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Structure of Allene

Chirality of Allene
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Allenes: 1,2-dienyl compounds with stereogenic axis
In 1875, Van’t Hoff had expected an allene structure

In 1887, Burton and von Pechmann reported the first documented synthesis




Natural Allenes
Representative natural products containing an allene moiety
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Preparation Methods
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Isomerization Reactions Crabbe Homologative Allenylation
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Sigmatropic Rearrangements Metal Mediated S\2' Type Substitutions
7 R Claisen Protocol : d
R' = alsen Frotoco , \. . R.CuLi <
. . LDA i. TMSCl  * jR /\/ﬁ// T NNUR
OH T > MsO H y
f\ iii. 67°C iv. CH,N, CO,Me H
O
A variety of _ _ _ Various nucleophiles and metals have been utilized
[2,3]-Wittig, [2,3]-Sigmatropics are well established for this transformation
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n-Facial Aspects of 52’

Self-immolative chirality trasfer from center to axis chirality
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Both modes are stereoelectronically allowed

In general,
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Syn S,2’ Displacement
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Stork, G. et al., J. Am. Chem. Soc. 1953, 75, 4119; 1977, 99, 3850

Mechanistic Aspects of Syn Sy2' Reaction
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Anti 5,2’ Displacement

Organocuprate and Organocopper Compounds
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Anti vs Syn Selectivity
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Plausible Pathways

BuMgX + CuBr
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Sy2’: C-C Bond Formation
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Sy2’: C-X Bond Formation
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Sy2’: C-H Bond Formation

Maumeler, A. et al. Hel. Chim. Acta 1990, 73, 700.

Anti
_ THPOY
THPQO LiAIH, s H
N R ~N= R,
RY—=— - HAZ\ H,-——-=§_ Berger, A. et al. Synthesis 1989, 93.
H OH H-Alg OH
H® L
Syn
H QH (SOzAr
< NBSH H-N—N H N=N H Rl H
4 R? _— H'\-A N o SN —
RY PhsP,DEAD /\RZ -NO2PhSO,H H)¢ R2 | -N2 H R2
R? R?
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Pd Catalyzed Reactions
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Pd Catalyzed Allylic Substitution
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Hayashi, T. et al.
J. Org. Chem. 2005, 70, 5767.

Also see,

1
J. Am. Chem. Soc. 2001, 123, 2089. /AN
Org. Lett. 2003, 5, 217. ’ :2=<
‘
/'=- H

Dried bean beetle




Reactions of Allenes: General Survey

( ) ( )
Cycloaddition Oxidation--Oxo transfer
\‘\OH R2
: o R
SN Rl'\ H RuCl;(cat) R2
\ 5 = Nalo, o CO,Et
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Various transition metal catalyzed As aunique substrate
cycloisomerization of allenes for many metallic cations
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Ma, S. Chem. Rev. 2005, 105, 2829-2871.




Activating Metals for Allenes
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Less Natural — pore
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Oxidation i .
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VN A
Re Ox Redox Re Ox
V v
B-H ] . .
Yes elimination No, usually proto-demetallation--charateristic!

Hoffmann-Roder, A.; Krause, N. “The Golden Gate to Catalysis” Org. Biol. Chem. 2005, 3, 387-391
and references cited therein.




Regiochemical Courses
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AXxis to Center Chirality Transfer
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Krause, N. et al. Org. Lett. 2001, 3, 2537; Synthesis 2002, 1759;

Org. Lett. 2004, 6, 2141.

Also, see review: Arcadi, A. Cur.Org. Chem. 2004, 8, 795.

Complete chirality transfer
Reaction rate: Au(lll) >> Ag(l)

R4
Rlln R ——

Q Me 1 Me
H H i
AuCly | Proto-
l demetallation

center chirality

OTBS
e\\ |II

OMe

Rl\‘z >\"'R4 ll
Me
2_5 wia. _CHO
" MR
Me' " Ng Mh/Mﬁ\

Citreoviral




Exo case: Clavepictine A
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Allenyl ketones to Furan
R R2 Rh(]) R?
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Marshall, J. A. J. Org. Chem. 1990, 55, 3450.
J. Org. Chem. 1995, 60, 3796.
Hashmi, A.S.K. Angew. Chem. Int. Ed. 2000, 39, 2285.
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Gevorgyan, V. et al. J. Am. Chem. Soc. 2005, 127, 10500.
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C-C Bond Formation
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Pd(Il) Mediated Reactions
Q B\ e = 0 Me
MgBr HO 5 mol% Pd(PPhs),
N I > > O
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Type Il N\/\© .
Nagao, Y.; Jeong, |.-Y. Tetrahedron Lett. 1998, 39, 8677
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Liu, G.; Lu, X. Tetrahedron Lett. 2003, 44, 127.



Summary

Synthesis of allenes: The most standard and convenient method for the
asymmetric synthesis of allenes is the manipulation of chiral propargyl
alcohol derivatives, for which recent progress of catalytic asymmetric
synthetic methods would provide a wide variety of chiral starting materials.

Reaction of allenes: Allene, a very interesting compound with a hybrid
character of an olefin and an acetylene, is a versatile functionality because it
Is useful as either a nucleophile or an electrophile and also as a substrate for
many chemical transformations mediated metal catalysts. This multi-reactivity
makes an allene as excellent candidate for many synthetic manipulations.

Outlook: Some recent reports have demonstrated the potential usefulness of
axially chiral allenes as synthon. However, methods for supplying the optically
pure allenes are still limited. Further novel asymmetric catalysis for the
preparation of allenes will certainly be developed. Application of allenes in
useful stereoselective synthesis has been made possible by the use of chiral
allenes and exciting developments in this field in the near future seem certain.




