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Ligand Caused Dymanic Change in Catalyst Profile
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1. Introduction

1-1 Property of Pd-Catalyzed Aerobic Alcohol Oxidations

-Benchmarks in catalyst development

i) DMSO system

X" OH

ii) Pyridine system
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5 mol % Pd(OAc),, 1atm Oy
DMSO, (NaHCO3), 80 °C, 24 h

2/8

0
R~ N H
L
or
0 y. 42-96%

5 mol % Pd(OAc)», 1atm O,
Pyridine (20 mol %), MS3A, toluene

80°C,2h

-Recently advanced milder conditions

iii) Triethylamine system
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d in the literature. » Average of two experiments. < 36 I 4 0.1 M alcohol. « Product is the corresponding Iactone.

[ Reaction proceeds at rt, 1 atm O, !!

Sigman, M.S.et al. Chem. Commun. 2002, 3034



iv) NHC system
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2. Ligand Effect in Alcohol Oxidation Part

2-1 Pyridine system v.s. NEt3 system

2-1 Pyridine system v.s. NEt; system
2-2 Dilemma and New Design

2-3 NHC system

2-4 Key Role of Acid

Stahl, S. S. etal. J. Am. Chem. Soc. 2004, 126, 11268

Sigman, M. S. etal. J. Am. Chem. Soc. 2005, 127, 8499

OH 0]
Pd-Catalyst

solvent, additive

Pyridine: 5 mol % Pd, O, 80 °C

Triethylamine: 3 mol % Pd, Oo, rt
What makes the difference??
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-Proposed mechanism for pyridine system
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+Conclusion
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| Stronger n-back donation
-~ Stronger bond with Pd

Bulky

NEts .
Weaker bond with Pd

—> Large energy for dessociation

rate-limiting step shift

NEt,

j ACO—F”d'—OAC gengeration

7

2-2 Dilemma and New Design

-Reaction rate dependency on ligand loading

-Same dilemma was seen in Py system
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-New Catalyst Design Sigman, M. S. et al. Angew. Chem. Int. Ed. 2003, 42, 3810
Carreira, E. M. et al. Angew. Chem. Int. Ed. 2008, 47, 4482
-Monodentate ligand : ; P
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2-3 NHC system

OH

Pd catalyst (1 mol %), PivOH (0.5 mol %)

P

MS3A, toluene, 1atm Air, rt, 14 h

What makes this possible 77

Sigman, M.S.etal. J. Am. Chem. Soc. 2004, 126, 9724
Sigman, M.S.et al. J. Org. Chem. 2005, 70, 3343
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-Proposed machanism of alcohol oxidation part . Nf=\N
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2-4 Key Role of Acid
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-Change of Rate-Limiting Step

Kinetics study without AcOH
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Table 3. KIE Values at Various HOAC Concentrations

[HO#et E HOAC KIE [HOA) KIE
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-Enerqy Profile for Catalyst Oxidaiton

Stahl, S. S. etal. J. Am. Chem. Soc. 2007, 129, 4410
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3. Ligand Effect in Catalyst Oxidation Part
3-1 Major Reaction Mechanisms and Similarity of Them
-Two Commonly Proposed Mechanisms
Stepwise via Pd(0) Direct insertion of O, to Pd-H
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-Why Triplet O» can React with Pd Catalyst ? *
= Stahl, S. S. et al. J. Am. Chemn. Soc. 2007, 129, 4410

tion profile for stepwise via Pd(0
HRASHEIN PR P © Electronic structure of two unpaird electrons

40.0 82 ~ -~ — Open-Shell Faplet {OST) Surface
= —— Opan-Shell Singlet {0SS) Surfece
‘\\ === Closed-Shell Singlet (CS5) Suripoe
0.0 Ma + {Free Energy, 4695}
spin cross-over
v-;g 20.0 a';}.\ \k'
® 100+ “ar
\;::_: ______________
g rﬂ.n £8
< o0 o . N
s -~ - Spin density H
E ) oy L L A
100+ ©F e Pl On Oxygen: 0.91 On Pd: 0.75
Me [ b 0
20.0 «® sze o e # ; -
T s " og \ i -Spin delocalization
0y | QB Hanirl Ehafme -Separation of two electrons

Reaction profile for direct insertion of O, to Pd-H
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3-2 Relationship between Ligand and Mechanism
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