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As we have shown [1], in the react ion of a romat ic  hydrocarbons with hexamethylenetetramine in an- 
hydrous hydrogen fluoride at room tempera ture  mainly symmetr ica l ly  substituted hexahydrotr iazines  are 
formed:  
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Since the ion A is a powerful electrophil ic agent, it may be assumed that it will be possible to bring 
about its react ion with olefins. Aminomethylation in acid media has been effected previously on olefins 
with a strongly marked nucleophilic character ,  and it has been described in detail only in the case of ~ -  
methyls tyrene .  With aqueous solutions of formaldehyde and p r imary  amine or  ammonium salts, usually 
substituted 1,3-oxazines [2, 3] are  formed together with piperidinols [4]. With secondary amine salts under 
the same conditions unsaturated t e r t i a ry  amines are formed [2, 5-7]. In individual cases  products  of con-  
jugated aminomethylation have been isolated: amino alcohols [5] or  amino acetates  [6]. 

For  these t ransformat ions  the authors propose the following schemes (schemes at top of next page), 
X @ is the anion of the corresponding acid. 

It was not found possible to bring about the aminomethylation of less  nucleophilic olefins [6]. 

It was found that in presence  of HF hexamethylenetetramine readily condenses with vinylidene ch lo r -  
ide, vinylidene fluoride, and tr i f luoroethylene under extremely mild conditions (5-20 ~ atmospheric  p r e s -  
sure). With tetraf luoroethylene the react ion could be brought about only at 50 ~ under p res su re .  The main 
react ion products  were the corresponding symmet r i ca l  N-(f luoroalkyl)-subst i tuted hexahydrotr iazines  (Ia)- 
(Id) and the propylamines  (IIa) - (IId) :  
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* F o r  Communications 3 and 4 see Zh. Vses.  khim. obshch, ira. D. I. Mendeleeva ll_.z, 354, 356 (1966). 
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(Ib) w a s  o b t a i n e d  as  a mLxture  of c r y s t a l s  and l iqu id .  The l iqu id  p r o d u c t  had  an IR s p e c t r u m  which  
w a s  c o m p l e t e l y  i d e n t i c a l  to tha t  of  the  c r y s t a l l i n e  p r o d u c t ,  and i t  w a s  c o n v e r t e d  into the  c r y s t a l l i n e  f o r m  
on long  s t a n d i n g  and a l so  on d i s t i l l a t i o n ;  on ac id  h y d r o l y s i s  both  s u b s t a n c e s  gave  the  h y d r o c h l o r i d e  of (IIb). 
The  f o r m a t i o n  of the  a b o v e - d e s c r i b e d  p r o d u c t s  can  be e x p l a i n e d  by  the fo l lowing  r e a c t i o n  s c h e m e :  

CH 
NJ 

\ / 
CH~ .CN~ 

I 
CH 2 H~ CH 2 

FCH~, CH2 CHeF H~C CHz CHB 
\/\/ \/\/ 

N N N N 
I I t I J- 3F e 

CIf2 CH~ ~ C[{~ CH~ 
\ / \ , /  

N N 
t 
C H2F A . 

�9 I I I [ G  I I B 1 
i ~C--C--CH~ CH2 H2C--C--C ~-] F--C--C--CH+ CH~ I[~C--C--C--F 

J + ,  j++ , ,  
--> H~C /cg~ _> CH2 CIl~ 

\/ 

| r ,  , , ,  
L-B CHz--C--CO J II,C--C--C--F 

I I I 1 

3 F--C--C--CH2NH2.HF + 3CH~O <-- 
I I OHe 

We have  a l r e a d y  e s t a b l i s h e d  the  m e c h a n i s m  of  the  c l e a v a g e  of  h e x a m e t h y l e n e t e t r a m i n e  in a n h y d r o u s  
h y d r o g e n  f l u o r i d e  [1]. The  ion A m a k e s  an e l e c t r o p h i l i c  a t t a c k  on the double  bond of the  o le f in .  The i n t e r -  
m e d i a t e  ion  B f o r m e d  b e c o m e s  s t a b i l i z e d  by  c o m b i n i n g  with  3F Q. The h e x a h y d r o t r i a z i n e  f o r m e d  i s  p a r -  
t i a l l y h y d r o l y z e d b y w a t e r t o  the  c o r r e s p o n d i n g  a m i n e  and f o r m a l d e h y d e .  It m a y  be s u p p o s e d  tha t  wi th  N -  
( h y d r o x y m e t h y l ) a c e t a m i d e  in H F  c o n j u g a t e d  f l u o r o a c e t a m i d o m e t h y l a t i o n  of  o l e f i n s  w i l l  o c c u r  in a s i m i l a r  
way  as  in the  c a s e  of h e x a m e t h y l e n e t e t r a m i n e .  We have  been  ab le  to f ind on ly  one c o m m u n i c a t i o n  in the  
l i t e r a t u r e  on the r e a c t i o n  of N - ( h y d r o x y m e t h y l ) a c e t a m i d e  with  o l e f i n s :  f r o m  c o m p o u n d s  with  an a c t i v a t e d  
m u l t i p l e  bond ( a - m e ~ h y l s t y r e n e ,  t e r p e n e s )  subst i tuted 1 , 3 - o x a z i n e s  w e r e  o b t a i n e d  [8]. 
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a) T h e  m o l e c u l a r  w e i g h t  w a s  d e t e r m i n e d c r y o s c o p i c a l l y  in  b e n z e n e .  

b)  F r o m  a m i x t u r e  of e t h a n o l  a n d  e t h e r .  
c) T o t a l y i e l d i n e l u s i v e  o f h e x a h y d r o t r i a z i n e ,  b a s e d  on  o l e f i n  tha t  r e a c t s .  
d) [13] g ives :  b . p .  67.8 ~ (742 ram)  nD 2~ 1.3332;  h y d r o c h l o r i d e ,  

m . p .  2 2 2 - 2 2 5  ~ 
e) B e n z o y l  d e r i v a t i v e ,  m . p .  102-103  ~ ( c h l o r o f o r m - h e p t a n e ) .  

O u r  e x p e r i m e n t s  showed  t h a t  i n  H F  N - ( h y d r o ~ y m e t h y l ) a c e t a l n i d e  r e a c t s  wi th  t he  a b o v e - m e n t i o n e d  
ha lo  o l e f i n s  a t  r o o m  t e m p e r a t u r e  (hea t ing  i s  n e c e s s a r y  o n l y  in  the  c a s e  of  t e t r a f l u o r o e t h y l e n e ) .  

A s  a r e s u l t  of  the  r e a c t i o n s  we  o b t a i n e d  a c e t y l  d e r i v a t i v e s  of the  c o r r e s p o n d i n g  p r o p y l a m i n e  ( I I Ia)  
( l l Id) .  T h e  s a m e  s u b s t a n c e s  w e r e  p r e p a r e d  by  an  i n d e p e n d e n t  m e t h o d .  

CHaCONHCH~OH + R~RoC=CRaRa H-~ 

-~ FR1R~C--CR3R4CH2NHCOCH~ <(CH.OOhO 
CHaCOOH 1 

( iu )  
F Rll~C--CRaB4--CH~NHz 

-a) RI~R~=C1; Ra=R4=H b ) R1--~Rs=Rs==F; R4~H 

c) RI=R2=F; Ra=R4=H d) RI=R2=R3--~Ra--~F 

T h e  r e a c t i o n  p r o b a b l y  h a s  the  f o l l o w i n g  m e c h a n i s m :  

\ c - c /  + H |  ~ ~H~O | / - \ , i~ + F |  1 [ 
CHaCONHCH~OH ----> [CH3CONHCH20H] ~--> [CHaCONHCH~ ] ~ [CH3CONHCH~--C--C ~] -----~ CH~CONHCI'I2--C--C--F 

HF I I ] I [ 
H 
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Table 1 (continued) 

Calculated Molecular 
formula 

C, % H, % F, % N, %/ MR }M 
1 m 

$ 1 

CmH~sC16F3N3 30,41 3,83 12.038.86 - - 2 ; ~  

,C~2HIsFgN3 38.51 4.83 45.56 11,2( 

C12HIsFmN3 33.58 3.52 53,11 9.79 68,2 429 

Cx~H~F~Na 29.83 2.50[58.98[ - -  69,3 483 

IC~I{6CI2FN 

CaHTC13FN 

I C3I{6F3N 

CaHTC1F3N 

C~HsF4N 
C~H6CIF4N 

CaH4FsN 
C~H~CIFsN 

Q H~CI2FNO 

CsHaF~NO 
C~HTF4NO 
(]~H6FsNO 

24,64 4. 1413.( 

19.75 3,8710,C 

31.86 5 3550,4 

24.09 d.72 38. 1 

22 i 3.6145.3G 

1952 5F20 

9.59 29,35 

7.68 - -  

12,39 - -  

9.37 - -  

- - -  i19. 79' 
8.36 
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43 :c . . . .  
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60 c __ 

6~- c __1,8 __3"0 

4~ t __I'3 __3"1 

6(--CK~--) 

2,2 

2,0 

--i 

2.3 

2.2 

--- j 

r ~ t I 

31.944.29 I10,10 7,45 / 

~ _~ 36,74 9,03 
 018,09 S 

]6 (--NI-I--) I r6(--C(O)CH~) 

13 

33 h 
46 h 

8,2 

8.l 
6.5 
5.5 

3.4 

3.3 k 
3.9 

2.0 

2,0 
2.0 
2.0 

f) [14] g i v e s :  b . p .  4 9 - 4 9 . 5  ~ n ~  1 .297.  
g) F r o m  a 1 : 2 m i x t u r e  of  c h l o r o f o r m  and  h e p t m ] e .  
h): B a s e d  on  o l e f i n  t h a t  r e a c t e d .  
i) 6 ( - - C F H - - )  = 4 . 9 .  
j) 5(--CFH--) =4.7. 

k) 6 (-- CH2--) = 2.1. 

T h e  i n i t i a l l y  f o r m e d  c a r b o n i u r n  ion*  a t t a c k s  t he  d o u b l e  bond  of t he  o l e f i n ,  and  the  ion  f o r m e d  s t a b i -  
l i z e s  i t s e l f  b y  c o m b i n i n g  w i th  F @. 

EXPERIMENTAL 

i. Reaction of Hexamethylenetetramine with Vinylidene Chloride. 15 g of hexamethylenetetramine 

was sprinkled with stirring in the course of I0 rnin into 80 g of HF contained in a 140-ml steel reactor cooled 

with ice water, and then 41.5 g of vinylidene chloride was added dropwise. Stirring was continued further 

for 7 h at 15-20 ~ HF was evaporated from the reaction mixture, which was treated with i00 ml of water 
and made alkaline with 50% KOH solution. The alkaline solution was extracted with ether, and the extract 

was dried over magnesium sulfate. Ether was driven off, and the amine formed was distilled off at 18 mm 

at temperatures of up to 80 ~ By redistillation we obtained 3 g of 3,3-dichloro-3-fluoropropylamine (IIa), 

The constants, analyses, and yields of the products are given in Table i. The residue'after the removal of 
the amine crystallized. We obtained 22 g of 1,3, 5-tris (3,3-dichlo ro-3-fluoropropyl)hexahydro-s-triazine 

(Ia). 8 g of (la) was hydrolyzed in a mixture of 20 g of concentrated hydrochloric acid and i00 g of water 

with removal of the formaldehyde liberated by steam distillation. Distillation was stopped when the con- 

densate no longer gave a precipitate with 2,4-dinitrophenylhydrazine solution. The mixture remaining in the 

flask was vacuum-evaporated in a rotary evaporator. We obtained 7.8 g of the crystalline hydrochloride of (IIa). 

2. Reaction of Hexamethylenetetramine with Vinylidene Fluoride. A 350-rnl steel reactor fitted with 

stirrer and tube for the passage of gas was charged with 200 g of HF, and 28 g of hexamethylenetetramine 
was added gradually with stirring, The reactor was then placed in a bath of ice water, and 0.624 mole of 

* The  m e c h a n i s m  w i t h  f o r m a t i o n  of  a c a r b o n i u m  ion  w a s  p r o p o s e d  f o r  r e a c t i o n s  of  t h i s  k i n d  b y  W a g n e r  [9]. 
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vinylidene fluoride was passed  in the course  of 7 h; 0.444 mole of the gas was absorbed. The mixture was 
left until the next day. HF was e,caporated, and the residue was t reated with 150 ml of water  and, with strong 
cooling, made alkaline with 40% KOH solution. The mixture was extracted with ether, the ether ex t rac twas  
dried over  MgSO 4, e ther  was dr iven off, and the residue was heated at 20 mm so that the tempera ture  in the 
vapor  rose  to 50 ~ and the vapor  condensed in a t rap cooled to - 78 ~ The contents of the t rap were com-  
bined with e thereal  distillate and saturated with dry tIC1. We obtained 5.5 g of 3 ,3 ,3- t r i f luoropropylamine 
hydrochlor ide (IIb-HC1). The res idue remaining after  the amine had been distilled off consis ted of c rys ta l s  
impregnated in an oil; total weight 36 g. The c rys ta l s  (19 g) were hexahydro - l , 3 -5 - t r i s (3 ,3 ,3 - t r i f luo ro -  
p ropy l ) - s - t r i az ine  (Ib). By the hydrolys is  of 12.6 g of the mixture of (Ib) and the oily product with dilute 
HC1 as descr ibed above we obtained 15.1 g of the crysta l l ine  hydrochloride of (IIb). To this we added 5 ml 
of water  and then, with s trong cooling, 12 g of solid KOH. The amine l iberated was distilled off f rom an 
air  bath. The bulk of it boiled at 66-70 ~ It was dried over  KOH and distilled three t imes through a column, 
and we obtained 9 g of (IIb). 

3. Reaction of Hexamethylenetet ramine with Trif luoroethylene.  0.925 mole of tr if luoroethylene was 
passed for  8 h into a mixture of 10 moles  of HF and 0.2 mole of hexamethylenetetramine under conditions 
s imi la r  to that of Expt. 2, and 0.268 mole of the gas was absorbed. After  the usual t rea tment  we obtained 
3.5 g of the hydrochlor ide of 2 ,3 ,3 ,3- te t raf luoropropylamine (IIc), and in the vacuum distillation of the r e s i -  
due was obtained 22 g of hexahydro- l ,3 ,5 - t r i s (2 ,3 ,3 ,3 - te t ra f luoropropy l ) - s - t r i az ine  (Ic). In the hydrolys is  
of 8.2 g of (Ic) with dilute HC1 we obtained 9.2 g of the hydrochloride of (IIc). For  identification, benzoyl 
der ivat ives  of (IIc) were p repared  by the standard procedure  [10] f rom the amine obtained direct ly in the 
synthesis and the amine obtained by the hydrolys is  of (Ic). A mixture of these melted without depression.  
12 g of the hydrochlor ide  of tIIc) was t rea ted  with sa turated KOH solution, and a f ract ion of b.p. 73-90 ~ was 
driven off f rom an air  bath. This was dr ied over  KOH, and redisti l lat ion gave 8.4 g of 2 ,3 ,3 ,3- te t raf luoro-  
propylamine (IIc). 

4. Reaction of Hexamethylenetetramine with Tetrafluoroethylene.  0.6 mole of C F  2 ~--- CF 2 was con-  
densed in a 250-ml steel ampule cooled with liquid nitrogen and containing 6 moles  of HF and 0.15 mole of 
hexamethylenetetramine.  The react ion mixture was heated with shaking for  5 h at 50 ~ Unchanged C F  2 ~--- 

CF 2 (0.48 mole) was passed to a gas holder, and the residue was t reated as descr ibed above. F r o m  the 
ethereal  distillate we obtained 3 g of the hydrochlor ide of 2,2,3,3,3-pentafluoropropylamine (IId), and f rom 
the res idue f rom the distillation we isolated 7 g of hexahydro- l ,3 ,5- t r i s (2 ,2 ,3 ,3 ,3-pentaf luoropropyl ) -s -  
t r iazine (Id). In ac idhydro lys i s ,  f rom 6.7 g of (Id) we obtained 6.6 g of the hydrochlor ide of (IId). A mix-  
ture with a known sample melted without depression.  

5. Reaction of N-(Hydroxymethyl}acetamide with Vinylidene Chloride. A 140-ml steel r eac to r  cooled 
with ice water  was charged with 50 g of HF, 11.7 g of N-01ydroxymethyl)aeetamide,* and 12.5 g of CH2 ---- 
CC12. The mixture was s t i r red  for  5 h at a t empera tu re  which gradually rose to that of the room, and it 
was left overnight.  After  the evaporation of HF the mixture was poured onto ice, neutral ized with ammo-  
nium carbonate,  made alkaline with aqueous ammona, and extracted with ether.  The extract  was d r i edove r  
MgSO4, and after  distil lation we obtained 3,1 g of N-(3 ,3-dichloro-3-f luoropropyl)acetamide (Ilia). The 
product  darkened rapidly on standing. 

6. Reaction of N-(Hydroxymethyl)acetalnide with Vinylidene Fluoride.  0.56 mole of C F  2 = CH 2 was 
passed in the course  of 9 h under the conditions of Expt. 2 into a mixture of 140 g of HF and 12 g of N-(hy-  
droxymethyl)acetalnide;  0.16 mole of the gas was absorbed. The mixture was t rea ted  fur ther  as in Expt. 5; 
the residue remaining after  the removal  of ether  crysta l l ized.  We obtained 8.1 g of N-(3 ,3 ,3- t r i f luoro-  
propyl)acetamide (IIIb). 

7. Reaction of N-(Hydr0xymethyl)acetamide with Trif luoroethylene.  0.72 mole of CF 2 = CFH was 
passed  in the course  of 9 h under the conditions of Expt. 6 into a mixture of 8 moles  of HF and 0.26 mole 
of N-(hydroxymethyl)acetalnide,  and 0.1 mole of the gas was absorbed. Af ter  the usual t rea tment  we ob-  
tained 8 g of N-  (2, 3,3,3-tetrafluoropropyl)  aeetamide (IIIc). 

8. Reaction of N-(Hydroxymethyl)acetamide with Tetrafluoroethylene.  Under the conditions ofExpt.  4 
f rom 120 g of HF, 23 g of N-(hydroxymethyl)acetamide,  and 0.6 mole of CF 2 = CF 2 we obtained 0.8 g of N-  
(2,2,3,3,3-pentafluoropropyl)acetamide (IIId). The low yield of (Hid) is due to the polymerizat ion of a con- 

*N-(Hydroxyinethyl)acetamide was p repared  in the crysta l l ine  state by the procedure  descr ibed in [11] and 
was used without fur ther  purification. 
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s ide rab le  p a r t  of the t e t ra f luoroe thy lene  under  the conditions of the reac t ion .  The ace t amides  (IIib)-(IIId) 
give no dep res s ion  of mel t ing  point in admix ture  with known subs tances  p r e p a r e d  by the acylat ion of the 
amines  (IIb)-(IId) with acet ic  anhydride in g lac ia l  acet ic  acid by the p rocedu re  desc r ibed  in [12]. 

The s t r u c t u r e s  of the compounds obtained were  conf i rmed  by the i r  NMR spec t ra ,  which a re  given in 
Table  1. NMR s p e c t r a  w e r e  inves t iga ted  with a TsLA-5535 s p e c t r o m e t e r  with a working f requency of 40 
MHz and with pro ton  s tabi l iza t ion  of the conditions of resonance .  As solvent  for  the ace tamides  we used 
dimethyl  sulfoxide, and for  the h e x a h y d r o t r i a z e n e s - -  benzene;  benzene was used  as in ternal  s tandard.  
Chemica l  shif ts  a re  given on the 6 sca le .  

We thank E. I. Fedin and P. V. Pe t rovsk i i  for  de te rmin ing  and in te rpre t ing  the spec t r a .  

C O N C L U S I O N S  

The new reac t ion  of conjugated f luoroaminomethyla t ion  of chloro and f luoro olefins is descr ibed;  
may  be used for  the synthes is  of va r ious  f luor ine-conta in ing amines .  

it 
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