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Katalyse
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14.1.1. Definition of a Catalyst

The term “catalyst” was first introduced in 1836 by Berzelius and was defined in 1894
byt Otswald. Otswald|stated that a catalyst is a substance that increases the rate of a chemi-
cal reaction without itself being consumed. This basic definition continues to be commonly
used. During a catalytic reaction, the catalyst undergoes a series of transformations to
generate product, and this series of reactions must regenerate the starting catalyst. As a
result, the catalvst can be used in substoichiometric amounts relative to the reagents.

AHY ASE, |
AGH, and k
are changed | — Uncatalyzed
by the catalyst reaction

Catalyzed
reaction

AG,and K
are unaffected




Katalyse

P A Gi{eageni
/

e

Uncatalyzed reaction Catalyzed reaction via Greater stabilization of Reaction coordinate for a
substrate—catalyst complexes ground state than transition reaction “mediated” by C, where
state—-no catalysis C is a reagent not a catalyst

versus (RO)-BH
- R
+ [M]




Katalytischer Kreislauf
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Example of a catalytic cycle with catalyst precursors and both the reversible
and irreversible formation of inactive species.

Turnover number (TON) = moles of product/moles of catalyst

Turnover frequency (TOF) = TONAIme
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Katalyse: Asymmetrische Induktion
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Reaction coordinate diagrams illustrating reactions of diastereomeric olefin complexes. In scenario A
lefin binding is enantio-determining. in B, the diastereomeric olefin complexes are in rapid equilibrium

olefin binding |
and enantio-determination is the conversion of the olefin adducts to products. B is an example of

Curtin—Hammett conditions.
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Hydrierung: Wilkinson Katalysator
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Hydrierung: Wilkinson Katalysator TUG
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Hydrierung: Monohydridische Komplexe TUG
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Hydrierung: Kationische Rh-Katalysatoren
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Table 15.1. Initial rate constants for hydrogenation of 1-hexene catalyzed by cationic rhodium
complexes containing PPh,, PPh,Me, and PhMe, ligands.

Complex Substrate concentration (mM) K, Xx10%(s™)
[Rh(NBD)(PPh,),]* 53 0.1
[Rh(NBD)(PPh_Me), ]’ 3.7 3.0

[Rh(NBD)(PPhMe,) ]' 35 6.0
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Hydrierung: Crabtree Katalysator
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Hydrierung von Acrylsaure: Ru-Katalysatoren
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Hydrierung: Ru Katalyse
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Hydrierung: Vergleich der Katalysatoren TUG

Table 15.2. A comparison of turnover frequencies for the homogenecus hydrogenation of different
alkenes catalyzed by rhodiurm, ruthenium, and iridium catalysts.

Catalyst precursor Temperature Solvent Turnover frequency (h™7)
(°C)

i-Hexene  Cyclohexene Tetramethyl-

ethylene
[Ir(CODYPCY ) (PY)I* 0 CH,CI, 6,400 4,500 4,000
[Ir(COD)(PMePh,),]* 0 CH,C, 5100 3,800 50
[Ir(COD)(PMePh,),]* 0 CH,C(O)CH, 10 0 0
[Rh(COD)(PPh,),]" 25 CH,CI, 4,000 10 0
[Ru(H)CI(PPh,),] 25 C.H, 9,000 7 0
[RhCI(PPh,),] 25 C,H /EtOH 650 700 0
[RhCI(PPR.) ] 0 C H/EtOH 60 70 0
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Hydrierung von Ketonen
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Hydrocyanierung
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Hydrocyanierung von internen Olefinen TUG
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Hydrocyanierung von Dienen TUG
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Additionen von Si-H und Si-Si
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Hydrosilylierungskatalysatoren TUG
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Hydrosilylierung: Regioselektivitat
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Hydrosilylierung von Alkinen
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Hydrosilylierung von Ketonen und Iminen
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Hydrosilylierung: Mechanismus
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Hydrosilylierung: Mechanismus TUG
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Hydrosilylierung: Mechanismus
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Hydroborierung
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Asymmetrische Hydroborierung
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Di-, Silyl- and Stannylborierung TUG

Table 16.4. Examples of palladium- and platinum-catalyzed diboration, silylboration,
and stannyiboration of alkynes.

X—Bi . m— . PUO)orPd(o) catalyst R>:“<H/
X B
Entry X-8 R Catalyst Yield/%
1 (MeO),B-B(OMe),  n-CoHyg P{PPhg),/80 °C 89
2 catB-Bcat -CeHia Pt{PPh3)4/80°C >95
3 pinB-Bpin m-CgHya Pt{PPh3)/80 °C 92
4 Ph PH(PPhs),/80 °C 79
5 NEC(CHy);  P(PPhg)4/80 °C 79
6 MeO,C(CHy),  PYPPhg),/80 °C 89
7 (MeN)B-B(NMey)y  n-CgHys PL(PPhy)4/120 °C 7
8  RsS-B(NRy), n-CoHig Pdy(dba)y/d etpo/80 °CA 92
9 RsSi-Bpin n-CoHig PA(OAG),/15 RNC/110°CP 92
10 MesSn—B(NRy), n-CgHys PA(PPhg),/RT 83
11 Ph Pd(PPhy)./RT 73

Fetpo = P(OCH);CCHCHg
YRNC = 'BuCH>CMesNC



Hydroaminierung

H R! H

R‘
Catalyst
Ri—==—H + HNR, aEys, = or
H NR, RN H

R H
1___/\ Catalyst Ry B N
R \mR am BN
H N 2
R

L e PiBR (1 mol %), H (3 mol %) O\ /J\ O\
: : ’
Bu4PBr, 150 °C, 96 h CaHs N/Cs 13

TON > 240
70% (95:5 mixture)

MesSi{CsMes)oNdCH{TMS), (20% E
o s o, eSS é)p_D eofo 2% L
[ShadoH

Excess 90%, TOF = 0.4 h™"




Hydroaminierung
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Hydroaminierung: Mechanismus TUG
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Hydroaminierung: Mechanismus
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Wacker Oxidation TUG
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Wacker Oxidation TUG
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