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B, complex
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(A) Sol-Gel incorporated (B) Covalently bounded
(Noncovalent-type B, , electrode) (Covalent-type B, electrode)

Fig. 1 Two types of vitamin B, modified electrodes.

NMR Avance 500
(SEM) S-5000
B12 [Cob(11)7C,ester]CI0,,1 (Fig.2)
[4,5] NMR MALDI-MS

CO,C3H7 'CO,C3H7

[Cob(I)7 Czester]ClO4 1: X=Y=CN

Fig. 2 Structure of vitamin B12 model complexes.
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A S1(OEt),:EtOH:0.1IN-HCI=1:8:4 24

[Cob(11)7C,ester]CIO, EtOH
1 ITO
100 50 mm/min) 80 12
0.1M-KCI
B12 - SEM XPS
:Pt,
:Ag/AqgClI, -H,0, :0.1M-KCI)
B 0.5M +1.9 V vs. Ag/AgCI 1
(G o) 30
XPS
cv :Pt, :Ag/AgCl, :DMF, :0.1M-1-Bu,NC10,)
A
[6] SEM
100mm/min 330nm 50 mm/min 170 nm (Fig. 3)
XPS Co Si Co:Si= 1:20
330 nm

-0.42 V vs. Ag/AgCl Co(l11)/Co(l)

Isnhgelmrn _ : ¢ $ sol-gel film

- [ITOfilm
,Irr::ﬁnn ] I
: 1gm55pME
BiiFiF EN.@RV NEE- 0K 'dhiihe *Q|ESS FIE’[E
5 nm
film thickness = 330 nm film thickness = 170 nm

Fig. 3 Cross-sectional SEM photograph for the sol-gel modified ITO electrode
trapped with vitamin B - derivative. (a) 100 mm min®, (b) 50 mm min .
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170 nm

330 nm
nm 3.0x10 " mol/cm?
B12
B - A)
(B)
Si(Ove), B12
Cv
Co(l1)/Co(l)

Ag/AgCl (Fig. 4)
1.6x107° mol/cm? CPK
80%

a

b

C

e

6.2x10 " mol/cm®* 170

140 nA

-14 -12 -1.0 -0.8 -0.6 04
E/V vs. Ag-AgCl

-0.2

B12

-0.72 V vs.

Fig. 4 CV of vitamin By, (1) immobilized Pt electrode in DMF

containig of 0.1 M n-Bu,NCIO, at different scanning rates.
Scan rate (a) 400, (b) 300, (c) 200, (d) 100, () 50 mVs1.
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Q)]
-1.2 V vs. Ag/AgCI
(Table 1)

2,000

B12

Table1 Product analyses for the controlled-potential electrolyses of benzyl bromide using
the modified electrode (A)?

Electrolyses condition Product ratio
Dopant in sol- Conversion Total T. N.9
gel electrode hy» Charges/Time/h (%) Toluene Bibenzyl
F mol-1
[Cob(II)7Csestel]* o 0.1 2 8.5 6 94 2260
[Cob(Il)7Cgester]* >  0.015 2 0 0 0 -
None o 0.019 2 0 0 0 -

2 Controlled-potential electrolyses were carried out at —1.20 V vs. Ag-AgCl under an argon
atmosphere. Initial concentration: benzyl bromide, 1.0x10 M; KCI, 0.1 M.

b Under irradiation by a 500 W tungsten lamp at a distance of 30 cm.

¢ Electrical charge passed per mol of the substrate.

d Total turnover number was estimated from the total amount of B, complex in the sol-gel
electrode, 3.7x10° mol/cm™,

(B) -1.2 V vs. Ag/AgCl
56%
6,000 (A
o- N-(t- )
ESR
(g=2.006, A'=13.9 G, A=2.6 G, 10°G=1Tesla)
Fig. 5
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op

cathode

Fig. 5 Proposed mechanism for the electrolysis of phenethyl bromide catalyzed
by vitamin By, modified electrode (B).
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1.4 F/mol DDT (DbDD, DDE,

TTTB)
B12 DDT
Fig.6
Cl
Cl
H Cl
Cl Cl Cl ¢l
Cl
DDD DDE DDMU
TTDB (E/Z)
cathode I
/ / Cl
/| ve- O \-Cl
+e_—% €
+ Cl-
/

Fig. 6 Proposed reaction mechanism for the electrolysis of DDT mediated by
hydrophobic vitamin By,
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Dechlorination Reaction Mediated by Vitamin By, Modified Electrode
Yoshio Hisaeda, Hisashi Shimakoshi, and Takahiro Masuko

Department of Chemistry and Biochemistry, Graduate School of Enginerring, Kyushu University

We have been dealing with a hydrophobic vitamin B12, heptamethyl cobyrinate
perchlorate [Cob(l11)7C1ester]ClO4, which has ester groups in place of the peripheral
amide moieties of the naturally occurring cobalamin, and performed various enzymic
model reactions using hydrophobic vitamin B12 derivatives as catalysts by means of
electrochemical methods.

Recently, it has been demonstrated that certain bacteria can use tetrachloroethane as
electron acceptors by reducing it to cis-dichoroethane. An enzyme so-called reductive
dehalogenase contains cobalamin as cofactor. A Co(l) species of cobalamin is a
supernucleophile and reacts with an alkyl halide to form an alkylated complex with
dehalogenation. Thus, the superior ability of cobalamin for reductive dehalogenation
prompted us to investigate the catalysis of a cobalamin derivative for degradation of
various halogenated organic compounds.

Two types of vitamin B12 modified electrodes were prepared by a sol-gel method
and a chemical reaction on the surface of the electrode. A hydrophobic vitamin B12 was
readily trapped on ITO electrode by a sol-gel reaction to form a noncovalent-type B12
modified electrode. On the other hand, a new hydrophobic vitamin B12, which has a
trimethylsilyl group, was covalently immobilized into Pt electrode. Both vitamin B12
modified electrodes have high reactivity for organic halides to form dehalogenated
products under the electrochemical reductive conditions.

1,1-Bis(4-chlorophenyl)-2,2,2-trichloroethane (DDT) is characterized by a
pronounced insecticidal property and has been used worldwide for the last several decades
despite its known hazardous effects on human health and wildlife. Therefore, much
attention will be focused on the reaction between the hydrophobic vitamin B12 and DDT
under electrochemical conditions. In the present work, electrolysis of DDT catalyzed by
hydrophobic vitamin B12 was carried out as shown in Scheme 1.

cl cl Cl
— — + Cl O)LO\ Cl
CH;0,C CO,CH, HyCl ol Hcl ©
L 0o, o o
\ LCHj Cl Cl Cl cl
CH;0,C -~CO2CHs DDD DDMU Cl TTDB (Ef2)
H3C- H
’ H cthode
CHs Y
CH302C +e~
+e/
s g cr-
CHj H /|supernucleophile
CO,CH3 CO,CH3 -
| _| clog [ c1$l
[Cob(I)7C;ester]ClO4 al
o < bor
(Hydrophobic vitamin B12)
Scheme 1.
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