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In 1960 by the react ions  of  the sodium der ivat ives  of ethynylbenzene and 1-hexyne with t e t ra f luoro-  
ethylene fluorinated enynes were  obtained which consisted in the products  of the symmet r i ca l  replacement  
of two fluorine atoms in te t raf luoroethylene by phenylethynyl or 1-hexynyl groups,  R--C ------ C--C F = C F--  
C ------ C--R [1]. We have shown that the analogous react ions  with chlorotr if luoroethylene,  hexafluoro-  
propene,  and perf luoroisobutene lead to the monosubsti tuted products (I)-(III), which a re  formed as a r e -  
sult of the replacement  of the te rminal  vinyl fluorine atom. In the case of hexafluorocyclobutene the 
disubstituted product (IV) is formed, 

ICFCI-~- CF-- C -----C -- C6H~ (I) 

CF~CF~- CF-- C----- C-- CsH~ (II) 

(CF3) ~C----- CF--C ~ C-- CsH5 (III) 

CF~--C--C_----C--C~H5 
I IJ (~v) 

CF~--C--C----C--CeH5 

It was of interest  to compare  the activi t ies of the double and tr iple bonds of substances of  this type. 
In the IR spec t ra  the f luorine-weighted double bond and the t r iple  bond absorb at 1670-1700 and 2210-2220 
cm -I respect ively.  Our investigations showed that in polyfluorinated enynes considerable  exaltation of 
molecular  re f rac t ion  is observed (2-6 units); it is at its highest in 3 ,5 ,5 ,5 - t e t r a f luo ro - l -pheny l -4 - ( t r i -  
f luoromethyl ) -3-penten- l -yne .  The comparat ive  evaluation of the activities of the double and tr iple bonds 
in these substances was ca r r i ed  out on the basis  of the resu l t s  of their  react ions  with bromine and with 
diazomethane. Experiment showed that in the main the t r iple  bond is brominated with format ion of the 

dibromides (V)- (VIII). 

CFC1 ~ CF--CBr~GBr--C6H~ (V) 

CF3CF~-~ CF--CBr---~CBr--C6H5 (VI) 

(CF~) ~C ~-,CF--CBr---~ CBr--'CsH5 (VII) 

CFz--C--CBr =CBr--CsH5 
l II (VIII) 

CF2--C--CBr=CBr--C~H5 

In the IR spect ra  of the dibromides the double bond frequency at about 1700 cm -1 (fluorine at a double 
bond) is preserved ,  the tr iple bond disappears ,  and a new frequency charac te r i s t ic  for a > C = C < bond 
conjugated with a benzene nucleus appears .  Fur ther  bromination is achieved only on exposure to UV 
radiat ion,  and in the case of (V) and (VI) it leads to the te t rabromides  (IX) and (X). 

CFCIBr--CFBr--CBr~-~ CBr--C6H5 (IX) 
CF3CFBr-- CFBr-- CBr -~CBr-- C6H5 (X) 

Their structures follow from the disappearance of the ]~ band at about 1700 cm -i and the retention 
of the double bond frequency at about 1590 em -i. (VII) does not form a tetrabromide, which is in keeping 
with the behavior of isobutene toward bromine. It is evident that the donation of electron density from 
the bromine-substituted double bond is unable to make up the deficiency in the perfluoroisobutenyl group. 
The activities of the double and triple bonds in the polyfluoro enynes investigated were also compared 
for the case of the reaction of 3,5,5,5-tetrafluoro-l-phenyl-4-(trifluoromethyl)-3-penten-l-yne with the 
nucleophilic reagent diazomethane. Experiment shows that unsubstituted perfluoroisobutene reacts readily 

with diazomethane with formation of a pyrazoline. 
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\ 

C=CF~ -~- CH~N~ -~ (CF~)2 C--CF2 
/ I I 

CF3 NH CH 
\2 y 

It was  t h e r e f o r e  imposs ib le  to guess  the r e su l t  of the reac t ion  of 3 , 5 , 5 , 5 - t e t r a f l u o r o - l - p h e n y l - 4 - ~ r i -  
f l u o r o m e t h y l ) - 3 - p e n t e n - l - y n e  with diazomethane.  It was  found that it r e ac t s  with e the rea l  d iazomethane 
at r oom t e m p e r a t u r e  with fo rmat ion  of 4 -pheny l -5 -pe r f luoro i sobu teny lpyrazo le .  The s t ruc tu re  of this 
was  p roved  by the IR spec t rum,  which contains no f requency in the region of 2200 cm -i ,  but contains an 
absorpt ion  band at about 1700 cm -1 cha r ac t e r i s t i c  for  a f luor ine-weighted double bond. 

.C  ~ C F - -  C ~ C ~ . . ,  

/ ix ,  
F F F  

CFI2 N~: ~" CF3/CF3~C~ CF-- ~--~ 
N H  C H  

The t r ip le  bond t h e r e f o r e  p roved  to be the m o r e  act ive,  evidently because  of the s t rong conjugation in the 
molecule  of 3 , 5 , 5 , 5 - t e t r a f l u o r o - l - p h e n y l - 4 - ( t r i f l u o r o m e t h y l ) - 3 - p e n t e n - l - y n e .  This  view is conf i rmed  by 
the fact  that  3 , 4 , 5 , 5 , 5 - p e n t a f l u o r o - l - p h e n y l - 3 - p e n t e n - l - y n e  and 1 - e h l o r o - l , 2 - d i f l u o r o - 4 - p h e n y l - l - b u t e n -  
3-yne do not r eac t  with diazomethane.  

EXPERIMENTAL 

P r e p a r a t i o n  o f  3 , 4 , 5 , 5 , 5 - P e n t a f l u o r o - l - p h e n y l - 3 - p e n t e n y l - y n e  ( I I )~ 3 , 5 , 5 ,  
5 - T e t r a f l u o r o - l - p h e n y l - 4 - ( t r i f l u o r o m e t h y l ) - 3 - p e n t e n - l - y n e  ( I I ! ) ,  a n d  T e t r a -  
f l u o r o - l , 2 - b i s p h e n y l e t h y n y l c y c l o b u t e n e  ( I V ) .  A four -necked  f lask fitted with s t i r r e r  , r e -  
'flux condenser ,  and tube for  the pa s s age  of gas  was charged  with a suspens ion of phenylethynylsodium in 
dry  e the r  p r e p a r e d  f rom 0.1 mole  of sodium wire  and 0.1 mole  of e thynylbenzene,  andwi thv igorous  s t i r r i n g  
0.I  mole  of the pe r f luoro  olefin was  p a s s e d  in at r oom t e m p e r a t u r e .  The reac t ion  mix tu re  was left o v e r -  
night at room t e m p e r a t u r e .  The p rec ip i t a te  of sodium fluoride was f i l te red  off and washed seve ra l  t imes  
with dry e ther .  F rom the e the rea l  solution the polyfluorophenylpentenyne was  isola ted by disti l lation. 
Te t r a f luo ro - l , 2 -b i spheny le thyny lcyc lobu tene  was i so la ted  by c rys ta l l i za t ion  f rom ethanol. The physica l  
constants  and ana lyses  of the compounds obtained a r e  given in Table  1. The yield was ca lcula ted  on the 
amount of the pe r f luoro  olefin that reac ted .  

P r e p a r a t i o n  o f  1 - C h l o r o - l , 2 - d i f l u o r o - 4 - p h e n y l - l - b u t e n - 3 - y n e  ( I ) .  A 2 5 0 - m l  
me ta l  ampule was  charged  with a suspension of phenylethynylsodium in dry  e ther ,  p r e p a r e d  f rom 0.2 mole  
of sodium wi re  and 0.2 mole  of ethynyl benzene,  and also 0.3-0.4 mole  of chlorot r i f luoroethylene .  The 
me ta l  ampule was  heated for 6 h at 80 ~ The p r e s s u r e  was  then r e l eased ,  and the p rec ip i t a t e  of sodium 
fluoride was  f i l te red  off and washed  s eve ra l  t i m e s  with e ther .  By dist i l lat ion we isola ted  (I). The physica l  
p r o p e r t i e s  and r e s u l t s  of ana lys i s  a re  given in Table  1. 

P r e p a r a t i o n  o f  a , f i - D i b r o m o s t y r y l  P o l y f l u o r o a l k e n e s .  Thepo ly f l uo ro  e n y n e w a s  
b romina ted  with b romine  in ch lo ro fo rm solution with cooling with ice water .  The yie lds  of the d ib romides  
were  quanti tat ive.  The phys ica l  cons tants  and ana lyses  a re  given in Table  2. 

B r o m i n a t i o n  o f  a , f i - D i b r o m o s t y r y l  P o l y f l u o r o a l k e n e s .  A mix tu re  of 0 . 1 m o l e  of 
the ~ , f i -d ib romos ty ry l  polyf luoroalkene and 0 . t  mole  of b romine  in ch lo ro form was  exposed to UV radia t ion  
for  10 h. The t e t r a b r o m i d e  was  isola ted by dist i l lat ion.  Phys ica l  constants  and ana lyses  a r e  given in 
Table  2. 

R e a c t i o n  o f  D i a z o m e t h a n e  w i t h  P e r f l u o r o i s o b u t e n e .  Liquid per f luoro isobutene  was 
added to e the rea l  d iazomethane at " 3 0  ~ The t e m p e r a t u r e  was  gradual ly  brought to that  of the room.  By 
dist i l lat ion we i so la ted  4 ,4 -d i f l uo ro -5 ,5 -b i s t r i f l uo rome thy l -2 -py razo l ine ,  b.p. 103-104 ~ m.p.  28-29~ nD3~ 
1.335; d43~ 1.599. Yield 71%. Found %: C 25.05; K 0.80; F 62.91; N 11.62. CsH2N2F 8. Calcula ted %: 
C 24.79; g 0.82; F 62.81; N 11.57. 

R e a c t i o n  o f  D i a z o m e t h a n e  w i t h  3 , 5 , 5 , 5 - T e t r a f l u o r o - l - p h e n y l - 4 - ( t r i f l u o r o -  
m e t hY 1 ) - 3 - p e n t  e n - 1 - y n e .  o. 05 mole  of  3 , 5 , 5 , 5 - t e t r a f l u o r o - l - p h e n y l - 4 -  ( t r i f luo romethy l ) ' 3 -pen ten  T 
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l-yne was added gradually to ethereal diazomethane at 5-10 ~ The reaction mixture was left at room 
temperature overnight. Ether was vacuum-distilled off. The product, 4-phenyl-5-perfluoroisobutenyl- 
pyrazole, had m.p. 129-131 ~ (chloroform, benzene). Yield 61%. Found %: C 48.11; H 2.17; F 40.94; 
N 8.88. Ci3H?F?N 2. Calculated %: C 48.14; H 2.16; F 41.05; N 8.64. 

CONCLUSIONS 

I. The following polyfluoro enynes were prepared: 3,4,5,5-tetrafluoro-l-phenyl-4-(trifluoromethyl)- 
3 -penten-i -yne, 3,4,5,5,5 -pentafluoro -I -phenyl-3 -penten-1 -yne, I -chloro -!, 2 -difluoro -4-phenyl -i -buten- 
3-yne, and tetrafluoro-l,2-bisphenylethynylcyclobutene. 

2. Bromine in chloroform solution adds only at the triple bond of the enynes with formation of the 
corresponding dihromides. The further bromination of the dienes can be effected under UV irradiation, 
and the fluorine-substituted, not the bromine-substituted, double bond takes up the bromine. Only one 
molecule of bromine will add to 3,4,5,5-tetrafluoro-l-phenyl-4-(trifluoromethyl)-3-penten-l-yne. 

3. With diazomethane perfluoroisobutene forms 4,4-difluoro-5,5-bistrifluoromethyl-2-pyrazoline, 
and diazomethane added to 3,5,5,5-tetrafluoro-l-phenyl-4-(trifluoromethyl)-3-penten-l-yne with forma- 
tion of 4-phenyl-5-perfluoroisobutenylpyrazoline. 

i. 
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