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Dehydro-Diels-Alder Reaction
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Hexadehydro-Diels-Alder (HDDA) reaction

ortho-benzynecumulene

Wessig, P.; Müller, G. Chem. Rev. 2008, 108, 2051.
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Landmark Events

Baire, B.; Niu, D.; Willoughby, P. H.; Woods, B. P.; Hoye, T. R. Nature Protocols 2013, 8, 501.
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Methods for the Generation of o-Benzyne
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o-Benzyne Generation and Trapping

Bhunia, A.; Yetra, S. R.; Biju, A. T. Chem. Soc. Rev. 2012, 41, 3140.
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Johnson’s Discovery

Bradley, A. Z.; Johnson, R. P. J. Am. Chem. Soc. 1997, 119, 9917.
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Deuterium Labeling Study

Bradley, A. Z.; Johnson, R. P. J. Am. Chem. Soc. 1997, 119, 9917.
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Studies by Ueda Group
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Miyawaki, K.; Suzuki, R.; Kawano, T.; Ueda, I. Tetrahedron Lett. 1997, 38, 3943.
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My Proposal of the Mechanism
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Evidence of Arylcarbene Formation
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Ueda, I.; Sakurai, Y.; Kawano, T.; Wada, Y.; Futai, M. Tetrahedron Lett. 1999, 40, 319.
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Application for DNA Cleavage
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16

Direct Observation of Plasmid DNA by AFM

Torikai, K.; Otsuka, Y.; Nishimura, M.; Sumida, M.; Kawai, T.; Sekiguchi, K.; Ueda, I. Bioorg. Med. Chem. 2008, 16, 5441.
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Revelation of HDDA reaction by Hoye Group
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Hoye, T. R.; Baire, B.; Niu, D.; Willoughby, P. H.; Woods, B. P. Nature, 2012, 490, 208.
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Substrate Scope of HDDA Reaction

Hoye, T. R.; Baire, B.; Niu, D.; Willoughby, P. H.; Woods, B. P. Nature, 2012, 490, 208.
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Application : Alkane Desaturation
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21

Application : Aromatic Ene Reaction (1)

Niu, D.; Hoye, T. R. Nat. Chem. 2014, 6, 34.

Brinkley, Y. J.; Friedman, L. Tetrahedron Lett. 1972, 13, 4141.
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Application : Aromatic Ene Reaction (2)

Niu, D.; Hoye, T. R. Nat. Chem. 2014, 6, 34.
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Mechanistic Study of HDDA Reaction
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Wang, T.; Niu, D. Hoye, T. R. J. Am. Chem. Soc. 2016, 138, 7832.
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Relative Rates of the HDDA Reactions
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Relative Rates of Diels-Alder Cycloadditions

Wang, T.; Niu, D. Hoye, T. R. J. Am. Chem. Soc. 2016, 138, 7832.



26

Conclusion of Mechanistic Study

Wang, T.; Niu, D. Hoye, T. R. J. Am. Chem. Soc. 2016, 138, 7832.
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Pentadehydro-Diels-Alder Reaction

Wang, T.; Naredla, R. R.; Thompson, S. K.; Hoye, T. R. Nature, 2016, 532, 484.
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Scope of the PDDA Cascades of Substrates

Wang, T.; Naredla, R. R.; Thompson, S. K.; Hoye, T. R. Nature, 2016, 532, 484.
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Aza-PDDA Reactions
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Scope of the Aza-PDDA Cascades of Substrates

Wang, T.; Naredla, R. R.; Thompson, S. K.; Hoye, T. R. Nature, 2016, 532, 484.
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Mechanistic Aspects of the PDDA Reaction

Wang, T.; Naredla, R. R.; Thompson, S. K.; Hoye, T. R. Nature, 2016, 532, 484.
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Evidence of Allenyne Intermediate
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Summary

+

Hexadehydro-Diels-Alder (HDDA) reaction
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Pentadehydro-Diels-Alder (PDDA) reaction
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X = CH, NH

1. alkane desaturation
2. aromatic ene reaction

trapping reactive
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reagent-free
conditions

,3-dehydro(aza)toluene

X

Nu

H
Nu H The PDDA proceeds rapidly, much more

quickly than the HDDA cyclization.

The PDDA enables to synthesize
pyridine-containing products which are
impposible to obtain by the HDDA cyclization

highly substituted
benzenoid product



34



35

O

Me
H

N

O

O

H

PhN

O

O

Me
HPhN

O

H

O

Me
H

N

OH

PhN

O

O

OH

NO

O
OH

N

O
O

O

N

Me

OH

O

PhN

O

dr = 4:1

*

aromatic ene

Alder ene

Stereoselectivity of Aromatic Ene/Alder Ene Cascade

Niu, D.; Hoye, T. R. Nat. Chem. 2014, 6, 34.



36

Competition between Aromatic ene and DA reaction

Niu, D.; Hoye, T. R. Nat. Chem. 2014, 6, 34.
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Mechanism of Radical Fragmentation

http://molecules.a.la9.jp/Anticancer.html
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Geometry of Benzyne and Comparison of Energies

Comparison of computed free energy changes

Geomety of benzyne
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Dimerization of Phenylpropynoic Acid in 1898

Michael, A.; Bucher, J. E. Chem. Zentrblt 1898, 731.
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Substrate Synthesis by Ueda

Miyawaki, K.; Suzuki, R.; Kawano, T.; Ueda, I. Tetrahedron Lett. 1997, 38, 3943.


