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Direct electrooxidation synthesis of anisaldehyde dimethyl acetal in a quasi
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Abstract: The influences of anodic electrode material, supporting electrolyte and current density on the direct
electrochemical oxidation synthesis of anisaldehyde dimethyl acetal (»-MBDMA) in a quasi capillary gap cell
were investigated by the galvanostatic method. The electrochemical behavior of p-methoxytoluene (p-MT) and
p-MBDMA in methanol was studied with linear sweep voltammetry. The experimental results showed that
graphite as anodic material revealed good electrochemical catalytic activity to the oxidation of p-MT. The
p-MBDMA yield of four anodic materials decreased in the following order: graphite > Ir-Ta/Ti > Ru-Ir/Ti > Pt/Ti
and six supporting electrolytes followed the decreasing order : sodium p-toluenesulfonate > sodium
benzenesulfonate > potassium fluoride > sodium methoxide > sodium perchlorate > sodium
3-nitrobenzenesulfonate. With current density varying from 1 to 9 A * dm >, reaction selectivity decreased with
increasing current density. Furthermore, a proper amount of addition of 2,6-lutidine could improve the selectivity
by avoiding further oxidation of p-MBDMA. Under the optimized conditions of 0.8~1.0 mol * L™ p-MT, 1.0%
(mass) sodium p-toluenesulfonate as supporting electrolyte and addition of 0.5% (mass) 2,6-lutidine, yield and
current efficiency could reach 75% and 47% respectively. During the process of electrolysis, current density
changed from 3.0 t0 2.0 A *dm > at 0.8 Q* and the operating condition was under the electrolyte solution flow rate
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of 20 L » h™' at temperature 40°C. The research provided an important basis for commercialization of

electrochemical oxidation synthesis of p-MBDMA.

Key words: quasi capillary gap cell; p-methoxytoluene; anisaldehyde dimethyl acetal; electrochemistry;

oxidation; electrolytes; process condition
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Fig.1 Reaction scheme of anodic methoxylation of p-methoxytoluene in methanol
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Fig.2 Hydrolysis reaction of p-methoxybenzaldehyde

dimethyl acetal in presence of acidic media
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Fig.3 Schematic diagram of quasi capillary gap cell
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Fig4 LSV curves of p-MT and p-MBDMA on glassy carbon
electrode in methanol solution
(scanrate: 100mV « s™'; temperature: 25°C; AgNO,/Ag as
reference electrode)
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Fig.5 Mechanism of electrochemical oxidation of p—~MT in methanol
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Fig.6 Influence of different electrode materials as anode on
reaction
[The used electrolytic cell has two reaction gaps (k=2); 0.3
mol » L' p-MT; 1.0% (mass) C¢HsSO;Na as supporting

electrolyte; 300 ml methanol as solvent; flow rate: 20 L «h™';

current density: 3.0 A « dm™; temperature: 40°C]
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Fig.9 Variation of cell voltage with current density during
process of batch electrolysis[The used electrolytic cell has nine
reaction gaps (k=9); 0.8 mol » L' p-MT; 1.0% (mass)
CsHsSOsNa as supporting electrolyte; 800 ml methanol as
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a—current density: change 3.0 to 2.0 A * dm™ at 0*=0.8;

b—current density: 3.0A ¢ dm™
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Table 1 Influence of different supporting electrolytes on
yield of p-MBDMA

Conductivity” Initial cell Yield®

Run Supporting electrolyte /S« m! voltage@ N
1 sodium methoxide 0.547 322 63
2 potassium fluoride 0.464 344 68
3 sodium perchlorate 0.445 34.5 57
4 sodium benzenesulfonate 0.236 352 73
5 sodium p-toluenesulfonate 0.219 36.4 72
6 sodium 3-nitrobenzenesulfonate 0.204 39.7 56

( The concentration of supporting electrolyte is 1.0% (mass).

@) The used electrolytic cell has nine reaction gaps (k= 9); 0.8 mol L™
p-MT; flow rate: 20 L *h™'; temperature: 40°C ; change current density from
3.0A-dm?t02.0A « dm™ at 0*=0.8; the yield was gotten at Q*=1.6.

FAR R T R AR T A i S R, 5 R M R o Rk
FE BRAR, 38 v v FEL BRI K, AR R VA I L R
Bef B A 5 Ml S, s 119 2 B D TR o s o R L A
1SR A T s, NI g1 R R B R A, BRI
RN

S G HP R IR P A it Ry B0 R R R R
NHLEF, p-MBDMA R e, 183 72%~
73%. 3 A0XT FE ISR R AN 7E HR I 1) Y8 A P2 o
TN LR, SOy ml 3 R R R BE 2 1.0%~3.0%
CFREDED , IR A 5256 254 Hh R P G H 6 2
Tt R B A S AR T o
2.6 HFREXTHEBEMEENSMm

B 11 45 H TR p-MBDMA WCR IR0
A A, SOSIREAE 40°CIE, p-MBDMA H %
e, 5% 75%; 1E20~40°CHy, IR RTHEAF)
TN, WS R R BT =i s AR 40~50°C R,
BETE S EU N CE TR iR K, B
SRS R ES T HIT RN, SR T et
B 7Es IR AR R, s AR
TP RME TR B, 643 S B ATE R R R T 11 15 B
W ZEK, SFEGWIE B, PR T s i R
TR SR P T v S 2 T B0 R R )R B 4
R, FEHEEE N ERRE KRS 2R,
N 51 Ay 58 R R Vv P BRI K, R R R
MR T SOCHY, B EMRRIEHT, RNAR R
AT AR SR K, TR AR AR A 2 ) e B i
o Sah, EEE mh e R RE RN R, 15

80

60 -

40

yield/%

20

0 0.4 08 12 16 20
o
LTt T T 7 e — SR A (AR R 5
Fig.11 Variation of yield of p-MBDMA with different
temperature[ The used electrolytic cell has nine reaction gaps
(k=9); 0.8 mol *L™" p-MT; 1.0% (mass) CH;—C¢H,SO;Na as
supporting electrolyte; 800 ml methanol as solvent; flow rate :
20L « h™'; change current density from 3.0 A + dm™ to
2.0 A+ dm™ at 0*=0.8]
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Fig.12 Variation of yield of p-MBDMA with different flow
rates[The used electrolytic cell has nine reaction gaps (k = 9);
0.8 mol « L™! p-MT; 1.0% (mass) CH;—C4H,SO;Na as
supporting electrolyte; 800 ml methanol as solvent; temperature:
40°C; change current density from 3.0 A «dm™t0 2.0 A «dm™
at 0*=0.8]
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