
PROCESS for b b b In making dyes from rminoguanidine it w u  
first necessary to elaborate 4 process for its preprra- 
tion. This involved the elecbolytk reduction of nitro- 
guanidine. The niboguanidine resulted from the de- 
hydration with sulfuric acid of guanidinium nitrate 
which, in turn, wes derived from dicyandiamidc by 
heating with ammonium nitrate. Yietdr of 73% AM 1 NO G U A N I D I N E 
nltro&anidine were obtained, bared on the dicyrndi- 
amide used. Yields on the reduction process for cow 
vertins nibosuanidhe to the sulfste and recoverins R. Norris Shreve snd R. P. Carter 

PURDUE UNIVERSITY, LAFAYETE, IND. the product -8s the bicarbonete were around 50%: 

OR the past 6fty years the preparation of aminoguanidine 
and ita derivatives has been a problem of only theoretical F interest. The free amine is hygroscopic and unstable, 

hydrolyzing readily in the presence of diIute bases. However, 
it is quite basic in character and forms salts by addition to 
common acids. The bicarbonate is the only insoluble salt, 
and the compound is generally isolated in  this form. 

Aminoguanidine was made by Thiele in 1892 (I, m) by re- 
duction of nitroguanidine with zinc dust and acetic acid, with a 
yield of 05% or less. A modification of this reaction was re- 
ported by Conard and Shriner (3) and Stefanowski with Janis- 
zewski (as). Wyler (39) in 1935 was granted a patent using 
ninc acetate instead of acetic acid with zinc dust, with yields 
claimed to be 90%. We were unable to  obtain better than 50%. 
Yields of 60-70% of aminoguanidine were obtained by the re- 
duction of nitroguanidine with sodium and liquid ammonia in 
the presence of ammonium chloride (14). Lieber and Smith 
(18-16) studied thoroughly the production of aminoguanidine 
by hydrogen and a catalyst from nitroguanidine. McGU (17) 
obtained a patent in 1936 for a somewhat similar method. 

Various methods hsve been published on the synthesis of 
aminoguanidine with hydrazine aa reagent, They are divided 
into hydrazination, or the addition of hydrazine to a compound, 
and hydrazinolysis. Pelharri and Gaiter reacted cyanamide 
with hydrazine sulfate (19, $0). Similar reactions were carried 
out by Hofmann and Ehrhart (9) and Fantl and Silbermann 
(6). Thiele (g8) in 1893 prepared aminoguanidine by reacting 
equimolecular amounts of nitrosoguanidine and hydrarine hy- 
drate. In 1927 Heyn (7) prepared aminoguanidine by the 
reaction of 3-alkyl isothiourea sulfate and hydrazine. Schering- 
Kahlbaum @ I ) ,  Smith and Anzelmi ($a), and Kirsten and 
Smith (11) investigated the same reaction; the latter prepared 
substituted aminoguanidinium salts. 

Boehringer (h') patented an electrolytic reduction of nitro- 
guanidine, using a tin cathode and very little acid. This is the 
process studied here and improved. The nitroguanidine is 
easily made from dicyandiamide (Dicy). The latter material is 
obtained by the hydrolysis of calcium cyanamide at 60-65" C. 
The reaction sequences may be represented as: 

\NH. CN \NH?. HNOa 
Calcium Dicy Guanihmum 
oy anamide nitrate 

/NH2 /"a 
C-NH -* C=NH 

\NH .  NO^ \NH. NH* 
Nitro- Amino- 

guanidine guanidine 

GUANlDlNlUM NITRATE 

One mole equivalent of Dicy was fused with slightly over 2- 
mole equivalenta of commercial ammonium nitrate (h), resulting 

in a 90% yield of guanidinium nitrate. The crude material was 
converted immediately into the nitro compound by sulfuric acid 
dehydration (6). The nitrate is faMy soluble in water; the 
nitro compound is only slightly soluble cold but more SO hot. 
Hence the nitroguanidine is easily purified by recrystallization 
from water. 

Four moles 
(420 grams) of Dicy and 11 moles (880 grams) of atnmonium 
nitrate were mixed and ground well. This mixture was charged 
into a %liter round-bottom flask heated by an oil bath. The 
temperature at the start was 120' 0. and at the end of half an 
hour was 160' C. This temperature was maintained for 4 hours 
without stirring. Bowever, Smith, Sabetta, and steinbsch 
(as) reported that  dter  1 hour of fusion the yield of by-products, 
melamine and ammelide, is greatly increased, and that  on heat- 
ing over an hour, less product waa recovered. The mixture at 
first melted and then set as the reaction proceeded. The 6nal 
solid was guanidiniurn nitrate. 

To  purify the product, the flask was d o w e d  to cool to  100' C., 
and the contents were extracted with 4 liters of hot water. Small 
quantitiee of melamine and ammelide were present, but  since 
they are insoluble, they could be filtered out. The materials 
remaining in solution were guanidinium nitrate and ammonium 
nitrate; an excess of the latter was used because i t  greatly in- 
creases the yield. The solution was evaporated until the water 
content waa very small, as indiaated by rapid crystallization from 
the boiling solution and the tendency to  set. This material 
could have been purified by recrystctlli~ation from a small volume 
of water, but the pure product was not necessary for the next 
reaction. 

The following was the procedure for a typical run. 

NlTROGUANlDlNE 

The crude guanidinium nitrate waa dehydrated by dissolving 
it in 1600 ml. of 96% sulfuric acid. The acid was cooled by an 
ice-salt mixture &rounding the 4 - I  I't er beaker in which the 
reaction took place. It waa stirred vigorously while the tem- 
perature was kept below 20" C., the rate of addition of guani- 
dinium nitrate being used to  regulate the temperature. Later 
Ludlow (16) found in this laboratory that, even if the tempera- 
ture rises to 26" C., no decrease in yield is apparent. This alIows 
the use of tap water aa a cooling medium. Ludlow also found 
that maximum conversion was reached at the end of an hour. 
The reaction maes is diluted at this stsge, 
and the insoluble crystals of nitroguanidine 
are fltered off. Here Ludlow found that  
crystals with much better filtering charac- 
teristics could be obtained by pouring the 
mass into water held at a maximum of 
40" C. than by pouring it over ice aa di- 
rected in "Organic Syntheses" (6). The 
product was purified by recrystallization 
from water and gave long needleshaped 
crystals. The yield was 760 grams, melt- 
ingat  232" C. (repomd, 231-282O C., 18), or 
73% based on the Dicy used. 
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chamber and 6 feet of nimilar tubing in the anode side (Figure I). 
Since nitroguanidine is not soluble in the oathdyte, a rapid 

Nitro- d$Ei"oEE:: motoi stirrer was used to agitate the suspension. For runs at 
Bus",- 9 5 9  
dine H.sd*, A ~ ~ ~ ~ .  volta&e qmZ, bonate Yiaid cell temperatures lower than that of Lap water, an alcohol-water 

Cramb Ginma age Begin End Grin solution was pumped intermittently through che cooling coils 
1w 150 10 7 . 0  15 I7 16 40 30 
1% 200 lo 6 . 6  8 . 5  16 15.76 57 42 and copper tubing in ~n ice-salt mixture. An ammeter wm eon- 
::: := :: ::; ::: 1: !! !: :::; nected in series with the cell and B voltmeter a c r m  the leads 
104 300 10 0.0 S.0  15.5 18 54 39.7 just outside of the cell (Figure 2). Direct curl%nt was 5upplied 
104 200 15 8 . 6  10.7 16 .5  12 7 8 . 5  57.7 
LO4 204 20 9 . 5  12.5 I7 g 62 45.6 by B rotary converter (Figuroa 1 and 2). The over-d resistanre 

48.5 of the eel1 when filled with 8% sulfuric acid was only 0.6 ohm. IM 204 20 9.0 12.0 17 

52 150 15 9 . 0  11.0 16 6.25 a4 50 calculated from the voltage nec~d~ary to forre the required 
52 150 15 9 . 0  11.5 16 7.5 38.6 56.8 current through the cell. 
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Table I. ElesbolyUc Reduction of Nitmguanidinr 

9 . 7 6  BB 

26 125 15 9 , 7  10.7 16.5 3 17 50 

52 150 15 8 . 5  10.5 25 5 . 5  21 31 
52 150 15 8 . 5  10 .5  25 5 . 6  22 .3  32.8 
52 150 15 9.0 11 .0  20 6 32.6 48 EXPERIMENTAL REDUCTIONS 
52 150 1% 9 . 0  11.0 an 8 34 50.1 

7 38.7 67 Forty experimental reductions were made in the eleetrolyt,ic 52 150 15 10 .0  12 .0  13 
52 150 15 10.0 11.0 10 8 . 5  41.3 61 
52 150 15 10.0 12.2  5 10.5 43 .6  M ~ 2  reU. Twenty representative rum were used co furnish the dets 

IM 200 15 8 . 3  10.7 16.5 12 72 53 for Table 1. The following procedure waq found mast 8at.i.'- 

The cell w w  sssemhlled, and the proper olqotrical connections 
were made to the anode and cathode. Two liters of water were 
poured into the oathode compartment and one liter into the 
anode *ide. Ninety grsms of coneentrsted sulfuric seid (95%) 
were added to the anode compartment and 150 grams to the 
cathode eell. The stirrer wa8 started and the cooling water 
turned on. When the temperature of the cathode chamber 
reached 16" C., 52 grams (0.5 mote) of nitroguanidine were added 
to this compartment. The direct-eunent generator was started 
and the resistance of the field adjusted to Put 15 amperes of C u r -  
rent through the cell. A t  the start the voltege wBS 9 volts d 
the temperature 15.5' C. The nitroguanidine was in suspension 
at first, but as it  was reduoed to the very soluble amino deriva- 
tive, B clear solution &ally resulted. After 7>/4 hours the solu- 

~ ~ ~ ~ b e ~ m ~ ~ ~ ~  ~ ~ r i ~ ~ ~ ~ i ~ ~ ~ ~ ~  E:$&$:; 
and very Tttle during the final part. The &uotion con- 
tinued an additional 15 minutes. By this time the temperature 
had reaohed 16" C. and the voltage was 11.5 volts, the current 
having been held constant at 15 am res for the entire resetion. 

The cathode solution was suekegnto s calibrated h k ,  and 
1 cc, w~ with&am titr&& with B q.tandard base to phenol- 
phthalein end point. After neutrabaation with the calculated 
mount  of calcium carbonate, the solution was filtered to remove 

1M 200 15 8 . 3  lO.7 16.5 12 73 53.0 factory for this reduet,ion: 

A cheaper method for the preparation of nitroguanidine uses 
calcium cynnamide and ammonium nitrate as raw materials 
ratlier tirsn the more costly Dioy (St). 

AMINOGUANIMNE 

The b e i s  for the electrolytic cell was suggested ~y the p r ~  
cedure for reducing smith and 
Sabetta (24) reported that the reduction of nitroguanidine to 
nitrosoguanidine in neutral or besiic media is reversible. Lieber 
and Smith (25) determined that sminoguanidine is very resistant 
to hydrolysis in an acid medium; they reported eartier 116) that 
in acid media the nitroso derivative is not formed by catalytic 
reduction. 

A cell WBS mnstruoted from a hard rubber battery box ( ~ i ~ ~ ~ ~  
1 and 2). The partit,ions separating the eella had been removed 
as well aa the risers from the bottom. A diaphragm WBS made 
from birch veneer, l/ I inch thiek, and was oemented in plsee 
with B melted plastic. This plastic was made 
by heating equal molal quantities of ethylene 
glycol and phthalic anhydride to 200' C. for 
24 hours (8). This material withstood the 
ar t iun of the dilute sulfuric acid very sstisfse- 
torily. 

The eathods was a layer of mercury on the 
floor of the cathode chamber. This layer was 
thick enough to cover the bottom completely 
without breaking. Eleocrical contact to this Bdou). Ih uli h .hem rrt 10 la mod d (h. r w h  Ih. <om 

sealed in the end of sn amm. g l w  tube with 
the plastio. The wire was bent at right angles 
to the tube st the point at which it projected 
from the tube. The tube was clamped in such 
B way thet it  dipped into the mercury, and 
the copper wire was completely covered. A 
small mount of mercury was plscert inside 
the tube, and the negative lead from the 
generator dipped into the mercury (Figure 1). 

A sheet of lead, 'I8 inch thick, w84 employed 
as tile anode. I t  was bent at 80' along each 
of t r o  parallel linea, 80 that it would line 
the anode cell on the three nutside walk. A 
mall piece was left projecting upward, to 
which the positive lead from the generator 
was attsohed. The diapphrsgm was cemented 
in the cell so 84 to make the cathode aide have 
twice the volume of the anade compartment. 
The cell WBS coofed by tap water running through 
10 feet of IO-m. Pyrex tubing io the cathode 

to semiearhwide 

Figwe 1. ElrEbolytis Cell 

Rich,. The 4 rY h. dl.hLnn h h m  ramond md lvlnl on 

~b dd., m. d i n s  w .,* d.nd I* ma PDW NM~IW (SI.. 

uon (n- ULhCd, I,."* *OW"). 

mercury was made by heavy copper wire, Collns d n l u  ka a ~ * n C k m ~ . n t u n  tvw 1, nol horn). 
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Figure 9. Diagram of Electrolytic Cell and Hook-up 

the calcium sulfate, evaporated to 3 T  ml., and filtered again to 
remove the remaining hydrated calcium sulfate. The solution 
now contained the aminoguanidine in the form of the sulfate. 
Water was added to  bring the final volume up to  600 ml., and 42 
grams of sodium bicarbonate were dissolved in it with ra id 
stirring; the solution turned from clear to  a brown-pink cog,. 
In about one minute all of the bicarbonate had dissolved, and in 
a few additional seconds the fine white precipitate of amino- 
guanidine bicarbonate had be un to form. After standing over- 
night, the precipitate was fiftered a n d  the cake washed with 
water and methyl aIcohol. After an drying the yield was 38.6 
grams, or 56.8% based on the nitroguanidine used. 

Aminoguanidine bicarbonate was analysed for nitrogen con- 
tent by the Dumas rocedure and showed 41.20 and 41.234J0. 
By calculation N H ~ ~ ( N H ) N ~ ~ N H & s C O ~  has 41.18 0 Nr. A 
sample melted at 177.6' C. (reported, 177-178' C., 147 

The values for 
sulfuric acid given ,860 
in Table I were the =$ 
a m o u n t s  used in ag 
the cathode solu- 
tion, and that in 
t h e  a n o d e  was 
enough to  produce 
a similar concentra- 
tion of acid. An V 
excess of acid is 3 

needed during the EGREES CENTIGRADE 
reduction because 
acid concentration Figure 3. Electrolytic Reduction 
d e c r e a s e s  in  t h e  of Nitroguanidine to Amino- 

uanidine Bicarbonate (*/2 Mole, %w s ulfuric Acid, I 5  Amperes) cathode compart- 
ment as the amine 
salt is formed. If 
too little acid is used, the resistance of the cell is greater and more 
heat is produced; consequently the cooling of the cell is more 
difficult. Too concentrated an acid medium results in a lower 
cell resistance; but more sulfuric acid has to be subsequently 
removed by calcium sadfate precipitation, and the amino- 
guanidine is decomposed as it forms. Enough acid to produce 
an 8% solution at the beginning of a 1-mole reduction, or a 4% 
solution &t the end, waa the optimum proportion. 

Toosmalla current 
gives a reduced yield; too great a current causes a similar de- 
crease in amount of product recoverable, probably because of 
the excess heat produced. The voltage is governed by the 
amperage desired and the resistance of the cell itself. From 
Table I an optimum current of 15 amperes seems to be indicated 
for this particular cell. 

Lower temperatures give better yields of desired product 
(Table I). However, then it was necessary to continue the 
reaction for a longer time in order to produce a clear solution, 
an indication that all of the nitroguanidine previously in sus- 
pension had reacted. At this lower temperature the resistance 
is greater and the current efficiency is decreased (Figure 3). 
The latter effect is partially caused by the decreased solubility 
of nitroguanidine in water. Hydrogen escaped during the entire 
reduction when the temperature waa 10' C. and especially at 
5" C. Curves in Figure 3 were plotted from the data in Table I. 

*E5 
5iU 

The amperage is also an important factor. 

CALCULATION OF CURRENT EFFICIENCY 

To evaluate the current efficiency, a calculation made from 
that of the typical run described under "Experimental Reduc- 
tions" is as follows: A yield of 38.6 grams of aminoguanidine 
bicarbonate was recovered. Dividing this value by the molecu- 
lar weight (136), the moles of product are obtained. Since six 
hydrogens are necessary to  balance the reduction of 1 mole 

HaNC(NH)NH(NOz) + 6H HiN'C(NH)NHNHa + 2H20 
the number of moles multiplied by six times Faraday's number 
(96,500) gives the coulombs of electricity 
actually used: 

(38.3 X 6 X 96,500)/136 = 164,800 
coulombs 

Since the cell was operated a t  15 amperes 
for 71/2 hours, 

15 X 7.5 X 3800 = 405,000 coulombs 
were put into the cell, The output di- 
vided by the input times 100 gives the cur- 
rent efficiency: 

This type of calculation was used to  give 
curve 2 of Figure 3. 

(164.300 X 100)/405,000 = 40.5% 
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Azo Dyes from 
R. Norris Shreve, R. P. Carter‘, and J .  M. Willis* 
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REVIOUS attempts to di- w b b Aminoguanidine has been diazotized and hot- The substance is stable at  room 
azotize 5nd couple aliphatic coupled with various intermediates to furnish a whole new temperature, but explodes vio- 
amines generally have been series of azo dyes which possess of good dyeing properties lently when heated to about 

130’ C. or even when cold if unsuccessful. Ordinaryreagents on animal fibers such as silk and wool, particularly in con- 
and procedures for aromatic junction with a mordant. The dyes are of various shades with struck sharply. Bases decom- 
diazotization have given no the browns and oranges predominating. The coupling of pose it with the production of 
similar diazonium compounds the aminoguanidine diazonium hydroxide or of its isomer i s  ammonia, cyanamide, and other 
in the aliphatic series (6). In- carried out in a hot aqueous solution under controlled con- materials. Acids form salta; 
direct methods have been tried ditions of p H  to give the various dyes. The latter are sol- with hydrochloric acid the 
on ordinary aliphatic amines (7) uble in alkaline solution, but they are precipitated by acids. formula C2NloH7C1 was obtained. 
but with no success. However, These properties were given by 
aminoguanidine can be subjected to the action of sodium nitrite 
in the absence of free acid and a diazonium compound be ob- Different products have been obtained from the diazotization 
tained; this work was done by Hofmann and Roth (4 ,  6) in 

P 

Hofmann and were confirmed in the present work. 

of aminoguanidine, depending on the pH of the solution: 
Germany in 1910, but prior to the present research little or no 
use was made of the compound produced. Hofmann, Hock, and 
Kirmreuther (3) repeated the work and gave a more detailed 
report. Their method was to treat aminoguanidine nitrate with 
an excess of neutral sodium nitrite in an aqueous medium a t  
room temperature. After the solution had stood for 40 hours, 
the reaction was complete and aminoguanidine diazonium hy- 
droxide precipitated in almost quantitative yields. The same 
investigators reported color reactions produced by the diazon- 
ium material, but their method required a weel( for the color to 
develop. No dye formation or precipitation was reported. 

The diazonium material was analyzed by several methods (3). 
Hofmann’s theory that it is in equilibrium with the nitrosoamine, 
as shown below, was based upon its insolubility in water and other 
common solvents: 

H&C(NH)NHNHN=NC(NH)NHN=NOH e 
Diazonium hydroxide 

H2NC(NH)NHNHN=NC(NH)NHNHNO 
Nitrosoamine 

1. If aminoguanidine is treated with free mineral acid plus 
sodium nitrite, the product is guanyl azide (la, la): 
NHsC(NH)NHNHg f HNOn -+ NHrC(NH)Na + 2HsO 

2. If diazotization is carried out in the presence of acetic 
acid and sodium acetate, diazoaminotetrazolic acid results (9) : 

PNHG(NH)NHNH* + 3HNOa + 

N-N H N-N 

k 
3. In neutral a ueous solutions, guanylnitrosoaminoguanyl 

tetrazene is formed 29) : 

2NH&(NH)NHNH2(HNOa) + 2NaN03 -+ 

NH&(NH)NHNHN :NC(NH)NHNHN:O + 2NaNOa 

The product from the latter reaction or its isomeric diazonium 
hydroxide Serves 8s  the reagent in the coupling reactions to give I Present address, Hercules Powder Company, Wilmington, Del. 

2 Present address. E. I. du Pont de Nemours & Comosnv. h a . .  Gibbstown. . _ .  . 
N. J. the dyes dealt with in this paper. 


