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Table S1: Selected FTIR spectra data of [Mn(2,6-pydc)2](imi) (1) and its ligands

Compound vC-Nstr. vC=Ostr. vC-Ostr. vOH vCOO sym. vCOO asym. AvCOO sym. vM-O vM-N

imi 1295s - - - - - - - -
2,6-pydc  1181s 1706s 1256w 3212w - - - - -

1 1319s  1692s 1394s - 1456ms 1312s 164 663s 578b

Table S2: Selected data of FTIR spectra of [Co(Hzpza)2(H20)2(NOs)].NO:s (2) and its ligand

Compound vVC-Nstr.  vsy/vayNH2 ~ vOHw  vC=Ostr. vM-O vM-N

Heopza 1253s 3301ms 3285ms 1708s - -

2 1190s - - 1684s 782s 675s

NB: w = water

Table S3: Selected data of the electronic spectra of 1 and its ligands

Compound E, cm? (Amax, nm) Assignments
imi 35714 (280) n— */n—mn*
2,6-pydc 43478 (230); 36101 (277) m— 1 /n— m*
1 31545 (317); 14556 (687) LMCT, 4T1g (G) < ¢A1g

max = absorption maxima; E = energy of electronic transition

Table 54: Selected data of the UV-Visible spectra of 2 and its ligand

Compound E, cm? (Amax, nm) Assignments
Hzxpza 45248 (221); 38461 (260); 31645 (316) n—t/n—*
2 30030 (333); 19047 (525) LMCT, 4A2s — *T15(P)

Amax = absorption maxima; E = energy of electronic transition
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Figure S1: FTIR spectra of [Mn(2,6-pydc)2](imi) (1) and its ligands
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Figure 52: FTIR spectra for [Co(Hz2pza)2(H20)2(NOs)]*NOs (2)
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Figure S4: UV-Visible spectra of 2 and its ligand
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X-ray Crystallography of [Mn(2,6-pydc)2](imi) (1) and [Co(Hzpza)2(H20)2(NO3)]*NOs (2)

X-ray crystallographic data collection for 1 and 2 were carried out on a Super Nova Dual X-ray Diffractometer system
(Agilent Technologies) and Bruker Kappa Apex II Duo diffractometer (Madison, Wisconsin), respectively. The
temperatures of scans for 1 and 2 were maintained at 100K and 298 K, respectively. Hydrogen atoms, (C-H/O-H = 0.95
A/0.84 A) for 1 and (C-H = 0.93 A) for 2 were included on each refined structures as riding atoms. The crystal data

collection and structure refinement parameters of 1 and 2 are highlighted in Tables S5 below.

Table S5: The crystal data collection and structure refinement parameters for the cocrystals (1a) and crystals of 1 and 2.

Compound identification | (2,6-pydc—imi*)(la) | [Mn(2,6- pydc)z](imi) (1) | Co(Hzpza)2(H20)2(NOs3)]*NO:s (2)
Empirical formula C10H9N3O4 Ci7H10MnN4Os C10H14CoNsOno
Formula weight 235.20 453.23 465.22

Crystal system Orthorhombic Orthorhombic Triclinic
Temperature(K) 100(2) 298(2) 100(2)

Space group P212121 Pbca P-1

a(A) 3.7272(1) 7.7662(3) 6.9057(3)

b(A) 14.4056(5) 15.2799(6) 9.1738(3)

c(A) 18.4364(7) 12.411009) 14.1486(5)

a(®) 90 90 90.6490(10)
B(°) 90 90 98.6600(10)
(%) 90 90 102.0680(10)
V(A3) 989.90(6) 3442.7(2) 865.683(6)

Z 4 8 2

De(g/mm?d) 1.5781 1.7487 1.785

p(mm-) 0.125 0.827 1.066

F(000) 488.3 1835.8 474.0

k1 ranges -6+5, -19+21, -23+29 | £10, -12+20, -39+34 +9, +13, +20
Reflections 9042 12759 61970

Rint 0.0637 0.0396 0.0338




Data/restraints/parameters | 8112/0/618 4073/0/270 5284/4/272

Goodness-of-fit on F2 1.022 1.559 1.116

Ri1 [I> 20 (I)] 0.0482 0.0723 0.0387
wR: (all data) 0.1326 0.2250 0.1099
Max/min. (e A% 0.35/-0.31 1.86/-0.73 0.66/-1.17
Colour/shape Grey/flake Colourless/block Pink/block

Table S6: Selected hydrogen bond parameters for 1

D-——H----A D---H(A) DA(A) HA(A) D---H:- A (°)

N3---H3a----O3 0.860 2.789 1.942 168.32

®03

Figure S7: 2D view of compound 1 [010] showing HB interactions between pydc and (imi).



The selected bond distances and angles of 1 are presented in Table S7.

Table S7: Selected bond lengths (A) and angles (°) for 1

Bond distances (A)

Bond angles (°)

Mn1-O5 2.023(3) 02-Mn1-O5 91.46(15)
Mn1-02 2.000(3) 04-Mn1-05 91.99(14)
Mn1-O4 2.011(3) 04-Mn1-02 157.91(12)
Mn1-07 1.998(3) 07-Mn1-05 157.68(13)
Mn1-N2 1.957(3) 07-Mn1-02 93.69(14)
Mn1-N1 1.971(3) O7-Mn1-O4 91.34(13)
N2-Mn1-O5 78.60(14)
N2-Mn1-O2 101.35(14)
N2-Mn1-O4 100.72(13)
N2-Mn1-O7 79.09(13)
N1-Mn1-O5 91.14(14)
N1-Mn1-O2 79.41(14)
N1-Mn1-O4 78.71(13)
N1-Mn1-O7 111.16(14)
N1-Mn1-N2 169.71(14)

Symmetry codes: X, y, z; -X, -y —z; YotX, V2-y,-z; -X, Voty, Va-z, Va-X, -y, Vatz, Vo-X, Vaty, z; x, Vo-y,

+z; Votx, y, Yo-z
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Table S8: Selected bond distance (A) and angles (°) for 2

Bond distances (A) Bond angles (°)
Col-07 2.1197(14) 07-Co1-02 97.57(6)
Co1-02 2.1591(14) 07-Col-06 169.47(5)
Co1-06 2.1604(14) 02-Col-0O6 92.88(5)
Co1-03 2.3481(15) 07-Co1-03 85.39(5)
Col-N4 2.3570(16) 02-Co1-03 162.30(5)
Col-N1 2.3613(15) 06-Co1-03 84.25 (5)
O10-N8 1.247(2) 07-Col-N4 92.90(6)
O8-N8 1.263(2) 02-Col-N4 72.00(5)
0O3-N7 1.271(2) 06-Col-N4 91.55(6)
0O9-N8 1.248(2) 03-Col-N4 125.44(5)
0O4-N7 1.225(2) 07-Col-N1 92.58(6)
O5-N7 1.247(2) 02-Col-N1 82.18(5)

06-Col-N1 87.55(5)
03-Col-N1 80.26(5)
N4-Col1-N1 154.09(5)
N7-0O3-Col 102.83(11)
04-N7-05 122.59(12)
04-N7-03 120.55(11)
010-N8-08 119.84(16)
09-N8-0O8 119.28(16)

Symmetry codes: X, y, z; -X, -y, -z

11
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Figure S8: 1D view of 2 [100] showing network of hydrogen bonds

Table S9: Selected hydrogen bond parameters for 2

D—H---A D---H (A) D----A (A) H-—-A (A) D---H-----A (°)
N3---H3A------- N5 0.880 2.990 3.376 57.11
N3--H3B-------- N5 0.880 2.990 2.138 163.56
N3---H3A------- 010 0.880 2.833 2.134 135.89
N3--H3B---------- 010 0.880 2.833 2.951 73.71
(@I = (Y @ M— o1 0.840 2.706 1.876 169.88
06--H6D--------—- o1 0.796 2.706 3.025 59.26
(@I & (] g MuN—— 03 0.840 2.858 2.086 65.01
06---H6D---------- 03 0.796 2.858 3.109 163.39
(@880 S /AN o1 0.840 2.739 1.926 162.61
(@8 S vy ; NE— 01 0.797 2.739 3.160 51.74
(@280 < /. N— 08 0.840 2.674 2977 61.09

(@280 <y ; N— 08 0.797 2.674 1.902 162.69

N6----HOA----o--- 09 0.880 2.894 3.195 62.36

N6---H6B---------- 09 0.880 2.894 2.084 152.69

Symmetry codes: x, y, z; -X, -y, -z

12



[Co(Hzpza)2(H20)2(NO3)[*NO3  (Simulated)
[Co(Hzpza)2(H20)2(NO3)[*NOs  (As-synthesized)

Intensity (a.u.)

A

10 20 30 40
20

Figure S9: PXRD patterns (Cu, Ka) of simulated and crushed samples of compound 1
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Figure 510: PXRD patterns (Cu, Ka) of simulated and crushed samples of compound 2
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Figure S11A: High resolution TEM images of 1 viewed at 100 nm and 0.2 um magnification.
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Figure S11B: The high resolution TEM images of 2 scanned at 20 nm and 100 nm magnification; inset represents
the SAED of 2.
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Figure S12: The effect of reaction temperature on the oxidation of cyclohexanone. Reaction conditions: Compound 1
(0.0029 mol L), Iml of 0.0394 wt% cyclohexanone in CHsCN /water, 2 hrs, 4 ml H202 (30% aqueous, 170.4 mmol);
compound 2 (0.0021 mol L), Iml of 0.0394 wt% cyclohexanone in CHsCN /water, 3 hrs, 4 ml H20: (30% aqueous, 170.4
mmol).
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Figure S13: HPLC chromatogram of an aliquot (2uL) taken after oxidation of cyclohexanone in the absence of compound
1 which we ascribed to no yield promoting effect. Reaction conditions: 1 ml of cyclohexanone (0.0394 wt%), 4 ml of
H20: (30% aqueous, 170.4 mmol)
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Figure S14: The effect of catalysts loading on the oxidation of cyclohexanone; (A) Reaction conditions: Compound 1
(optimum 0.0029 mol L), Iml of 0.0394 wt% cyclohexanone in CHsCN /water, 2 hrs, 4 ml H202 (30% aqueous, 170.4
mmol); (B) compound 2 (optimum 0.0021 mol L1), 1ml of 0.0394 wt% cyclohexanone in CHsCN /water, 3 hrs, 4 ml H20:
(30% aqueous, 170.4 mmol).
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Figure 515 A: The effect of reaction time on the oxidation of cyclohexanone; (Mn?* catalyst) Reaction conditions: Catalyst
amount (optimum 0.0029 mol L), Iml of 0.0394 wt% cyclohexanone in CHsCN /water, 2 hrs, 4 ml H202 (30% aqueous,
170.4 mmol); Figure 15 B: The effect of reaction time on the oxidation of cyclohexanone; (Co* catalyst) Reaction
conditions: Catalyst amount (optimum 0.0021 mol L), 1ml of 0.0394 wt% cyclohexanone in CHsCN /water, 3 hrs, 4 ml
H20: (30% aqueous, 170.4 mmol).
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Figure 516: HPLC chromatogram of an aliquot of target product, [Table 2, Entry 5]. Reaction conditions: compound 1
(2.9 x 10° mol L), Iml of 0.0394 wt% cyclohexanone in CH3CN /water, 2 hrs with 1, 4 ml H20: (30% aqueous, 170.4

mmol).
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Figure 517: UV-Visible spectra studies of (la) [Mn(2,6-pydc)2](imi) and cyclohexanone; (1b) [Mn(2,6-pydc)2](imi),
cyclohexanone, and H202; (2a) [Co(Hzpza)2(H20)2(NOs)] *NOs, and cyclohexanone; (2b) [Co(Hzpza)2(H20)2(NOs)] *NOs,
cyclohexanone, and H20z. NB: Solvent in which experiment was performed is acetronitrile and there was an increase
in the d-d band region as the reaction progresses in reaction systems containing 1 and 2.
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Figure 518: 'TH NMR spectrum (DMSO-D6) of the isolated adipic acid obtained with compound 1

- c®
by . 8
1.0 4 T I
0.9 3 ) i
3 ¢ OH
a
054 M
E HO b N
0.7 4 )
E Adipic acid
z
206
E 3 a
2 0543 @
H @i
R &
E 04
z 3
0.3
0.2
0.1
0 WMMWMWWHWW

T T T T T T T T T T T T T T T T
200 130 160 140 120 100 a0 &0 40 20
Chemical Shift (ppm)

Figure 519: 3C NMR spectrum (DMSO-D6) of the isolated adipic acid obtained with compound 1
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Figure S520: Illustration for the catalytic activities of compounds 1 and 2

Cyclohexanone oxidation: Considering that the reaction proceeds as this: Ac <> 2Bi — Cp; where, Ac = concentration of
reactant (e.g. cyclohexanone), 2Bi = intermediate products, and Cp = concentration of the target product, then, the

conversions (%) of cyclohexanone were calculated using equation below:
Conversion (%) = % x 100%
Where Co is the initial moles of cyclohexanone and, Ct is the final moles of cyclohexanone converted.

The selectivity (%) of adipic acid was calculated using equation below:

.. Amount of adipic acid produced
Selectivity (%) = ! Confersion L x 100%

The yield (%) of adipic acid was calculated using equation below:

Yield (%) _ Total moles of adipic acid produced
Initial moles of cyclohexanone

x 100%

To study the kinetics and thermodynamics of the reaction, different concentrations, 6.4 x 10* mol L-1; 7.7 x 104 mol L;
9.0 x 10 mol L; 1.03 x 10° mol L'; and 1.2 x 10? mol L of cyclohexanone were prepared by dissolving varying
amounts, 1.0 mL, 1.2 mL, 1.4 mL, 1.6 mL, and 1.8 mL of cyclohexanone in each reaction system. The total volume of

each reaction system was 24 mL and contains 0.0394wt% of cyclohexanone.
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Kinetics and thermodynamics of the catalytic oxidation of cyclohexanone

The kinetic studies of the catalytic oxidation of cyclohexanone over compounds 1 and 2 were carried out by using

Langmuir-Hinshelwood (L-H) mechanism of a unimolecular reaction which is described as follows (Kumar et al, 2008):

(Adsorption) (D ecomposition)

A+S === AS — > product
K.
(Deﬁor;;tion)

By applying steady state approximation, the rate of reaction for the above mechanism becomes:

r o= 480 = G[A][S] - k-1[AS] - k2[AS] =0

dt

The L-H rate law for the first order unimolecular reaction can be expressed as:

1 1 K_q

—_ = + —_—

r Ki[A] kK

Where, r = rate of reaction, [A] = final concentration of cyclohexanone, ki = adsorption rate constant, k1, desorption rate
constant, and k2 = decomposition rate constant. The slope and intercept corresponds to the above rate constants, and
can be obtained in a L-H linear plot of 1/r vs. 1/[A]. The L-H plot for the oxidation of cyclohexanone is shown in Fig.
S21.

Equation y=a+bx
Al weight No Weighting
Residual Sum 3.40471E10  1.48505E11
10000000 . of Squares
Pearson's r 0.9988 0.99796
Adj. R-Square 0.99681 0.99456

Value Standard Error
Intercept -3.44669E6 220708.88549
Slope 6601.82463 186.54605
Intercept -6.53514E6 460945.58724
Slope 10539.05632 389.59727

8000000

NN o o

£ 6000000
-

4000000

= Compound 1

2000000 e Compound 2

— 7T T T - 1 T T T T T T T 1
900 1000 1100 1200 1300 1400 1500 1600
1/[A]

Figure S21: The L-H plot for the oxidation of cyclohexanone
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Equation y=a +'b*><' —m— Compound 1
Weight No Weighting
Residual Sum  7.37578E-5 4.55533E-5 —e— Compound 2
| of Squares
Pearson's r -0.99758 -0.99755
Adj. R-Square 099397  0.99348
Value Standard Error
- 1 40 T 1 Intercept -13.62574 0.03467
1 Slope -335.82108 11.69216
2 Intercept -14.05659 0.04114
4|2 Slope -338.01775 13.68154
—~
[
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Figure 522: Arrhenius and Eyring plot of cyclohexanone oxidation over compounds 1 and 2
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