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3 Claims.

This invention relates to an improved process
for the preparation of nitroaminoguanidine from
nitroguanidine,

In the past, nitroaminoguanidine has been pro-
duced by reacting equivalent amounts of hydra-
zine sulfate with nitroguanidine in the presence
of two equivalents of one normal ammonium hy-
droxide solution at 55-60° C. for one hour (see
Phillips and Williams article, Journal American
Chemical Society, vol. 50, pg. 2465 (1928)). Al-
though that article reported yields in the order
of 50%, repeated duplications of the teachings
therein by numerous chemists have given yields
of only 30-35%. The product obtained was rela-
tively impure, containing from 65-75% nitroami-
noguanidine.

It is an object of this invention to improve the
vield of nitrcaminoguanadine in its production
from nitroguanidine.

It is a further object to improve the purity of
nitroaminoguanidine in its original production
from nitrecguanidine.

The single figure of the drawing is a flow dia-
gram illustrating the steps of the process.

By the process of the instant invention, yields
of 50% to 60% of nitroaminoguanidine can be
consistently obtained by the reaction of hydrazine
hydrate with nitroguanidine in an unbuffered
water system, provided the system is carefully
neutralized after the initial reaction is completed
and before the product is isolated. The chemical
reaction involved in the instant invention is as
follows:

NH, NHNH,
oLNm + NoH, —— C=NH -+ NHj
NHENO, NENO,

" If the system is buffered with equivalent
amounts of ammonium chloride er sulfate during
the reaction, the yield is only about 30%, in agree-
ment with the results obtained by the procedure of
Phillips and Williams, mentioned above. Within
the limits considered, the yields seem to increase
with increasing. alkalinity in the reaction sys-

.tem. If the water system is not neutralized prior
to ‘isolating the product, the yield is very low

(below 5%). probably because of excessive hy-
drolysis of the nitroaminoguanidine in the alka-
line system.

It presently appears that the two most critical
features characterizing the instant invention are,
(1) effecting the reaction in an essentially un-
buffered solution, i. e. one containing less than
0.5 equivalents of buffer per equivalent of hydra-
zine; and (2) neutralizing the system prior to
isolation of the product.

Other desiderata are that the reaction be effect-
ed in an agueous solution, and that the method be
effected at a temperature ranging between 40°
and 90° C.; with the preferred range being from
50° to 60° C. A further preference is to slowly
add a water solution of hydrazine hydrate to a
heated water solution of the nitroguanidine, while
agitating the solution. Agitation is a conven-
ient means. for obviating local excesses of hydra-
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zine hydrate which would otherwise react with
the nitroaminoguanadine to form diaminoguani-
dine and thus lower the yield of nitroaminoguani-
dine. Tt is preferred to employ a molar ratio of
hydrazine hydrate to nitroguanidine ranging be-
tween 0.8 and 1.3, particular preference being for
the range from 1.0 to 1.1. A 10% to 20% ex-
cess of hydrazine over the stoichiometric quan-
tity does not greatly alter the over-all yield, al-
though generally the first crop of nitroamino-
guanidine is somewhat purer than is obtained -
when only equivalent amounts are reacted. .

The preferred period of reaction is from % to
4 hours, the range from % to 2 hours being espe-
cially preferred. The time of reaction should be
inversely related to the temperature. For ex-
ample, a 2 to 4 hour heating at 45-50° C. or &
30-60 minute heating at 65-70° C. will give ap-
proximately the same yield (50-60%) as under
the optimum conditions, i. e. 50 to 70 minutes at
55 to 60° C.

The ratio of water to reactants on a weight
basis can vary from 3 to 40, with 10 to 20 being
preferred. Similar results can be obtained using
mixed solvents such as alcohol and water.

By way of example, two specific methods of
practicing the instant invention will now bhe
given.

During 50 to 70 minutes, one equivalent of hy-
drazine hydrate (85-20%) dissolved in 15 to 20
times its weight of water was slowly added to a
well-agitated solution of one equivalent of nitro-
guanidine in 15 to 20 times its weight of water,
heated to and maintained at 55-60° C. After
addition of the hydrazine hydrate, 10 to 20 min-

- utes were allowed to complete the hydrazinolysis.

40

50

55

60

65

The solution was then neutralized with concen-
trated hydrochleric acid, cooled for several hours,
and the impure nitroaminoguanidine removed by
filtration, and dried. Evaporation of the mother
liguor to one-third of its original volume and
cooling gave a second crop of material. The first
crop, which contained 839% to 87% of the total
vield of nitroaminoguanidine, had g purity of
85% to 95%, based on analysis. The second crop
which contained the balance of the nitroamino-
guanidine had a purity of only 30% to 409%: the
prineipal impurity was unreacted nitroguanidine.
On a corrected basis, the total yield of nitro-
aminoguanidine was 55% to 609% of the theoreti-
cal amount.

Neutralization may be effected by any suitable
acid such as HCIL  HaSOs, HNO;3;, H3POq,
CH3;COOH, ete.

A gecond reaction was as follows: A solution
of 126 grams of 97% sodium hydroxide and 212
grams of hydrazine sulfate in 1.5 liters of water
was added during 50-76 minutes with good agi-
taticn to a siurry of 152 grams of nitroguanidine
in 3 liters of water at 57-60° C. The agitation
and heating were continued for 15 minutes after
the addition had been completed. The solution
was then neutralized with concentrated hydro-
chloric acid (approximately 130-140 milliliters
were required) and cooled to 5° C., at which tem-
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peraturé~it was maintained for:several hours:
The slightly yellow colored product was removed
by filtration, washed with a small yolume of cool
water, and dried at 60° C. The weight of the -
product varied from 90 to 95 grams. The purity:
was about 96% as determined: by titration:with-
potassium iodate in acid solution. The:yieldon.
a corrected basis was 48 to:51%:of the theoreti-
cal amount. By recrystallizing the produet from:

water (1 gram per 40 to 50 milliliters), the purity 10

could be-raised.to-better than 99%...

It. will- be-noted. that . the. above. example. in~-
cludes-a~preliminary step.of producing: the hy-
drazine-hydrate. from. the: preliminary. reaction

between sodium-hydroxide and hydrazine sulfate, i3

the: products-being. sodium: sulfate -and-the. de-
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sired: hydrazine. hydrate; . the: former: is not 4a
buffer, so that the required condition of an un-
buffered solution is satisfied. This unbuffered
solution of hydrazine hydrate is then added to

. the-nitroguanidine to effect the reaction of the

instant invention.:

By way:of comparison, when this same proce-
dure was employed; except that 200 grams of 28%
agqueous-ammonia. were used in place of the 136
grams of sodium hydroxide, the yield was about
38..t0 399 of. theory, thus: demonsirating: the
striking. . improvement. obtained. .when..operating
with an unbufféred system.

Further . examples .of . specific. practices .of - the
instant  invention . are: given in. the following
tables:

TABLE:I-

Preparation of nitroaminoguanidine by, hydrazinolysis of nitroguanidine.

[All.Teactants:mixed :initially and before heating started.: Moldr ‘ratio of nitroguanidine to hydrazine
wag.1:1; 1500 .ml. of water.used per 0.5 mole of nitroguanidine.]

Moles' of Bufi %@r}cgntf
Hydrazine added- oles of Buffer! peagtion | Time, .| Niom: o -
N per.mole of ° ~ | Nitroa- Remarks
as— Hydragine | LemP-,°C. | Minates | i oenan.
- idine » -
____________ NeHy - Hp804b ... 5060 60 30. 9] Duplication of the procedure
dob ... 50-60 75 34:1 recomimended: by Phillips
50~60 75 32.8 and- Williams..
50-60 180 L O I
47-48 60 None: }Solutionnat‘neutralizedafter
50-60. | 60 4.5.1f initialreaction.complsted..
25-30 390 42.8)
- 40-45 45 Solution™ neutralized ; with
e-wdo b 45-50 120 47.7 |+. cone... HCL . after . initial
*._.dob_ 55~60 60 43.8 || - reaction-completed.
_dob: 60-65-. 60 0 47.3:)
-do 1(INH280:. oo 50-60 60 20.3
_.do 1.5(NHz)2804:... 55-60 60 28.2 1| Compare - with ~first - three
.-do® INHCL. o 50-60: 60 29:5:( ; experiments.:
~do b_ 55-60" 60" 3L8 ).
_____ dob. } 50-60 60 13.8.} Effect .of Acid. Medium.

s Based on -starting weight of nitroguanidine sud analyses on-the crude products using a Jamieson:hydrazine nitrogen
titration. No correction has been made for the unreacted nitroguanidine that can be recovered with difficulty.
b Plus two equivalents of ammonium hydroxide which furnishes the amount of ammonium sulfate buffer indicated in

the next-column,

s When corrected for the 8.8% of unchanged nitroguanidine that was recovered, the conversion to nitroaminoguanidine.

is 52.5%-

TABLE II

Preparation of nitroaminoguanidine by - hydrazinolysis of

nitroguanidine

[Aqueous solution-of ‘hydrazine -hy drate-added slowly with -agitation
to ‘heated agqueous:solution-suspension- of . nitroguanidine ; -a-total of
13500: ml. of water used per.0.0 mole of nitroguanidine, one-third of .

water used to dilute the hydrazine hydrate:

All solutions neutralized

with concentrated hydrochloric @ cid -after the:initial: reaction:was-

completed.]

Ratin of . Percent: | Percent Con-.
l\f{‘;}giagggqtgi TRgiictiocl(lJ V’f‘.im%,‘ - NYﬂield‘of Itl'etrrsion" to -
g rf fi emp., °C. | Minutes | Nitrogmine--{ Ni ino-
Nitroguanidine D suaniding » gllla.x??dtilfelg )
. 30 180.

Lo { 36-39 300 }

1.0 48-49 60

1.0 48-50 120

1.0 46-49- 240

1.18 48-49-: 120

1.9 . 55-60 30

1.0-- 55-60 - 70

1.0 58-59- 70

1.0 © 58-60 70

1.0 58-59 - 135

1.05 55+60 - 70

1.10 56-60° 70°

1.10 55-60 70

1.10 55-60. 70.

110 55-60 70

1.0 . 6065 60

1.0 65-70 30

1.0 68-69- 65

10 6869 85

1.0 78-80 20

s Based .on starting.weight .of .nitroguanidine and analyses on the crude products
using a Jamieson hydrazine nitrogen titration: Ne correction has been-made for-the
unreacted nitroganidine that can berecovered with difficulty.

b Yield corrected for weight of unreacted nitroguanidine.

» Temperature never exceedsd 60°-C.; evaporated underreduced-pressure,: -
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Obviously many modifications and variations
of the present invention are possible in the light
of the above teachings. I is therefore to be un-
derstood that within the scope of the appended
claims the invention may be practiced otherwise
than as specifically described.

The invention described herein may be manu-
factured and used by or for the Government of
the United States of America for governmental
purpose without the payment of any royalties
thereon or therefor.

What is claimed is:

1. The process of preparing nitroaminoguani-~
dine which consists of the steps of adding a solu-
tion consisting of water and hydrazine to a hot
solution consisting of water and nitroguanidine,
permitting the initial reaction to proceed to com-
pletion, immediately adding acid to the reaction
mixture until the pH is neutral and recovering
the formed nitroaminoguanidine.

2. The process of ‘preparing nitroaminoguani-
dine which consists of the steps of adding a solu-
tion consisting of water and hydrazine to a hot
solution consisting of water and nitroguanidine,
maintaining the mixture at a temperature of
from about 40° C. to 90° C. for a period of from
about 10 minutes to about four hours until the
initial reaction has gone to completion, immedi-
ately adding acid to the reaction mixture until
the pH is neutral and recovering the formed
nitroaminoguanidine by filtration.

10

20

25

30

6

3. The process of preparing nitroaminaguani-
dine which consists of the steps of adding a solu-
tion consisting of water and hydrazine to a hot
solution consisting of water and nitroguanidine,
the molar ratio of hydrazine to nitroguanidine
being between 0.8 and 1.3, maintaining the mix-
ture at a temperature of from about 50° C. to
60° C. for a period of from about 30 minutes to
about 2 hours until the initial reaction has gone
to completion, immediately adding acid to the re-
action mixture until the pH is neutral and re-

‘covering the formed nitroaminoguanidine by fil-

tration.
RONALD A. HENRY.
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