
M1 Manaka Matsumoto

Synthesis of Trisubstituted Alkenes 
by Cross-Metathesis Reactions  

1

Literature Seminar
2023. 07. 29



1. Introduction

2. Catalytic Cross-Metathesis Reactions That Afford   
E-and Z-Trisubstituted Alkenyl Bromides: Scope,                 
Appplications, and Mechanistic Insights 
(by Hoveyda Group, 2023, main paper)

Contents 2



Olefin Metathesis 3
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Challenges of Cross Metathesis 4

Problem 1: Homo Metathesis

Problem 2: Methylidene Complex

Problem 3: E/Z- Selectivity
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1) Chatterjee, A. K.; Choi, T. L.; Sanders, D. P.; Grubbs, R. H. J. Am. Chem. Soc. 2003, 125, 11360.
2) Xu, C.; Shen, X.; Hoveyda, A. H. J. Am. Chem. Soc. 2017, 139, 10919.
3) Hoveyda, A. H.; Liu, Z.; Qin, C.; Koengeter, T.; Mu, Y. Angew. Chem., Int. Ed. 2020, 59, 22324.



Selective Cross Metathesis 5
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Classification of Olefins 6
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In Situ Methylene Capping 7

1) Xu, C.; Shen, X.; Hoveyda, A. H. J. Am. Chem. Soc. 2017, 139, 10919.
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Z- Selective Cross Metathesis
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1) Meek, S. J.; O’Brien, R. V.; Llaveria, J.; Schrock, R. R.; Hoveyda, A. H. Nature 2011, 471, 461.
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Trisubstituted Alkene in Natural Products

11

1) Koengeter, T.; Qin, C.; Mai, B. K.: Liu, Q.; Mu, Y.; Liu, P.; Hoveyda, A. H. J. Am. Chem. Soc. 2023, 145, 3774.
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Approaches to Trisubstituted Alkene 

121) Koengeter, T.; Qin, C.; Mai, B. K.: Liu, Q.; Mu, Y.; Liu, P.; Hoveyda, A. H. J. Am. Chem. Soc. 2023, 145, 3774.
2) Mori, K.; Tamura, H. Liebigs Ann. Chem. 1990, 361.
3) Fujiwara, N.; Kinoshita, M.; Akita, H. Tetrahedron: Asymm. 2006, 17, 3037.
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Strategies using Cross Metathesis 13

1) Koengeter, T.; Qin, C.; Mai, B. K.: Liu, Q.; Mu, Y.; Liu, P.; Hoveyda, A. H. J. Am. Chem. Soc. 2023, 145, 3774.



CM of Two Trisubstituted Alkenes 14
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Small Alkene Additive 15

1) Koengeter, T.; Qin, C.; Mai, B. K.: Liu, Q.; Mu, Y.; Liu, P.; Hoveyda, A. H. J. Am. Chem. Soc. 2023, 145, 3774.



Catalytic Cycle (1)

161) Koengeter, T.; Qin, C.; Mai, B. K.: Liu, Q.; Mu, Y.; Liu, P.; Hoveyda, A. H. J. Am. Chem. Soc. 2023, 145, 3774.
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Catalytic Cycle (2) and E/Z- Selectivity 17
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Roles of Small Alkene Additive (1) 19
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Roles of Small Alkene Additive (2) 20
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Roles of Small Alkene Additive (3) 21

Ar2O

NAr1

Mo
N

Br

Me
Me

Ar2O

NAr1

Mo Me
N

Br

Me
product

In case of main paper

calculated with
M06/SDD(Mo)-6-311+G8d,p)/
SMD(C6H5)//B3LYP-D3/
SDD(mo)-6-31G(d)

ΔG = 0.0 kcal/mol

Me

Me

Me

Me
Me

ΔG = 0.1 kcal/mol

OAr2

Mo

Ar1N N

MeMe

Me

= i-Pr

=

ΔG = 15.5 kcal/mol

ΔG‡ = 

17.7 kcal/molΔG‡ = 

20.9 kcal/mol

F

F F

FF

=

Mes

Mes

Ar1
Ar2

OAr2

Mo

Ar1N

Me

N

MeBr

Me

ΔG = 19.7 kcal/mol

ΔG‡ = 

24.0 kcal/mol

Berry 
Pseudorotate

OAr2

Mo

Ar1N N

ΔG = 6.6 kcal/mol

ΔG‡ = 

34.5 kcal/mol

Me
Br

Me

Me

square pyramidal complex

Br

Me
Me

Without additive

1) Koengeter, T.; Qin, C.; Mai, B. K.: Liu, Q.; Mu, Y.; Liu, P.; Hoveyda, A. H. J. Am. Chem. Soc. 2023, 145, 3774.



Roles of Small Alkene Additive (4) 22

1) Koengeter, T.; Qin, C.; Mai, B. K.: Liu, Q.; Mu, Y.; Liu, P.; Hoveyda, A. H. J. Am. Chem. Soc. 2023, 145, 3774.



Comparison of Deactivating Pathways 23
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Substrate Scope (1)
-Trisubstituted Alkenes (Z)-
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Substrate Scope (2)
-Trisubstituted Alkenes (E)-

1) Koengeter, T.; Qin, C.; Mai, B. K.: Liu, Q.; Mu, Y.; Liu, P.; Hoveyda, A. H. J. Am. Chem. Soc. 2023, 145, 3774.
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Substrate Scope (3)
-Sterically Demanding Alkenes-
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Effects of Alkene-Substitution 27

1) Koengeter, T.; Qin, C.; Mai, B. K.: Liu, Q.; Mu, Y.; Liu, P.; Hoveyda, A. H. J. Am. Chem. Soc. 2023, 145, 3774.



Total Synthesis of Ambrein (1) 28
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Total Synthesis of Ambrein (2) 29
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Total Synthesis of Ambrein (3) 30

1) Koengeter, T.; Qin, C.; Mai, B. K.: Liu, Q.; Mu, Y.; Liu, P.; Hoveyda, A. H. J. Am. Chem. Soc. 2023, 145, 3774.



Summary 31
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