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This invention relates to salts of halo-foramidines.
More particularly, it relates to halide and nitrate salts of
halo-formamidines and their method of preparation.

Cyanamide, NCNHaz, is an extremely reactive com-
pound and has been used in many laboratory synthesis.

In spite of this reactivity and the fact that it has been :

known for over a century, only it polymerization prod-
ucts, dicyandiamide and melamine, have found extensive
industrial use. Monomeric cyanamide itself has been
used but little on an industrial scale.

Its reactivity, which makes cyanamide such a desirable
starting material for a variety of synthesis, renders it at
the same time quite unstable. It has 2 great tendency to
polymerize and/or to hydrolyze. Only under very spe-
cific conditions can it be kept for any length of time. An
aqueous solution of cyanamide is Very sensitive to changes
in pH and is reasonably stable only at a pH of approxi-
mately 5. It is so sensitive to alkali that it cannot be
kept in glass containers but has to be stored, e. g, in
paraffined oak barreis. Solid cyanamide is stable only
when isolated from an aqueous solution at the above stat-
ed pH and must be kept in stainless steel containers.

Cyanamide is not only difficult to store but also diffi-
cult to manufacture on an industrial scale. This is un-
fortunate since its calcium salt is the main constituent of
fertilizer lime nitrogen, which is available at extremely
low cost. While conversion of the latter into free cyan-
amide by treatment with water and a weak acid, such as
carbonic acid, is practiced commercially, it is not well
suited for preparing really stable cyanamide solutions or
solid cyanamide. Extreme solubility of cyanamide in
water, moreover, makes isolation of solid cyanamide diffi-
culi.

In contrast to cyanamide, chloro-formamidine hydro-
chloride,

_NHHC
cr=¢”
\Nﬂz

is a well-crystallized, stable substance which can be kept
indefinitely in its dry state. It is very easily converted
into cyanamide, for instance, by treating with sodium bi-
carbonate in water. Moreover, chloro-formamidine hy-
drochloride shows most of the reactions of cyanamide
itself. 1t has been prepared in the past by combining
free cyanamide with hydrogen chloride.

Chloro-formamidine hydrochloride, however, has re-
mained a laberatory curiosity. This is because the only
method of preparation is from free cyanamide. Its prep-
aration, therefore, entails all the difficulties encountered
in the preparation of cyanamide itself. While a corre-
sponding halo-formamidine salt, bromo-formamidine hy-
drobromide, has been prepared, its preparation is similar
and involves similar difficulties.

There remains, therefore, a need for a process for pro-
ducing storage stable derivatives of cyanamide, such as
chloro- and bromo-formamidine salts, which may be easily
converied to free cyanamide. Such a process must be free
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of the numerous difficulties of known laboratory methods
for producing such compounds. It should be simple in
operation :and readily adapted to commercial operation in
conventional apparatus. In addition, it should require
only materials which are readily available and inexpensive.

Surprisingly, in view of the long period that such a
process has been in demand without one being provided,
it has now been discovered that chloro- and bromo-
formamidine salts may be prepared directly by treating
lime nitrogen with hydrochloric and hydrobromic acids.
This discovery is the more surprising considering the
great instability of cyanamide, the calcium salt of which
is the main censtituent of lime nitrogen. That these halo-
foramidine salts can be prepared directly from lime nitro-
gen without polymerization and/or hydrolysis of the cyan-
amide is totally unexpected, This unexpected reaction,
moreover, proceeds with surprising ease.

In general, the process of this invention comprises treat-
ing lime mitrogen with hydrochioric or hydrobromic acid.
This is most coaveniently done by adding comminuted
lime nitrogen, preferably gramular in form, to the desired
acid with stirring. After completion of the reaction, solid
carbenaceous matter is separated. Depending on the acid
employed, a solution of chloro-formamidine hydrochlo-
ride or bromo-formamidine hydrobromide is obtained.

Lime nitrogen used in the process may be a commercial
product prepared by the Frank-Caro process, Polzenius
process or by any other suitable process. However, a
lime nitrogen free of calcium chloride is preferred to
avoid undue contamination of the final product. It is also
preferable to use the crude, comminuted converter prod-
uct before it is “hydrated” or “oiled.” Such a commercial
product contains as its main constituents calcium cyan-
amide with considerable quantities of calcinm oxide. Cal-
cium salts such as calcinm chloride are sometimes also
present. In addition, it contains other minor contami-
nants such as free carbon, calcium carbide and metal salts
cther than calcium.

In general, the amount of acid employed may vary con-
siderably. Certain requirements, however, must be ful-
filled. There must be at least a sufficient quantity of acid
to (1) convert all calcinm and other metal compounds to
their respective halides, and (2} provide two molecules
of acid to combine with the cyanamide, based on the real
content of calcium cyanamide. To insure complete re-
action, it is preferable to use an amount of acid about
20-30% in excess of this theoretical amount. Greater
than about 30% is generally unnecessary and usually
undesirable for reasons to be subsequently discussed.
Concentration of the acid may also vary widely. It is
most economical, however, to employ commercially avail-
able grades. For preparation of the chioro-formamidine
salts, 20° Bé. hydrochloric acid is preferred, while for
preparation of the bromo-formamidine salts, preferred
hydrobromic acid is the azeotrope containing 48% hydro-
gen bromide.

Reaction temperatares may, in general, cover a broad
range. Howeyer, while it is possibie to proceed at tem-
peratures as high as 95° C, it is desirable, when the
time cycle is iong, to operate at lower temperatures to
avoid possible hydrolysis. In such instance, a preferred
temperature is about 35° C. or less. Since the reaction
is exothermic, cooling is necessary to maintain the desired
temperature. This may be done in any conventional
manner.

Resultant chloro-formamidine hydrochloride or bromo-
formamidine hydrobromide can be precipitated from solu-
tion by cooling. The crysials so obtained may then be
isolated by filtratior, decantation or other suitable means.
The isolated product is purified by washing with a small
amount of cool, diluted hydrohalic acid liquor, and then

~with acetone to facilitate drying. The crystals are slightly
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contaminated by calcium chleride or calcium bromide.
Chloro-formamidine hydrochloride is less soluble in hy-
drochloric acid than in water. However, o obtain the
optimum isolated yield, it is disadvantageous to use a large
excess of hydrochloric acid because it salts out calcium
chloride. This must then be removed by washing so that
the final yield of isolated product becomes actually lower.

If a calcium-free product is desired, two different oper-
ating methods are possible. In the first, lime nitrogen
js added to a mixture of sulfuric and hydrochloric
acids. - The amount of the sulfuric acid employed is suffi-
cient to precipitate the calcium content of the lime nitrogen
as calcium sulfate. While this operation is feasible, it
results in a bulky cake of calcium sulfate and carbon
which is difficult to wash out. The second method con-
sists in separating the carbon as described above and then
precip’tating the calcium content as the sulfate.

The new group of halo-formamidine salts of this in-
vention are capablé of representation by the formula:

NH-HNOs

wherein X is a halogen selected from the group consisting
of chlorine and bromine.

Chloro-formamidine nitrate may be prepared from
chloro-formamidine hydrochloride. This compound - is
very easy to precipitate as a well-crystallized product from
a solution of chloro-formamidine hydrochloride by addi-
tion thereto of nitric acid. The optimum amount of
nitric acid depends upon the concentration of the chloro-
formamidine hydrochloride solution and the amount of
‘hydrochloric acid present. Accordingly, it has to be de-
termined for each individual set of conditions. The ni-
trate is soluble in water but is very sparingly soluble in
dilute nitric acid. It is more soluble in an excess of nitric
acid or hydrochloric acid. Under proper conditions yield
of 70% theory can be isolated without difficulty. The
conversion of the nitrate to free cyanamide can be. easily
effected in aqueous solution by the aid of bicarbonate.

Chloro-formamidine nitrate is a colorless, crystalline
product. It is very soluble in water and in concentrated
pitric acid, but almost insoluble in dilute nitric acid. The
compound melts with decomposition at 122° C. but pro-
longed heating causes decomposition at a lower tempera-
ture. Decomposition is catalyzed by moistare. In its
dry state, this compound is stable up to about 80° C. and
decomposes on prolonged heating over 90° C., whereas in
the presence of moisture it is stable up to about 60° C.
and decomposes above about 70° C. The decomposi-
tion products are COg, N20, NOCI, Clz and a solid residue
which is the nitrate of a condensation product. The gases
comprise about 90% of the original weight of chloro-
formamidine nitrate. When heated gently in aqueous
solurion, chloro-formamidine nitrate hydrolyzes to urea
nitrate.

The corresponding nitrate of bromo-formamidine can
be prepared in the same fashion as the nitrate of chloro-
formamidine. However, it is unstable and decomposes
quickly.

Halo-formamidine salts, besides being stable derivatives
of free cyanamide, offer great possibilities as starting ma-
terials for a variety of syntheses.

‘The following examples further illustrate the inven-
tion, but are in no way intended to be limiting. Unless
otherwise noted, all parts are by weight.

EXAMPLE 1
Chloro-formamidine hydrochloride
NH-HC
7
Cci—C
NH:

50 parts of 6 x 16 mesh, granular, unoiled, non-hy--

drated lime nitrogen containing approximately 69% cal-
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cium cyanamide is added portionwise and with stirring to
290 parts of cooled 20° Bé. hydrochloric acid. When
addition of lime nitrogen is complete, the mixture is agi-
tated for an additional few hours until all of the lime
nitrogen granules are disintegrated. The carbon residue
is then removed by filtration, leaving a clear solution with
a high content of chloro-formamidine hydrochloride. A
considerable portion of it may be crystallized by cooling
and isolated by filtration. Washing may be conducted
with ‘a small amount of cold, dilute hydrochloric acid.
Subsequent washing with acetone facilitates the drying
operation.

EXAMPLE 2

To the clear chloro-formamidine hydrochloride solu-
tion of Example 1 is added 61 parts of sulfuric acid
(95.6%) and precipitated calcium sulfate filtered off.
Chloro-formamidine hydrochloride is isolated from the re-
suiting filtrate by evaporation under reduced pressure.

EXAMPLE 3
Chloro-formamidine nitrate
/NH-HNO;
Cl1—C

NH;

The procedure of Example 1 is followed to produce a
clear chloro-formamidine hydrochloride solution. To this
solution is added 78 parts of concentrated mitric acid
(69.6% ). The solution is cooled and chloro-formamidine
nitrate isolated by filiration.. The product is washed with
cold, dilute nitric acid and with acetone, followed by air
drying.

EXAMPLE 4

The following data show the influence on the reaction,
of temperature, and concentration of and amount of hy-
drochloric acid on the method of Example 3.

TABLE L—INFLUENCE OF TEMPERATURE

Parts of
. Partsof (g %%gsh%ric Chloro-
Temp., ® C. Lime Joia (0 | formamidine
Nitrogen BE.) Nitrate
: - Isolated
50 290 30.5
50 290 39
50 200 41.5
50 348 3L5

TABLE II-INFLUENCE OF HYDROCHLORIC ACID

CONCENTRATION
Parts of
Parts-of
: . Parts of Chloro-
Cone. of ilg;gmchlorm ﬁﬁgﬁﬁ Lime Tg%p., Formamidine
Acid Nitrogen : Nitrate
Isolated
1826 oo immmmmamem " 655 50 10 | 27.6-34.3.
18.25%- - - 435 50 10t 20.
31.45%,--- 348 50 10 | 3L.5.
31459 e emcammceene 290 50 10 | 30.5-41.5.
Saturated with HClL ... 217 50 10 | 80.7-34.
_TABLE IIL.—INFLUENCE OF AMOUNT OF
HYDROCHLORIC ACID
. I(’Jelx]r]ts of -
Cone. of - | Parts of 0r0-
Amount Qilégdrochloric Hydrochlorie| ' Lime Tﬁ%‘_’" aﬂ)lfi?ne
: Acid Nitrogen Nitrate
Isolated
Theoretical 50 10 5
509, excess. -.-- 50 10 | 27.6-34.3
25%, excess. 50 10 | 41.5.
Do.. 50 50 i 39.
Do.. ) 50 95 | 30.5
50%, exce 50 10 | 3L.5.
QGreat exeess - ..ovocson- Saturated |- - 50 10 | 30.7-34
: with HCL
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EXAMPLE 5
Bromo-formamidine hydrobromide

NH-HBr
&
Br—C

NH,

50 parts of lime nitrogen of Example 1 is added por-
tionwise and with stirring to 420 parts of cooled hydro-
bromic acid (48.6%). The reaction mixture is agitated
for an additional few hours until all of the lime nitrogen
granules are disintegrated. Afier separaticn of carbon
residue, the clear light brown filtrate is cooled, the precipi-
tate filtered, and washed with dilute hydrobromic acid and
acetone to isolate colorless, crystalline bromo-formamidine
hydrobromide. The product gives off fumes at 215° C.
and melts with decomposition at 220-225° C.
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We claim:
1. A new product of the formula:
/NH«HNOs
X—C
\NHz

in which X is a halogen selected from the group consisting
of chlorine and bromine.

2. As a new product chloro-formamidine nitrate,

3. The method of preparing halo-formamidine hydro-
nitrates which comprises treating a solution of a halo-
formamidine hydrohalide selected from the group con-
sisting of chloro-formamidine hydrochloride and bromo-
formamidine hydrobromide with nitric acid.
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