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The t h e r m a l  addition of al lyl  s y s t e m s  to the ac t ivated double bonds of olefins,  as well  as to act ivated 
bonds of ace ty lenes ,  has  been well  studied [1, 2]. React ions  of this kind have not been c a r r i e d  out with f lu-  
oroolef ins .  Pe r f luoro i sobu ty lene  r e a c t s  with isobutylene at the t e m p e r a t u r e  300 ~ and f o r m s  a l inear  d i m e r  
1 , 1 - b i s - t r i f l u o r o m e t h y l - 2 , 2 - d i f l u o r o - 4 - m e t h y l p e n t e n e - 4  in 80% yield.  The s t ruc tu re  is conf i rmed  by the 
PMR and IR spec t r a :  

(CFs) 2C ~ CFa @ (GHs) 2C : C H2 ~ (CF3) ~CHCFeCH2G (CH3) : CH2 

The adduct is readi ly  dehydrof luor inated  by dry  alkal i  in e the r  solution, fo rming  1 ,1 -b i s t r i f l uo ro -  
m e t h y l - 2 - f l u o r o - 4 - m e t h y l p e n t a d i e n e - l , 4  and readi ly  adds one molecu le  of b romine  in ch lo ro fo rm solution. 

- -HF Br., 
(CF3)2 CHCF~CH~C (CII3):CH~ ---> (CFsh C:CFCH._,C (CHs)=CH2 

za 
(CFs)~C=CFCH2CBr (CHs) CH2Br 

Br2 
(CFs)eCHCF~CH~C (CH3)=CHs --> (CFs)2 CHCF2CH2CBr (CHs) CH213r 

Pe r f luoropropy lene  r e a c t s  with isobutylene at 380 ~ fo rming  two products  - - a c y c l o d i m e r  with b.p~ 
99 ~ and a l inea r  adduct, which by analogy with the adduct of ~0-isobutylene and isobutylene,  may  be a sc r ibed  
the s t ruc tu re  - -  1 ,1 ,1 ,2 ,3 ,3 -hexaf luoro-5-methy lhexene-5 ,  with b.p. 95 ~ 

CF=CF2 @ (CH~)2 C=CH2 --~ CFsCF--CF2 ~- CFsCFHCF2CH2C (CH3) ~ Cll~ 
1 1 

(r C -  CH2 
Brz 

CFaCFtICF2CH2C (CHs)--CH.2 ~ CF~CFHCF~CH2C (CI{3) BrCH2Br 
Zn 

The cyc tod imer  and l inea r  d i m e r  a r e  s epa ra t ed  by bromina t ion  in ch lo ro fo rm solution. C y c l o d i m e r -  
ization of go-propylene with isobutylene occu r s  according  to the "head to head" type, which is conf i rmed  by 
the na ture  of the spli t t ing of the signal of the CIt 2 group in the NMR spec t rum (Fig. 1). 

In the region f r o m  2 to 3 p .p .m. ,  CIt 2 r e p r e s e n t s  a doublet, spl i t  on the nucleus of one f luorine atom, 
s i tuated along the diagonal of the r ing [3]. The reac t ion  of ~o-isobutylene and q)-propylene with toluene p r o -  

J 
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Fig. 1 
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ceeds  under  m o r e  r igorous  conditions than that  with isobutylene,  at 
a t e m p e r a t u r e  of 400-450 ~ fo rming  2 - t r i f l uo rome thy l -3 -benzy l -1 ,  , 
1 ,1 ,3 ,3-pentaf luoropropane and 3-benzyl -1 ,1 ,1 ,3 ,3 -hexaf luoropropane  

O --CH3 + (CF3)_~C=CF2 ~ (CFa)~ CHCF2CH2-- O 

O - - C H 3  -F CF3CF=CF2 ~ CF3CFItGF2CH2-- O 

The s t ruc tu re  of the adduct of per f luoro isobuty lene  with to lu-  
ene was demons t r a t ed  by dehydrofluorinat ion,  followed by oxidation 
of the benzylper f luoro isobuty lene  obtained to phenylacet ic  acid. 
Whereas  2 - t r i f l u o r o m e t h y l - 3 - b e n z y l -  1 ,1 ,1 ,3 ,3-pentaf luoropropane 
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splits out a molecule of hydrogen fluoride under the action of alkali hydroxides in the cold in e ther  solution, 
the adduct of (p-propytene with toiuene does not split out hydrogen fluoride, nei ther  when heated with po tas -  
s ium hydroxide at 200 ~ nor  with dimethylaniline. 

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

Reaction of Perf luoroisobutylene with Isobutylene. In a 50 ml metall ic  ampule were  placed 20 g p e r -  
f luoroisobutylene,  11 g isobutylene, and 0.1 g hydroquinone, and the mixture was heated for  8 h at the t e m -  
pe ra tu re  300 ~ Distillation yielded 21 g of the adduet. IR spect rum:  ~max 3090 em -1 (> C = CH2). PMR 
spec t rum in CC14 (standard HMDS), 6 (CH3) 1.8; 6 (CH2) 2.8 (triplet); I(CH 2 -- F) 18Hz, 5 (CI-I 2 ----- ) 9.5 (dou-  
b le t ) ;  I6Hz; 6 (> CH - - )  3.5 (heptet); I (I-IF) 8 Hz. 1 ,1-Bis t r i f luoromethyl -2 ,2-d i f luoro-4-methylpentene-  
3 adds a molecule  of bromine in chloroform,  forming the dibromide.  

Dehydr ofluorination of 1,1- B is t r i f luor  omethyl-2,2-  difluoro- 4- methylpentene- 4. (C F3)2- C HC F 2 C H 2 C. 
(CH3)--CH2 was gradual ly  added with mixing to a suspension of potass ium hydroxide in abs. ether.  Distil la- 
tion yielded (CF3)2C=CFCH2C(CH3)=CH2 . IR spectrum: Vma x 3095 cm -1 (>C=CH2) and 1700-1710 cm -1 
(> C=CF) �9 (CF3)2C----CFCH2C(CH3)=CH 2 adds one molecule of bromine  in chloroform,  forming (CF3)2C---- 
CFCH2C (CH3)BrCH2Br. When it was t rea ted  with zinc dibromide in boiling acetone, (C F~)2C=CFCH2C (CH3)= 
CH 2 was obtained. IR spectrum: ~max 3095 cm -I  (>C=CH2) , 1700 cm - i  (>C=CF- ) .  

Reaction of Per f luoropropylene  with Isobutylene. In a 250 ml metal l ic  ampule were placed 40 g i so-  
butylene, 120 g perf luoropropylene,  and 1 g hydroquinone. The mixture was heated for  8-10 h at a t empe r -  
ature of 380 ~ The react ion mass  was brominated in ch loroform solution at room tempera ture .  The excess  
bromine was decolor ized with sodium bisulfite. Distillation yielded: 35 g of a eyclodimer  with b.p. 98-99 ~ 
and 25 g of CF3CFHCF2CH2CBr(CH3)CH2Br with b.p. 86 ~ 14 ram. The IR spect rum of the cyc lodimer  of 
perf luoropropylene with isobutylene: Vma x 1440 cm -1 (-- CI-I2-), with no absorption band in the region of 
3100 cm -i (> C = CI{2). 

A mixture of 5 g granulated zinc and 25 g CF3CFHCF2CH2CBr(CH3)CH2Br was boiled in a methanol 
solution with a reflux condenser for 1 h. The reaction mass was poured out into water. The oil that strat- 
ified was dissolved in ether, washed with water, with bicarbonate solution, and again with water. It was 
dried with calcium chloride. Distillation yielded 5.4 g CF3CFHCF2CH2C(CH3) -= CI-I 2 with b.p. 94-95 ~ 
IR spect rum:  Urea x 3090 cm -i (> C -- CH2). 

Reaction of Toluene with Perf luoroisobutylene and Perf luoropropylene.  A mixture of 0.1 mole of the 
r  and 0.25 mole of toluene was heated in a metal l ic  ampule with a 50 ml capacity for  14 h at a t em-  
pera tu re  of 400 ~ in the case of ~- isobutylene and 450 ~ in the case of ~-propylene.  Distillation yielded 
the adduct. 

Dehydrofluorination of the Adduct of Toluene with Perf luoroisobutylene.  C6HsCI-I2CF2CH(CH3) 2 w a s  
gradually added with mixing to a suspension of potass ium hydroxide in abs. ether.  Distillation yielded 
benzylperf luoroisobutylene.  IR spec t rum:  ~max 1685 cm -i (> C = CF). 

Oxidation of Benzy!perf luoroisobutylene.  A 10 g portion of benzylperf tuoroisobutylene was dissolved 
in 80 ml  of acetone, and with mixing at 20-25 ~ 4 g of KMnO 4 was added in port ions.  After  this, the mixture 
was mixed for  another 6 h at 30-35 ~ The precipi ta te  was washed with hot water ,  and the aqueous solution 
extracted with e ther  and acidified with cone. HC1. The acid mother  l iquor was extracted severa l  t imes 
with ether.  F r o m  the e ther  solution we obtained 1.8 g phenylacetic acid (40%, calculated on the basis  of the 
reacted  alkene). 

The constants  and analyses of the compounds obtained are  cited in Table 1. 

C O N C L U S I O N S  

1. The thermal  alkylation of isobutylene with perf luoroisobutylene was ca r r i ed  out, and a l inear  d imer  
was obtained. As a resul t  of thermal  alkylation of isobutylene with perf luoropropylene,  a cyc lodimer  and 
a l inear  d i m e r  were  obtained. 

2. Cyclodimerizat ion of e -propylene  with isobutylene proceeds  according to the "head to head" type. 

3. Thermal  alkylation of toluene with q~-isobutylene and ~-propylene is accomplished at the methyl  
group, forming 2 - t r i f luo romethy l -3 -benzy l - l , l , l , 3 ,3 -pen ta f luo ropropane  and 3 - b e n z y l - l , l , l , 2 , 3 , 3 - h e x a -  
f luoropropane,  respect ively.  

1625 



L I T E R A T U R E  C I T E D  

1. C . J .  Albisetti, N. G. Fischer,  M. J. Hogsed, and R. M. Joyce, J.  Amer. Chem. Soc., 7_~8, 2637 (1956). 
2. J . C .  Sauer and G. N. Sausen, J. Organ. Chem., 27, 2730 (1962). 
3. C.M. ]:harts and J. D. Roberts, J. Amer. Chem. Sot., 79, 1008 (1957). 

1626 


