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Recent Advances in Ligand-Controlled Regio- or Stereodivergent 
Transition-Metal-Catalyzed Hydroelementation (H[E]) (E = H, B, Si, Ge) 
of C–C Unsaturated Systems
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√ Total 13 pairs of L/L' with [M] for divergent H[E] additions

√ First review of ligand-controlled divergent H[E] addition (E = H, B, Si, Ge)
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Modern Dearomative Enlargement of Heteroaromatic Rings
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Enlarged 3D 
structures

X
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Atom 
Insertion

Aromatic & flat

5- and 6-membered 
heteroaromatic rings

Unusual new
heterocycles

Inserted atoms:
C, N, O, B, 

Si, P, Ti & Ge

Dearomative Enlargement Reactions

Y
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Lewis Acid Mediated Synthesis of 4-Aminoquinoline Derivatives 
from 2-Aminobenzonitriles and Activated Alkynes via Aza-Michael 
and Annulation Reactions

+
DCE, 80 °C

CN

NH2R1
N

R1R3

NH2

R3

R1 = H, F, Cl, Br, NO2, CF3, OMe, Me 
R2 = OEt, OMe, Ph
R3 = CO2Et, CO2Me, aryl, (het)aryl, alkyl

27 examples
(up to 87% yield)

FeCl3

C–N and C–C bond formation gram-scale synthesis

inexpensive Fe(lll) salt promoted easily available starting materials
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Efficient Flow Synthesis of Glycidyl Ether Using BuSnCl3 as a Mild 
Lewis Acid

OH

+

Cl
O

O
OH

Cl

BuSnCl3

100% conv. 93% selectivity
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O
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84%
Flow

Mild and Efficient Lewis Acid Catalyst

NaOH aq.
Paper

3142

https://doi.org/10.1055/a-2359-8893
https://doi.org/10.1055/a-2368-8500
https://doi.org/10.1055/a-2335-8799


VII

Synthesis

ric
tly

 p
ro

hi
bi

te
d.
Synthesis 2024, 56, 3147–3159
DOI: 10.1055/s-0043-1775389

J. K. Yu
C. Czekelius*
Heinrich-Heine-Universität 
Düsseldorf, Germany
Synthesis

Synthesis

is
 s

t

A Comprehensive Approach to C3a-Aryl-Substituted Hydroindole 
Alkaloids by Utilizing Enantioselective Gold Catalysis

chiral anion-induced
enantioselectivity
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Ni–H-Catalyzed Chemo- and Regioselective Hydroarylation of 
Vinylsilanes

+

Ni(II) precatalyst
[Si]–H/base

[Si]
DMA

r.t., 24 h

single regioisomer
18 examples

[Si]

X
R

I

X
R

X = C, N
(1.5 equiv)
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-Nitroacrylates and Phenols as Key Precursors of 
Arenofuran-3-carboxylates
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InCl3
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1,3-Dipolar Cycloaddition Reaction of Nitrile Oxide to Thiocyanates: 
An Efficient and Eco-Friendly Synthesis of N-Aryl-2-((3-aryl-1,2,4-oxa-
diazol-5-yl)thio)acetamides

H
N

O
S O

N
N

15 examples
86–93% yield

R2

O

H

R2

N
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Cl
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O
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R1

* Eco-friendly reactions
* Inexpensive reagents
* Metal-free conditions
* High yields

SCN
H
N

R1

O

Cl

1. NH2OH·HCl 
EtOH

N

O

O

Cl

KSCN

EtOH

Et3N

EtOH

2.

* Short reaction time
* Ease of operation
* Convergent synthesis
* Scalable process

R2   = H, 4-Cl, 4-MeO

R1    = H, 2-F, 4-F, 2-Cl, 3-Cl, 4-Cl, 4-Br, 2-Me,           
          3-Me, 4-Me, 4-MeO, 2,4-Me3, 2,3-Cl2

EtOH
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Asymmetric Organocatalytic Benzylation of Morita–Baylis–Hillman 
Carbonates with 2,4-Dinitrotoluene Derivatives

+

(DHQD)2AQN 
(20 mol%)

CH2Cl2, RT

21 examples
up to 84% yield
up to >20:1 dr
up to >99% ee

R2 CO2R

OBoc

- Good enantiocontrol
- Vicinal tertiary chiral centers

O2N NO2

R

R = H or azaarenes
R2

CO2R1
R

NO2

O2N
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Silver-Catalyzed Dearomative [3+2] Spiroannulation of Aryl Oxamic 
Acids with Alkynes

MeO
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O

OH +

O

N
R2

R

O

Ag2CO3 (15 mol%)

Na2S2O8 (2.5 equiv)

MeCN/H2O, 70 °C

H

R1 R1

H

R

20 examples, 12–58% yields

non-C3-substituents mild conditions broad substrate scope
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Regio- and Chemoselective Synthesis of 4,6-Dithia-1,2,9-triazaspiro-
[4.4]non-2-en-8-ones through an Ultrasound-Promoted One-Pot 
Sequential Pseudo-Five-Component Reaction

NH2

R1

OEt

O

Br

N

H

O

Cl

N
R2

Cl
H
N

N Cl

S

N N

NS

O

R1

R2

CS2

MeCN

))), 20 min Et3N, MeCN
))), 50 min

R1 = H, 4-Me

MeCN, ))), 20 min

R2 = H, 4-Cl, 4-Me,
4-MeO, 2,4-diCl

6 examples
73–83% yield
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Selective Synthesis of Deuterated cis- and trans-Isohumulones and 
trans-Isohumulinones
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O
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D

DD

D

D,H
D,H

O O

R

HO OH
OH

400 nm LED

MeOD, 8 h

0.2 NaOD/D2O
CH2Cl2

sat. NaHCO3/D2O
Et2O, rt, 4 d

yield 71-83% (Mg salt)
(cis/trans 82:18)
>95% D incorporation

yield 36-82% (>95% trans)
>95% D incorporation at C5

48-56% yield (Na salt)
55-73% D incorporation

Hop 
Extract

MgSO4

4 °C, 4 d
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Efficient Oxidation with Singlet Oxygen from 5,10,15,20-Tetraphenyl-
porphyrin under Blue LED Irradiation and Air Atmosphere: Simplified 
Preparation of Key Building Blocks for Natural Product Synthesis

H

H

blue LED  
O2 or air atmosphere, TPP

pyridine, Ac2O, DMAP

H

H O

CH2Cl2, rt, 4 d
81% (O2), 87% (air)

HO OH

blue LED
O2 or air atmosphere

TPP, thiourea

MeOH/CH2Cl2, rt, 3 h
85% (O2), 61% (air)
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Palladium-Catalyzed Asymmetric Allylic Alkylation of Azlactones: 
An Efficient Access to Unsaturated Trifluoromethylated -Amino Acid 
Derivatives Possessing -Quaternary Stereogenic Centers

R1 CF3

OAc

N
O

O

R3

+

Pd(OAc)2/(R)-BINAP
Cs2CO3

THF, 15 °C

R2

O

N
R2R3

R1O

CF3

Good yields, exclusive regioselectivity and good stereoselectivity

23 examples
up to 81% yield
up to 94% ee, 81:19 dr

Mild reaction conditions

Readily scalable to gram scale

Diverse transformations
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