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Intermolecular C-C bond formation
Heck reaction
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Mechanism
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See also:
Suzuki coupling:
Chem. Rev. 1995, 95, 2457.



Trost:


Chem. Rev. 1996, 96, 395.
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Scope of the Heck reaction

Control over regioselectivity is required for effective use. 

For intramolecular reactions, 5-exo and 6-exo cyclizations are favoured. 

With acyclic alkenes a mixture of regioisomers results (due to weak selectivity in the β-hydride elimination step), but use of cyclic alkenes prevents the formation of undesired substitution products. 

The reaction can also be described as a syn-addition followed by a syn-elimination:
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The potential reversibility is minimized by using low temperatures or additives such as silver salts.

Reaction conditions

· Pd catalyses oxidation of P, therefore use inert atmosphere (N2 or Ar).

· Precatalyst: 5 to 10% Pd(II) or Pd(0), e.g. Pd(OAc)2, Pd2(dba)3.

· Ligand: use 2.0 equiv when Pd(II) is used. For asymmetric reactions use chiral ligands such as BINAP, DIOP, Chiraphos.

· Additive: Ag(I) increases reaction rates of unsaturated halides.

· Base: Usually 3—5 equiv of K2CO3, CaCO3, Et3N, 1,2,2,6,6-pentamethylpiperidine (PMP).

· Solvent: Polar aprotic solvents such as THF, CH3CN, DMF are often used.

· Temperature: Room temperature to 100oC.

Examples

Dounay & Overman, Chem. Rev. 2003, 103, 2945—2963.
Formation of tertiary stereocentres

Vernolepin
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Formation of quaternary stereocentres

Physostigmine
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Stille modification
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Tandem-Heck reactions
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A de Meijere et al., Angew Chem, 1999, 111, 1550.
CO insertion
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See:
Chatani:
J Amer Chem Soc, 1996, 118, 493-494.
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Pauson-Khand reaction
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Domino Pauson-Khand reaction
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Both intra- and intermolecular Pauson-Khand reactions are promoted by alkyl methyl sulphides:
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T Sugihara et al., Synlett, 1999, (6), 771-773
More:  
Read:
ME Krafft et al., J Org Chem, 2001, 66, 3004-3020.




H Cao et al., Tetrah Lett, 2000, 41, 5313-5316.




J Castro et al., J Amer Chem Soc, 2000, 122, 7944-7952. 
Baylis-Hillman reaction
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A 3-component reaction involving the coupling of the (-position of activated alkenes with carbon electrophiles under the catalytic influence of a tertiary amine. This provides a densely functionalized molecule:

Mechanism

Possibly a Michael-initiated addition-elimination sequence:

[image: image43.wmf]O

O

H

O

S

i

M

e

3

H

O

S

i

M

e

3

O

H

1  2

2  NMO

C

o

2

(

C

O

)

8


Baylis, Hillman, German Patent 2155113, 1972; Chem Abstr, 1972, 77, 34174q.

Drewes, Roos, Tetrah, 1988, 44, 4653.



See also:
Basavaiah et al., Chem Rev, 2003, 103(3), 811-891


Applications

Synthesis of epothilone E

Nicolaou et al, Bioorganic & Medicinal Chem, 1999, 7(5), 665.
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Combination of transition metal catalysed processes
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Brummond & Lu, J Amer Chem Soc, 1999, 121, 5087-5088.
2
Double bond formation
Claisen rearrangement
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Ester enolate Claisen rearrangement
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Hu & Porco, Tetrah Lett, 1999, 40(17), 3289.
Oxy-Cope rearrangement

[image: image20.wmf]H

O

H

O

H

O


[image: image21.wmf]O

O

O

H

O

H


Highly substituted alkenes

[image: image22.wmf]R

H

H

O

H

H

2

O

O

A

l

R

H

L

i

A

l

H

4

R

O

H


[image: image23.wmf]H

R

M

e

O

H

M

e

R

H

O

H

L

i

C

u

M

e

2

e

x

c

e

s

s

L

i

C

u

M

e

2

e

x

c

e

s

s

H

R

I

O

H

I

R

H

O

H

I

2

L

i

A

l

H

4

:

A

l

C

l

3

, h

e

a

t

,  -78°C

,  -78°C

1

2

1

2

L

i

A

l

H

4

:

N

a

O

M

e

I

2

O

H


[image: image24.wmf]L

i

A

l

H

4

l

ow

 T

M

e

R

H

O

H

L

i

C

u

M

e

2

M

e

R

C

O

2

M

e

H

R

C

O

2

M

e


[image: image25.wmf]H

E

t

E

t

M

e

L

i

C

u

M

e

2

E

t

H

E

t

C

H

2

O

H

E

t

H

E

t

C

O

2

H

H

E

t

E

t

I

H

C

H

O

C

O

2

I

2

H

E

t

E

t

A

l

R

2

E

t

H

E

t

A

l

R

2

L

i

A

l

(

i

B

u

)

2

H

M

e

E

t

E

t



[image: image26.wmf]M

e

3

S

i

C

H

2

R

B

u

L

i

M

e

C

H

O

1

2

R

M

e

H

O

H

S

i

M

e

3

H

H

M

e

R

O

H

S

i

M

e

3

H

+

threo

erythro

H

+

t

r

a

n

s

 e

l

i

m

i

n

a

t

i

on

ba

s

e

s

y

n

 e

l

i

m

i

n

a

t

i

on

R

M

e

R

M

e


Petersen olefination

3
Ring syntheses





See:
Lautens:
Chem Rev, 1996, 96, 49.







Ojima:

Chem Rev, 1996, 96, 635.
Ring closure metathesis
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See also:
Pagenkopf:
J Amer Chem Soc, 1996, 118, 2285.





Hicks:
 J Amer Chem Soc, 1996, 118, 9450-1, 11688-9.







Chem Rev, 1996, 96, 907.

Intramolecular ketene cycloaddition
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Regioselectivity:
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Cyclopropanation principles

Halomethyl-metal – Zn, Sm, Al:
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Transition metal-catalysed decomposition of diazo compounds:
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Nucleophilic addition-ring closure:
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See:
Charette: Chem Rev, 2003, 103, 977-1050.
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