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Electrochemical Dechlorination of Chlorophenols
by Using Zinc Anode (I)

KAWAFUCHI

Hiroyuki*, OKAZATO Nami

The halogenated organic materials such as polyvinyl chloride and brominated epoxy resin are widely

utilized as packaging and electronic component materials.

become wastes.

These materials, which fulfilled the role,

Therefore, the development of safely and environment-friendly recycling technology

including the dehalogenation of the halogenated organic materials is desired, because these materials

generate toxic substances such as dioxin by the incineration.

For the purpose of the development of the

dehalogenation of the halogenated organic materials, we report here the results of electrochemical

dechlorination of chlorophenols by using zinc anode.

Key words: Electrochemical Dechlorination, Chlorophenols, Zinc Anode, PCB, Dioxin

1. %

i

RUHEALE = VR BT AR F R s
25 Lo AR T, M OB s B2
ELTHE AL, REIZFIHSNTWD, LLRRG, £
NHIIE AN DOLLEED LD, BUE, AFESE
R FA LA 2 TEF LR T2 5 1EE LT, 8
IRBEANIC XD MBRYE NS D05, AT ALK SR
HAMBRITABI O A4 X ORIERE IR
DD, VE, @i E T TOLBEREL
METESI TS, ik i, T ARE CTHEAAEEL
VN, EOMIUZHBER FOKCT V) & RIS K D53 fiF 78
EDOFPATLBEREINTVD, 1TV AT TEA
{LICHIED DD, Fieilr, [ LR H1 50 DMF ¥
i, TAR=D AR S (A REEE D RAbEh =y
TIVEEIRDE T NAT 4 — B —F T O E i i a5
bk Q&M LS B2 AW FE TV — L O #

* WE TR
e-mail: kawafuti@toyama-nct.ac.jp

BN TESEEMERGE  H428

1718) @ LR LR EHOKER 848 T
DTV WEIKO BRI DR CERTKFEEE X,
A ES R R A EEL T, HEEKHE
ICEHT D H1E O RENPERINTNWD, ZhHD
J7 1R CRMEMNE B SN0, RIEKISH CEE) &
LCIHEMETHY  HAICHREN G ThH D, & e
OB B OB e AR T R A ORI

[Electro chemical Dechlorination]

-0

DMF-Et,NBF,, (Al){Pt), r.t. 10 mA

(2 [ Pd tube

OH B B O OH

©/Cl @ () @‘ ©/Hca.1oo%
|

| Pd tube

Tk 20



J1h

LIS AT VEIRR OB N EENTND,

ZZTHEL Eud MBI O B T AR D
Bs& % HIIZ, EH FRE ChDMEREMREL T,
HEn g WD R EH T =/ — VIO BRI
FER BRI LM BRI O W THET5, T
FOSELT, 2,4,6-N)7mna”7 . /—)v 1 OEMRIESE
(L& %4T>7-(Scheme 1), @

OH
ﬂ
Cl
1 2
Scheme 1

2. RBRRROELE

REBRTIT, EICIVEETHD 2,4,6-F) 7m0
Tx=/—/v 1 OIS OHEST BA 2 E RN
DO A AR R &SRR A/ u~ 777 1 —
(HPLC)(%7 2 ; Mightysil, EBHELL; 72h=F1:
REKTRIERET5=24:56:20, WL 5 ; 280
nm. #&;0.500 mL / min)ZE AL, £3°. FE
ThDH 2,4,6-N)roar ) —)L 1 BERTHEATS
#(59.2 mg, 0.30 mmol)721F DMF 5 mL IZ{EML
TV 0.5 n LYo 7V 7L, @ik~ hr

e, ME 4356

77 4—MHPLOIZEWI T ar ZA LEIE 100%
OB —7HEERE L, FERICLTT=/—/ 2 O
DMF #i#%(0.3 mmol/5mL)DUT > a4 A LEIL
R 100% DO — 7 A RE Lz, Fo, RITITHOE
FRALLC, 72 /=L 20 /70a{key7nnik
REBFELTNDEZEZXOLNDHDT, 2707 = /) —
JU 8. 4-7auarx/)—)V 4, 24-v/anadx /) —) 5,
2,6->rmn”x/—) 6 D% DMF #i%(0.3 mmol/5
mL) (Z DWW T [A A D #EZ 1T - 72 (Scheme 2,
Table 1),

FERTOBEFCSOHEIT BA1E, IR DG
FERICI ST L7, $722b 5 IR, £ E
ZOWTHELNTZT ¥ — ORI LMY T 5N F
100%DF v —hDHEFHED H 73R TELI,

FERCELN-E — 7

I3 (%)= X 100
IV 100% D — 7 EifE
Fo, B ECREROIINITER LT,
i B2 (%)=
Tz /)—)L 2 DULEE(%)
X 100

JUE 1 OEIUCE+T7 = /— )L 2 OUYLE+
B FR A 3,4,5,6 DULEEDFI(%)

OH
cl cl oH H T 1 cl H
f i cl <j ©/ CI\©/CI
— > + + + +
cl cl cl

3

Scheme 2

Table 1. HPLC Data of Standard Compounds®

Compound Retaintion Time / min Peak Area (Yield 100 %)
Substrate 1 10.0 14422418
PhOH 2 2.5 3048937
2-Chlorophenol 3 3.4 6338544
4-Chlorophenol 4 3.7 4881767
2,4-Dichlorophenol 5 5.3 5532982
2,6-Dichlorophenol 6 4.8 6774227

aMightysil, CHsCN : H20 : THF = 24 : 56 : 20, 280 nm, 0.500 mL/min
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Fig. 1 Electrochemical Dechlorination

in an Undivided Cell
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Table 2. Effect of Supporting Salt on the Electrochemical Dechlorination (1) 2

PhOH 2 Yield / %
Supporting Salt Time / min
30 60 90 120
EtsNCIO4 3 12 39 59
n-BusNBF4 18 27 33 34
EtsNOTs 0 0 13 17
Et4NBF4 0 10 15 15

a) Carried out by using 1 (59.2 mg, 0.30 mmol) in DMF(5 mL)-H20(0.05 mL)-Supporting
Salt(1.0 mmol)-(Zn)-(Zn) system. Applied voltage of 10V was charged at 40°C.

Table 3.

Effect of Supporting Salt on the Electrochemical Dechlorination (1) 2

Percentage of Dechlorination

Supporting Salt Time / min
30 60 90 120
EtsNC104 3 11 40 65
n-BusNBF, 17 22 27 29
Et4sNOTs 0 1 11 15
EtsNBF4 0 9 11 13

a) Carried out by using 1 (59.2 mg, 0.30 mmol) in DMF(5 mL)-H20(0.05 mL)-Supporting
Salt(1.0 mmol)-(Zn)-(Zn) system. Applied voltage of 10V was charged at 40°C.
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Fig. 2 Image Illustration of Reaction Mechanism
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Table 4. Effect of Solvent on the Electrochemical Dechlorination (I)

PhOH Yield / %
Solvent Time / min
30 60 90 120
DMF 3 12 39 59
NMP 5 9 11 11
DMSO 3 5 6 7

a)Carried out by using 1 (59.2 mg, 0.30 mmol) in Solvent(5 mL)-H20(0.05 mL)- Et4NC1O4
(229.7 mg, 1.0 mmol)-(Zn)-(Zn) system. Applied voltage of 10V was charged at 40°C.

Table 5. Effect of Solvent on the Electrochemical Dechlorination (IT) #

Percentage of Dechlorination

Solvent Time / min
30 60 90 120
DMF 3 11 40 65
NMP 5 8 9 10
DMSO 4 7 7 7

2 Carried out by using 1 (59.2 mg, 0.30 mmol) in Solvent(5 mL)-H20(0.05 mL)- EtsNClO4
(229.7 mg, 1.0 mmol)-(Zn)-(Zn) system. Applied voltage of 10V was charged at 40°C.
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