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Late-Stage C–H Olefination of Arenes

• Dual ligand-based catalyst
• No directing group

• Arene-limited
• Late-stage functionalization

Dual Ligand-Enabled Late-Stage Fujiwara–Moritani Reactions

C. Santiago, H. Chen, A. Mondal, M. van Gemmeren
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Nickel-Catalyzed Asymmetric Synthesis of P-Stereogenic Vinyl Phos-
phines

coordinate
directly
M = Pt

M = Ru, Rh, Pd, 
Ir

C–H activation
X = BH3, O, S, Se,

 NTs, Me...

Direct synthesis of chiral PIII compounds 
Up to >99% ee and >20:1 rr
Excellent yield and broad applicability
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Application of Oxidative Ring Opening/Ring Closing by Reductive Ami-
nation Protocol for the Stereocontrolled Synthesis of Functionalized 
Azaheterocycles

oxidative ring olefin 
bond cleavage

functionalized cyclic 
or acyclic dialdehydes

 cycloalkene amino acid  
derivatives

CO2R1

NHR2

*

*( )n

ring closing across

highly functionalized
 N-heterocycles,
azaheterocyclic 

amino acid derivatives

reductive amination

( )m

n = 0, 1, 3; m = 0, 1

(R-NH2)
with primary amines

R = alkyl, fluoroalkyl,
perfluoroalkyl
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"dihydroxylation/C–C cleavage"

"ozonolysis"

or

R1 = H, Et, Bn
R2 = Boc, COPh, Cbz
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Catalytic Hydrogen Isotope Exchange Reactions in Late-Stage Func-
tionalization

Late-stage HIE
C H

FG CCH

CH

Catalyst

Organocatalysis
Photoredox Catalysis

Transition-Metal Catalysis

bioactive molecules
pharmaceuticals

H

C H

FG CCH

CH

D/T

incorporation of
Deuterium, Tritium
Cluster
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Site-Selective Late-Stage C–H Functionalization via Thianthrenium 
Salts
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cross-coupling

Photoredox 
catalysis
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Triazole-Enabled Ruthenium(II) Carboxylate-Catalyzed C–H Arylation 
with Electron-Deficient Aryl Halides
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• one-step synthesis
• mild base K2CO3

• cost-efficient ruthenium
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Rhodium-Catalyzed, Phosphorus(III)-Directed Hydroarylation of Inter-
nal Alkynes: Facile and Efficient Access to New Phosphine 
Ligands

√

cat. [Rh]PR2

H + R2

R2
R2

R2

or
R2P

R2

R2

R2
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R1 R1

R1

Internal alkynes

High selectivity of alkenylation and di-alkenylation
Cluster
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Dual Ligand-Enabled Late-Stage Fujiwara–Moritani Reactions
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Late-Stage C–H Olefination of Arenes

• Dual ligand-based catalyst
• No directing group

• Arene-limited
• Late-stage functionalization
Cluster
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32 examples
up to 94% yield
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Dirhodium(II)-Catalyzed Synthesis of N-(Arylsulfonyl)hydrazines by N–
H Amination of Aliphatic Amines

NR4O2C

R1
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NH
PG

N–H amination
H
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MS 4 Å, CF3C6H5
R3 R2 R3 R2or

NPh
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PG = 3,4-(MeO)2C6H3SO2

up to 94% yield
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Mild, General, and Regioselective Synthesis of 2-Aminopyridines from 
Pyridine N-Oxides via N-(2-Pyridyl)pyridinium Salts

N

O

R

pyridine
TFAA

CH2Cl2
or MeCN

N

R

N

OC(O)CF3 hydrazine hydrate
or ethanolamine

EtOH N

R

NH2

15N-labeling possible
28 examples

58–99% yields

-  Scalable
-  Broad functional-group tolerance
-  Mild conditions
-  Inexpensive reagents
-  Highly regioselective
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A Mild and Efficient Synthesis of Pyrazolo[1,5-a]pyridines Mediated by 
Triphenylphosphine/Diiodine

N

X

Ar1

Ar2N

OH

N

X

N

Ar1

Ar2

R1

R1

PPh3, I2 
imidazole

30 °C, 40 min

X = C, N

metal-free
mild and efficient conditions
one-pot synthesis of diaryl-substituted pyrazolo[1,5-a]pyridines
13 examples, up to 78% yield
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Synthesis of 2-Arylbenzothiazoles from Nitrobenzenes, Benzylamines, 
and Elemental Sulfur via Redox Cyclization

S

N
+

NH4I

Redox Cyclization
up to 99%

NH2

R2

R2

NO2

R1

+ S

sulfolane

R1

R1: H, CH3, C2H5, Cl, OH, OCH3

R2: H, CH3, OH, OCH3, tBu, CF3, Cl, Br
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Skeletal Analogues of UCS1025A and B by Cyclization of Maleimides: 
Synthesis and Biological Activity
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