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Y. Qin
S. Liu
S.-L. Shi*
Sichuan Normal University, 
P. R. of China
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Transition-Metal-Free Cross-Coupling of Acetals and Grignard 
Reagents To Form Diarylmethyl Alkyl Ethers and Triarylmethanes

57 examples

Ar

Ar/Alkyl

Ar

acetal, ketal & orthoester

R1 R2

RO OR

R1 = aryl, alkenyl, alkyl
R2 = H, alkyl, OMe

R1 R2

RO R3
R3MgX 

R3 = aryl, alkyl, allylic
diarylmethyl alkyl ethers

triarylmethanes & 1,1-diarylalkanes

or

S
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F.-A. Khan*
S. Yaqoob
M. W. Qasim
S. Ali
Y. Wang*
Z.-H. Jiang*
University of Karachi, Pakistan
Lakehead University, Canada
A Robust, Gram-Scale and High-Yield Synthesis of MDP Congeners for 
Activation of the NOD2 Receptor and Vaccine Adjuvantation

H2N
n

N

NNO

HN

O

OH

O

HH

NH

O

H
N

O

O

D
L

NH

O

O

N

N

N

N

O

O

H
N

X

O

N
H

O

H

H
2J = 16 Hz

n

Simplified linker helps 
eliminate pyrogenicity

Pharmacophore Lipophilic chain to help access 
the cytosolic NOD2 receptor

X = NH2, OH; n = 1 or 3

Anti-viral

scaffold

Late-stage functionalization

Convenient gram-scale synthesis

Readily available substrates

Diversified products

High overall yields
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An Alternative Formal Synthesis of (S)-(+)-Vigabatrin

N
H

O

SMe

COOH

NH2

(R)-methionine SMe NHBoc

OO

O O

(S)-vigabatrin

SMe

COOH

NH2

N
H

O

S
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Y. Chen
Q.-Y. Li
X.-Y. Xie
W. Wang
D. Li
W.-J. Wang*
L.-D. Shao*
Yunnan University of Chinese 
Medicine, P. R. of China
as
 

Construction of an Epoxy-lactone Moiety on the C/D Ring of Highly 
Oxygenated Triterpenes through a Modified SeO2-Promoted Oxidative 
Cyclization

HO

H

H

H

CO2H

ursolic acid SeO2-Promoted
Oxidative Cyclization

C D

Br+-Promoted
Cyclization–Isomerization

C D

Late-stage epoxidation

H

O
O

H

H

O O
O

H

without prefunctionalization or protection
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DOI: 10.1055/a-2122-4178

P. R. Varga
A. Belovics
K. Karaghiosoff
R. Szabó
S. Bősze
L. Drahos
G. Keglevich*
Budapest University of Technol-
ogy and Economics, Hungary
Efficient Synthesis of Diethyl, Dialkyl -Hydroxy-propylenebis-
phosphonates and Related 5-Phosphonoyl-1,2-oxaphospholane 
2-Oxides

(EtO)2P(CH2)2CMe

O

R = Me, Et, Bu, Bn

O 26 °C, 2 d
(RO)2P(O)H

Al2O3/KF
(EtO)2P(CH2)2C

O

P(OR)2

HO

Me

O

26 °C
Cs2CO3
MeCN O

P
P(OR)2

Me

O
O

EtO

26 °C
MeC(O)Cl

NEt3
PhMe

(EtO)2P(CH2)2C

O

P(OR)2

MeCO

Me

O

O

− MeC
OEt

O
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H.-B. Cui
T. Ma
R.-Y. Zhang
J. Shan
Z.-Q. Wang
M. Bai
Y.-Z. Chen*
Zunyi Medical University, 
P. R. of China
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Biocatalytic Synthesis of Chiral Benzylic Alcohols via Enantioselective 
Hydroxylation by a Self-Sufficient Cytochrome P450 from Deinococcus 
gobiensis

R2
R1 R2

R1

OHH

Using oxygen as oxidant

15 examples, up to 98% ee, 59% yield

•
•

Producing pharmaceutically relevant benzylic alcohols•

whole E. coli cells harboring P450DG *

* shown is the P450 domain of the P450DG prediction 
structure in the AlphaFold Protein Structure Database:
https://alphafold.ebi.ac.uk/entry/H8H2P3

S

© 2024. Thieme. All rights reserved.
pecial Topic

567
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 2024, 56, 573–576
DOI: 10.1055/a-2169-6200

K. N. Kumar
M. Mhate
V. Ravichandiran
S. P. Swain*
National Institute of Pharmaceu-
tical Education and Research-
Kolkata, India
as
 

Bis(pinacoloto)diboron/4-Phenylpyridine System for One-Pot 
Photocatalyzed Borylation and Reduction of Aldehyde: Synthesis of 
Tavaborole in a Flow Reactor

F

Br

CHO

4-phenylpyridine
       B2(Pin)2

410 nm
NaOMe
MeOH

F

B

OH

O

O

- Single step (borylation, redcution, cyclization)
- Photocatalysis in a flow reactor
- Green chemistry

acid
O

B

F

OH

Tavaborole

81%

Continuous-flow
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DOI: 10.1055/a-2217-0996

G. Tintori
C. Jacob
C. Delsarte
F. Potié
L. Grimaud
M. Vitale
P.-G. Echeverria*
Minakem Recherche, France
Efficient and Scalable Synthesis of 6,6-Dimethyl-3-oxabicyclo 
[3.1.0]hexan-2-one through Organocatalyzed Desymmetrization and 
Chemoselective Reduction

Scalable
organocatalyzed 
desymmetrization

Me Me

OO

OMeOH

Selective
reduction /
Cyclization

O

Me Me

OO

Me Me

OO

[scalable]     [non-cryogenic conditions]     [chemoselective reduction]
[chromatography-free]     [fully telescoped process]     [kinetic monitoring]
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R. Bhanja
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An Intramolecular Radical C–N Coupling by N-Iodosuccinimide

N
H

N

N

N

(2 equiv)

TFE , rt

Radical Cyclization

OO N
I

metal-free     30 substrates     yields 81-97%

S
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T. Kawaguchi
K. Kato
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A. Nagaki*
Ajinomoto Co., Inc., Japan
Hokkaido University, Japan
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A Manufacturing Strategy Utilizing a Continuous-Mode Reactor 
toward Homogeneous PEGylated Bioconjugate Production
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C. Ramu
T. Kumaraguru
M. S. Reddy
H. B. Rode
S. Ghosh
C. R. Reddy
G. Sudhakar*
CSIR-Indian Institute of Chemical 
Technology, India
Synthesis of Ledipasvir through a Late-Stage Cyclopropanation and 
Fluorination Process

NHN

N O
NHCO2Me

F F
N

N
H

N

O

NHCO2Me

H
Ledipasvir

N

N
HNBoc

Br Late-stage cyclopropanation

Late-stage fluorination
Improved yields

Reduced number of steps

H

S
pecial Topic

603

https://doi.org/10.1055/s-0042-1751437
https://doi.org/10.1055/a-2077-6187
https://doi.org/10.1055/a-2063-0221


XI

Synthesis

ric
tly

 p
ro

hi
bi

te
d.
Synthesis 2024, 56, 611–638
DOI: 10.1055/a-2060-3488

S. Sunny
M. Maingle
L. Sheeba
F. R. Pathan
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National Institute of Pharmaceu-
tical Education and Research 
(NIPER) Guwahati, India
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Pd-Nanoparticles-Catalyzed C(sp2)–H Arylation for the Synthesis of 
Functionalized Heterocycles: Recent Progress and Prospects

N

N

X

N

N

E

N

S

N

O

C−H arylation

Cat. 
Pd NPs

N

R

H

R = R1 = H, alkyl
R1

H

H

X = O, S

H

H

R2

N
H

H
R3

E = O, S, NH, NMe
R3 = H, alkyl

N

S

Me

H

Me

Me

H

Y
H

Y = O, S

R2 = H, alkyl

N
N

N

Ph

Bn

H

N

N

X

N

N

E

N

S

N

O

N

R

Ar

R = R1 = H, alkyl
R1

Ar

Ar

X = O, S

Ar

Ar

R2

N
Ar

Ar
R3

E = O, S, NH, NMe
R3 = H, alkyl

N

S

Me

Ar

Me

Me

Ar

Y
Ar

Y = O, S

R2 = H, alkyl

N
N

N

Ph

Bn

Ar

Ar Z
Z = I, Br, Cl

Ar2IBF4

Ar2IOTf

Ar B(OH)2

[Mes−I−Ar]BF4

Sources of 'Ar' group

Heterocyclic scaffolds Arylated heterocyclic scaffolds

S
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F. Zhang
Y. Zhou
S. Wang
Y. Zhao
X. Wu*
R. Chen*
Nanjing Tech University, 
P. R. of China
as
 

Palladium-Loading Ceramic Catalytic Membrane Reactors for 
Mizoroki–Heck Reaction

Ar

I

R Ar

R

Pd-KH792-CM

Catalyst membrane

Ceramic Catalytic Membrane Reactors

+
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E. Ohashi*
N. Sahara
Y. Hirano
M. Hosoya
Y. Takahashi
N. Tsuno
Shionogi & Co., Ltd., Japan
An Effective Additive for Introducing the Triazole Unit of Ensitrelvir: 
Combination of LiCl and Et3N to Easily Generate Lithium Triazinolate

N
N

N
MeCl

·HClN

N

NH

O

O
F

FF

O

Me

N

N

N

O

O
F

FF

O

Me

N
N

N
Me

(1.3 eq)
Et3N (3.0 eq), LiCl (1.3 eq)

DMA, 40 °C
85% (previous: 70%)

HN

N

N

O

O
F

FF

N
N

N
N

Me

Cl

N
N

Me

Ensitrelvir• Mild generation of lithium triazinolate       • Inexpensive base
• High selectivity of N-alkylation                   • Robust condition

No LiCl: Low conversion

Et3N•HCl ↓
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Elements-Continuous-Flow Platform for Coupling Reactions and 
Anti-viral Daclatasvir API Synthesis
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O. Adaoudi
J. Le Bescont
A. Bruneau-Voisine
G. Evano*
Université libre de Bruxelles 
(ULB), Belgium
as
 

Copper-Catalyzed Carbonylative Cross-Coupling of Alkyl Iodides with Al-
cohols and Sodium Hydroxide: Synthesis of Esters and Carboxylic Acids

Cu

Alk OH

O

CO

+Alk I

broadly applicable
efficient with 2° and 3° 
alkyl iodides

inexpensive and available 
catalytic system

base metal catalyst

HOR
or

H2O

Alk OR

O

or

S
pecial Topic

668
T
hi

s 
do

cu
m

en
t w
Synthesis 2024, 56, 677–685
DOI: 10.1055/a-2104-5943

R. Dash
S. K. Hota
S. Murarka*
Indian Institute of Technology 
Jodhpur, India
Base-Promoted 1,6-Aza-Michael Addition of Azauracils to 
para-Quinone Methides

HN

N
N

O

O
+

O
OH

N N
N

O

O

Et3N

CH3CN, rt, 1 h

26 examples
up to 99% yield

♦ 100% atom economy ♦ Operationally simple and scalable

♦ New chemical entities (NCEs) ♦ Robust and broad scope
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R. F. Algera
A. Davidson
D. K. Herbert
Y. Lian, F. Liu
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S. Monfette*, B. Nguyen
J. W. Raggon
J. P. Rainville
A. Rane
Y. Tao
K. Wang
H. G. Yayla
Pfizer, USA
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Exploratory Process Development of a Pulmonary Arterial 
Hypertension Clinical Compound via a Late-Stage Pd-Catalyzed 
Buchwald–Hartwig C–N Coupling

N

Cl N O

O

O

NH2

HO
N

HN N O

O

HO

O

PF-06842874
55–69% yield

98.9–99.9% purity

+
Pd(allyl)(OTf)(tBuBrettPhos)

NaOt-Bu/THF, 2-MeTHF

Multikilogram scale

O

P

O

Pd

OTf

S
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S. Das
K. Chanda*
Vellore Institute of Technology, 
India
as
 

One-Pot Telescopic Approach to Synthesize Disubstituted Benz-
imidazoles in Deep Eutectic Solvent

MeO

O
NO2

F

MeO

O

N

N

R1

R2Ch. Cl.:Gly:H2O
(DES)

R1NH2

R2CHO

DES medium

One-pot telescopic approach

Disubstituted benzimidazole

13 examples

Up to 95% yield

Sustainable pathway
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