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Roland Heinrich Scholl
• Born in Switzerland in 1865

• His Career spanned 5 

universities around Europe 

and 2 World Wars.

• Died in 1945 after the 

Allied bombing of 

Dresden.

• Published 180 papers and 

was a member of the 

Austrian and Saxony 

Academy of Sciences.

• Disproved Kekule’s

structure of fulminic acid.

• His most notable work was 

reasearch of polycyclic 

aromatics, esp. vat dyes.
o Indanthrene

o Benzanthrone (Bally-Scholl 

synthesis)
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Mechanism
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Arenium Cation Support

• DFT with Guasian 03 and 98. 

B3LYP functional with standard 

6-31G(d) basis set was used.

• CuCl2 in CS2

• Transition states involving 

radical cations were higher in 

energy than with arenium

cations

Rempala, P.; Kroulik, J.; King, B.T. JOC 2006, 71, 5067-5081.



Rempala, P.; Kroulik, J.; King, B.T. JOC 2006, 71, 5067-5081.

Arenium Cation Calculations



Rearrangements
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Arenium Cation Conclusions
• The arenium cation mechanism involves lower 

energy transition states (according to DFT studies).

• Observed rearrangement products support an 
arenium cation pathway.

• Although these results suggest that intermediates 
won’t accumulate; Mullen’s group was able to 
isolate an intermediate



Radical Cation Support

Zhai, L.; Shukla, R.; Wadumethrige, S.H.; Rathore, R. JOC 2010, 75, 4748-4760.



Role of Acid

• No reaction of Scholl precursors in DCM/acid

• The same reactions worked when DDQ was added

Zhai, L.; Shukla, R.; Wadumethrige, S.H.; Rathore, R. JOC 2010, 75, 4748-4760.



Role of Acid

• Although acid is necessary with DDQ, it has been 

shown that other oxidants do not require any.

Zhai, L.; Shukla, R.; Wadumethrige, S.H.; Rathore, R. JOC 2010, 75, 4748-4760.



Role of Oxidant

• Aromatization of dihydro intermediates can be 
easily accomplished with weak oxidants (i.e. I2 or 
O2)

• Oxidants strong enough to oxidize the parent arene
are necessary for the Scholl oxidation

Zhai, L.; Shukla, R.; Wadumethrige, S.H.; Rathore, R. JOC 2010, 75, 4748-4760.



Role of Oxidant

• Oxidants strong enough to oxidize the parent arene

are necessary for the Scholl oxidation
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Radical Cation Dimers

Zhai, L.; Shukla, R.; Wadumethrige, S.H.; Rathore, R. JOC 2010, 75, 4748-4760.

[Perylene]2
+.PF6

-



Radical Cation Summary

1. No reaction of Scholl precursors in DCM/acid

2. Powerful oxidants are necessary

3. Scholl precursors with oxidation potentials < 1.7V vs SCE 
react when using DDQ/H+

4. Feasibility of the dicationic intermediate has been 
demonstrated

Zhai, L.; Shukla, R.; Wadumethrige, S.H.; Rathore, R. JOC 2010, 75, 4748-4760.



Controlling the Scholl Reaction

King, B.T.; Kroulik, J.; Robertson, C.R.; Rempala, P.; Hilton, C.L.; Korinek, J. D.; Gortari, L.M. 
JOC 2007, 72, 2279-2288.



Controlling the Scholl Reaction

King, B.T.; Kroulik, J.; Robertson, C.R.; Rempala, P.; Hilton, C.L.; Korinek, J. D.; Gortari, L.M. 
JOC 2007, 72, 2279-2288.

Conclusions

• Small unfunctionalized arenes oligomerize

• Oligomerization can be suppressed with blocking 

groups.

• Electron directing groups can control the 

condensation
o Direction works much like EAS
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Summary
• Long history, since 1910, but most applications have 

been during the last decade.

• The mechanism is controversial
o Radical Cation Vs. Arenium Cation

o Support for both

o Rearrangement is possible for intermediates

• Scholl reactions have been used in polymerizations, 

synthesis of graphene nanoribbons, and the 

formation of a natural product core structure



THANKS!!!



Question Time

Volunteers???
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Arenium Cation Calculations


