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A new field of cyanamide derivatives resulted from investigation of a spon-
taneous reaction which occurred during a study of the chemistry of cyanamide.
This paper deals with this preliminary work from which grew the successful re-
actions of diecyandiamide with acyl halides and anhydrides (1), sulfonyl halides
(2), carbon disulfide (3), and cyanogen chloride (4). It is planned to discuss the
interesting chemistry of the above derivatives in future papers.

IThe particular reaction which initiated this research was the spontaneous de-
composition of carbethoxyeyanamide (I). Examination of the literature revealed
that a rather thorough study of both carbethoxy- and dicarbethoxy-cyanamide
(IT) had been made in 1877 by Bissler (5). In his study of the properties and
reactions of carbethoxycyanamide, Bissler stressed the instability of the com-
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pound and the fact that freshly prepared samples rapidly deposited an amorphous
or crystalline solid. Béssler unfortunately was not able to purify satisfactorily
and/or analyze this unknown solid. Analytical difficulties for this compound
were also encountered in this laboratory. For some unknown reason subsequent
workers (6, 7) failed to comment on the instability of carbethoxycyanamide. A
German patent (6) did, however, simplify the method of preparation.

In the present work carbethoxycyanamide was isolated as a light yellow liquid
which deposited solid by the following day. Deposition of solid continued to
oceur but ceased within a month. Crystallization from hot water gave slender
needles which were identified as carbethoxydicyandiamide (I1I), subsequently
prepared from dicyandiamide and ethyl chlorocarbonate. Examination of the
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residual liquid revealed that it was now dicarbethoxycyanamide. The over-all
reaction could be represented as shown:

i i i
3 CQHsOCNHCN o (CszOC—):NCN + C:HsOCCgHaN4.

To learn whether the mechanism involved the intermediate formation of cyan-
amide, freshly prepared carbethoxycyanamide was heated with cyanamide in
185
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alcohol. Carbethoxydicyandiamide was not obtained and the product appeared
to be a cyanamide-carbethoxycyanamide salt.

It was not ascertained whether the decomposition of carbalkoxycyanamides
was a general reaction, although carbo-2-ethylhexoxycyanamide (IV) was found
also to yield the dicyandiamide derivative V.

Lo T
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A somewhat questionable preparation of carbethoxydicyandiamide has been
described by Pinck and Blair (7). The yield was not stated but must have been
low and the only identification was a nitrogen analysis plus determination of re-
fractive indices. In the present work the procedure of Pinck and Blair was re-
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peated and a minute quantity of product was obtained whose refractive indices
were consistent with those described (7). The refractive indices of carbethoxydi-
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cyandiamide prepared in the present work were different from those described by
Pinck and Blair. These data indicated but did not conclusively prove that the
above authors did not isolate carbethoxydicyandiamide.

The problem of assigning a structure to carbalkoxydicyandiamides is complex
since structures VI-IX are all theoretically possible. Structure I1X, however, was
immediately eliminated since carbethoxyguanylurea (X), prepared by acid
hydrolysis of carbethoxydicyandiamide, could be cyclized to ammelide (XI).
This reaction is only possible with structures VI-VIII, barring migration of the
carbethoxy group. Of these three remaining tautomeric forms, VIII is preferred
and will be employed to represent carbalkoxydicyandiamides. This formula is in
agreement for a derivative prepared from the non-ionic structure of dicyandi-
amide (XII) as discussed by Hughes (8). In substantiation of Hughes’ structure
for dicyandiamide (2-cyanoguanidine) similar conclusions, based on different evi-
dence, regarding an analogous-type structure of another negatively substituted
guanidine [2-nitroguanidine (XIII)] have recently been presented (9). Form VIII

ITTHz li\IHg
H.N—C=NCN H;N—C=NNO;
X1 X111

probably predominates but hydrogen atoms undoubtedly shift with formation
of derivatives, such as the guanylureas.

In addition to carbethoxydicyandiamide, a number of carbalkoxydicyandi-
amides were prepared from dicyandiamide and chlorocarbonates. It was found
that successful acylation of dicyandiamide was dependent upon the presence of
an organic solvent such as acetone.

Reaction of dicyandiamide with an acid chloride can be likened to acylation
of an amino acid. Two equivalents of base are required. One destroys the zwitter-
ion by forming a salt, which although highly hydrolyzed (10) brings out the
basicity of the guanyl group. The second equivalent acts as the acid acceptor.
After reaction, the dicyandiamide molecule, now containing an additional nega-
tive substituent, has become a stronger acid and is obtained as a salt.

Not all of the carbalkoxydicyandiamides could be converted to the correspond-
ing guanylureas since hydrolysis of the carbalkoxy group occurred.

One interesting phenomenon was observed in that carbophenoxydicyandi-
amide (XTIII) could not be recrystallized. It was hydrolyzed by water, insoluble

IGIH—COOCsHs ﬂTH—COOCHa
HyN—C=NCN HyN—C=NCN
X111 XIV

in most organic solvents, and attempted recrystallization from aqueous methanol
gave carbomethoxydicyandiamide (XIV) plus some diphenyl carbonate which
may have been formed during reaction.
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EXPERIMENTAL!
I. REACTIONS OF CHLOROCARBONATES

A. With cyanamide. Carbethoxzycyanamide (1), carbethozydicyandiamide (I11), and di-
carbethozycyanamide (II). A modified procedure of a German patent (6) was employed.
One mole (108.5 g.) of ethyl chlorocarbonate was gradually added with stirring to 44.6 g.
(1.0 mole) of 949 cyanamide and 84 g. (2.0 moles) of 95%, sodium hydroxide in 750 ml. of
water. The temperature was maintained below 20°, Stirring was continued for 30 minutes,
chloroform was then added, the mixture cooled, and acidified with 100 g. of concentrated
hydrochloric acid. The chloroform layer was separated and dried over sodium sulfate.
Removal of the solvent under reduced pressure gave 101 g. (88.5%) of carbethoxycyanamide
as a light yellow oil of ethereal odor which gave a strongly acidic reaction when dissolved
in water. The following day it was observed that solid had separated, which after filtering,
washing with acetone, and drying weighed 15 g. The filtrate was allowed to stand further.
Another run, employing 2.4 times the quantities used above, was made at this time, giving
an 88% yield of carbethoxycyanamide. Within a day 16 g. of solid had formed. The prepara-
tions were then combined and after a month a total of 120 g. (77%) of carbethoxydicy-
andiamide was collected. Crystallization from hot water gave fine colorless needles. On
gradual heating melting did not occur up to 360°, but decomposition occurred when a
sample was immersed at 225°. Solubility in ether was negligible and the compound gave
an acidic reaction to litmus paper in water solution. The material was readily dissolved
by alkali or ammonia and reprecipitated by acids, and formed a colorless, insoluble silver
salt in the presence of ammonia.

Anal. Cale’d for GHsN,O,: C, 38.46; H, 5.12; X, 35.89,

Found: C, 38.79;2 H, 5.21; N, 35.83.

A portion of the residual liquid, after removal of all of the carbethoxydicyandiamide,
was poured into water, giving & heavy oil. According to Bissler (5), dicarbethoxycyan-
amide is water-insoluble and melts at 32.8°. Solid sodium bicarbonate was added, liberating
a small amount of carbon dioxide, and the oil was extracted with ether. The ethereal solu-
tion was thoroughly washed with water and allowed to evaporate in a vacuum desiccator.
The next day a mixture of oil and solid was present (room temp. 30°). On slight cooling the
entire mass solidified to a colorless solid.

For better identification, 5 g. of the dicarbethoxycyanamide was hydrolyzed according
to the procedure of Diels and Gollmann (11). Recrystallization of the crude unsym-di-
carbethoxyurea from methanol gave colorless erystals, m.p. 86-87°, in agreement with the
literature value (11).

Carbo-2-ethylhezozycyanamide (IV) and carbo-2-ethylhexzoxydicyandiamide (V). 2-Ethyl-
hexyl chlorocarbonate was isolated in 879, yield ag a colorless liquid, b.p. 106-107°/30 mm.
by following the procedure of Bergmann and Zervas (12) for the preparation of benzyl
chlorocarbonate. The procedure as given in a German patent (6) for the preparation of
carbethoxycyanamide was followed. To 22.4 g. (0.50 mole) of 949, cyanamide in 200 ml. of
water was added 96.3 g. (0.50 mole) of 2-ethylhexyl chlorocarbonate. A few drops of phenol-
phthalein solution were added, the stirred mixture cooled to 10°, and 42 g. (1.0 mole) of
959%, sodium hydroxide in 50 ml. of water added drop by drop. When a few ml. of alkali
had been added, it was observed that the mixture remained alkaline. After addition of 100
ml. of acetone, reaction proceeded satisfactorily and the temperature was maintained at
10°. Acidification with a slight excess of hydrochloric acid liberated the carbo-2-ethyl-
hexoxycyanamide as an oil which was extracted with chloroform. Removal of the solvent

1 All melting points are uncorrected.
2 Best value of eight determinations.
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gave a quantitative yield (99 g.) of colorless oil. Solid gradually deposited and at the end
of 19 days, the pasty mixture was dissolved in a small volume of hot acetate. On cooling
crystals separated (18 g.) and the filtrate, after removal of solvent, was again set aside.
Two weeks later an additional 10 g. of solid was isolated. The now quite viscous liquid,
presumed to be bis(carbo-2-ethylhexoxy)cyanamide, was not examined further. The
total yield of carbo-2-ethylhexoxydicyandiamide (28 g.) represented a 779 conversion from
the cyanamide. Another recrystallization from ethyl acetate gave colorless plates which
decomposed at 139-140° in a preheated bath. On slow heating decomposition occurred at
131°,

Anal. Cale’d for CuH,N,O2: C, 55.00; H, 8.33; N, 23.33.

Found: C, 55.00; H, 8.45; N, 23.18.

B. With dicyandiamide. Carbethozydicyandiamide (1II). A slurry of 168 g. (2.0 moles)
of dicyandiamide in one liter of acetone was stirred and cooled to 10°. After addition of
198 g. (3.0 moles) of 85% potassium hydroxide pellets, the mixture was vigorously stirred
for an hour at 3°. The temperature was then kept below 10° while 162.8 g. (1.5 moles) of
ethyl chlorocarbonate was slowly added. Stirring was continued an hour after removal of
the ice-bath. The slurry was drowned in ice-water, the resulting solution acidified with
excess acetic acid, the colorless solid filtered, washed with water, and air-dried. The crude
yield was 163 g. (73%,) and recrystallization from hot water gave slender, colorless needles,
identical in appearance with the previously isolated sample of carbethoxydicyandiamide.
Decomposition occurred at 225° on immersion at that temperature. The infrared spectra
of both samples, run as a Nujol mull, were identical throughout the rock salt region. The
refractive indices were: @ = 1.395 = 0.003; 8 = 1.633 + 0.003.

Carbo-2-ethylhexozydicyandiamide (V). To a mixture of 84 g. (0.10 mole) of
dicyandiamide and 19.3 g. (0.10 mole) of 2-ethylhexyl chlorocarbonate in 75 ml. of 669,
acetone was added, with vigorous stirring at 30°, a solution of 8.4 g. (0.20 mole) of 957,
godium hydroxide in 25 ml. of water. The solution was acidified with acetic acid, and the
solid filtered, washed with water, and dried. The crude yield was 14 g. (58%) and recrystal-
lization from ethanol gave colorless plates identical in appearance to the purified product
isolated from carbo-2-ethylhexoxycyanamide. Decomposition occurred at 139-140° in a
preheated oil-bath and at 131° when gradually heated. Fusion with the previously described
sample behaved in a similar manner. Infrared spectra of both samples run as a Nujol mull
were identical throughout the rock salt region.

Carbobenzylozydicyandiamide. A mixture of 132 g. (2.0 moles) of 859, potassium hy-
droxide, 126 g. (1.50 moles) of dicyandiamide, and 600 ml. of 509, acetone was placed in a
flask equipped with a stirrer, thermometer, and addition funnel. The temperature was
maintained at 0-5° while 170.5 g. (1.0 mole) of benzyl chlorocarbonate (12), in 50 ml. of
acetone was slowly added. Dilution with water and acidification of the resulting solution
with acetic acid gave 154 g. (70.59) of colorless solid. Recrystallization from methanol
produced broad plates, decomposing at 184-185°,

Anal. Cale’d for Ci¢H,N,O,: C, 55.05; H, 4.59; N, 25.69.

Found: C, 55.00; H, 4.65; N, 25.77.

Carbocyclohezozydicyandiamide. The ehlorocarbonate was prepared from cyclohexanol
by employing the procedure of Bergmann and Zervas (12) for benzyl chlorocarbonate, The
compound was isolated in 899, yield as a colorless oil which was not distilled. A procedure
similar to that used for carbobenzyloxydicyandiamide was employed and gave a quanti-
tative crude yield of oily product. Recrystallization from methanol which contained about
159, of Cellosolve gave a 479 recovery of large plates which decomposed at 229-230°.

Anal. Cale’d for CoH1.N.O,: C, 51.43; H, 6.67; N, 26.67.

Found: C, 51.30; H, 6.88; N, 26.69.

Carbophenozydicyandiamide (XIII) and carbomethoxydicyandiamide (XIV). To a stirred
mixture of 132 g. (2.0 moles) of 859, potassium hydroxide, 126 g. (1.50 moles) of dicyan-
diamide, and 600 ml. of 509, aqueous acetone was added 156.5 g. (1.0 mole) of phenyl chloro-
carbonate in 50 ml. of acetone at 4-6°. After addition, water was added giving a milky
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solution which was slowly acidified with acetic acid. Solid began precipitating immedi-
ately but when almost all of the acid was added, carbon dioxide was evolved. The pasty
solid was filtered, washed with water, and allowed to air-dry overnight. On the following
day the damp material was dissolved in hot methanol which contained about 109
Cellosolve.

After treatment with decolorizing charcoal, the warm filtrate was diluted with a small
quantity of water. The first crop of solid, consisting of a mixture of needles and chalky
solid, weighed 48 g. and decomposed at 206°, with softening below this temperature. Dilu-
tion of this filtrate with additional water gave 4 g. of colorless needles which melted at
79-80°. A sodium fusion of this latter material gave negative results for the presence of
nitrogen. When a portion was boiled with alkali and acidified, carbon dioxide was evolved
and an oil smelling of phenol separated. This compound was undoubtedly diphenyl car-
bonate whose m.p. is 80° (13). Recrystallization of the first crop of solid from methanol
gave 16 g. of colorless plates. Dilution of this filtrate precipitated an additional 15 g. of
dipheny! earbonate. The 16 g. of material, after another recrystallization, did not possess
a sharp decomposition point on gradual heating; however, when immersed in an oil bath
at 230° rapid decomposition occurred. Analysis gave values in agreement for carbomethoxy-
dicyandiamide.

Anal. Cale’d for CHsN,O,: C, 33.80; H, 4.26; N, 39.42.

Found: C, 33.98; H, 4.40; N, 39.39.

For further identification, 5 g. of the solid was added to 15 ml. of concentrated hydro-
chloric acid. A vigorous exothermic reaction occurred and an amorphous solid separated.
Solution occurred on addition of 20 ml. of water and heating. On cooling colorless plates
separated which after recrystallization from ethanol decomposed at 180-181°. A positive
guanylurea type color test was obtained with copper sulfate and base (14). Analysis gave
values in agreement for carbomethoxyguanylurea hydrochloride.

Anal. Cale’d for C.HN,O;-HCL: C, 24.44; H, 4.61; N, 28.58.

Found: C, 24.46; H, 4.68; N, 28.67.

Another attempt to prepare pure carbophenoxydicyandiamide was made, using the
conditions described above. The crude yield of dry solid was 96.5%, and the material de-
composed to an infusible solid at 155°. As had been found, alcohols were unsuitable for
crystallization and the compound was insoluble in anhydrous non-hydroxylated solvents.
An attempt to employ 50% aqueous acetone was unsuccessful. The solid dissolved but
carbon dioxide was evolved, free phenol was detected in the solution, and produet did not
separate on cooling.

II. HYDROLYSIS OF CARBALKOXYDICYANDIAMIDES

Carbethoxyguanylurea hydrochloride. Addition of 39 g. (0.25 mole) of carbethoxydicy-
andiamide to 60 g. (0.30 mole) of 18.59, hydrochloric acid produced an exothermic reac-
tion. Complete solution occurred and the mixture refluxed. Heating was continued several
minutes and the solution allowed to cool. Such a thick paste resulted that acetone was
added to give a filterable slurry. Filtration and air-drying gave 45 g. (85.59,) of solid de-
composing at 165°. Recrystallization from a small volume of hot water gave small, color-
less crystals which decomposed at 171°.

Anal. Cale’d for CsHieNO3-HCI: C, 28.50; H, 5.23; N, 26.60.

Found: C, 28.56; H, 5.33; N, 26.61.

Carbethozyguanylurea (X). An equivalent of ammonium hydroxide was added to a slurry
of 35.5 g. (0.17 mole) of carbethoxyguanylurea hydrochloride in 100 ml. of water. The mix-
ture was stirred for a short time and the precipitated solid filtered, giving 29 g. or a quan-
titative yield of the base. Recrystallization from methanol gave fine needles which de-
composed at 163°.

Anal. Cale’d for 05H10N4032 C, 3448, H, 575, N, 32.18.

Found: C, 34.37; H, 5.80; N, 32.29.
Ammelide (X). A slurry of 229 g. (1.31 moles) of carbethoxyguanylurea in 1300 ml. of
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water and 670 ml. of concentrated ammonium hydroxide was heated to boiling, giving a
clear solution. On continued heating water and ammonia were allowed to escape and a
solid separated which after filtering and drying gave 168 g. (85%) of infusible product.
For purification a portion of the material was redissolved in hot ammonia solution, treated
with decolorizing charcoal, filtered, and the filtrate concentrated. The finely divided prod-
uct obtained in this manner was easily filtered. Use of sodium hydroxide in the cold as the
cyclizing agent, followed by acidification with acetic acid, precipitated the ammelide in a
form exceedingly difficult to filter, although the yield was 94%,.
Anal. Cale’d for C;HN,O,: C, 28.13; H, 3.13; N, 43.75.
Found: C, 28.21; H, 3.17; N, 43.91.

Attempted preparation of carbocyclohexozryguanylurea. (a). A solution of 21 g. (0.10 mole)
of carbocyclobexoxydicyandiamide in a mixture of 500 ml. of methanol and 100 ml. of Cello-
solve was cooled to 10° and 10 g. (0.10 mole) of concentrated hydrochloric acid was added.
The temperature rose to 15° and within a short time colorless plates began to separate.
These were identified as starting material, probably precipitated by the water in the acid.
The mixture was then heated on a steam-bath for five minutes and the solution poured
onto ice. An oil separated which smelled similar to eyclohexanol. Diatomaceous earth was
added and the mixture filtered to remove the oil. The clear filtrate gave a positive guanyl-
urea test with copper sulfate and alkali (14) and treatment with ammonia did not precipi-
tate ammelide. These facts indicated that the carboeyclohexoxy group had been removed
and guanylurea hydrochloride had been formed.

(b). Complete solution occurred after refluxing a mixture of 10.5 g. (0.05 mole) of carbo-
cyclohexoxydiecyandiamide and 9.5 g. (0.05 mole) of p-toluenesulfonic acid monohydrate
in 150 ml. of 2B-alcohol.? A short time later it appeared that a gas was being evolved and
a small quantity of solid separated from solution. Refluxing was continued for 15 minutes
and after standing overnight the solid was filtered from the solution which smelled of
cyclohexanol. The solid weighed 2 g. and gave a positive guanylurea test (14). Unlike
carbalkoxyguanylurea salts it could not be converted to ammelide and was probably guanyl-
urea p-toluenesulfonate.

I1I. MISCELLANEOUS ATTEMPTS TO PREPARE CARBETHOXYDICYANDIAMIDE

A. From cyanamide. A solution centaining 22.8 g. (0.20 mole) of freshly prepared carb-
ethoxycyanamide and 8.9 g. (0.20 mole) of 949, cyanamide in 50 ml. of ethanol was refluxed
for four hours during which time solid separated. The material was filtered, washed with
acetone, and air-dried. The filtrate and acetone washings were combined and refluxed
two hours longer without further deposition of solid. Concentration of the solution gave
a residue of solid and oil which was triturated with acetone. The solid was filtered and
washed with acetone. Both crops of solid decomposed at 187-191° and the total weight was
12.4 g. Mixture melting points with dicyandiamide [205° with decomposition (14)] and
carbethoxydicyandiamide gave marked depressions. The substance was easily soluble in
hot water but on eooling only a small portion separated. Treatment with ammoniacal silver
nitrate solution gave a heavy, yellow precipitate of silver cyanamide. Since carbethoxy-
dicyandiamide formed a colorless silver salt, the material was not examined further. The
compound probably was a salt, H;NCN-2C.H;0-CO-NHCN, similar to cyanamide di-
hydrochloride (15).

B. From dicyandiamide. Sodium dicyandiamide was prepared in 95.5% yield, following
the general procedure of Bamberger (16) from dicyandiamide and sodium ethoxide. In this
experiment the procedure of Pinck and Blair (7) was followed. A mixture of 15 g. of sodium
diecyandiamide and 15 g. of ethyl chlorocarbonate in 150 ml. of anhydrous ether was heated
at 90-100° for 48 hours in an autoclave. When removed from the autoclave, the mixture
consisted of nearly colorless solid and liquid. The solid was filtered and washed well with
ether. The combined filtrate and washings were evaporated, leaving an amorphous solid

8 Denatured ethyl aleohol.
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and an oil smelling of diethyl carbonate. The less than a gram of solid was filtered and di-
gested with a pound of ether. About half of the material dissolved and after filtration the
clear filtrate was concentrated to a small volume, giving a nearly colorless, somewhat
amorphous-appearing solid. The amount of material was very small, but sufficient to de-
termine the refractive indices by the immersion method: & = 1.430 £-0.003; 8 = 1.543 £=0.003;
v = not obtainable. Pinck and Blair recorded the following values: « = 1.432; v = 1.618.
Although v was not determined on carbethoxydicyandiamide prepared in this laboratory,
the 8 value (1.633) was greater than the v (1.618) recorded by Pinck and Blair. Since v is
always greater than 8, v for our material must be much greater than the v reported by the
above authors. The data, although incomplete, indicated that the product prepared by the
Pinck and Blair procedure and their product were the same physical species, while car-
bethoxydicyandiamide, prepared in this laboratory was a different physicochemical phase.

SUMMARY

1. Carbethoxycyanamide has been found to decompose spontaneously into
dicarbethoxycyanamide and carbethoxydicyandiamide.

2. Carbethoxydicyandiamide and several other carbalkoxydicyandiamides
have been prepared from dicyandiamide and alkyl chlorocarbonates.

3. In aqueous methanol carbophenoxydicyandiamide formed carbomethoxy-
dicyandiamide.

4. The structure and mode of formation of carbethoxydicyandiamide have
been discussed.
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