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We have shown previously  that the action of ammonia on perfluoroolefin oxides forms amides of a -  
amino- or  c~,a-diaminoperf luorocarboxylic  ac ids ,  depending on the s t ruc ture  of the oxide [1, 2]. The pre-  
sent work was devoted to a study of some react ions of the amides obtained. 

When hydrochlor ic  acid acts  on amides of ~,oz-diaminoperfluorocarboxylic acids (I), the gem-diamino 
grouping is readi ly  converted {even at room temperature)  into a gem-dihydroxy grouping, amides of a , ~ -  
d ihydroxyperf luorocarboxyl ic  acids (l'I) being formed.  Under more  severe  conditions, the amide function 
also undergoes hydrolys is ,  leading to a , a -d ihydroxyper f luorocarboxyl ic  acids (hydrates of a -oxoper f luoro-  
carboxylic acids) (HI). The l a t t e r a r e  identical with the acids obtained by the hydrolysis  of the per f luoro-  
olefin oxides [1]. 
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In contras t  to the gem-diamino groupings in the amides  (I), the ~-amino group in the amide of ~- 
aminoper f luo ro i sobu ty r i c  acid (IV), obtained f rom perf luoroisobutylene oxide, is stable to hydrolysis .  The 
action of hydrochlor ic  acid at room tempera ture  on the amide (IV) gives the hydrochlor ide which, onheat -  
ing (150 ~ C), decomposes  into HC1 and the initial amide.  The low stabili ty of the hydrochlor ide is explained 
by the fact  that the basic p roper t i es  of the amino group are  weakened through the e lec t ron-a t t rac t ing  action 
of the amide and t r i f luoromethyl  groups.  

When c~-aminoperfluoroisobutyramide is heated with hydrochlor ic  acid the ~-aminoperf luoroisobuty-  
r ic  acid formed as an intermediate  undergoes decarboxylation instantaneously and hexafluoroisopropyl-  
amine (V) is obtained. The acid can be trapped only in the form of the sodium salt  (VI), which is obtained 
by the saponification of the amide in the p resence  of alkali 
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We obtained the corresponding o~-hydroxy acid {VII) by the hydrolys is  of perf luoroisobutylene oxide 
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The aeylation of a -aminoper f luoro isobutyramide  (IV) and a,c~-diaminoperfluoropropionamide (In) led 
to the corresponding re .no-  and diacyl der ivat ives  (VIII) and (IX) 
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The la t ter  react ion shows the grea t  stabili ty of the gem-diamino grouping in amides  of ~ ,~-d iamino-  
perf luorocarboxyl ic  acids as compared with the geminal diamines known previously (see [3]). 

EXPERIMENTAL 

o~,~-Dihydroxyperfluoropropionamide (IIa). Asolntionof0.5goftheamide (la) in 
2 ml of dilute HCI ( 1 : i) was evaporated at room temperature. This gave 0.2 g (40% of theoretical) of the 
amide (IIa), mp III-I139C (from ethanol-benzene). Found %: C 23.08; H 2.68; N 8.54; F 35083. C3H4F3NO 3. 
Calculated %: C 22.64; H 2.52; N 8.80; F 35~ The amide (Ha) was also obtained by the action ofaqueous 
ammonia on trifluoropyruvic ester. 

~,o~-Dihydroxy-co-hydroperfluorocaprylamide (IIb)o At room temperature, 0.2 g 
of ~,~-diamino-cv-hydroperfluorocaprylamide was treated with 2 ml of concentrated HCI. The amide dis- 
solved, but a new precipitate formed immediately. After 4 h, the precipitate was filtered off, and washed 
with water~ This gave 0ol g (50% of theoretical) of the amide (lib), mp 170-172~ (from aqueous ethanol). 
Found %- F 58.77; N 3.44. CsH~FI2NO 3. Calculated %: F 58031; N 3.58. 

~,~-Dihydroxyperfluoropropionic Acid (Ilia). A mixture of 0.5 g of the amide (In) 
and 2 ml of dilute HCI ( 1 : i) was boiled for 2 h, and then the solution was evaporated in the water bath. 
This gave 0.2 g (39%) of the acid (Ilia), mp 124-126 ~ C (from dichloroethane). A mixture with an authenic 
sample [I] gave no depression of the melting point. 

~,~-Dihydroxy-w-hydroperfluoroeaprylic Acid (IIIb). A mixture of 4.8 g of w- 
hydroperfluorooctene oxide, 0.7 ml of water, i0 ml of ether, and 0.2 g of finely ground silica gel washeated 
in a steel tube in the boiling water  bath for 4 h. After evaporation of the f i l trate,  4 g (80%) of the acid 
(IIIb) was obtained as a res idue,  mp 98-100~ (from dichloroethane). Found %: C 23.26; H 1.64; F 54o31o 
CsH4F1204. H20. Calculated %: C 23.41; H 1.46; F 55.60. Neutralization equivalent: found 420, calculated 
410. IR spectrum: 1735 and 1785 cm-1 (two CO groups). 

A mixture of 0.6 g of ~ ,~-diamino-c0-hydroperf luorocaprylamide  and 8 ml of concentrated HC1 was 
boiled for 2 h and evaporated to dryness .  F rom the residue absolute ether extracted the acid (I]Ib), yield 
0.5 g (82.5 %), mp 98-100 ~ C (from dichloroethane). A mixture with the sample obtained in the preceding experi-  
ment gave no depress ion of the melting point. 

After  being dried for severa l  days over  1~ at 60 ~ C, the acid (lIIb) was converted into ~-oxo-w-hy-  
droperf luorocapryl ic  acid, mp 71-76 ~ C. Found %: C 25.70; H 0.60; F 60.84. CsH2F1203. Calculated %: 
C 25.67; H 0.53; F 60~176 Neutralization equivalent: found 379, calculated 374. 

~ - A m i n o p e r f l u o r o i s o b u t y l a m i d e  H y d r o c h l o r i d e .  A mixture o f l g o f  ~-aminoper -  
fluoroi'sobutylamide (IV)and 2 ml of concentrated HC1 was evaporated at room tempera ture  and the r e s i -  
due was reprecipi ta ted with ether  f rom ethanolic solution. This gave 0.7 g (60%) of the hydrochlor ide of 
the amide (IV) mp 145-150 ~ C (dec.rap., remel t ing at 60-67 ~ C). Found %: 46.08; N 11.53; C1 (ionic) 14.83. 
C4H4F~N20 o HC1. Calculated %: F 46.25; N 11.36; C1 14.43. 

S o d i u m  ~ - A m i n o p e r f l u o r o i s o b u t y r a t e  ( V I ) .  A solution of 2.8 g of the amide (IV) and 
0.6 g of NaOH in 4 ml of water  was boiled for 1.5 h and evaporated to dryness  in vacuum in the waterba th ,  
af ter  which the residue was washed with absolute ether.  This gave 1,85 g (60%) of the salt  (VI). For analy- 
sis,  the salt  was r ec rys ta l l i zed  f rom aqueous ethanol. Found %: 5.64. C4H2F6NNaO2. Calculated %: N6.01. 
IR spectrum: 1670 cm -1 ( C = O); 3320, 3390, 3420 cm -1 (N-H). 
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H e x a f l u o r o i s o p r o p y l a m i n e  (V) .  Eight mi l l i l i t e r s  of diluteHC1 (3 : 1) was slowly added to 
6 g of the sa l t  (VI). Af ter  the evolution of CO2had ceased ,  the resul t ing  solution was t r ea ted  with a solution 
of 1~ g of NaOH in 2 ml  of wate r ,  the amine  fo rmed  being dist i l led off s imul taneous ly  into a r e c e i v e r  con- 
mining solid KOH. This gave 2 g (46%) of the amine  (V), bp 57~ L i t e r a tu r e  data [4]: bp 57~  
the amine  {V) was t r ea t ed  with phenyl i socyanate ,  N-pheny l -N ' -hexa f luo ro i sop ropy lu rea  was obtained with 
mp 212~ (from aqueous ethanol)~ A mix tu re  with an authentic sample  [4] gave no depress ion  of the me l t -  
ing point.  

c ~ - H y d r o x y p e r f l u o r o i s o b u t y r i c  A c i d  ( V I I ) ~  A mix tu re  of 12 g o f p e r f l u o r o i s o b u t y l e n e  
oxide, 3 ml  of w'ater,  8 ml of acetone,  and 0.7 g of ground s i l ica  gel was heated in a s teel  tube in theboi l ing 
wa te r  bath for  12 h and f i l t e red ,  the acetone  was dist i l Ied off f rom the f i l t ra te ,  and the res idue  was dried 
with MgSO 4 and dist i l led.  This gave 4.6 g (39%) of the acid (VII), bp 150-153~ mp 78-80~ Neut ra l i -  
zation equivalent:  found 210, calculated 212. Aniline sa l t  - m p  102~ (from benzene)~ A mix tu re  wi ththe 
sa l t  obtained f r o m  an authentic  s ample  of  the acid [5] gave no depress ion  of the mel t ing point. Found ~:  
N 4.88. CsH2F603 �9 C6HTN o Calculated ~:  N 4.59. 

a - A c e t a m i d o p e r f l u o r o i s o b u t y r a m i d e  ( V I I I ) .  A mix tu re  of 4.2 g of the amide  (IV),2g 
of acetyl  chlor ide,  and 15 ml  of absolute  benzene was boiled for 2 h. This gave as a p rec ip i ta te  4 g (80%) 
of the am,de  (VIII), mp 1 ~ 73-174 C (from acetoni t r i le ) .  Found %: 28.49; H 2~ F 45.88. C6H~F~N202. 
Calculated %: C 28.57; H 2.38; F 45.24. 

, a - D i b e n z a m i d o p e r f l u o r o p r o p i o n a m i d e  ( IX)~  A mix tu re  of 1.5 g of the amide  (Ia), 
1.4 g of benzoyl  chlor ide ,  and 5 ml of ace ton i t r i l e  was heated a t  60~ for  2 ho The hot solution was f i l te red,  
the f i l t ra te  was evapora ted  in vacuum at  50~ and the res idue  was c rys ta l l i zed  a f t e r  repea ted  t r e a t m e n t  
with absolute  e ther .  This gave 1 g (44%) of the adduct of the am,de  (IX) with one molecule  of dioxane, mp 
208-210~ (from dioxane). Found %: C 55.94; H 4.79; F 12.49; N 9.14. Cl~H14F3N303. C4H802. Calculated%: 
C 55.63; H 4.86; F 12.59; N 9.27. IR spec t rum:  1500, 1670, and 1750 cm -1 (C = O) 

CONCLUSIONS 

i. The acid hydrolysis of amides of o~-amino- and o~,~-diaminoperfluorocarboxylic acids have been 
studied. In the diaminoamides, the gem-diamino grouping hydrolyses first and then (under more severe 
conditions) in the amide function, which leads to the formation of o~,c~-dihydroxyperfluorocarboxylic acids 
(hydrates of o~-oxoperfluoroearboxylic acids). In the hydrolysis of ~-aminoperfluoroisobutyramide, the un- 
stable c~-amiuoperfluoroisobutyrie acid is formed which immediately undergoes deearboxylation to form 
hexafluoroisopropylamine. 

2. ~-Hydroxyperfluoroisobutyric and ~-oxo-w-hydroperfluorocaprylic acids have been obtained by 
the hydration of perfluoroisobutylene oxide and w-hydroperfluorooetene oxide, respectively. 

3. The aeylation of ~-aminoperfluorobutyramide and c~,o~-diaminoperfluoropropionamide has given 
the corresponding re.no- and bis (acylamino)amides. 
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