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The synthesis of 2- alkyl(di:" .]l)amino-4- chloro-sym-ttiazine de- 
rivatives of hydro~damL~e, N-methylhydroxylamine, and N-phenyl- 

�9 5rox~oiamine 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- pheny1(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 p reced ing  inves t iga t ions  [1,2] we have s tudied 
the reac t ion  of 2 - a l k y l ( d i a l k y l ) a m i n o - 4 , 6 - d i c h l o r o -  
s y m - t r i a z i n e s  with alkoxy amines  and have shown that 
in such r eac t i ons  feebly bas ic  alkoxy amines  r ep l ace  
ch lor ine  with the ease  which is genera l ly  c h a r a c t e r -  
i s t i c  only of s t rongly  bas ic  a l iphat ic  amines  [3] and 
fo rm with high y ie lds  comple te ly  s table  2 -a lkoxya -  
m i n o -  4- alkyl (d ia lky l )amino-6-  ch lo ro-  s y m - t r i a z i n e s .  
A s i m i l a r  type of anomaly  for  o ther  cases  has been 
explained by the capaci ty  of compounds conta in ing  a 
mobi le  hydrogen atom for  fo rming  with the molecu le  
of a t r i a z i n e  de r iva t ive ,  a s soc i a t e s  with s t r u c t u r e s  of 
the hydrogen bond or of the " t r i az in ium"  ion types 
[4-7].  

In c o n t r a s t  to the O-a lky lhydroxy lamines  [8], the 
r eac t i on  of cyanur ic  chlor ide  with equ imolecu la r  a-  
mounts  of hydroxy lamine  or  N-me thy l -  and N-phenyl -  
hydroxy lamines  does not stop at the s tage of the r e -  
p l acemen t  of one ch lor ine  atom even when the r eac t ion  
is  c a r r i e d  out under  the mi ldes t  poss ib le  condi t ions:  
at - 15 to - 5  ~ C in a c u r r e n t  of n i t rogen  and in the p r e -  
sence  of an excess  of sodium hydrogen carbona te  or 
sodium acetate .  Under these  condi t ions  a complex mix -  
tu re  is  obta ined of po lysubs t i tu t ion  produc ts ,  of p r o -  
ducts of the hydro lys i s  of the hydroxylamine  d e r i v a -  
t ives  formed,  and of products  of other  s ide reac t ions  
with a total  ch lor ine  content  in the mix tu r e  of 8 -19  %, 
as compared  with the theo re t i ca l  29-36% c o r r e s p o n d -  
ing to the 2, 4 -d ich lo ro  hydroxylamine  de r iva t ives .  An 
a t tempt  to s epa ra t e  the mix tu r e  of products  obtained 
was unsucces s fu l .  

The r e a c t i o n  of N-pheny lhydroxy lamine  with 2- 
d i a lky lamino-4 ,  6 - d i c h l o r o - s y m - t r i a z i n e s ,  in  which 
the ch lo r ine  is deact iva ted  by the p r e s e n c e  of an 
amino group,  takes  p lace  at 40~ ~ C with the r e -  
p l acemen t  of only one ch lor ine  atom to fo rm 2 -c h l o r o -  
4 - d i a l k y l a m i n o - 6 - N - p h e n y l h y d r o x y a m i n o - s y m - t r i a -  
z ines .  

P e r f o r m i n g  the r eac t i on  in an a tmosphe re  of an 
i ne r t  gas (argon,  n i t rogen)  p reven t s  the oxidat ion of 
the N-phenylhydroxy!amine  and the r eac t i on  products  

*For pa r t  IX see [9]. 

by a tmosphe r i c  oxygen and cons ide rab ly  (by about 20%) 
r a i s e s  the y ie ld  of the n o r m a l  r eac t i on  products .  

The r eac t i on  of the m o r e  r eac t i ve  unsubs t i tu ted  
hydroxy lamine  and N-me thy lhydroxy lamine  with 2- 
a lky lamino-4 ,  6 - d i c h l o r o - s y m - t r i a z i n e s ,  unl ike t h a t  
with phenylhydroxylamine ,  takes  p lace  at an anoma-  
lously low t e m p e r a t u r e  of about 0 ~ C and is  comple te  
in 1 h r .  As in  the case  of N-pheny lhydroxy lamine ,  it  
is  impor t an t  to keep the mix tu re  neu t r a l  or  fa int ly  
acid (pH ~8) for  the whole t ime  of the r eac t ion .  

The i n c r e a s e d  r eac t iv i ty  of the hydroxy lamines  in 
r eac t i ons  with subs t i tu ted  s y m - t r i a z i n e s  can be ex- 
p la ined ,  in  our  opinion,  by the fo rma t ion  of hydrogen 
bonds ,  with the par t i c ipa t ion  of the hydroxy group which 
are  s t r o n g e r  than in the case  of the O-a lky lhydroxyl -  
a m i n e s .  The r eac t i on  of 2 - a l k y l ( d i a l k y l ) a m i n o - 4 , 6 -  
d i c h l o r o - s y m - t r i a z i n e s  with hydroxy lamine  can be r e -  
p r e s e n t e d  as a s imul t aneous  at tack of the hydraz ine  
molecu le  at two c e n t e r s .  

In the f i r s t  p lace ,  this is a nucleophi l ic  at tack of 
the n i t rogen  atom in the amine  and in the second place  
it  i s  the r eac t i on  of a f r ee  hydroxyl  with a he te rocyc l i c  
n i t rogen  atom with the fo rma t ion  of an i n t r a m o l e c u l a r  
hydrogen bond: 

E l  

N ~ , N  . . �9 H O  

These  two fac to rs  fac i l i ta te  the sp l i t t ing  out of the 
f i r s t  ch lo r ine  atom and i n c r e a s e  the mobi l i ty  of the 
second.  

The 2- a lky lamino-  4- ch loro-  6- N- methylhydroxy a- 
m i n o - s y m - t r i a z i n e s  and 2 - c h l o r o - 4 - i s o p r o p y l a m i n o -  
6 - h y d r o x y a m i n o - s y m - t r a z i n e s  a re  sol id  c r y s t a l l i n e  
subs t ances  e x t r e me l y  uns tab le  to heat and having no 
defini te  me l t i ng  poin ts .  In view of th is ,  the i r  pu r i f i c a -  
t ion is poss ib le  only by r e p r e c i p i t a t i on  f rom benzene  
so lu t ion  with n - p e n t a n e  and pe t r o l e um ether  in the cold 
or  by washing out the i m p u r i t i e s  with a su i table  solvent .  

The IR spe c t r a  of the  2 - d i a l k y l a m i n o - 4 - c h l o r o - 6 - N -  
p h e n y l h y d r o x y a m i n o - s y m - t r i a z i n e s  a re  given in the 
f igure ,  toge ther  with the s p e c t r u m  of 2 - c h l o r o - 4 - d i -  
n - p r o p y l a m i n o -  6 -me thoxyamino-  s y m -  t r i a z i ne ,  which 
has been  desc r ibed  p rev ious ly  [9], for compar i son .  

A fea tu re  of the spe c t r a  of the 2 - c h l o r o - 4 - d i a l k y l a -  
m i n o - 6 - N - p h e n y l h y d r o x y a m i n o - s y m - t r i a z i n e s  (I and 
II) given in the f igure  is  the absence  in c l e a r  fo rm of 
bands co r r e spond ing  to the s t r e t ch ing  v ib r a t i ons  of the 
OH group.  The spe c t r a  of I and II also lack the bands 
of the s t r e t ch ing  v ib ra t ion  of an NH group, which a re  
p r e s e n t  in  the 3380-3400 cm -1 r eg ion  in  the case  of 
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the me thoxyamino  d e r i v a t i v e  III. C h a r a c t e r i s t i c  fo r  

2- c h l o r o -  4- dialkyl  amino-  6 - N - p h e n y l h y d r o x y a m i n o -  

s y m - t r i a z i n e s  is  an in tense  absorp t ion  band in the 
3000-3500 cm -1 reg ion .  
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IN s p e c t r a  of 2 - c h l o r o - 4 - d i a l k y l a m i n o -  
6- N-phenylhy d roxyamino-  s y m - t r i a z i n e s :  
I) 2 - c h l o r o - 4 -  d ie thy lamino-  6 -N-pheny l -  

h y d r o x y a m i n o - s y m - t r i a z i n e ,  solut ion in 
CC14; I ')  the s a m e ,  KBr  tab le t ;  II) 2- 
ch lo ro -  4-  d i - n - p r o p y l a m i n o -  6- N-pheny l -  
hyd roxyamino-  s y m - t r i a z i n e ,  KBr  tab le t ;  
III) 2- c h l o r o - 4 -  d i - n - p r o p y l a m i n o -  6- 
m e t h o x y a m i n o - s y m - t r i a z i n e ,  solut ion in 

CC14. 

when  a solut ion is  diluted,  one band r e m a i n s  in the 
s p e c t r u m  with a f r equency  of 3250 cm -1 and the s t rong  

absorp t ion  in the r eg ion  of the s t r e t ch ing  v ib ra t ions  of 
CH a l m o s t  d i s appea r s .  Thus,  the band with a f r equency  
of 3250 cm -1 fo r  these  compounds c o r r e s p o n d s  only to 

an i n t r a m o l e c u l a r  hydrogen bond with the pa r t i c ipa t ion  
of the OH group,  and the absorp t ion  in the r eg ion  of 
the s t r e t ch ing  v ib ra t i ons  of the CH group takes  p lace  
through the f o r m a t i o n  of a v e r y  s t rong  i n t e r m o l e c u l a r  
hydrogen bond of the hydroxy group.  

The 2- ch lo ro -  4-  d ia lky lamino-  6- N-phenylhydroxy-  
a m i n o - s y m - t r i a z i n e s  a r e  so luble  at r o o m  t e m p e r -  
a tu re  in di lute so lu t ions  of caus t i c  soda and of s t rong  
m i n e r a l  ac ids  and p r e c i p i t a t e  f r o m  the solu t ions  only 
in the pH range  f r o m  5 to 7. However ,  they a re  so 
l i t t i e  d i s soc i a t ed  that  they can be e x t r a c t e d  with c h l o r -  
o fo rm even f r o m  a cooled  aqueous caus t i c  soda so lu-  
t ion.  With f e r r i c  ch lo r ide  solut ion,  the 2 - c h l o r o - 4 -  
a l k y l ( d i a l k y l ) a m i n o - s y m - t r i a z i n e  d e r i v a t i v e s  of hydrox-  
y l amine ,  N - m e t h y l h y d r o x y l a m i n e ,  and N-phenyl -  
hyd roxy lamine  give dark b l u e - r e d  co lo ra t i ons .  

The mobi l i ty  of the ch lor ine  a tom of the hydrox-  
y lamine  d e r i v a t i v e s  of s y m - t r i a z i n e  is  c o n f i r m e d  by 
the i r  hyd ro lys i s  under  the act ion of 2 N caus t i c  soda 
solut ion,  which takes  p l ace  to the extent  of 75% in half  
an hour  at 35~ ~ C, and also by the t h e r m a l  i n s t a -  
bi l i ty  of the subs t ances .  

The t h e r m a l  lab i l i ty  of the hydroxy lamine  d e r i v a -  

t ives  is shown in an a t tempt  to r e c r y s t a l l i z e  the 2- 
ch lo ro -  4- d ia lky lamino-  6 - N - p h e n y l h y d r o x y a m i n o -  

s y m - t r i a z i n e s  f r o m  boil ing benzene  o r  c h l o r o f o r m .  
In a m o r e  de ta i led  study of the s tab i l i ty  to heat ing 

of the 2- a lky lamino-  4- ch lo ro -  6- N - m e t h y l h y d r o x y a -  
m i n o - s y m - t r i a z i n e s  with the i sop ropy lamino  d e r i v a -  
t ive  as  an example ,  i t  was found that  the compounds  d e c o m -  

pose  at 4 0 - 7 0  ~ C with the l i be ra t i on  of hydrogen  ch lo-  
r ide ,  which b e c o m e s  m o r e  in tense  on ca re fu l  slow 
heat ing at 120~ ~ C (the s l i gh te s t  o v e r h e a t i n g  leads  
to r e s in i f i ca t ion )  and is accompan ied  by foaming .  

The ana ly t ica l  de t e rmina t ion  of the ch lo r ine  con-  
tent in the p roduc t  of the t h e r m a l  decompos i t ion  of 2-  
c h l o r o - 4 - i s o p r o p y l a m i n o -  6 - N - m e t h y l h y d r o x y a m i n o -  
s y m - t r i a z i n e  gave a va lue  3 - 4  t i m e s  l e s s  than in the 
in i t ia l  subs tance .  A de t e rmina t ion  of the m o l e c u l a r  
weight  of the product  by the i s o t h e r m a l  boi l ing method 
[10] also gave an approx ima te ly  fou r - fo ld  va lue .  The 
co lo ra t ion  with f e r r i c  ch lo r ide  was l e s s  in tense .  All 
this p e r m i t s  the deduct ion that in this c a s e  l i n e a r  

t h e r m a l  po lycondensa t ion  takes  p l ace  with the sp l i t t ing  
out of hydrogen ch lo r ide  as the r e s u l t  of an i n t e r m o l e -  
cu l a r  r eac t i on  of the ch lo r ine  atom with the hydroxyl  
of the amino group in the fol lowing way: 

NHI~' 

N&N 40-150: 
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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, intermoleeular condensa- 
tion takes place even at room temperature, but more 
feebly than on heat ing.  

In t he i r  phys ica l  p r o p e r t i e s ,  the po lycondensa t ion  
p roduc t s  a r e  sharp ly  d i s t inguished  f r o m  the in i t ia l  

compounds.  The m i x t u r e  of t r i -  and t e t r a m e r s  ob- 
ta ined is  s tab le  up to ~250 ~ C and me l t s  at about 300 ~ 
C with m a r k e d  browning.  It is  spa r ing ly  so luble  in 
o rgan ic  so lven t s .  

EXPERIMENTA L 

2- Chloro-4-diethylamino-6 - N- phenylhydroxyamino.sym_ triazine. 
In a current of nitrogen at 35 ~ 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 rain 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 CHaCOONa" 3H20 
in 50 ml of water. The reaction mixture was heated at 40~ ~ C for 
2 bx 30 rain 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 (467o) of 
practically pure product, mp 96~ C. After two reprecipitations 
from chloroform with n-pentane, mp 98~ ~ C (deeomp.). Found, 
%: C 53.14, 53.30; H 5.36, 5.74; Ct 12.35, 12.45; N 24.08,24.12. 
Calculated for ClsHlsC1NsO , %: C 53.15; H 5.49; C1 12.07; N 23.84. 

2- Chloro- 4-di-n-propylamino- 6 - N- phenylhydroxyamino-sym- 
triazine. In a current of nitrogen at room temperature, ~3.6 g (0.1 
mole) of CHsCOONa- 3H20 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- 
triazine in 20 mt 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 
into a double volume of water. A greenish oil precipitated which 
crystallized 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, 4.85 g (54~ of 2-chloro-4-di-n-  
propylamino-6-N-phenylhydroxyamino-sym-triazine was obtained 
with mp 99~ C (decomp.).  After two recrystallizatious from 
petroleum ether, mp 103~ ~ C. Found, %: C 56.55. 56.67; H 
6.40, 6.44, C1 11.02, 10.67; N 21.66, 21.60. Calculated for 
C~sH20C1NsO, %: C 55.96; H 6.93; CI 11.02. N 21.76. 

After 3 to 4 recrystallizatious, 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 hydrochlodde in 5 ml of water at a temperature 
of -10  to - 5  ~ C was neutralized with 2.5 g (0.027 mole) of NaHCO 3 
in 10 ml of water, the pH of the medium being ~ 6-7.  At 0 ~ C, 4.2 
g (0.05 mole) of NaHCO s in 20 ml of water and 5.2 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 stirred a t - 2  ~ to +4" C 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 3.7 g (70%) of 2-chloro-4-iso- 
propylamino-6-N-methylhydroxyamino-sym-triazine. Found, %: 
C 38.29, 38.40; H 5.21. 5.38; C1 16.34, 16.46. Calculated for 
C~HIzC1N~O , %: C 38.62; H 5.50; C1 16.29. On melting with an 
open thermometer (Terent'ev apparatus), the substance lost hydrogen 
chloride (litmus) at 40~ ~ C and this process was particularly 
vigorous at 120~ ~ C; at 220o-230" C, a vitreous substance was 
formed which melted with decomposition at 265~ ~ C. 

Under similar conditions, 2.1 g (0.025 mole) of N-methylhydrox- 
ylamine hydroehloride, 4.8 g (0.05 mole) of(NHd)2COs, and 4.85 
g (0.025 mole) of 2, 4-dichloro-6-ethylamino-sym-triazine yielded 
2 g (40%) of 2-chloro-4-ethylamino-6-N-methylhydroxyamino-sym- 
triazine. Purification: 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 ml), giving 0.5 g of 2-chloro-4-ethylamino-6-N-methyl-  
hydroxylamino-sym-triazine. Found, %. C1 17.69, 17.83. Calculated 
for CsHIoCtNsO, %: C1 17.41. On melting with an open thermometer 
(Terent 'ev apparatus), at ~70~  the substance losthydrogenchloride 
(litmus) and this process took place panieularly vigorously at 140 ~  
170 ~ C. At 295%300 ~ C the decomposition products resinified com- 
pletely. 

2- Chloro-4-isopropyl amino- 6 -hydroxyamino- sym- triazine. Under 
similar conditions, 5.2 g (0.025 mole) of 2, 4-dichloro-6-isopropyia- 
mino-sym-triazine, 1.75 g (0.025 mole) of hydroxylamine hydro- 
chloride, and 6.4 g (0.075 mole) of NaHCO 3 yielded 1.9 g (40%) 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 petroleum ether (2 volumes). For analysis, this repmcipita- 
lion in the cold (5 ~ C) was repeated 3-5 times. On melting with an 
open thermometer (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, %: C1 17.05, 16.96. Calculated for CeH10C1NsO , %: C1 17.41. 

Thermal polycnndemation of 2-chloro-4-isopropylamino-6-N- 
methylhydroxyamino-sym- tria zine. 2- Chloro-4-isopropylamino- 6- N- 
methylhydroxyamino-sym-triazine (0.62 g) was heated for ~ 2 hr in a 
thermostat at 50 ~ C, then for 3 -4hr  in a silicone bath at 110~ ~ C, 
and then for about 4 hr at 135~ ~ C until the evolution of hydrogen 
chloride ceased (test with litmus). This gave 0.54 g of  faintly yellow- 
ish crystals which vitrified at 220~ ~ C and melted with pronounced 
browning at 265"-275 ~ C. Found, %: C1 5.48, 5.35; tool. wt. 564 i 
+ 30. Calculated, %: C1 6.12; mot. wt. 579,5 (for the trim 
CzIHsdC1N15 Os) ; C14.67% ;tool. wt. 760.5 (for the tetramer CzsH4sC1N20Od). 
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