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Electrolytic Reduction of Di cyandi ami de 

By Kiichiro SUGINO 

(Received April 19, 1954)

This contribution is the abstract of my 

paper1) already published in Japanese in the 

Journal of the Chemical Society of Japan in 

1939. Some new and revised explanations 

are added. 

For the structure of dicyandiamide, Bam 

berger2) proposed cyanoguanidine formula 

(NH2• C(NH)• NH• CN) and with this, he 

could explain very smoothly the formation of 

guanidine and methylamine from dicyandia-

mide by the reduction with Zn and HCl 

(1893). Bell3) (1926) however, repeated this 

experiment and he found that by hydration 

preceding the reduction (even in cold solu-

tion), guanylurea was formed instead and 

consequently he was led to adopt the original 

cyclic formula for dicyandiamide. So, it seem-

ed to me that there were many problems re-

garding the reduction of dicyandiamide. For 

these reasons, an investigation was made to 

answer the following two questions. 

1. Does dicyandiamide reduce directly ? 

2. What kinds of products are given by 

the reduction ? 

As the result of many experiments, it was 

found that dicyandiamide could be reduced

directly only by the electrolytic reduction 
under special conditions (1% aq. solution of 
dicyandiamide acidified with H2SO4 amount-
ing to 1%). 

I. The case in which the electrolysis was 
stopped so as to let the catholyte remain 
acidic. 

The conditions and the results obtained 
are shown in Table I. 

A new compound (a base) was found to be 
formed by the following reduction.

This new compound seemed to be very 
unstable and could exist only in an acidic 
medium at room temperature. So, when the 
electrolysis was stopped so as to let the 
catholyte still remain acidic and a saturated 
solution of picric acid was added to the 
catholyte, the new compound could be pre-
cipitated as dipicrate. 

Color: Light yellow (plate or needle) 
m. p.: It has not the accurate melting
point.　 It　began　 to　 sinter　 at　 180-200℃

and　 decomposed　 at　220-230℃.

Found : C, 30.74, 30.62; H, 2.87, 2.70; N, 

25.61 25.62, 25.65. 

Calc. for C14H14N10O14: C, 30.77, H, 2.56, 

N, 25.64%. 

It was also observed that the dipicrate was 

easily hydrolysed to give guanidine picrate,

1) K. Sugino, J. Chem. Soc. Japan, 60, 111, (1939) ; C,A., 
34, 2795 (1940). 
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ammonium picrate and formaldehyde almost 

quantitatively when its aqueous solution was 
boiled or made alkaline at room temperature. 

Guanidine picrate : Yield : 94-120% of the
theoretical　 value*　 m.p.: 320℃ 　 Found

C, 29.50; H, 2.77; N, 29.37 Calc. for 
C7H8N6O7 : C, 29.17; H, 2.80; N, 29.16%. 

Ammonium picrate : Long needle, m.p.
280℃ (decomp.),　 Ammonia　 was　 evolved

quantitatively by heating its aqueous 
solution with caustic alkali. 

Formaldehyde : Yield, 93% of the theo-
retical value* (determined by the iodo-
metric titration) 

The compound itself, in the catholyte, 
was also found to be hydrolysed to give the 
same products when the catholyte was treated 
in the same manner as described above. 
From these observations, it was concluded 
that this compound has the constitution of 
amino-methylene guanidine.

NH2・C(NH)・NH・CH2・NH2

The hydrolysis of the compound (and its 
dipierate) may be represented by the follow-
ing reaction.

(2)

(2')
II. The case in which the electrolysis was 

continued till the catholyte became alkaline.

When the electrolysis was continued tilll 
the catholyte became alkaline, reaction (2) 
occurred spontaneously and guanidine, am-
monia and formaldehyde were obtained as the 
final products. But a small part of C2H8N 
was reduced to guanidine and methylamine.

(3)
An example of the results is shown in 

Table II. 
In the high acid . concentration of the 

catholyte, dicyandiamide was first hydrated 
to guanylurea, which was hardly further re-
duced in the acidic medium. 

From the results of the author, he is in-
duced to think that Bell's conclusion is er-
roneous and he agrees with Bamberger's one 
that dicyandiamide is directly reduced. Butt 
the author's final reduction products were 
entirely different from Bamberger's one. And 
the author's results showed that dicyandia-
mide should have both guanidine group and 
N-CN linkage, the latter of which behaves 
somewhat differently from usual nitrile. By 
referring the result of Hughe's X-ray analysis 
later published' (1940), the structure of di-
cyandiamide may be represented as guanyl-
cyanamide rather than cyanoguanidine. 
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Refer to the reaction (2). 4) Hughes, J. Am. Chem. Soc.. 62, 1258 (1940).


