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Though an aldehyde is reducible electrolytically to the corresponding 
alcohol and pinacone with ease, its complete re:luction to hydrocarbon 
can only be brought about under some specific conditions. Tafel and 
Schepss1 found that both aldehyde and ketone are best reduced to 
hydrocarbon when cadmium is used as the cathocle. Since that time 
cadmium has been regarded as the only cathode which can be use'.i for 
complete reduction of the carbonyl group. Inferring from the close analogy 
existing between cadmium and zinc, and from the fact that zinc acts 
chemically as such an effective reducing agent that it is practically 
employed universally in many chemical reductions, and that its over­
voltage for evolving hydrogen is notably higher than that of cadmium, 
it is conceivable that a zinc cathode will give rise to the formation of 
hydrocarbon with an efficimcy perhaps surpassing that of cadmium or 
at least similar to it. 

To verify this experimentally I undertook the electrolytic reduction of 
anisaldehyde, salicylaldehyde, paraoxybenzaldehyde, vanillin and piperonal, 
and observed that the formation of hydrocarbons was always greater at 
the zinc cathode than at the cadmium. Especially salicylaldehyde which does 
not change to the corresponding cresol when reduced with the latter elect-

I Ber., 41, 2148 (1911); Schcp», Ber., 46, 2566 (1913), Tafel, Ber,, 42, 3146 (I<JOC/). 
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rode could at the former electrode be transformed into it with 65 ~la yield. 
As I have frequently observe::!, the presence of alcohol in a large 

quantity effects the electrolytic re:luction of aldehyde in such a way as 
to lead to the formation of condensation-products such as pinacono or 
still more complicated resinous matter, thus preventing the formation of 
simple reduction-products like alcohol and hydrocarbon. As a most 
typical example of this the re:foction of vanillin may be mentioned here. 
While vanillin is reduced in a sulphuric acid solution to o-creosol with 
7 5 ~la yield, tho same reduction can scarcely be observed when the 
cathode solution containing much alcohol is electrolysed. The electrolytic 
reduction of aldehyde and ketone in acid sodium sulphite solutions1 and 
also that of aldehyde in caustic soda solutions2 generally take place in 
a proicsoly similar manner chiefly producing condensation-products. Per­
haps these reactions may be regarde:1 as belonging to the same kind 
of re:luction, that is, re::luction of the addition-products of aldehyde or 
ketone such as 

which naturally differs from that of free aldehyde or ketone. 
Erich Miillers trie:1 to explain the reduction of aldehyde and ketone, 

representing its progress in the following scheme : 

l Kauffmann, Z. Elektrochern., 2, 1265 (1896); 4, 361 (1898). 
2 Law, J. Chem. Soc., 89, 4512 (1906). 
3 Z. angew. Chem., 36, 698 (1922). 
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Ingenious as it is, Muller's theory seems still insufficient to explain 
the above-state::l difference existing between the electrolytic behaviour 
of aldehyde and of its addition-products. 

Experimental 

Into a glass cylinder having a diameter of 6 cm. which was used 
as the ano:le chamber, a cell of about 200 cc. capacity (diameter, 4.5 

cm.) was placc:1 as the cathode compartment. Zinc amalgam usc::l as 
the cathode was prepare:! by electrolysing a concentrate:! solution of 
zinc sulphate till mercury taken as the cathode solidified completely. 
The cathode solution consiste::l of sulphuric acid of different dilution or 
of alcoholic sulphuric acid into which 5 grams of aldehyde to be rc:luce:1 
were added little by little on vigorous agitatirJn. A platinum plate was 
dippe:1 as the anode in 30 9io sulphuric acid contained in the cell. 

1. Anisaldehyde 

By electrolyzing anisaldehyde in .5 ~lo alcoholic sulphuric aci:I solution 
with a copper cathode, Law1 obtaine:l anisic alcohol (70-75%) and p­
methyl anisole (5 % ). Tafel and Schepss2 useJ cadmium in place of copper 

and by this means raised the yield of p-methyl anisole to 3 7 ~b. Examin­
ing th_e influence of the temperature, current density and concentration 
of the sulphuric acid in the cathode solution the latter authors determine:! 
the best conditions for the production of p-tolyl methyl ether and working 
under those conditions a 60 9io yield was finally procured. The conditions 
they use:l were : Anode solution-20 gm. of anisal:lehy:le + 60 c.c. of 
water + alcohol to r So c.c + r 5 gm. of cone. sulphuric acid ; Temperature 
-below 2 5° ; Current density-30 amp/ r oo sq. cm. 

I conducted a series of experiments to reJuce anisaldehyde to p­
tol yl methyl ether using zinc amalgam as the cathode. The cathode solution 
after electrolysis was dilutd with much water and treate:l with ether 
in order to extract the substances dissolve:1 in it. To tl).e ether extract, 
calcium chloride was addeJ to remove alcohol and water from it, and 
after the ether had been evaporate:1 off, it was distilleJ under reduce:1 
pressure. The portion distilling at 66°-70° at r 4 mm. pressure was 
collecte-J. It b'.)ile:l at 17 5° at ordinary pressure. It was analysed with 

r J. Chem. Soc., 91, 748 (19'.)7). 
2 Loe. cit. 
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the following results : 
0.1416 grn. substance gave 0.4065 g CO2 and 0.1039 g H 20, 
C=78.299'S, H=8.20;1S; Cale. C=78.69%, H=S.209'17 

The results of experiments conductd under various conditions are given 
thus: 

Table I 

Catholyte 
~ Current demity Current Temoerature p-Tolyl 

~O~ Sulphuric acid Alcohol 
quantity methyl ether 

amp.hoo sq. cm. 
amp.-hour 

oc 
% % 

cc cc 

I 30 80 - 36 18 20-25 IO 

2 50 80 - 48 20 20-25 30 
3 60 80 - 30 Ii 15-25 39 
4 60 80 - 36 r8 20-25 40 
5 60 80 - 36 18 30-35 31 
6 60 80 -- 48 20 20-25 38 
7 60 80 - 60 25 3o-35 32 
8 jO 80 - 30 30 12-16 51 
9 jO 80 - 36 30 12-20 45 

IO iO So - 48 28 23-28 40 
lI 70 80 - 48 25 20-25 43 
12 So 80 - 30 20 20-25 5 
13 40 50 30 30 15 12-16 38 
14 60 50 30 30 15 12-16 58 
15 60 50 30 48 16 20-25 56 
r6 6o 50 30 60 12 3o-35 60 

17 60 50 30 18 15 5-8 51 
18 ;o 50 30 30 15 15-18 49 
19 jO 50 30 18 15 8-18 56 
20 60 30 50 30 15 IO-IS 22 
21 6o :,0 50 30 15 12-15 58 
22 (,o 60 20 30 15 IO-IS 56 
23 60 60 20 42 18 18-21 58 
24 60 60 20 j2 15 35-4o 68 

25 60 70 IO 30 15 IO-IS 33 

When the catho:le solution contains no alcohol the electrolysis is 
greatly effecte:1 by temperature, the more p-tolyl methyl ether being 
given the lower the temperature is (No. 1 ·-No. 1 2). The concentration 
of the sulphuric acid should be maintained at about 60-70 9'S, for the 
more concentrate:1 acid has the effect~ resinising the aldehyde. The 
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greater current density gives the better yield. But when the current 
density becomes greater it is very difficult to regulate the temperature of 
the bath, which must always be kept low. In experiment from No. 1 3 
to No. 25 it is seen that the presence of a certain amount of alcohol 
in the catho:ie solution favours the formation of p-tolyl methyl ether even 
at higher temperatures, and in consequence the current density can be 
made greater to increase the yield of the product. As was statd befor0, 
however, an excess of alcohol has quite the contrary effect (No. 20). 

2. Salicylaldehyde 

In the electrolytic rcJuction of salicylaldehyde hitherto conducted in an 
alcoholic sulphuric acid solution\ neither the corresponding alcohol nor 
phenol was obtaind. I was able, for the first time, to re:iuce the aldehyde 
to saligenin at the mercury cathode by using a neutral cathode solution~. 
It was now found that at the zinc amalgam cathode the aldehyde can 
be re:iuced to o-cresol in a sulphuric acid solution with about 66 9{-; yield. 
The electrolysis and also the treatment of the cathode solution after 
electrolysis were conducted in the same way as in the previous experi­
ment, and o-cresol obtained was purifie:i by distilling it unrkr 20 mm. 

Table H 

I Catholyte 
Current density 

i 
Xo. Sulphuric add I 

I Alcohol amp./ ;oo sq. rm. 

% I 
cc cc 

! 
·------

I 15 So I - 30 
2 So i ., 30 

I 
- ,-

3 50 So I - i2 
I 

4 6o So I - 48 I 

5 6o So -- (,o 

6 (,o So - 72 
7 65 So - 72 
s 7o So i - 3(, 

I 

6o 
I 

48 9 50 
I 

30 

w (,o 50 I 30 fo 

6o 
I 

C9 11 40 

I 
40 

12 6o 60 20 72 
--- . -- . ---- ----

1 Law, Joe. cit; Schepss, Joe. cit. 

2 These memoirs, 11, 407 (1928) 

Current I 
quantity 

Temperature o-Crcsol 

amp.-honr oc % 

-------

15 10-15 -
24 35-4° 15 
28 35-40 23 

30 25-30 43 
30 30-35 45 
,o 35-4o 34 

30 5°-55 12 

24 16-25 19 

12 20-2.5 45 
12 35-4o 52 

12 4o-45 4l 

12 35-4o 66 
--- --- -
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pressure. The portion distilled off at 93° -94° was found to boil at 
189° - 190° at the ordinary pressure and to crystallize in needles. The 
results of analysis were : 

0.2347 gm. substance gave 0.6637 g CO2 and 0.154.5 g H 20, 
C=77.13 ?o, H=7.36 ?o; Cale. C=j7.78 9:;, H=7.41 ~a. 

The relation between its yield and the conditions for electrolysis 1s 

shown in Table II. 
From the table it is s0cn that the re::luction must be conducted 

at 30 ° - 40° using a cathode solution consisting of 60 ? o sulphuric acid. 
The effect of alcohol on the electrolysis is similar to that in the case of 
anisaldehyde. 

3. p-Oxybenzaldehyde 

Schepss1 succeded in reducing it to p-crcsol with 41 ?a yield. 
Using the zinc amalgam cathode I obtained a far better result. Thr­
reduction-procluct was subjected to fractional distillation under the rduced 
pressure of 18 111111. and the portion coming off at 95° - roo0 was collected, 
and it was purific:l by again distilling. It boiled at 200° - 202°, and gave 
the following results when analysed, 

0.1837 gm. substance gave 0 . .5226 g COi and 0.1215 g HiO, 

C=77.79 ?o, H=7.40 ?o; Cale. C=77.78 fo, H=7.41 ?b. 

The reduction of this aldehyde is badly effected by alcohol, so that 
the presence of alcohol in the cathode solution must always be avoided 
(see Table III). 

Tab!e III 

Catholyte 
Current Current den,ity quantity Temperature p-Cresol 

Xo. 60;¼ sulphuric I Alcohol acid amp./ mo sq. cm. amp.-hour 
oc % cc cc 

-- --- ------~---

I 40 40 72 12 38-42 14 

2 50 30 48 12 23-26 20 

3 60 20 -, ,- 12 35-40 2j 

4 So - 72 24 35-40 58 

I Loe. cit. 
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4. Vanillin 

Law1 could obtain no rejuction products by electrolyzing ,·anillin in 
an alcohoric sulphuric acid solution with the cathode of copper or nickel, 
while Schepss2 obtainej creosol with 28 ?o yield by using a carJmium 
cathode. I took a sulphuric acid solutbn containing no alcolnl as the 
cathode solution, to which vanillin was addd in suspension. The 
electrolysis was carriej out with the zinc amalgam cathode, the cathode 
solution being vigorously agitateJ. Crcosol isolat0=1 in tlw usual way was 
found to boil at 219°-221°. 

o. 1711 gm. substance gave 0.4345 g CO2 awl o. 11 1 4 g H 20, 
C=69.26 ?b, H=7.28 9{J; Cale. C=69.56 ?b, H 0=7.25 9b. 

In the experiment, the results of which are shmvn in the next table, 
80 cc. of sulphuric acid of different concentrations was usc-1 in each case. 

Tab:e IV 

Xo. 
I 

Sulphuric acid Current density Current quantity Temperature Cremol 
% amp./ ;oo sq. cm. amp. hour oc % 

---
20 6o 20 45-50 40 

2 30 60 20 40-45 5: 

3 40 (,o 20 45-5° 4(, 

4 40 60 25 25-30 49 

5 50 42 25 20-25 51 

6 50 -o ,- 28 35-40 i3 

7 6o 72 28 35-40 iS 

8 Go 72 28 45-5o 68 
~~------

The influence of the concentration of sulphuric acid is, in this case, 
not so considerable, though 50-60 ?o acid gave the best result. 
Temperature also does not much influence the rejuction.reaction ; at the 
lower temperatures the material yield was increase1 but the current 
efficiency was greatly decreased. 

To see the influence of alcohol on the rduction of vanillin 50 cc. of 
60 ?o sulphuric acid mixe::l with 30 cc. of alcohol was taken as the 
cathode solution, and electrolysis was conductd at 8° - 10° with a current 

r Loe. cit. 

2 Loe. cit. 
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having the density of 2 4 amp./ 100 sq. cm. As there was produced no 
creosol, the electrolysis was repeated with less concenrate::l sulphuric acid 
(35 9{J ), greater current density ( 7 2 amp./ 1 oo sq. cm.) and higher tem­
perature (40° - 42°). Though cre::isol was thus obtaind, the yield was 

not more than 1 6.5 How greatly alcolnl interferes the progress of 
reduction of vanillin will be clear, when this is compareJ with the results 

ginm in No. 2 or No. 3 of Table IV. 

5. Piperonal 

It was reported in the previous cornrnunication1 that piperonal can 
be reduced to piperonyl alcohol with go fo yield, when it is electrolyzed 
in a neutral solution ,vith a mercury cathode. Now the complete reduction 
of the aldehyde was undertaken by electrolyzing it in a sulphuric acid 
solution with a cathode of zinc amalgam. The reJuction-product was 
extracted with ether and purifie:i by fractional distillation. The p::irtion 

b,iling at 193° - 194° was collected and analysed. 

0.1974 gm. substance gave 0 . .5082 g CO2 and o.ro75 g H/1, 
C= 70.21 ?o, H=6.og 9o; Cale. C=70.59 fo, H=5.88 90. 

The yield was, in the best case, 55 %, while Schepss2 obtaineJ 
33 ?o yield by using cadmium as the cathode. 

In the re::luction of piperonal the presence of alcohol was found 
favourable>, as is seen in the following table : 

2 

Catholyte 

6o% sulphuric I c\l. h 1 acid ( co 0 

cc I cc 

Table V 

Current demity Current 
quantity 

amp./rno sq. cm. amp.-hour ___ , _____ _ 
60 
j2 
24 
60 

30 
28 
13 
!6 

Tern• 
perature 

oc 

Homobrenzcatechin 
methylene ether 

% 

30-35 31 
48-50 2q 
S-IO 33 

35-40 53 
3 
4 
5 
6 
7 

So 
So 
50 
50 
50 
60 
7o 

30 
30 
30 
20 

IO -- -It_~ __ i~! __ - iE;i_l_ --- J;~-- -
In conclusion, I de>sire to expn:ss my warm thanks to Professor 

l\f. Matsui for his constant internst and encouragement throughout the 
work. 

I G. Shima, these memoir.,, 11, 425 (1928). 
2 Loe. cit. 


