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Environment-friendly paired electro-synthesis of sulfur compounds using divided
cell equipped with solution transfer

Matsumoto, Kouichi

4,900,000

in-stu

We have designed and developed the new t{pe of divided cell, in which
three-way cock was incorporated in the center position of the cell, which enables
the electrolyzed cathodic solution to transfer into anodic chamber by using the balloon after the
electrolysis. As the examples of the successful results, the electrolysis of enol silyl ether in the
anode and PhSH in the cathode and the solution transfer gave the corresponding the PhS-contained
product, despite of the low yields. The paired electrolysis of in-situ generated iminium cation and
allylsilanes and the solution transfer gave the products of C-C bond formations. Besides, various
successful results containing the electro- and non-electro- synthesis were obtained for 3 years.
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o — entry 5, 79% yield

Table 1.
Me;Si<
0 -e (2.0 F/mol, 20 mA) 0
r.t 1
(+) )
0.1 M LiCIO4/ CH3CN
Nal 0.5 mmol
0.5 mmol (+) Carbon felt 2
1
Entry Alteration % Yield?®
1 none 63
2 10 mA,15 mA, 25 mA 48, 61, 48
3 3.0 F/mol,1.0 F/mol 51,1
4 Nal 0.2 eq, Nal 0.5 eq, Nal 1.5 eq, KI 1.5 eq 10, 41, 27, 30
5 Nal 1.5 eq and 2.5 F/mol, Nal 1.5 eq and 3.0 F/mol, Nal 2.0 eq and 3.0 F/mol 79, 73, 45
6° none LiClO,4, 0.05 M LiClO,4, 0.3 M LiClO,4, 0.1 M BusNBF,, 0.3 M TBAB  QP, 49, 38, 0, trace
7 open air 56
8 DMF 8.0 mL or THF 8.0 mL and 0.3 M LiCIOy, trace, 7
9 0°c, -40°C 14,1
2NMR vyield. °No conductivity. °Standard condition was set to Nal (1.5 eq) and 2.5 F/mol.
Table2 2 Nu Nu
PhSH
Table 2. NMR
[0}
|
+e 2 o
O N 0.5 Fimol, 20 mA, i\ = Nu
0.1 M LiClO4 / CH3CN 0.5 mmol
(-) Carbon felt
S o]
SH SN
©/ ©/ HNT N ©/ \© @AOH
85% 7% nd nd. trace nd
(\S)\/NHQ H
o Ses » [ =0
e N N
H H
n.d. nd. n.d. nd. 88%
Table 3
2 PhsH 2 Table
3 Figure4
Table 3.
. divided cell
MesSis _g (2.5 F/mol, 20 mA), rt. o)
(+) Carbon felt
NPT .
(+) Nal 0.75 mmol o
1 0.1 M LiCIO4/ CH;CN 2 N
0.5 mmol Y
divided cell
+e (0.5 F/mol, 20 mA), r.t.
O NeH (-) Carbon felt Nu™ o} 'O

25mmol 0.1 M LIiCIO, / CHiCN 3\©

26% yield ('"H NMR) 21% yield ('"H NMR)
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Figure 4.
2 in-situ
Scheme 1
Table 4
60% Table5
COM
Pho_Cl —*2 . pp _—__SiMe, 2ve
TMSCI
Scheme 1. in-situ
Table 4.
{ \ divided cell / \
N - (3.5 Fimol, 8.0mA), -72°C N\~ HBF ,0Et,
| |
COsMe 0.3 M BuyNBF4 / CH,Cl, COsMe o —
i 0°C r.t.
3a (+) carbon felt 3a e
Ph__~_Cl divided cell ;‘«"};fiﬁ_sﬁ 30 min N.CO " Ph
4b +e (1.8 F/mol, 8.0 mA), -72 °C ) HBF 4Ot min 2Me
+ Ph _~_ SiMe; =42 6b
Me;SiCl 0.3 M BugNBF4 / CH,Cl, 5b
(-) Pt plate
Entry Variation from optimal conditions % Yield”
1 none 54
2 2.5 F/mol, 5.0 F/mol instead of 3.5 F/mol 43, 11
3 -20 °C, -72 °C instead of mixing temperature 0 °C 25,0
4 1 h instead of mixing time 0.5 h 52
5 6.0 mL instead of CH,Cl, 8.0 mL 36
(6  10mAinstead of 8 mA 60 )
7 3.0 equiv instead of 4b 2.0 equiv 30
“Conditions: 3a (0.4 mmol, 1.0 equiv.), 4b (0.8 mmol, 2.0 equiv.), Me;SiCl
(2.0 mmol, 5.0 equiv.), BuyNBF4 (2.4 mmol, 6.0 equiv.), CHxCl> (8.0 mL),
8.0 mA constant current, divided cell, “Isolated yield.
©) in-situ
PhSSPh
Scheme 2 PhSSPh 0.4 mmol PhSCH,CH=CH
0.11 mmol PhSSPh 0.67 F/mol



divided cell divided cell

-e (1.66 F/mol, 8.0 mA), -78 °C -e (0.67 F/mol, 8.0 mA), -78 °C
none PhSSPh
0.3 M BusNBF, / CH,Cl, 0.4 mmol ?? M %u4rufE;||t=4 / CHoCly
+) carbon fe
(+) carbon felt 780C
| EE—
. divided cell RERE
A~ dvidedodl e +e(0.34 FImol, 80 MA), | 50 i
+e (1. mol, 8.0 mA), - . 78
0.8 Tmol ( ) _~_SiMe, 78 °C
Me,SiCl 0.3 M BuyNBF,4 / CH,Cl» 0.3 M BuyNBF,4 / CH,Cl,
0.8 mmol (-) Pt plate (-) Pt plate
-78°Ctort. Z
or Phs” &
30 min 0.11 mmol
Scheme 2. in-situ
4
2020 2022
(1) 2022 20
(2) 2021 26 2021
(3) 2020
Table 5.
Precursor of Precursor Silylating )
ENtY N-acyl-iminium ion of allylic silane Product reagent % Yield®
1° N 3a Gl 4a QI 6a TMSCI 34%
| |
CO,Me CO,Me
2 ©\/\/ w TMSCI 60%
3 A TESCI trace
T ]
4 ©\/\/OAC 4b N b 6b TMSCI 28%
CO,Me
5¢ ©\/\/ ap" TMSCI nr.
= Br

e O_(:
4c 6c  TMSCI <31%
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0/
7 /@\/\/CI CoHaMe-m 64 TMSCI 38%
Me CO,Me
Me O—(:
8 de 6e TMSCI 33%
\©\/\/0| N CgHaMep o
CO,Me
. =
)0/
9 \©\/\/0| 4 N CoHaerp O TMSCI 30%
CO,Me
¢ O
0/
10 \@\mm g N CoHachp 69 TMSCI <44%
CO,Me Cl :Cl =51
FsC —
1 4h 6h TMSCI 30%
\©\/\/CI N CeH4Etp °
CO,Me
124 (Nj 3b A~ 4a (Ni‘ﬁ 6i  TMSCI n.r.

! |
CO,Me CO,Me

aConditions: 3 (0.4 mmol, 1.0 equiv.), allyl halide (0.8 mmol), Me3SiCl (2.0 mmol), BusNBF, (2.4 mmol, 6.0 equiv.),
CH,Cl, (8.0 mL), 10.0 mA constant current, divided cell, PIsolated yield, Allyl chloride (2.0 mmol), 9n.r. = no
reaction, TMSCI = Trimethylsilyl Chloride. TESCI = Triethylsilyl Chloride.
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