
CHEMISTRY OF HETEROCYCLIC COMPOUNDS! 585 

s-TRIAZINES 

VI. Synthesis of N-Monoalkyl-Substituted Guanamines, Containing Fluoroalkyl 
Radicals, and Some of Their Reactions* 

A. E. Kretov and A. V. Davydov 

Khimiya GeterotsiklicheskLkh Soedinenii, Vol. 3, No. 4, 734-738, 1967 

UDC 547.87.07:543.422.47+547.221 

The reaction of tetrafluoroethylene, trifluorochloroethylene, and per- 
fluoropropene with methyl-, ethyl-, cyclo- hexyl- and a11ylguanidines 
in dimethylformamide is investigated, and is shown to give N-mono- 
alkyl-sub~ituted guanamines containing CF2 H, CFCIH, and CF3CFH 
radicals, and hydrofluorides of alkylguanidines and alkylamines. A 
mechanism for the reaction is proposed. To confirm the structures of 
the guanamines, IR spectra of the most important compounds are 
given. Cyanoethylation and chlorination of some guanamines are in- 
vestigated. 

2-Alkyl  ( a ry l ) -4 -  a m i n o - 6 - a l k y l a m i n o -  s - t r i a z i n e s  
a re  used as e o r r o s i o n  inhibi tors ,  phys io logica l ly  
act ive  compounds,  and p o l y m e r s .  Most  of the de r i va -  
t ives of this  type a re  syn thes ized  by the r eac t ion  be-  
tween a lkyl(aryl )guanidines  and carboxyl ic  acids [2], 
their  anhydr ides  [3], acid ch lor ides  [4-6] ,  and e s t e r s  
[7-9] ,  as  well as  by reac t ion  of a lkylcyanoguanidines  
with va r ious  n i t r i l e s  [10]. The l i t e r a tu re  a lso  de sc r ibe s  
a method based on fusing 2 -a lky l -4 ,  6 - d i a m i n o - s - t r i a -  
z inc with amine hyd roch lo r ides  [11]. 

N-Subst i tu ted guanamines  containing f luoroalkyl  
g roups  a re  of  cons ide rab le  in te res t ,  s ince the s t r ong -  
ly e lec t roph i l i c  r ad i ca l  in the molecule  cons ide rab ly  
modi f ies  the na tu re  of  the two amino groups,  which 
can be turned  to account  in synthet ic  work .  Known 
compounds  of  this  type synthes ized  by the Rackman  
method [12] a r e  2 - f l u o r o a l k y l - 4 - a m i n o - 6 - a l k y l ( a r y l )  
a m i n o - s - t r i a z i n e s  [13,14], as  well as  6 - c y c l o h e x y l -  
amino-  and 6 - p t p e r i d i n o - 2 - t r i f l u o r o m e t h y l - 4 - a m i n o -  
s - t r i a z i n e s  [15]. 

By analogy with a p rev ious ly  desc r ibed  method 
[16], we have developed a s imple  synthes is  of  N- 
mono-subs t i tu ted  guanimines  containing f luoroalkyl  
g roups  f r o m  monoalkyl -subs t i tu ted  guanidines and 
r  Monoalkylguanidines a re  bases  as s t rong  
as guanidine i t se l f  [17], consequent ly  r  r e a c t  
with them to give der iva t ives  of  the s - t r i a z i n e  s e r i e s  
(H), hydrof luor ides  of  monoalkylguanidine,  and an 
a lkylamine.  

--HF 
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X~F, El, CFa 
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Forma t ion  of  II via I is demons t r a t ed  in the work  
o f  Knunyants and coworke r s  [18]. The s t r u c t u r e  of 
II  c l e a r l y  shows that  f ree  amino groups  pa r t i c ipa te  in 
the pa r t i cu l a r  r eac t ion .  If an a lkylamino group pa r t i -  
cipated in the reac t ion ,  mig ra t ion  of  the alkyl group 
on the r ing  n i t rogen would be h indered.  

CF~H--C//N\C =NIl -RNH 2 CF,H--C~ N\C--NH~ 
\ N . R  - - - -  " I II " 

R--N~ C__NH2 R--N,, C/N 
il "'N." E( 
NI[ NIl 

*For  P a r t  V see  [1] 

In e v e r y  case  r eac t i on  of monalkylguanidines  with 
r  is  accompanied  by g rea t  evolution of  heat .  

Compound 

Chlorination Produc t s  f r o m  Ouanamines 

. , , .  _ _  

Found % 
Mp, 
~ 

67--68 

30--31 

73.5-- 
74.5 

75--76 

Formula 

CsH4CIsF~N5 

C6H6CIsF~N5 

C#M4CI,FNs 

Cz0HIsCI~F2N, 

CI CI F 
(act)  

]7,5 747 13.7 

36.0 71.I 12.8 

47.4 70.3 6.3 

23-3 44.3 II.~ 

N CI 

25.3 38.1 

242 36.4 

23.6 48,2 

22.1 225 
I 
L 

2 -Difluor omet hyl-4-dlchloro- 
amino-6-chlor omethyl lmino-  
s-triaz/ne 
2-Difluoromethyl-4-diclll0to- 

amino-6-ehlofo ethytsmino-s- 
triazine 

2.Fluorochloromethyl-4- 
diehloroamino-6-chloromethyl- 
amino-s-trhtzlne 

2.Dlfluoromethyi.4-dlehloro. 
amino-6-cyclohexylamlno-s- 
triaztne 

Calculated, % 

(act)' i 
CI F ' N 

76,2 

72.8 

72.01 

45.4 

3.6 1 25.2 

3.0 24.0 

64 123.7 

12.2 225 
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IR spectra: 
1) 2-Difluoromethyl- 4- amino-6-methylamino- s- 
triazine (HI); 2) 2-difluoromethyl-4-amino-6-ethyl- 
amino-s-triazine (IV); 3) 2-fluorochloromethyl-4- 

amino-6-methylamino- s-triazine (17). 
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If m o n o a l k y l g u a n i d i n e s  r e a c t  w i t h  t e t r a f l u o r o e t h y l e n e  

to  g i v e  q u a n t i t a t i v e  y i e l d s  o f  s - t r i a z i n e s ,  w i t h  t r i -  
~ l u o r o c h l o r o e t h y l e n e  and  in p a r t i c u l a r  p e r f l u o r o p r o -  

p e n e ,  r e a c t i o n  i s  c o n s i d e r a b l y  c o m p l i c a t e d  by  e x -  

t e n s i v e  r e s i n i f i c a t i o n ,  l o w e r i n g  the  y i e l d s  of  t h e  end  

p r o d u c t s .  The  s t r u c t u r e s  of  t h e  s - t r i a z i n e s  s y n t h e -  

s i z e d  a r e  a l s o  s h o w n  b y  t h e  IR s p e c t r a . *  T h u s  w i t h  

t h e  l i t  s p e c t r a  of  c o m p o u n d s  KI, IV and V ( f igure )  

b a n d s  a t  790 and  1500 c m  -1 a r e  a s s i g n e d  to  t he  t r i a -  

z i n c  r i n g ,  and the  o c c u r r e n c e  of  b a n d s  in  t h e  1 6 2 0 -  

1660 and 3 2 0 0 - 3 4 0 0  c m  -1 r e g i o n s  c l e a r l y  s h o w  t h e  

p r e s e n c e  o f  an a m i n o  g r o u p .  B a n d s  a t  1 1 4 0 - 1 2 0 0  c m  -1 

c a n  be  a s s i g n e d  to  ~ N H  g r o u p s .  A b s o r p t i o n  b a n d s  a t  

abou t  1350 c m  -1 c o r r e s p o n d  to m e t h y l  g r o u p s .  

It w a s  p r e v i o u s l y  s h o w n  t h a t  g u a n a m i n e s  c o n t a i n i n g  

CF3, CF2 H, and  CF2C1 r a d i c a l s  a r e  r e a d i l y  c y a n o e t h -  

y l a t e d  to  g ive  q u a n t i t a t i v e  y i e l d s  o f  t e t r a c y a n o e t h y l  

d e r i v a t i v e s  [19]. It w a s  o f  i n t e r e s t  to  s h o w  h o w  t h e  

p r e s e n c e  o f  a lky l  g r o u p s  a t  t h e  a m i n o  g r o u p  i s  r e -  

f l e c t e d  in  t h e  r e a c t i o n  of  c y a n o e t h y l a t i o n  o f  2 - p o l y -  

f l u o r o a l k y l - 4 - a m i n o - 6 -  a l k y a m i n o -  s - t r i a z i n e s  �9 C y -  

a n o e t h y l a t i o n  w a s  s t u d i e d  w i t h  2 - d i f l u o r o m e t h y l - 4 -  

a m i n o - 6 - m e t h y l ( e t h y l ,  a l l y l ) a m i n o - s - t r i a z i n e s .  It 

w a s  s h o w n  t h a t  t h e  f i r s t  two  of  t h o s e  c o m p o u n d s  a r e  

r a p i d l y  and q u a n t i t a t i v e l y  c y a n o e t h y l a t e d  e v e n  a t  

r o o m  t e m p e r a t u r e ,  and t h a t  i n c r e a s i n g  t h e  t e m p e r a -  

t u r e ,  o r  d e c r e a s i n g  t h e  a m o u n t  of  c a t a l y s t  l e a d s  to  

r e s i n i f i c a t i o n  and d e c r e a s e  in  y i e l d .  I n t r o d u c t i o n  of  

a m e t h y l  o r  e t h y l  g r o u p  g r e a t l y  a c c e l e r a t e s  c y a n o e t h -  

y l a t i o n ,  bu t  on p a s s i n g  to  t he  g u a n a m i n e  w i t h  an a l l y l  

g r o u p ,  c y a n o e t h y l a t i o n  cou ld  no t  in  g e n e r a l  be  e f f e c t e d .  

A s t u d y  w a s  a l s o  m a d e  o f  t h e  h a l o g e n a t i o n  o f  N -  

m o n o a l k y l g u a n a m i n e s  c o n t a i n i n g  f l u o r o a l k y l  r a d i c a l s .  

T h e i r  c h l o r i n a t i o n  in  a q u e o u s  s o l u t i o n  in  t h e  p r e s e n c e  

o f  s o d i u m  b i c a r b o n a t e  t a k e s  two  h o u r s  a t  2 - 1 0  ~ , to  

g i v e  a h i g h  y i e l d  o f  N~,N 4, N ~ - t r i c h l o r o - s u b s t i t u t i o n  

p r o d u c t ,  w h i l e  t h e  2 - d i f l u o r o m e t h y l - 4 - a m i n o - 6 - c y c l o -  

h e x y l a m i n o - s - t r i a z i n e  g i v e s  N 4, N 4 - d i c h l o r o - s u b s t i t u  - 

t i o n  p r o d u c t .  

E X P E R I M E N T A L  

Monoalkylguanidines containing methyl, ethyl, and allyl radicals 
were prepared as described in the literature [20]. 

Cyclohexylguanldine. A mixture of 1,2 mole cyclohexylamine 
hydrochloride and 1 mole cyanoguanidine was heated at 150 ~ until 
it became molten (30 rain), then held at 180 ~ for 3-3.5 hr. Then it 
was taken up in a small amount of EtOH, and filtered, the filtrate 
cooled, and excess ether used to effect preciptation. The operation 
was repeated 2-3 times, to give a 40% yield of pure cyclohexylguan- 

tdine hydrochlortde. 
2-Difluoromethyl-4-amino-6-methylamino-s-triazine. 36.5 g 

(0,5 mole) Methylguanidine and 100 ml dimethylformamide were 
put in a four-necked 150 ml flask, fitted with stirrer, thermometer, 
and gas inlet and outlet tubes, heated to 70% and dry tetrafluoroethy- 
lene bubbled in with vigorous stirring, The supply of tetrafluoroethy o 
lene was controlledso that the temperature stayed at 70-80 ~ and it 
was stopped when the temperature fell to 50 ~ The precipitate (20.9g) 
of mixed hydrofluorides of methylguanidine and methylamine was 
filtered off, the filtrate left for 24 hr, then the solvent distilled off 

* T h e  s p e c t r a  w e r e  d e t e r m i n e d  by  E,  N. B o i t s o v ,  

w i t h  a U R - 1 0  i n s t r u m e n t ,  a f t e r  t a b l e t i n g  w i t h  K B r .  

under vacuum, 50 ml Water was added to the pasty residue, and the 
crystals that precipitated were filtered off, washed with water and re- 
crystallized twice from water, yield 16 g (55~ white crystals, 
readily soluble in boiling water, dimethylformamide, MeOH, aceton- 
itrite, and aqueous acids, mp 172-173 ~ (ex water). Found: C 34.05; 
H4.10; F 21.30; N40.50% , calculated forCsHTFzN~: C 34.28; 
H 4.00; F 21.71; N 40.00%. 

2-Difluoromethyl-4-amino-6-ethylamino-s-triazine. The same 
flask was filled with 43.5 g (0.5 mole) ethylguanidine and 100 ml 
dimethylformamide, and the tetrafluoroethylene bubbled in at 100 ~ �9 
The precipitate of hydrofluorides of ethylamine and ethylguanidine 
(28 g) was filtered off, and white crystals separated from the filtrate. 
They were purified by dissolving in 10% HC1, boiling with decoIor- 
izing carbon, and making slightly alkaline with 10% NaOH. The 
crystals precipitated were filtered off, yield 15 g (51%), mp 119.5- 
120.5 ~ (ex water). Found: C 88.40; H 5.00; F 20.25; N 36.70%, 
calculated for CsHsF2N~: C 38.10; H 4.76; F 20.01; N 37.10%. 

2-Difluoromethyl-4-amino-6 -cyelohexylamino-s-triazine. The 
same flask was filled with 22 g (0.155 mole)cyclohexylguanidine and 
40 ml dimethylformamide, and tetrafluomethylene bubbled in at 
80-90 ~ 100 ml water added, and the whole left for 24 hr. The 
crystals that precipitated were filtered off, yield 5.6 g (45%), mp 
147-148 ~ (ex aqueous EtOH), Found: F 15.59; N 29.15%, calculated 

for C10HlsF~Ns: F 15.63; N 28.30~o. 
2-Difluoromethyl-4"-amino-6-allylamino-s-triazine. The same 

flask was filled with 45.5 g (0.46 mole) allylguanidine and 100 ml 
dimethylformamide, and the tetrafluoroethylene introduced into the 
mixture at 50 ~ . Immediately after completion of the reaction, the 
products were poured into 200 ml water and the whole left for 24 hr. 
The crystals that came out were filtered off, and recrystallized twice 
from a mixture of 50 ml MeOH and 200 ml water, yield 14.4 g (47~ 
mp 137-138 ~ . Found: F 18.97; N34.83%, calculated forC7H9F2N5: 
F 18.93; N 34.32N. 

2-Fluomchloromethyl-4-amino-6-methylamino-s-ttiazine. The 
same flask was filled with 36.5 g (0.5 mole) methylguanidine and 150 
ml dimethylformamide. Trifluorochloroethylene diluted with an equal 
amount of nitrogen was passed into the mixture at 30-40 ~ when 
marked resinification occurred. The crystals of hydro fluorides were 
filtered off, and solvent vacuum distilled off from the filtrate at a 
temperature not over 45 ~ 100 ml water was added to the oil residue 
and the whole kept for 48 hr at 0 ~ The crystals were then filtered 
off and dissolved in a minimum amount of 10% HC1, and the solution 
was boiled with decolorizing carbon and neutralized with 10% NaOH. 
The white crystals were separated off and carefully washed with water 
to remove NaC1, yield 6.5 g (21%) mp 148.5-144.5 ~ Found: 
31.22; Cl17.80; F 9.60; N 36.12%, calculated forCsHvC1FN5: 
C 31.34; Cl 18.52; F 9.92; N 38.52%. 

2-Fluorochloromethyl-4-amino-6-ethylamino-s-triazine. The 
same flask was filled with 43.5 g (0.5 mole) ethylguanidine and 250 
ml dimethylformamide. Trifluorochloroethylene diluted with nitrogen 
in the ratio I : 1 was bubbled into the solution at 20-30 ~ The crystals 
that precipitated (18.9 g) were filtered off, and the solvem vacuum 
distilled off from the filtrate at 45 ~ The dark oil that remained was 
dissolved in 10% HCI, and the solution was boiled with decolorizing 
carbon. Neutralization with 10o]o NaOH then precipitated an oii, 
which on standing crystallized to give white crystals. The operation 
was repeated 3 times mp 130.5-131.5. Found: C1 17.00; F 9.15; N 
83.75%, calculated for CsHsC1FN~: C1 17.25 ; F 9.25; N 34.08~ 

2 -Fluorochloromerhyl'.4 -amlno-6 -eyelohexylamino -s-triazlne. 

The same flask was filled with 19 g (0.135 mole) cyclohexylguanidine 
and 100 ml dimethylformamide, and trifluorochloroethylene was 
bubbled in at 30-40 ~ Then the crystals were filtered off, and solvent 
vacuum distilled off from the filtrate at 45 ~ The residual oil was 
dissolved in 10% HC1, boiled with decotorizing carbon, and neutral- 
ized with 40% KOH. On standing the oil that precipitated gave white 
crystals, recrystallized thrice from 50~ aqueous MeOH, mp 136.5- 
138.5% Found: C1 13.15; F 7.52; N 27.25%, calculated for C~0Hs 

C1FNs: C1 13.70; F 7.35; N 27.00~ 
2- (a -H~lmp~f luomethy l ) -4 -amino-6  - ethylamino-s-triazine. 

The same flask was filled with 26.1 g (0.3 mole) ethylguanidine and 
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'200 ml dimethylformamide, and perfluoropropene passed into the 
solution at 30-40*. The crystalline precipitate was filtered off, and 
solvent vacuum distilled off at 45*, after which vaccum distillation 
of the residual oil gave a cut with bp 134-140" (1 mm), from which 
white crystals separated out on standing, mp 114.5-115.5 ~ (ex water). 
Found: C 35.45; H 4.42; F 31.26; N 29.52~o, calculated for 
CTHgF4Ns- C 35.14; H 3.76; F 31.80; N 29.29%. 

Chlorination of guanamines. (table). A mixture of 0.025 mole of 
the desired guanamine, 5 g AcONa, and 70 ml water was vigorously 
stirred and cooled (5-10") while chlorine was passed in for 2 hr. The 
next day the precipitate was filtered off, dried, and crystallized 
twice from dichloroethane. In a number of cases the chlorination 
products came down as an oil which crystallized on keeping. 

Cyanoethylation of 2-difluoromethyl-4-amino-6-methylamino-s- 
txtamine, 19 ml Acrylonitrile was added dropwise to a constantly 
stirred solution of 4 g (0.023 mole)-2-difluoromethyl-4-amino-6- 
methylamino-s-triazine tn 50 ml dimethylrormamme, and the pro- 
duct left for a few days at room temperature. The solvent was com- 
pletely vacuum distilled off, and the residue treated with water, 
after which the crystals were separated off. 

Cyanoethylation of 2-difluoro-4-N-methyl-B-cyanoethyl-B-N-di- 
S-cyanoethyl-s-triazine. Yield 5.5 g (76%), mp 93.5-94.5* (ex 
water). Found: C 50.8; H 5.0; F 11.9; N 31.1%, calculated for 
C14Hj~F2N8: C 50,3; H 4.8; F 11.4; N 33.6~ 

2 -Difluommethyl - 4 -N - ethyl-8- cyanoethyl- 6 - N - di- 8- cyanoethyl- 
s-triazine. This was synthesized similarly, mp 80-81" (ex water), 
yield 65~ Found: C 50,8; H 5.0; F 11.9; N 31.1%, calculated for 
ClsH18F2Ns: C 51.7; H 5.2; F 10.9; N 32.1%. 
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