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We have previous ly  repor ted  that the react ion of perf luoroisobutylene (PFIB) with ethylene oxide and 
propylene oxide in the p resence  of CsF resul ts  in the formation of t rans  olefins containing a pe r f l uo ro - t e r t -  
butyl group {Ia, Ib), ces ium per f luoro-2-methylpropenola te  (II), and 2-H-per f luoro-2-methy lpropane  (lid [1]: 

3 (CFs)2C=CF~ + CsF + H~C CHR ~ (CF3)aCCH=CHR + (CF3)~C=CFO-Cs++(CF3)aCH 
\ /  

o (~a, b) (II) (III) 
1~ = H (a), Me (b). 

Epichlorohydrin reac ts  s imi la r ly  with PFIB; however,  in the olefin of type I obtained (R = CH2C1) the chlorine 
atom in the chloromethyl  group is replaced by a second pe r f luoro- te r t -bu ty l  group [1] : 

4 (CFs)2C=CF2 -t- 2 CsF + H2C--CHCH2CI - *  (CFs)sCCH -:CHCH2C(CF~).~ -}- (II) + (HI) -t- CsCI 
\ /  

o 

It was postulated that a neces sa ry  condition for the real izat ion of these react ions is the formation of a stable 
pe r f luoro - t e r t -bu ty l  anion [1]. 

More recent ly  we showed that the hexafluoropropylene (HFP) dimer ,  i .e. ,  pe r f luoro-2-methy l -2 -pen tene  
(PFMP), like PFIB,  easi ly forms a stable t e r t i a ry  earbanion, viz. ,  the perf luoro(dimethylpropyl)methyl  ca rb-  
anion, as a resu l t  of the revers ib le  addition of a fluoride ion: 

(CF3)2C = CFC2F~ + CsF ~_ (CF~)2(C2FT)C-Cs + 

This carbanion reac t s  under fa i r ly  mild conditions (50-60~ with prac t ica l ly  quantitative yields with such highly 
elec~rophilic reagents as benzyl bromide and allyl bromide [2]. For this reason it seemed of interest to inves- 
tigate the reaction of PFMP with various o-oxides. 

As was expected, the reaction of PFMP with ethylene o~de and propylene oxide in the presence of CsF 
produces trans olefins containing the perfluoro-tert-alkyl group (CF~)2C- C3F 7 (IVa and IVb) and cesium per- 
fluoro-2-methyl-2-pentene- 3- olate (V) : 

C2F5 
/ 

�9 (CFa)2C=CFC2F5 + CsF -}- H~C CHR ~ (CFa}~CCH=CHR -t- (CFa)~C=C + [HF] 
\ /  I \ 

O C,~F7 (V) O-Cs + 
(IVa, b) 

I~ = H (a), Me (b) 

Somewhat unexpected resul ts  were obtained when PFMP was reac ted  with epichlorohydrin.  In this 
eas e, unlike the analogous react ion with P FIB, t r ans -  1,1,1,7,7,8,8,9,9,9- decafluoro-  2,6,6- t r i s  ( tr if luoromethyl)-  
4-nonene (VI), 2- f luoro-  2-pentaf luoroethyl-  3,3-bis (tr if luoromethyl)-  5- [a, a-dihydro-fi , f l-bis  (trifluoromethyl)- 
per f luoroamyl] te t rahydrofuran  (VII), and 2-H-per f luoro-2-methylpentane  (VIII) are  formed:  
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(CFa)~CCH2CH--HaC 

(CF3),2C--CFC2F5 -~ CsF q- H .~C - -C H C H eC I  --, (CF~)2CCH=CHCH2CH(CFa)2 -~ F7C3" O / \C(CFa)z -~ (CFa)~CH 

CaF, (VI) // 
] 
C.~F7 

I ( w n )  
C2F5 (VII) 

Despite some differences obtained when the ~-oxides reac t  with P FIB and P FMP, it is per fec t ly  c lear  
that the f i r s t  steps in the react ions are identical in aI1 cases :  

F 
/ 

(CFa),C=C 

\ R  F 

0 (CFa).,CCHeCI_I (R) ~'Cs + / \  
H=C CHR l 

-'I- CsF ~ (CFa)eCCs + - -  RFCF,_, (B) 
I 

I:[FCF 2 (CF~)2C=CF(EF) 

(A) RFCF ~ 

[(CFa)2CCHxCH(R) OCF (RF)C(CFa)..,I 

(C) Cs+ 

The perf luor inated t e r t i a ry  carbanions (A) open the oxide ring to form the corresponding ces ium a[koxides 
(B), and the latter reac t  with a second olefin molecule to form intermediate  earbanions (C). The fur ther  
convers ions  of these carbanions determine the final products  in each specific ease.  

A mechanism for stabil ization of carbanion C involving the in t ramolecular  removal  of a proton for the 
methylene group in the a posit ion relat ive to the e l ec t ron-accep to r  pe r f luoro - t e r t -bu ty i  group and cleavage 
of the C -  O bond was previous ly  proposed for the react ion of PFIB with a-oxides .  This resul ts  in the fo rma-  
tion of olefins Ia and Ib and an "adduct" of a -hydrohexaf luoro isobutyry l  fluoride with CsF (I)). The action of 
a third molecule  of PFIB,  which acts as a dehydrofluorinating reagent ,  resul ts  in the format ion of ces ium 
per f luoro-2-methylpropenola te  (II) and 2 -H-per f luoro-2-methy lp ropane  (IH) [1]: 

cu(a) 

(c) c 
c /  [ \cF.~ 

CF a 

> (Ia,b) ,+- [(CFa)zCHCF,eO-Cs+ ] (CF,,)~C=CF, (II) q- (III) 

(D) 

Another reaction scheme is possible. Carbanions of type C can eliminate F- to form intermediate vinyl 

ethers (E). Under the action of a base (CsF in diglyme), the latter spilt off an acid, i.e., the enol (CFal 2 C = 
C(RF)OH , to form enolates K and V and olefins Ia and Ib or IVa and IVb: 

cF~\ S N 
(c) - - ~  c~,'~--c-c~2~ r 

-'~- . /  i f - .  I " 
~I,'CF2 H v- F'- + RF . 

Cs (g) 

(Ia,b) or tIv~b/+ (n), (vl +[H~ ~] 

This scheme is supported by the fact  that a lkylperf tuoroalkenyl  ethers  (IX), which a re  derivat ives of PFIB 
and PFMP,  are  capable of being split  under the action of CsF to form the corresponding ces ium per f luoro-  
enolates (II and V) and alkyl f luorides [3]: 

tl F 
/ 

(CF3)~C=C 
\ 

OR 
(IX) 

-~- CsF --~ (II), (V) -~- RF 

It may  be postulated that in cer ta in  cases  the attack of F-  is directed at the • H atom of the alkyl group (splitting 
of e thers  of type E) ra ther  than at the c~ C atom of the same group (splitting of ethers  of type IX), i .e. ,  the p e r -  
f luoroenolate anions are  be t te r  leaving groups in the 1,2-el iminat ion react ions.  
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T A B L E  1. 

Compound 

(IVa) 

(Wb) 
ffa) 
fib) 
(vI) 

(v i i )  
(x) 

bp, ~ 
(p, mm Hg) 

101-i02 

it8-120 
53-54 
79-8i 

i05-i06(70) 

ioo(~) 
t05-t06 

IR (Raman) 
spectrum 
(v, cm -~) 

i650 

1665 
0650) 
0660) 

0670) 

1670 

Yield, 
% 

82 

28 

77 
77 

Found 

27,3 
27,7 

29,7 
30,0 

28,0 
28,2 

26,6 
26,6 

t Calculated, % 

I-I 

0,73 
0,87 

i,i8 
t ,30 

[[] 
[11 

0,80 
0,98 

0,89 
0,74 

[6, 7] 

7L7 
7t,4 

68,9 
68,6 

70,8 
70,8 

69,9 
70,3 

In the r e a c t i o n  of  e p i c h l o r o h y d r i n  wi th  P F M P  c a r b a n i o n  C i s  s t a b i l i z e d  d i f f e r e n t l y ,  i . e . ,  by  the  i n t r a -  
m o l e c u l a r  r e p l a c e m e n t  of C1 in  the  c h l o r o m e t h y l  g roup  to f o r m  the  s u b s t i t u t e d  t e t r a h y d r o f u r a n  VII:  

CF~\ 
C F a - - C - - C t l ,  - - C H - - C I I 2  '--C1 

o \  /c((:F92 
CF I 

(c) C.F~, 

(vii) 
-L, sCI 

H o w e v e r ,  a n o t h e r  p a t h ,  which  i s  ana logous  to one d e s c r i b e d  above  and p r o d u c e s  o l e f i n V I ,  i s  r e a l i z e d  in  p a r a l l e l :  

CsF 
(C) ---~(CFa)2CCH2CHO--C=C(CF~)~ �9 (CF~)~CCH=CHCH2C1 q- (V) 

--F- I I I --HF I 
C3F= CH2C1 C2F5 CaF7 

CsF ff + (V) +H+ (CFs)2CHCCeF 5 " ~ (CFu)uCH-Cs + C2F~COF 

O 
(CFa)flCH=CHCH,~C1 + (CF3hCH-Cs + ~ (VI) 

I 
C~F7 

The  d e c o m p o s i t i o n  of 2 - H - p e r f l u o r o - 2 - m e t h y l - 3 - p e n t a n o n e  u n d e r  the  a c t i o n  of C s F  was  c o n f i r m e d  by  a s p e c i a l  
e x p e r i m e n t .  In the  r e a c t i o n  u n d e r  c o n s i d e r a t i o n  a ke tone  i s  f o r m e d  when e n o l a t e  V i s  r e a c t e d  with  HC1, w h o s e  
s o u r c e  i s  t h e  H F - C s C 1  s y s t e m :  

C~F5 
/ 

(CF~)2C=C + HC1 ~ (CFu)2CHCCzF5 + CsCI 
\ IJ 

O-Cs + O 

As we s e e ,  when P F I B  and P F M P  a r e  r e a c t e d  with  e t h y l e n e  ox ide  and p r o p y i e n e  ox ide ,  b a s i c a l l y  s i m i l a r  
p r o d u c t s ,  v i z . ,  o l e f ins  con ta in ing  a p e r f l u o r o - t e r t - a l k y l  r a d i c a l  (Ia and  Ib o r  IVa and IVb) and the c o r r e s p o n d i n g  
c e s i u m  e n o l a t e s  (II and  V), a r e  f o r m e d .  Some  d i f f e r e n c e s  due to the  n a t u r e  of  t he  o r i g i n a l  o l e f in  a r e  a l s o  
c h a r a c t e r i s t i c  of t h e s e  r e a c t i o n s .  

A p p a r e n t l y ,  b e c a u s e  of the  h igh  e l e e t r o p h i l i c i t y  of  P F I B ,  the  c o n c e n t r a t i o n  of  the  p e r f i u o r o - t e r t - b u t y l  
an ion  in  d i g l y m e  i s  s i g n i f i c a n t l y  h i g h e r  than  tha t  of  t he  p e r f l u o r o - t e r t - h e x y l  an ion  (CF3)2C-C3FT, a s  i s  con -  
f i r m e d  103- the  igF NMR s p e c t r u m .  C l e a r l y  f o r  t h i s  r e a s o n ,  the  a - o x i d e s  r e a c t  wi th  P F I B  wi th in  s e v e r a l  h o u r s  
a t  20-50~ whi le  t h e i r  r e a c t i o n s  wi th  P F M P  r e q u i r e  h e a t i n g  to 130~ for  100 h o r  m o r e .  

When P F I B  i s  r e a c t e d  with  a - o x i d e s ,  ]II i s  f o r m e d  a long  wi th  o l e f in s  Ia  a n d I b  and  e n o l a t e  H, whi le  the  
c o r r e s p o n d i n g  p r o d u c t  VIII  was  not  d e t e c t e d  in  the  p r o d u c t s  of the  r e a c t i o n  of  P F M P  with  e thy l ene  ox ide  and  
p r o p y l e n e  ox ide .  The r e a s o n s  fo r  t h i s  d i f f e r e n c e  b e c o m e  c l e a r  when the  s p e c i a l l y  d e v i s e d  e x p e r i m e n t s  a r e  
c o n s i d e r e d .  

1. When e q u i m o l a r  a m o u n t s  of  P F I B ,  IH, C s F ,  and  b e n z y l  b r o m i d e  a r e  r e a c t e d ,  I I I  r e m a i n s  u n r e a c t e d :  
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(CFa)~C = CF~ + ( I I I )  + CsF + BrCH~Ph--+ (CF3)sCCH~Ph + CsBr + (III) 

2. When equimolar amounts of PFMP, VIII, CsF, and benzyl bromide are reacted, PFMP remains un- 

reacted: 

CF~ 

(CF3)2C=CFC~F5 + (VIII) + CsF + BrCH2Ph ~ CF3--~CCH.Ph+HF+CsBr+(C~ ~)2C =CFC2F~ 
/ 

CaF7 

In each ease  a carbanion is generated in two equilibrium react ions,  viz. ,  the revers ib le  addition of F-  
to the perf luoroolef in  (PFIB or  PFMP) and the revers ib le  deprotonation of the hydrofluoride of the per f luoro-  
olefin (HI or VIII). In the f o r m e r  case  (the P F I B - I I I  system),  the preferable  source of the carbanion is the 
perf luoroolef in  (PFIB), and in the lat ter  case  (the P F M P - V I I I  system),  it is the hydrofluoride (VIII). Clearly,  
for just  this r ea son ,  hydrofluoride VIH was not detected in the react ion products .  

The react ion of PFMP with ethylene oxide and propylene oxide in the p resence  of CsF is comp]Lieated by 
a secondary  react ion,  viz. ,  the convers ion of the d imer  of HFP,  i .e. ,  PFMP,  into the t r i m e r  of HFP,  i .e. ,  
pe r f luoro-2 ,4 -d imethy l -3 -hep tene  (X), which is a mixture of the cis and t rans  i somers  in a 3:1 ratio.  The 
amount of the t r i m e r  X formed depends on the nature of the a-oxide.  For  example, in the case  of ethylene 
oxide, its yield is 3%, and in the case of propylene oxide it is up to 23%. T r i m e r  X is apparently formed ac-  
cording to the following scheme:  

F- F- 
(CFs).2C=CFCF2CFa ~ (CF3)2CFCF=CFCFa 

~3 [(CF3)2CFCF~FCFs] ~ (CF3):CF- + CF2 = CFCF3 
F- 

(CF.~)2C=CFCF2CFa ~--- (CF3)2C- ~- CFa--C--CaF 7 (CF3)~CF~. (CF3)2CFCF=C--CaF7 

C3Fv CF2 CFs 

whichis  s imi la r  to that proposed  for the convers ion of the i somer ic  t r i m e r s  of HFP pe r f luo ro -2 -me thy l -3 -  
propyl -2-pentene  and pe r f luo ro -3 - i sop ropy l -4 -me thy i -2 -pen tene  into X under the action of F-  under severe  
conditions (100~ 100 h) [4]. However,  in our case ,  the source  of the hexafluoroisopropyl  anion is the molecule 
of the HFP dimer ,  i .e. ,  PFMP.  The ol igomerizat ion of HFP under severe  conditions (130-200~ produces  
t r i m e r  X exclusively [5]. There fore ,  it may  be postulated that t r ime r  X is thermodynamical ly  more  stable 
than the other  o l igomers  of HFP. Jus t  this factor  is apparently the driving forces  for  the convers ion of the 
HFP dimer  into the HFP t r i m e r  (X). 

Under severe  conditions PFMP is capable of being converted into the HFP t r i m e r  (X). Nevertheless ,  
if the a-oxide  is stffficiently active,  the main react ion is the formation of olefins IVa and IVb and the cesium 
enolate V. 

F r o m  the resu l t s  p resen ted  it is seen that both terminal  PFIB and internal PFMP reac t  with different 
a-oxides  in a bas ica l ly  s imi la r  manner .  This react ion c lear ly  has a general  cha rac te r  for  all f luorinated 
olefins capable of forming stable perf luor inated t e r t i a ry  carbanions and can se rve  as a convenient method for 
synthesizing olefins with pe r f l uo rc - t e r t - a l ky l  groups.  

EXPERIMENTAL 

The 19F NMR and IH NMR spectra (5, ppm) were recorded on a Perkin-Elrner R-32 spectrometer (84.6 
and 90 MHz) with TMS and CF3COOH as external references. The GLC analysis of the reaction mixtures was 
carried out in a column (3 m • 3 ram) with 20% FS-1265 on Chromosorb W. The preparative separation was 
carried out in a column (4 m x 25 ram) with 20% QF-I. 

373- Bis (trifluoromethy I)-4,4,5,5,6,6,6-heptafluoro- l-hexene (l-Va). A suspension of 31 g (0.2 mo Ie) of 
freshly calcined CsF in 70 ml of absolute diglyme was given an addition of 60 g (0.2 mole) of perfluoro-2- 
methyl-2-pentene (PFMP) and stirred for 0.5 h. Then the contents of the flask were transferred to a 200-ml 
autoclave, 8.8 g (0.2 mole) of ethylene oxide were added, and the mixture was heated for i00 h at 130cC. The 
low-boiling products (35 g) were collected in a trap (-78~ from the reaction mixture in a vacuttm (15 torr) 
and distilled. This yielded 30 g of a fraction with bp I00-I03~ containing 95% IVa and 5% perfluoro-2,4- 
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dimethy l -3 -hep tene  (X) according to the GLC data. The mix tu re  was sepa ra t ed  with the aid of p r e p a r a t i v e  
GLC. Pu re  IVa was obtained (Tables 1 and 2). The res idue  of the reac t ion  mix tu re  was a solution of ce s ium 
p e r f l u o r o - 2 - m e t h y l - 2 - p e n t e n - 3 - o l a t e  (V) in diglyme according  to the 19F NMR data. An oil p rec ip i t a ted  when 
this solution was t r e a t e d  with 5% HC1. It  was separa ted ,  washed with water ,  dr ied  with MgSO4, and dist i l led.  
This  yie lded 19.6 g (66%) of 2 - H - p e r f l u o r o - 2 - m e t h y l - 3 - p e n t a n o n e  with bp 60~ [8]. 

T r a n s - 4 , 4 - B i s  ( t r i f luoromethyl ) -5 ,5 ,6 ,6 ,7 ,7 ,7-heptaf luoro-  2-heptene {IVb). In a s im i l a r  manne r  31 g 
(0.2 mole) of CsF,  60 g (0.2 mole) of P F M P ,  12 g (0.2 mole) of p ropylene  oxide, and 70 ml  of diglyme were  
heated in an autoclave for  130 h at 130~ The low-boiling reac t ion  products  (59 g) were  dist i l led offinto a 
t rap  (-78~ f r o m  the reac t ion  mix tu re  in a vacuum (15 tor r ) .  According to the 19F NMRdata ,  the res idue  
was a solution of V in diglyme.  The contents of the t rap  were  dist i l led,  and two f rac t ions  were  collected.  

F rac t ion  1 (45 g), bp 35-60~ According to the GLC data, i t  is a mix ture  of unreac ted  PFMP (81.4%) 
and p ropy lene  oxide (18.6%). The extent  of convers ion  of P F M P  was 45%. 

Frac t ion  2 (11.5 g), bp 105-120~ According to the GLC data,  it is a mix tu re  of 45% IVb and 55% X. 
The mix tu re  was s epa ra t ed  by p r e p a r a t i v e  GLC. This  yielded 4.5 g (28%) of IVb and 5 g of X (see Tab les  1 a rd  
2). 

React ion of P e r f l u o r o - 2 - m e t h y l - 2 - p e n t e n c  with Epiehlorohydr in  in the P r e s e n c e  of CsF.  In a s i m i l a r  
manne r  120 g (0.4 mole) of PFMP,  20 g (0.2 mole) of epichlorohydr in ,  62 g (0.4 mole) of CsF ,  and100 ml  of 
diglyme were  heated in an autoclave for  80 h at  130~ The reac t ion  mix tu re  was t r ea t ed  with wa te r  acidified 
with HC1, and the oil was sepa ra t ed ,  washed with wate r ,  dr ied with MgSOt, and disti l led.  Three  f rac t ions  were  
col lected.  

F rac t ion  1 (33 g), bp 55-82~ According to the GLC data,  i t  contains the or iginal  PFMP (51%), 2 -H-  
pe r f l uo ro -2 -me thy lpen t ane  (VIII) (39%), and unidentified products  (10%). 

F rac t ion  2 (43 g), bp 95-135~ (70 m m  Hg). According to the GLC data,  i t  cons is t s  of t r a n s - 1 , l , 1 , 7 , 7 , -  
8 ,8 ,9 ,9 ,9 -deca f luo ro -2 ,6 ,6 - t r i s  ( t r i f luoromethyl ) -4-nonene  (VI) (65%), which was i so la ted  with the aid o f p r e  - 
p a r a t i v e  GLC in a pure  fo rm (see Tab les  1 and 2). 

F rac t ion  3 (18 g), bp 102-113~ (10 m m  Hg). According to the GLC data,  i t  cons is t s  of 2 - f l u o r o - 2 -  
pentaf  luo roethy 1- 3 ,3-bis  ( t r i f luoromethyl ) -  5- [a,  a -  dihydro-•,f l-bis ( t r i f luoromethy 1)pert luoroamyl ] te t rahydro-  
furan (VII) (90%), which was i so la ted  with the aid of p r e p a r a t i v e  GLC (see Tables  1 and 2). 

React ion of Per f luoro i sobu ty lene ,  2 - H - P e r f l u o r o - 2 - M e t h y l p r o p a n e  (liD, and CsF with Benzyl Bromide.  
A mix tu r e  of 4 g (0.02 mole) of PFIB ,  4.4 g (0.02 mole) of III,  3 g (0.02 mole) of CsF,  and 3.5 g (0.02 mole) of 
benzyl  b romide  in 10 ml  of diglyme was s t i r r e d  at  20~ until the b romide  d i sappeared  (GLC monitoring).  Ac-  
cording to the 19F NMR data,  at the conclusion of the ,reaction, the reac t ion  m a s s  was a mix tu re  of nnreac ted  
IE and 1 -pheny l -2 ,2 -b i s ( t r i fh io romethy l ) -3 ,3 ,3 - t r i f luo ropropane .  F r o m  the reac t ion  mix tu re  3.4 g of III were  
dis t i l led off into a t r a p  (-78~ The res idue  was poured  into water .  An oil separa ted ,  and it  was washed with 
wate r ,  d r ied  with MgSO4, and disti l led.  This  yielded 7 g (88%) of 1 -phenyl -2 ,2 -b i s  ( t r i f luoromethy l ) -3 ,3 ,3 - t r i -  
f luoropropane  with bp 158-160~ [9]. 

React ion  of P e r f l u o r o - 2 - m e t h y l p e n t e n e ,  2 - H - P e r f l u o r o - 2 - m e t h y l p e n t a n e  (VIII), and CsF with Benzyl 
Bromide  4 A mix tu re  of 6 g (0.02 mole) of P F M P ,  6.4 g (0.02 mole) of VIII,  3 g (0.02 mole) of CsF,  and 3 .5g  
(0.02 mole) of benzyl  b romide  in 20 ml  of diglyme was s t i r r e d  at .~ 20~ until the b romide  d i sappea red  (GLC 
monitor ing) .  According to the 19F NMR data,  at  the conclusion of the reac t ion ,  the reac t ion  mix tu re  cons is ted  
of unreac ted  P F M P  and 1-phenyl -2 ,2 -b i s  ( t r i f luoromethyl ) -  3 ,3,4,4,5,5,5-heptaf luoropentane.  The reac t ion  
mix tu re  was poured  into wate r ,  and the oil was separa ted ,  washed with water ,  dr ied with MgSO4, and disti l led.  
This  yie lded 5 h of the or ig ina l  P F M P  with bp 49-52~ and 7.1 g (87%) of 1 -phenyl -2 ,2 -b i s ( t r i fh io romethy l ) -  
3 ,3 ,4 ,4 ,5 ,5 ,5-heptafhioropentane with bp 67-70~ (6 tor r )  [2]. 

React ion  of 2 - H - P e r f l u o r o - 2 - m e t h y l - 3 - p e n t a n o n e  with CsF.  A mix tu re  of 6 g (0.02 mole) of 2 - H - p e r -  
f l uo ro -2 -me thy l -3 -pen t anone  and 3 g (0.02 mole) of CsF in 10 ml  of diglyme was s t i r r e d  for 1 h at ~ 20~ 
Pa r t i a l  dissolut ion of the CsF  and warming  of the reac t ion  mix ture ,  which cons is ted  of the or ig inal  ketone 
and ce s ium enolate V in a 1:1 ra t io ,  accord ing  to the I~F NMR data, were  observed .  The mix tu re  was t r a n s f e r r e d  
to an ampul  and heated for  6 h at 130~ The ampul  was opened, and the gas  evolved was col lected in a t rap .  
According to the igF NMR data,  the contents of the t rap  cons is ted  of pure  per f luoropropionyl  f luoride (2.5 g, 
75%). The res idue  was t r e a t ed  with wa te r ,  and the oil was separa ted .  According to GLC and 19F NMIR data,  
the oil is a complex  mix tu re  of unidentified p roduc ts .  
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T A B L E  2 

~F NMR spect rum P~LR spect rum (5, ppm, 
Compound (5, ppm, J, Hz) L Hz) 

~(CF~)zCCH=CHz (Via) 
/ 

CF~gF~CF~ 
2 3 4 

~(CF~hC / \ / Ha 
CF, CF~CF~ C=C (IVb) 

/ \ 
g 3 4 Fib CH~ 

~(CFa)~C/\ / H  a 

CFaCF~CF~ C = C  
/ \ c 

2 3 ~ H b CH.~CH (CF~).~ 
5 

I 
CF~ 
5 

(vI) 

5 r - -~3 ,3 ,  5: 4,4, 6a46,2, 
6~ 32,0; Yl-3 = 10,0, 

J2-4 = t4,0, 
J3-r - -  6,0, Ji_~ = t2,0 

51 - - t3 ,9 ,  62 4,6 5a 46,3, 
5r 3t,9; ff~_~ = t0,0, 

J~.-a = t3,4, Y~_~ = t2,0 

6~ - - t3 ,4 ,  6.., 4 , t ,  ba 49,3, 
6a 35,0. 5~ --9,2;  

Y~-a = t l ,7 ,  J~_a=8 ,8 ,  
Y2-~ = t3,2, Ys_HC --  7,5 

H a Ha 61 - - t4 ,4 ,  6., - - t3 ,3 ,  
i 2 I b 163 - - t 2 , 0 ,  6~ 2 ,2 ,  6~ 2 ,2 ,  

I (CFa)zC--C--CK--C--H/ I / \ (VII) I 66 45 .... i, 6-29 3 6~a 43,,0 
CF~C~'~GF~ ~4b O C(CFD~ 6 46 7 b 34 7 
a 6 7 a \ / 2,u / sb , , s , , 

C'F / J1 6 -  t t ,0 ,  Ji 7 = t 3 , 0 ,  
a~--~'--Fb I J2-3 = t t ,0 ,  J4-7 = t4,0, 

Js-~ = t5,0, Jsa_s b = 

(x) 

2 7 5 6 3 
(CFs)2CF CF2CF~ CFa \ / 

c=c / \ 
F CF~ 
4 1 

2 7 1 
,(CF~)~C,P C F ,  

\ / 
c = c  

F / \CF~CF:CF~ 
4 5 6 7 

(x) 

= 290,0, Jsa_2 - 27,5, 

Jab_2,3 - -  t7 ,0 

6 t -  fg,0, 6.,--1,9,535,2,6~ 
8,8,5~::25,06~46,1,57t05,0 
J l-~ --  29,5, J1-5 = 15,4, 
J1-6 ~- 9,2, Je-7 = 6,5, 

Ye_5 = 3, t ,  Ja-5 = t0,7, 
J~-7 = 3,6, J5-7 = 67,7 

J6-7 - -  3 2 , 5  

5~ --23,4, b2 - - t , 9 ,  5~ 5,2, 
5~ t t ,9 ,  5~ 30,3, 56 49,2, 

5, t05,7; 
J1-7 ----43,9, J2-7 = 6,3, 
J~-i  = 3 , 1 ,  J 3 - 5 -  10,0, 
Y5-1 : t7,0,  Y~-a = 38,2, 
ff6-1 - -  8 ,2 ,  J6-4  = 17,6, 

YT-~ = 6 , 3  

6~ 5,4 br. s 

6CtI~ i,6, 5Ha 6,3, 

6Hb 5,5; .]CHa_Ha ~ 6,8, 
YHa_H b = t6 ,4  

5CH ~ 2,5, 5Ha 6,3,  

5Hb 5~6, •HC 2,7: 

]CH2_It a ~ 6,7, 
JHa_H b ~ t6,7, YHc_~ = 

= 7 , 3  

61a, b 2, t ;  2,9, 52 4,9, 

63a, b 2 , 5 ;  2,8; 

Y l a _ l  b = i4,7, Yla_2  = 

= 7,0, Jib_2 = 8,5, 
Yaa_3 b = t6,7, Yaa_~ 

= 4 , 0 ,  J b_2 = 5,5 

CONCLUSIONS 

i. Pers reacts with a-oxides in the presence of CsF like perfluoroisobutylene. 

Olefins containing a perfluoro(dimethylpropyl)methyl group and cesium perfluoro-2-methyi-penten-3-olate 

are formed. 

2. The reaction of perfluoro-2-methyl-2-pentene with epichlorohydrin in the presence of CsF results 
in the formation of trans-1 ,i ,i ,7,7,8,8,9,9,9- decafluoro-2,6,6-iris (trifluoromethy I)-4-nonene, 2- fluor o-2- 
pentafluoroethyl- 3,3-bis (trifluoromethyl)- 5- [a, ~- dihydro-f?,p-bis (trifiuoromethyi)perfluoroamyl]tetr aiwdrofuran, 
and 2- H-perfluoro-2-methylpentane. 

3. The hexafluoropropylene dimer perfluoro-2-methyl-2-pentene is partially converted under the 
action of CsF into the thermodynamically most stable hexafluoropropylene trimer perfluoro-2,4-dirnethyl-3- 
heptene. 

2 .  

3 .  

4 .  

5 .  

6 .  
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TRANSFORMATIONS OF a,a-DIFLUOROCARBONYL COMPOUNDS 

V. REACTION OF PERFLUORO-2-HEXANONE WITH PHENYLHYDRAZINE 

S.  I .  P l e t n e v ,  M. D.  B a r g a m o v a ,  UDC 542.91:547.284.6' 
a n d  I .  L .  K n u n y a n t s  161:547.556.8 

It has a l ready been shown that  ketones containing ~-di f luoromethylene  groups form with excess  of 
phenylhydrazine base or  phenylhydrazine aceta te ,  at an elevated t empera tu re ,  bisphenylhydrazones of a-  
diearbonyl compounds, or p roche ts  of their  dehydrofluorinat ion,  the corresponding pyrazoles .  The ~-di-  
f luoromethylene group of the ketones t r an s fo rm s  into the phenylhydrazone group as the resu l t  of the initial 
reac t ion  with the C -  O group; in the monohydrazone formed,  the F atoms of the neighboring CF 2 group become 
mobile due to the e lec t ron-donor  phenylhydrazone grouping. Incompletely f luorinated ketones,  such as penta-  
f luoroacetone,  methyl  heptafluoropropyl  ketone,  phenyl heptaf luoropropyl  ketone, can als0 par t ic ipa te  in this 
react ion [1]. 

It was in teres t ing to c lar i fy  whether  this reac t ion  can be extended to per f luoro  ketones,  i .e . ,  whether  
the e lec t ron-donor  ability of the phenylhydrazone group is sufficient  to act ivate the a -d i f luoromethylene  group 
in the per f luoro  compounds, where  this e l ec t ron-donor  ability should be dis tr ibuted between two neighboring 
strongly electrophil ic  groupings. The p re sen t  work descr ibes  the study of the react ion of per f luoro-2-hexanone  
with phenylhydrazine.  

It was found that pe r f luoro-2-hexanone  does not r eac t  with phenylhydrazine under the conditions p r e -  
v i ou s lyuse dbyus  (in the p r e s e n c e  of acet ic  or  sulfur ic  acid,  at 100~ But when AcOH or  H2SO 4 a re  replaced 
by CF3COOH, 1-phenyl-  3 - t r i fh ioromethyl -4-phenylazo-5-penta f luoroe thy lpyrazo le  (I) is readi ly  fo rmed  

C2FsCF2CF2C(O)CF3 

--~ IC2FsCF2CF~CF3 --" 

i_ (II) N~HPh 

PhNIINIt2, CFzCOOH 
i00 ~ 

C~FsCF2CF=CCF3 PhNHNH~ C2F~CF2C �9 -CCF 3 ] 

(III) IN=N--Ph N 
I ~HPh j NttPh 

---, C~FsC=CN=NPh 
Ph__N'/ [ (IV) 

\ 
N=CCF 3 

(I) 

Pyrazo le  (I) is fo rmed  as the resu l t  of success ive  t ransformat ions  of per f luoro-2-hexanone  into mono- 
hydrazone (l-I), azoolefin (HI), and bisphenylhydrazone (IV), which is dehydrofluorinated to (I). To confirm the 
formation mechanism of pyrazo le  (I), we at tempted to synthesize  the above in termedia te  products .  

The azoolefin (IH) cannot be obtained under  mild conditions descr ibed  previous ly  in [1]. Compound (HI) 
is fo rmed  in good yield when product  (II) is decomposed by solid KOH 

~CF~--(CF~).---CFTC--CFs] 

L ~ NPh A 
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