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Isomerization of monohydroperfluoro-l-alkenes HC(CF2)nCF=CF2 (n = 2 to 8) cata- 
lyzed by Lewis bases or acids (CsF, KHF 2, and SbFs) under conditions of thermodynamic 
control affords equilibrinm mixtures of all of the possible isomers resulting from migration of 
the double bond along the carbon chain. Under conditions of kinetic control, isomerization 
through the action of SbF 5 gives c0-H-perfluoro-2-alkenes. The substantially higher propor- 
tion of cis-isomers in the resulting monohydroperfluoroalkenes than in their perfluorinated 
analogs has been attributed to the effect of an intramolecular hydrogen bond. 

Key words: monohydroperfluoroalkenes, isomerization, isomeric ratio; nucleophilic and 
electrophilic catalysis. 

I somer iza t ion  of  higher  per f luoro-1-a lkenes  accom-  
panied  by migra t ion  of  the  mul t ip le  bond  along the 
chain occurs through the act ion of  both nucleophi l ic  
(alkali metal  fluorides) 1-3 and electrophil ic  (SbFs)  4 cata-  
lysts. The rea r rangement  is, as a rule, stereoselective and 
yields p redominan t ly  trans-isomers, whose propor t ion  
increases as the  size of  the  subst i tuent  increases. 4,5 
Polychlorof luoroalkenes  also afford only trans-isomers. 6 

The use of  monohydroper f luoroa lkenes  allows this 
i somer iza t ion  to be s tudied in more  detail .  For  example,  
4 - H - h e p t a f l u o r o - l - b u t e n e  ( l a )  is conver ted into 1-H-  
h e p t a f l u o r o - l - b u t e n e  ( lb )  7 under  the  act ion of  SbFs,  
and t r ea tment  of  l a  with C s F  in diglyme at 180 ~ 
results in an equi l ib r ium mixture  of  l b  and 1-H-  
hep ta f luoro-2-bu tene  ( l e ) .  8 Alkene  l b  is formed as well 
from l e  when the lat ter  is t reated with SbF 5 (Scheme 1). 

*Deceased in 1994. 

Scheme I 
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Treatment  of  ~0-H-perfluoro- l - o c t e n e  with K H F  2 in 
D M F  at an elevated tempera ture  affords 1 -H-per f luoro -  
l -oc tene .  9 

In the present  work we report  the  results of  a study of  
isomeric  t ransformat ions  of  c0-H-perf luoroalkenes with 
5 to 10 carbon atoms. 

Translated from Izvestiya Akademii Nauk. Seriya Khimicheskaya, No. 9, pp. 1614--1619, September, 1994. 

1066-5285/94/4309-1526 $12.50 �9 1995 Plenum Publishing Corporation 



l s o m e r i z a t i o n  of  m o n o h y d r o p e r f l u o r o a l k e n e s  Russ.Chem.Bull., Vol. 43, No. 9, September, 1994 1527 

Table  1. Reaction conditions and the ratio of the products of catalytic isomerization of o~-H-perfluoro-1-alkenes l a - - 4 a  

Alkene Catalyst T Duration of the The ratio of the products (mol. %)a 

/~ reaction/h HCF=CFRF HCF2CF=CFRF Other isomers 

la  CsF 20 12 - -  100 (le) 
CsF 150 26 85 (lb) 15 (le) 
SbF 5 20 1 100 (lb) 

[53:47] b 

2a CsF 20 20 - -  
CsF 150 8 2 (2b) 
CsF 190 15 14 (2b) 
SbFs 20 1 40 (2b) 

SbF5/(CaF9)3N 20 47 (2b) 
SbF 5 45 67 (2b) 

SbFs/(C4Fg)3N 50 75 (2b) 

3a 

4a  

CsF 150 20 8 (3b) 
CsF 190 8 10 (3b) 
CsF 190 100 11 (3b) 
SbF 5 20 1 - -  

SbF5/(C4F9)3 N 20 9 (3b) 
SbF 5 60 1 --  
SbF 5 100 10 18 (3b) 

SbF5/C 110 20 11 (3b) 

KHF2/DMF 100 20 --  
CsF 150 100 3 (4b) 
SbF 5 20 1 - -  
SbF 5 100 20 6 (4b) 

SbFs/C 120 20 - -  

55 (2c) 45 (2d) 
59 (2c) 39 (2d) 
51 (2c) 35 (2d) 
37 (2e) 23 (2d) 
35 (2e) 18 (2d) 
24 (2e) 9 (2d) 
19 (2c) 6 (2d) 
[55:45] [l 8:82] 

18 (3e) 57 (3d) + 17 (3e) 
19 (3e) 54 (3d) + 17 (3e) 
19 (3e) 53 (3d) + 17 (3e) 

- -  - -  100 (3e)  
10 (3e) 19 (3d) + 62 (3e) 

- -  27 (3d) + 73 (3e)  
21 (3c) 52 (3d) + 9 (3e) 
18 (3e) 56 (3d) + 15 (3e) 
[55:451 [I1:89] [15:85] 

21 (4c)  + 12 (4d) 52 (4e)  + 15 (4t3 
7 (4e) + 34 (4d) 48 (4e) + 8 (4t) 

- - lOO ( 4 1 3  

45 (4e + 4 d )  46 (4e) + 3 (413 
6 4 ( 4 e + 4 d )  31 (4e) + 5 (4t3 
[55:45] (4c) [t2:88] [14:86] 

a The overall yield of the isomerization products is nearly quantitative and decreases at elevated temperatures 
of the alkenes, b The ratios of the cis- and trans-isomers are given in brackets. 

Table  2.  I H and ~9F NMR spectra of cis-t-H-perfluoro-l-alkenes 2 b - - 4 b  

3 

H CF2--R F 

1 F ' ~ F  2 

owing to dimerization 

Com- R F 8 1H, qb 19F J/Hz 
pound 

2b 4 ~ 6.82 (H); 152.07 (F- l ) ;  
CF2CFa 153.80 (F-2); 119.24 (F-3); 

126.37 (F-4); 79.89 (F-5) 
4 5 6 

CF2CF2CF 3 6.84 (H); 151.90 (F-I) ;  
153.47 (F-2); 118.08 (F-3); 
129.59 (F-4, F-5); 80.17 (F-6) 

4 5 6 7 
7.38 (H); 150.54 (F-I);  151.60 (F-2); 

CF2CF2CF2CF3 118.53 (F-3); 128.96 (F-4); 
129.49 (F-5, F-6); 80.10 (F-7) 

3b 

4b 

JHJ = 69.0; JH,2 = 14.0; 
JI,2 = 5.0; J2,3 = 18.0; 
at2,4 = 8 . 5 ;  J2 ,5  = 2.5; J3,5 = 10.0 

JHJ = 69.0; JH,2 = 14.0; 
JI,2 = 5.0; J3,6 = 2.5; 
"/4,6 = 1 0 . 5  

JHA = 68.0; JH,2 = 14.8; 
JI,2 = 6.0 

Note. tH and 19F NMR spectra of alkene lb  have been presented previously. 7 

The  p r o d u c t s  were  ana lyzed  by G L C ,  19F and  l i t e ra tu re  data.  5,1~ The  resul ts  are s u m m a r i z e d  in  
IH N M R ,  and  IR  spectroscopy.  The  i somer ic  compos i -  Table  1. Paramete rs  of  the  N M R  spectra  are listed in 
t ion  was d e t e r m i n e d  from the  N M R  spectra  using the  Tables  2- -5 .  
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Table 3. 1H ri I9F N M R  spectra of c/s- l-H-perfluoro-2-alkenes l c - -4e  
1 4 

Com- R F ~3 1H, �9 19F J/Hz 
pound 

4 
lc  F 

5 

2e CF 3 

5 6 

3c CF2CF 3 

5 6 7 

4e CF2CF2CF 3 

6.48 (H); 123.73 (F- l ) ;  149.87 (F-2); 
147.63 (F-3); 66.47 (F-4) 

6.38 (H); 123.7l (F-I ) ;  145.64 (F-2); 
144.73 (F-3); 120.23 (F-4); 83.79 (F-5) 

6.35 (H); 123.79 (F-I ) ;  145.27 (F-2); 
143.38 (F-3); 122.60 (F-4); 
126.50 (F-5); 79.71 (F-6) 

6.72 (H); 123.70 (F-I ) ;  
144.47 (F-2,  F-3); 121.05 (F-4); 
129.84 (F-5,  F-6); 79.70 (F-7) 

J H , I  = 52.5; '/H,2 = 13.3; ' /H ,3  = 1.7; JL2 = 19.5; 
' /1,3 = 12.4; ' / [ , 4  = 4.6; 3"2,3 = 1.7; J2 ,4  = 8 . 0  

JHJ = 51.0; '/H,2 = 16.0; JH,3 = 1.5; JI,2 = 19.0; 
J1,3 = 12.0; "/l,4 = 6.0; JL3 = 2.5; J2,4 = 2.5; 
J3,5 = 6.0; '/4,5 = 2.0 

JrfA = 50.5; JH,2 = 16.0; JH,3 ---- 3.5; JI,2 = 19.3; 
J1,3 = 12.2; JI,4 = 6.1; J2,3 = J2,4 ~ 3.5; 
"/3,4 = 9.5; "/3,6 = 2 . 5 ;  J4 ,6  = 9.5 

'/H,I = 50.5; JI~,2 = 14.5; 
"/5,7 = 9.8 

Table 4. IH H [9F N M R  spectra of trans-l-H-perfluoro-2-alkenes l e - -4e  
1 3 

H--F2C F 
2 ) = = (  , 

F CF 2 - - R  F 

Com- R F 8 1H, �9 [9F "//Hz 
pound 

le  4 6.48 (H); 123.87 (F-I ) ;  
F 164.08 (F-2); 167.6 (F-3); 

68.28 (F-4) 
5 

2e CF a 6.37 (H); 126.78 (F-I ) ;  
160.41 (F-2); 167.46 (F-3); 
120.51 (F-4); 83.86 (F-5) 

5 6 
3e CF2CF3 6.43 (H); 126.95 (F- l ) ;  

160.69 (F-2); 164.25 (F-3); 
124.90 (F-4); 126.9 (F-5); 
79.93 (F-6) 

4e s 6 7 6.88 (H); 127.12 (F-I ) ;  
CF2CF2CF3 161.77 (F-2); 163.0 (F-3); 

121.05 (F-4); 129.4 (F-5, F-6); 
80.18 (F-7) 

'/H,[ = 52.5; JH,2 = 13.8; 
J[,2 = 16.9; J[,3 = 2.3; 
J2,3 = 135.7; J2 ,4  = 21.1; ' /3 ,4 = 8 . 5  

JH,I = 52.5; '/H,2 = 14.5; '/H,3 = 3.5; '/1,2 = 16.0; 
JL3 = 2.0; "/1,4 = 2.0; J2,3 = 138; 
J2 ,4  = 25.0; ' /3 ,4 = 9.0; ' /4,5 = 2.5 

JH,l = 52.0; JH,2 = 14.0; 
�9 /1,3 = 4.0; '/3,6 = 2.0; 
'/2,5 ~ J3,5 ~ 6 .1;  
J4,6 = 9.0; J5,6 = 1.0; J2,3 = 132.5 

JHA -- 51.5; JH,2 = 12.7; 
Ju,3 = 3.8; "/1,3 = 13.4; 
'/L3 = 142.64; J4,7 = 2.5; 
'/5,7 = 9.8 

The  p r o d u c t s  o f  the  i s o m e r i z a t i o n  of  m o n o h y d r o -  
p e r f l u o r o a l k e n e s  d i f fe r  s u b s t a n t i a l l y  f r o m  t h o s e  o f  
p e r f l u o r o a l k e n e s  u n d e r  s imi la r  cond i t ions .  U n d e r  cond i -  
t ions  o f  t h e r m o d y n a m i c  con t ro l  an equ i l ib r ium mix tu re  
o f  all o f  t he  poss ib le  i somers ,  inc lud ing  1 - H - p e r f l u o r o -  
1 - a l k e n e s ,  is f o r m e d  w i t h  b o t h  n u c l e o p h i l i c  a n d  
e l e c t r o p h i l i c  ca ta lys t s  (see S c h e m e  2 a n d  Tab le  1). 
U n d e r  s imi la r  cond i t i ons ,  p e r f l u o r o - l - h e x e n e  and  pe r -  

f l u o r o - l - h e p t e n e  afford an equ i l i b r i um mix tu r e  of  2- 
and  3-a lkenes .  5,tl  

T r e a t m e n t  of  c o m p o u n d s  l a  and  2a  wi th  SbF5 at  
20 ~ resul ts  in a m o r e  c o m p l e t e  shift  o f  the  doub le  
bond  to the  end  o f  the  cha in  (see Tab le  1). Pe r f luo ro -  
t r i b u t y l a m i n e  is e f f i c ien t  on ly  wi th  m o n o h y d r o p e r -  
f l uo ropen t ene  2a. W h e n  c o m p o u n d s  3a  and  4a  are  
hea t ed  wi th  a so lu t ion  o f  S b F  5 in (C4F9)3N , d e c o m -  
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Scheme 2 

cat 
H(CF2)3CF=CF2 l~ HCF = CFCF2CF2CF a + 

2a 2b 
5 4 3 2 1 

+ HCF2CF=CFCF2CF 3 + HCF2CF2CF=CFCF 3 

2c 2d 

cat 
H(CF2)4CF=CF 2 1~ HCF = CFCF2CF2CF2CF 3 + 

A 
3a 3b 

+ HCF2CF=CFCF2CF2CF a + 

3e  

6 5 4 3 2 1 6 5 4 3 2 1 

+ HCF2CF2CF=CFCF2CF3 + HCF2CF2CF2CF=CFCF a 

Cat 
H(CF2)5CF=CF 2 I~ HCF = CFCF2CF2CF2CF2CF 3 + 

A 
4a 4b 

7 6 5 4 3 2 1 

+ HCF2CF=CFCF2CF2CF2CF3 + HCF2CF2CF=CFCF2CF2CF3 + 

4c 4d 

7 6 5 4 3 2 1 

+ HCF2CF2CF2CF=CFCF2CF 3 + HCF2CF2CF2CF2CF-'CFCF 3 

4 e  4f 

Cat = CsF, KHF2/DMF, SbF 5, SbF5/C (graphite), SbFs/(C4Fg)3N 

pos i t ion  of  the  so lvent  and  d i m e r i z a t i o n  of  the  a lkene  
occur .  The  ac t ion  o f  S b F  5 w i thou t  a so lvent  at  a t e m -  
pe ra tu re  >100 ~ a lso  resul ts  in pa r t i a l  d i m e r i z a t i o n  o f  
m o n o h y d r o p e r f l u o r o a l k e n e s .  

One  p iece  of  ind i rec t  ev idence  for  the  ex i s t ence  o f  
the  equ i l i b r ium is t ha t  the  r eac t ion  o f  5 - H - p e r f l u o r o - 1 -  
p e n t e n e  2a wi th  t e t r a f l u o r o e t h y l e n e  ( T F E )  in the  p res -  
ence  o f  S b F  5 yie lds  3 - H - p e r f l u o r o - 2 -  and  - 3 - h e p t e n e s  
(5a  and  5b, respect ive ly) .  

CF 2 = CF 2 

S b F  5 
2a > CF3CF2CF2CF2CH = CFCF 3 + 

5a 

+ C F 3 C F 2 C F 2 C F = C H C F 2 C F  3 

5b 

We bel ieve tha t  the  i n t e r ac t ion  o f  the  i n t e r m e d i a t e  
m o n o h y d r o p e r f l u o r o p e n t e n e s  2b and 2c wi th  S b F  5 gives 
an a s y m m e t r i c a l  allyl  ca t ion ,  wh ich  adds  a T F E  m o l e -  
cule exclus ively  at  the  C F H  group.  5 - H - P e r f l u o r o - 2 -  
p e n t e n e  2d does  no t  add  T F E ,  but  is c o n v e r t e d  in to  
a lkenes  2b and 2e, wh ich  reac t  wi th  T F E  to give h e p t e -  
nes 5a  and 5b. 

+ 

CF3CF2CF- -CF-CFH 

CF 2 = CF  2 
)' 5a + 5b 

Table 5. [H H 19F N M R  spectra of monohydroperfluoroalkenes 2d, 3d, 3e, 4d, and 4e 

Compound 5 IH, �9 19F d/Hz 

trans- 68.22 (F- l ) ;  161.52 (F-2); J1,2 = 8.0; JI,3 = 20.0; J1,4 = 1.5; 
2d 155.22 (F-3); 117.59 (F-4); J2,5 ~ J3,5 = J4,5 ~ 4.5; J3,4 = 9.0; 

135.58 (F-5); 5.84 (H) Ja,H = 2.8; ]5,H = 53.5 

cis- 64.56 (F- l ) ;  140.35 (F-2); J1,2 = 9.0; JI,3 --- 7.5; J1,4 = 17.0; 
2d 139.18 (F-3); 117.06 (F-4); J1,5 = 3.0; JS,H = 54.0 

135.26 (F-5); 5.84 (H) 

trans- 83.77 (F- l ) ;  120.40 (F-2); JI,2 = 2.3; JI,3 = JJ,4 ~ 5.3; 
3d 158.98 (F-3); 153.04 (F-4); J3,4 = 139.0; JS,H = 3.3; 

120.40 (F-5); 135.66 (F-6); J6,H = 53.0 
5.84 (H) 

trans- 68.15 (F-I ) ;  157.44 (F-2); J1,2 = 6.7; J1,3 = 20.0; 
3e 155.15 (F-3); 118.30 (F-4); J2,3 = 140.0; ']2,4 = 24.0; 

129.55 (F-5); 136.12 (F-6); J5,6 ~ J5,n ~ 6.0; J6,H = 52.5 
5.92 (H) 

cis- 64.43 (F-I ) ;  136.85 (F-2); J1,2 = 9.0; J1,3 = 8.5; Jl,4 = 17.0; 
3e 138.88 (F-3); 115.83 (F-4); JI,5 = 5.0; JL3 = 9"5; J2,4 = 2.6; 

128.56 (F-5); 136.12 (F-6); J3,4 = 21.5; J3,5 = 8.5; J3,6 = 4.5; 
5.92 (H) J6,H = 52.5 

trans- 79.89 (F-I ) ;  126.86 (F-2); JI,3 = 9.0; J2,4 = J25 ~ 6.1; 
4d 117.73 (F-3); 156.48 (F-4); J3,4 = 9.0; J3,5 = 24.5; ]4,5 = 139.2; 

153.56 (F-5); 120.20 (F-6); J6,H = 3.0; JT,H = 52.5 
136.84 (F-7); 6.55 (H) 

trans- 83.70 (F-I ) ;  120.49 (F-2); Jlp = 2.5; Ji,3 = Jl,4 ~ 5.0; 
4e 155,23 (F-3); 152.78 (F-4); J3,4 = 139.2; ]3,5 = 24.0; 

118.27 (F-5); 129.49 (F-6); Js,n = 8.0; J6,H ~ 4.9 
136.21 (F-7); 6.47 (H) 
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A more convincing argument in favor of  the equilib- 
rium reaction is the fact that  treatment of  either alkene 
l a  or lb  with CsF at 150 ~ affords mixtures of  isomers 
lb and le  of  the same composition. 8 

It has been noted that the ratio between the geomet-  
ric isomers has a more intricate dependence on the 
structure of  monohydroperf luoroalkenes than in the case 
of  perfluoroalkenes. This is probably due to the effect of  
an intramolecular hydrogen bond, which is manifested 
in various isomers in different ways. The presence of  
H-bonds  in monohydropolyfluorinated compounds  has 
been shown previously. 12 

In fact, 1-H-perf luoro- l -a lkenes  lb - -4b  exist only 
in the cis(E)-form irrespective of  the preparation method, 
which can be explained by the fact that the H-bond and 
the steric factors act in the same direction. In the case of  
l -H-perf luoro-2-alkenes  l e - -4e ,  the ratio between the 
geometric isomers is practically identical for all of  the 
homologs (cis:  trans ~ 55:45). It is likely that the 
formation of  a s ix-membered ring made possible by the 
H-bond  considerably increases the stability of  the cis- 
isomers of  l e - -4e .  In  co-H-perfluoro-2-alkenes and 
0)-H-perfluoro-3-alkenes, trans-isomers prevail (> 80 %), 
since both the H-bond  and steric factors favor their 
stability (Scheme 3). 

Scheme 3 

H- ~ . . F  / \ 

H ~ C F ( C  F2)nCF3 F 2 C ~ C F ( C  F2)nCF3 

F F F F 

lb - -4b (n = 0-3)  c i s - l c - - 4c  (n = 0-2) 

j R ,  

F2c 
F2Ck ~F /CF2- F2C F 

2===% H . . . . . . .  F (CF2)nCF 3 F (CF2)nCF3 

t rans- l c - -4c  (n = 0-2) 3e, 4e (n=O, 1) 

~ F2--H 

F (CF2)nCF 3 

3d, 4d (n= 1, 2) 

The isomeric composit ion of  the products of  the 
rearrangement of  monohydroperfluoroalkenes at elevated 
temperatures depends slightly on the type of  the cata- 
lyst; this can be explained by the fact that the ratio 
between the structural and geometric isomers correlates 
with their thermodynamic  stabilities. 

At elevated temperatures, the equilibrium is reached 
rather quickly and a further increase in the duration of  
the reaction is of  no use (for example, the isomeric 
composition of  the products of  the reaction of  alkene 3a 
with CsF in diglyme at 190 ~ is virtually the same after 
8 h and 100 h; see Table 1). For monohydroperf luoro-  
alkenes with _5 carbon atoms, the complete migration 
of  the double bond along the whole carbon chain cannot 
be accomplished. 

The degree of  migration of  the double bond depends 
on the reaction conditions. Under  conditions of  kinetic 
control, the major (sometimes the only) products o f  
isomerizat ion of  monohydrope r f l uo ro - l - a lkene s  are 
0~-H-perfluoro-2-alkenes. For example, the action of  
catalytic amounts of  SbF 5 on c0-H-perfluoro-l-alkenes 
(_>6 carbon atoms) at -10 - -20  ~ results in the forma- 
tion of~0-H-perfluoro-2-alkenes, predominantly (>80 %) 
as trans-isomers,  in a lmost  quant i ta t ive  yields 
(Scheme 4). 

Scheme 4 

H(CF2)nCF= CF 2 SbF5 ~ H(CF2)n_ICF= CFCF3 

3a (n=4)  3e (n=4)  

4,a (n = 5) 4f (n = 5) 
6a (n=6)  Cab (n=6)  

7a (n=8) 7b (n=8) 

However, under the conditions of  thermodynamic  
control, the double bond shifts further, and, of  course, 
the more symmetrical 3- and 4-alkenes predominate in 
the equilibrium mixture. 

Experimental 

19F and IH NMR spectra were recorded on Tesla BS- 
567A (94.1 and 100 MHz, respectively) and Tesla BS-587A 
(75.3 and 80 MHz, respectively) spectrometers, the chemical 
shifts are given in ppm, relative to CFCI 3 or TMS (internal 
standards), and are taken to be positive when the field in- 
creases (for 19F). The ]H NMR spectra of alkenes Ic, 2b--2d, 
and 3b--3e were recorded without a solvent, those of alkenes 
4b--4e were recorded in acetone-d 6. GLC analysis was carried 
out on a LKhM-72 MD chromatograph using a katharometer 
as the detector, helium as the carrier gas, and steel columns 
(6500 x 4 ram) with 15 % SKTFT-100 on Chromosorb W 
and 20 % FS-1265 on Chromosorb W. The ratios between 
isomers were determined from GLC and NMR spectroscopic 
data. 

~)-H-Perfluoro-l-alkenes la--4a, 6a, and 7a were pre- 
pared by pyrolysis of sodium 03-H-perfluoroalkanoates in 
vacuo. 13 The yields and physicochemical characteristics of 
la--4a, 6a, and 7a are given in Table 6. The data of elemental 
analysis are in satisfactory agreement with the calculated values 
for all of the compounds synthesized. IR, v(C=C)/cm-l:  1790 
(la--4a, 6a, 7a); 1740 (lc); 1720 (3e, 4f, 6b, 7b). 
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Table 6. Yields and boiling points of alkenes la--4a,  6a, 7a, 
lc ,  3e, 4~ 6b, and 7b 

Com- Yield B.p. Com- Yield B_p. 
pound (%) /~  pound (%) /~  

l a  81 20--21 l c  95 18 
2a 92 48--49 
3a 90 74--75 3e 92 66--67 
4a 89 98--99 4f 90 89--91 
6a 82 120--122 6b 94 111--112 
7a 84 162--163 7b 88 152--154 

Isomerization of alkenes ( la--4a)  through the action of 
CsF in diglyme (general procedure). A. A mixture of o)-H- 
perfluoro-l-alkene and a catalytic amount of freshly calcined 
CsF in diglyme (distilled over LiAIH4) was stirred for several 
hours, then filtered and distilled. 

B. A mixture of m-H-perfluoro-l-alkene and a catalytic 
amount of  CsF in diglyme was heated in a sealed tube on a 
bath with Wood's alloy, then filtered and distilled. 

Isomerization of heptene 4a through the action of KHF 2 in 
DMF. A mixture of 1.4 g of  alkene 4a and 0.4 g of KHF 2 in 
2 mL of D M F  was heated in a sealed tube on a bath with 
Wood's alloy, then filtered and distilled to give 1.2 g of a 
mixture of  products. The reaction conditions and the isomeric 
composition of  the resulting alkenes are given in Table 1. 

lsomerization of monohydroperfluoroalkenes through the 
action of SbF 5 (general procedure). A. A catalytic amount of 
SbF 5 was added to an o)-H-perfluoro-l-alkene (3a, 4a, 6a, or 
7a), and the mixture was kept for -1 h at 10--20 ~ and 
poured into ice water. The lower layer was separated and 
distilled over cone. H2SO 4 (or dried with MgSO 4 and dis- 
tilled). Yields and physicochemical characteristics of the m-H- 
perfluoro-2-alkenes prepared are given in Table 6. 

B. A mixture of  an alkene (2a--4a) and a catalytic amount 
of SbF 5 (or SbF 5 on graphite) was placed into a glass tube (at 
0 ~ and the tube was sealed and heated in a bath containing 
Wood's alloy. The products were poured into ice water, and 
the lower layer was separated and distilled over H2SO 4 (or 
dried with MgSO 4 and distilled). 

C. An alkene (2a, 3a) was added dropwise to a solution of 
a catalytic amount of SbF 5 in perfluorotributylamine, the 
mixture was stirred with a reflux condenser, and the products 
were isolated by distillation. The reaction conditions and 
isomeric composition of  the products are given in Table 1. 

The reaction of 5-H-perfluoro-l-pentene 2a with TFE. A 
mixture of 232 g of  pentene 2a, 35 g of TFE, and 15 mL of 

SbF 5 was kept in a rocking steel autoclave (250 mL) for 6 h at 
50 ~ then 35 g of TFE was added and the mixture was kept 
for 6 h at 50 ~ This operation was repeated two more times 
(the overall amount of TFE charged in the autoclave was 
140 g). After opening the autoclave, the liquid part of  the 
reaction mixture was separated and fractionated to give 294 g 
(88.6 %) of  a mixture of 3-H-perfluoro-2-heptene 5a and 
3-H-perfluoro-3-heptene 5b (44:56); the individual compo- 
nents of  the mixture were identical to the authentic samples. 14 
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