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Synthesis and characterization of BQPN

BQPN-H2 was prepared by modification of a reported procedure [1]. To a stirred THF solution 

(40 mL) of BQPN-H2 (3.8 g, 10.86 mmol), 21.0 mL of aqueous formaldehyde (37%) (6.48 g, 

217 mmol) was added. The solution slowly turned dark red after ∼5min. To this red mixture, 

the sodium cyanoborohydride (1.38 g, 22.0 mmol) was added slowly till a yellow colour 

solution was obtained. The solution was stirred for ∼24 h and THF was removed which 

afforded yellow crude powder. This crude product on recrystallization in hot ethanol resulted 

in a crystalline solid. Yield = 3.0 g. Anal. Calc. for C23H24N4 BQPN (MW = 356.46 g mol−1): 

C, 77.50; H 6.79; N 15.72; Found: C, 78.35; H, 6.92; N, 15.06. Selected IR bands (KBr, cm−1): 

1562 ν(C-N); 3134–2746 ν(CH). 

Fig. S1 – Comparative IR spectra’s of BQPNH2 and BQPN.

Synthesis of Cu(II) complex [CuII(BQEN)(CH3CN)](ClO4)2 (1)

CHCl3 solution of BQEN (0.43 g / 1.26mmol) was added dropwise to the acetonitrile solution 

of Cu(ClO4)2.6H2O (0.462 g / 1.26 mmol) resulting in an blue solution. The solution was left 

for stirring for 12 h and then filtered. Diethyl ether solution was added slowly to yield blue 

coloured compound. Yield = 0.7g. Crystals suitable for single crystal XRD were grown by 

slow diffusion of diethyl ether in acetonitrile solution. Anal. Calcd. for C24H25N5Cl2O8Cu 1 

(MW = 645.93 g mol−1): C, 44.63; H, 3.90; N, 10.84%. Found: C, 44.90; H, 3.65; N, 10.59%. 



IR data (KBr, cm−1): 3184–2777 ν(CH), 1091, 623 ν(ClO4
-1). UV–Vis. λmax(nm) (ε, in L mol−1 

cm−1) in CH3CN: 201 (319597), 230 (233240), 301 (60290), 612 (624).

Synthesis of Cu(II) complex [CuII(BQPN)(CH3CN)](ClO4)2 (2)

CHCl3 solution of BQPN (0.45 g / 1.26mmol) was added dropwise to the acetonitrile solution 

of Cu(ClO4)2.6H2O (0.462 g / 1.26 mmol) resulting in an blue solution. The solution was left 

for stirring for 12 h and then filtered. Diethyl ether solution was added slowly to yield blue 

coloured compound. Yield = 0.8g. Crystals suitable for single crystal XRD were grown by 

slow diffusion of diethyl ether in acetonitrile solution. Anal. Calcd. for C25H27N5Cl2O8Cu 2 

(MW = 659.96 g mol−1): C, 45.50; H, 4.12; N, 10.61%. Found: C, 45.48; H, 4.28; N, 10.54%. 

IR data (KBr, cm−1): 3199–2706 ν(CH), 1089, 628 ν(ClO4
-1). UV–Vis. λmax(nm) (ε, in L mol−1 

cm−1) in CH3CN: 203 (298203), 227 (182402), 302 (46819), 495 (610).

Phenoxazinone synthase activity 

The catalytic oxidation of H2AP was studied by addition of 1x10-5 M solution of Cu(II) 

complex with 100 equiv. of 2-aminophenol (H2AP, 1x10-3M) in MeOH under aerobic 

conditions at room temperature. The catalysed conversion of H2AP to 2- aminophenoxazine-

3-one (2-APX) was monitored at a wavelength of 434 nm (time scan) [2-8] in MeOH. The 

oxidized product was extracted as 2-aminophenoxazinone species through column 

chromatography. Neutral alumina was used as a solid support in column and benzene-ethyl 

acetate solvent mixture was employed as an eluent mixture in the chromatographic separation. 

The purity of oxidative dimerization product of H2AP was examined by 1H NMR spectral 

analysis as well as to identify the final product. 1H NMR data for 2-amino-3H-phenoxazine- 

3-one (APX), (CDCl3, 400 MHz,) dH: 7.61 (m, 1H), 7.44 (m, 3H), 6.47 (s, 1H), 6.35 (s, 1H), 

6.24 (s, 1H).
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Table S1.   Selected bond lengths, angles and Hydrogen bonding Parameters for 1.
Bond lengths [Å]

Cu(1)-N(1) 2.004(2) 1.997 Cu(1)-N(2) 2.275(3) 2.236
Cu(1)-N(3) 2.126(2) 2.239 Cu(1)-N(4) 1.973(2) 1.997
Co(1)-N(5) 2.036(3) 2.078

Bond angles [°]
N(1)-Cu(1)-N(2) 80.30(10) 81.41 N(1)-Cu(1)-N(3) 94.62(9) 96.64
N(1)-Cu(1)-N(4) 177.15(10) 177.29 N(1)-Cu(1)-N(5) 89.11(11) 91.41
N(2)-Cu(1)-N(3) 83.27(9) 84.56 N(2)-Cu(1)-N(4) 101.32(10) 96.53
N(2)-Cu(1)-N(5) 101.70(12) 138.10 N(3)-Cu(1)-N(4) 83.28(10) 81.37
N(3)-Cu(1)-N(5) 174.25(11) 137.33 N(4)-Cu(1)-N(5) 92.84(11) 91.30

Table S2 – Hydrogen bonding Parameters (Å, °) for 1.

Compound 1
D-H···A D-H/Å H···A/Å D···A/Å D-H···A/°
C1-H1··· O3 0.930 2.336 3.050 133.33
C13-H13B··· O1 0.960 2.652 3.509 149.01
C13-H13B··· O3 0.960 2.621 3.174 116.96
C21-H21··· N5 0.930 2.495 3.032 116.93
C10-H10B··· O1i 0.960 2.452 3.308 148.40
C24-H24A··· O2i 0.960 2.650 3.266 122.28
C15-H15··· O7ii 0.930 2.488 3.416 175.98
C24-H24C··· O2iii 0.960 2.632 3.238 121.49
i = [x+1, y, z], ii = [-x+1, -y+1, -z], iii = [-x, -y+1, -z+1]



Fig. S2 – C-H∙∙∙H-C interactions in 1.





Fig. S3 – Packing diagram in 1 along crystallographic a, b and c axis.

Table S3.   Selected bond lengths] and angles [°] for 2.
Bond lengths [Å]

Cu(1)-N(1) 1.994(3) 2.012 Cu(1)-N(2) 2.096(2) 2.173
Cu(1)-N(3) 2.053(3) 2.067 Cu(1)-N(4) 2.024(2) 2.109
Co(1)-N(5) 2.283(3) 2.274

Bond angles [°]
N(1)-Cu(1)-N(2) 81.99(11) 81.67 N(1)-Cu(1)-N(3) 176.81(11) 177.85
N(1)-Cu(1)-N(4) 98.90(11) 97.00 N(1)-Cu(1)-N(5) 87.25(11) 89.03
N(2)-Cu(1)-N(3) 96.16(11) 97.84 N(2)-Cu(1)-N(4) 149.07(10) 139.74
N(2)-Cu(1)-N(5) 118.72(11) 112.89 N(3)-Cu(1)-N(4) 84.03(11) 82.01
N(3)-Cu(1)-N(5) 91.39(11) 93.08 N(4)-Cu(1)-N(5) 92.16(11) 107.31



Table S4– Hydrogen bonding Parameters (Å, °) for 2.

Compound 2
D-H···A D-H/Å H···A/Å D···A/Å D-H···A/°
C13-H13B··· O6 0.970 2.469 3.379 155.97
C1-H1··· O2i 0.930 2.588 3.441 152.78
C11-H11B··· O4ii 0.970 2.633 3.446 141.59
C14-H14B··· O7ii 0.960 2.551 3.457 157.41
C16-H16··· O8ii 0.930 2.541 3.427 159.34
C14-H14A··· O1iii 0.960 2.531 3.446 159.24
C25-H25C··· O3iii 0.960 2.647 3.429 138.96
C25-H25B··· O4iv 0.960 2.599 3.455 148.56
i = [-x+1/2, y-1/2, -z+1/2], ii = [x+1, y, z], iii = [-x+3/2, y-1/2, -
z+1/2], iv = [x+1/2, -y+3/2, z-1/2]

Fig. S4 – π∙∙∙π interactions in 2.





Fig. S5 – Packing diagram in 2 along crystallographic a, b and c axis.

Fig. S6 – X-band EPR spectra of 1 recorded at 77 K in CH3CN.



Fig. S7 – ESI-MS spectra of 1.

Fig. S8 – Comparative IR spectra’s of 1 and 2.



Fig. S9 – Comparative UV-visible spectrum of 1 and 2.

Fig. S10. ESI-MS spectra of 1 with 5 eq. H2AP



Fig. 9.  X-band EPR spectra of 2 with 5 eq. H2AP recorded at 77 K CH3CN.

















Cartesian coordinates and total energies for the geometry optimizations.

1. [Cu(BQEN)(CH3CN)]2+ (1) zero point corrected energy=-2842.906094 a.u.

Cu      0.00000   0.00000   0.00000

N       0.32259   1.95803   0.22699

C      -0.63369   2.86842   0.39436

H      -1.65761   2.50945   0.36577

N       2.22852   0.00000  -0.21204

C      -0.36267   4.23256   0.60723

N       0.00000   0.00000  -2.23633

C       0.95112   4.65021   0.66186



H       1.19386   5.69455   0.83583

C       1.99882   3.71124   0.48929

N      -0.26048  -1.95745  -0.29828

C       3.37300   4.06484   0.53487

H       3.64689   5.09944   0.71655

C       4.34108   3.10263   0.35054

H       5.39189   3.36949   0.38687

C       3.97877   1.75594   0.10586

H       4.76676   1.02508  -0.04579

C       2.65188   1.37182   0.05819

C       1.64012   2.34616   0.25869

C       2.92028  -0.98202   0.66772

H       2.46950  -1.96551   0.52564

H       2.80515  -0.67711   1.70926

H       3.98882  -1.05884   0.43755

C       2.41430  -0.35806  -1.65345

H       2.29511  -1.44153  -1.73889

H       3.43306  -0.11580  -1.98032

C       1.41681   0.35946  -2.55912

H       1.51232   1.44291  -2.44801

H       1.64448   0.11803  -3.60469

C      -0.94292   0.98118  -2.84082

H      -1.96836   0.67569  -2.62596



H      -0.81647   1.05702  -3.92657

H      -0.75872   1.96509  -2.40662

C      -0.30851  -1.37192  -2.63298

C      -0.47886  -1.75590  -3.94978

H      -0.40042  -1.02518  -4.74852

C      -0.75663  -3.10251  -4.28768

C      -0.85123  -4.06452  -3.30653

H      -1.05816  -5.09902  -3.56232

C      -0.67840  -3.71089  -1.94252

C      -0.75366  -4.64955  -0.88308

H      -0.95028  -5.69380  -1.10830

C      -0.57685  -4.23164   0.41980

H      -0.62431  -4.92613   1.25079

C      -0.33859  -2.86763   0.66953

H      -0.21432  -2.50846   1.68616

C      -0.41476  -2.34596  -1.60699

N      -1.38781   0.00103   1.54695

H      -1.18555   4.92733   0.73100

H      -0.89011  -3.36946  -5.33059

C      -2.16201   0.00605   2.40784

C      -3.13643   0.01275   3.48941

H      -3.09353   0.96732   4.02226

H      -2.91691  -0.79743   4.19131



H      -4.14227  -0.12868   3.08247

2. [Cu(BQPN)(CH3CN)]2+ (2) zero point corrected energy=-2882.187576 a.u.

Cu      0.00000   0.00000   0.00000

C      -2.78468   0.91511   0.63135

H      -2.28211   1.65455   1.24711

N      -2.01177   0.01351   0.03422

C      -4.18471   0.93734   0.47902

H      -4.76570   1.69412   0.99393

N      -0.34252  -1.97284  -0.84523

N       0.25472   1.95706  -0.61489

C      -3.99226  -0.98668  -0.97865

C      -4.78311   0.00299  -0.34219

H      -5.85781   0.01119  -0.49977

N       2.10591   0.00000  -0.11349

C      -4.52329  -1.99399  -1.82646

H      -5.58975  -2.01023  -2.02839

N       0.00000   0.00000   2.27362

C      -3.68843  -2.94065  -2.37774

H      -4.09016  -3.71178  -3.02635

C      -2.30172  -2.94324  -2.08515

H      -1.68900  -3.73548  -2.50161

C      -1.74935  -1.97203  -1.27287



C      -2.58535  -0.96406  -0.73348

C      -0.18183  -3.03886   0.19564

H      -0.86811  -2.84189   1.01987

H       0.83777  -3.04518   0.57783

H      -0.40410  -4.02462  -0.22751

C       0.57149  -2.20887  -2.01249

H       0.24929  -1.53263  -2.81016

H       0.43144  -3.23431  -2.37474

C       2.05930  -2.00512  -1.72671

H       2.41650  -2.68673  -0.94893

H       2.58542  -2.31766  -2.63641

C       2.50419  -0.56861  -1.45802

H       3.59722  -0.51204  -1.52705

H       2.09661   0.10197  -2.22050

C       2.74588  -0.76788   0.99603

H       2.63755  -0.21016   1.92382

H       3.80773  -0.93933   0.79298

H       2.26043  -1.73441   1.11120

C       2.52406   1.41034  -0.08841

C       3.82239   1.81231   0.15674

H       4.59052   1.09084   0.41251

C       4.18588   3.17835   0.06035

H       5.21182   3.46521   0.26493



C       3.26131   4.12726  -0.31568

H       3.54677   5.16968  -0.41712

C       1.91965   3.74656  -0.58110

C       0.91643   4.65508  -1.00402

H       1.16631   5.70341  -1.13945

C      -0.36011   4.19632  -1.25148

H      -1.14403   4.86006  -1.59814

C      -0.65232   2.83580  -1.03047

H      -1.65655   2.46125  -1.19526

C       1.54607   2.37708  -0.42902

C      -0.10864   0.01833   3.42787

C      -0.24038   0.04017   4.87937

H      -1.24501  -0.28246   5.16784

H      -0.06872   1.05377   5.25334


