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HCN: Toxicity! 
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Traditional hydrocyanation of alkenes and alkynes
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Shuttle Catalysis
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The examples of shuttle catalysis
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Catalytic reversible alkene-nitrile interconversion through 
controllable transfer hydrocyanation 

No HCN!
Reversible!

Anti-Markovnikov selectivity!
Broad subtrate scope (60 examples)!
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Reversible transfer hydrocyanation of nitriles and alkenes 

Catalytic Retro-Hydrocyanation (reverse reaction)

Catalytic Transfer Hydrocyanation (forward reaction)
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Hydrocyanation
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Selective manipulation of the alkene/nitrile equilibrium
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Exploration of hydrocyanation substrate scope
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Exploration of hydrocyanation substrate scope
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Exploration of retro-hydrocyanation substrate scope
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Exploration of retro-hydrocyanation substrate scope
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19

P
O

P
Ph Ph Ph Ph

COD

DPEphos



Unlocking Mizoroki–Heck-type reactions of aryl cyanides using
transfer hydrocyanation as a turnover-enabling step 
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No HCN!
Irreversible!

Mizoroki–Heck-type!
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Mechanism

Traditional Mizoroki–Heck reaction
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New approach for Mizoroki–Heck 

Mechanism
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Transfer hydrocyanation for aryl cyanides 
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Scope of the intramolecular MH-type reaction
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Synthesis of polysubstituted naphthalene compounds
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The application in the coupling reaction

Scope of the intermolecular Heck-type reaction
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B C

Mechanistic experiments
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Mechanistic experiments
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Deuterated experiment

Mechanistic experiments
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Cooperative palladium/lewis acid-catalyzed transfer 
hydrocyanation of alkenes and alkynes 

Studer, A. et al. J. Am. Chem. Soc. 2018, 140, 16353.
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No HCN!
Anti-Markovnikov selectivity!

Broad scope!  
Chain walking!
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CHD core as reagents for functional group transfer reactions
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Palladium/lewis acid-cocatalyzed transfer hydrocyanation
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Transfer hydrocyanation of various alkenes and alkynes 
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Transfer hydrocyanation of various alkenes and alkynes 
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Isomerization research

Deuterated research

Mechanistic studies
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These results show that the H atom is derived from the methylene group

These results show that the branched nitrile can be transferred to 
the linear nitrile



Pd(0)

LA

N

N
LA

Pd(0)

Pd(II)

N
LA

Pd(II)

N

LAPd(II) N LA
H

R

R
Pd(II) N LA

H

R

Pd(II)H N LA

R

H N

Pd(II)

N

LA

-complexation

oxidative
addition

-hydride
elimination

ligand
exchange

migratory
insertion

reductive
elimination

A' A

B

C

D

E

2

3

+

Proposed mechanism

37



Transfer hydrocyanation of α- and α,β -substituted 
styrenes catalyzed by boron lewis acids

Oestreich, M. et al. Angew. Chem. Int. Ed. 2019, 58, 3579.

No HCN!
Markovnikov selectivity!
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CHD core as reagents for functional group transfer reactions
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Entry Lewis acid (mol%) Surrogate 4-4a/4-5a/4-6a Conv. [%]

1 B(C6F5)3 (20) 4-1 42:14:44 > 99

2 B(C6F5)3 (100) 4-1 20:70:10 > 99

3 B(C6F5)3 (100) 4-2 18:79:3 > 99

4 BCl3 (20) 4-2 99:1:0 > 99 

5 BCl3 (20) 4-1 94:3:3 > 99

6 BCl3 (10) 4-2 93:7:0 > 99 

7 BBr3 (20) 4-2 88:11:1 > 99 

8 BF3.OEt2 (20) 4-2 38:62:0 85

9 B(OMe)3 (20) 4-2 - 0

10 AlCl3 (20) 4-1 40:49:11 > 99

11 AlCl3 (20) 4-2 47:52:1 99
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Transfer hydrocyanation catalyzed by boron lewis acids
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Transfer hydrocyanation of various 1,1-diarylethylenes with BCl3
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Transfer hydrocyanation of trisubstituted alkenes with (C6F5)2BCl
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In-situ ESI-MS spectra
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Mechanism studies
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Summary

No HCN !
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Prospect
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