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Benzene Substitution Pattern
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Origin & Control of Substitution Pattern
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Synthetic Methods for Substitution Pattern Alteration

 X

C

C
Br

H
C

C
H

Br

Halogen dance reaction
review: Erb Tetrahedron 2016, 4973

H2O

LDA

150°CC

C
CO2Ph

H
C

C
H

CO2Ph

Yamaguci, Sci. Adv. 2020, 6

Pd cat., Base

C

C
OH

H
C

C
H

OH

Lumb, Nat. Chem.  2024, 1193

Ox. Red.

Diazo.



Synthetic Methods for Substitution Pattern Alteration

 X

C

C
Br

H
C

C
H

Br

Halogen dance reaction
review: Erb Tetrahedron 2016, 4973

H2O

LDA

150°CC

C
CO2Ph

H
C

C
H

CO2Ph

Yamaguci, Sci. Adv. 2020, 6

Pd cat., Base

C

C
OH

H
C

C
H

OH

Lumb, Nat. Chem.  2024, 1193

Ox. Red.

Diazo.
C

C
NR2

H
C

C
H

NR2

Possible ?

New of synthetic strategy for Nitrogen Ring Walk



Road Map to Nitrogen Ring Walk
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Synthesis of ortho-Aminophenols
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Synthesis of ortho-Aminophenols
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Synthesis of ortho-Aminophenols
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Synthesis of ortho-Aminophenols
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New Approach for the Synthesis of ortho-Aminophenols
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New Approach for the Synthesis of ortho-Aminophenols
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Reaction Mechanism 
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Preparation of complex ortho-Aminophenols
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Preparation of complex ortho-Aminophenols

 X

C

C
Oi-Pr

NH

TFA

 8.4 : 1;    66%

C

C
Oi-Pr

NH

TFA

60%

C

C
Oi-Pr

NH

TFA

MeO

CF3

F3C

OMeMe

Me

Me
& C

C
Oi-Pr

NH

TFA

 2 : 1;    55%

C

C
Oi-Pr

NH

TFAPh

Ph

&

C

C
N3

R2

R1

R3

+ C

C
OR

R2

R1

R3

NHH

TFA
3

NaOt-Bu (1.1 eq.)
THF (0.1 M), r.t., 16h

(hν = 390 nm)

then TFAA (10.0 eq.)
BTMG (4.0 eq.)

THF (0.1 M), r.t., 2h

OH

1
2

(4.0 eq.)

R

Angew. Chem. Int. Ed.  2023, 62, e202310540



Synthesis of ortho-Aminophenols : Selectivity
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Application in Synthesis of Drugs
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Extension to Nitrogen and Sulfur Nucleophiles
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Substitution Pattern Alteration via Nitrogen Ring Walk
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Substitution Pattern Alteration via Nitrogen Ring Walk
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Substitution Pattern Alteration via Nitrogen Ring Walk
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Synthetic Strategy and Reagent Design 
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Synthetic Strategy and Reagent Design 
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Synthetic Strategy and Reagent Design 
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Synthetic Strategy and Reagent Design 
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Scope of Nitrogen Ring Walk

 X

C

C
N3

R3 H
C

C
H

R3 NH

TFA
1 2

R2

R1 R1

R2

R4R4

A
hν, HSAr 

TFAA

B
Bi(OTf)3

NCS

C
hν,

Cs2CO3

HS

MeO OMe

Unpublished

C

C

H
N

TFA

O Me

H

H

H

H
C

C
H

NH

TFA

BuO2C
O N

H
O

Et
C

C
H

NH

TFA

27%
(A 58%, B 76%, C 95%)

from Butamben

1 : 1, 26%
(A 59%, B —%, C 44%)

from Estrone

55%
(A 71%, B 81%, C 98%)
from Aminoglutethimide

1 gram scale

C
C

NH

H *

48%
(A 71%, B 78%, C 87%)

TFA

C

C
H

NH

TFAOMe

1 : 9, 50%
(A 79%, B 78%, C 96%)

*

C

C
H

NH

TFA

1 : 2, 36%
(A 56%, B 70%, C 92%)

C

C
H

NH

TFA

Ph

Me

Me

C

C
H

NH

TFA

PinB
C

C
H

NH

TFA

36%
(A 65%, B 75%, C 75%)

50%
(A 78%, B 67%, C 95%)

31%
(A 59%, B 55%, C 98%)

Br

*

C

C
H

NH

TFA

Ph

OH
Ph

29%
(A 53%, B 76%, C 73%)

48%
(A 62%, B 78%, C 98%)

C

C
H

NH

TFA
I



Ortho-diversification
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Substitution Pattern Alteration via Alkyl Group Ring Walk
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Substitution Pattern Alteration via Alkyl Group Ring Walk
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Substitution Pattern Alteration via Alkyl Group Ring Walk
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Substitution Pattern Alteration via Alkyl Group Ring Walk

 XUnpublished
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Alkyl Group Ring Walk: Systematic Analysis of Photo-stability
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Alkyl Group Ring Walk: Systematic Analysis of Photo-stability
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Alkyl Group Ring Walk: Systematic Analysis of Photo-stability
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Alkyl Group Ring Walk: Systematic Analysis of Photo-stability
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Aryl-Alkyl Group Ring Walk - Mechanism 

 XUnpublished
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Alkyl Group Ring Walk : Scope

Unpublished

C
Me

C
i-Pr

OH

Thymol

C
i-Pr

C
Me

OH

Carvacrol

57 %52 %

B

C C

OH

i-PrMe
C C

OH

Mei-Pr

78 %86 %
70 % [1g scale]

A

C

C

OH

Me

i-Pr

C

C

OH

i-Pr

Me

C
Me

C

OH

Amylmetacresol

50 %

C C

OH

Me

86 %

C

C

OH

Me

Me

Me

Me

4

4

4

C
Me

C
i-Pr

OH

Thymol

C
i-Pr

C
Me

OH

Carvacrol

C
Me

C

OH

Amylmetacresol

Me4



Alkyl Group Ring Walk : Scope
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Substitution Pattern Alteration via Alkyl Group Ring Walk

 XUnpublished
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Alkyl Group Ring Walk : Scope
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Alkyl Group Ring Walk : Scope
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Substitution Pattern Alteration via Aryl Group Ring Walk
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Substitution Pattern Alteration Reactions
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Substitution Pattern Alteration: Directionality

 XUnpublished
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Substitution Pattern Alteration: Directionality

 XUnpublished

Single Nitrene delocalization-insertion 
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Substitution Pattern Alteration: Directionality

 XUnpublished

Protonation and Absorption are fundamental for the directionality  

Group translocation can be controlled by different wave length
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Photochemistry for Benzene Substitution Pattern Alteration

 XProc. Natl Acad. Sci. USA 2007, 16964

Photochemistry Rearrangements : 

Sustainable : Avoids precious metals like iridium, platinum, and ruthenium. 

Energy Efficiency: No heat required, with the potential to harness solar light as an energy source (energy savings) 

Atom Economy: Promotes highly efficient photochemical transformation, all atoms are already into the final product. 
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Alkyl Group Ring Walk - Mechanism 

 XUnpublished
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