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Direct anodic oxidation of p-methoxytoluene in methanol. 
The effect of electrolysis conditions 
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The effect of anions of the supporting electrolyte (F-, dialkylphosphate, TsO, and BF4-) 
and other electrolysis conditions (anode material, temperature, substrate concentration) on the 
selectivity of the direct anodie oxidation of p-methoxytoluene in methanol into 4-methoxy- 
benzaldehyde dimethylacetal was studied. The highest selectivity was obtained in the presence 
of fluoride anion. 

Key words: anodic oxidation, p-methoxytolttene, 4-methoxybenzaldehyde dirnethylacetal, 
4-methoxybenzaldehyde, potassium fluoride. 

The direct anodic (AO) oxidation of p-methoxytolu- 
ene (PMT) in methanol is a convenient method for 
transforming it into 4-methoxybenzaldehyde dimethyl- 
acetal (2). Hydrolysis of the latter affords 4-methoxybenz- 
aldehyde (3), a valuable fragrant compound and a multi- 
purpose intermediate in organic synthesis I (Scheme 1). 
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This method for synthesizing aldehyde 3 is preferred 
technologically as compared with indirect electrochemi- 
cal oxidation of PMT in the presence of mediators, e.g., 
manganese, cerium, and cobalt compounds. 2 However, 
to attain a high selectivity of the process, one should 
thoroughly optimize its parameters, such as the support- 
ing electrolyte, anode material, and others, because of 
the oligomerization and polymerization of the aromatic 
substrates that necessarily accompany direct anodic oxi- 
dation. This kind of optimization 2,3 made it possible to 
reach, at best, a 70 % selectivity in the transformation of 
PMT into acetal 2, with a degree of PMT conversion of 
80 %. This result was obtained when PMT was oxidized 
using a graphite anode and tetrabutylammonium or sodi- 
um tetrafluoroborate as supporting electrolytes in the 
presence of a deprotonating additive (lutidine). A similar 
selectivity of  PMT transformation into acetal 2 was 
attained using graphite anodes and sodium methoxide, 4 
tetraethylammonium tosylate, 5 or dibutyl phosphate with 

triethylamine 6 as the supporting electrolytes. Approxi- 
mately 50 % selectivity was attained when sodium per- 
chlorate, 7 potassium fluoride, or p-toluenesulfonic acid 8 
were used as electrolytes. 

In the present work we searched for a supporting 
electrolyte and an anodic material which would provide 
a higher yield of aldehyde 3, simple repeated regenera- 
tion of the electrolyte, and high stability of the process. 
For this purpose, we studied the effect of  the most 
promising electrolytes selected from those applicable to 
direct anodic PMT oxidation, namely, potassium fluo- 
ride, dialkylphosphates, tetrafluoroborate, and tosylates. 
We also studied such anodic materials as graphite, plati- 
num, platinized titanium, and a ruthenium--ti tanium 
oxide electrode (RTOE). 

Most of  the experiments were performed at a starting 
PMT concentration of 0.5--1.0 tool L -1 at 60 ~ In 
order to determine the effect of these parameters on the 
composition of the electrolysis products, a series of 
experiments was carried out at [PMT]0 = 1.5 tool L -1 
and at 20 and 40 ~ 

The basic experimental results (obtained after hy- 
drolysis of the electrolysis products) are presented in 
Tables 1 and 2. In all experiments, aldehyde 3 was the 
main product (Scheme 1). In addition to compound 
3, minor products such as a,4-dimethoxytoluene (1, an 
intermediate in the formation of acetal 2), 4-methyl-4- 
methoxycyclohexa-2,5-dien-l-one (4, only in the ex- 
periments with KF), and methyl anisate (5) were formed. 
The amount of compound 4 increases when the graphite 
anode is replaced by a platinum or platinum--ti tanium 
anode, which provides more efficient generation of meth- 
oxyl radicals in a methanolic solution. The addition of 
these to the aromatic ring in PMT, oxidation and then 
solvolysis and hydrolysis of  the resulting 1,1,4-trimeth- 
oxy-4-methylcyclohexa-2,4-diene 4 occur subsequently 
(Scheme 2, Table 1, experiments 1--3). 
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Table 1. Anodic oxidation ofp-methoxytoluene (PMT) with the use of various supporting electrolytes and anode materials (60 ~ a 

Experi- Supporting Anode Q/F tool -I [PMT] 0 Degree of 

ment electrolyte tool L -1 PMT con- 

version (%) 

Oxidation products and their 

yields (% of the theoretical value) b 

1 3 4 5 

1 KF C 4 5  1.0 94 6 74 2 I 
2 KF Pt 4.5 0,5 94 7 68 3 5 
3 KF Pt/Ti 45 t .0 96 9 63 6 3 
4 KF RTOE 4 5 1.0 97 9 73 0.2 0.5 
5 (EtO)2PO2Na C 4_0 1,0 97 6 66 0 0,5 
6 (BuO)2PO2Na C 4 0 0.5 90 4 74 0 0 
7 (EtO)2PO2Na Pt 40 0.5 97 2 65 0 1 
8 (BuO)2PO2Na Pt 40 0,5 92 6 60 0 1 
9 (EtO)2PO2Na Pt/Ti 4 5 05 98 6 55 0 3 
10 (EtO)~PO2Na RTOE 4 5 0.5 98 4 67 0 0.5 
11 T~OK C 4 0 1.0 90 9 62 0 2 
12 T~ONHEt3 C 4 4 1.0 98 4 63 0 1 
13 TsONEt4 C 4 9 1.0 96 3 56 0 3 
14 BF4NBu4 C 4.0 1.0 95 6 56 0 4 

a A solution of PMT (75--150 mmol) and supporting electrolyte (10--15 mmol) in dry methanol (130 mL); stainless steel anode; 
current density, 20--25 m A c m  -2 (or 40--50 m A c m  -2 in experiments 2, 3, and 5--8); voltage across the cell, 10--15 V (up to 30 
V when an RTOE was used). 
b According to GLC analysis data obtained after the hydrolysis of the oxidation products; for aldehyde 3, the yield was calculated 
from the amount of the isolated product. 

Table 2. Anodic oxidation of p-methoxytoluene (PMT) at various starting concentrations and electrolysis temperatures 

Experi- [PMT]0 T Supporting i Q Degree of 
ment tool L -1 ~ electrolyte m A c m  -2 F mol -I PMT conver- 

sion (%) 

Oxidation products and their 

yields (% of the theoretica~ value) b 

1 3 4 5 

1 0.5 60 KF 40 4.5 97 6 74 3 

2 1.0 60 KF 40 4.5 94 6 74 3 

3 1 5 60 KF 25 4.5 96 5 64 1.3 

4 0.5 20 (EtO)2PO2Na 20 4.0 97 2 67 0 

5 0.5 40 (EtO)2PO2Na 40 4.5 98 4 63 0 

6 0.5 60 (EtO)2PO2Na 50 4.0 98 5 64 0 

7 0.5 60 (BuO)2PO2Na 40 4.0 96 4 67 0 

1.0 60 (BuO)2PO2Na 25 4.0 90 2 74 0 

9 1,5 60 (EtO)2PO2Na 40 4.0 97 6 67 0 

10 1.0 20 (EtO)2PO2Na + 20 4.0 99 2 71 0 
HC(OMe)3 

11 1.5 20 (BuO)2PO2H +NEt 3 20 4.0 100 -- 54 2 
1 : I  

l 

1 

1 

3 

3 

0.5 

0 

0 

0.5 

4 

13 

a A graphite anode and a steel cathode; a solution of PMT (75--150 mmol) and supporting electrolyte (10--t5 
methanol (130 mL); voltage across the cell, 10--15 V (up to 27 V in experiment 10). 
b According to GLC analysis data obtained after the hydrolysis of the oxidation products; for aldehyde 3, the yield 
from the amount of the isolated product. 

mmol) in dry 

was calculated 
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Ester 5, present in the products of  most o f  the 
experiments, was formed due to the oxidation of  acetal 2 
into methyl orthoanisate followed by its hydrolysis. 7 

2 i ~ 4_MeOC6H4C(OMe)3 fi ~ 4_MeOC6H4COOMe 
- 2 MeOH 

5 

i. AO, MeOH. ii. H20 

Of  the electrolytes studied, potassium fluoride pro- 
vided the highest selectivity of  PMT  transformation into 
acetal 2. When this electrolyte was used, the formation 
of  compound  2 oll graphite and platinum anodes and on 
RTOE occured with 68--74 % selectivity and involved 
almost complete conversion of  PMT and over 90 % 
conversion of  the intermediate ether 1 (Table 1, experi- 
ments I, 2, and 4). This result was attained after a 4.5 F 
charge was passed per 1 tool PMT. The side processes 
giving ketone 4 and ester 5 occur more readily in the 
presence of  KF than with other electrolytes, particularly 
on platinum and platinized titanium (Table 1, experi- 
ments 2 and 3). The oxidation of  PMT on graphite and 
on RTOE occurs more selectively. The use of  graphite is 
preferable because when RTOE is used, a 2--3 times 
higher voltage is required to maintain the necessary 
current (up 30 V; Table 1, experiments 1 and 4). 

The transformation of PMT into acetal 2 in the 
presence of  sodium diethyl- and dibutylphosphates as 
supporting electrolytes occurs with almost the same 
selectivity as with KF (Table 1, experiments 5--10). The 
important distinguishing feature of  these electrolytes is 
that they prevent the side process leading to ketone 4 
and considerably inhibit the formation of  the other side 
product, ester 5. This feature is more pronounced when 
a graphite or RTOE electrode is used (Table 1, experi- 
ments 5, 6, and 10). 

The other electrolytes, namely, potassium, triethyl- 
ammon ium,  and te t rae thy lammonium tosylates and 
te t rabutylammonium tetrafluoroborate, affect the selec- 
tivity of  PMT transformation into acetal 2 similarly to 
the dialkylphosphate electrolytes. However, they sup- 
press the formation of  ester 5 less efficiently. 

When the initial concentration of  PMT is increased 
to more than 1 mol L - l ,  the selectivity of  the transfor- 
mation of  P M T  into compound 2 in the presence of  KF 
decreases (Table 2, experiment 3), but this does not 
occur with phosphate electrolytes (Table 2, experiments 
6--9). 

A study of  the effect of  temperature oh the process 
showed that the concentrat ion of  KF required to con- 
duct the electrolysis in methanol is attained only at 
60 ~ With dialkylphosphate supporting electrolytes, 
varying the temperature from 20 to 60 ~ has virtually 
no effect on the selectivity of  the transformation of  PMT 
into acetal 2, while decreasing the temperature favors 
the side formation of  ester 5 (Table 2, experiments 
4--6). The addition of  ethyl orthoformate, which traps 
the water formed during the neutralization of  dialkyl- 
phosphonic acids with sodium carbonate, did not de- 
crease the yield o f  ester 5 (Table 2, experiment 5) but 

sharply increased the ohmic resistance o f  the system and 
the voltage across the cell (from 10 to 27 V). This 
allowed us to consider that the formation of  ester 5 
through hydrolysis of  acetal 2 into the semiacetal fol- 
lowed by the oxidation of  the latter did not occur. 

The yield of  ester 5 increases considerably (from 
0.5--3 % to 13 %) when PMT is anodically oxidized 
under the conditions used in Ref. 6 (Table 2, experi- 
ment 11), but we were unable to obtain aldehyde 3 in 
the yield reported in that work (80 %). 

Thus, the use of  KF as the supporting electrolyte and 
the use of  a graphite anode makes it possible to perform 
the anodic oxidation o f  PMT into acetal 2 followed by 
its hydrolysis into the target aldehyde 3 with a selectivity 
not worse than that reported previously.Z, 3 In addition, 
the following additional advantages are provided: (a), a 
higher overall conversion of  P M T  and ether 1 (90 %) is 
attained; (b), a deprotonating additive is not  required; 
(c), the recovery o f  the electrolyte and the isolation of  
the target product 3 are simplified. 

Experimental 

GLC analyses were performed on a Varian 3700 chroma- 
tograph with a flame-ionization detector, in a stream of nitro- 
gen, using 200 x 0.3 cm glass columns with 5 % XE-60 on 
Chromaton N-AW (0.125--0.160 mm), and 200 x 0.3 cm 
glass columns with 5 % Carbowax 20M on Inerton N-AW 
(0.15--0.20 ram). 1H NMR spectra of solutions of the com- 
pounds in CDC13 were recorded on Joel FQ-90Q and Bruker 
WM-250 spectrometers using SiMe 4 as the internal standard. 
Mass spectra were recorded on a Varian MAT CH-III  mass 
spectrometer with injection of samples through a chroma- 
tograph (electron impact, 80 eV). 

para-Methoxytoluene (PMT) was used as a "pure"-grade 
reagent distilled in vacuo, b.p. 65 ~ (12 Torr). Potassium 
fluoride, diethyl- and dibutylphosphates, and triethylamine 
were used as "pure"-grade reagents. Potassium and triethyl- 
ammonium tosylates were obtained by treatment of p-toluene- 
sulfonic acid (TsOH) with KOH and triethylamine, respec- 
tively. Tetraethylammonium tosylate was obtained from ethyl 
tosylate and triethylamine according to the procedure in Ref. 9. 
The supporting electrolytes were dried with P205 before use. 
Methanol was dried by distillation with magnesium methoxide. 

General procedure for the anodie oxidation of PMT. Elec- 
trolysis was carried out in the galvanostatic mode in a 
thermostatted undivided celt (200 mL in volume), equipped 
with a reflux condenser, a stainless steel cathode, and a 
graphite (a cylinder 15 mm in diameter) or a platinum anode 
(a 50 x 20 mm plate). The distance between the electrodes 
was 3--5 mm. The reagents were vigorously stirred under the 
conditions indicated in Tables 1 and 2. After the electrolysis, 
MeOH was distilled off from the reaction mixture, and the 
residue was diluted with pethroleum ether (b.p. 40--70 ~ 
50 mL). The supporting electrolyte that partially precipitated 
was filtered off and washed with pethroleum ether (50 mL). 
The combined filtrates were stirred for 30 min with 10 % 
sulfuric acid (30 mL). The organic layer was separated, washed 
with 5 % NaHCO3, dried with K2CO3, and analyzed by GLC 
using an internal standard (dodecane) and reference samples 
(the results are presented in Tables 1 and 2). The solvent was 
evaporated, and the residue was distilled in vacuo to give 
aldehyde 3. The distillation fractions preceding aldehyde 3 
contained PMT, 4-methoxybenzyl methyl ether (1), and 4-me- 
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thyl-4-methoxycyclohexa-2,5-dien-l-one (4), and the higher- 
boiling fraction contained methyl 4-methoxybenzoate (5). Pure 
compounds 1, 4, and 5 were isolated from these fractions by 
column chromatography on silica gel using hexane--ether as 
the eluent. 

4-Methoxybenzyl methyl ether 4 (1), b.p. 91--93 ~ 
(8 Torr), nl32~ 1.5170. 1H NMR, ~5:3.70 (s, 3 H), 4.13 (s, 
3 H), 4.72 (s, 2 H); 7.41 (m, 4 H). 

4-Methoxybenzaldehyde l~ (3), b.p. 130--133 ~ (10 Tort), 
nD 20 1.5760. 1H NMR, 5:3.90 (s, 3 H), 7.05 (s, 2 H), 7.85 
(s, 2 H), 9.87 (s, [ H). 2,4-DNPH l~ m.p. 254 ~ (xylene). 
Found (%): C, 53.19, H, 3.95; N, 17.42. CI4Ht2N404. Cal- 
culated (%): C, 53.I6; H, 3.79; N, 17.73. 

4-Methyl-4-methoxyeyelohexa-2,5-dien-l-one 4 (4), m.p. 
65--66 ~ (hexane). IH NMR, 5:1.50 (s, 3 H), 3.26 (s, 
3 H), 6.60 (m, 4 H). MS, m/z (Irel (%)): 138 (37) M + ' ,  123 
(100) [M-CH3] + ,  110 (36), 107 (40), 99 (38), 95 (41), 79 
(55), 77 (58). 

Methyl 4-methoxybenzoate l~ (5), m.p. 47--48 ~ 
IH NMR, 5:3.75 (s, 3 H), 3.88 (s, 3 H), 6.98 (s, 2 H), 8.08 
(s, 2 H). IR, v/cm-l:  1720 (C=O). 

Anodie oxidation of PMT with recovery of the supporting 
electrolyte (KF, Table 1, experiment 1). The experiment was 
carried out according to the general procedure under the 
conditions indicated in Table 1 using PMT (18.3 g), KF 
(0.7 g), and MeOH (130 mL). Standard work-up of the elec- 
trolysis product gave slightly yellow finely-crystalline potas- 
sium flnoride (0.49 g, 70 %) and aldehyde 3 (15.l g, 74 %). 
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