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Recent Advances in the Trifluoromethylation Reactions of Isonitriles To 
Construct CF3-Substituted N-Heterocycles
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Direct Arylation of C(sp2)–H Bonds in Anilines

N

H

H
Anilines

Regioselective
Arylation

meta

para

H

• Radical coupling
• Transition-metal catalysis
• Directed C−H activation

• Radical oxidative coupling
• [Pd] or [Cu] complexes
  as electrophiles

• Heck-type reaction
• Catellani-type reaction

ortho

Ar

Ar

Ar
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Properties, and Applications
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Recent Advances in the Trifluoromethylation Reactions of Isonitriles To 
Construct CF3-Substituted N-Heterocycles

X

NC CF3 source

N CF3

phenanthridines
isoquinolines

pyridines

N CF3N
H

CF3

indoles

quinolines

N CF3

trifluoromethylation

CF3-substituted azaheterocycles

metal-free transformations

transition-metal catalysis

photoredox catalysis

CF3

X = vinyl/(hetero)aryl

S
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Synthesis of 1-(Trifluoromethyl)alkenes through Transition-Metal-Cat-
alyzed Alkylation and Arylation of 1-Chloro-3,3,3-trifluoroprop-1-ene 
(HCFO-1233zd)

CF3Cl

CF3Ar

CF3R

cat. [Co]

cat. [Ni]

R [Zn]

Industrial feedstock
HCFO-1233zd

ArBr, Mn

R = Alkyl, Ar
Feature
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GeR3

Y
baseF

Y + R3GeH

DFT calculations

practically simple
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NOBF4-Mediated Assembly of the Sydnone Imine Scaffold in the 
Synthesis of Double Nitric Oxide Donors

N
H

R
CN

R NOBF4

TFA

N
N

O

R
R

NH2

BF4

(80–97%)

N
O

N

R O
N

N O

N
R

O

N3-oxyethyl-linked

N
N O

N

O
R

N
ON

R
O

N6-carbamoyl-linked

NN
O

N
O

N R
N

R

O

R

O

C–C-linked

- one operationally simple synthetic step
- fully substituted sydnone imines are prepared

- applicable for the synthesis of furoxan-
sydnone imine hybrids
© 2023. Thieme. All rights reserved.
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Photo-Induced Selective Difluoroalkylation of Unactivated Alkenes to 
Access Difluoroalkylated Indoles

Up to 91% yield

Mild reaction conditions Photoredox catalysis

High chemoselectivity

Versatile access to difluoroalkylated indoles

N CF2CO2Et

N ICF2CO2Et

N CF2CO2Et

N

CF2CO2Et

R

Iododifluoroalkylation

R

R

R

12 examples,  up to 78% yield

8 examples, up to 91% yield

8 examples, up to 72% yield

I

Alkenyl-difluoroalkylation

Difluoroalkylation-cyclization

+
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Metal-Free Cascade Synthesis of 1,2,4-Thiadiazoles from -Ketothio-
amides and Alkyl/Aryl Cyanides under TBN Enabling Conditions at 
Room Temperature

S

H
N

N

Me Me
Me

ONO

rt

5 min

N

S
N

NO

metal-free one-pot  protocol

TBN-mediated conditions

radical cascade reaction

36 new 1,2,4-thiadiazoles

Cascade formation of 3 new bonds (2 C−N & 1 S−N)
© 2023. Thieme. All rights reserved.
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Koser’s Reagent Mediated Oxidation of Aldoximes: Synthesis of 
Isoxazolines by 1,3-Dipolar Cycloadditions

N
OH

R1

NN
O

R O

O

R2

N
O R3

N

O

O

R2

R3

Metal

Base

Et2O, rt, 1 h 33 examples
up to 95% yield

18 examples
up to 94% yieldR3 = Ph, CN

Et2O

I
OTs

OH

[3+2] cycloaddition • metal- and base-free • mild conditions 
• shorter reaction time • operationally simple • broad scope

R1

R = aryl, alkyl
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Synthesis of Dithioacetals through Iodine-Promoted Insertion 
Reactions of Vinylsilane to Disulfides and its Application to 
Diselenoacetalization

R1

S
S

R1

+
I2 / KF

SiMe3

Me

R1S SR1

R1 SH

or

metal-free conditions
1,1'-addition of disulfides and thiols
application to 1,1'-addition of a diaryl selenide

15 examples
(up to 73%)

R1 = aryl, alkyl

PhMe, Δ, N2
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Synthesis of 1,1-Disubstituted Indenes via Palladium-Catalyzed Cross-
Coupling of ortho-Alkenyl Bromobenzenes and -Aryl--diazoesters

24 examples
up to 93% yield

Br

R1 N2

OR2

O
Ar1 Ar2

+

Pd(OAc)2 (10 mol%)
P(2-MeOC6H4)3 (20 mol%)

Cs2CO3, 100 °C

R1

CO2R2

Ar2

Ar1

via:

PdII

R1

Ar1
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Enantioselective Synthesis of Dispirooxindole Derivatives via 
Asymmetric Catalytic Cascade Reactions

N
Ts

ON

N

O

CF3

+
 Cat. (20 mol%)

N
Ts

O

NH
CF3

N

O

Cat.

R1
R4

R2 R1

R4

R2

R3

R3

DCM, rt

Up to 99% yield, >20:1 dr, 99% ee

Dispirooxindole scaffold

Four contiguous chiral centers

N

O

N

N
H

OO

N
H

F3C

F3C
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Aza-Wacker Cyclization Toward the Bridged Core of FR901483

OTBS

Me

H
N

O
OMe

N
O

MeO

OTBS
aza-Wacker 
cyclization

80%

N

OTBS

O

3 steps

 FR901483

N

OHO
PMB

H

NHMe

P

O

OH
OH

gram scale

N

OTBS

O

O

O

N

OTBS

O
2 steps

2 steps
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