
Ketene chemistry and the 

application in synthesis

Dong group at UT Austin

XuanZhou

Nov 14, 2013 



Ketene chemistry

Content

ÅA brief history of ketene

ÅType of ketenes

ÅKetene preparation

ÅKetenes in synthesis

Reviews about ketenes:
T. T. Tidwell, Ketenes, 2nd ed., wiley interscience, Hoboken, NJ, 2006.

T. T. Tidwell, Eur. J. Org. Chem. 2006, 563-576.

T. T. Tidwell, Angew. Chem. Int. Ed. 2005, 44, 5778-5785.



A brief history of ketene

The first reported ketene: Diphenylketene

Wedekind



Ketene and its Dimer:

N.T.M.  Wilsmore, J. Chem. Soc. 1907, 91, 1938

Asymmetric reactions of ketene: 

H. Pracejus, Justus liebigsAnn. Chem. 1969, 722, 1-11



Bisketenes

First prepared bisketenesby Wolf in 1906

O. Diels, B. Wolf, Ber. Dtsch. Chem. Ges. 1906, 39, 689-697

First observed bisketenesin 1982

G. Maier, H. P. Reisenauer, T. Sayrac, Chem. Ber. 1982, 115, 2192



Substituenteffectsof ketene

Melvin Newman Shchukovskaya

Cycloadditionsof ketenes

Lee Irvin Smith Derek H.R. Barton

Angew. Chem. Int. Ed. 2005, 44, 5779-5785



Type of ketenes

ÅAlkylketenes

Carbon-substituted ketenes

2 3 4

ÅAlkenylketenes

5 6 7

Åalkynylketenesand cyanoketenes

8 9 10



ÅArylketenes

1 2 3

ÅAcylketenes

4 5 6

ÅImidoylketenes

azetinones7 8

Type of ketenes



Nitrogen-substituted ketenes

1 Nitroketene Azidoketene Isocyanatoketene 2

Oxygen-substituted ketenes

3 4 5 6



Halogen-substitutedketenes

Silyl-ketenes

1 2 3 4

5 6 7



Phosphorous,sulfur,metal-substitutedandbis ketenes

1 2

5 6 7 8

9 10

11 12



Ketene preparation

Ketenes from ketene dimers

ÅPyrolysisof ketene dimer

1 2 3 4

5 6

ÅPhotolysis of ketene dimer



Ketenefrom carboxylicanhydrides

1 2 3 4

5

11 12 13

9 10



Ketenesfrom acylhalidesandactivatedacids

1 2

3 4 5

6 7

8 9



Ketenes by dehalogenationof a-Halo carboxylic acid 

derivatives

The first prepared  ketene

3 4 5

The most common used ketene-dichloroketene

6

9 10



Ketenesfrom diazoketones(Wolff rearrangements)

hv or heat



Wolff rearrangementsin synthesis

51 52 53



CatalyzedWolff rearrangements

1
2

3 4 5

6 7 8



Ketenefrom cyclobutanoneandcyclobutenone



Ketenefrom cyclobutanoneandcyclobutenone

88



Ketenesfrom dioxinones



Keteneby thermolysisof Alkynyl ethers



Cycloadditionreactionof ketenes



[2+2] cycloadditionof ketenes

Regio-selectivity of [2+2]



[2+2] cycloadditionof ketenes

Cycloadditionketenes with Alkenes

Cycloadditionketenes with nucleophilicalkenes

Cycloadditionketenes with Allenes



[2+2] cycloadditionof ketenes

Cycloadditionketenes with alkynes



Reactionsof ketenes

Cycloadditionketenes with imines form ̡-lactam

[3+2] Cycloadditionof ketenes

[4+2] Cycloadditionof ketenes



Reactions of ketenes
Intramolecularcycloadditionof ketenes

cycloadditionof ketenes with carbonygroups

27

Nucleophilicaddition to  ketenes



Ketenesin synthesis

Ketenes in polymer chemistry

38

C.J. Hawker etc, Nature chem. 2010, 2, 207-212



Ketenes in polymer chemistry



Ketenesin synthesis

Total synthesis of macrocidinA

K. Suzuki, Angew. Chem. 2010, 122, 893

69



Ketenesin synthesis

Total synthesis of (-)-callipeltosideA

H. Zhao, J. Org. Chem. 2010, 75, 7052

67
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