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Generally Procedure: To a magnetically stirred solution of KMnO4 (5.0 mmol 0.79g) in water:acetone (1:2, 15 

mL) was added  olefin (10 mmol) in 5 mL water:aceton (1:2) and then H2O2 (30 mmol, 36%, 2.80 mL) was 

slowly added in mixture partially for an hour in nitrogen atmosphere at 0oC. After completion of the addition, the 

solution was stirred additional 1 hour. The reaction was monitored by TLC and approximately all of the reaction 

was finished at 2 h. The ethyl acetate was added to reaction mixture and this mixture was washed with water and 

dried over sodium sulfate. After removal of the solvent, the residue was determined by comparison of the NMR 

data with those of the corresponding visinal cis-diols. 5  

 

H2O2 concentration determination procedure: To a magnetically stirred solution of KMnO4 (0.5 eq., 5.0 mmol 

0.79g) in water:acetone (1:2, 15 mL) was added  olefin (10 mmol) in 5 mL water:aceton (1:2) and then H2O2 

[36%, (2.0 eq., 20.0 mmol, 1.86 mL) or (3.0 eq., 30.0 mmol 2.80 mL) or (3.5 eq., 35.0 mmol 3.27 mL) or (4.0 

eq., 40.0mmol, 3.72 mL)] was slowly added (in different reaction vessels) in mixture partially for an hour in 

nitrogen atmosphere at 0oC, according to table S1. After completion of the addition, the solution was stirred 

additional 1 hour. The reaction was monitored by TLC and approximately all of the reaction was finished at 2 h. 

The ethyl acetate was added to reaction mixture and this mixture was washed with water and dried over sodium 

sulfate. After removal of the solvent, the residue was determined with the NMR data.  

 
 

Table S1. H2O2 concentration was optimized by 0.5 eq. KMnO4 (5.0 mmol). 

 

entry Olefin Visinal cis-diol 
Yields (%) 

2eq 3eq 3,5eq 4eq 

1 
 

1 
 

2 

74 90 85 82 

2 
 

3 

 
4 

67 82 65 63 

3 
 

7 

 
8 

72 79 75 71 

4 
 

13 
 

14a,b 

56 72 63 50 

5 
 

25 

 
26 

70 66 53 49 

 

Reaction conditions: All reactions were performed in aqueous acetone (20.0 mL, water– acetone= 1: 2 v/v) 

using 5.0 mmol KMnO4, 10.0 mmol olefin and H2O2 in N2 atm. at 0oC. 

 
 

 

 



 
 
 
 
The dihydroxylation reaction with MnO2-H2O2 , Mn3O4-H2O2 , in situ generated MnxOy-H2O2 and some 

olefins procedure:  

 

To a magnetically stirred solution of manganes oxide derivative [(5.0 mmol, 0.44g MnO2) or (5.0 mmol, 1.15g 

Mn3O4) or (0.4 g MnxOy) ] in water:acetone (1:2, 15 mL) was added  olefin (10 mmol) in 5 mL water:aceton 

(1:2) and then H2O2 [(30.0 mmol, 36%, 2.80 mL) or (10.0 mmol, 36%, 0.94 mL)] was slowly added in mixture 

partially for an hour in nitrogen atmosphere at 0oC, according to table S2. After completion of the addition, the 

solution was stirred additional 1 hour. The reaction was monitored by TLC and approximately all of the reaction 

was finished at 2 h. The ethyl acetate was added to reaction mixture and this mixture was washed with water and 

dried over sodium sulfate. After removal of the solvent, the residue was determined with NMR data.  

 
 

 
Relative Pressure (p/p°)                       Statistical Thickness (nm)                    Quantity Adsorbed (cm³/g STP) 

0.060068341                                                                0.33383                                                           10.5605 

0.080060604                                                                0.35177                                                           11.1297 

0.100077439                                                                0.36789                                                           11.6303 

0.120055811                                                               0.38282                                                            12.0897 

0.140066309                                                               0.39699                                       12.5202 

0.160060722                                                               0.41062                                               12.9477 

0.200017674                                                               0.43690                                                            13.8010 

0.240080448                                                              0.46263                                                             14.6668 

0.299991431                                                              0.50121                                                             16.0621 

0.350004027                                                              0.53437                                                             17.3590 

0.449990321                                                              0.60612                                                             20.3575 

0.550011638                                                               0.69026                                                             24.0440 

 



 
 
 
 

 
 

Summary Report 

Surface Area 

Single point surface area at p/p° = 0.300101832: 127.8538 m²/g  

BET Surface Area: 129.5626 m²/g 

Langmuir Surface Area: 203.0529 m²/g 

t-Plot Micropore Area: 19.1249 m²/g 

t-Plot External Surface Area: 110.4377 m²/g 

BJH Adsorption cumulative surface area of pores between 0.8500 nm and 150.0000 nm radius: 117.355 m²/g 

Pore Volume 

Single point adsorption total pore volume of pores less than 61.3398 nm radius at p/p° = 0.983963825: 0.262256 

cm³/g 

Single point desorption total pore volume of pores less than 1.4996 nm radius at p/p° = 0.348834999: 3.507639 

cm³/g 

t-Plot micropore volume: 0.008844 cm³/g 

BJH Adsorption cumulative volume of pores between 0.8500 nm and 150.0000 nm radius: 0.270170 cm³/g 

Pore Size 

Adsorption average pore width (4V/A by BET): 8.09666 nm 

Desorption average pore width (4V/A by BET): 108.29171 nm 

BJH Adsorption average pore radius (2V/A): 4.6043 nm 

 

FS-1: (A) BET graphics (B) BJT graphics of the solid material recovered at the end of oxidation reactions. 

 
 



 
 
 
 
 

Table S2. The oxidation reaction of cyclohexene 3, but-3-en-2-one 29 and styrene 33 with MnO2-H2O2, Mn3O4-

H2O2 and in situ generated MnxOy-H2O2. 

 

 
 

 

  Yields (%)  

entry 
Olefin 

(10.0 mmol) 

 5.0 mmol MnO2 / 

30.0 mmol H2O2 

5.0 mmol Mn3O4 / 

30.0 mmol H2O2 

5.0 mmol Mn3O4 / 

10.0 mmol H2O2 

0.4 g MnxOy / 

30.0 mmol H2O2 
Visinal cis-diol 

1  
3 

No reaction 25 34 42  
4 

2 

29 

No reaction 22 30 40 

30 

3 
 

33 

No reaction 20 27 
36 

 
 

34 

 

Reaction conditions: All reactions were performed in aqueous acetone (20.0 mL, water–acetone= 1: 2 v/v) 

using manganese oxide derivatives, olefins and H2O2 in N2 atm. at 0oC. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 
 

 

 

 

 
 

FS-2: EDX graphics of the solid material recovered at the end of oxidation reactions. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 

1H-and 13C-NMR SPECTRA 

  

1H-NMR (400MHz, CDCI3, ppm): δ=5.9(2H, m), 5.8(1H, m), 4.1(brs) 3.9(2H, m), 

2.1-2.2(4H m), 13C-NMR (100MHz, CDCI3, ppm): δ=131.5, 127.2, 69.1, 66.7, 

26.0, 23.8 

 
 



 
 
 
 

 

1H-NMR (400MHz, CDCI3, ppm): δ= 5.6 (2H, brs), 3.9 (2H, td, J=1.4, 5.7), 

2.3(4H, m), 1.8 (2H, (OH) brs),13C-NMR (100MHz, CDCI3, ppm): δ=123.9, 69.1, 

31.2 

 

 
 



 
 
 
 

 

1H-NMR (400MHz, CDCI3, ppm): δ=3.67(2H br s), 3.26(2H t) 2.6(2H brs), 

2.2(4H dt) 

13C-NMR (100MHz, CDCI3, ppm): δ=68.7, 52.8, 29.9 

 
 

 

 
 



 
 
 
 

 

1H-NMR (400MHz, CDCI3, ppm): δ=3.92(1H, q,  J=10.98), 2.27(1H, brs), 2.0(3H, 

s), 1.09(1H, dd, J=7.2), 0.86(3H, d J=6.95), 0.8(3H, d, J=6.95) 

13C-NMR (100MHz, CDCI3, ppm): δ=171.4, 73.82, 70.2, 34.73, 21.04, 20.06, 

17.73,  16.79 

 
 

 
 



 
 
 
 

 

1H-NMR (400MHz, CDCI3, ppm): δ=1.38-1.31(12H, s), 2.5(1H, brs) 

13C-NMR (100MHz, CDCI3, ppm): δ=75.26, 24.8 

 
 

 



 
 
 
 

 

 

1H-NMR (400 MHz, CDCl3 pmm): δ= 3.75-3.72(2H, m), 3.63-3.57(4H, m) 

13C-NMR (100MHz, CDCI3, ppm): δ=72.63, 63.42,  

 

 



 
 
 
 

 

1H-NMR (400 MHz, CDCl3 pmm): δ=5.26-5.24(2H, brs), 4.34-4.20(2H, m), 

4.20-4.16(2H, m) 2.085(6H, s), 2.061(6H, s) 

13C-NMR (100MHz, CDCI3, ppm): δ=170.7, 69.36, 61.97, 20.88 

 
 

 
 

 

 

 

 

 

 

 

 



 
 
 
 

 

1H-NMR  (400 MHz, CDCl3, ppm): δ=4.90-4.99(3H, m), 2.13 (3H, s), 

2.1(3H, s), 1.98-1,71(3H, m),13C-NMR (100MHz, CDCI3, ppm): δ=204.95, 

170.59(2), 77.8, 48.18, 26.8, 23.6, 20.82. 

 
 



 
 
 
 

 

1H-NMR (400 MHz, CDCl3 ppm): δ=7.1-7.08 (5H, m), 4.1 (2H, br s) 

13C-NMR (100MHz, CDCl3 ppm): δ=133.1, 129.4, 126.5, 69.5, 34.5 

 



 
 
 
 

 

1H-NMR (400MHz, CDCI3, ppm): δ= 7.44-7.11(4Hm), 4.7(1H, d, J=3.3 Hz), 

4.0(1H,dt, J=9.9, 3.3Hz), 2.96-2.92(1H dt, J=17.2, 5.5Hz), 2.82-2.74(1H, ddd, 

J=17.2, 9.9, 5.5 Hz), 2.5(2H, (2OH) br s), 2.08-1.98(1H, m), 1.95-1.88(1H, m) 

13C-NMR (100MHz, CDCl3, ppm): δ=136.6, 136.4, 130.1, 128.8, 128.4, 126.7, 

70.2, 69.8, 27.2, 26.5 

 



 
 
 
 

 

 

1H-NMR (400MHZ, CDCl3, ppm): δ= 3.7(2H, brs), 3.1(2H, (OH) brs), 2.1(2H, 

brs), 1.8(1H, dt J= 1.4, 10.4 Hz), 1.4(1H, m), 1.1(2H, m), 1.0(2H, m) 

13C-NMR (100 MHz, CDCI3, ppm): δ=75.0, 43.2, 31.8, 24.7  

 



 
 
 
 

 
Anti/syn isomers 

1H-NMR (400MHz, CDCI3, ppm): δ= 4.94(bs, 2H), 3.9(m, 1H), 3.5(m, 1H),  3,1(s, 

2H), 1.5, (m,14H), 0,9(3H, dt, J=6.25), 0.8(3H, dt, J=6.58) 
13C-NMR (100 MHz, CDCI3, ppm): δ= 76.9, 71.9, 31.2, 30.7, 28.5, 27.6, 20.2 

 

 



 
 
 
 

 

1H-NMR(400 MHz CDCI3,ppm) : δ=4.4(2H dd, j= 12, 3Hz), 3.9(2H, dd, 

J=5.5, 12Hz), 3.1(2H, dd, J=3, 4.8Hz) 2.1(6H s)  
13C-NMR(100MHz CDCl3,ppm) : δ= 170.0, 76.9, 63.83, 20.9 

 

 

 


