the product (APX) obtained. Peaks are assigned based on
reported data.5281

Complex 1 + OAP
OAP Only

Absorbance

=

I I I
400 600 800
Wavelength (in nm)

7.0x108
H6.5% 10°
F6.0x10°
F5.5x10°
F5.0x10°
L4.5x10°
4.0x10°
F3.5%10°
3.0x10°
F2.5%10°
-2.0x10°
F1.5%10°
1.0x10°
F5.0x107
0.0

L-5.0x107

Fig. S17. Phenoxazinone chromophore formation UV band at 440 nm due to aerobic oxidation of OAP in
the presence of complex 1 (Conditions: [Complex]o = 2.5 x 10> M and [OAP]o = 3.75 x 103 M) in HEPES

Buffer (pH 7.4, 25°C).
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Fig. S18. Phenoxazinone chromophore formation UV band at 440 nm due to aerobic oxidation of OAP in
the presence of complex 3 (Conditions: [Complex]o = 2.5 x 10> M and [OAP]o = 3.75 x 10 M) in HEPES

Buffer (pH 7.4, 25°C).
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Fig. $19. HRMS of the product (APX) formed. Inset shows the isotopic distribution pattern for the peak at
m/z 213.06.
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Fig. S20. HRMS of the complex-substrate adduct, peak at m/z 442.39 corresponds to the binding of OAP to
the Cu centre in 1. Inset shows the isotopic distribution pattern for the peak at m/z 442.39.

429.06
100

[Cu(N3O)(OAP)'

805 m/z = 429.06
. |
415

420 425 430 435

60 -
m/z
R
40 —
|
\
20 i ‘
| | | |
{ ‘ ‘
7 ’ | ‘ 'rﬂ‘ l ‘
ylw il MP { [ I | J
0 T RAA MY WLt Nn B sl L A
T T T T T T T T T v T T T 1
360 380 400 420 440 460 480

m/z

Fig. S21. HRMS of the complex-substrate adduct, peak at m/z 429.06 corresponds to the binding of OAP to
the Cu centre in 2. Inset shows the isotopic distribution pattern for the peak at m/z 429.06.
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Fig. S22. HRMS of the complex-substrate adduct, peak at m/z 446.39 corresponds to the binding of OAP to
the Cu centre in 3. Inset shows the isotopic distribution pattern for the peak at m/z 446.39.

Table S1. SHAPE parameter of 1, 2 and 3.

JTBPY-5 SPY-5 TBPY-5 PP-5
Complexes (D) (Car) (D) vOC-5 (Cay) (Dss)
1 5.842 1.146 3.091 1.713 32.676
3 7.592 1.484 4.126 2.739 31.334
JPPY-6  TPR-6 0C-6 PPY-6 HP-6
(Csv) (D3n) (Oh) (Csv) (Den)
2 26.573 13.362 1.528 23.527 31.196

JTBPY-5 = Johnson trigonal bipyramid J12, SPY-5 = Spherical square pyramid, TBPY-5 = Trigonal bipyramid,
vOC-5 = Vacant octahedron, PP-5 = Pentagon, vIBPY-4 = Vacant trigonal bipyramid, SS-4 = Seesaw, T-4 =
Tetrahedron, SP-4 = Square. JPPY-6 =Johnson pentagonal pyramid J2, TPR-6 = Trigonal prism, OC-6 =
Octahedron, PPY-6 = Pentagonal pyramid, HP-6 = Hexagon
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Fig. $23. Optimized geometry of 1 with selected bond length (A). Hydrogen atoms are omitted for clarity.

Fig. S24. Optimized geometry of 2 with selected bond length (A). Hydrogen atoms are omitted for clarity.
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Fig. $25. Optimized geometry of 3 with selected bond length (A). Hydrogen atoms are omitted for clarity.
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Fig. S27. Overlay plot of complex 2 (Grey, XRD and Orange, DFT). Hydrogen atoms are omitted for clarity.
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Fig. S28. Overlay plot of complex 3 (Grey, XRD and Orange, DFT). Hydrogen atoms are omitted for clarity.

Table S2. Computed absorption maxima (Amax NM), Electronic excitation energies (E, eV), and Oscillator

strength (f) of 1, 2 and 3 in solvent phase (acetonitrile).

Cal. Exp.  Oscillator . S
E Main Contributing
Complexes Amax Amax Strength ] i
(eV) Configurations
(nm) (nm) f
HOMO-8 ->LUMO(pB) (48%)
784.3 778 0.1151 1.58
HOMO-16 -LUMO(B) (35%),
1 HOMO-15 LUMO(B) (19%),
HOMO-17 -LUMO(B) (15%),
943.9 937 0.0045 1.31
HOMO-5 >LUMO(B) (10%),
HOMO-3 >LUMO(B) (14%)
2 610.0 623 0.1514 2.03 HOMO-6 ->LUMO(B) (59%)
626.6 635 0.1492 1.98 HOMO-7 LUMO(B) (73%)
3 HOMO-15 LUMO(B) (29%),
770.9 790 0.0064 1.61 HOMO-14 -LUMO(B) (22%),

HOMO-4 ->LUMO(B) (18%)
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Fig. $29. UV-Vis spectrum obtained after addition of OAP to Cu(ll)perchlorate salt; conditions: [Cu-
perchlorate]o = 2.5 x 10° M and [OAP]o = 3.75 x 103 M) in HEPES Buffer (pH 7.4, 25°C).
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Fig. S30. Plot of correlation between catalytic efficiency with the deviation of the central metal ion from
the mean equatorial plane for the complexes 1 (N4), 2 (N30) and 3 (N3S) for OAP oxidation.

S21



Table S3. Pseudo first-order rate constants determined for the Complexes 1, 2 and 3 (0.025 mM solution)
with OAP at 25 °C in HEPES Buffer.

Pseudo first-order rate constants (s™)

Substrate
Concentration
(mM) Complex 1 Complex 2 Complex 3
0.25 0.0001864 0.0002180 0.0001899
0.5 0.0002110 0.0002392 0.0003943
0.75 0.0003000 0.0002750 0.0005238
1 0.0003281 0.0002878 0.0005299
1.25 0.0003435 0.0003100 0.0005400
. e HOMO-3
e HOMO-2
-7 _ — — | S—] e HOMO-1
SIS S — e HOMO
-8 e LUMO
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Fig. S31. FMO energy levels of 1, 2 and 3.
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Fig. S32. Highest occupied molecular orbital and lowest unoccupied molecular orbitals of 1, 2 and 3.
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Table S4. Frontier Molecular Orbital compositions (%) in the ground state for 1.

Energy (eV) Cul L MeCN
HOMO-3 -14.219 10.24 77.15 0.11
HOMO-2 -13.533 0.71 98.68 0.23
HOMO-1 -13.451 0.18 99.73 0.04
HOMO -12.746 16.04 82.35 0.81
LUMO -10.108 55.86 31.77 4.67
LUMO+1 -7.561 4.90 76.20 1.33
LUMO+2 -7.357 1.11 91.43 0.12
LUMO+3 -6.867 1.96 95.14 2.54

Table S5. Frontier Molecular Orbital compositions (%) in the ground state for 2.

Energy (eV) Cul L MeCN H.O
HOMO-3 -14.055 33.3 57.4 0.29 9.02
HOMO-2 -13.416 0.96 98.88 0.07 0.08
HOMO-1 -13.343 0.33 99.51 0.03 0.13
HOMO -13.103 7.56 90.96 0.29 1.20
LUMO -9.75 56.75 38.72 4.37 0.16
LUMO+1 -7.40 2.74 94.67 0.78 1.80
LUMO+2 -7.221 0.83 99.09 0.04 0.05
LUMO+3 -6.744 3.02 95.86 1.00 0.11

Table S6. Frontier Molecular Orbital compositions (%) in the ground state for 3.

Energy (eV) Cul L MeCN
HOMO-3 -14.267 6.94 92.97 0.09
HOMO-2 -13.639 0.77 98.93 0.3
HOMO-1 -13.499 0.39 99.48 0.13
HOMO -12.627 10.5 88.43 1.07
LUMO -10.193 54.16 41.33 4,51
LUMO+1 -7.678 5.39 93.23 1.37
LUMO+2 -7.436 1.24 98.54 0.22
LUMO+3 -6.954 2.05 94.80 3.15
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Table S7. Topological parameters at the bond critical points of the Cu—X (N, O and S) and Cu-N bonds of
complexes 1, 2 and 3.

Complexes  Bond  p(r)  V?(r)  G(r) H(r) € v(r)  [V(r)]/G(r)
Cul-N1 0.0425 0.0517 0.0477 0.0039 0.0034 0.0438  0.9182
Cul-N2 0.0690 0.0873 0.0870 0.0003 0.0035 0.0867  0.9966

1 Cul-N3 0.0739 0.1062 0.1067 -0.0006 0.0581 0.1073  1.0056
Cul-N4 0.0732 0.1048 0.1051 -0.0003 0.0626 0.1054  1.0029
Cul-N5 0.0403 0.0979 0.0915 0.0064 0.0403 0.0851  0.9301
Cul-01 0.0277 0.0287 0.0274 0.0014 0.1105 0.0260  0.9489
Cul-N2 0.0704 0.0905 0.0908 -0.0003 0.0138 0.0911  1.0033

2 Cul-N3 0.0735 0.1049 0.1057 -0.0009 0.0418 0.1066  1.0085
Cul-N4 0.0744 0.1058 0.1071 -0.0013 0.0482 0.1083  1.0112
Cul-N5 0.0574 0.0969 0.0904 0.0065 0.0629 0.0839  0.9281
Cul-S1 0.0332 0.0265 0.0270 -0.0005 0.0257 0.0275  1.0185
Cul-N2 0.0660 0.0846 0.0832 0.0014 0.0067 0.0817  0.9820

3 Cul-N3 0.0781 0.1102 0.1131 -0.0029 0.0628 0.1160  1.0256
Cul-N4 0.0780 0.1091 0.1121 -0.0029 0.0622 0.1150  1.0259
Cul-N5 0.0582 0.0976 0.0910 0.0066 0.0342 0.0844  0.9275
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Table S8. Kinetic parameters of Phenoxazinone synthase like activities of different mononuclear copper

complexes.
Complex | . talyst Conditi v 1 | K k_(s1) |Ref
no. atalysts onditions | V| (Ms?) m(M) cat (s) eference
& T2+
N=
(/\\[ ’ HEPES buffer, .
NC ! . -4 . .
1 él/mg/@ oH 7.4, 25°C 4.70 x 10 0.463 18.80 This work
[ NCCHj
(\O/ 12+
g
2 N\Cm HEPES buffer, | 5 3¢ 104 | 0.154 13.40 This work
— N pH 7.4, 25°C
/ SN , NCCH,
Z  H,0
(\S/ _|2+
3 N<;I\_<® HEPES buffer, | ¢ 03104 | 0.660 35.30 This work
_=CuNs pH 7.4, 25°C
~N
[ _ NCCH;
[o]
N Oxygen
4 | saturated 7.47 x 1077 0.23 26.94 59
\ N—Cu—N—
| MeOH, 60°C
Cl
[o]
N Oxygen
-7
5 \ /N—clu—N—/ saturated 6.8 x 10 0.34 24.72 59
| N— MeOH, 60°C
Cl
[o]
N Oxygen
-7
6 $ /N_C|U_NJ_ saturated | 5.86x 10 0.24 21.11 59
| N~ MeOH, 60°C
Cl
o
N Oxygen
7 \ N—cl N saturated 5.38 x 107 0.16 19.16 59
e MeOH, 60°C
Cl
N .
8 R H:0:MeOH | ) 5o 102 14.60x 105 | 174x 105 | 52
\ ,N—/Cu——N _ (2:1, v/v), RT
Cl |
H,0 : MeOH g 5 5
9 Q /N—c:u——h/ >: (2:1, v/u), RT 5.33 x 10 13.21x 10 213 x 10 52
Cl
N N/
H,0: MeOH 8 5 -5
10 { /N—c:u—h/\/ (21 ), RT | 585X 10 5.33x 10 234x 10 52
cl
W (o~
O o  N= Oxygen
11 Cu saturated 2.66 x 1078 1.19x 1073 2.66x 1073 110
7
=N_ "o O MeOH, RT
/—0\_>
\ / \N Oxygen
12 / N\ / _/ saturated 2.17 x10% 0.02 21.74x 103 | 111
Cli—_ A\ MeOH, RT
/ \ N ’
NCS —
clo,
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N/
13 | CHsCN, RT 1.96 x 107° 2.97 x 103 3.94 x 105 57
\ N—Cu—o0
|
N3
N/
14 | CHsCN, RT 2.10x 1079 296x103 | 419x10°5 | 57
\ /N‘Cu—O
I
SCN
T/
15 \ /N—9u\—o CHsCN, RT 2.53 x 1079 1.95 x 103 5.05x 105 | 57
o_ o
N
I
o]
NN
16 &7//\ | i H,0 5.35 x 10~ 1.46 x 103 5.33 112
N\C "
N
Cl Cl
Oxygen
/
17 N saturated 2531x 103 | 7.5x 103 253.055 55
N\ water, NEts,
0/Cu—N—“ RT
NO, ONO,
Oxygen
/
18 H3C N saturated 12.97x10% | 11.67x 1073 | 129.44 55
N /\ water, NEts,
\
_Cu—N_— RT
o7 N\
CH; ONO,
H\ o
_V = xygen
19 el saturated 9.38 x 1077 8.32x 103 9.37x103 | 54
nes” | Yo cl DMF, RT
NCS
H
\/\\N’ \N_ Oxygen
20 /\CU/\ saturated 2.68 x 1078 2.58 x 1073 2.66 x 104 54
N | o cl DMF, RT
N3
H\ o
\/\N N— Xygen
21 Nedd saturated 3.73x10°® 4.48 x 1072 37.33x1073 | 54
Ny~ o c DMF, RT
H
\N/ N Oxygen
22 d Nt saturated 1.73 x 1072 0.45 172.22 56
Ncs” Yo Br MeOH, RT
H
\N/ \N Oxygen
23 d Nl saturated 845x102 | 0.73 83.33 56
N o Br MeOH, RT
H
W\ o’;yge? g
= saturate
\N_ 7 -2
24 ml/Cu\o >\: . MeOH: DME | 105 %10 1.19 105.55 113
r
(19:1), RT
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H
VRN o"tyge: .
= saturate
AN -3
25 mr/Cu\o E | weom:owr 7.2x 10 0.33 72.22 113
(19:1), RT
H\/_\ Oxygen
N= saturated
\.7 -2
26 ml/Cu\o E | meor owe 8.9 x 10 135 895.00 113
' (19:1), RT
H\ I\ /H Oxygen
N N saturated
\.7
27 ©ﬁ3/°“\0 B VeoH: oM | -5 0.74 500.00 113
Ei) ' (19:1), RT
VanVi Oxygen
N N saturated
\N_ 7 -3
28 ©/;S/Cu\ ieon: ovE | 23710 0.47 22.77 113
° (19:1), RT
H
NN otepated
u
\N.7 -3
29 d Seil >\: vieot: ome | 18% 10 0.03 17.50 113
NCS o CH,
(19:1), RT
VeV Oxygen
N N saturated
\N_ 7 -3
30 O/\N ot Mieor: oMe | 26%10 0.19 25.83 113
¢0 Br | (19:1), RT
Yo otepated
saturate
\.7 -2
31 s E ] vieot ome | 11% 10 0.75 108.33 113
" | (19:1), RT
32 Ho‘\ N= MeOH 2x10° - 0.2 62
Cl/?”\N/ \
ci =
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@) (b)

©) (d)

©)

Fig. $33. The Hirshfeld surfaces (1) mapped over dnorm in the range -0.292 to +0.521 (arbitrary units) for
visualizing the weak intermolecular (a) All (b) C---H (c) H---H (d) N---H (d) O---H.
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©)

Fig. S34. The Hirshfeld surfaces (2) mapped over dnorm in the range -0.436 to +0.527 (arbitrary units) for
visualizing the weak intermolecular (a) All (b) C---H (c) H---H (d) N---H (d) O---H.
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(@) (b)

(c) (d)

Fig. $35. The Hirshfeld surfaces (3) mapped over dnorm in the range -0.247 to +0.496 (arbitrary units) for
visualizing the weak intermolecular (a) All (b) C---H (c) H---H (d) N---H (d) O---H.
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©)

Fig. $36. The Hirshfeld surfaces of complex 1 mapped over d;, de, dnorm, Shape index and curvedness.
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(©) (d)

©)

Fig. S37. The Hirshfeld surfaces of complex 2 mapped over d;, de, dnorm, Shape index and curvedness.
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@) (b)

() (d)

©)

Fig. $38. The Hirshfeld surfaces of complex 3 mapped over d;, de, dnorm, Shape index and curvedness.
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1.0

di
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(e)

Fig. $39. Hirshfeld surface fingerprint plots for the (a) All (b) C---H (c) H---H (d) N---H (d) O---H contacts of
the complex 1.
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Fig. S40. Hirshfeld surface fingerprint plots for the (a) All (b) C---H (c) H-:-H (d) N---H (d) O---H contacts of

the complex 2.
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Fig. S41. Hirshfeld surface fingerprint plots for the (a) All (b) C---H (c) H-:-H (d) N---H (d) O---H contacts of

the complex 3.
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0.018464507
2.029009313
0.039031375

-0.177763294
-1.969436740
0.058699755
2.367922740
3.697266732
3.942667638
4.699526055
5.742060259
4.343446738
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2.997037615
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1.213952739
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1.311370799
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-4.973107110
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0.308347010
0.065671641
-1.775103169
-0.171260591
0.088660599
2.385094674
-1.150264670
-1.503265504
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