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Metal-free
Mild reaction conditions
High atom economy

29 examples
41–98% yield
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R2 = ArR1 = Ar
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NH2

X CaFb-COOH

N
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X
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DCE, 140 oC

metal-free two categories

high-economy broad scope

X, Y = C, N
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N N

O

R R

tR = 3-18 min

TS-1
H2O2

MeOH

Liquid Phase
Plunger Pump

Continuous Flow Microreactor

Convenient operation

Higher efficiency than batch

Green and safe process

Easy to scale up

Continuously run over 800 hours19 Examples, up to 99% yield
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FG = ferrocenyl, aromatic and alkyl groups
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O
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toluene, 80 oC

novel ferrocene-containing oxaphospholenes
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1) n-BuLi, THF–hexane
R2N

2) CH2=CHOCH2CH2N=C=S

3) t-BuOK–DMSO

4) R1X (X = Br, I)

t-BuOK–DMSO

110–120 °C
10–15 min

12 examples
up to 92% yield

NR1S NR2

O

NR1S NR2

10 examples
up to 98% yield

One-pot:

convenient operation
short reaction time

one-pot high-yielding method
simple and efficient
large-scale synthesis

Advantages:

wide substrate scope
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Total Synthesis of Chatenaytrienins-1, -3 and -4 and Muridienins-1–4 
Enabled by C(sp)–C(sp3) Sonogashira Coupling

12-bromododecan-1-ol, n = 7  
14-bromotetradecan-1-ol, n = 9
16-bromohexadecan-1-ol, n = 11

♦ Protecting-group-free approch ♦ Concise syntheses in 7 linear steps 
♦ First total syntheses of chatenaytrienin-3 and muridienins-1–4 
♦ RCM and (C)sp–(C)sp3 Sonogashira coupling as key steps

n OH

n

O
O

R

chatenaytrienin-1, R = C10H21, n = 7 
chatenaytrienin-3, R = C12H25, n = 7
chatenaytrienin-4, R = C10H21, n = 9

n

O
O

R

muridienin-1, R = C13H27, n = 7
muridienin-2,  R = C13H27, n = 9
muridienin-3, R = C15H31, n = 7
muridienin-4, R = C11H23, n = 11

Br

7 steps

7 steps
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R1 R2

N
OAc

BF3•Et2O

BF3•Et2OPhI(OH)OTs

pre-activation

70 °C, CH3CN
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H
N R2
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Beckmann Rearrangement
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N
OH

THFR1 R2

O

efficient and reliable
transformation to ketone
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N N
N

H

R

N
N

EtO2C

RS

R

F

OO N
EtO2C

N
H

N N N
R1

N N
N

R1

R

TMSN3, DMF
70 oC, 12 h

– SO2

Et3N, PhMe
70 oC, 12 h

– SO2

H

Paper

4111
T
hi

s 
do

cu
m

en
t w
Synthesis 2022, 54, 4120–4128
DOI: 10.1055/a-1823-3604

M. Kirihara*
S. Yamahara
T. Okada
H. Matsumuro
Y. Kinoshita
A. Kitajima
Y. Takamura
T. Odagiri
T. Asawa
Y. Sugiyama
Y. Kimura*
Shizuoka Institute of Science and 
Technology, Japan
Iharanikkei Chemical Industry 
Co. Ltd., Japan
Synthesis of Sulfonyl Halides from Disulfides or Thiols Using 
Sodium Hypochlorite Pentahydrate (NaOCl·5H2O) Crystals

R SH

R
S

S
R

R
S

Cl

O O1/2
or

AcOH,  rt
NaOCl·5H2O

BTF, rt, up to 99%

NaOCl·5H2O
CO2 (balloon)

R
S

Br

O O

1) NaBr 
    NaOCl·5H2O
    AcOH 
    rt, 30 min

2) Disulfide or thiol 
   was added and 
   stirred, rt

up to 97%

up to quant.
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