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研究内容2

1, 金属的LMCT总述

2, 钛催化的LMCT

3, 铁催化的LMCT

4, proposal
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钛催化的LMCT
3

J. M. Lipshultz, J. Am. Chem. Soc. 2026, 148, 6665-6673. 

利用多样化的配体到金属电荷转移（LMCT）激发态路径，实现催化剂对烷氧自由基反
应性的调控。
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在 Ti-LMCT 催化中，通过调控 Ti配体电子性质，可在“游离
烷氧自由基固有反应性”与“催化剂强制激发态 β-断裂”之间
切换；Ti越缺电子，越易接近促进断裂的 LMCT 激发态，越
能强制 β-断裂。
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OH
Ph

MeOOC

COOMe

Cp*TiCl3 (5 %mol)
4a

DCE (0.2 M), 20h

427 nm

COOMe
COOMePh

entry yield (%)

1

deviation from standard

2

3

4

5

6

7

8

9

10

Cp2TiCl2 in place of 4a

FeCl3, CeCl3, CeCl62-, or CpZrCl3 in place of 4a

1.5 equiv 1a

1.5 equiv 2a

CH2Cl2 / PhCI solvent

Et2O/THF solvent

450 nm LED

390 nm LED

0 mol% 4a / in dark

88

81

<1

94

>99

83/72

28/30

74

80

0/0

1a 2a

OH
Ar

MeOOC

COOMe

Ti catalyst (5 %mol)

DCE (0.2 M), 20h

427 or 390 nm

COOMe
COOMePh

entry yield (%)

1

Ti catalyst

2

3

4

5

6

7

8

9

10

Cp2TiCl2

Cp*TiCl3

4a

Cp2TiCl2

Cp*TiCl3

TiCl4 + Box* (10 mol%)

TiCl4 + dCF3bpy (10 mol%)

TiCl4 + dOMebpy (10 mol%)

TiCl4 + PPh4CI (10 mol%)

26

25

29

35

31

39

56a

63

73

67

1a 2a

LEDs

4a

[TiCl6][PPh4]2 (4b)11 79

427 nm

427 nm

427 nm

390 nm

390 nm

390 nm

390 nm

390 nm

390 nm

390 nm

390 nm
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Ph

Ph
O
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Ph

Ph
O
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Ti

Cl

ClCl
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ClCl

2PPh4
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OH

MeOOC

COOMe

Cp*TiCl3 (5 %mol)
4a

DCE (0.2 M), 20h

427 nm

COOMe
COOMePh

1a 2a

OH
Ph

OH
BocHN

OH

COOMe
COOMePh

COOMe
COOMeBocHN

COOMe
COOMe

87% yield 66% yield 83% yield

COOMe

Ph

O

N
O

O

NHPh

Bn

Bn

Bn

85% yield

84% yield

83% yield
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TD-DFT 计算实验



T O N G J I U N I V E R S I T Y

12

钛催化的LMCT
3

J. M. Lipshultz, ACS Catal. 2025, 15, 15315-15323. 

二茂钛光催化实现的醇降解性/解构性官能团化
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RHO

[ Ti ]

[ Ti ] Cl

[ Ti ] O
R

PT

RH

LMCT
O R [ Ti ]

β-scission

R[ Ti ]

RH

H

ArSH ArSH

HAT

HArSe
SET

tunable Ti
redox potentials
E1/2 VS. Fc+/Fc

CpTiCl3 Cp*TiCl3 Cp2TiCl2 Cp*2TiCl2

-0.79V -1.12V -1.19V -1.55 V
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OH

MeO

Ti-LMCT catalyst 3a (10 mol%)
HAT catalyst 4 (20 mol%)

THF (0.1 M), 14 h

425 nm1a

H

MeO

entry yield (%)

1

deviation from standard

2

3

4

5

6

7

3b in place of 3a

3c in place of 3a

450 nm

475 nm

390 nm

525 nm, in dark, no 3a, or no 4

> 95

> 95

92

92

81

> 95

0
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Ti-LMCT catalyst 3a (10 mol%)
HAT catalyst 4 (20 mol%)

THF (0.1 M), 14 h

425 nm
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A. Isolated titanocene alkoxide undergoes photochemical degradation

B. Evidence of alkoxyl radical: β-scission vs. Π-addition

OHAr
H

Ar

H
OAr

1b

Ar = 4-OMe-C6H4

2b 28%

via β-scission

5b 23%

via 5-exo-trig Π-add'n

C. Evidence of C-radical trapping by HAT catalyst 4: deuteration

OH

MeO

1a

H/D

MeO

CD3CN or tol-D8

THF, D2O (10 equiv)

> 95%, >20:1 H:D

90%, 1.5:1 H:D

2a-H/D
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Z. Zuo, J. Am. Chem. Soc. 2026, 148, 42904-42912. 
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Synthesis and structure characterization of photoactive Ti(BOX)-alkoxide complexes

Catalytic performance validation

OH Ph N

O Ti complex

395 nm LEDs
standard condition

Ph N

OBn

O

O

O

O
Bn

Bn

10 mol% 40, 10 mol% L6

10 mol% 41

10 mol% 42

61% yield

64% yield

58% yield

94:6 er

92:8 er

95:5 er
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UV-vis spectra of Ti(IV) complexes Operando EPR experiment

Ti(L6)(OCHBn2)2Br2
DMPO NMe

Me
Bn

O

DMPO-Bn

Photolysis rate of Ti(BOX)-alkoxide complexes Kinetic experiments of Ti complexes
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Z. Zuo, Science 382, 458–464 (2023)

单一催化剂对醇去消旋化中立体富集的倍增式增强”
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A) Isotope labeling experiments preclude alcohol oxidation/reduction and HAT pathways for deracemization

D

D
Ph

D
D

OH 4 mol% TiCl4, 16 mol% L1

0.3 equiv. Na2CO3, LEDs
88% yield, 6.8:1 d.r.

D-inc: > 95%
(+-)50

D

D
Ph

D
D

OH

(+)-50, 97:3 er
D-inc: > 95%

HO

NHTs

Ph
D 4 mol% TiCl4, 10 mol% L8

0.3 equiv. Na2CO3, LEDs
90% yield, 20:1 d.r.

D-inc: > 95%
(+-)51

HO

NHTs

Ph
D

(+-)51, 97:3 er
D-inc: > 95%

B) enantioconvergent transformations support deracemization through a shared, achiral intermediate

OH

trans isomer, (+-)1

4 mol% TiCl4, 16 mol% L1

0.3 equiv. Na2CO3, LEDs
96% yield, 10.7:1 d.r., 99:1 er

OH

(1S, 2S)-1

4 mol% TiCl4, 16 mol% L1

0.3 equiv. Na2CO3, LEDs

92% yield, 8.9:1 d.r., 98:2 er

OH

(1R, 2R)-1
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R. Rasappan, J. Am. Chem. Soc. 2026, 148, 23577-23584. 



T O N G J I U N I V E R S I T Y

29

铁催化的LMCT
3



T O N G J I U N I V E R S I T Y

30

铁催化的LMCT
3



T O N G J I U N I V E R S I T Y

31

铁催化的LMCT
3



T O N G J I U N I V E R S I T Y

32

铁催化的LMCT
3



T O N G J I U N I V E R S I T Y

33

铁催化的LMCT
3



T O N G J I U N I V E R S I T Y

34

铁催化的LMCT
3

G. Ackerman-Biegasiewicz, J. Am. Chem. Soc., 2024, 146, 29551-29559. 
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(1 equiv)

iPr2NEt (10 equiv)

MeCN, rt, 12 h

CF3
45

Alkyl-Alkyl

I

CF3

HO

O
OPh

(5 equiv)

entry yield 45 (%)

1

condition

2

3

no PhOCH2CO2H, iPr2NEt

FeCl2 (1 equiv)

FeCl2 (1 equiv), 390 nm

28

48

59

60

yield Alkyl-Alkyl (%)

as in scheme 25

47

31

34

FeCl2 (2 equiv)

FeCl3 (1 equiv)

FeCl3 (1 equiv), 390 nm

Cp*2Co (1 equiv),
no PhOCH2CO2H, iPr2NEt

4

5

6

7

8

58 39

10 71

10 71

62 0
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A. Amgoune, ACS Catal., 2024, 14, 12757-12768. 
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Abderrahmane Amgoune, Angew.Chem.Int.Ed. 2026, e3306470
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OH

O

R

[Fe ]

O

O

R [Fe ]
LMCT
-CO2

[Fe ] R

B2(OR)4

R B(OR)2
enabling the direct decarboxylative

borylation through Fe-LMCT catalysis

R2
R3

R1
OH

O Fe(OAc)2 (10 mol%)

DMSO, rt, 390 nm

BR2
R3

R1

38 examples
51–71% yield

NaCIO3 (0.3 equiv.)O
B

O
B

O

O

O

O

F. Juliá-Hernández, J. Am. Chem. Soc. 2026, 148, 40615-40621. 
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R2

R1

O

OH

Fe(NO3)3-9H2O (20-30 mol%)
TMSN3 (4 equiv.)

Na2CO3 (40-110 mol%)
MeCN (0.4 M)

26 W purple LED(390 nm)
r. t., N2

R2

R1

N3

N3
N3

N3

54% yield 70% yield 69% yield

30 examples
18–77% yield

J. G. West, Chem Catalysis, 2023, 3, 100603. 
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R2
R3

R1
OH

O

Ph
S

O

S

O
R

Fe(NO3)3-9H2O (10.0mol%)
K2CO3 (0.5 equiv)

390 nm LEDs
MeCN, 35 °C, 6 h, N2

S
R2

R3

R1
R

60 examples
20–94% yield

R2
R3

R1
OFe

O

Fe

Fe

R2
R3

R1
OH

O

LMCT -CO2

R2
R3

R1

S
R2

R3

R1
R

SO2PhSO2Ph

Wujiong Xia, Org. Chem. Front. 2023; 10 (19): 4764–4773.
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R2
R3

R1
OH

O

F
R2

R3

R1

34 examples
16–80% yield

N+ N+

Cl
F

Fe(OAc)2 (10.0mol%)
DMBP (10.0mol%)

2,6-lutidine (1.8 equiv)

400 nm LEDs
MeCN/H2O, rt, 2 h, N2

R2
R3

R1
OH

O

X
R2

R3

R1

50 examples
20-94% yield

Fe(OAc)2 (10.0mol%)
DMBP (10.0mol%)

2,6-lutidine (1.8 equiv)

400 nm LEDs
MeCN, rt, 16 h, N2

NO
O

X

a) P. Hu, Org. Lett., 2022, 24, 5972-5976. b) P. Hu, Chem. Commun., 2024, 60, 2764-2767. 
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J. G. West, Nat. Commun., 2022, 13, 7881
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Proposal
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O
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