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In p r e c e d i n g  c o m m u n i c a t i o n s  of this  s e r i e s ,  those  r e a c t i o n s  of  p e r f l u o r o d i m e t h y l k e t e n e  have  been  
d e s c r i b e d  which w e r e  e i the r  comple t e ly  unknown o r  which d i s t inguish  it  f r o m  o the r  k e t e n e s .  Such r e a c t i o n s  
include those  with d i m e t h y l f o r m a m i d e  [1], with d e r i v a t i v e s  of n i t rous  ac id  [2], and with t r i e thy l  phosph i t e  
[3], d i m e r i z a t i o n  [4], and o t h e r s .  

In the p r e s e n t  work  we have s tudied  the r e a c t i o n  of  p e r f l u o r o d i m e t h y l k e t e n e  with a lcoho l s ,  a m i n e s  
and ac ids .  T h e s e  r e a c t i o n s  a r e  gene ra l  both f o r  p e r f l u o r o d i m e t h y l k e t e n e  and f o r  o the r ,  n o n - f l u o r i n a t e d  
ke tenes  and l ead  to the p roduc t ion  of v a r i o u s  de r i va t i ve s  of h e x a f l u o r o i s o b u t y r i c  ac id .  Thus ,  the r e a c t i o n  
of the ke tene  with a lcohols  has  given the e s t e r s  (I)-(VI) 

(CF3) .oC = CO -]- ltOH--~ (CF~)~CH -- COOR 
R =  GH3 (I); C2'H5 (II); i-C3H~ (III); n-Call9 (IV); 

CaHsO~ (V); OCH(CHzO)2 (VI) 

It  is an i n t e r e s t i n g  fac t  tha t  at  r o o m  t e m p e r a t u r e  the ke tene  a c y l a t e s  only two hydroxy  g roups  of 
g lyce ro l ,  g iving e i the r  (Va), o r  (Vb) 

CH2--OCOCH (CF3)~ CH~--OCOCH (CFa)2 
I l 

CHOH CH--OCOCH (CF3)~ 
I f 

CH~--OCOCH (CFs)~ CH2OH 
(Va) (Vb) 

Complete acylation was achieved only by heating glycerol with an excess of perfluorodimethylketene in a 
sealed tube,  

The  r e a c t i o n  of the ketene  with a m m o n i a  and amines  has  given a m i d e s  of h e x a f l u o r o i s o b u t y r i c  ac id  
(v~]-x) 

(CFa)2C:CO T' NHRIR2 -~ (CF~)2CHCONRIII2 

RIR2~H (VII); CHa (VIII); C2H5 (IX); H, (X) 

In the reaction of the ketene with amines, an excess of the latter must be avoided, since otherwise 
mineralization of the fluorine atoms takes place as a consequence of the splitting out of hydrogen fluoride 
from the (CF3)2CH- group, a fact previously known for similar compounds [5]. 

IJerfluorodimethylketene readily reacts with hydrogen chloride or bromide and with organic acids, 
giving the acid halides (XI), (X/I), the mixed anhydrides (XIII), (XIV), and the anhydride (XV). 

(CF~)2C = CO -~ HX-+ (CF~)2CH -- COX 
X ~ C1 (XI); Br (XlI) ; OCOCF~ (XlII) ; OCOCHz (XIV) ; 

OCOOH(CF3)2 (XV) 

The properties of the compounds obtained are given in Table i; the structures of the new compounds 
were confirmed by IR and NIV[R spectra. Identification of the known liquid substances (1), (If), and (XI)with 
authentic samples was carried out by the GLC method, and that of the solid substances (VII) and (VIII) by the 
absence of a depression of the melting point when they were mixed with authentic samples. In all other 
cases in which reactions gave known substances, their constants did not differ from those reported. 
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TABLE 1 

I 8t 
II 79 

III 72 
IV 
V 

VI 
VII 

VIII 
IX 
X 

XI 
XII 

XIII 

XIV 

XV 

89--911750 
103--105 

38/36 
90 47--49/18 
43 134/I0 

43 142--143]8 
46 (154--155) 
44 (54--55) 
37 (50.5) 
55 (185~186) 

54 54/748 
79 66--67]748 
26 132--133 

83 ' 142 

74 135--137 

r 

1.3079 
1.317C 
1.3213 1760 (CO) 
1.338~ 1760 (CO) 
1.35(E t770 (CO) 

3570 (OI-l) 
1.3449 

1580. 1650 
1672 (CO) 

1.308( 

1.305E 1785 1856 (CO) 

1.328(~ 1780. 1852 (CO) 

I. 310( 

q~ 

o 

C 35.2~ H 3.38 
C 38.2; H4.14 
C 29.0; H i.65 

C 28.7; H 1,32 

C 43.5; H 4.80; 
N 5,33 

C 24.9: H 0.80; 
F 58.5 

C30.1; H 1:66; 
F 47,8 

o 

C 35.2; H 3.36 
C 38.1; H 3.97 
C 29.4; H 1.78 

C 28.7; H 1.27 

C 434; H 4.69; 
N5.06 

C 24.6; tt 0.34; 
F 58.6 

C 30.2; H 1,68; 
F 47.9 

[6] 
[6] 

[6] 
[7] 
[6] 

[81 
[8] 

[91 

* T h e  NMR s p e c t r a  w e r e  t aken  in  CC14 with Me4Si as i n t e r n a l  s t a n -  
da rd .  (IV)5CH 3 0 .95( t r ip le t ) ,  J 5.6 c / s ;  5OCH 2 4 .30( t r ip le t ) ;  5CH 4.13 
{septet), J 8.0 c / s ;  5 C - C H  2 1 .3 -1 .6 (mul t ip l e t ) .  {III) 5CH 2 1.3(doublet) ,  

J 6 ,2  c / s ;  5OCH 5.2(septe t ) ;  5CCH 4.1(septe t ) ,  J 7.5 c / s .  

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

M e t h y l  a n d  E t h y l  A l c o h o l s .  P e r f l u o r o d i m e t h y l k e t e n e  was  p a s s e d  into an e x c e s s  of the a l c o -  
hol,  and then  the m i x t u r e  was  d i lu ted  with w a t e r  and the oi l  which  s e p a r a t e d  was  washed  with b i c a r b o n a t e  

so lu t ion  and with w a t e r  and was  d r i ed  and d i s t i l l ed .  

I s o p r o p y l  a n d  B u t y l  A l c o h o l s .  E q u i m o l a r  a moun t s  of a lcohol  and the ke t ene  w e r e  mixed  in  
a tube  a t - 7 8  ~ le f t  fo r  a day at r o o m  t e m p e r a t u r e ,  and  then  t r e a t e d  as d e s c r i b e d  above.  

G l y c e r o l ,  G l y c e r o l  was  p l aced  in  a t w o - n e c k e d  f l a sk  with a r e f lux  c o n d e n s e r  cooled to - 7 8  ~ and 
the ke tene  was  p a s s e d  through i t  un t i l  a b s o r p t i o n  ceased .  T h e n  the p r oduc t  was  t r e a t e d  in  a s i m i l a r  m a n n e r  

to tha t  d e s c r i b e d  above.  The  e s t e r  (V) was  ob ta ined .  

A m i x t u r e  of the e s t e r  (V) and an e x c e s s  of p e r f l u o r o d i m e t h y l k e t e n e  was  hea ted  in  a s e a l e d  tube for  

6 'h at 100 ~ The  p roduc t  was  t r e a t e d  s i m i l a r l y .  Th i s  gave the e s t e r  (VI). 

A m m o n i a  a n d  D i m e t h y l a m i n e .  At -786,  a n e q u i m o l a r  a m o u n t  of a m m o n i a  or  an a m i n e  was  

p a s s e d  into an  e t h e r e a l  so lu t ion  of the ke t ene  in  a two-necked  f lask .  The  r e s u l t i n g  m i x t u r e  was  hea ted  u n -  
de r  r e f lux  to r o o m  t e m p e r a t u r e .  T h e n  the e t he r  was  evapo ra t ed  in the a i r ,  and the r e s i d u e  was  c r y s t a l l i z e d  
f r o m  hep tane .  

D i e t h y l a m i n e ,  C y c l o h e x $ 1 a m i n e .  In d rops ,  an  e q u i m o l a r  a m o u n t  of the a m i n e  was  added to 
an e t h e r e a l  so lu t ion  of the k e t e n e  in  a f lask  with a r e f l u x  c o n d e n s e r  at - 7 8  ~ The  s u b s e q u e n t  t r e a t m e n t  was  
as  d e s c r i b e d  above.  The  a m i d e s  w e r e  c r y s t a l l i z e d  f r o m  b e n z e n e  o r  a lcohol .  

H y d r o g e n  C h l o r i d e ,  The  ke t ene ,  p l aced  in  a t w o - n e c k e d  f l a sk  wi th  a r e f lux  c o n d e n s e r  {-78~ 
was  s a t u r a t e d  wi th  dry  HC1 at  r o o m  t e m p e r a t u r e  for  5 h. The p r o d u c t  was  d i s t i l l e d  th rough  a co lumn.  

O t h e r  A c i d s .  E q u i m o l a r  amoun t s  of the k e t e n e  and HBr  o r  o the r  ac ids  w e r e  s e a l e d  in  a tube  and 
le f t  fo r  a day.  Af te r  th i s ,  the ac id  b r o m i d e  (XII) was  d i s t i l l e d  th rough  a c o l umn ,  and the anhydr ide s  (XIII)- 
(XV) w e r e  ca r e fu l l y  washed  wi th  i ce  w a t e r  and b i c a r b o n a t e  so lu t ion ,  d r i e d ,  and d i s t i l l ed .  

C O N C L U S I O N S  

P e r f l u o r o d i m e t h y l k e t e n e  is  a good aey la t ing  agen t  f o r  a lcoho ls  and a m i n e s  and both m i n e r a l  and  o r -  
gan ic  ac ids .  
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