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C(sp3)–C(sp3) Cross-coupling reaction
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C(sp3)–C(sp3) Cross-coupling reaction
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 Mechanistic Investigation

C(sp3)–C(sp3) Cross-coupling reaction
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 Suzuki Reactions of Alkyl Electrophiles

C(sp3)–C(sp3) Cross-coupling reaction
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 Suzuki Reactions of Alkyl Electrophiles
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 M-H insertion across alkenes

C(sp3)–C(sp3) Cross-coupling reaction
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Allylic defluorinative alkylation of trifluoromethyl alkenes
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gem-Difluoroalkenes defluorinative reductive cross-coupling
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gem-Difluoroalkenes defluorinative reductive cross-coupling
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gem-Difluoroalkenes defluorinative reductive cross-coupling

F

F
Ar

10% Ni(COD)2
15% ligand

2.0 eq. (Bpin)2, K3PO4
1 mL DMAc, r.t. 16h

F
ArR1

R2 R3

Br

Ar = 3,4-dimethoxy-phenyl

R3

R2
R1

1 2 3

N
N

H
N

ligand

F
PMPPh

F
PMP F

PMP
F

OBF

F
PMP

F

OMe MeO MeO
MeOOC

NC

MeO

F

PMB

PMB
F

PMPTsO F
PMP

O
O

F
PMPO

O

F
PMP

O

O
F

N

PMB
Ph

Ph

F
PMP

N
F

PMPS F
PMPO

F
OTsHO F

PMP

3be, 95%
Z/E > 50:1

3cf, 93%
Z/E > 50:1

3de, 73%
Z/E > 50:1

3ee, 79%
Z/E > 50:1

3ff, 45%
Z/E > 50:1

3ge, 36%
Z/E > 50:1

3hr, 54%
Z/E > 50:1

3ie, 82%
Z/E > 50:1

3je, 74%
Z/E > 50:1

3ke, 76%
Z/E > 50:1

3le, 53%
Z/E > 50:1

3me, 84%
Z/E > 50:1

3ne, 74%
Z/E > 50:1

3oe, 84%
Z/E > 50:1

3pe, 40%
Z/E > 50:1

3qe, 75%
Z/E > 50:1

3rs, 43%
Z/E > 50:1

3se, 36%
Z/E > 50:1

F
AcHN

OTs



19

I
OPh F

F
Ar

10% Ni(COD)2
15% ligand

2.0 eq. (Bpin)2, K3PO4
1 mL DMAc, r.t. 16h

F
Ar

PhO

2w 3aw
Not observed

F
Ar

PhO

3aw1
Z/E = 11:1
d.r. =5:1

(a)

Ar
F F

10% Ni(COD)2
15% ligand

2.0 eq. (Bpin)2, K3PO4
1 mL DMAc, r.t. 16h

Ar
F

3aa
Not observed

(b)

F

F
Ar

10% Ni(COD)2
15% ligand

2.0 eq. (Bpin)2, K3PO4
1 mL DMAc, r.t. 16h

Bpin

Br
Bpin

F
Ar

10% Ni(COD)2
15% ligand

2.0 eq. (Bpin)2, K3PO4
1 mL DMAc, r.t. 16h

3ac
Not observed

85% yield of 1a recovered

3ac
Not observed

47% yield of 9 recovered
9

1a

F
Ar

F
Ar

(c)

(d)

Proposed mechanism

gem-Difluoroalkenes defluorinative reductive cross-coupling



Bn F

O

I

1a, 2.0 equiv
(1:5.3 Z/E)

2a, 1.0 equiv

10% CoBr2(DME)
12% (S,S)-Ligand
3.0 equiv. DEMS

3.0 equiv. CsF
DME (0,14 M), 5℃

O
Bn F

4aa

O

N N

O

Bn Bn NO

N
Bn

N

O

Bn

N
N

O

Ph

O

N N

O

Ph Ph

R R
O

N N

O

Ph Ph

R R

Ph Ph
O

N N

O

Ph Ph

R R

Ph
Ph

Ph
Ph

L1 L2 L3 L4
R=4-tBuPhCH2

L5 L6

Cobalt-catalysed enantioselective hydroalkylation

Y. Fu, Nature Catalysis 4(10) (2021) 901-911.
20



21

Cobalt-catalysed enantioselective hydroalkylation
 Scope of alkyl halides in hydroalkylation
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 Scope of alkyl halides in hydroalkylation

Cobalt-catalysed enantioselective hydroalkylation
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4ao, 70%, 96% e.e.
1a (1:5.3 Z/E) and 2o

4lp, 78%, 94% e.e.
1l (>20:1 Z/E) and 2p

4aq, 68%, 96% e.e.
1a (1:5.3 Z/E) and 2q

4ar, 83%, 96% e.e.
1a (1:5.3 Z/E) and 2r

4as, 83%, 93% e.e.
1a (>20:1 Z/E) and 2s

4at, 81%, 97% e.e.
1a (1:5.3 Z/E) and 2t

4au, 84%, 96% e.e.
1a (1:5.3 Z/E) and 2u

4av, 76%, 96% e.e.
1a (1:5.3 Z/E) and 2v

4aw, 82%, 96% e.e.
1a (1:5.3 Z/E) and 2w

4Cx, 72%, 93% e.e.
1c (>20:1 Z/E) and 2x

4Dy, 58%, 88% e.e.
1D (>20:1 Z/E) and 2y

4az, n = 1, 68%, 96% e.e.
1a (1:5.3 Z/E) and 2z
4aA, n = 2, 72%, 94% e.e.
1a (>20:1 Z/E) and 2A

R1
F

1
2.0 equiv

2 or 3
1.0 equiv

2 (X = I), 3 (X = Br)

10% CoBr2(DME), 12% (S,S)-Ligand
3.0 equiv. DEMS, 3.0 equiv. CsF

DME (0.14 M), Ar, 5℃

X R2 R1 R2

F

O

N N

O

Ph Ph

Ph
Ph

Ph
Ph

tBu
tBu

(S,S)-Ligand

4aB, (S,S)-L, 54%, 99:1 d.r.
5aB, (R,R)-L, 53%, 3:97 d.r
1a (1:5.3 Z/E) and 2B

4aC, (S,S)-L, 81%, 98:2 d.r.
5aC, (R,R)-L, 53%, 2:98 d.r
1a (1:5.3 Z/E) and 2C

4aD, (S,S)-L, 63%, 98.5:1.5 d.r.
5aD, (R,R)-L, 68%, 3:97 d.r
1a (1:5.3 Z/E) and 2D

4au
This work: 2 steps
50%, 96% e.e.
Previous literature: 7steps
67% yield for 7th steps, 44% e.e.

4 with (S,S)-L
5 with (R,R)-L
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 Scope of monofluoroalkenes in hydroalkylation

Cobalt-catalysed enantioselective hydroalkylation

R1
F

1
2.0 equiv

2 or 3
1.0 equiv

2 (X = I), 3 (X = Br)

10% CoBr2(DME), 12% (S,S)-Ligand
3.0 equiv. DEMS, 3.0 equiv. CsF

DME (0.14 M), Ar, 5℃

X R2 R1 R2

F

O

N N

O

Ph Ph

Ph
Ph

Ph
Ph

tBu
tBu

(S,S)-Ligand

F
O

O

NHBoc F

Ph
O

O

NHBoc
Ph

F
OAr F

O
ArO

MeO

FH
N OAr

F
N OAr

Cbz
O

O
F

OArO

O

F
OAr

F
OAr

N
Boc

F
OAr

NBoc F
O

NBoc

OMe

F
O
Ar

NCbz

F
O

NBz

O

NHBoc F
OAr

N
Boc

F
OAr

NTs
F

O OAr

O

EtO

EtO2C

4bi, 83%, 92% e.e.
1b (19:1 Z/E) and 2i

4ci, 70%, 89% e.e.
1c (>20:1 Z/E) and 2i

4da, 70%, 90% e.e.
1d (>20:1 Z/E) and 2a

4ea, 87%, 96% e.e.
1e (1:7.3 Z/E) and 2a

4fa, 78%, 93% e.e.
1f (>20:1 Z/E) and 2a

4ga, 77%, 90% e.e.
1g (>20:1 Z/E) and 2a

4ha, 86%, 91% e.e.
1h (>20:1 Z/E) and 2a

4ia, (S,S)-L, 85%, 98:2 d.r.
5ia, (R,R)-L, 80%, 2:98 d.r.
1i (1:3.8 Z/E) and 2a

4ja, 89%, 94% e.e.
1j (19:1 Z/E) and 2a

4ka, 83%, 96% e.e.
1k (>20:1 Z/E) and 2a

4kE, 74%, 92% e.e.
1h (>20:1 Z/E) and 2E

4la, 83%, 96% e.e.
1k (>20:1 Z/E) and 2a

4mi, 83%, 95% e.e.
1m (>20:1 Z/E) and 2i

4na, 88%, 87% e.e.
1n (19:1 Z/E) and 2a

4oa, 84%, 90% e.e.
1o (>20:1 Z/E) and 2a 4pa, 91%, 92% e.e.

1p (>20:1 Z/E) and 2a

4 with (S,S)-L
5 with (R,R)-L
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 Scope of monofluoroalkenes in hydroalkylation

Cobalt-catalysed enantioselective hydroalkylation

F
OArOMeO

F
OO

O O

NHBoc

F
O

O

NHBoc
N

O

O
O

F
O

O

NHBoc
NN

O

S
F

O

O

NHBoc
N

O

CF3O

F
OAr

MeO

MeO

F
OAr

MeO2C
F

Bn
R

F
OAr

O

ON

O

MeO

Cl

4qa, 82%, 93% e.e.
1q (16:1 Z/E) and 2a

4ri, 89%, 90% e.e.
1r (12:1 Z/E) and 2i

4si, 71%, 94% e.e.
1s (>20:1 Z/E) and 2i

4ti, 74%, 93% e.e.
1t (>20:1 Z/E) and 2i

4ui, 73%, 94% e.e.
1u (>20:1 Z/E) and 2i

4va, 30%, 90% e.e.
1v (<1:20 Z/E) and 2a

4wa, 40%, 83% e.e.
1w (1:5.7 Z/E) and 2a

4xF, R = o-OMe, 39%, 91% e.e.
1x (1:16.3 Z/E) and 2F
4yF, R = m-CF3, 30%, 94% e.e.
1y (1:3.3 Z/E) and 2F
4zF, R = p-OMe, 41%, 91% e.e.
1z (1:16 Z/E) and 2F

4Aa, 79%, 86% e.e.
1A (19:1 Z/E) and 2a

R1
F

1
2.0 equiv

2 or 3
1.0 equiv

2 (X = I), 3 (X = Br)

10% CoBr2(DME), 12% (S,S)-Ligand
3.0 equiv. DEMS, 3.0 equiv. CsF

DME (0.14 M), Ar, 5℃

X R2 R1 R2

F

O

N N

O

Ph Ph

Ph
Ph

Ph
Ph

tBu
tBu

(S,S)-Ligand

4 with (S,S)-L
5 with (R,R)-L
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 Synthesis application

Cobalt-catalysed enantioselective hydroalkylation

Previous method A

HO2C OH7 EtO2CEtO2C
CO2Et

EtO2C
CO2Et

B

3 steps 6 steps Ni cat.

F

Previous method B

HO OH Br OMOM

HO2C

O
S

S

2steps

6 steps
F

racemate

racemate
29%

8

8 8

7

77
7

This work

HO2C OH BnO2C BnO2C7 7

F F

HO2C
F

7

7

Commercial
reagent

1B (>20:1 Z/E)

10% CoBr2(DME), 12% (S,S)-Ligand
3.0 equiv. DEMS, 3.0 equiv. CsF

DME (0.14 M), Ar, 5℃

3 steps, 43% yield

1. BnBr, K2CO3, DMF
2.Martin reagent, DCM

3.n-Bu3P, CFCl3, NaOH, DCM

4Br, 77%, 93% e.e.

∆11 desaturase inhibitor
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R1
F

 2.0 equiv
1.0 equiv
X=I or Br

10% CoBr2(DME)
12% (S,S)-Ligand
3.0 equiv. DEMS

3.0 equiv. CsF
DME (0.14 M), Ar, 5℃

X R2 R1 R2

F

O

N N

O

Ph Ph

Ph
Ph

Ph
Ph

tBu
tBu

(S,S)-Ligand19F NMR spectra for 1a (1:5.3 Z/E)

Cobalt-catalysed enantioselective hydroalkylation
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19F NMR spectra for 1a (1:5.3 Z/E), without 2a

R1
F

 2.0 equiv

10% CoBr2(DME)
12% (S,S)-Ligand
3.0 equiv. DEMS

3.0 equiv. CsF
DME (0.14 M), Ar, 5℃

O

N N

O

Ph Ph

Ph
Ph

Ph
Ph

tBu
tBu

(S,S)-Ligand

Cobalt-catalysed enantioselective hydroalkylation



a. Radical clock experiments b. Deuterium-labelling experiments

c. Kinetic isotope effect experiments

28

Cobalt-catalysed enantioselective hydroalkylation
 Preliminary mechanism studies
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Bn F

O

I

1a, 2.0 equiv 2a, 1.0 equiv

10% CoBr2(DME)
x (S,S)-Ligand

3.0 equiv. DEMS
3.0 equiv. CsF

DME (0,14 M), 5℃

O
Bn F

4aa

O

N N

O

Ph Ph

Ph
Ph

Ph
Ph

tBu
tBu

(S,S)-Ligand

Cobalt-catalysed enantioselective hydroalkylation
 Preliminary mechanism studies
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Bn F

O

I

1a, 2.0 equiv 2a, 1.0 equiv

10% CoBr2(DME)
12% (S,S)-Ligand
3.0 equiv. DEMS

3.0 equiv. CsF
DME (0,14 M), 5℃

O
Bn F

4aa

O

N N

O

Ph Ph

Ph
Ph

Ph
Ph

tBu
tBu

(S,S)-Ligand

Cobalt-catalysed enantioselective hydroalkylation
 Preliminary mechanism studies
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Cobalt-catalysed enantioselective hydroalkylation
 DFT calculations
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Cobalt-catalysed enantioselective hydroalkylation
 DFT calculations
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Cobalt-catalysed enantioselective hydroalkylation
 DFT calculations



a. Electronic effect analysis of the regio-determining step. b. Optimized structures of d-TS1-L4 and d-TS2-L4.

c. Proposed mechanism.

34

Cobalt-catalysed enantioselective hydroalkylation
 Proposed mechanism
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a. b. 

c. 

Cobalt-catalysed enantioselective hydroalkylation
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Summery

 The reaction products were chiral Fluoroalkanes.

 This reaction exhibits a catalyst-controlled enantioselectivity,

making traditional directing or auxiliary groups unnecessary.

 Preliminary mechanistic studies indicate that hydrometalation

was the turnover-limiting step and stereo-determining step.
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Thank you!
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