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C–H Bond Silylation of Heteroarenes

Het [Si] Het

Si
Methods

Regioselectivity

H
Mechanism

[ ]

Direct silylation of heterocycles
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Zinc-Mediated C–H Metalations in Modern Organic Synthesis

N
ZnCl

N
Zn

N•LiCl

N
Zn Li

Multiple Zn base complexes afford
differing reactivity and selectivities

N N
Ph

ON

ON

O
S

NN

N

NN

N N
OMeO

N

N

CO2R

N

N

CO2R

Heterocyclic and
organometallic-sensitive

substrates

Diverse functionalised
products
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Scope and Limitations of the Palladium-Catalyzed Direct 
1,2-Diheteroarylation of 1,2-Dihalobenzene Derivatives

36 examples

+

Z

Y H

Y = S, O, NR
Z = CH, N

I

Br
R1 R1

KOAc, DMA
150 °C

Pd(OAc)2 (2 mol%)

R2

Z

Y

Y

Z

R2

R2

R3

R3R3
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NH
N

O

O

R1

R2

NH
N

O

O

H
R1

R2

I

OTf

R3

N
N

O

O

R2

C-Arylation

C,N-Diarylation

+

22 examples
up to 95% yields

3 examples
up to 92% yields

* Regioselective C-arylation, and C,N-diarylation
* Moderate-to-excellent yields of bi(hetero)aryls
* Broad substrate scope of starting materials

R3

PdII
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Palladium-Catalyzed C7–H (Hetero)arylation of Pyrazolo
[1,5-a]pyrazines with Heteroarenes and Aryl Iodides with the 
Assistance of Silver Salts

N

N

N N

N

N

(Het)
Ar

(Het)
Ar

I(Het)
Ar

H

> 30 examples

up to 78% yield

• Novel bi(hetero)aryl motifs • Transformations of products

OR

• Silver-assisted oxidative C–H/C–H or C–H/C–I cross-coupling
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S
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O Ph

O

F
F Pd cat.

S H

F F

O

Ph

Evidence of Elusive Reactive Intermediate
   

Functionalization of Dearomatized Styrene

S F
F

Ph
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NHN
MeO2C

CO2Me

S
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O
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F
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Decarboxylative Alkenylation of Imidazo[1,2-a]pyridines Using ,-
Unsaturated Carboxylic Acids via Pd-Catalyzed C–H Functionalization

N

N
R1

R2

COOH

R3

H
Pd(OAc)2 (10 mol%)
1,10-Phen (20 mol%)

Ag2CO3 (1 equiv) 
DMAc, 130 °C, 36 h

N

N
R1

R2

R3

17 examples
up to 81% yieldR3 = Alkyl, Aryl

• C–C bond formation via C–H functionalization
• Decarboxylative alkenylation

R1, R2 = H, CH3, Cl, 4-Ph

+

S
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Construction of Thienopyrroles through Rhodium-Catalyzed Direct 
Annulation of (Acetylamino)thiophenes with Alkynes

cat. [Cp*Rh(MeCN)3][SbF6]2
Ag2CO3

+

R3

R4

S H

HN

S H

R1 HN
O

O

R2

S

S

R1

R2

N

N R4

R3

R4

R3

O

ODMF

110 oC, 1 h

16 examples
up to 99% yield
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C–H Activation

PPh2

H

PPh2

R1
R2 R2

Rh(III)

TfO
R1

peri-selectivity
26 polyaromatic phosphines 

42-93% isolated yields

N
L[Au]

O Me

N R4

R3
O

N
R4

 = L

+

,

R3
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Rh-Catalyzed C–H Functionalization of the (Pyrazol-5-yl)pyridine Core 
of GBT-440

R = H, CO2Me, C(=O)Me, C(=O)Ar
R' = CO2Me, CO2Et, P(=O)(OEt)2 
5 examples; up to 91% yield

RhCp*Cl2 (1 mol%)
AgSbF6 (20 mol%)

CH3CO2H (1 equiv) 
Cu(OAc)2·H2O (2 equiv)

THF, 95 oC, 2-8 h

RhCp*Cl2 (1 mol%)
AgSbF6 (20 mol%)
MeOH, 60 oC, 6 h

X

X = Ar, CO2R, CONHR
25 examples; up to 96% yield

R' R

N2

85%

TIPS

I

O

O

N

N
N

H N

N
N

X

N

N
N

R'

R

N

N
N

TIPS
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Sustainable Ru(II)-Catalyzed ortho-C(sp2)–H Hydroxyalkylation of 
Phthalazinones Using Ethyl Glyoxalate: Access to ,′-Arylcarboxy 
sec-Alcohols

N
N

O

+

O

O
H

O
N
N

O

HO
O

O

Ru(II)

green solvent potential bioactivitysimple catalytic system

2-Me-THF
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Rh(III)-Catalyzed Stereoselective C–H Homoallylation of Indolines with 
4-Vinyl-1,3-dioxan-2-ones

+ O O

O

Rh

Mild reaction conditions
Excellent stereoselectivity
Broad substrate scope

N

H
N

N

N

N
N

HO
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Bimetallic Catalyzed Synthesis of 2-Arylindoles

OH

R2

NH2

R1

O

R1

R2

N
H R1

Ni
28

Mn
25

Pd
46

H2O

N
H

R2
R1

or

9 examples
up to 45% overall yield

without isolation of intermediates
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Manganese-Catalyzed ortho-Hydroalkylation of Aryl-Substituted 
N-Heteroaromatic Compounds with Maleimides

X

N R1

Mn R1

NO O

R

39 examples
up to 93% yield

Broad substrate scope         High regioselectivity       

Additive-free conditions       Amenable for gram-scale

+
NO O

R

X

N
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Selective Deuteration of Heterocycle N-Oxides via Iridium-Catalysed 
Hydrogen Isotope Exchange

N

O

N

OD

R R
(0.25 mol%)

D2 (1 atm), CH2Cl2
25 °C, 16 h

PF6

Ir

PPh3

N

N

Mes

Mes

• Very low catalyst loadings
• Mild conditions
• 13 Quinoline examples
• 74–97% Deuterium incorporation
• One-pot labelling/reduction process
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Gold-Catalyzed Cyclization of Alkynyl Heteroarenes with a 
Norbornene Bridge

het

R

het

R
het

RAu(OAc)3 or AuCl3
AgNTf2, 80–100 °C

vs.

R = Ar, Cy, cPr 21 examples
(up to 99%)

8 examples
(up to 82%)

–

S
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On the Reaction Mechanism of the Selective C(sp3)–H Functionalization 
of N-Benzylpiperidines Mediated by TEMPO Oxoammonium Cation

N

H

N

N

Ph

Selective tetra C–H oxidation

N

Ph

dienamine
formation

TEMPO

N

Ph

O

O

N

Ph

OTMP

tandem 
epoxidation/C–H oxidation

with ClO2

electrophilic
trapping

OH
H

H
H H

CH π interactions

TMPO
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Photocatalyst-Free, Visible-Light-Mediated C–H Perfluoroalkylation of 
Quinazolin-4(3H)-ones with perfluoroalkyl Iodides

N

NH

O
CnF2n+1I , K2CO3

DMSO, 50 °C, 24 h N

NH

O

CnF2n+1

R1

R2

R1

R2

Visible Light

23 examples, 15-64%
n = 3-6; 8
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Visible-Light-Induced Metal-Free Selenation of Tryptamines/3-Substi-
tuted Indoles

Photocatalyst-free

N N
Se

DPP

Metal- and oxidant-free 20 examples, up to 92% yield

Oxygen as oxidant

Broad functional group tolerance

Analogues of bioactive compounds NH

SePh

O

O
O

O
O

O
O

N
H

SePh

O

O OMe

Naproxen derivative
O2, r.t., 24 h

EWG, EDG

Alkyl

SeSe

Aryl, Alkyl

S

© 2023. Thieme. All rights reserved.
pecial Topic

3685
do
w

nl
oa

de
d 

fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 U

na
ut

ho
riz

ed
 d

is
tr

ib
ut

io
n 
Synthesis 2023, 55, 3693–3699
DOI: 10.1055/a-2124-5485

P. Sikdar
T. Choudhuri
S. Paul
S. Das
A. Kumar
A. K. Bagdi*
University of Kalyani, India
as
 

Photocatalyst-Free Visible-Light-Promoted C–H Selenylation of 
Pyrazolo[1,5-a]pyrimidines

K2S2O8

N N

N

R1

R2

N N

N

R1

R2

R4Se

Photocatalyst-Free
Mild Conditions

High Yields 
Good Functional Group Tolerance

+

PC

21 examples
up to 84% yield

(R4Se)2

R3 R3

White LED
DMSO, air, rt
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