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×
Russell, K. E. J. Am. Chem. Soc. 1955, 77, 4814.; Greene, F. D. J. Am. Chem. Soc. 1955, 78, 2246. 

History

• pioneered by Russell in 1955
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H abstraction

Hydrolysis

Yuan, C.; Liang, Y.; Hernandez, T.; Berriochoa, A.; Houk, K. N.; Siegel, D. Nature 2013, 499, 192. 
Yuan, C.; Eliasen, A. M.; Camelio, A. M.; Siegel, D. Nat. Protoc. 2014, 9, 2624.

Arene Oxidation

• Arene overoxidation didn’t prove problematic

• Avoids to use strong Bronsted or Lewis acids

• The procedure has wide functional group tolerance

• Shock sensitive and explodes when heated

• Generating some friction sensitive by-products
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Eliasen, A. M.; Thedford, R. P.; Claussen, K. R.; Yuan, C.; Siegel, D. Org. Lett. 2014, 16, 3628.

Arene Oxidation
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Dragan, A.; Kubczyk, T. M.; Rowley, J. H.; Sproules, S.; Tomkinson, N. C. O. Org. Lett. 2015, 17, 2618.

Arene Oxidation

• Ionic pathway 
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observed
dioxygenation

monooxgenation

HFIP or TFE

23-60 C

Eliasen, A. M.; Christy, M.; Claussen, K. R.; Besandre, R.; Thedford, R. P.; Siegel, D. Org. Lett. 2015, 17, 4420.

Oxidative dearomatization
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Alkene anti-Dihydroxylation

Alamillo-Ferrer, C.; Davidson, S. C.; Rawling, M. J.; Theodoulou, N. H.; Campbell, M.; Humphreys, P. G.; 
Kennedy, A. R.; Tomkinson, N. C. O. Org. Lett. 2015, In Press. 11
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Alamillo-Ferrer, C.; Davidson, S. C.; Rawling, M. J.; Theodoulou, N. H.; Campbell, M.; Humphreys, P. G.; Kennedy, A. 
R.; Tomkinson, N. C. O. Org. Lett. 2015, In Press. 12
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Alkene syn-Dihydroxylation

�The use of organic peroxides as synthetic reagents has often been restricted
due to the hazards associated with their formation and handling 

Yuan, C.; Axelrod, A.; Varela, M.; Danysh, L.; Siegel, D. Tetrahedron Lett. 2011, 52, 2540.; Jones, K. M. PhD. 
Dissertation, Cardiff University, 2010. 15



• Initial investigations

• Analysis of the reaction mixture

� Methods to limit phthalic anhydride formation

• Anhydrous conditions

• Alternative starting material ×

Alkene syn-Dihydroxylation
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Jones, K. M. PhD. Dissertation, Cardiff University, 2010.



Alkene syn-Dihydroxylation

Griffith, J. C.; Jones, K. M.; Picon, S.; Rawling, M. J.; Kariuki, B. M.; Campbell, M.; Tomkinson, N. C. O. 
J. Am. Chem. Soc. 2010, 132, 14409 17
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Alkene syn-Dihydroxylation

Griffith, J. C.; Jones, K. M.; Picon, S.; Rawling, M. J.; Kariuki, B. M.; Campbell, M.; Tomkinson, N. C. O. J. Am. 
Chem. Soc. 2010, 132, 14409.; Rawling, M. J.; Rowley, J. H.; Campbell, M.; Kennedy, A. R.; Parkinson, J. A.; 
Tomkinson, N. C. O. Chem. Sci. 2014, 5, 1777.

Evidences:

� 18O labeling study � Newcomb clock � Trapping the intermediate
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1. Alcohol (1.2 equiv)
H2O (1 equiv)

CHCl3, 25 °C

2. NaOH, 60 °C, 4h
+

1 equiv 1 equiv

Picon, S.; Rawling, M.; Campbell, M.; Tomkinson, N. C. O. Org. Lett. 2012, 14, 6250. 

� Water could be playing a dual role

Hydrolyzing

Activate the peroxide
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Total yield (4 Steps): 40%

Results

Murayama, M.; Sanda, F.; Endo, T. Macromolecules 1998, 31, 919.; Nemoto, N.; Kakimoto, K.; Endo, T. J. Polym. Sci. Part A 
Polym. Chem. 2002, 40, 1698. 21



Results

Total yield (7 Steps): 5%

Katagiri, N.; Haneda, T.; Watanabe, N.; Hayasaka, E.; Kaneko, C. Chem. Pharm. Bull. 1988, 36, 3867.



Results

Katagiri, N.; Haneda, T.; Watanabe, N.; Hayasaka, E.; Kaneko, C. Chem. Pharm. Bull. 1988, 36, 3867.
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Entry Solvent T [°C] Additive/Catalyst t [h]
Conv. 

[%]
Yield 
[%]

1 Acetic acid 100 Cu(OAc)2 4 54 15

2 Acetic acid 100 KOAc/Cu(OAc)2 4 94 11

3 THF reflux ipr2NH TFA/TFA 48 100 30

• Formaldehyde was released out

• Improvement by stepwise addition of formaldehyde

• Additional reagents were added 

• Improvement of work-up

• Low yield upon scale up

• Long-time reaction

Results
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Paraformaldehyde
[eq.]

TFA
[eq.]

ipr 2NH TFA
[eq.]

t [h] T [ °C]
Conv.

[%]

2 0.1 1 15 75 82

2 0.1 1 30 75 90

2 0.1 1 60 75 93

2 0.1 1 15 100 94

2 0.2 2 15 75 83

4 0.1 1 15 75 88

4 0.2 2 15 75 97

� Reducing the reaction time
from 48h to 30 min

Isolated yield is still low: 27%

Results



Results

Peroxide 
(equiv.)

Solvent T [ °C] Yield [%] Syn: anti ee*[%]

0.7 CHCl3 40
40% (plus 10% 

aldehyde)**
27:1 -

1 CHCl3 40 36% 27:1 8.6

1.2 CHCl3 40
40% (plus 7% 
aldehyde)**

27:1 -

1 CHCl3 r.t. 38 28:1 7.2

1 Toluene 40 30 29:1 10

*ee was determined by Chiralpack IA HPLC. 

Ph

Ph O**
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Summary and outlook   

• Enantiopure peroxide synthesized successfully

• Enantiopure peroxide was used in syn dihydroxylation of trans stilbene and
afforded 40% yield with 10% ee and 29:1 syn:anti

• Try to separate the dicarboxylic acids enantiomers by chiral resolving
agents

• The use perfluoro alcohols and acids as hydrogen bond donors

• Syn dihydroxylation of challenging substrates
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Thank you for your attention!
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