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6.2: Reactions of Ketones
Enantioselective reduction of C=O double bond in organic synthesis has important application in synthesis of many natural
products as well as pharmaceutical products. The lecture covers the representative examples of metal catalyzed reactions. The
reactions using CBS and enzymes are covered in the other modules of this course. The frequently used chiral ligands for the metal
catalyzed enantioselective reduction reactions of ketones are listed in Scheme .

Scheme 

6.2.1 Reactions of α-Keto Amides

Asymmetric hydrogenation of α -keto esters has been studied with several rhodium catalysts. Neutral rhodium catalysts with chiral
ligands such as Cr(CO) -Cp,Cp-Indo-NOP demonstrate excellent enantioselectivity and reactivity in the hydrogenation of amides
(Scheme ).

Scheme : Enantioselective Hydrogenation of α -Keto Amide

6.2.2 Reactions of β - Keto Esters

Asymmetric hydrogenation of β -keto esters has been extensively studied using chiral ruthenium catalysts. However, only handful
of examples analogous to rhodium-catalyzed reaction are explored (Scheme 3). The Rh-( R,S )-Josiphos complex provides an
effective catalyst for the asymmetric hydrogenation of ethyl 3-oxobutanoate affording the corresponding β -hydroxy ester in 97%
ee. The above ligands Josiphos family such as chiral Walphos, Joshiphos, BPPFOH, TRAP and PIGIPHOS ligands could be easily
synthesized from commercially available Ugi amine (Scheme - ).

Scheme : Enantioselective Hydrogenation of β -Keto ester
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Scheme : Synthesis of Josiphos Type Ligands

Scheme : Synthesis of Feluphos

Scheme : Synthesis of Taniaphos

Iridium/spiro PAP has been used as effective catalyst for the asymmetric hydrogenation of β-aryl β-ketoesters (Scheme ). The
reaction provides a readily accessible method for the synthesis of β-hydroxy esters in high enantioselectivity up to 99.8% ee and
high TONs up to 1230000.

Scheme : Enantioselective hydrogenation of β- ketoesters

6.2.3 Reactions of Aromatic Ketones

Amino ketones and their hydrochloride salts can be effectively hydrogenated with chiral rhodium catalysts (Scheme ). The
rhodium precatalysts, combined with chiral phosphorous ligands (S,S)- MCCPM provide excellent enantioselectivity and reactivity
for the asymmetric hydrogenation of α, β, and γ -alkyl amino ketone hydrochloride salts with S/C=100000.
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Scheme : Enantioselective Hydrogenation of α -Aryl Amino Ketone

The enantioselective hydrogenation of 3,5-bistrifluoromethyl acetophenone (BTMA) can be carried out using a Ru/phosphine-
oxazoline complex (Scheme ) . The reaction is compatible with 140-kg scale at 20 bar and 25°C with S/C ratios of 20,000.
The synthesis of the ligand is shown in Scheme .

Scheme : Hydrogenation of α -Aryl Ketone

Scheme : Synthesis of (S,Sp)- 1,2-P,N-Ferrocine

The enantioselective hydrogenation of amino ketones has been applied extensively to the synthesis of chiral drugs and
pharmaceuticals (Scheme ). For example, direct enantioselective hydrogenation of 3-aryloxy-2-oxo-1-propylamine leads to
1-amino-3-aryloxy-2-propanol using 0.01 mol % of the neutral Rh-(S, S)-MCCPM complex. The chiral product 1-amino-3-
aryloxy-2-propanol serves as β-adrenergic blocking agents. (S)-Propranolol is obtained in 90.8% ee from the corresponding α-
amino ketone.

Scheme : Key step for the Direct Synthesis of (S)- Propranolol
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Scheme : Asymmetric Reduction of Acetophenone

6.2.4 Reactions of Aliphatic Ketones

The asymmetric hydrogenation of simple aliphatic ketones remains still a challenging problem. This is due to the difficulty to
design the appropriate chiral catalyst that will easily differentiate between the two-alkyl substituents of the ketone. Promising
results have been obtained in asymmetric hydrogenation of aliphatic ketones using the ( R,S,R,S )-PennPhos- Rh complex in
combination with 2,6-lutidine and KBr. For example, the reaction of tert -butyl methyl ketone takes place with 94% ee . Similarly,
isopropyl-, n -butyl- and cyclohexyl methyl ketones can be reduced with 85% ee , 75% ee and 92% ee, respectively.

Scheme 

The chiral Ru-diphosphine/diamine derived from chiral BINAP, DPEN (diphenylethylene diamine) and indanol effect
enantioselective hydrogenation of certain amino or amido ketones via a non-chelate mechanism without interaction between Ru
and nitrogen or oxygen (Scheme ). The diamine catalyst can be synthesized from chiral 1,2- diphenylethylene diamine
(Scheme ).

Scheme 
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Scheme 

These catalysts have been employed for the asymmetric synthesis of various important pharmaceuticals, including (R)-denopamine,
a β 1-receptor agonist, the anti -depressant (R)-fluoxetine, the anti -psychotic BMS 181100 and (S)-duloxetine (Scheme ).

Scheme 

Unsymmetric benzophenones could also be hydrogenated with high S/C ratio of up to 20000 without over-reduction (Scheme 
). Enantioselective hydrogenation of certain ortho -substituted benzophenones leads to the unsymmetrically substituted

benzhydrols, allowing convenient synthesis of the anti- cholinergic and anti -histaminic (S)-orphenadrine and antihistaminic (R)-
neobenodine.

Scheme : Asymmetric Synthesis of Some of the Important Pharmaceuticals

The asymmetric hydrogenation of simple ketone is generally achieved by the combined use of an (S)-BINAP and an (S)-1,2-
diphenylethylenediamine. However, the reaction of 2,4,4-trimethyl-2-cyclohexenone can be effectively done with racemic RuCl  [-
tol-BINAP]- and chiral DPEN with up to >95% ee (Scheme ).
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Scheme 

This page titled 6.2: Reactions of Ketones is shared under a CC BY-SA license and was authored, remixed, and/or curated by Tharmalingam
Punniyamurthy (National Programme on Technology Enhanced Learning (NPTEL) ) .
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