
• Reduction (electronation) = complete transfer of electrons to a molecular entity

• Oxidation state (CH3CHO, CH3CH2OH)

• Categories of reduction:

1) Catalytic hydrogenation – addition of hydrogen

2) Hydride reduction – complex hydrides (SN)
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3) Addition of electrons – metal, solvent

4) Reductive removal of functional groups

Reduction in Organic Synthesis



5) Reductive coupling – radicals

6) Reductive removal of oxygen
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• old reductive methods – transfer of electrons (Na-ROH, Zn-HCl, Li-NH3)

• Standard reduction potentials at 25 °C

• HCOOH → MH4
- (H…L)
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•Enzymatic reduction (reductases) – highly selective, narrow substrate scope

Selected examples of industrial-scale ketone reductions:
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Addition of Hydrogen – catalytic hydrogenation

• Pd, Pt, Rh, Ru, Ni

• heterogeneous hydrogenation – catalyst (preparation  activity)

• homogeneous hydrogenation

• relative activity towards C=C

Rh  Ir  Ru  Pt  Pd  Ni  Fe  Co  Os

- non-specific  CuO.Cr2O3 esters, amides, (not Ar) 

- Pt catalysts (not COOH, COOR, CONH2)

- catalytic poisons: sulfides, amines, phosphines, heavy metals a their halogens
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Addition of Hydrogen – heterogeneous hydrogenation

• process not fully described

- adsorption of H2 on metal

- adsorption of C=C on metal

most important intermediate

reversibility

isomerisation

• other intermediates

Reduction in Organic Synthesis



Reduction in Organic Synthesis

Addition of Hydrogen – heterogeneous hydrogenation



• mostly syn addition mechanism

• sterically demanding systems - trans-addition
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• steric effects x functional groups (polar)

• cis-addition
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• cis-addition favored in non-polar solvents

• directing effect 

- Lewis basicity
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Metal Catalysts

Pt

3 Pt  +  4 HNO3 +  18 HCl → 3 H2[PtCl6]   +  4 NO  +  8 H2O

H2PtCl6 + NaNO2 → PtO2 +  2H2 → Pt (black)  + 2H2O

PtO2 +  NaBH4 → Pt (black)

- Adams catalyst

Pd

PdCl2 + NaBH4 → Pd

- Lindlar catalyst    + chinolin, sulfur, Pb(OAc)2
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Metal Catalysts

Rh

RhCl3 +  NaBH4 → Rh also Rh2O3

- mixed catalysts (Rh+Pt)

Ni

Ni/Al + NaOH → RaNi   + Na3AlO3

Ni(OAc)2 +  NaBH4 → Ni-P1, Ni-P2

- Raney nickel (RaNi) – high porosity, pyrophoric

- NixBy (Ni2B)

- NiW, NiW6

Reduction in Organic Synthesis

Addition of Hydrogen – heterogeneous hydrogenation



Other catalysts

Cu2Cr2O5  (Adkins, Cu/Cr)

- CuO.Cr2O3

- high temperature, high pressure

- low cost, industrial application, various activity

- analogously Zn/Cr, etc.

MoSx WSx, CoMoS, NiMoS

- hydrocracking

- industrial application, various activity
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Substrate Reaction Metal Solvent

azides RN3 -> RNH2 Pd, Pt, Ni polar

aromatic nitro groups ArNO2 -> ArNH2 Ni, Pd, Pt various

benzyl derivatives

(debenzylation)

ArCH2X -> ArCH3 + HX

X = OR, NR2

Pd protic, acidic or 

basic

alkenes R2C=CR2 -> R2HC-CHR2 Pd, Pt, Rh, Ni various

alkynes RCCR -> RHC=CHR Pd/Pb low polarity

aliphatic C=O groups R2CO -> R2CHOH Ni, Ru, Pt, Rh polar

aromatic C=O groups ArCOR -> ArCH(OH)R Pd, Pt, Cu polar

aryl halides ArX -> ArH X = Cl, Br, I Pd

basic

nitriles RCN -> RCH2NH2 Ni, Ph / Pd, Pt basic / acidic

imines R2C=NR -> R2CHNHR Pd, Pt various

oximes R2C=NOR R2CHNH2 Ni / Pt, Pd basic / acidic

(hetero)aromatic rings Rh, Ru, Pt various
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Wilkinson´s catalyst

- (Ph3P)3RhCl

RhCl3.3H2O  +  Ph3P  → (Ph3P)3RhCl (EtOH, reflux)

- oxidative addition

- double bond coordination

- insertion

- reductive elimination 
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Vaska's catalyst - (Ph3P)2(CO)IrCl

Crabtree's catalyst

- [Cy3P(COD)pyIr]+PF6
-

Other catalysts:

-(Ph3P)3RuHCl, (Ph3P)3RuCl2, Rh(nbd)(dppb)BF4

Note: Abbreviations: {dppb = Ph2P(CH2)4PPh2, nbd = , phen = }

Reduction in Organic Synthesis

Addition of Hydrogen – homogeneous hydrogenation



Stereochemistry of homogeneous hydrogenation

- influence of directing function groups

- especially for catalysts with 2 el. ligands

- similar to heterogeneous hydrogenation - (OH, CONR1R2, COOR1R2, OR1)

Reduction in Organic Synthesis

Addition of Hydrogen – homogeneous hydrogenation



Selectivity of homogeneous hydrogenation

- higher selectivity in comparison to heterogeneous catalysis

• isolated and conjugated double bond

• C=C vs. NO2
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Addition of Hydrogen – transfer hydrogenation

HN=NH

- unstable, generated in situ

- alkenes, (not nitro, cyano, carbonyl, carboxy group)

- higher stress strain cycle → higher reactivity, terminal > internal

- syn addition

Př.
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HN=NH

Addition of Hydrogen – transfer hydrogenation
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Reduction with Complex Metal Hydrides 

Group III Hydride-Donors

- transfer of H-

- various central atom, regio- and stereoselectivity

- LiAlH4 a NaBH4

- NaBH3CN , LiBHR3 , LiAlH(OR)3, NaAlH2(OCH2CH2OCH3)2, LiAHxCl4-x, aj.

4 LiH  +  AlCl3 → LiAlH4 +  3 LiCl

4 NaH  +  B(OMe)3 → NaBH4 +  3 MeONa

- LiAlH4 more reactive then NaBH4

- „non-polarized C=C is not reduced“
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NaBH4

- reduction of RCHO, R1COR2, RCOCl

- solvents: MeOH, EtOH, H2O, THF

LiAlH4

- reduction of polar unsaturated systems

- solvents: Et2O, THF, dioxan

LiAlH4 +  4 H2O  → LiOH + Al(OH)3 + 4H2

!!!
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NaBH4

- formation of alkoxyboranes
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Modified NaBH4

- increased reactivity (LA) – change of Na+ to Li+, resp. Ca2+ , Zn2+ 

- LiBH4, Ca(BH4)2: RCOOR1 → RCH2OH 

- high selectivity: Ce3+ (Luche) → 1,2-addition
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Modified NaBH4

NaBH3CN

- pH 4 and lower

- reductive amination

Ex.
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Modified NaBH4

Selectrides

Superhydride (LiTEBH)

LiBHEt3

- hydrogenolysis RX, lactones, epoxides
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LiAlH4

- reduction of esters

elimination
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LiAlH4

- reduction of amides

- slower to esters (LiAlH4, reflux or LiAlH4/AlCl3)

Např.

deprotonation 2. addition
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LiAlH4

- tercial amides (Weinreb amide) → aldehydes

- carboxylic acids (higher temperature, THF) → alcohols (not common)

- anhydrides → diols

- , -unsaturated esters → allylic alcohols (better DIBAL-H)

- nitriles → amines

- aliphatic, aromatic  nitro compounds → amines

- hydrazones → alkanes („deoxygenation“)

- propargylic alcohols → allylic alcohols
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LiAlH4

R = MeOCH2CH2 Red-Al

(Synhydrid, Vitride)

R = Me, Et, t-Bu

- better solubility in organic solvents

- higher selectivity: RCN, RCONR2 →RCHO

Ex.
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Other hydrides: Borane, Alane

BH3, AlH3

- LA, electophilic addition

- borane: BH3.THF (more reactive, 1M), BH3.Me2S (more stable, 10M solution) 

- alane: LiAlH4 + AlCl3
- FG not reduced: NO2, RX, (RCOCl, RCOOR-reflux)

RCOOH
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DIBAL-H

- pyrophoric

- lactones → lactoles

- RCN, RCOOR1 → RCHO

- , -unsaturated esters → allylic alcohols

Pozn.

BH
2

diisoamylboran, disiamylboran

(Sia)2BH

BH2
tert. hexylboran = thexylboran

ThexBH2

BH
diisopinokamfenylboran

(Ipc)2BH

B

H

BH

BH

  borabicyklo 3,3,1 nonan  =  9 - BBN9-
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