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Chiral Allenes: General Information
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Axially Chiral Allenes: Nomenclature
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Some Facts About Chiral Allenes

• The rotation barrier to stereoisomerization of chiral allenes amounts to
195 kJ/mol for 1,3-dialkylallenes and to > 125 kJ/mol for 1,3-
diarylallenes, while the threshold for isolation of stereoisomers at 20oC
is 83 kJ/mol.

• Higher cumulenes - pentatetraenes and heptahexaenes - have lower
rotation barrier. Thus, only few enantioenriched pentatetraenes and no
heptahexaenes are known.

• Cumulated double bonds in allenes are strained. Upon undergoing any
addition reaction it experiences a relief in strain of about 40 kJ/mol.
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Chiral Allenes: Historical Insight
• 1875, Jacob van't Hoff  - Prediction of the existence of two

enantiomeric forms for an asymmetrically substituted allene
• 1935, Maitland and Mills - First experimental confirmation of van't Hoff's

hypothesis. Formation of slightly dextrorotatory sample of allene by
dehydration of allylic alcohol with (+)-camphor-10-sulfonic acid.

• 1952, Celmer and Solomons - The discovery of mycomycin, the first
optically active allene found in nature.
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Some Naturally Occurring Chiral Allenes
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Ring Opening of Cyclopropanes
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Synthesis of Chiral Allenes: [3,3]-Rearrangements
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Synthesis of Chiral Allenes: [2,3]-Rearrangements
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Copper-Mediated SN2’ Substitution
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Halogen Effect in Copper-Mediated Substitution
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Two Possible Mechanisms of Copper-Mediated
Substitution
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Studies on the Nature of Halogen Effect
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Synthesis of Chiral Allenes Using Organozinc Reagents
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Approach based on Mitsunobu reaction
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First successful catalytic synthesis of chiral allene
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Scheme of Suggested Mechanism of Catalytic Reaction
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Other Catalytic Syntheses of Chiral Allenes
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Nazarov Cyclization of Allenyl Ketones
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Proposed Mechanism for Allenyl Ketone Cyclization

O H

C

R3

H
O OMeR1

R2

O H

C

R3

H
O OMeR1

R2

OH
OR1

R2 R3
H

H

OH
OR1

H H

R3

R2

favored

disfavored

Hu, H.; Smith, D.; Cramer, R.E.; Tius, M.A. J. Am. Chem. Soc. 1999, 121, 9895-9896



Chiral Modification of Allene Nazarov Reaction
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Camphor-Derived Auxiliary for Asymmetric
Cyclopentannelation
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Preparation of Optically Active Allenylsilane
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Asymmetric Photocycloaddition with an
Optically Active Allenylsilane
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Ti(II)-mediated Asymmetric Allenyne Cyclization
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Cyclization of 1,2-Dien-7-ynes
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Cyclization of 1,2-Dien-6-ynes
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Allenic Pauson-Khand Type Cycloaddition
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The Use of Chiral Allenes as Ligands for Catalysis

Sato, I.; Matsueda, Y.; Kadowaki, K.; Yonekubo, S.; Shibata, T.; Soai, K. Helv. Chim. Acta, 2002, 
85, 3383 - 3387.
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Synthesis of (-)-Malyngolide Using Chiral Allene
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Chiral Allenic Stannanes: Preparation
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Chiral Allenic Stannanes: Preparation of Four
Possible Naturally Occurring Chiral Triads
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Mechanism for syn,syn- and syn,anti- Products
Formation
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Transmetallations with SnCl4
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Mechanism for SnCl4 Reactions
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The Use of Propargylic Stannanes
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Conclusions

• Axially chiral allenes are very diverse and interesting synthetically
useful class of compounds. Numerous chiral allenes can be found
in nature.

• There are many effective methods of nonracemic chiral allene
preparation. Only a few effective asymmetric catalytic reactions
are known.

• Allenes are successfully used in many synthetic transformations,
but rarely exploited as ligands for catalytic asymmetric reactions.
They have been extensively used in natural product synthesis.
Naturally occurring chiral allenes also have been synthesized.
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