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Fig1. '"H NMR of the sample of 4-(2,2,6,6-Tetramethyl-1-oxyl-4-piperidoxyl) butyl bromide reduced
by phenylhydrazine (CDCI;)

'H NMR (400 MHz; CDCls; Me,Si) 8: 1.14 (6H, s, Piperidine-Me), 1.20 (6H, s, Piperidine-Me),
1.42 (2H, t, J = 11.6 Hz, Piperidine-CHH), 1.66-1.70 (2H, m, O-CH,-CH,-CH,-CH,-Br), 1.87-
1.94 (4H, m, O-CH,-CH,-CH,-CH,-Br, Piperidine-CHH), 3.42-3.47 (4H, m, OCH,, BrCH,), 3.50-
3.57 (1H, m, Piperidine-CH).
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Fig2. '"H NMR of the sample of [Quaternium-TEMPO]*Br” reduced by phenylhydrazine (CDCl;)

'H NMR (400 MHz; CDCl;; Me,Si) 8: 0.88 (3H, t, J= 6.8 Hz, Me), 1.26 (12H, s, Piperidine-Me),
1.28-1.48 (18H, m, N-CH,-CH,-(CH,)y-CH3), 1.65-1.88 (8H, m, Piperidine-CH,, O-CH,-CH>-
CH,-CH,-N, N-CH,-CH,-CqH;5-CH3), 2.00-2.13 (2H, m, O-CH,-CH,-CH,-CH,-N), 3.35 (6H, s,
NMe), 3.43-3.47 (2H, m, N-CH,-CH,-CyH;5-CH3), 3.55 (2H, t, J = 6 Hz, O-CH,-CH,-CH,-CH,-
N), 3.63-3.68 (2H, m, OCH,), 3.71-3.76 (1H, m, Piperidine-CH).
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Fig3. 13C NMR of the sample of [Quaternium-TEMPO]*Br reduced by phenylhydrazine (CDClI;)

13C NMR (100MHz, CDCl;)&: 14.11 (Me), 19.89 (O-CH,-CH,-CH,-CH,-N), 20.69 (N-CH,-
CH,-CsH¢-CH,-CH;), 22.64 (N-CH,-CH,-CoH 5-CH;), 22.66 (N-CH,-CH,-CH,-CsH,s-CH),
26.22 (0-CH,-CH,-CH,-CH,-N), 26.54 (Piperidine-Me), 29.22, 29.28, 29.41, 29.46, 29.56, 31.85,
31.99 (N-CH,-CH,-CH,-(CH,);-CH,-CH;), 44.60 (Piperidine-CH,), 51.26 (NMe), 59.29
(Piperidine-C), 63.50 (N-CH,-CH,-CoHs-CHs), 63.84 (O-CH,-CH,-CH,-CH,-N), 66.80
(Piperidine-CH),70.71(OCH,).
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Figd. HR-MS (ESI) of [Quaternium-TEMPO]*

HR-MS (ESI): m/z 440.4336. C,7H;56N,0O, calculated m/z: 440.4342.
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Fig5. '"H NMR of Benzaldehyde (entry 1) (CDCI5)
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Fig6. '"H NMR of 4-Methoxybenzaldehyde (entry 2) (CDClI;)
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Fig7. '"H NMR of 2-Methoxybenzaldehyde (entry 3) (CDClI3)
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Fig8. '"H NMR of 3-Methoxybenzaldehyde (entry 4) (CDCI;)
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Fig9. 'H NMR of 4-Methylbenzaldehyde (entry 5) (CDCI;)
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Fig11. "H NMR of 2-Chlorobenzaldehyde (entry 7) ( (CD3),CO )
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Fig12. "H NMR of 4-Fluorobenzaldehyde (entry 8) (CDCI;)
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Fig13. 'TH NMR of 2-Fluorobenzaldehyde (entry 9) (CDCI;)
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Fig14. 'H NMR of 3,5-Difluorobenzaldehyde (entry 10) (CDCI;)
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Fig15. 'TH NMR of Cinnamaldehyde (entry 11) (CDClI;)
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Fig16. 'TH NMR of 2-Thenaldehyde (entry 12) (CDCI5)
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Fig17. 'TH NMR of 2-pyridinecarboxaldehyde (entry 13) (CDCI3)
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Fig18. '"H NMR of Butanal (entry 14) (CDCI;)
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Fig19. 'TH NMR of Acetophenone (entry 15) (CDCI5)



Fig20. 'H NMR of 4-Methylacetophenone (entry 16) (CDCI,)
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. "H NMR of 2-Chloroacetophenone (entry 17) (CDClI;)
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Fig22. '"H NMR of 4-Chloroacetophenone (entry 18) ( (CD3).SO )
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Fig23. 'TH NMR of Cyclohexanone (entry 19) (CDCI5)
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Fig24. 'H NMR of 2-Octanone (entry 20) (CDCI5)
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Fig25. '"H NMR of 1,2,3,4-Tetrahydro-1-naphthalenone (entry 21) ( (CD3),SO )
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Attention: The first peak in the GC chromatograms below is from the diluent
(acetonitrile) in the analysis.
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Fig.1 GC chromatogram of Benzyl alcohol during the oxidation reaction (entry 1)

Column temperature 190 °C, pressure of the carrier gas 0.07Mpea.
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Fig.2 GC chromatogram of Benzyl alcohol at the end of the oxidation reaction (entry 1)

Column temperature 190 °C, pressure of the carrier gas 0.07Mpea.
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Fig.3 GC chromatogram of 4-Methoxybenzyl alcohol during the oxidation reaction (Entry 2)

Column temperature 220 °C, pressure of the carrier gas 0.07Mpea.
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Fig.4 GC chromatogram of 4-Methoxybenzyl alcohol at the end of the oxidation reaction (entry 2)

Column temperature 220 °C, pressure of the carrier gas 0.07Mpea.
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Fig.5 GC chromatogram of 2-Methoxybenzyl alcohol during the oxidation reaction (entry 3)

Column temperature 220 °C, pressure of the carrier gas 0.05Mpa.
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Fig.6 GC chromatogram of 2-Methoxybenzyl alcohol at the end of the oxidation reaction (entry 3)

Column temperature 220 °C, pressure of the carrier gas 0.05Mpa.
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Fig.7 GC chromatogram of 3-Methoxybenzyl alcohol during the oxidation reaction (entry 4)

Column temperature 220 °C, pressure of the carrier gas 0.07Mpea.
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Fig.8 GC chromatogram of 3-Methoxybenzyl alcohol at the end of the oxidation reaction (entry 4)

Column temperature 220 °C, pressure of the carrier gas 0.07Mpea.
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Fig.9 GC chromatogram of 4-Methxybenzyl alcohol during the oxidation reaction (entry 5)

Column temperature 190 °C, pressure of the carrier gas 0.07Mpea.
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Fig.10 GC chromatogram of 4-Methxybenzyl alcohol at the end of the oxidation reaction (entry 5)

Column temperature 190 °C, pressure of the carrier gas 0.07Mpea.



£ E (4-Chlorcbenzyl alcohol. org)

T
14
BT[] (min)

SHERE

400
350

100

P

89. 607

EEE B

4358265. 500

da]

REHE
285031, 438

=

4. 465

10. 3928

505480. 094

770

25109.

100. 0000

4863745, 594

310141. 207

Hit

Fig-11 GC chromatogram of 4-Chlorobenzyl alcohol during the oxidation reaction (entry 6)

Column temperature 200 °C, pressure of the carrier gas 0.07Mpea.
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Fig.12 GC chromatogram of 4-Chlorobenzyl alcohol at the end of the oxidation reaction (entry 6)

Column temperature 200 °C, pressure of the carrier gas 0.07Mpea.
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Fig-13 GC chromatogram of 2-Chlorobenzyl alcohol during the oxidation reaction (entry 7)

Column temperature 200 °C, pressure of the carrier gas 0.07Mpa.
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Fig.14 GC chromatogram of 2-Chlorobenzyl alcohol at the end of the oxidation reaction (entry 7)

Column temperature 200 °C, pressure of the carrier gas 0.07Mpa.
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Fig.15 GC chromatogram of 4-Fluorobenzyl alcohol during the oxidation reaction (entry 8)
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Column temperature 190 °C, pressure of the carrier gas 0.07Mpea.
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Fig.16 GC chromatogram of 4-Fluorobenzyl alcohol at the end of the oxidation reaction (entry 8)

Column temperature 190 °C, pressure of the carrier gas 0.07Mpea.
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Fig.17 GC chromatogram of 2-Fluorobenzyl alcohol during the oxidation reaction (entry 9)

Column temperature 190 °C, pressure of the carrier gas 0.06Mpa.
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Fig.18 GC chromatogram of 2-Fluorobenzyl alcohol at the end of the oxidation reaction (entry 9)

Column temperature 190 °C, pressure of the carrier gas 0.06Mpa.
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Fig.19 GC chromatogram of 3,5-Difluorobenzyl alcohol during the oxidation reaction (entry 10)

Column temperature 180 °C, pressure of the carrier gas 0.07Mpea.
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Fig.20 GC chromatogram of 3,5-Difluorobenzyl alcohol at the end of the oxidation reaction(entry

10)

Column temperature 180 °C, pressure of the carrier gas 0.07Mpea.
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Fig.21 GC chromatogram of Cinnamic alcohol during the oxidation reaction (entry 11)

The peaks before that of cinnamaldehyde are from the impurities of cinnamic alcohol, not from

oxidation by-products.
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Fig.22 GC chromatogram of Cinnamic alcohol at the end of the oxidation reaction (entry 11)

The peaks before that of cinnamaldehyde are from the impurities of cinnamic alcohol, not from

oxidation by-products.

Column temperature 220 °C, pressure of the carrier gas 0.07Mpea.
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Fig.23 GC chromatogram of 2-Thienylmethyl alcohol during the oxidation reaction (entry 12)

Column temperature 180 °C, pressure of the carrier gas 0.05Mpea.
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Fig.24 GC chromatogram of 2-Thienylmethyl alcohol at the end of the oxidation reaction (entry
12)

Column temperature 180 °C, pressure of the carrier gas 0.05Mpa.
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Fig.25 GC chromatogram of 2-Pyridinemethanol during the oxidation reaction (entry 13)

Column temperature 200 °C, pressure of the carrier gas 0.06Mpa.
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Fig.26 GC chromatogram of 2-Pyridinemethanol at the end of the oxidation reaction (entry 13)

Column temperature 200 °C, pressure of the carrier gas 0.06Mpa.
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Fig.27 GC chromatogram of Butyl alcohol during the oxidation reaction (entry 14)

Column temperature 80 °C for nine minutes, and then heated up to 130 for ten minutes, pressure of

the carrier gas 0.05Mpea.
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Fig.28 GC chromatogram of Butyl alcohol at the end of the oxidation reaction (entry 14)

Column temperature 80 °C for nine minutes, and then heated up to 130 for ten minutes, pressure of

the carrier gas 0.05Mpea.
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Fig.-29 GC chromatogram of 1-Phenyl ethanol during the oxidation reaction (entry 15)

Column temperature 190 °C, pressure of the carrier gas 0.05Mpea.
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Fig.30 GC chromatogram of 1-Phenyl ethanol at the end of the oxidation reaction (entry 15)

Column temperature 190 °C, pressure of the carrier gas 0.05Mpa.
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Fig.31 GC chromatogram of 1-(4-Methylphenyl) ethanol during the oxidation reaction (entry 16)

Column temperature 190 °C, pressure of the carrier gas 0.05Mpa.
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Fig.32 GC chromatogram of 1-(4-Methylphenyl) ethanol at the end of the oxidation reaction (entry
16)

Column temperature 190 °C, pressure of the carrier gas 0.05Mpea.
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Fig.33 GC chromatogram of 1-(2-Chlorobenzyl) ethanol during the oxidation reaction (entry 17)

Column temperature 200 °C, pressure of the carrier gas 0.05Mpa.
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Fig.34 GC chromatogram of 1-(2-Chlorobenzyl) ethanol at the end of the oxidation reaction (entry
17)

Column temperature 200 °C, pressure of the carrier gas 0.05Mpa.
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Fig.35 GC chromatogram of 1-(4-Chlorobenzyl) ethanol during the oxidation reaction (entry 18)

Column temperature 220 °C, pressure of the carrier gas 0.05Mpea.
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Fig.36 GC chromatogram of 1-(4-Chlorobenzyl) ethanol at the end of the oxidation reaction
(entry 18)

Column temperature 220 °C, pressure of the carrier gas 0.05Mpa.
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Fig.37 GC chromatogram of Cyclohexanol during the oxidation reaction (entry 19)

Column temperature 130 °C, pressure of the carrier gas 0.05Mpa.
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Fig.38 GC chromatogram of Cyclohexanol at the end of the oxidation reaction (entry 19)

Column temperature 130 °C, pressure of the carrier gas 0.05Mpea.
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Fig.39 GC chromatogram of 2-Octanol during the oxidation reaction (entry 20)

Column temperature 130 °C, pressure of the carrier gas 0.05Mpa.
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Fig.40 GC chromatogram of 2-Octanol at the end of the oxidation reaction (entry 20)

Column temperature 130 °C, pressure of the carrier gas 0.05Mpa.
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Fig.41 GC chromatogram of 1,2,3,4-Tetrahydro-1-naphthol during the oxidation reaction (entry 21)

Column temperature 210 °C, pressure of the carrier gas 0.05Mpa.
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Fig.42 GC chromatogram of 1,2,3,
Column temperature 210 °C, pressure of the carrier gas 0.05Mpa.



Effect of temperature on catalytic activity

Table 6. Effect of temperature on the DES-TEMPO/Fe(NOs); catalyzed aerobic oxidation of benzyl alcohol*

T(°C) Time(h) Conv.t (%)  Select.” (%) TONe TOF? (h!)

80 0.5 >99 >99 39.6 79.2
70 1 >99 >99 39.6 39.6
60 1.5 >99 >99 39.6 26.4
50 2 >99 >99 39.6 19.8
45 2.25 >99 >99 39.6 17.6
40 9 31.5 >99 12.6 1.4

25 1 8.1 >99 32 32

@ Reaction conditions: benzyl alcohol 10 mmol, 1.25%DES-TEMPO, 3%Fe(NO3);, atmospheric
oxygen pressure. » Conversions and selectivity were determined by GC (area normalization
method). ¢ TON = moles of product/2(moles of DES-TEMPO). ¢ TOF = TON/

reaction time.
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