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Synopsis. 2,4,6-Triureido-1,3,5-triazine and 2-amino-
4,6-diureido-1,3,5-triazine were readily synthesized in high
yields, 94 and 85% respectively, by the alcoholysis of 2,4,6-
tris(cyanoamino)-1,3,5-triazine and 2-amino-4,6-bis(cyano-
amino)-1,3,5-triazine in the presence of hydrogen chloride.

There are numerous reports!~? on preparations and
uses of ureido-1,3,5-triazines such as 2,4-diamino-6-
ureido-1,3,5-triazine (1), 2-amino-4,6-diureido-1,3,5-tri-
azine (2), and 2,4,6-triureido-1,3,5-triazine (3). However,
there are still problems with the preparations of these
compounds.?-? In our previous paper,10:1D we reported
the preparation of 1 and its properties. This paper will
describe a facile method of synthesizing 2 and 3 from
the corresponding cyanoamino-1,3,5-triazines and will
clarify their properties in acidic and alkaline aqueous
solutions.

An attempted cyclotrimerization of linear cyano-
ureido compounds such as cyanourea and N-cyano-O-
ethylisourea did not give 3. Cyanourea, however, gave
1-carbamoyl-3-cyanoguanidine and 1-cyanobiuret,!?
and N-cyano-O-ethylisoures gave 2-amino-4-ethoxy-6-
ureido-1,3,5-triazine (4) in the presence of hydrogen
chloride, using sulfolane as a solvent. The isoureido
group attached to 1,3,5-triazine ring might be converted
into the ureido group by the action of hydrogen chlo-
ride. Furthermore, acid hydration of cyanoamino-1,3,5-
triazines failed to give the corresponding ureido-1,3,5-
triazines, except for 1.1

Alcoholysis of 2,4,6-tris(cyanoamino)-1,3,5-triazine
in the presence of hydrogen chloride gave 3 hydrochlo-
ride. During the reaction, methyl chloride was evolved
and identified by its mass spectrum. The free 3 was
given in 94% yield by the treatment of its hydrochloride
with a dilute sodium hydroxide solution. 3 wasslightly
soluble in water and ordinary organic solvents, but
could be recrystallized from a hot dilute nitric acid solu-
tion as the nitrate.
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In a similar manner, 2 was synthesized from 2-amino-
4,6-bis(cyanoamino)-1,3,5-triazine in 85% yield. 2 was
also slightly soluble in water and organic solvents, but
could be recrystallized from a hot dilute sulfuric acid
solution as the sulfate.

It was reported!® that the alkaline hydrolysis of 1
gave melamine, carbon dioxide, and ammonia in high
yields. The similar alkaline hydrolysis of 3, however,
gave ammeline instead of melamine, along with carbon
dioxide and ammonia. In the case of 2, melamine,
ammeline, carbon dioxide, and ammonia were all
obtained.

Acid hydrolyses of 2 and 3 with 2moldm=3 of
hydrochloric acid were examined. The reaction was
followed by the IR spectrum of the reaction mixture.
Small amounts of the solution were taken out at 30
min intervals and evaporated to dryness. In the case of
3, cyanuric acid was readily detected after 30 min
refluxing the solution. Cyanuric acid and urea were
obtained in 95 and 26% yields respectively after 4 h. In
the case of 2, cyanuric acid was detected after 1 h.
Cyanuric acid, ammelide and urea were obtained in 74,
2 and 34% yields respectively after 2h. These results
suggest that the hydrolysis of 2 and 3 is liable to take
place on the carbon atom of the 1,3,5-triazine ring
attached with ureido group, and that the preparation
of 2 and 3 by the acid hydration of corresponding
cyanoamino-1,3,5-triazines is very difficult.

Experimental

The melting points are uncorrected. The IR spectra were
taken with a Hitachi EPI-2 spectrometer. The UV spectra
were taken with a Hitachi 624 spectrometer. The NMR spec-
tra were measured with a Hitachi R-24A spectrometer
using TMS as an internal standard. The mass spectra were
taken with a JEOL JMS-D100 mass spectrometer.

2-Amino-4-ethoxy-6-ureido-1,3,5-triazine (4). Hydrogen
chloride (1.82 g, 0.05 mol) was introduced into a stirred solu-
tion on N-cyano-O-ethylisourea (5.66 g, 0.05 mol) in 20 mol
of sulfolane at room temperature. After 2 h at 70 °C, the
solution was poured into a large amount of water. The
precipitate of 4 was filtered and recrystallized from water.
The yield was 2.52g (51%). Mp 220°C. Found: C, 36.10;
H, 4.99; N, 42.10%; M+, 198. Calcd for CsH10NeO2: C, 36.36;
H, 5.09; N, 42.42%; M+, 198. IR (KBr) 1700 (C=0) and 815
cm™! (1,3,5-triazine ring). UV (H20) 212.4nm (loge
4.55). NMR (DMSO-ds) 6=1.24 (3H, CHas), 4.25 (2H,
CHy), 7.10, 7.36, 8.60, and 9.67 (5H, m).

2,4,6-Triureido-1,3,5-triazine (3). Hydrogen chloride
(7.29 g, 0.2mol) was introduced into a suspension of the
trisodium salt of 2,4,6-tris(cyanoamino)-1,3,5-triazine!®
(5.34 g, 166 mmol) in 40 ml of methanol under cooling below
5°C. Thereaction mixture was stirred for 2 h atroom temper-
ature, and then heated to reflux for 2h, evolving methyl
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chloride, which was identified by the mass spectrometer, MS
m/z52 and 50 (M*). After cooling, the precipitate was filtered
and washed with a dilute sodium hydroxide solution and
water. The yield of 3 was 4.52 g (94%). 3 was recrystallized
from a hot dilute nitric acid solution (0.50 g of 3/4 mol dm~—3
HNO3 180 ml) as the nitrate: mp>360 °C; Found: C,21.19; H,
3.56; N, 41.62; H20, 5.87%. Calcd for CsHoNyO3- HNOs- H20:
C, 21.43; H, 3.60; N, 41.66; Hz0, 5.36%. IR (KBr) 1720, 1700
(C=0), and 795 cm™! (1,3,5-triazine ring). UV (H:20) 215.5
(log ¢ 4.86) and ca. 247.0 nm (sh, 4.08).

2-Amino-4,6-diureido-1,3,5-triazine (2). 2 was synthe-
sized from 2-amino-4,6-bis(cyanoamino)-1,3,5-triazinel¥ by
the same method as above, in 85% yield. 2 was recrystallized
from the hot dilute sulfuric acid solution (0.50 g of 2/10%
H3SO4 100 ml) as the sulfate: mp>360 °C; Found: C, 19.07; H,
3.43; N, 36.40%. Calcd for CsHsNgO2z-H2SO4: C, 19.36; H,
3.23; N, 36.12%. IR (KBr) 1715 (C=0) and 790 cm~1 (1,3,5-
triazine ring). UV (Hz20) 216.0 (log ¢ 4.62) and ca. 242.5 nm
(sh, 3.86).

Alkaline Hydrolysis. According to the previously
reported method,® 3 gave ammeline (43%), barium carbonate
(83%), and ammonia (82%).

Similarly 2 gave melamine (33%), ammeline (9%), barium
carbonate (62%), and ammonia (57%).

Acid Hydrolysis. 3 (0.97 g, 1/300 mol) was refluxed in
40 ml of 2 mol dm~3 of hydrochloric acid for 4h. After the
reaction mixture had been evaporated to dryness under
reduced pressure, the residue was washed with a small amount
of water to give 3.30 g (77%) of cyanuric acid. The filtrate was
neutralized with dilute sodium hydroxide solution and the
saturated melamine solution was added to give 0.13 g (18%) of
melamine cyanurate. The filtrate was evaporated and
extracted with ethanol to give 0.32 g (26%) of urea as the
nitrate. Ammonia was detected in the solution.

In a similar manner, 2 was refluxed in 2 mol dm~3 of
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hydrochloric acid for 2h, and gave cyanuric acid (70%),
melamine cyanurate (4%), urea nitrate (34%), and ammelide
(2%). Ammonia was also detected in the solution. Products
were confirmed by comparing their IR spectrum and melting
points with those of an authentic sample.
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