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Key Texts

Iridium Catalysis: Background

Group IX

Basic properties of iridium based catalyst systems:

Oxidation states -Backbonding

Co
27

Rh
45

I, III

Ph3P Rh Cl
Ph3P C O
vco, 1980 cm-1

Ph3P Cl

C O

Increase

Ir
77

I, III and V
Ph3P Ir Cl
Ph3P C O
vco, 1965 cm-1



12/7/2011

3

Allylic Substitution: Background

Allylic Substitution: Early Asymmetric Examples
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Allylic Substitution: Phosphoramidite Ligands

Phosphoramidite ligands:

O

O
P N

Ph

Ph

Me

Me

Very general ligandR OCO2Me
A[Ir(COD)Cl]2 (1 mol%)

A (2 mol%)

Ph

NHBn 84% Yield
98:1 branched:linear

95% ee

n-Pr

NHBn 66% Yield
88:12 branched:linear

95% ee

Hartwig et al. JACS, 2002, 124, 15164

y g gA (2 mol%)
THF, rt

R2NH (200 mol%)

n Pr 95% ee

Ph

N 75% Yield
98:2 branched:linear

97% ee

O

O
P N

R

Ph
Me

General architectures:

Feringa et al. ACIEE, 1997,
36, 2620

O

O
P N

R

Ph
Me

Allylic Substitution: Metallacyclic Complexes
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Allylic Substitution: Enolates

Ph OCO2Me
[Ir(COD)Cl]2 (2 mol%)

A (4 mol%), THF, rt
LiCl (100 mol%) Ph

98% Yield
91:9 branched:linear

86% ee

CO2MeMeO2C

MeO2C CO2Me

No catalyst preformation:

PhCO2MeMeO2C

Na

Ir P

O

O
P N

Ph

Ph

Me

Me

A

O
OIr P

N

Ph

Me

Ph

O

Allylic Substitution: Carbon Nucleophiles
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Allylic Substitution: Carbon Nucleophiles

Allylic Substitution: Oxygen Nucleophiles

Ph OCO2t-Bu

[Ir(COD)Cl]2 (1 mol%)
A (2 mol%), THF, 25 oC

CuI (210 mol%) Ph

O

86% Yield 96.5:3.5 dr

C5H11

RCM

Ph

O

84% Yield

C5H11

Catalyst controlled diastereoselectivity:

LiO

C5H11
(200 mol%)
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Allylic Substitution: Nitrogen Nucleophiles

Allylic Substitution: Summary
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Asymmetric Hydrogenation: The Problem

Asymmetric Hydrogenation: Towards Effective Catalysts
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Asymmetric Hydrogenation: The Solution

Asymmetric Hydrogenation: Anion Effects
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Asymmetric Hydrogenation: Catalyst Preparation

Asymmetric Hydrogenation: Trisubstituted Alkenes
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Asymmetric Hydrogenation: Trialkyl Alkenes

Alk
Alk

Alk [Ir(P,N)COD]BARF (1 mol%)

CH2Cl2, H2 (50 bar), r.t., 2h
Alk

Alk

Alk * P,N =
N

O
(o-Tol)2P

Ph

Pfaltz et al Science 2006 311 642; ACIEE 2008 47 2298

>99% Yield, 93% ee

Me
Me

>99% Yield, 98% ee

Me

Me

>99% Yield, 98% ee

Me

Me

Pfaltz et al. Science 2006, 311, 642; ACIEE 2008, 47, 2298

Asymmetric Hydrogenation: Tetrasubstituted Alkenes

R3

R2

R1 [Ir(P,N)COD]BARF (2 mol%)

CH2Cl2, H2 (1-50 bar), r.t.
R3

R2

R1
*

R4 R4

* P,N =

C

N

O(R1)2P

R2

A R1 = Ph, R2 = i-Pr
B R1 = Cy, R2 = Ph

N

O

i-Pr

Ph2P

>99% Yield, 97% ee
B

>99% Yield, 94% ee
A

20% Yield, 88% ee
A

MeO

Me
Me

Me

Me

Me

Me

Ph

Me Ph

Pfaltz et al. ACIEE 2007, 46, 8274

>99% Yield, 73% ee
A

32% Yield, 91% ee
B

Me
Me

Ph
Me

>99% Yield, 94% ee
C
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Asymmetric Hydrogenation: Fluorinated Alkenes

Asymmetric Hydrogenation: Heteroarenes

General concept:

R4
R3

R2 R4
R3

R2
*catalyst/L*

NR1 R5 N
H

R1 R5*
* * *

*

X
X = NR, O, S

R2

R1 R4

R3

X

R2

R1 R4

R3

*
* *

*

catalyst/L
H2

catalyst/L*
H2

Readily
assembled

Stereochemically
complex

, ,
Readily

assembled
Stereochemically

complex
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Asymmetric Hydrogenation: Indoles and Furans

Asymmetric Hydrogenation: Quinolines and Pyridines
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Hydrogenative C-C Bond Formation: Background

Hydrogenative C-C Bond Formation: Vinylation
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Hydrogenative C-C Bond Formation: Vinylation

Hydrogenative C-C Bond Formation: Vinylation
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Hydrogenative C-C Bond Formation: Vinylation

Stereochemical model:

Rs

Ph Ph

Favored mode of addition

RL
Ir

P

P

Ph

Ph

Ph

N
R(R)

(S)

S

Ar

O

O

Ir
P

P

Ph

Ph

Ph

N
(R)

S

Ar

O

O

Rs RL

H

R

Hydrogenative C-C Bond Formation: Allylation
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Hydrogenative C-C Bond Formation: Allylation

Hydrogenative C-C Bond Formation: Allylation
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Hydrogenative C-C Bond Formation: Allylation

Transfer Hydrogenative C-C Bond Formation
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Transfer Hydrogenative C-C Bond Formation

R

OH

MeMe

(5 mol%)

P
P IrIr O

O

NO2

O
O

O
O Ph2

Ph2

NC

OH

R

O
or

Me

Me

PhMe or THF, 30-50 oC
For Aldehydes

O

O

NO2

IrIII
O

O

O

NO2

IrIII
R

O

O

NO2

IrIII
O R

O

O

NO2

IrIII
H

O R

H

R'
H

P
P

P
P

P
P

P
P

Me

Me

Me

Mechanism:

R
For Aldehydes

i-PrOH (200 mol%)

O

O

NO2

IrIII

R

OH O

O

NO2

IrIII
OP R

H H

RCH2OH P
P
P

Me

Me

Me
Me Me

Me

Me

Transfer Hydrogenative C-C Bond Formation: Allylation
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Transfer Hydrogenative C-C Bond Formation: Crotylation

OH

R

O
or

OAc

Asymmetric carbonyl crotylation: Krische et al. JACS, 2009, 131, 2514.

OH

OH

66% Yield, 7:1 dr, 96% ee
61% Yield, 7:1 dr, 86% ee

Ph

[Ir(cod)Cl]2 (2.5 mol%)
(S)-SEGPHOS (5 mol%)

Cs2CO3 (20 mol%)
4 CN 3 NO BzOH (10 mol%)

Aldehydes
Alcohols

Me

Me

1 equiv.

O

R (CH2)7Me

77% Yield, 11:1 dr, 97% ee
69% Yield, 7:1 dr, 97% ee

4-CN-3-NO2BzOH (10 mol%)
THF, 90 oC

Me
For Aldehydes

i-PrOH (200 mol%)

Me

Aldehydes
Alcohols

Transfer Hydrogenative C-C Bond Formation: Crotylation
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Transfer Hydrogenative C-C Bond Formation: Catalyst Recycling

OH

Me

N Br

Using preformed catalyst:

75% Yield, 14:1 dr, 98% ee
50% Yield, >20:1 dr, 97% ee

RCHO
RCH2OH
No product observed with in situ catalyst!

Catalyst can of ten be prepared in situ and then recycled: Krische et al. OL, 2011, 13, 2484

OH
Ph2

[Ir(cod)Cl]2 (2.5 mol%)
OH

BocHN

20 mmol scale

P
P IrIr O

O

NO2

Ph2

Cl

4-Cl-3-NO2BzOH (10 mol%)
Cs2CO3 (20 mol%)

Allyl Acetate (250 mol%)
THF-H2O (0.4 M), 100 oC, 48 h

(S)-BINAP (5 mol%) OH
BocHN

68% Yield, 92% ee

+

91% Yield
(Isolated by SiO2
chromatography)

Transfer Hydrogenative C-C Bond Formation: Bidirectional

70% Yield
> 99% ee, > 30:1 dr

HO OH O O

Unstable

HO OH

HO OH
[Ir(cod)Cl]2 (5 mol%)

(S)-Cl,MeO-BIPHEP (10 mol%)
OAc

Bidirectional allylation: Krische et al. ACIEE 2009, 48, 5018.

66% Yield
> 99% ee, 20:1 dr

HO OH

Unknown

O OHO OH
Cs2CO3 (40 mol%)

4-Cl-3-NO2-BzOH (20 mol%)
Dioxane (0.2 M), 90 oC

R
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Transfer Hydrogenative C-C Bond Formation: Roxaticin

Repeat using
(S)-IrLn

OO OO OHHO

Me Me Me Me

"Second Iteration"
52% over 3 steps

Transfer Hydrogenative C-C Bond Formation: Bryostatin
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Iridium Catalysis: Summary

3. Transfer hydrogenative C-C bond formation

R1

OH
OH

R

O

R

or
R2

R2

P
P IrIr O

O

NO2

O
O

O
O Ph2

Ph2

NC
LG

(i-PrOH for aldehydes)

cat. Ir/Ln e.g.

Prepared in situ


