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Fig. S1. Oxidation of cyclohexane with H,O, catalyzed by complex 1a at its different concentrations.
Accumulation of a sum (concentration, M) of products (cyclohexyl hydroperoxide, cyclohexanone and
cyclohexanol) with time is shown. Conditions: catalyst 1a (4.12 x 10* M corresponds to 5.3 mg),
[cyclohexane]y = 0.46 M (0.25 mL), [H,0,]o = 1.0 M (50% aqueous; 0.29 mL), [H,O] o = 2.65 M,
[HNO;]p = 0.4 M (65%; 0.19 g), solvent MeCN (total volume of the reaction solution was 5 mL), 60
°C. Concentrations of the products (cyclohexanol and cyclohexanone) were measured after reduction
with PPh;. Dependence of the initial reaction rate /¥, on initial concentration of complex 1a is shown
in Fig. 5.
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Fig. S2. Oxidation of cyclohexane with H,0O, catalyzed by complex 1a at different concentrations of
added nitric acid. Accumulation of a sum (concentration, M) of products (cyclohexyl hydroperoxide,
cyclohexanone and cyclohexanol) with time is shown. Conditions: [la], = 4.1 x 10# M,
[cyclohexane], = 0.46 M, [H,0,]o = 1.0 M (50% aqueous), [HyOlor = 2.65 M, solvent MeCN, 60 °C.
Concentrations of the products (cyclohexanol and cyclohexanone) were measured after reduction with
PPh;. Dependence of the initial reaction rate W, on concentration of added HNOj is shown in Fig. 6.
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Fig. S3. Oxidation of cyclohexane with H,0O, catalyzed by complex 1a at different concentrations of
hydrogen peroxide (50% aqueous). Accumulation of a sum (concentration, M) of products (cyclohexyl
hydroperoxide, cyclohexanone and cyclohexanol) with time is shown. Conditions: [1]y=4.1 x 104 M,
[cyclohexane]y, = 0.46 M, [HyO)ipr = const = 2.65 M, [HNOs], = 0.4 M, solvent MeCN, 60 °C.
Concentrations of the products (cyclohexanol and cyclohexanone) were measured after reduction with
PPh;. Dependence of the initial reaction rate W, on concentration of H,O, is shown in Fig. 7.
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Fig. S4. Oxidation of cyclohexane with H,O, catalyzed by complex la at different initial
concentrations of cyclohexane. Accumulation of a sum (concentration, M) of products (cyclohexyl
hydroperoxide, cyclohexanone and cyclohexanol) with time is shown. Conditions: [1a], = 4.1 x 10
M, [H;,0,]o = 1.0 M (50% aqueous), [HyOlio = 2.65 M, [HNOs]y = 0.4 M, solvent MeCN, 60 °C.
Concentrations of the products (cyclohexanol and cyclohexanone) were measured after reduction with
PPh;. Dependence of the initial reaction rate W, on initial concentration of cycohexane is shown in
Fig. 8.

S7



New J. Chem., Supplementary information

0,003 -
0,006
0,0025 - 0,005 1
0,002 - 0,004 -
0,0015 - 0,003
0,001 - 0,002 |
0,0005 - 0,001 -
0 T T T T T T d 0 T T T T T T T T T d
0 10 20 30 40 50 60 70 0 5 10 15 20 25 30 35 40 45 50
Time, min Time, min
[¢] [¢]
Temperature 30 °C. Temperature 40 °C.
0,09 1
0,08 1
0,07 1
0,014 0,06 -
0,012 - 0,05 1
0,01
0,04 4
0,008 -
0,03 1
0,006 -
0,02 1
0,004 -
0,002 0,01 1
0 0 T T T T d
0 5 10 15 20 25 30 35 40 45 50 0 50 100 150 200 250
Time, min Time, min
o e]
Temperature 50 °C. Temperature 60 °C.

S8




New J. Chem., Supplementary information

0,045 4

0,035

0 5 10 15 20 25 30 35 40 45

Time, min

Temperature 70 °C.

Fig. S5. Oxidation of cyclohexane with H,O, catalyzed by complex 1a at different temperatures.
Accumulation of a sum (concentration, M) of products (cyclohexyl hydroperoxide, cyclohexanone and
cyclohexanol) with time is shown. Conditions: [1]y = 4.1 x 10# M, [cyclohexane], = 0.46 M, [H,0,],
= 1.0 M (50% aqueous), [HyOlior1 = 2.65 M, [HNO;], = 0.4 M, solvent MeCN. Concentrations of the
products (cyclohexanol and cyclohexanone) were measured after reduction with PPh;. The Arrhenius
plot is presented in Fig. S6. This dependence corresponds to the effective activation energy £, = 16 £
2 kecal mol!,
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Fig. S6. The Arrhenius plot for the cyclohexane oxidation with H,O, catalyzed by complex 1a (for
conditions, see Fig. S5). This dependence corresponds to the effective activation energy E, = 16 + 2
kcal mol-!. The original kinetic curves at different temperatures are presented in Fig. S5.
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Fig. S7. Oxidation of cyclohexane with H,O, catalyzed by complex 2 at different temperatures.
Accumulation of a sum (concentration, M) of products (cyclohexyl hydroperoxide, cyclohexanone and
cyclohexanol) with time is shown. Conditions: [2], = 8.2 x 10* M, [cyclohexane], = 0.46 M, [H,0,],
= 1.0 M (50% aqueous), [HyOlior1 = 2.65 M, [HNO;], = 0.4 M, solvent MeCN. Concentrations of the
products (cyclohexanol and cyclohexanone) were measured after reduction with PPh;. The Arrhenius
plot is presented in Fig. S8. This dependence corresponds to the effective activation energy £, = 17 £

2 kcal mol-!.
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Fig. S8. The Arrhenius plot for the cyclohexane oxidation with H,O, catalyzed by complex 2 (for
conditions, see Fig. S7). This dependence corresponds to the effective activation energy E, = 17 + 2
kcal mol-!. The original kinetic curves at different temperatures are presented in Fig. S7.
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Fig. S9. Oxidation of cyclohexane with H,O, catalyzed by complex 1a in the absence of benzene (top) and in
the presence (0.02 M; bottom) of benzene. Accumulation of a sum (concentration, M) of products (cyclohexyl
hydroperoxide, cyclohexanone and cyclohexanol) with time is shown. Conditions: [1a], = 4.1 x 10#* M,
[cyclohexane], = 0.46 M, [H,0,]y = 1.0 M (50% aqueous), [H;O]iow = 2.65 M, [HNOs]y = 0.4 M, solvent
MeCN. Concentrations of the products (cyclohexanol and cyclohexanone) were measured after reduction with
PPhs.
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Fig. S10. Isomer distribution in the n-octane oxidation with H,O, (left graph) and TBHP (right graph)
catalyzed by complex 1a (see also Table 2, entries 1 and 3).
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Fig. S11. Products obtained in the methylcyclohexane oxidation.
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Figure S12. Chromatograms of products P6-P11 (see Fig. S11) of the reaction mixtures obtained in
the reactions of methycyclohexane with H,O, (a, b, ¢) and TBHP (d, e, f) catalyzed by the
0s3(CO);,/py system (a) and complexes 1a (b, e) and 2 (c, f). The chromatogram for the oxidation with
TBHP in the absence of any catalyst is also shown (d).
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Figure S13. Electron ionization mass spectra of the products I-XVIII (see Fig. 12 in the main text).
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Figure S14. Electron ionization mass spectra of the product X (see Fig. 12 in the main text) under
specified conditions (substrate, atmosphere and ionization energy).
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