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a) Multistep method

b) Direct dehydrogenation (IBX, DDQ)

c) Catalyzed by transition metals (Pd, Ir, …)

Mainly ketones and aldehydes
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Cu
・ earth-abundant

・ less sensitive to catalyst poisoning
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Sequential Desaturation-Conjugate Addition
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entry conditions A B

1 standard conditions 95% <5%

2 ketone: 1.5 eq. 72% <5%

3 without Cu(OAc)2 0% 0%

4 without TEMPO 0% 0%

5 without bpy 62% <5%

6 TEMPO (20 mol%), O2 (1 atm) 0% 0%

7 (t-BuO)2 (2.0 eq.) instead of TEMPO 0% 0%

8 CuSO4 instead of Cu(OAc)2 0% 0%

9 1,10-phenanthroline instead of bpy 94% <5%

10 1,4-dioxane as solvent 49% 0%
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Substrate Scope (1)
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Substrate Scope (2)
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Desaturation-Relay
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Mechanistic Study (1) – Kinetics
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SM 1st order

Cu(OAc)2/bpy 1st order

TEMPO 0th order
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Desaturation of Lactones, Lactams, Ketones
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entry conditions yield

1 standard conditions 82%

2 CuOAc instead of CuTc 78%

3 CuCl instead of CuTc 20%

4 Cu(MeCN)4PF6 instead of CuTc 0%

5 Cu(OAc)2 instead of CuTc trace

6 (PhCMe2O)2 instead of (t-BuO)2 58%

7 t-BuOOBz instead of (t-BuO)2 0%

8 1,2-dichloroethane as solvent 20%

entry ligand (instead of CyPPh2) yield

1 none trace

2 pyridine 10%

3 bpy 14%

4 PPh3 64%

5 P(p-OMe-C6H4)3 72%

6 P(p-CF3-C6H4)3 48%

7 i-PrPPh2 82%

8 Cy3P 56%
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Substrate Scope (1)
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Substrate Scope (3)
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Mechanistic Study (2) – Kinetics
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SM 0th order

CuTc/CyPPh2 1st order

(t-BuO)2 1st order
Cu(II) species : detected during the reaction
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Mechanistic Study (3) – Radical Character
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Mechanistic Study (4) – Intermediate
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→ α-oxygenated species is not the intermediate of the dehydrogenation.
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