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Only isolated examples of perf luoro (amino carboxylic acids) are  known. In [1] te traf luoroglycyl  
fluoride and hexafluoroalanyl fluoride were  p repared  as a resul t  of the following ser ies  of react ions:  

F2 N~F 
SO8 --+ FSO20--OSO2F ----> FSO20NF~ 

CF2=CF2 @ FSO2ONF~ --* F~NCF~CF2OSO2F ~ F~NCF2COF 

KI~ 

FSO~ONF2--- -+ CF~CF (N F~.) CF2OSO~F --~ CFsCFCOF 

CF~=CFCF3 ~- ~NF~ 

KF 
- ~  CFsCF (OSO~F) CF~NF2 ----+ CFsCOCF2NF~ 

We have shown recently [2] that heating of ethyl 3 ,3 ,3- t r i f luoro-2-n i t roso-2- ( t r i f luoromethyl ) -  
propionate with dinitrogen tetrafluoride gives perf luoro (2-methylalanine) ethyl es te r  and ethyl 3 ,3 ,3- t r i -  
f luoro-2-(f luoroazoxy)-2-( t r i f luoromethyl)propionate  in 1 : 1 proport ions:  

--> (CF3)2C--COOC2[-I5 

CF~c__cooc2H~@ N2F._ NF~ 

/ 
N (O)=NF 

However, the action of dinitrogen tetrafluoride on dif luoronitrosoacetic and t e t r a f luoro -2 -n i t roso-  
propionie es te r s  led almost  exclusively to the corresponding fluoroazoxy compounds. 

In the presen t  investigation we have developed a new general  method for the synthesis of per f luoro-  
[cy-amino carboxylic acids] and their derivat ives f rom readily accessible  alkyl tr if luorovinyl (and analo-  
gous alkenyl) e thers  and dinitrogen tetrafluoride.  Reaction between these substances with heating in an 
autoclave led in high yields to the corresponding adducts -- alkyi perf luoro (1,2-diaminoalkyl) ethers:  

R--CF=GF--OR' @ N2F, -~ R--CF--CF--OIi" 
t I 
NF2 NF~ 

tl=F, C1, CFs; R'=C2H~ 

The addition of dinitrogen tetrafluoride to oleflns with formation of vicinal bisdifluoroamino compounds 
goes by a homolytic mechanism [3-6]. In our case this reaction is interesting in that it is an example of 
radical  addition at the double bond of a pe r f luo ro - l - a lkeny l  ether,  whereas  the addition of other reagents  -- 
halogens, hydrogen halides, ni t rosyl  fluoride and chloride, nitryl fluoride, and dinitrogen tetroxide -- goes 
by an electrophil ic mechanism [7]. To pass  from the adducts obtained to derivatives of perfluoro [~-amino 
carboxylic acids] it was necessa ry  to find a method of converting the group ---C F(NF2)OR, into carboxyl 
or  a potential carboxyl.  Known methods of converting ethers  of the type RCX2OR' (X = halogen) into acids 
consis t  in the action of concentrated sulfuric acid or anhydrous aluminum chloride: 

* This ar t ic le  is published in accordance with a resolution of the Conference of Edi tors - in-Chief  of 
Journals  of the USSR Academy of Sciences of July 12, 1962, as a disser tat ion paper  by R. A. Bekker. 

Institute of Heteroorganic Compounds, Academy of Sciences of the USSR. Translated from Izvest iya 
Akademii Nauk SSSR, Seriya Khimicheskaya,  No. 5, pp. 1060-1065, May, 1967. Original ar t ic le  submitted 
December  7, 1966. 
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H2SO~ R--CX2--OR'----> RCOX or RCOOR' 

A1Cla 
---->RCOX or RGOCI 

Both of these reagents  proved to be unsuitable in the case of difluoroamino compounds. Sulfuric acid is 
prac t ica l ly  inactive, and an attempt to use aluminum chloride led to an explosion, probably as a resul t  of 
the replacement  of N-fluorine a toms by chlorine. It was necessa ry  to find a strong acid which would not 
affect the N--F bond. Antimony pentafluoride proved to be a suitable reagent.  We succeeded in finding 
experimental  conditions under which the react ion of adducts of alkyl perf luoroalkenyl  e thers  and dinitrogen 
tetraf luoride goes smoothly and leads in good yields to perf luoro (2-aminoalkanoyl) fluorides. 

O 

R--CF--CF--OR" ~ R--CF--C/~ + R'NF2 
I I [ \ 

NF~ NF~ NF~ F 

R=F, C1, CFa; R'=C.2H5 

The N,N-difluoroalkylamine eliminated is probably bound by the antimony pentafluoride [8]. 

We were  unable to effect the synthesis  of perf luoro(2-methylalanyl)  fluoride by this scheme, and it 
was p repared  in a different way: 

CF8 CFs CFs 
N~F, \ )C--CF2--OCgHa )C --CF2--OC2H5 ---> flC--CF~--OC~H5 + 

CFa N]=O CFa NIF2[ Sbl% CF3 N(O)=NF 

CFs //0 ] 
\C_C ~/ . / 

\ 
NF~ F 

Perf luoro(2-aminoalkanoyl)  f luorides yield the corresponding es te r s  smoothly under the action of alcohols. 
However, only in one case  did the hydrolys is  of the acid fluoride lead to the f ree  acid: by the action of 
aqueous dioxane on F2NC F2COF we obtained tetraf luoroglycine,  a liquid which fumes in air .  The other 
perf luoro [(~-amino carboxylic acids] were  decarboxylated with simultaneous elimination of hydrogen fluo- 
ride and the formation of the corresponding perf luoro (alkylidenimines): 

R\  R o R\ 
~C--COF H2~ ~- \ / /  C-7-C~...~--H :" C--~-NF + CO~ + HF 

R'/NI F2 R '/NI~F ~ R ' /  

R=F, Rr=CI; R=F,R~CF~; R=Rt=CF~ 

PerLuoro(alkyl idenimines)  have sca rce ly  been studied. In [9] a method is proposed for the synthesis  
of these compounds by the action of fe r rocene  on perf luoro (alkylamines): 

RCF2 - -  NF2 -2~ R - -  CF --~ NF 

In this way C3FTCF=NF, CFC12CF=NF , CF2(CF----NF)2 , and CF2CF2CF2C F2--C ----NF were  prepared.  
This react ion appears  to provide a general  method for the prepara t ion of perfluoro(alkylidenimines) ,  
though it should be noted that there is at present  no convenient prepara t ive  method for the synthesis  of 
perf luoro(alkylamines) .  As regards  ea r l i e r  communicat ions relating to members  of this c lass  of c o m -  
pounds, these are  of a casual  charac te r .  Thus, in the fluorination of t r i s t r i f luoromethyl t r iaz ine  with 
e lementary fluorine a yield of about 1.5% was obtained of a fraction boiling from --35 to --15 ~ and on the 
basis  of the resul ts  of IR and mass  spec t roscopy it was concluded that this fract ion contained C F3C F---NF 
[10]. In thc~ investigation of the react ion of hexafluoropropene with nitrogen t r i f luoride and CsF  at 320 ~ 
a substance boiling f rom --13 to --11.7 ~ was obtained; its elemental  analysis  and IR and mass  spec t ra  
corresponded to the s t ruc ture  (CF3)2C = N F ,  but its F 19 NMR spect rum contained five signals with an in-  
tensity rati~ of 1 : 2 : 2 : 5 : 1 [11]. 

It is interest ing to compare  our  resu l t s  with these data. Pure  CF3CF----NF , p repared  by us f rom 
CF3CF(NF2iCOF, boils at --30 ~ The absorption frequency of the C --N bond in the IR spect rum of this 
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compound is  at 1695 cm -i,  which ag rees  with the value given in [10]. It is p robable  that the f ract ion ob-  
tained in the invest igat ion [10] did indeed contain CF3CF = N F .  Perf luoro( isopropyl idenimine)  (CF3)2 C ----NF, 
p r e p a r e d  by us f rom (CF3)2C (NF2)--COF, boils at --6 ~ and i ts  F 19 NMR spec t rum consis ts  of three  signals ,  
two of which belong to nonequivalent (syn and anti) CF 3 groups and one (in the weak field) to the NF group, 
which is fully in accord  with theory.  The absorpt ion  frequency of the C = N  bond was 1652 cm -i,  which 
ag ree s  with the r e su l t s  of [11]. It  is evident that  in this case  also the product  was  not the pure  imine,  but 
a mix tu re  of it with other  substances .  Before  we s ta r t ed  the p resen t  work  1-chloro-N,  1-d i f luoromethylen-  
imine had not been desc r ibed  (quite recent ly  a communicat ion appea red  on i ts  synthesis  by another  method 
[12]). We p r e p a r e d  C F C I = N F  by the hydro lys i s  of CFCI(NF2)COF , and according to gas- l iquid  c h r o m a t o -  
graphy (GLC) and to i ts  F 19 N1V[R spec t rum it is a mix ture  of syn and anti i s o m e r s  in about 1 : 1 propor t ions .  

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

l - E t h o x y n o n a f l u o r o - l , 2 - p r o p a n e d i a m i n e  C F 3 C F ( N F 2 ) C F ( N F 2 ) O C 2 H  5 ( I ) .  A 
mix tu re  of 3.8 g of ethyl pentaf luoropropenyl  e ther  and 0.060 mole of dinitrogen te t ra f luor ide  was  heated 
up to 140-150 ~ in a 100-ml  s ta in less  s tee l  autoclave in the course  of 4 h. Excess  p r e s s u r e  was  then r e -  
leased,  the autoclave was cooled to --78 ~ and res idual  dini trogen te t raf luor ide  was  r emoved  in a vacuum. 
The liquid reac t ion  product  was  washed  with wa te r ,  dr ied with P205, and distil led. We obtained 4.81 g (80%) 
of (I), b.p. 62 ~ (120 ram); riD2~ 1.3180; d420 1.5145. Found %: C 21.72; H 1.84; F 61.20; N 9.84; MR 36.47. 
CsH5FgN20. Calcula ted %: C 21.44; H 1.80; F 61.05; N 10.00; MR 36.53. IR spec t rum:  urea x 940, 1020 
em -i (CNF). 

l-Chloro-2-.ethoxyhexafluoroethylenediamine CFCI(NF2) CF(NF2)OC2H 5 (If). 
In an analogous way a mixture of 6.4 g of 2-ehlorodifhiorovinyl ethyl ether and 0.0'60 mole of dinitrogen 
tetrafluoride was heated to i00-iI0 ~ in the course of 4 h. We obtained 8.65 g (79%) of (II), b.p. 67 ~ (95 ram); 
nD 20 1.3545; d42~ 1.4559. Found %: F 46,07; N 11.36; MR 36~ C4HsF6CIN20, Calculated %: F 46.24; 

N 11.36; MR 36~ IR spectrum: Vma x 940, 1016 em -i (CNF). 

l-Ethoxyheptafluoroethylenediamine CF2(NF2)CF(NF2)OC2H 5 (Ill). A mixture 
of 2.7 g of ethyl trifluorovinyl ether, 0.040 mole of dinitrogen tetrafluoride, and 3 ml of dichiorodifluoro- 
methane was heated up to i00 ~ in a 100-ml stainless steel autoclave in the course of 4 h. We obtained 
4.15 g (80%) of (III), b.p. 50 ~ (160 ram); nD2~ 1.3150; d42~ 1.4231. Found %: C 20.87; H 2.36; F 57.63; 
N 12.21; MR 31.60. C4H5FTN20. Calculated %: C 20.88; H 2.19; F 57.80; N 12.17; MR 31.63. IR spectrum: 

Vma x 940 (doublet), 1020 cm -1 (CNF). 

2 - E t h o x y t e t r a f l u o r o - l , l - b i s t r i f l u o r o m e t h y l e t h y l a m i n e  ( IV)  a n d  1 - E t h o x y -  
p e n t a f l u o r o - 2 - ( f l u o r o a z o x y ) - 2 - ( t r i f l u o r o m e t h y l ) p r o p a n e  (V) .  A mix ture  of 6.15 g of 
1 -e thoxypen ta f luoro-2-n i t roso-2- ( t r i f luoromethy l )p ropane  and 0.060 mole  of dini trogen te t raf luor ide  was  
heated up to 80 ~ in a 100-ml s ta in less  s teel  autoclave in the course  of 3 h. We obtained 5.6 g of a mixture ,  
which according to GLC contained 54% of (IV) (yield 48%) and 46% of (V) (yield 35%). The substance f rom 
three  exper imen t s  was  combined and fract tonated.  (IV), b.p. 55 ~ (140 ram); riD2~ 1.3060; d420 1.5217. 
Found %: C 24.70; H 1.76; F 63.94; N 4.81; MR 37.17. C~I-IsFi0NO. Calculated %: C 24.26; H 1.70; F63,95; 
N 4.71; MR 37.12. (V), b.p. 71 ~ (74 mm); riD2~ 1.3330; d42 1.5661. Found %: C 23.40; H 1.35; F 55.83; 
N 9.18; MR 40.46. C6HsFgN20. Calculated %: C 23.42; H 1.63; F 55.50; N 9.12; MR 40.83. 

H e x a f l u o r o a l a n y l  F l u o r i d e  C FaC F ( N F 2 ) C O F  ( V I ) .  A 10-ml  distil l ing f lask connected 
to a t rap  cooled to --78 ~ was charged  with 5 ml  of antimony pentaf luoride,  and f rom a dropping funnel 
7.7 g of (I) was  added slowly. The condensed gas  in the t rap  was  disti l led.  We obtained 3.96 g (72%) of 
(VI) boiling f rom --5.5 to --5 ~ IR spec t rum:  Vma x 922, 965, 1030 (CNF), 1895 (CO) cm -i According to 

19 [1], IR spec t rum:  925, 967, 1030, 1905 cm -i. The F NMR spec t rum also ag reed  with the published 
spec t rum [1]. The m a s s  spec t rum contained a peak  due to the molecu la r  ion (M 199). 

g e x a f l u o r o a l a n i n e  E t h y l  E s t e r  C F ~ C F ( N F 2 ) C O O C 2 H  5 ( V I I ) .  With coolin4~ to --78 ~ , 
3.35 g Of {Vi) and 2 ml  of ethanol w e r e  mixed, the mix ture  was  w a r m e d  slowly to room t empera tu r e  and 

t h e n  poured  into wate r ,  and the organic  l ayer  was  separa ted ,  dr ied with P205, and dist i l led.  We obtained 
3.65 g (95%) of (VII), b.p. 48 ~ (110 ram); nD 2~ 1.3200; d42~ 1.3801. Found %: C 26.66; H 2.38; F 51.08; 
N 6.17; MR 32.36. CsHsF6NO 2. Calculated %: C 26.68; H 2.24; F 50.64; N 6.22; MR 31.95. IR spect rum:  
Uma x 910, 960, 1060 (CNF),, 1795 (CO) cm -i. 
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H e x a f l u o r o a l a n i n e  M e t h y l  E s t e r  C F 3 C F ( N F 2 ) C O O C H  3 ( V I I I ) .  This was p repared  
analogo'--u~sly in 95% yield; b.p. 47 ~ (190 ram); nDzu 1.3115; d42~ 1.4728. Found %: C 23.15; H 1.60; F 54.07; 
N 6.81; I~[R 27.74. C4HsF6NO 2. Calculated %: C 22.76; H 1.43; F 54.01; N 6.64; MR 27.34. IR spectrum: 
Vma x 91r 960, 1050 (CNF), 1790 (CO) cm -1. 

2 - C h l o r o t r i f l u o r o g l y c i n e  M e t h y l  E s t e r  F 2 N C F C 1 C O O C H  3 ( I X ) .  A 1 0 - m l d i s -  
tilling f lssk connected to a trap cooled to --78 ~ was charged with 5 ml of antimony pentafluoride, and a 
little high-boiling per f luorocarbon oil was added so as to form a layer  1-1.5 mm in thickness above the 
antimony pentafluoride. 8.1 g of (II) was added slowly f rom a dropping funnel. At the end of the react ion 
with coolJng to --78 ~ 2 ml of methanol was added to the contents of the trap, and the mixture was t rea ted  
as in the case of (VII). We obtained 3.52 g [61%, based on the (II) taken] of (IX), b.p. 45 ~ (60 ram); nD2~ 
1.3650; d~ 2~ !.4485. Found %: C 20.52; H 1.79; F 32.16; N 7.92; MR 27.38. C3H3F3C1NO 2. Calculated %: 
C 20.30; 1t 1.70; F 32.11; N 7.90; MR 27.16. IR spectrum: ~max 893, 935, 1010 (CNF), 1790 (CO) cm -1. 

T e ~ r a f l u o r o g l y c i n e  M e t h y l  E s t e r  F ~ N C F ~ C O O C H  3 (X) .  This w a s p r e p a r e d l i k e  (IX) 
f rom 7.4 g of (HI). Yield 3.01 g [58%, based on the (III) taken]; b.p. 59 ~ (540 ram); nD2~ 1.3156; d42~ 1.3957. 
Found %: C 22.37; H 1.96; F 47.46; N 8.76; ~ 22.64. C3H3FaNO 2. Calculated %: C 22.37; H 1.88; F47.19; 
N 8.70; MR 22.34. IR spectrum: Vma x 930, 980, 998 (CNF), 1795 (CO) cm -1. 

P e r f l u o r o ( 2 - m e t h y l a l a n i n e )  E t h y l  E s t e r  ( C F 3 ) 2 C ( N F 2 ) C O O C 2 H  5 ( X I ) .  A 10-ml 
d i s t i l l i ' ~ f l a s k  connected to a trap cooled to --78 ~ and to a water  pump was charged with 5 ml of antimony 
pentafluoiide,  and with heating up to 70 ~ under a res idual  p r e s s u r e  of 500 mm 3.04 g of (IV) was added 
gradually.  At the end of the react ion 2 ml of ethanol was added to the contents of the trap with cooling. 
After  the ilsual t rea tment  we obtained 1.56 g [56%, based on the (IV) taken] of (XI), which was  identified 
with a known sample [3] with the aid of GLC. 

P e r ~ t a f l u o r o e t h y l i d e n i m i n e  C F , ~ C F  ~-~ N F  ( X I I ) .  With cooling to --78 ~ 4 . 4 6 g o f  (VI) 
and 4 mi c f50% aqueous acetone were  introduced into a 10-ml flask fitted with reflux condenser,  also 
cooled to -78  ~ . The cooling bath was then removed,  and the mixture was kept at room tempera ture  for 
about 30 rain. The gaseous react ion product  was driven off into a trap and then distilled. We obtained 
2.07 g (70%) of (XII), b.p. --30 ~ Found %: C 17.75; F 72.30; tool. wt. 128. C~FsN. Calculated %: C 18.06; 
F 71.41; rnol. wt. 133. IR spectrum: Vma x 880, 970 (NF), 1695 (C =N) cm -~. F 19 NMR spectrum: doublet 
of CF group, 6 = 21.9 p.p.m.;  tr iplet  of CF 3 group, 6 = 9.0 p.p.m.; broad peak of NF group, 5 = --42.5p.p.m. 

P e r f l u o r o  ( i s o p r o p y I i d e n i m i n e )  (C F 3 ) 2 C  ~-~ N F  ( X I I I ) .  Perf luoro(2-methylalanyl)  
f l u o r i ~ a s  p repared  as descr ibed in the experiment  on the prepara t ion  o f  (XI) f rom 2.1 g of (IV) and 
t reated wil:h 2 ml of 50% aqueous dioxane as in the experiment  on the synthesis  of (XII). We obtained 
0.42 g [32%, based on the (IV) taken] of (XIII), b.p. --6 ~ Found %: C 19.64; F 72.68; tool. wt. 182. C3FTN. 
Calculated %: C 19.69; F 72.66; mol. wt. 183. IR spect rum:  ~max 948, 1031 (NF), 1652 (C ----N) cm -i. 
F 1~ NMR spectrum: sextet of syn -CF  3 group, 6 = 3.7 p.p.m.;  doublet of quartets  of an t i -CF 3 group with 
center  at ~ = 0.06 p.p.m.;  broad signal of NF group, 6 = --108.6 p.p.m. 

T e t r a f l u o r o g l y c i n e  F2NC F 2 C O O H  ( X I V ) .  At --78 ~ in a flask fitted with reflux condenser,  
also cooled to --78% tet raf luoroglycyl  fluoride, p repa red  from 10.2 g of (III) as descr ibed in the exper i -  
ment on the prepara t ion  of (IX), was mixed with 3 ml of 50% aqueous acetone, and then the cooling bath 
was removed and the flask was kept at room tempera ture  for 5 rain. The react ion mixture was extracted 
with ether,  the ext rac t  was dried with CaC12, e ther  was driven off, 2 ml of concentrated H2SO 4 was added 
to the residue,  and the mixture was vacuum-dist i l led.  We obtained 4.13 g [63.5%, based on the (III) taken] 
of (XIV), b,p. 61 ~ (126 ram); nD2~ 1.3200; d420 1.5220. Found %: C 16.87; H 0.77; F 51.83; N 9.57; neu t ra l -  
ization equiv. 146.5. C2HF4NO 2. Calculated %: C 16.34; H 0.68; F 51.69; N 9.53; neutral izat ion equiv. 147. 
IR spectrum: Urea x 931, 980 (CNF), 1780 (CO) cm-i ;  broad absorption band in region of OH stretching 
vibrations.  

1 - C i a l o r o - N , l - d i f l u o r o m e t h y l e n i m i n e  C1CF-- -~  N F  ( X V ) .  2-Chlorot r i f luoroglycyl  
fluoride p repared  f rom 8.2 g of (II) as  descr ibed in the experiment  on the synthesis of (IX) was t reated 
with 4 ml of 50% aqueous acetone as in the preceding experiment.  The yield of (XV) was 1.14 g [25%, 
based on the (II) taken]. For the prepara t ion  of an analytically pure  substance, the product  f rom four ex-  
per iments  was combined and distilled. Almost  the whole of the substance distil led between --13 and --9 ~ 
Found %: s 12.17; F 37.94; tool. wt. 96. CF2C1N. Calculated %: C 12.07; F 38.20; mol. wt. 99. IR spec-  
t rum: ~m~:~ 950, 990 (NF), 1645 (C =N) cm -i. F 19 NMR spectrum: strongly split doublet with center  at 
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5 = 6.17 p .p .m,  due to CF group of anti i somer ;  weakly split  doublet, 5 = --22.9 p .p .m,  due to CF group 
of syn i somer ;  s t rongly spl i t  doublet (two broad  peaks)  due to NF group of anti i s o m e r  with center  at 
6 = --42.7 p .p .m. ;  and b road  peak  due to NF group of syn i somer ,  5 = --55.6 p .p .m.  Ratio of amounts  of 
i s o m e r s  = about 1 : 1. 

Mass spe c t rum  (we give m / e ,  re la t ive  intensity in %, and assignment) :  101 (33.4), 99 (80.5), M; 
82 (31.9), 80 (100) M - -  F; 68 (4), 66 (13), CFC1; 63 (4.1), 61 (10.6), CC1N; 52 (3.4), NF2; 51 (30.3), 49 (8.9), 
47 (30.2), CC1; 44 (8.8), CO2; 37 (15), 35 (48), C1; 33 (14.3), NF; 31 (46.6), CF; 26 (13.9), CN. The spec t rum 
was  de te rmined  by V. G. Sagitova with an MKh-13-03 ins t rument  at 70 eV. 

The F I9 NMR spec t r a  of the f luoroimines  were  de te rmined  with benzotr i f luor ide  as internal  s tandard 
on an NMR-100 JEOL ins t rument  (working frequency 94 MHz) by Yu. S. Konstantinov, whom we thank. 

CONCLUSIONS 

1. A new method was developed for the synthesis of derivatives of perfluoro [~-amino earboxylic 
acids] from alkyl perfluoro-l-alkenyl ethers and dinitrogen tetrafluoride. 

2. The decarboxylation of perfluoro [a-amino carboxylic acids] leads to perfluoro (alkylidenimines). 
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