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John D. RobertsGeorg Wittig
1979 Nobel Prize



History
1902, Stoermer & Kahlert

y

1942 Wi i l1942, Wittig et al.

Naturwissenschaften, 1942, 30, 6961945, Gilman et al.

JACS, 1945, 67, 3491946, Bergstrom et al.

J. Org. Chem., 1946, 11, 334



Historyy

Wittig’s ExplanationWittig’s Explanation

Close but not perfect!Close but not perfect!

Naturwissenschaften, 1942, 30, 696



History

1953, Roberts et al.

y

JACS, 1953, 75, 3290



Historyy
Zwitterion failed to explain observed reaction phenomenon

1 1 i t~ 1:1 mixture

JACS, 1953, 75, 3290



The Classic 14C labeling experiment

Hypothesis: If one started with clorobenzene-1-14C, equal amounts of
aminobenzenes with the 14C at C-1 and C-2 would be formed

g p

aminobenzenes with the 14C at C-1 and C-2 would be formed.

R b t d i t di t l t i ll t l b !Roberts proposed intermediate: electrically neutral benzyne!

JACS, 1953, 75, 3290



The Classic 14C labeling experimentg p

J. Am. Chem. Soc. 1953, 75, 3290J. Am. Chem. Soc. 1953, 75, 3290



Following Experimentsg p

1955, the first Benzyne Diels-Alder Reaction

Angew. Chem. 1955, 67, 348

1960 aliphatic cycloalkynes postulated1960, aliphatic cycloalkynes postulated

Angew Chem 1960 72 324Angew. Chem. 1960, 72, 324



Following Experimentsg p

Benzynes generated from different precursors have identical reactivity

Tetrahedron Lett. 1963, 1017.

Benzynes generated from different precursors have identical reactivity



Following Experimentsg p

Crystal structure of metal-bound benzyne obtained.

1979, Shrock 1985, Bennett 1986, Buchwald



Generation of Benzynesy



Generation of Benzynesy
protic solvents (质子化溶剂) aprotic solvents: stepwise

Dihalides: determined by choice of metal

rate: Na > Mg > Lirate: Na  Mg  Li



Generation of Benzynesy

Loss of gas molecules drives benzyne formation under relatively mild conditions



Generation of Benzynesy



Generation of Benzynesy



Reaction of Benzynesy

[4+2] cycloaddition [3+2] cycloaddition [2+2] cycloaddition



Reaction of Benzynesy

Intramolecular reaction

Synlett, 1992, 903
Intermolecular reaction

Tetrahedron Lett, 1992, 903



Reaction of Benzynesy

non-symmetrical dienes often display little selectivitynon symmetrical dienes often display little selectivity

J. Org. Chem. 1976, 41, 3356

But, when EWG or EDG present….



Reaction of Benzynesy

[2+2] cycloaddition with enol ethers provide convenient access to benzocylkcobutenones

stepwise [3+2] cycloaddition proceeds with similar regiochemistry



Reaction of Benzynes in Total Synthesisy y

n-BuLi, THF, -78 oC



Reaction of Benzynes in Total Synthesisy y



Reaction of Benzynes in Total Synthesisy y

J. Org. Chem. 1991, 56, 2984



Reaction of Benzynes in Total Synthesisy y

J. Org. Chem. 1992, 57, 5911



Reaction of Benzynes in Total Synthesisy y

J. Org. Chem. 1986, 51, 2781
J Org Chem 1992 57 6765J. Org. Chem. 1992, 57, 6765



Reaction of Benzynes in Total Synthesisy y



Reaction of Benzynes in Total Synthesisy y



Reaction of Benzynes in Total Synthesisy y



Reaction of Benzynes in Total Synthesisy y



Reaction of Benzynesy
Benzyne reacts both as nucleophile and electrophile



Reaction of Benzynesy

Nucleophilic addition to Benzyne



Reaction of Benzynesy



Reaction of Benzynesy



Reaction of Benzynesy



Reaction of Benzynesy



Reaction of Benzynesy



Reaction of Benzynesy



Reaction of Benzynesy



Reaction of Benzynesy
Preparation of anilines

Preparation of IndolesPreparation of Indoles



Reaction of Benzynesy
Two Benzyne cyclization reactions complete the skeleton



Reaction of Benzynesy

RCM

Oxidative

t Cl il t B

Oxidative 
Lactonization

Benzyne coupling
ent-Clavilactone B

antifungal, antibacterial

epoxidationJ. Am. Chem. Soc. 2006, 128, 14042.



Reaction of Benzynesy
The removal of two vicinal hydrogen atoms from an alkane to produce
an alkene is a challenge for synthetic chemists

Nature 2013, 501, 531.



Reaction of Benzynesy

JACS, 2015, 137, 74



Bergman CyclizationBergman Cyclization

Robert G. Bergman



Bergman Cyclization

A rearrangement reaction taking place when an enediyne is heated in 
presence of a suitable hydrogen donor

g y

presence of a suitable hydrogen donor.



Natural Products Containing Enediynesg y



Natural Products Containing Enediynesg y

Bergman Cyclization is the reaction nature uses to generate lethal fragments to DNA 



Reactivity of Enediynesy y



Reactivity of Enediynesy y

Chem. Asian. J., 2012, 7, 2547



Enediynes for Surface Sciencey

J. Am. Chem. Soc., 2013, 135, 8448.



Enediynes for Surface Sciencey
Direct Imaging Covalent Bond in Single-Molecule Chemical Reactions

Science, 2013, 340, 1434.


