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Background
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Representive iron-catalyzed Reactions
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In cage / Out of  cage mechanism
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sp2-sp3 crossing-coupling
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sp2-sp3 crossing-coupling
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sp2-sp3 crossing-coupling

Plausible Mechanism

Halogen abstraction Out of cage

Transmetalation
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the first example of iron-catalyzed cross-coupling-based methylations of arylboron compounds

Plausible Mechanism

sp2-sp3 crossing-coupling

S. Nakajima, H. Takaya, M. Nakamura, Chemistry Letters 2017, 46, 711‐714.
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the first examples of iron-catalysed enantioselective couplingsof organoboron reagents

sp2-sp3 crossing-coupling

13 examples

T. Iwamoto, C. Okuzono, L. Adak, M. Jin, M. Nakamura, Chemical Communications 2019, 55, 1128‐1131.
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Origin of enantioselectivity 

sp2-sp3 crossing-coupling

T. Iwamoto, C. Okuzono, L. Adak, M. Jin, M. Nakamura, Chemical Communications 2019, 55, 1128‐1131.
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The first iron-catalysed cross coupling of propargyl electrophileswith lithium alkenylborates

sp2-sp3 crossing-coupling

R. Agata, S. Lu, H. Matsuda, K. Isozaki, M. Nakamura, Organic & Biomolecular Chemistry 2020, 18.
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R. Agata, S. Lu, H. Matsuda, K. Isozaki, M. Nakamura, Organic & Biomolecular Chemistry 2020, 18.
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sp2-sp3 crossing-coupling

The first iron-catalyzed regioselective Suzuki−Miyaura 
cross-coupling of secondary propargyl electrophiles
with lithium organoborates

S. Lu, R. Agata, S. Nomura, H. Matsuda, K. Isozaki, M. Nakamura, The Journal of Organic Chemistry 2024, 89, 8385‐8396.
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sp2-sp3 Cross-coupling

Primary and Secondary Alkyl Halides with
Aryl Grignard Reagents

M. Nakamura, K. Matsuo, S. Ito, E. Nakamura, Journal of the American Chemical Society 2004, 126, 3686‐3687.
R. Agata, S. Lu, H. Matsuda, K. Isozaki, M. Nakamura, Organic & Biomolecular Chemistry 2020, 18.
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sp2-sp3 crossing-coupling

the first example of iron-catalyzed enantioselective cross coupling

α-Haloalkanoates Ligand

M. Jin, L. Adak, M. Nakamura, Journal of the American Chemical Society 2015, 137, 7128‐7134.
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sp2-sp3 crossing-coupling
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sp2-sp3 crossing-coupling

Halogen abstraction
Transmetalation

Mechanism

M. Jin, L. Adak, M. Nakamura, Journal of the American Chemical Society 2015, 137, 7128‐7134.
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sp2-sp3 crossing-coupling

Mechanism
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sp2-sp3 crossing-coupling

Mechanism
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sp2-sp3 crossing-coupling

C-Cl activation

Lower activation
High activation

A. K. Sharma, W. M. C. Sameera, M. Jin, L. Adak, C. Okuzono, T. Iwamoto, M. Kato, M. Nakamura, K. Morokuma,
Journal of the American Chemical Society 2017, 139, 16117‐16125.
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sp2-sp3 crossing-coupling

Transmetaltion

A. K. Sharma, W. M. C. Sameera, M. Jin, L. Adak, C. Okuzono, T. Iwamoto, M. Kato, M. Nakamura, K. Morokuma,
Journal of the American Chemical Society 2017, 139, 16117‐16125.
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sp2-sp3 crossing-coupling

C-C bond formation

A. K. Sharma, W. M. C. Sameera, M. Jin, L. Adak, C. Okuzono, T. Iwamoto, M. Kato, M. Nakamura, K. Morokuma,
Journal of the American Chemical Society 2017, 139, 16117‐16125.
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sp2-sp3 crossing-coupling

Free energy profile for the favorable reaction pathway (FeI/FeII/FeIII pathway)

A. K. Sharma, W. M. C. Sameera, M. Jin, L. Adak, C. Okuzono, T. Iwamoto, M. Kato, M. Nakamura, K. Morokuma,
Journal of the American Chemical Society 2017, 139, 16117‐16125.

1.5 kcal/mol

9.9 kcal/mol

8.2 kcal/mol
8.8 kcal/mol
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sp2-sp3 crossing-coupling

Origin of Enantioselectivity

A. K. Sharma, W. M. C. Sameera, M. Jin, L. Adak, C. Okuzono, T. Iwamoto, M. Kato, M. Nakamura, K. Morokuma,
Journal of the American Chemical Society 2017, 139, 16117‐16125.
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sp2-sp3 crossing-coupling

Mechanism

A. K. Sharma, W. M. C. Sameera, M. Jin, L. Adak, C. Okuzono, T. Iwamoto, M. Kato, M. Nakamura, K. Morokuma,
Journal of the American Chemical Society 2017, 139, 16117‐16125.
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sp2-sp3 crossing-coupling

Stereoselective Anomeric Arylation of Glycosyl Radicals

L. Adak, S. Kawamura, G. Toma, T. Takenaka, K. Isozaki, H. Takaya, A. Orita, H. C. Li, T. K. M. Shing, M. Nakamura,
Journal of the American Chemical Society 2017, 139, 10693‐10701.
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Scope 1

sp2-sp3 crossing-coupling
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sp2-sp3 crossing-coupling

Scope 2
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Scope 3

sp2-sp3 crossing-coupling
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Scope 1

sp2-sp3 crossing-coupling
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Mechanism

L. Adak, S. Kawamura, G. Toma, T. Takenaka, K. Isozaki, H. Takaya, A. Orita, H. C. Li, T. K. M. Shing, M. Nakamura,
Journal of the American Chemical Society 2017, 139, 10693‐10701.

sp2-sp3 crossing-coupling
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Mechanism

sp2-sp3 crossing-coupling

L. Adak, S. Kawamura, G. Toma, T. Takenaka, K. Isozaki, H. Takaya, A. Orita, H. C. Li, T. K. M. Shing, M. Nakamura,
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sp2-sp3 crossing-coupling

A full account of the synthetic scope andmechanistic study of the iron fluoride/SIPr-
catalyzed alkyl-aryl coupling reaction

R. Agata, T. Iwamoto, N. Nakagawa, K. Isozaki, T. Hatakeyama, H. Takaya, M. Nakamura, Synthesis‐Stuttgart
2015, 47, 1733‐1740.
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DFT calculation

sp2-sp3 crossing-coupling

R. Agata, T. Iwamoto, N. Nakagawa, K. Isozaki, T. Hatakeyama, H. Takaya, M. Nakamura, Synthesis‐Stuttgart
2015, 47, 1733‐1740.
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sp3-sp3 crossing-coupling

R. Agata, S. Kawamura, K. Isozaki, M. Nakamura, Chemistry Letters 2018, 48, 238‐241.
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sp2-sp3 crossing-coupling

R. Agata, T. Iwamoto, N. Nakagawa, K. Isozaki, T. Hatakeyama, H. Takaya, M. Nakamura, Synthesis‐Stuttgart 2015, 47,
1733‐1740.
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Carbometalation reactions of alkenes andalkynes

The first iron-catalyzed carbosilylation of alkynes

 No need for fouctional group on either alkynes or electrophiles
 Use of alkyl as electrophiles 

T. Iwamoto, T. Nishikori, N. Nakagawa, H. Takaya, M. Nakamura, Angewandte Chemie‐
International Edition 2017, 56, 13298‐13301.
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Carbometalation reactions of alkenes andalkynes

the first iron-catalyzed carbosilylation of alkynes

T. Iwamoto, T. Nishikori, N. Nakagawa, H. Takaya, M. Nakamura, Angewandte Chemie‐
International Edition 2017, 56, 13298‐13301.
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Mechanism

T. Iwamoto, T. Nishikori, N. Nakagawa, H. Takaya, M. Nakamura, Angewandte Chemie‐
International Edition 2017, 56, 13298‐13301.
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Ph2P PPh2

(S,S)-chiraphos

Carbometalation reactions of alkenes andalkynes

L. Adak, M. Jin, S. Saito, T. Kawabata, T. Itoh, S. Ito, A. K. Sharma, N. J. Gower, P. Cogswell, J. Geldsetzer, H.
Takaya, K. Isozaki, M. Nakamura, Chemical Communications 2021, 57, 6975‐6978.
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C-N construction

Y. Aoki, T. Toyoda, H. Kawasaki, H. Takaya, A. K. Sharma, K. Morokuma, M. Nakamura, Asian Journal of
Organic Chemistry 2020, 9, 372‐376.
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C-N construction

Y. Aoki, H. M. O’Brien, H. Kawasaki, H. Takaya, M. Nakamura, Organic Letters 2019, 21, 461‐464.
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Proposal
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