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sulfenate anion sulfoxide

• organocatalysis

• palladium catalysis

• metal-free coupling

S
hort Review

220

Imprimatur
https://doi.org/10.1055/a-2155-3498
https://doi.org/10.1055/a-2109-0003


VI

Synthesis

ric
tly

 p
ro

hi
bi

te
d.
Synthesis 2024, 56, 229–238
DOI: 10.1055/a-2134-0450

K. M. Morrison
M. Stradiotto*
Dalhousie University, Canada
Synthesis

Synthesis

is
 s

t

Advances in Nickel-Catalyzed O-Arylation of Aliphatic Alcohols and 
Phenols with (Hetero)aryl Electrophiles

+ R OH het
O

R
het

X
Ni

Thermal 
Photochemical
Electrochemical

1°, 2°, 3° aliphatic 
alcohols and phenols

(hetero)aryl 
(pseudo)halides
X = Cl, Br, I, OMs, 

OTf, OPiv, OTs

Catalytic approaches:

S
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Reactions of 5-(Trialkyl)silylpent-1-en-4-yn-3-ones with Hydrazines: 
Original Synthetic Routes to Luminescent Substances Containing Azole 
Motifs

Alk3Si

O

R1

R2

– regioselective method
– metal-free
– one-pot synthesis
– chromatography-free purification

sterically 
hindered 

triple bond

TMS, TES, 
TBDMS

RNHNH2

AlkOH
reflux

NN R3

R1

Alk3Si

33 examples
up to 92% R2

mechanistic studies

N O

NNAr R3

R1

17 examples of luminescent azoles
67–97%

quantum yields up to 47%

1. TMS
    deptotection

2. ArC(Cl)=NOH, 
    Et3N
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Convenient Synthesis of Functionalized Tetracyclic Dihydrochromeno-
[2,3-b]pyrrolo[3,4-e]pyridine-triones via Four-Component Reactions

O

R3

CO2Me

CO2Me

NH2R1

O

CHO

H2N R2

MeOH, r.t., 2 h N

R1

O

R3

O

N R2

O

O

 Et3N, MeOH
 r.t., 2 h

 Metal-free catalyst Regioselective reaction

Yields up to 94% Multicomponent reaction
© 2024. Thieme. All rights reserved.
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Lewis Acid Catalyzed 4-Electrocyclization of Donor–Acceptor 
Stenhouse Adducts

N

R2 HO
X

X

O

O Y

cat. Lewis acid

• fast reaction
• ambient temperature

O

N

R1

X

X

O

O
Y

R1

R2

H

Donor–Acceptor Stenhouse Adducts
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Copper Nanoparticles on Montmorillonite K-10: A Versatile Catalyst 
for the One-Pot Synthesis of 3,5-Disubstituted Isoxazoles Using 
Various Methodologies

ON

R2R1

R2

R1

O

Cl

R1

O

R2

Cu

Cu

Cu

Microwave-Assisted
[3+2] Cycloaddition

Solvent-Free
Acyl-Sonogashira 

coupling

Cycloisomerization

R1

O

H

1. NH2OH·HCl, base, DMF or H2O
2. NCS, base or TsN(Cl)Na·3H2O
3. Alkyne, cat., MW or heating

Acyl chloride (1.5 eq.), 
alkyne, TEA (3 eq.), cat.

NH2OH·HCl
base
DMF/H2O
120 °C

Cu
24 examples

up to 94% yield

Copper nanoparticles on
montmorillonite K-10

Highlights

Nitrile oxides from aldehydes and one-pot 
transformation into 3,5-isoxazoles

One-pot procedure for obtaining ynones and 
further cycloisomerization to 3,5-isoxazoles

High regio- and chemoselectivity

Inexpensive, readily prepared, versatile, and 
reusable heterogeneous nanocatalyst

Low copper loading
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Total Synthesis of the Pyrrole Alkaloids Strychnuxinal and Strychnuxin

Cl

O

HO

N

O

O
H

strychnuxinal

• 6 linear steps
• 12% overall yield
• no protecting groups

Vilsmeier–
Haack

epoxide 
opening

acetal 
formation

Pd-catalyzed 
substitution

H
acetal reduction
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Preparation and Carbocupration–Silylation of Allyl Propiolates: Vicinal 
Functionalization To Form Polysubstituted (E)-Vinylic Silanes

O

O

HO

R1

R3

R2

OH

O

Br
DIAD, PPh3, DCM, 0 °CNaHCO3, DMF

90%

O

O

R

Me3Si

5 examples: 74–89%

O

O R1

R3

R2

5 examples: 90–99%

O

O

R

Me3Si

R1

R3

R2

8 examples: 61–88%

Highly diastereoselective
for (E)-vinylic silane
(d.r. = 14:1 to >20:1)

Catalytic Carbocupration
Paper
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Benzoxazole or Benzothiazole as an Innate Directing Group for 
Palladium- and Ruthenium-Catalyzed Complementary C–H Arylation: 
Functionalization of Biorelevant Heterocyclic Scaffolds

X

N

X = O, S

R2
R1

H

+ Ar I

Pd(II)

Ru(II)

C−H activation

X

N

R2
R1

Ar

X

N

R2
R1

Ar

Palladium–ruthenium
complementarity

• Benzoxazole/benzothiazole as innate/native DG    • Biosignificant scaffolds   • High degree of site selectivity 
• Mono-arylation only    • High reaction rate   • Decent yields     • Functional group compatible 
• Broad substrate scope, in particlular electron-deficient iodoarenes     • Gram-scale synthesis

H

H

H
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Synthesis of New Structural Analogues of Natural Integrastatins with a 
Basic Epoxybenzo[7,8]oxocine Skeleton: Combined Experimental and 
Computational Study
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O

HO

O

REGIOISOMERS

NR1

R2 O
O

R1

O
O

N

R2

+

4 examples, 10-48%

R3R3

4 examples, 15-30%

R3

NR1

O
R2

NR1

R2 O
O

9 examples, 26-70%

HO

O

N

O

O

O

N

O

O

O

O

N

O

O

O

O

+

35%20%

O

OH

BISOXOCINES

+

O
O

N

O

O

1 example, 30%

R3

MONOOXOCINES
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Examination of Diels–Alder/Tsuji–Trost Route towards Kopsia 
Alkaloids

N

TBSO R

Boc

R = H, CH2CH2CO2Me

O

O

N

TBSO

Boc O

O

· challenging silyl enolate synthesis
· endo-selective Diels–Alder reaction
· "intramolecular" Tsuji–Trost allylation

N

O

Boc O

OH

Pd(OAc)2
XantPhos

DMF

N

N

H O

OMe

H

Kopsinine

o-xylene
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