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The objectives of this investigation were to study the reactions of diamino- 
guanidine, in the form of its nitrate salt, with mono-functional aldehydes aad 
ketones in order to provide a background for the study of its reactions with poly- 
functional aldehydes and ketones and to extend the number of alkylidene and 
arylidene derivatives beyond that reported in the literature. 

The first reaction of an aromatic aldehyde with diaminoguanidine was reported 
by Sgolle and Hofmann (1) in 1904. They prepared dibenzylidenediaminoguani- 
dine hydrochloride and the corresponding free base. The same compounds were 
also reported by Pellizzari and Cantoni (2) and Phillips and Williams (3). Pelliz- 
zari and Cantoni (2) also prepared the hydrobromide salt of dibenzylidenedi- 
aminoguanidine and Pellizzari and Gaiter (4) prepared the corresponding nitrate 
salt. Gaiter (5 )  prepared the m-nitrobenzylidene and salicylidene derivatives of 
diaminoguanidine hydrobromide and the corresponding free bases. Gaiter (5 )  
also reacted glyoxal with a diaminoguanidine salt and conjectured that a heptag- 
onal ring was probably formed. The only ketone derivative reported is that of 
p-acetophenonearsonic acid prepared by Albert (6). 

The reaction of monofunctional aldehydes and ketones with salts of diamino- 
guanidine may be represented as follows: 

ISHNHz NHN= C(R)R’ 

.HX + 2HsO / 
\ 

.HX + RCOR’ --+ HN=C 
/ 
\ 

HN=C 

NHN=C(R)R’ NHNHz 

where R’ is hydrogen in the case of aldehydes. The reaction is acid-catalyzed 
and proceeds rapidly with aromatic carbonyl compounds in good yield. The salt 
can be converted to the free base by treating the compound with sodium car- 
bonate solution or dilute ammonium hydroxide. The alkylidene derivatives of 
diamoguanidine nitrate could not be obtained in the form of crystals. Attempts 
to obtain crystals resulted in semi-solid gums and oils; however, the picrate salt 
precipitates readily on addition of a eaturated aqueous solution of picric acid. 
The compounds prepared are summarized in Table I and a few representative 
preparations are presented in detail in the experimental section. 

A number of the arylidene derivatives of diaminoguanidine nitrate were ob- 
served to turn light red when exposed to light. These are the diaminoguanidine 

1 Abstracted from the Senior Research Thesis of Edwin J. Strojny, Illinois Institute 
of Technology, June 1951. 

* U. S. Naval Ordnance Test Station, Inyokern, China Lake, California, to which all 
inquiries concerning this paper should be addressed. 
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derivatives of salicylaldehyde, o-chlorobenzaldehyde, p-hydroxybenzaldehyde, 
and piperonal. The initially light yellow color of dicinnamylidenediaminoguani- 
dine nitrate became a deeper yellow when exposed to light, the change taking 
place only on the surface of the crystals. The time of exposure necessary to bring 
about a color change varies with the individual compound. The cause of the color 
change is at  present being investigated and will subsequently be reported upon. 

From the bifunctional nature of benzil and diaminoguanidine a large number 
of alicyclic and heterocyclic condensation products could be predicted. However, 
the reaction of b e n d  and diaminoguanidine nitrate in a 1 : 1 and 1 : 2 molar ratio 
always resulted in the formation of benxil mono(aminoguany1)hydrazone (I) in 
yields as high as 85 percent. The presence of the free hydrazine group in (I) can 
readily be demonstrated with ammoniacal silver nitrate; however, attempts to  
react this group with benzaldehyde result in ring closure with the formation of 
the benzylidene derivative of 3-hydraxinod, 6-diphenyl-l , 2,4-triaxine (11). Evi- 
dence for this structure is based upon the elementary analysis and the data re- 
ported by Thiele and Bihan (8) for the reaction of aminoguanidine with aromatic 
a-diketones. A number of attempts to isolate the free base of I or its cyclized 
derivative 3-hydraxinod, 6-diphenyl-l , 2, 4-triazine resulted in the formation of 
a yellow crystalline compound (111), decomposing at 173-175". This was quite 
reproducible and mixture melting points of independent preparations showed no 
depression. We have as yet been unable to account for the loss of an atom of 
nitrogen or for the high hydrogen content and attempts to fit the empirical 
formula into the various possible heterocylic structures have failed. We are con- 
tinuing our investigation of this substance. 

O=C4 NHN=C(#)CO+ 

*"Os 
I / 

*HNOa + O=C4 + HN=C 
/""I 

HN=C 

NHNHI / 
\ 

F C H O  

/ 
N-N ,/ 

/ / \  
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+CH=NNHC 

N=C 
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I1 

EXPERIMENTAL* 

NHNHi 
\ 

I /NaOAc 
i 

ICrsHe-aNJ 
I11 

Aldehydes and ketones. The various aldehydes and ketones used in this study were puri- 
fied to accord with the physical properties as reported in the literature. 

* All melting points were obtained with a Fisher-John's block and are corrected. Micro- 
analyses are by Micro-Tech Laboratories, Skokie, Illinois. 
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Diaminoguanidine nitrate. This compound was prepared from thiosemicarbazide ac- 
cording t o  the procedure of Keim, Henry, and Smith (7).* 

Diethylidene derivative of diaminoguanidine picrate. Diaminoguanidine nitrate (2.00 
g., 0.013 mole) was dissolved in about 5 ml. of water. Then 1.20 g. (0.027 mole) of acetalde- 
hyde was added. The reaction mixture was shaken vigorously and allowed t o  stand at room 
temperature for about one hour. A saturated water solution of picric acid was added until 
no further precipitation could be observed upon further addition. The product was washed 
with water and dried. The crystals were obtained as yellow needles when recrystallized 
slowly from ethanol. They were found to  be insoluble in water, slightly soluble in ether, 
and soluble in ethyl and methyl alcohols. 

Derivative of acetophenone and diaminoguanidine nitrate. Diaminoguanidine nitrate (1 .OO 
g., 0.0066 mole) was dissolved in ethanol and acidified with 6 drops of nitric acid. Then 
1.56 g. (0.013 mole) of acetophenone was dissolved in 15 ml. of ethanol and the two solu- 
tions were mixed and allowed to  stand at room temperature for 2 days. The product was 
collected and dried. A yield of 2.1 g. (91%) was obtained. The compound was found to  be 
slightly soluble in hot water, insoluble in benzene and ether, and soluble in methyl and 
ethyl alcohols. The derivative was recrystallized first from 40% ethanol, then from 60% 
ethanol, and a third time from 10% ethanol. In  each case the solvent was acidified with 
1-2 drops of nitric acid. White cotton-like needles were obtained which decomposed at  174'. 

Dicinnamylidene diaminoguanidine. (a) Nitrate salt. Diaminoguanidine nitrate (1.0 g., 
0.0066 mole) was dissolved in 75 ml. of water and 25 ml. of ethanol and acidified with 6 
drops of nitric acid. Then 1.72 g. (0.013 mole) of cinnamaldehyde was added and the mix- 
ture was agitated. After the product had formed i t  was collected and dried. A yield of 2.30 
g. (92%) was obtained. The derivative was found to  be insoluble in hot water, ether, and 
benzene and soluble in hot ethyl and methyl alcohols. The compound was recrystallized 
3 times from ethyl alcohol acidified with 1-2 drops of nitric acid. Light yellow, cotton-like 
crystals were obtained. A decomposition point of 207-209" was observed. The compound 
gave a positive "08 test with diphenylamine in HsSOI. 

(b) Free base. Dicinnamylidenediaminoguanidine nitrate (0.46 9.) was heated in a dilute 
solution of KHaOH for about half an hour. The crystals were collected and washed with 
water. A yield of 0.31 g. (91%) was obtained. The crystals were insoluble in water and only 
slightly soluble in hot ethanol and methanol. Recrystallization was made from ethyl al- 
cohol. The yellow powder obtained decomposed a t  234-236'. 

B e n d  mono(aminoguany1)hydrazone nitrate. (I). Diaminoguanidine nitrate (3.00 g., 
0.020 mole) was dissolved in 20 ml. of water and diluted with 75 ml. of ethyl alcohol. The 
solution was acidified with 1 ml. of nitric acid. Then 4.17 g. (0.020 mole) of benzil was dis- 
solved in 75 ml. of ethyl alcohol and the two solutions were mixed and heated to  about 75' 
for about 20 minutes. The solution was then concentrated to  about half-volume by evapora- 
tion of the solvent with the aid of an air jet. The solution was then cooled to  5" and the 
precipitate collected and washed with ether. A yield of 5.40 g. (83%) was obtained. The 
conipound was found to  be slightly soluble in water, insoluble in ether and benzene, and 
soluble in ethanol and methanol. The compound was recrystallized twice from methyl al- 
cohol. After each recrystallization the crystals were washed with ether. White needles were 
obtained which decomposed a t  166-168". The test for "01 and the free hydrazino-group 
were positive. 

Benzylidene-9-hZldrazinob, 6-diphenyl-1 ,B,q-triazine. (11). Benzil mono(aminoguany1)- 
hydrazone nitrate (I) (0.50 g., 0.00145 mole) was dissolved in ethyl alcohol and 0.2 ml. 
(0.002 mole) of benzaldehyde was added. The solution was then evaporated down to near 
dryness a t  room temperature with the aid of an air jet. The compound obtained was recrys- 
- 

4 The conversion of S-methylthiosemicarbazide hydriodide to  a diaminoguanidine salt 
by hydrazinolysis was first carried out by A. H.  Greer, Ph.D. Thesis, Polytechnic Institute 
of Brooklyn, 1949. 
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tallized twice from methyl alcohol. Yellow crystals, 0.10 g. (19%), were obtained which 
decomposed at 253". Tests for HNOa and hydrazino-groups were negative. 

Anal. Calc'd for C ~ ~ H I V N ~ :  C, 75.19; H, 4.88; N, 19.93. 

Reaction of benzil mono(aminoguany1) hydrazone nitrate (I) with sodium acetate. Prepara- 
tion A .  Compound I (0.50 g.) was dissolved in methanol; then 0.12 g. of sodium acetate was 
dissolved in methanol and the two solutions were mixed. The solution turned yellow imme- 
diately and after a short while precipitation occurred. The product was recrystallized twice 
from a methanol-water mixture and a yellow compound was obtained which decomposed 
a t  173-175". Tests for HNOa and hydrazino-groups were negative. 

Preparation B. Compound I (0.50 g.) was dissolved in 5 ml. of methyl alcohol and 0.12 
g. of sodium acetate was dissolved in 5 ml. of methyl alcohol and combined with the first 
solution. This was then diluted to  20 ml. with methanol and heated on the steam-bath for 
15 minutes. Hot water was then added to  the cloud point and the solution was heated 20 
minutes longer. The solution was cooled and the precipitate collected. The product was 
recrystallized twice from a methyl alcohol-water mixture and finally from methyl alcohol. 
A yellow powder was obtained which gave m.p. 172-175". A mixture m.p. with Preparation 
A showed no depression. 

Found: C, 75.23; H, 5.11; N, 20.01. 

Anal. Found (Preparation A )  : C, 71.53; H, 6.06; N, 22.10. 

Acknowledgement. The interest and support of the U. S. Yaval Ordnance Test 
Station, China Lake, California, under Research Contract N 123-5-61517, Task 
Order 2, is gratefully acknowledged. 

(Preparation B ) :  C, 71.38; H, 6.09; N, 22.01. 

SUMMARY 

Monofunctional aliphatic and aromatic aldehydes and ketones react with di- 
aminoguanidine nitrate to form the corresponding dialkylidene and diarylidene 
derivatives. The aliphatic aldehyde derivatives of diaminoguanidine can be ob- 
tained in the form of picrate salts. Benzjl reacts with diaminoguanidine nitrate 
to form benzil mono(aminoguany1)hydrazone nitrate (I). This product is ob- 
tained exclusively when benzil and diaminoguanidine nitrate are reacted in a 
1 : 1 or 1 : 2 ratio. Reaction of I with benzaldehyde yields benzylidene-3-hydra- 
zin0-5,6-diphenyl-l , 2 , 4-triazine. A total of 14 new aldehyde and ketone deriva- 
tives of diaminoguanidine have been prepared and characterized. 
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