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The synthesis of 2-alkyl(diz"..;1)amino-4- chloro-sym-triazine de-
rivatives of hydroxylam’.e, N-methylhydroxylamine, and N-phenyl-
", iroxylamine has been effected and their properties have been studied.
The thermal and catalytic polycondensation of the 2-alkyl(dialkyl)a-
mino-4~chloro-6- N- phenyl(methyl)hydroxyamino-sym-triazines ac-
companied by the liberation of hydrogen chloride and the formation of
linear polycondensates with 3-4 members has been observed,

In preceding investigations [1,2] we have studied
the reaction of 2-alkyl(dialkyl)amino-4,6-dichloro-
sym-triazines with alkoxy amines and have shown that
in such reactions feebly basic alkoxy amines replace
chlorine with the ease which is generally character-
istic only of strongly basic aliphatic amines [3] and
form with high yields completely stable 2-alkoxya-
mino-4-alkyl{dialkyl)amino-g~chloro-gym-triazines.
A gimilar type of anomaly for other cases has been
explained by the capacity of compounds containing a
mobile hydrogen atom for forming with the molecule
of a triazine derivative, associates with structures of
the hydrogen bond or of the "triazinium" ion types
[4—171.

In contrast to the O-alkylhydroxylamines [8], the
reaction of cyanuric chloride with equimolecular a-
mounts of hydroxylamine or N-methyl- and N-phenyl-
hydroxylamines does not stop at the stage of the re-
placement of one chlorine atom even when the reaction
is carried out under the mildest possible conditions:
at —15 to —~5° C in a current of nitrogen and in the pre-
sence of an excess of sodium hydrogen carbonate or
sodium acetate. Under these conditions a complex mix~
ture is obtained of polysubstitution products, of pro-
ducts of the hydrolysis of the hydroxylamine deriva-
tives formed, and of products of other side reactions
with a total chlorine content in the mixture of 8~19%,
as compared with the theoretical 29—36% correspond-
ing to the 2, 4-dichloro hydroxylamine derivatives. An
attempt to separate the mixture of products obtained
was unsuccessful.

The reaction of N-phenylhydroxylamine with 2-
dialkylamino-4, 6-dichloro-sym-triazines, in which
the chlorine is deactivated by the presence of an
amino group, takes place at 40°-45° C with the re-
placement of only one chlorine atom to form 2-chloro-
4~-dialkylamino-6~N-phenylhydroxyamino-sym-tria-
zines.

Performing the reaction in an atmosphere of an
inert gas (argon, nitrogen) prevents the oxidation of
the N-phenylhydroxylamine and the reaction products

*For part IX see [9].

by atmospheric oxygen and considerably (by about 20%)
raises the yield of the normal reaction products.

The reaction of the more reactive unsubstituted
hydroxylamine and N~methylhydroxylamine with 2-
alkylamino-4, 6~dichloro-sym-triazines, unlike that’
with phenylhydroxylamine, takes place at an anoma-
lously low temperature of about 0° C and is complete
in 1 hr. As in the case of N-phenylhydroxylamine, it
is important to keep the mixture neutral or faintly
acid (pH ~8) for the whole time of the reaction.

The increased reactivity of the hydroxylamines in
reactions with substituted sym-triazines can be ex-
plained, in our opinion, by the formation of hydrogen
bonds, with the participation of the hydroxy groﬁp which
are stronger than in the case of the O-alkylhydroxyl-
amines. The reaction of 2-alkyl(dialkyl)amino-4, 6-
dichloro-sym-triazines with hydroxylamine can be re-
presented as a simultaneous attack of the hydrazine
molecule at two centers.

In the first place, this is a nucleophilic attack of
the nitrogen atom in the amine and in the second place
it is the reaction of a free hydroxyl with a heterocyclic
nitrogen atom with the formation of an intramolecular
hydrogen bond:

C1
N7|\N . . . HO
R,>~—'\\NIJ-.Q_/: NHcH,

These two factors facilitate the splitting out of the
first chlorine atom and increase the mobility of the

. second.

The 2-alkylamino-4-chloro-6-N~methylhydroxya-
mino-sym-~triazines and 2-chloro-4-isopropylamino-
6-hydroxyamino-sym-trazines are solid crystalline
substances extremely unstable to heat and having no
definite melting points. In view of this, their purifica-
tion is possible only by reprecipitation from benzene
solution with n-pentane and petroleum ether in the cold
or by washing out the impurities with a suitable solvent,

The IR spectra of the 2-dialkylamino-4-chloro-6-N-
phenylhydroxyamino-sym-triazines are given in the
figure, together with the spectrum of 2-chloro-4-di-
n-propylamino-6-methoxyamino-sym-triazine, which
has been described previously [9], for comparison.

A feature of the spectra of the 2-chloro-4-dialkyla-
mino-6-N-phenylhydroxyamino-sym-triazines (I and
II) given in the figure is the absence in clear form of
bands corresponding to the stretching vibrations of the
OH group. The spectra of I and II also lack the bands
of the stretching vibration of an NH group, which are
present in the 3380—~-3400 cm™t region in the case of



552

the methoxyamino derivative III. Characteristic for
2-chloro-4-~dialkylamino-6-N-phenylhydroxyamino-
sym-triazines is an intense absorption band in the
3000—3500 cm™ ! region.
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IR spectra of 2-chloro-4-dialkylamino-
6-N-phenylhydroxyamino-sym-triazines:
I) 2-chloro-4-diethylamino~6-N-phenyl-
hydroxyamino-sym-triazine, solution in
CCly; I') the same, KBr tablet; II) 2-
chloro-4-di-n-propylamino-6-N-phenyl-
hydroxyamino-sym-triazine, KBr tablet;
III) 2~chloro~4-di-n~propylamino-6-
methoxyamino-sym-triazine, solution in
CCl,.

When a solution is diluted, one band remains in the
spectrum with a frequency of 3250 cm~! and the strong
absorption in the region of the stretching vibrations of
CH almost disappears. Thus, the band with a frequency
of 3250 cm™! for these compounds corresponds only to
an inframolecular hydrogen bond with the participation
of the OH group, and the absorption in the region of
the stretching vibrations of the CH group takes place
through the formation of a very strong intermolecular
hydrogen bond of the hydroxy group.

The 2-chloro-4-dialkylamino-6-N-phenylhydroxy-
amino-sym-~triazines are soluble at room temper-
ature in dilute solutions of caustic soda and of strong
mineral acids and precipitate from the solutions only
in the pH range from 5 to 7. However, they are so
little dissociated that they can be extracted with chlor-
oform even from a cooled aqueous caustic soda solu-
tion. With ferric chloride solution, the 2-chloro-4-

alkyl(dialkyl)amino-sym-triazine derivatives of hydrox-

ylamine, N-methylhydroxylamine, and N-phenyl-
hydroxylamine give dark blue-red colorations.

The mobility of the chlorine atom of the hydrox-
ylamine derivatives of sym-triazine is confirmed by
their hydrolysis under the action of 2 N caustic soda
solution, which takes place to the extent of 75% in half
an hour at 35°~40° C, and also by the thermal insta-
bility of the substances.

KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII

The thermal lability of the hydroxylamine deriva-
tives is shown in an attempt to recrystallize the 2-
chloro-4-dialkylamino-6-N-phenylhydroxyamino-
sym-~triazines from boiling benzene or chloroform.

In 2 more detailed study of the stability to heating
of the 2-alkylamino-4-chloro-6-N-methylhydroxya-
mino-sym-triazines with the isopropylamino deriva-
tive as an example, it was found that the compounds decom-
pose at 40—70° C with the liberation of hydrogen chlo-
ride, which becomes more intense on careful slow
heating at 120°-150° C (the slightest overheating leads
to resinification} and is accompanied by foaming.

The analytical determination of the chlorine con~
tent in the product of the thermal decomposition of 2-
chloro-4-isopropylamino-6-N-methylhydroxyamino-
sym-triazine gave a value 3—4 times less than in the
initial substance. A determination of the molecular
weight of the product by the isothermal boiling method
[10] also gave an approximately four-fold value. The
coloration with ferric chloride was less intense. All
this permits the deduction that in this case linear
thermal polycondensation takes place with the splitting
out of hydrogen chloride as the result of an intermole-
cular reaction of the chlorine atom with the hydroxyl
of the amino group in the following way:
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Under the reaction conditions that we studied, the
polycondenstation reaction leads to the formation of a
mixture of tri- and tetramers. It was impossible to
carry out dimerization. The polycondensation process
easily proceeds further, The liberated hydrogen chlo-
ride catalyzes this process. In the presence of small
amounts of phosphoric acid, intermolecular condensa-
tion takes place even at room temperature, but more
feebly than on heating.

In their physical properties, the polycondensation
products are sharply distinguished from the initial
compounds. The mixture of tri- and tetramers ob-
tained is stable up to ~250° C and melts at about 300°
C with marked browning. It is sparingly soluble in
organic solvents.

EXPERIMENTAL

2-Chloro-4~diethylamino~-6-N-phenylihydroxyamino-sym-triazine,
In a current of nitrogen at 85° C, 11.5 g (0.05 mole) of 2, 4-dichloro-
6-~diethylamino-sym-triazine in 30 ml of dioxane was added over
20~30 min to a mixture of 0.82 g (0.075 mole) of phenylhydroxyla~
mine in 50 ml of dioxane and 27.2 g (0.02 mole) of CH;COONa * 3H,0
in 50 ml of water. The reaction mixture was heated at 40°=45" C for
2 hr 30 min to 3 hr, cooled, and poured into a double volume of
water. The aqueous dioxane layer was decanted off and the oily resi-
due was treated with ice water; the water was decanted off and then
the product was treated with the minimum amount (~10 ml) of cold
benzene, The addition of pentane (~ 30 ml) to the benzene solution
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precipitated the 2-chloro-4-diethylamino=6-N-phenylhydroxyamino-
sym~triazine, which was filtered off and dried to give 6.8 g (46%) of
practically pure product, mp 96°-98" G, After two reprecipitations
from chloroform with n-pentane, mp 98°=99° C (decomp. ). Found,
%: G 53.14, 53,30; H 5,36, 5.74; Cl 12.35, 12.45; N 24,08, 24,12,
Calculated for CyyHCINGO, %; C 53.15; H 5.49; Gl 12,07; N 28,84,

2-Chloro~4-di-n-propylamino-8-N-phenylhydroxyamino-sym-
triazine. In a cwrrent of nitrogen at room temperature, 13.6 g (0.1
mole) of CH;COONa - 3H,0 in 35 ml of water was added to a solution
of 6,25 g (0.025 mole) of 2, 4-dichloro-6-di-n-propylamino-sym-
wiazine in 20 ml of dioxane, the pH of the medium being ~7. At
35" C, 4.05 g (0.037 mole) of phenylhydroxylamine in 30 ml of diox~
ane was added dropwise over 30 min. The reaction mixture was stirred
at 40°~45" C for 2 hr 30 min to 3 hr and was then cooled and poured
inro a double volume of water. A greenish oil precipitated which
crysiallized on strong cooling (acetone * dry ice). The dirty green
crystals were filtered off and washed on the filter with cold pentane
(~15 ml). After drying in air, 4.36 g (5479 of 2-chloro-4~di-n-
propylamino-6-N-phenylhydroxyamino-sym-triazine was obtained
with mp 99°~100° C (decomp. ). After two recrystallizations from
petroleum ether, mp 1053°~103,5" C. Found, %: C 56.55, 56.67; H
6.40, 6.44, C111.02, 10.67; N 21.66, 21.60. Calculated for
CisH»CINGO, %: C 55.96; H 6.93; Cl 11,02, N 21.76.

After 3 to 4 recrystallizations, the substance became slightly
yellow and its chlorine content fell to 9.23-9.28%,

2~Chloro-4-alkylamino-6-N-methylhydroxyamino-sym-triazines.
In a current of nitrogen, a solution of 2.1 g (0.025 mole) of N-me-
thylhydroxylamine hydrochloride in 5 ml of water at a temperature
of ~10 to ~5" C was neutralized with 2.5 g (0.027 mole) of NaHCO,
in 10 ml of water, the pH of the medium being ~6~7. At 0° C, 4.2
g (0,06 mole) of NaHCO; in 20 ml of water and 6.2 g (0.025 mole) of
2, 4~dichloro-6-isopropylamino-sym-triazine in 35 ml of dioxane
were added simultaneously at such a rate that the pH of the medium
was about 7. Time of addition was about 10 min. The reaction mixture
was stimed at ~2” to +4° G for 1 hr and the slightly grayish precipi~
tate that had deposited was filtered off and washed with distilled water
until it was free from chloride ion (test with AgNO3). The crystals
were pressed out on the filter, dried in the air, and washed with cold
(10° C) petroleum ether to eliminate the initial 2, 4~dichloro-6-iso-
propylamino-sym-triazine, This gave 8.7 g (70%) of 2-chloro-4-iso-
propylamino-6-N-methylhydroxyamino-sym-triazine. Found, %:
C 38.29, 38.40; H 5.21, 5.38; Cl 16.34, 16.46. Calculated for
GrHp,CINO, %: C 38.62; H 5,50; C116.29, On melring with an
open thermometer (Terent'ev apparatus), the substance lost hydrogen
chloride (litmus) at 40°-60° G and this process was pardcularly
vigorous at 120°~150° C; at 220°-230° C, a vitreous substance was
formed which melted with decomposition at 265°~275° C,

Under similar conditions, 2,1 g (0.026 mole) of N-methylhydrox-
ylamine hydrochloride, 4.8 g (0.05 mole) of (NH4),CO;, and 4.85
g {0.025 mole) of 2, 4-d1chloro—6—ethylammo—sym-trlazlne yielded
2 g (4079 of 2-chloro- 4-ethy1ammo 6-N-methylhydroxyamino-sym-
triazine, Purifications at 15° C, 1 g of the crystals was treated with
3 ml of benzene. The insoluble residue was filtered off and it was
repeatedly washed free from traces of the initial compound with cold
benzene (3 mi), giving 0.5 g of 2-chloto-4-ethylamino-G-N—methyl-
hydroxylamino-sym-triazine. Found, %: Cl 17.69, 17.83. Calculated
for Cgt;CIN;O, %: C1 17.41. On melting with an open thermometer
(Terent'ev apparatus), at ~70°'C the substance losthydrogenchloride
(11tmus) and this process took place particularly vigorously at 140° -
170° C. At 295°-300° C the decomposition products resm1ﬂed com-
pletely.
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2-Chloro-4-isopropylamino-6-hydroxyamino-sym-triazine, Under
similar conditions, 5.2 g (0.025 mole) of 2, 4-dichloro-6-isopropyla-
mino-sym-triazine, 1.75 g (0.025 mole) of hydroxylamine hydro~
chloride, and 6.4 g (0.075 mole) of NaHCO, yielded 1.9 g (407) of
2-chloro-4-isopropylamino-6-hydroxyamino-sym-triazine. After the
end of the reaction, the mixture was extracted with benzene at room
temperature (3 X 15 ml); a small amount of white precipitate at the
boundary of the two phases was filtered off, The product was precipi~
tated with petroleurn ether (2 volumes). For analysis, this reprecipita-
tion in the cold (5° C) was repeated 3-5 times. On melting with an
open thermotneter (Terent'ev apparatus), the 2-chloro-4-isopropyla=
mino-6-hydroxyamino- sym-triazine foamed without melting at 115"~
120° C and evolved hydrogen chloride vigorously at 120°-140° C,
Found, %: Cl 17.05, 16.96, Calculated for CgH;yCINgO, %: Cl 17.41.

Thermal polycondensation of 2~ chloro~4-isopropylamino-6-N-
methylhydroxyamino-sym~wiazine, 2-Chloro-4~isopropylamino-6=-N-
methylhydroxyamino-sym-~triazine (0.62 g) was heated for ~2 tir in a
thermostat at 50° C, then for 3-4hr in a silicone bath at 110°~115° C,
and then for about 4 hr at 135°=140° C until the evolution of hydrogen
chloride ceased (test with litmus). This gave 0.54 g of fainily yellow-
ish crystals which vitrified at 220°~230° C and melted with pronounced
browning at 265°-275" C, Found, %; C1 5,48, 5.35; mol. wt, 564 *
£ 30, Calculated, %: Cl16.12; mol, wt. 5795 (for the trim
Cy1HzaClINy 5 O3);:C14.67%; mol. wt. 760.5(for the tetramer CygHysCIN, (O,).
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