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Perf luoroisobutylene  (PFI]3) easi ly  adds HC1 in the p resence  of C1- [1]. This reac t ion  r ep re sen t s  a 
cha rac t e r i s t i c  example of nucleophilic addition to f luoroolef ins ,  and evidently consis ts  in the initial addi- 
t ions of C1- to the multiple bond and the subsequent protonation of carbanion (I). Starting with this,  it 
could be expected that the nucleophilic r ep lacement  of F by C1 will occurwhen  PFIB is reac ted  with CI- 
in an aprot ic  medium. 

Howoever ,  it proved that PFIB pract ica l ly  does not r eac t  with t r ie thylbenzylammonium chloride 
(TEBA) when heated in CH3CN or  diglyme,  and only t r aces  of the substitution product,  1 - ch lo ro -1 ,3 ,  3, 
3 - t e t r a f l u o r o - 2 - t r i f l u o r o m e t h y l - l - p r o p e n e  (II), a re  formed here .  This  ra i sed  the assumption that the 
nueleophilic exchange of F by C1 in PFIB is r eve r s ib l e ,  in which connection the equilibrium of the exchange 
is  shifted substantially toward the s ta r t ing  compounds. The possibili ty of effecting the r e v e r s e  react ion 
was shown exper imenta l ly :  when monochloride (II) is reac ted  with te t rae thylammonium fluoride polyhydro-  
f luoride under mild conditions the C1 is replaced by F (however, the product formed here  is not PFIB i t-  
self ,  but r a t he r  i ts hydrofluorinat ion product ,  namely (CF3)zCH). 

In o rde r  to shift the equil ibr ium of the exchange toward the format ion of the substitution product it 
is neces sa ry  to use a reagent  that i r r eve r s i b ly  binds the F - .  The acid chlor ides ,  and in par t icu lar  POCI3, 
proved to be such reagents .  Thus,  monochloride (II) was obtained in sa t i s fac tory  yield when PFIB is heated 
with excess  POC13 in the p resence  of catalytic amounts of TEBA (160-180~ Together  with it, the di-  
substitution product ,  1 , 3 - d i c h l o r o - 1 , 3 ,  3 - t r i f l u o ro -2 - t r i f l u o ro m e th y l - l - p ro p en e  (III), was isolated f rom the 
reac t ion  mixture .  The formation of dichloride (HI) is due to the fact that carbanion (I) is stabil ized by the 
elimination of F -  f rom e i ther  the CC1F 2 or  CF 3 group. The "vinylic" chlor ide (II) is formed in the f i rs t  
case ,  while the "al lyl ic"  chlor ide (IV) is formed in the second case.  Monochloride (IV), which contains a 
t e rmina l  d i f luoromethylene group, in i ts reac t iv i ty  is comparable  to PFIB and under the react ion condi- 
t ions undergoes fur ther  at tack by C1 ~, which in the final analysis  gives dichloride (III) via carbanion (V). 
The fluorine anion, which is cleaved f rom carbanions  (I) and (V), is bound i r r ev e r s ib ly  by react ion with 
POCla, in which connection C1- is r egenera ted .  

I-IC1 
el- i---> (C~'~)~CHC F~C1 

(CF3)~C=CF~ ----> (CF~)~:CF~CI -- -F- 
' t (I) l_--+ (CFa)~C=CFCI 

~--F- (u) 
Cl-  - - F -  

C F2 -- CC F~C1 ---+ C1CF~C F~C1 ---+ CtC F2C =C FCt 
I Ov) I (v) I ( m )  

CF~ CF3 CF~ 
P O C l a  -]- F -  - ~  POCI~F -]- CI- 

It should be mentioned that usually the vinylic F atom is replaced when nucleophiles act on PFIB [2], 
but in the reac t ions  with organometal l ic  compounds both the vinylic and allylic F atoms are  replaced,  so 
the fact that dichloride (III) is formed is not unexpected [3, 4] (also see [5]). 

The proposed mechanism for the format ion of chlor ides  (II) and (IID, which includes the addition of 
C1- to PFIB,  is conf i rmed by the fact that PFIB fails  to r eac t  with POC13atl80-200~ inthe absence of 
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TEBA. PFIB does not r eac t  with PC13, SnCI a or  BCI 3 under the same  conditions. Only when PFIB is heated 
with A1C13 (150-170~ the F replaced  by CI*, in which connection the reac t ion  is nonselect ive and, along 
with monochlor ide (II), substant ia l  amounts  of the geminal  dichloride (VI), and also the t r i -  and t e t r ach lo ro -  
polyf luoroisobutylenes  (VII) and (VIII), a re  formed.  The comple te  exchange of F by CI cannot be achieved 
here :  the reac t ion  is accompanied by the degradat ion of the molecule  with the format ion of CCI 4. 

A1CI~ 
(C F.~)zC -CF~ -- ' --> (II)  -~- (GF3)~C=CC12 q- CFsC =CCl2 ~- CF~C =CCI~ -~- . . . CCh 

(VI) I I CFzC1 CFCIe 
(wD (wu) 

The exchange of F by C1 in PFIB is also achieved by t rea t ing  it with benzoyl  chloride in the p resence  
of catalyt ic  amounts  of pyridine.  In this case  the C1- source  is evidently benzoylpyridinium chloride (cf. 
[7]), while the equi l ibr ium of the exchange is shifted toward the format ion  of chlorinat ion products  via the 
convers ion  of the benzoyl  chloride to benzoyl  fluoride.  The analogous reac t ion  of PFIB with benzoy'[ b r o -  
mide and pyridine gave the product of r ep lac ing  the F by Br .  

C~HsN 
(CF3)~C = CF2 .- CoHsCOX ----+ (CFa)~C = CFX + C~HsCOF 

X = C1, Br 

Olefins (II), (III), and (VI) proved to be l ess  active than PFIB in the reac t ions  with nucleophflic r e -  
agents .  Thus ,  monochlor ide (II) r e m a i n s  unchanged when refluxed with alcohol,  and only when t rea ted  
with sodium ethylate and alcohol does it give ethyl per f luoroisobutenyl  e ther  (IX) and ethyl hexaf luoro-  
i sobutyra te  (X). The la t ter  is probably formed by the a lcoholys is  of the alcohol addition product (Xq[). 

----~ (CFshC=CFOC~H5 + (CFa)~CHCOOC~H5 

C,HsONa (IX) ~ (X) 
( C r , ) ~ C = C F C l ~  �9 i 

[ (CFa)~CHC FCIOC~Hs ] 
(xD 

The reaction of monochloride (If) with Et2NH leads to replacement of the chlorine atom and the forma- 
tion of diethylperfluoroisobutenylamine. The structure of dichloride (Ill) was confirmed by its oxidation 
with KMnO4, which resulted in the formation of chloropentafluoroacetone hydrate. 

C1CF~ CICF2 OH 
\ K~inO~ \ / 
C=CFCI --~ C / H,O / \ 

CF3 CF3 OH 

E X P E R I M E N T A L  M E T H O D  

The IR spec t ra  were  taken on a Utt-20 ins t rument .  The l~F NMR spec t ra  were  recorded  on a Hitachi 
H-6013 ins t rument  (56.46 MHz), and the chemica l  shifts  were  measured  f rom CF~COOH {external s tandard).  
The GLC analys is  was run on an LCM-8M chromatograph ,  using a column packed with F luoros i t i coae  de-  
posited on Aeropak.  

1 - C h l o r o - 1 , 3 ,  3, 3 - t e t r a f l u o r o - 2 - t r i f l u o r o m e t h y l - l - p r o p e n e  (II). a) A mixture  of 89 ml  of PGCI3, 3.5 
g of TEBA, and 68 g of PFIB was heated in a s tee l  autoclave at 160-1-70~ for 25 h. The fract ion with bp 
up to 80-90~ wasdis t i l l ed  f rom the reac t ion  m a s s ,  t rea ted  with ice,  and the organic  layer  was separa ted ,  
mixed with s e v e r a l  ml  of alcohol under cooling, poured into wa te r ,  and the organic  layer  was shaken under 
cooling with conc. H2SO4, separa ted ,  and kept over  K2CO 3. Dist i l lat ion through a f ract ionat ing column 
gave 25 g (34%) of monochlor ide (II) and 7 g (9~) of dichloride (III). MonocMoride (II): bp 40-42~ n~ 
1.3005. Found: C 21.90; F 61.47~. CaF?CI. Calculated:  C 22.12; F 61.43~. In f ra red  spec t rum:  1665 
cm -1 (C =C)o iSF NMR s p e c t r u m ,  ppm: --28.5 q .q .  (CF); --17.4 m [(CF3)2C =];  J c i s - C F 3 -  F = 27 Hz, 
J t r a n s - C F 3 - F  = 12 Hz. Dichloride (III) :bp71-72~ Found: C 20.17; F 48.48%. C4FGC12. Calculated:  
C 20.60; F 48.92~. In f ra red  spec t rum:  1670 cm -1 (C =C) .  I~F NMI1 s p e c t r u m ,  ppm: --30 m (CF2); --28 
m (CF); --19.2 m (CF3). 

b) A mix ture  of 35 ml  of benzoyl  chlor ide ,  1.5 ml  of pyr idine,  and 34 g of PFIB was heated in a 
s tee l  autoclave at 160-170~ for 25 h. Dist i l lat ion of the reac t ion  mixture  gave 18 g (49%) of monochloride 

*In this reac t ion ,  the same  as in other  r eac t ions  with e lec t rophi l ic  r eagen t s ,  PFIB is much less  act ive 
than per f luoropropylene  [6]. 
~Bromoper f luoro i sobu ty lene  was obtained recent ly  by the reac t ion  of hexaf luoroacetone with b r o m o f l u o r o -  
methylenet r iphenylphosphorane  [8]. 
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(II) and 8.7 g (21%)of 1, 1 - d i c h l o r o - 3 , 3 - t r i f l u o r o - 2 - t r i f l u o r o m e t h y l - l - p r o p e n e  ( V I ) w i t h b p  71-74~ 
The IR and NMR spec t ra  of dichloride (VI) were  identical  with those descr ibed  in [9]. 

Reac t ion  of PFIB with A1C13. A mixture  of 48 g of anhydrous AIC13 and 5 5 g  of PFIB was heated in a 
s tee l  autoclave at 150-160~ for 28 h, the unreac ted  PFIB (18 g) was dist i l led off, and the mixture  of chlo-  
r ides  was col lected in a t r ap  (--78~ heat ing the res idue  on the s t eam bath in vacuo (10 mm).  Red is t i l l a -  
tion of this  mix tu re  gave 4.7 g of a f r ac t i onwi thbp  35-71~ which contained 77% of monochlor ide (II) and 
8% of dichlor ide WI), and 15 g of a f r ac t ionwi thbp71-74~  which contained 94% of dichloride (VDand 6% 
of CC14; the 7 g o f  res idue  was a mix ture  that contained 13% of dichloride (VI), 51% of t r ich lor ide  (VII), 
and 36% of t e t r ach lo r ide  (VIII). The composi t ion  of the f rac t ions  was de te rmined  by GLC. 19F NMR spec-  
t r u m  of t r ich lor ide  (VII): - -30.5 g (CF2); --20 t (CF3); J = 14.5 Hz; t e t rach lor ide  (VIII): --26.6 g (CF); 
--21.4 d (CF3); J = 17 Hz. The main product  was CCI 4 when the reac t ion  was run under more  d ras t i c  con-  
di t ions.  

Reac t ions  of 1 - c h l o r o - 1 , 3 ,  3, 3 - t e t r a f l u o r o - 2 - t r i f l u o r o m e t h y l - l - p r o p e n e  (II). a) To a solution of 4 g 
of Et4NF �9 3HF (see [10] for  prepara t ion)  in 10 ml  of absolute CH3CN was added 2.4 g of monochlor ide (II) in 
5 ml  of CH3CN. After  0.5 h, dis t i l la t ion into a t r ap  (--78~ gave l . 8  g (75%) of (CF3)3CH, which was identi-  
ca l  with an authentic sample  (GLC, NMR). 

b) With cooling,  to a solution of 5.6 g of monochloride (II) in 6 ml  of absolute alcohol was added in 
d rops  a solution of sodium alcoholate (from 1.38 g of Na and 15 ml  of alcohol),  a f te r  which the mixture  
was  s t i r r ed  for  0.5 h and then diluted with water ;  the organic  layer  was separa ted ,  washed with wa te r ,  and 
dried over  CaC12. We obtained 3.8 g of a mix ture  that contained 54% of e ther  (IX) and 29% of e s t e r  (X) 
(identified by GLC and the NMR spec t ra ) .  

c) With s t rong  cool ing and s t i r r i ng ,  to a solution of 4.33 g of monochloride (II) in 10 ml of absolute 
e ther  was gradual ly  added a solution of 2.92 g of Et2NH in 5 ml  of absolute e ther ,  a f te r  which the mixture  
was s t i r r ed  for  0.5 h and then let stand at 0~ for12 h. The Et2NH" HC1 (1.5 g) was f i l tered off, and the 
f i l t ra te  was dis t i l led to give 1.9 g (38%) of d ie thylper f luoro isobutenylamine ,  bp 64.5-65~ (10 m m ) ,  which 
was  identical  with an authentic spec imen  [11] (GLC, NMR). 

Oxidation of 1, 3 -d i ch l o ro -1 ,3 ,  3 - t r i f l u o r o - 2 - t r i f l u o r o m e t h y l - l - p r o p e n e  (III). A mix ture  of 4.6 g of 
dichlor ide (liD, 4.7 g of KMnO4, and 10 ml  of wa t e r  was s t i r r ed  at 100~ for 20 h. The reac t ion  m a s s  was 
decolor ized  by the pas sage  of SO2, ex t rac ted  with e the r ,  and the e the r  ex t rac t  was dried over  MgSO 4. 
Dist i l la t ion gave 1.45 g (37%) of ch loropentaf luoroacetone  hydra te ,  bp45-52~ (85mm).  The ~9F NMR spec -  
t r u m  was ident ical  with the spec t rum of an authentic spec imen  [12]. 

1 - B r o m o - 1 ,  3, 3, 3 - t e t r a f l u o r o - 2 - t r i f l u o r o m e t h y l - l - p r o p e n e .  A mix tu re  of 33 ml  of benzoyl  
b r o m i d e ,  2 ml  of pyr idine,  and 34 g of  PFIB was heated in a stee~[ autoclave at 170-180~ for 18 h. 
Dis t i l la t ion of the reac t ion  mix ture  gave 22.5 g (54.5%) of the monobromide  with bp 56-58~ n~1.3260. 
Found: C 18.39; F 50.87%. C4F~Br. Calculated: C 18.41; F 50.95%. Infrared spectrum: 164-0 cm -i (C =C). 
19F NIVI~ spectrum, ppm: --37 g.g. (CF); --17 m [(CF3)2C--]; Jcis-CF3--F = 26 Hz, Jtrans-CF3--F = 12.5 
Hz. Distillation of the residue gave 5.4 g (10%) of 1,1-dibromo-3, 3, 3-trifluoro-2-trifluoromethyl-l-pro- 
pene (XII)withbp108-110~ Found: C 15.63; F 36.61%. C4FsBr 2. Calculated: C 14.99; F 35.40%. In- 
frared spectrum: 1670 cm -i (C=C}. 19F NMB spectrum, ppm: --19.1 s. When the reaction time is reduced 
to 6-8 h the f r a c t i o n w i t h b p l 0 8 - 1 1 0 ~  a mix ture  of  d ibromide  (XII) and CF3C(CF2Br) = CFBr .  
In f r a red  spec t rum:  1640 cm -1 (C = C ) .  laF N1V~ s p e c t r u m ,  ppm: --40 m (CF); --34.8 m (CF2); --20 m 

(CF3). 

CONCLUSIONS 

1. T r e a t m e n t  of per f luoro isobuty lene  with va r ious  halides resu l ted  in the exchange of fluoride for  

chlor ine .  

2. A method was  developed for  the synthes is  of the monochloro-  and monobromoper f luoro i sobu ty l -  

enes .  

3. Substitution of chlor ine for  f luorine at the mult iple bond of perf luoroisobutylene  lowers  the r e -  
act ivi ty of  the f luoroolefin toward nucleophilic r eagen t s .  

1044 



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

1. I. L. Knunyants, M. P. Krasuskaya, and N. P. Gambaryan, Izv. Akad. Nauk SSSR, Ser. Khim., 
723 (1965). 

2. B . D .  Chambers and R. G. Mobbs, Advances in Fluorine Chemistry [Russian translation], Vo~.s. 3-4, 
Moscow (1970), p. 256. 

3. L . I .  Zakharkin and V. N. Lebedev, Izv. Akad. Nauk SSSR, Ser. Khim., 190 (1970). 
4. L . A .  Rozov, Yu. V. Zeifman, L. S. German, Yu. A. Cheburkov, and I. L. Knunyants, Izv. Akad. 

Nauk SSSR, Set. Khim.,  741 (1974). 
5. N . P .  Aktaev, I. A. Lobanov, G. A. Sokol'skii, and I. L. Knunyants, Zh. Organ. Khim., 10, 473 

(1974). 
6. D . J .  Burton and G. C. Briney, J. Org. Chem.,  3.__5, 3036 (1970). 
7. U. Utebaev, E. G. Abduganiev, E. M. Rokhlin, and I. L. Knunyants, Izv. Akad. Nauk SSSR, Set. 

Khim.,  387 (1974). 
8. R . W .  Vanderhaar,  D. J. Burton, and D. G. Naae, J. Fluorine Chem.,  1, 381 (1972). 
9. R . E . A .  Dear, E. E. Gilbert, and J. S. Murray, Tetrahedron, 2_~7, 3345 (1 971). 

10. I . N .  Rozhkov, A. V. Bukhtiarov, N. D. Kuleshova, and !. L. Knunyants, Dokl. Akad. Nauk SSSR, 
193, 1322 (1970). 

11. I. L. Knunyants, L. S. German, and B. L. Dyatkin, Izv. Akad. Nauk SSSR, Otd. Khim. Nauk, 1353 
(1956). 

12. I. L. Knunyants, V. V. Shokina, and E. I. Mysov, Izv. Akad. Nauk SSSR, Ser. Khim.,  2725 (1973). 

1045 


