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Allenes

1 2 di• 1,2-diene
• First allene derivative was prepared in 1887
• Originally thought to be unstableOriginally thought to be unstable
• Discovered in naturally occurring molecules by Staudinger and 

Ruzicka in 1924
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Modern Allene Chemistry; Krause, N.; Hashmi, A. S. K. Eds.; Wiley-VCH: Weinheim, Germany, 2004; Vols. 1-2.
Hasmi, A. S. K. Angew. Chem. Int. Ed. 2000, 39, 3590-3593.

Zimmer, R.; Dinesh, C. U.; Nandanan, E.; Khan, F. A. Chem. Rev. 2000, 100, 3067-3125.



Synthesis of Allenes
Isomerization Reactions:
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Modern Allene Chemistry; Krause, N.; Hashmi, A. S. K. Eds.; Wiley-VCH: Weinheim, Germany, 2004; Vols. 1-2.

R= Cu, Mg, Li, Ti, In



Enantioselective Synthesis of Allenes
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Axial Chirality is an important feature of allenes.
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Allenes in Multicomponent Coupling Reactions

• Allenes can serve as useful substrates in multiple componenet
coupling reactionscoupling reactions

• Coupling of multiple organic compounds to form multiple bonds 
in a single reaction.

• Need to suppress direct coupling of the nucleophile and the 
electrophile.

• Issues of selectivity also arise• Issues of selectivity also arise.

Hasmi, A. S. K. Angew. Chem. Int. Ed. 2000, 39, 3590-3593.
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Allyl Silanes

-Useful for selective C-C bond formation
-Stable and storeable

SiR3 E+

Lewis Acid
E

E+ = carbonyls, imines, electrophilic alkenes
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Hosomi, A. Acc. Chem. Res. 1988, 21, 200-206



Cheng – Synthesis of Allylsilanes
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Wu, M.-Y.; Yang, F.-Y.; Cheng, C.-H. J. Org. Chem. 1999, 64, 2471-2474.



Allyl Germanesy

-Low toxicity
-Undergo [3+2] cycloadditionsg [ ] y
-Selective addition to imines
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Cheng – Synthesis of Allylgermanes

C + +R1-X
Pd(dba)2,

80 °C t l

H
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Jeganmohan, M.; Shanmugasundaram, M.; Cheng, C.-H. Chem. Commun. 2003, 1746-1747.
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Mechanism of Allylmetalation

Jeganmohan, M.; Shanmugasundaram, M.; Cheng, C.-H. Chem. Commun. 2003, 1746-1747. 



Allyl Boronatesy

-Selective Addition to Carbonyls
-Suzuki couplingsSuzuki couplings



Cheng - Synthesis of Acylallylboronates

Yang, F.-Y.; Wu, M.-Y.; Cheng, C.-H. J. Am. Chem. Soc. 2000, 122, 7122-7123.



Monosubstituted Allenes
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50%, 98:2 E:Z71%, 99:1 E:Z70%, 98:2 E:Z



Explanation of E selectivity

Yang, F.-Y.; Wu, M.-Y.; Cheng, C.-H. J. Am. Chem. Soc. 2000, 122, 7122-7123.
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Suzuki Type Multicomponent Coupling

Base, solvent Temp (˚C) / time (h) Yield (%) A:B:C

None / DMF 70 / 48 No Rxn

NaOH / DMF 70 / 7 0 : 12 : 63

K2CO3 / DMF 70 / 12 51 : 14 : 102 3

CsF / CH3CN 70 / 24 12 : 0 :23

CsF / THF Reflux / 24 20 : 0 :32CsF / THF Reflux / 24 20 : 0 :32

CsF / DMF 70 / 7 88 : 0 : 0

Huang, T.-H.; Chang, H.-M.; Wu, M.-Y.; Cheng, C.-H. J. Org. Chem. 2002, 67, 99-105.



Disubstituted Allenes and Various Organic HalidesDisubstituted Allenes and Various Organic Halides
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51% 91% 68% 62% 42%

Huang, T.-H.; Chang, H.-M.; Wu, M.-Y.; Cheng, C.-H. J. Org. Chem. 2002, 67, 99-105.

51% 91% 68% 62% 42%



Monosubstituted Allenes

Huang, T.-H.; Chang, H.-M.; Wu, M.-Y.; Cheng, C.-H. J. Org. Chem. 2002, 67, 99-105.



Cheng - Nickel Catalyzed Coupling
OMe

C ClCp2Zr

+ +

NiCl2(PPh3)2 (5 mol %)
Zn powder
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Wu, M.-S.; Rayabarapu, D. K.; Cheng, C.-H. J. Am. Chem. Soc. 2003, 125, 12426-12427.



Substrate Scope
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THF, 50 °C 24h R
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OMe
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82%, 99:1 E:Z 81%, 98:2 E:Z 85%, 98:2 E:Z 81%, 99:1 E:Z
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Wu, M.-S.; Rayabarapu, D. K.; Cheng, C.-H. J. Am. Chem. Soc. 2003, 125, 12426-12427.

61%, 99:1 E:Z73%, 99:1 E:Z65%, 98:2 E:Z37%, 99:1 E:Z



Grigg – Allylation of Aldehydes

Anwar, U.; Grigg, R.; Rasparini, M.; Savic, V.; Sridharan, V. Chem. Commun. 2000, 645-646.



Montgomery – Intramolecular Coupling

Montgomery, J.; Song, M. Org. Lett. 2002, 4, 4009-4011.



Total Synthesis of (+)-Testudinariol A
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Amarasinghe, K. K. D.; Montgomery, J. J. Am. Chem. Soc. 2002, 124, 9366-9367.



Intramolecular Coupling Mechanismp g

Amarasinghe, K. K. D.; Montgomery, J. J. Am. Chem. Soc. 2002, 124, 9366-9367.



Malinakova – Intermolecular Coupling

Hopkins, C.D.; Malinakova, H. C. Org. Lett. 2004, 6, 2221-2224.



Mechanism
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Explanation of Regiochemistry

Hopkins, C.D.; Guan, L.; Malinakova, H. C. J. Org. Chem. 2005, 70, 6848-6862.



Reaction Scope
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O
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Hopkins, C.D.; Guan, L.; Malinakova, H. C. J. Org. Chem. 2005, 70, 6848-6862.



Grigg – Allylation of Iminesgg y

Cooper, I. R.; Grigg, R.; MacLachlan, W. S.; Thornton-Pett, M.; Sridharan, V. Chem. Commun. 2002, 1372-1373.



Diastereoselective Allylation

Cooper, I. R.; Grigg, R.; MacLachlan, W. S.; Thornton-Pett, M.; Sridharan, V. Chem. Commun. 2002, 1372-1373.



Synthesis of Unnatural Amino Acids

Grigg, R.; McCaffrey, S.; Sridharan, V.; Fiswick, C. W. G.; Kilner, C.; Korn, S.; Blacker, J. Tetrahedron 2006, 62, 12159-12171.



Malinakova - Synthesis of Homoallylic Amines

Catalyst Ligand R1= R2= Yield (%) dr

A ‐ OMe H 35 8:1

A P(o‐Tol)3 OMe H 61 7:1

B P(o‐Tol)3 OMe H 51 8:1

C ‐ OMe H 41 6:1

A P(t‐Bu)3 CO2Me H 70 18:1

A P(t B ) CO M OM 62 13 1A P(t‐Bu)3 CO2Me OMe 62 13:1

C P(t‐Bu)3 CO2Me OMe 74 12:1

Hopkins, C.D.; Malinakova, H. C. Org. Lett. 2006, 8, 5971-5974.



Unactivated Imines

C ++

Pd(OAc)2 (10 mol%)
P(t-Bu)3 (10 mol%)

CsF, THF, 40 °C
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R
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R H R
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OMe

MeO2C
C6H13 MeO2C

C6H13 MeO2C
C6H13CO2Me NO2

67%
50:1 anti:syn

61%
50:1 anti:syn

62%
50:1 anti:syn

HN

OMe

HN

OMe

HN

OMe

MeO2C
C6H13 MeO2C

C6H13 N MeO2C
C6H13OMe

64%57%47%

Hopkins, C.D.; Malinakova, H. C. Org. Lett. 2006, 8, 5971-5974.

64%
50:1 anti:syn

57%
50:1 anti:syn

47%
8:1 anti:syn



Synthesis of Amino Esters

Hopkins, C.D.; Malinakova, H. C. Synthesis. 2007, 22, 3558-2566.



Other AllenesOther Allenes

Hopkins, C.D.; Malinakova, H. C. Synthesis. 2007, 22, 3558-2566.



Jamison – Enantioselective Couplingp g

Ng, S.S.; Jamison, T.F. J. Am. Chem. Soc. 2005, 127, 7320-7321.



Mechanism
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H
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Ng, S.S.; Jamison, T.F. J. Am. Chem. Soc. 2005, 127, 7320-7321.



Site SelectivitySite Selectivity

i-Pr i-Pr

C
Me

HH

Cy
+

Ar H

O
Cy

Me

Ar

OSiR3Ni(cod)2 (20 mol%),
NHC-IPr A

THF

N N

i-Pr i-Pr+ R3SiH

98% ee NHC IPr A98% ee
98% ee

>95:5 Z:E

NHC-IPr A

Et3SiO t-BuMe2SiO PhMe2SiO

Cy

Me

Cy

Me

Cy

Me

93:7 allylic:homoallylic 90:10 allylic:homoallylic 93:7 allylic:homoallylic93:7 allylic:homoallylic
76%, >95:5

90:10 allylic:homoallylic
68%, >95:5

93:7 allylic:homoallylic
65%, >95:5

Ng, S.S.; Jamison, T.F. J. Am. Chem. Soc. 2005, 127, 7320-7321.



Jamison – Aldehyde Scope

Ng, S.S.; Jamison, T.F. J. Am. Chem. Soc. 2005, 127, 7320-7321.



Conclusions

• Allenes are versatile substrates for multiple component 
coupling reactionsp g

• Useful for the synthesis of a variety important 
compounds

• Can participate in reactions catalyzed by rhodium, nickel, 
and palladium

• Improvements to be made:
– Expanded substrate scope
– Improved diastereoselectivities
– Utilization of axial chirality
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Early Work with Allenes

C
H

H Pd(Cl)2(C6H5CN)2

benzonitrile
PdCl

Cl

Cl
Pd Cl

Schultz, R.G. Tetrahedron. 1964, 20, 2809-2813

C

Ph

NPd(OAc)2-dppe
C

R
+ +R1-X H N

CH3CN

Shi i I T ji J Ch L tt 1984 233 236Shimizu, I.; Tsuji, J. Chem Lett. 1984, 233-236.

C

R
+ +R1-X

EtO2C CO2Et

Na

R

CO2Et

CO2Et

R1

Pd(dba)2, dppe

40 oC, THF
R= n C H R CO2EtR= n-C7H15

Ahmar, M.; Barieux, J. J.; Cazes, B.; Gore, J. Tetrahedron 1987, 43, 513-526.



Tsuji – Early Work
C

R + +R1-X
H N

Ph
NPd(OAc)2-dppe

CH3CN

Ph
N

Ph
N

PhHO

Ph
N

N

Ph

82%, 3:1 Z:E 84%,9:1 Z:E 8%, 2.5:1 Z:E
79%, 1:1 Z:E

Pd(OAc)2-Ln

Pd(0) L
Ph

Pd(0)-Ln
R1-XR2N

R

R1PdX-Ln

C
R

R1

R

R2NH

RR

PdXLn

Shimizu, I.; Tsuji, J. Chem Lett.  1984, 233-236.



Gore - Early Work

Postulated that the stereoselectivity is dependent upon relative stabilities of syn or anti π-allyl complexes.

Ahmar, M.; Barieux, J. J.; Cazes, B.; Gore, J. Tetrahedron 1987, 43, 513-526.

Reaction is slowed by steric hinderance of the intermediate π-allyl complex.



Gore - Substituent Effects

C
R + +R1-X RO2C CO2R

Na

R

CO2R

CO R

R1

Pd(dba)2, dppe

65 °C THF

R1

R
+

R CO2R65 °C, THF RO2C CO2R

A B

CO2Et CO2Et CO2Et

Ph CO2Et

69%
A:B 91/9
E/Z 35/65

CO2Et

47%
A:B 100/0
E/Z 35/65

Me3Si
CO2Et

21%
A:B 100/0
E/Z 100/0

Me3Si

MeO MeO
CO2EtC4H9

94%
A:B 0/100

MeO2C CO2Me

MeO

62%
A:B 8/92
E/Z 67/33

MeO2C CO2Me OMe

CO2Et

CO2Et

41%
A:B 90/10

C4H9

Chaptal, N.; Colovray-Gotteland, V.; Grandjean, C.; Cazes, B.; Gore, J. Tetrahedron. Lett. 1991, 32, 1795-1798.



Cheng- Ni Catalyzed Mechanism

C
R

ClCp2Zr

R2+ +

NiCl2(PPh3)2 (5 mol %)
Zn powder

THF 0 °C 24h

R1

R
R1-I

THF, 50 °C, 24h
R2

R

Ni (II)

Zn

R1

R2
R

Ni (0)

R1-I

R

R1

Ni

Ni IR1

R Ni

R2ClCp2Zr
I

C
R

C
R

H H

H

Ni IR1

R

R1

Ni
I

ClCp2Zr

R2

R H

Wu, M-S.; Rayabarapu, D. K.; Cheng, C-H. J. Am. Chem. Soc. 2003, 125, 12426-12427.



Intramolecular Diastereoselective Allylationy

Cooper, I. R.; Grigg, R.; Hardie, M. J.; MacLachlan, W. S.; Sridharan, V.; Thomans, W. A. Tet. Lett. 2003, 44, 2283-2285.



Allenyl Esters as Lactone Precursors

C Ar
B(OH)2++

i) Pd cat A or B (10 mol%)
CsF, THF, rtO O

O
R OH

+

EtO2C

Catalyst Ligand (mol%) Boronic Acid (Eq) Allene (Eq) Aldehyde (Eq) Yield (%)

Ar
EtO2C H Ph Ar Ph

R

Ar Ph
R

A (10 mol%) None 2 5 1 75

A (5 mol%) None 2 5 1 41

A( 5 mol%) None 1 2.5 4 63

A (5 mol%) None 1 1.5 2 69

A (5 mol%) None 1 1.5 1 57

B None 2 5 1 33B None 2 5 1 33

Pd(OAc)2 PCy3 (10) 2 5 1 39

Pd2(dba)3 PCy3 (10) 2 5 1 23

Hopkins, C.D.; Guan, L.; Malinakova, H. C. J. Org. Chem. 2005, 70, 6848-6862.



Jamison- Synthesis of the Chiral Alleney

NBSH = o-nitrobenzenesulfonylhydrazine

Ng, S.S.; Jamison, T.F. J. Am. Chem. Soc. 2005, 127, 7320-7321.


