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The synthesis of varioml/5-substituted propionimidic esters has been 
effccted and the conditions of their conversion into the corresponding 
2,4,6-triethyl-sym-triazine derivatives have been studied, 

Recent ly ,  a n u m b e r  of authors  have  d e s c r i b e d  the 
p r e p a r a t i o n  of s o m e  subs t i tu ted  s y m - t r i a z i n e s  by the 
t r i m e r i z a t i o n  of the c o r r e s p o n d i n g  imid ie  e s t e r s  in 
the p r e s e n c e  of t h e i r  h y d r o c h l o r i d e s  [1,2]. In the 
p r e s e n t  work, we have s tudied the poss ib i l i t y  of using 
this method for  the syn thes i s  of d e r i v a t i v e s  of s y m -  
t r i a z ine  in which the funct ional  groups  a r e  s e p a r a t e d  

f r o m  the r ing  by a chain of two me thy lene  groups .  
F o r  this purpose  as the s t a r t i ng  m a t e r i a l s  we have 
used  /? -subs t i tu ted  p rop ion imid i c  e s t e r s  obtained f r o m  
a c r y l o n i t r i l e  in the fol lowing way: 

Rtt HCI 
CH2=CH--CN ' R--CH2CH2CN RCH " C~ Hr 2CHCNoc H - 

a . 2 5 
I II I l l - I X  

N~H~ CH2R 

~CH2CH2A~/- '~CH2Cl t2R 

X-XY 

The synthesis of the substituted propionitriles (II), 

which were known previously, was effected by the 
cyanoethylation of the corresponding reactants [3, 4]. 
The propionimidic esters III-IX were obtained by 
Pinner's method [5] by the action on the nitrile II of 

the ca lcu la ted  amount  of d ry  hydrogen ch lo r ide  in the 

p r e s e n c e  of absolu te  ethanol  (Table  1). 
A study of the t r i m e r i z a t i o n  of the imid i c  e s t e r s  

I I I - I X  showed that  i t  takes  p lace  c o m p a r a t i v e l y  r e a d -  
i ly only in the case  of the imid i e  e s t e r s  having alkoxy 
and alkyl thio groups ;  the t r i a z i n e s  XI, XII, and XV 
obtained f r o m  them (Table  2) undergo  f r ac t iona t ion  
without decompos i t i on  and a re  c o m p l e t e l y  s table  sub-  
s t a n c e s .  The  imid ie  e s t e r  III t r i m e r i z e s  without the 
pa r t i c ipa t ion  of its h y d r o c h l o r i d e s  as ca ta lys t ,  but 

the t r i a z i n e  X f o r m e d  f r o m  it  d e c o m p o s e s  on heat ing.  
The  n o n c r y s t a l l i z i n g  t r i a z i n e s  XIII and XIV do not 

T d is t i l l ,  e i ther ,  undergoing f a r - r e a c h i n g  changes  on 
heating,  and t h e r e f o r e  they w e r e  obtained in the pure  
f o r m  by column c h r o m a t o g r a p h y  on a lumina .  

The  imid ic  e s t e r  IX, conta in ing a d ie thy lamino  
group,  t r i m e r i z e s  in v e r y  s m a l l  amounts  (with p r o -  
nounced r e s in i f i ca t ion ) .  The  p r e s e n c e  in the r e a c t i o n  
p roduc t s  of the t r i a z i n e  c o r r e s p o n d i n g  to it  can be 
judged only f r o m  the IR s p e c t r a .  

We expla in  the e a s e  with which the t r i a z i n e s  X, 
XIII, and XIV undergo  change under  the inf luence  of 
heat ing by the p r e s e n c e  in the s ide  chain of p ro tona ted  
a - h y d r o g e n  a toms  capable  of f o r m i n g  r e a d i l y  poly-  
m e r i z e d  vinyl  d e r i v a t i v e s  of t r i a z i n e  [6, 7]. 

To c h a r a c t e r i z e  the compounds obtained in the 

p r e s e n t  work  and a l so  the c o m p l e t e n e s s  of the i r  r e -  
ac t ions ,  in addi t ion to ana ly t i ca l  methods  the use  of 
IR s p e c t r a  p roved  e x t r e m e l y  convenient .  Thus,  the 

Tab le  1 

~NH 
Imid i e  E s t e r s  ~c.~c.oC\oc. 

" 2 5 

Com- 
pound 

Ill 

IV 

V 

VI 

VII 

VIII 

IX 

OH 

I CHaO 

i 

C2HsO 

HOC2H40 

CIC2H40 

C~HsS 

(C2H~)2N 

Bp, ~ (pressure, mm) 

Does not distill* 

34--35 (3) 

49 (4) 

Does not distill 

Does not d i s t i l l  

77--79 (3) 

53 -55 (I) 

Mp of t h e  

h y d r o -  /ohl%d~ 

60--65 

65--68 

59--65 

Oil 

Oil 

75--77 

Oil 

dfl ~ 

1.0068 

0.9342 

0.9227 

1.0009 

1.0963 

0.9906 

i 
0.89,50 

i 

nD 2~ 

1.4560 

1.4170 

1.4200 

1.4370 

1.4600 

1.4790 

1.4390 

Empirical formula 

CsHnNO~ 

C6HI3NO2 

CTHIsNO~ 

CTHIsNO3 

C7HI4CINO2 

CrH~sNOS 

C9H~oN20 

N,% 

f o u n d  c a l c u l a t e d  

12.35 12.01 

10.70 10.72"* 

9.66 10.05 

8.88 8.70 

7,53 7.79 

8.40 8.66 

14.85 16.26"** 

M R  n 

f o u n d  

31,590 31,134 

35.870 35.260 

39,850 40,488 

42.014 [ 41.860 
! 

45.000 45.355 

46.191 46.918 

51.671 J 53.021 

c a l c u l a t e d  

*Mp 42.0-42.8"C. 
**Found, %: C 54.79; H 9.96. Calculated, %: C 54.9; H 9.98. 

***Found,  %: C 62.72; H 11.79. Calculated, %: C 62.84; H 11.72. 

Yield, 
% 

68,4 

70.5 

86.7 

64,7 

76.6 

75.95 

75.40 



CHEMISTRY OF HETEROCYC LIC COMPOUNDS 407 

conversion of the substituted propionitriles If into the 
corresponding imidic esters is readily followed 
(Fig. i) by the fall in the absorption of the nitrile 

group (2200 cm -I) and the appearance of the absorp- 
tion band of an imino group (1650 cm-1); the trimeri- 
zation of the imidie esters is accompanied by the 
appearance of a band at 1550 cm -i which is charac- 
teristic of the triazine aromatic system (Fig. 2). 

E X  P E  RIlVI E N T A  L 

$-Chloroethoxypropionitrile. With stirring, 80.5 g (~1 mole) of 
ethylene chlorohydtin was added over 30 rain to a mixture of 53.0 g 
(~1 mole) of acrylonitrile and 4.0 g of caustic soda in 4 ml of 
water, the temperature of the mixture rising to 40-45~ It was 
stirred for an ho~,  after which the precipitate that had deposited 
was filtered off and the filtrate was fraedonated. This yielded 80.1 g 
(60.0%0) of $-chloroethoxypropionirxile with bp 110-115~ (55 ram). 
Found, %0: N 10.30, 10.26. Calculated tbr CsHsCINO , %: N 10.47. 

B-Hydroxypropionimidic ester (III). With dry-ice cooling a mix- 
lure of 7.10 g (1.0 mole) of eNylene eyanohydrin and 55.2 g 
(1.2 mole) of ethanol was saturated with hydrogen chloride until the 
increase in weight was 40.2 g (1.1 mole). The reaction mixture was 
left at 0 ~ C until it had crystallized completely. The crystals were 
filtered off, washed with dry ether, and dried in vacuum. This gave 
145.2 g (%.0%) of the hydrochloride of the imidic ester III with 
mp 57-60~ Found, %: N 9.20, 9.34. Calculated for CsHIzCINO2, 
%: N 9.16. 

To liberate the free base, 38.25 g (0.25 mole) of the hydro- 
chloride in 200 ml of methylene chloride was mixed with a solution 
of 10 g (0.25 mole) of caus~c soda in a five-fold amount of water 
and the aqueous layer was extracted with another 200 ml of meth- 
ylene chloride. The extrac~ were combined and dried with mag- 
nesium sulfate. After the solvent had been distilled off, the imidic 
ester was trimerized without further purification. The imidic esters 
IV and VIII were also obtained by this method. In the synthesis of 
the imidic ester IX, a double amount of hydrogen chloride was used 
to form its dihydrochloride and a douhle amount of caustic soda to 
decompose the dihydrochloride obtained and liberate the free base. 

2,4,6-Tlis(B-hydroxyethyl)-sym-triazine (X), A mixture of 11.7 g 
(0.1 mole) of the imidic ester III and 0.23 g (1.5 mmole) of its hydro- 
chloride was stirred for 2 days at room temperature with the ethanol 
being distilIed off periodically. After the end of the reaction, the 
product was treated with absolute ether and the part insoluble in the 
ether was separated off and dried in vacuum. This gave 4.5 g (62.7%) 
of the rriazine X. For analysis, the substance was purified by chro- 
matography in a column of alumina of activity grade II. 

2,4,6-Tris(13-methoxyethyl)-sym-~lazine (XD, A mixture of 
13.1 g (0.1 mole) of the imidie ester IV and 0.5 g (3 mmole) of its 
hydrochloride was stirred at 40 ~ C for two days with the alcohol being 

periodically distilled off in vacuum. Vacuum distillation of the 
reaction mixture yielded 4.9 g of the initial imidic ester IV and 
3.18 g (59.2%) of the triazine XI with bp 130-132~ (2 mm). 
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Fig. I. IR spectra: i) fl-ethoxypropionitrile; 

2) fi-ethoxypropionimidie ester (VI); 3) 2,4,6- 
tri- ( fi-ethoxyethyl)-sym-triazine. 

2,4,6-TrB(g-ethoxyethyl)-sym-trlazlne (XII). A mixture of 14.5 g 
(0.1 mole) of the imidic ester V and 0.7 g (8.9 mmole) of its hydro- 
chloride was stirred at room temperature for 16 hr and at 70-80~ 
for 3 hn Vacuum distiIlation of the reaction mixture yielded 8.0 g 
of the initial imidic ester V and 2.2 g of the triazine XII, boiling at 
150~ ~ C (2 ram). 

2,4,6-Trls(B-hydroxyethoxyethyl)-sym-tdazine (XIII). A mixture 
of 16.1 g (0.1 mole) of the imidic ester VI and 0.6 g (3 remote) of 
its hydrochloride was left at room temperature for 5 days. Then it 
was treated in a similar manner to that described in the preceding 
experiment. The yield of unpurified triazine XIII was 7.6 g (66.3%). 

Com- 
poundl 

X 

XI 
Xll 

XIII 

XIV 

XV 

Triazines 

i Bp, ~ (pres- 
R I sur~, mm) 

i 

OH I Does not distill 

CH30 130--132 (2) 
C2HsO 150--152 (2) 
I-IOC2H40 Does not distill 

I oil 
{ 

C1C~H40 i Doesnot dtstdl. 
I I ge l  

i 
C2HsS i 216--218 (2) 

n D2o I 

1.5300 

1:45  
1.4808 

1.4943 

1.5483 

T a b l e  2 

N ~  CH2R 

RCH,CH/N~/J'xC H2C H2 R 

Empirical Found, % 
formula C { H i N 

C• _, % 

C H I N [ 

C9HIsN303 5~221 8~ 193 
CI2H21NsOa ! 6. 6 16.06 
ClsHzTNsOa i - -  - -  ~13.90 
CIsH27N306 - -  --  11.8 

QsH2~ClaNaOa!44.96 ' 6.08 10.44 

CIsH27NaSa --  --  [12.53 

56.4~ 

44.9~ 

--  19.79 [ 62.7 

82 591 
78.1 

12.21 66 

60 10.53[ 73 

12.22 89.5 

*Yields calculated on the imidic ester that reacted. 
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Fig. 2. IR spectra  of the sym-t r iaz ines  synthesized (the numbers 
of the spectra  correspond to the numbers of the compounds given 

in the text). 
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For analysis, the substance was purified by chromatography in a 
column of alumina of activity grade If. 

2,4,6-Tris[2-~-chloroethoxy)ethyl]-sym-ulazine (XIV). 17.9 g 
(0.1 mole) of the imidic ester VII was mixed with 0.6 g (~3 mmole) 
of its hydrochloride. The reaction product was treated as described 
above. The part of the substance insoluble in ether was purified by 
additional heating in vacuum to 180~ in order to eliminate the low- 
boiling components, The yield of the crude triazine XIV was 10.3 g 
(73.1%). For analysis the triazine was purified by chromatography 
on a column of alumina of activity grade II. 

2,4,6-Tris[2-C~-ethylthto)ethyl]-sym-triaztne (XV). A mixture 
of 16.1 g (0.1 mole) of the imidie ester IX and 0.3 g (1.5 mmole) of 
its hydrochloride was kept at 40 ~ C for 2 days. Fractionation of the 
reaction mixture gave 2.8 g of the initial imidic ester IX and 8.5 g 
of the triazine XV with bp 214-218~ (2 mm). 

The IR spectra were recorded on a UR-10 spectrometer in the 
range oi frequencies from 400 to 3600 cm "1, a drop of the substance 
under investigation being squeezed between plates of potassium 

bromide. 
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