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Strategies for the Synthesis of Selenocysteine Derivatives
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R = CO2H: (β-Se)Asp

Sec

R = All: ASec
R = Me: SeMeSec
R = Ph: SePhSec
R = CH2CH2NH2: SeLys
R = α-GalNAc: SeTn antigen

Se

N
H

R
O

OH

selenomorpholines

HSe

NH2

OH

O

S

© 2022. Thieme. All rights reserved.
hort Review

255
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 2022, 54, 271–280
DOI: 10.1055/a-1582-0169

D. S. Glueck*
Dartmouth College, USA
as
 

Asymmetric Synthesis of P-Stereogenic Secondary Phosphine Oxides 
(SPOs)
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Halides with Nucleophiles

anode cathode

e– e–

[Ni]Ar-X + Nu
paired electrolysis

Ar-Nu
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Transition Metal Complex Catalyzed Photo- and Electrochemical 
(De)hydrogenations Involving C=O and C=N Bonds
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-Csp3–H Bond Functionalization of Simple Ethers in Radical Reactions

R1

O
R2

H

R1

O
R2

C–C C–N

C–O C–S/Se
reagents

C–H cleavage new bonds

reagents = alkenes, alkynes, isocyanides, isocyanates,                 
                  5-nitrosoisoxazoles, arenes, aldehydes, ketones,
                  imines, isoquinolines, enols, azides, NH, OH, SH, etc.
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Late-Stage C–H Arylation of Azepinoindole via Pd/Cu Catalysis: 
A Step Efficient and Convergent Synthesis of Rucaparib
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Native Amine-Directed ortho-C–H Halogenation and Acetoxylation 
/Condensation of Benzylamines
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Kinetic Resolution by Lithiation: Highly Enantioselective Synthesis of 
Substituted Dihydrobenzoxazines and Tetrahydroquinoxalines
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O
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Facile Access to Triazole-Fused 3,1-Benzoxazines Enabled by 
Metal-Free Base-Promoted Intramolecular C–O Coupling

O

X

R1base-mediated
C–O coupling

NN
N

I
R2

OH

X

R1

N
N

N

R2

MeCN
100 °C, 24 h

20 examples (21–96%)

transition-metal-free inexpensive reagents

broad scope of non-activated 5-iodo-1,2,3-triazoles

operationally simple

Na2CO3
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A Straightforward, Purification-Free Procedure for the Synthesis of 
Ando and Still–Gennari Type Phosphonates

Cl2P
R1

OO

(PhO)2P
R1

OO
(CF3CH2O)2P

R1

OO

CHO)2P
R1

OO

PhONa CF3C
H2O

Na
Ando type
reagents

Still–Gennari type
reagents

Novel Still–Gennari
type reagents

Purification-free
procedure

- easy 
- purification-free
- one-pot
- 52–97% yield
- R1 = OMe or OEt

F3C

F3C

(CF3)2CHONa
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Oxidative Intramolecular C–C Bond Formation Reactions of 
1,2-Diarylbenzenes: Syntheses of Highly Conjugated Double-Bridged 
Polycyclic Aromatic Hydrocarbons
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NEt3 (4 equiv)

TBAI (2 equiv)
H2O, 120 °C, 36 h

R1 R2+

N
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NEt3 (4 equiv)
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28 examples

4 examples
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Palladium-Catalyzed Butoxycarbonylation of Polybromo(hetero)arenes: 
A Practical Method for the Preparation of (Hetero)arenepolycarboxylates 
and -carboxylic Acids

(Hetero)aryl-Brn

Pd(OAc)2/rac-BINAP
DIPEA, nBuOH

xylene, CO (30 bar)
120–140 °C

(Hetero)aryl-(COOnBu)n

n = 2–6
15 examples
59–94% yield

PPh2

PPh2

rac-BINAP(Hetero)aryl-(COOnBu)n
n = 2–6

8 examples
96–>99% yield

1) KOH, THF/H2O (3:1)
reflux

2) HCl (aq)
(Hetero)aryl-(COOH)n
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Intramolecular Chalcogenylation of Isooxazolines Mediated by PhICl2 
and Diorganyl Disulfides or Diselenides

XR3

R2ONN

R2

PhICl2 + R3XXR3

generated
in situ

R3XCl

MeCN, rt
R1

R1 = H, F, Br, Me, CF3, iPr
R2 = aryl, alkyl, H
X = S, Se

OH

32 examples

up to 94% yield

R1
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Enantioselective Transfer Hydrogenation of Oxocarbenium Ions En-
ables Asymmetric Access to -Substituted 1,3-Dihydroisobenzofurans

O

R1
R1

R
OMe

R2
Catalyst, Hantzsch ester

toluene, –10 °C
O

R1
R1

R2

R

R = aryl, alkynyl 20 examples
up to 96% yield
up to 98% ee
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A Catalyst-Free Synthesis of Fused Perfluoroalkylated 
2,3-Dihydroisoxazoles via Oxa-Michael-Aldol Annulation

N

O

O

OH +

RF

CO2Me

DMF

60 s,  r.t.
N O

HO
MeO2C

RF

O

R
R

19 examples, up to 97% yield
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Synthesis of Methylene-Bridged Trifluoromethyl Azoles Using 
5-(1,2,3-Triazol-1-yl)enones

F3C

O

OMe

N

NN
R

X
N

N

F3C

NN

R

X = NR1, O.

HO Pyrazolines
Pyrazoles
Isoxazoles 
Pyrimidines

1,2,3-Triazoles linked with:

or N
NN

CF3

R1

NN
R

Selectivity control
Triazole-based 

heterocyclic precursor

Hydrazine or 
hydrazone

F3C

O

OMe

Br

i) NaN3

CuAAC
ii) HR
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Facile and Straightforward Synthesis of Racemic Version of Substituted 
3-[3-(2-Hydroxyphenyl)-3-oxo-1-arylpropyl]-4-hydroxycoumarins: 
Easy Access to a Series of Biorelevant Warfarin Analogues
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Dihydroxylation Studies of Isoquinolinones: Synthesis of the EF-Ring of 
Lysolipin I

NMe

OOR2

R1

NMe

OOR2

R1
OH

OHoxidation

Curtius rearrangement

Pomeranz–Fritsch

up to 91%
Paper

465
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 2022, 54, 475–482
DOI: 10.1055/a-1645-6040

X.-L. Xia
Q.-L. Zhu
J.-Q. Chen
Z. Shi
Z.-B. Dong*
Wuhan Institute of Technology, 
P. R. of China
as
 

Synthesis of Aryl Dithiocarbamates from Tetramethylthiuram 
Monosulfide (TMTM) and Aryl Boronic Acids: Copper-Catalyzed 
Construction of C(sp2)–S Bonds

N S

S

N

S

DMF, 100 °C

Cu(OAc)2 (0.7 equiv)
   Bpy (0.7 equiv)
NaHCO3 (0.5 equiv)B(OH)2

FG + FG
S

S

N

FG = Me, OMe, F, Cl, Br, 
         CN, OCOMe, etc. 21 examples

yield up to 92%

TMTM pharmacologically or 
biologically active skeletongood to excellent yields

broad functional group tolerance
economical synthesis

simple procedure
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A Facile Synthesis of 2-Aminobenzoxazines Based on Iodine-Catalyzed 
Desulfurative Cyclization

OH

H
N

S

H
N

R1
O

N
H
N

R1 R2R2

I2 (20 mol%)
30% H2O2 aq (2 equiv)

Et3N (2 equiv)

THF, rt, 2 h

· 15 examples, up to 90% yield
· short reaction time
· mild reaction conditions
· readily available reagents

Catalytic desulfurative cyclization
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Tetrabutylammonium Iodide Mediated Sulfenylation of Polysubstituted 
1H-Pyrazol-5-amines with Arylsulfonyl Hydrazides

Ar1

NN
N
H

Ts

+
EtOH, 80 °C

Ph Ar2SO2NHNH2 Ar1

NHN
NH

Ph

SAr2

TBAI

1H-pyrazol-5-amine 1H-pyrazol-3-amine

26 examples
up to 94% yield
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Diastereoselective Palladium-Catalyzed [4+1] Cycloadditions of 
4-Vinyl-1,4-dihydro-2H-3,1-benzoxazin-2-ones with In Situ Formed 
Carbenes

N

O

R'

O

H

N
NHTs

Pd
NaH

(CH2Cl)260 °C N

R'

(Het)Ar
H

H

PPh3
R R(Het)   Ar

Excellent yield and diastereoselectivityMild conditions Construction of  indolines
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Hidden Reactivity of Barbituric and Meldrum’s Acids: Atom-Efficient 
Free-Radical C–O Coupling with N-Hydroxy Compounds

N
OH

R1 R2

N

N
N

OH

N
OHR2

OR1

N OH

O

O
N-hydroxyimides

oximes        N-hydroxybenzotriazole

31 examples
up to 88% yield

O O
R

X X
Y

X

XY

O

O

R
N

O

N

HO

barbituric acids
Meldrum's acids

X

XY

O

O

R N
O

N-oxyl radical-mediated C–O coupling

N OH =

H

or

NO

Mn oxidant = Mn(OAc)3 or KMnO4

+ Mn oxidant

hydroxamic 
acids
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