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Introduction

Enantioselective transition metal-catalyzed C-H activation
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Challenges

v Steric hindrance around C(sp®)-H bonds v lack of mr-orbitals to interact with metals




Introduction

Enantioselective transition metal-catalyzed C(sp®)-H activation

precious metal: Pd, Rh, Ir FG H
well developed ©>*<R
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3d-metal: only Co *
underdeveloped H R

v Precious metals such as Pd, Rh and Ir have been capable of catalyzing a
broad range of enantioselective C(sp®)-H bond activation reactions.

v Same strategies are in general ineffective to most 3d-transition metals that
are very sensitive to the structure of substrates and ligand.




Co-Catalyzed Asymmetric C(sp?®)—H Activation
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Fukagawa, S.; Matsunaga, S.* et al. Angew. Chem. Int. Ed. 2019, 58, 1153

6



Co-Catalyzed Asymmetric C(sp?®)—H Activation
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Co-Catalyzed Asymmetric C(sp?®)—H Activation
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Ni-Catalyzed C(sp?®)—-H Activation

o)
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Aihara, Y.; Chatani, N.* et al. 3. Am. Chem. Soc. 2014, 136, 898
Li, M.: You, J.* et al. Chem. Commun., 2014, 50, 3944
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Ni-Catalyzed C(sp3)—H Activation
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Aihara, Y.; Chatani, N.* et al. 3. Am. Chem. Soc. 2014, 136, 898
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Ni-Catalyzed C(sp?®)—-H Activation

O
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Wu, X.; Ge, H.* et al. J. Am. Chem. Soc. 2014, 136, 1789
Maity, S.; Maiti, D.* et al. Chem. Eur. J. 2015, 21, 11320
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Ni-Catalyzed C(sp3)—H Activation

™

Ni' <N

EWG

migratory
insertion

>6J\N|'<—N;\ ]l
AcOH
ACOH \i0Ac),

Amide

C-H activation

AcOH

e
%% /

[N

i(OAC),*4H,0 (10 mol%

PPh; (20 mol%)
DMSO, 140 °C, 16 h

|

Alkyl

Maity, S.; Maiti, D.* et al. Chem. Eur. J. 2015, 21, 11320
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Ni-Catalyzed C(sp3)—H Activation
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H KTFA (2.0 eq.)
DMSO, 140 °C, 8 h Ar
up to 83% yield
o NiBr, (20 mol%) O
1 TIPS DavePhos (20 mol%) R aQ
R | | Me,S*CuBr (10 mol%) , N/
+ ’
R? Cu(OAc), (3.0 eq.)
H ; Y Cs,CO; (5.0 eq.) AN
Q :
: DCE, PhCN/NMP (10 uL) TIPS
"""""""""" 140 °C, 24 h _
up to 65% (88%, brsm) yield

Liu, Y.-J.;: Shi, B.-F.* et al. Chem. Commun., 2015, 51, 7899
Luo, F.-X.; Shi, Z.-J.* et al. Organometallics 2017, 36, 18
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Ni-Catalyzed C(sp3)—H Activation
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Luo, F.-X.; Shi, Z.-J.* et al. Organometallics 2017, 36, 18
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Ni-Catalyzed C(sp?®)—-H Activation

O
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Ye, X.: Shi, X.* et al. Chem. Commun., 2015, 51, 7863
Wang, C.; You, J.* et al. Org. Lett. 2017, 19, 1690
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Project Synopsis

First example on enantioselective Ni-catalyzed C(sp?®)-H activation
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Optimization of Reaction Conditions

mono-Phos

L, R = OPh: 0

L3, R = Pip: 30%, 32% ee

Ni(cod), (5 mol%)

Al'Bus (40 mol%)
toluene, 100 °C

TADOPO

L4, R = Ph: 90%, 44% ee L7, R =Ph: 96%, 57% ee

Ly, R = NMe,: 40%, 40% ee  Ls, R=Ar': 97%,48% ee  Lg, R = Cy: 94%, 68% ee
Lg, R = Ar?: 98%, 67% ee  Lg, R ='Pr: 98%, 65% ee

Ar' = 3 5-Me,CgHs, Ar? = 2-MeCgH,

Ligand (5 mol%) .

2
Ar Ar2
TADOPO
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Optimization of Reaction Conditions

DAPO

Lyo, R = Ph: 74%, 6% ee
L11, R = 1-Np: 74%, 6% ee
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L14, R = Ph: 82%, 5% ee
L5, R = 'Bu: 90%, 7% ee
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L,4, R = Ph: 76%, 59% ee
Loy, R = Bu: 92%, 90% ee
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Substrate Scope
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Substrate Scope
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Substrate Scope
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Substrate Scope
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Substrate Scope
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Substrate Scope
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Transformations of Products

O O
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Deuterium-labeling experiments

Kenetic isotope effect of formyl H

o) "Pr
2-Ad
\NJ\H/D + I
P i
1b or 1b-d 2a
Kenetic isotope effect of methyl H
)O]\ nPr
2-Ad
SO
D3C/H3C CH3/CD3 nPr
1b or 1b-dg 2a

Ni(cod), (5 mol%)
L22 (5 mOl%)

Al'Bug (40 mol%)
toluene, 80 °C

Ni(cod), (5 mol%)
L22 (5 mol%)

4b

parallel experiments: ky/kp = 1.14

Al'Bug (40 mol%)
toluene, 80 °C

>

D3C/H5C npy
D/H H/D

4b or 4b-dj

parallel experiments: ky/kp = 2.13
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Proposed Mechanism
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Summary

First example on enantioselective Ni-catalyzed C(sp®)-H activation
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The First Paragraph

Writing Thought
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The First Paragraph

Enantioselective transition metal-catalyzed C-H activation via C-H
metallation represents one of the most convenient and economical routes
to chiral molecules that exist in a large number of natural products and

bioactive compounds such as pharmaceuticals and agrochemicals.

Extensively explored C-H bonds in these reactions are C(sp?)-H or
C(sp)-H bonds of arenes, alkenes, aldehydes, imines, formamides or
alkynes. In contrast, unreactive C(sp®)-H bonds such as primary, se-
condary and tertiary C(sp?®)-H bonds are quite resistant to enantioselective
activation by chiral metal complexes, because of steric hindrance around

C(sp?)- H bonds and the lack of mr-orbitals to interact with metals.
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The First Paragraph

In the last two decades, relying on well-designed chiral ligands or chiral
anions, precious metals such as Pd, Rh and Ir have been capable of ca-
talyzing a broad range of enantioselective C(sp3)-H bond activation
reactions, providing good yields and high ee. However, same strategies are
in general ineffective to most 3d-transition metals that are very sensitive to
the structure of substrates and ligands. So far, only one successful
example has been reported by Matsunaga, Yoshino and co-workers, who
used achiral Co'"" with an amino acid derivative as a chiral anion to facilitate
an enantioselective amidation of primary C(sp3)-H bonds of thioamides.
Given appealing advantages of 3d metals, including high earth abundance,
low cost and low bio-toxicity, the development of 3d metal catalyzed

enantioselective C(sp?®)-H bond activation reactions are in high demand.
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The First Paragraph

Till now, although great progress has been achieved for Ni-catalyzed C-H
bond activation and even enantioselective Ni-catalyzed C(sp?)-H bond
activation, enantioselective Ni-catalyzed aliphatic C(sp3)-H bond activation
still remains an elusive challenge. Herein, we used a new type of H8-bi(2-
naphthylamine)-derived chiral phosphine oxide (H8-BINAPQO) to enable an
enantioselective Ni-catalyzed C(sp?3)-H activation of formamides for the first
time, providing a series of nitrogen-containing heterocycles in 40-95%
yield and 70-95% ee. The H8-BINAPO-ligated Ni-Al bimetallic catalyst may
play a critical role in enabling the formyl C(sp?)-H bond activation, and

accelerating subsequent aliphatic C(sp?®)-H activation by orienting nickel.
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The Last Paragraph

Writing Thought
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The Last Paragraph

In summary, we have developed the first example on enantioselective
Ni-catalyzed aliphatic C(sp3)-H bond activation of formamides, providing a
series of chiral N-containing heterocycles in 40-95% yield and 70-95% ee.
Various dialkyl, diaryl and alkylaryl alkynes, together with primary and
secondary C(sp®)-H bonds were well compatible. The newly-developed
H8-BINAPO ligand could be applied in a wider range of enantioselective

C-H activation reactions in future.
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Representative Examples

® Till now, although great progress has been achieved for Ni-catalyzed
C-H bond activation and even enantioselective Ni-catalyzed C(sp?)-H
bond activation, enantioselective Ni-catalyzed aliphatic C(sp3)-H bond
activation still remains an elusive challenge.
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® To gain more insights into the mechanism, we conducted deuterium-
labeling experiments to determine kinetic isotope effect of the activation
of two C-H bonds of substrate 1b.
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® Given appealing advantages of 3d metals, including high earth
abundance, low cost and low bio-toxicity, the development of 3d metal
catalyzed enantioselective C(sp3)-H bond activation reactions are in
high demand.
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