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React ion of hexaf luoropropylene with SO 3 in the p r e sence  of catalyt ic  amounts of boron compounds affords 
a mixture of per f luoroa l ly l  f luorosulfate if) and hexaf luoropropane- f i - su l tone  [1, 2] (in the absence  of the 
catalyst ,  no if) is formed]  [3, 4]). 

We here  r e p o r t  a study of the reac t ion  of SO 3 with pe r f luoro i sopropy l  a l ly l  e the r  (II) (prepared as in [1]) 
and the i s o m e r i c  pe r f luoro i sopropyl  propenyl  e ther  (HI). The e ther  (H), like many of its homologs [1], is a 
substi tuted per f luoroa l ly l  sys tem,  and hence f luorosulfates ,  obtained f r o m  per f luoroa l ly l  e thers ,  r ep re sen t  a 
considerable  extension of the range of e lec t rophi l ic  f luoroalkylat ing agents. 

React ion of (II) with SO 3 in the p r e s ence  of 2-3 mole% of t~O 3 resu l t s  in the fo rmat ion  of i s o m e r s  of the 
f luorosulfate  (IV) (a mixture of eis and t rans  in the ra t io  6:4), together  with the sultone (V): 

(CF~)CFOCF2CF=CF2 SOJ[B~O~] (CF~)~CFOCF=CFCF2OSQF -}- (CF3)2CFOCF2CF--CF2 
l i 

QS--O 
(II) (iv) (v) 

In the absence  of B203, the sultone (V) is formed nea r ly  exclusively.  

The f luorosuffate ffV) appea r s  to be formed by the reac t ion  sequence proposed  for  the synthesis  of p e r -  
f luoroal lyl  f luorosulfate [2], If the a l te rna t ive  route,  involving a s i x - m e m b e r e d  t rans i t ion  s tate  [5], were  opera-  
t i re ,  much g r e a t e r  s t e reose lec t iv t ty  would be expected. 

The pathway involving p r e l i m i n a r y  e lec t rophi l ic  i somer i za t ion  of ffI) to fill) followed by inser t ion  of SO 3 
into the C - F  bond of the CF 3 group can a lso  be excluded; we have p rev ious ly  demons t ra ted  the poss ib i l i ty  of 
such a p r o c e s s  in the case of 1 , ! , 2 - t r i ch lo ro -3 ,3 ,3 - t r i f l uo rep ropene  [6]. It was found that  the e ther  (III) r eac t s  
read i ly  with SO3, but the sole reac t ion  product  is the sultone (VI): 

(CF3)2CFOCF=CFCF8 ~ (CFs)2CF(JCF--CFCF3 
I I 
O--SOs 

(IU) (vI) 

The e ther  (III) was obtained by i somer iz ing  (ID with SbF 5. The s t e r e o i s o m e r i e  composi t ion of fin) (cis: t rans = 
4:6) suggests  that the reac t ion  p roceeds  via the i somer i za t ion  of perf luoroal ly lbenzene  to c i s -  and t r a n s - p e r -  
f luoropr  openylbe nzene s [7]. 

The orientat ion of the addition of SO 3 to the e ther  (III) is conf i rmed by the reac t ion  of the sultone (VI) 
with nucleophiles.  Thus, t'he sultofie (VI) reac t s  with CsF  in diglyme,  undergoing cleavage to f o r m  hexaf luoro-  
acetone and ~- f luorosu l fonyl te t ra f luoroprop ionyl  fluoride. 

(VI) ICsF] (CFs)~C=O + CFaCFCOF 
I 
S02F 

However, on reac t ion  with a weaker  nucleophile (H20) , the C - O - C  bond is retained,  and the sultone (VI) 
me re ly  r e a r r a n g e s  to pe r f luorois  opropyl  ~ - f luorosul fonyl te t raf luoropropi  onate (VH): 

A. N. Nesmeyanov Institute of Heteroorganie  Compounds, Academy of Sciences of the USSR, Moscow. 
Trans la ted  f r o m  Izves t iya  Akademii  Nauk SSSR, Ser iya  Khimcheskaya,  No. 12, pp. 2796-2798, December,  1982. 
Original a r t i c le  submit ted  Apr i l  6, 1982. 

2472 0568-5230/82/3112-2472507.50 �9 1983 Plenum Publishing Corpora t ion  



O CF~ 
rH O~ Ii / 

(VI) .~ ,,~ ~ (CFs)2CFOCCF 
\ 

SQF 
(vii) 

Like other  f luorinated a lken-2-y l  f luorosulfates  [1, 2, 5], the fluorosulfate (l-V) is a powerful  alkylating 
agent and may be used to introduce the p e r f l u o r o - y - i s o p r o p o x y a l l y l  group. Thus, react ion of (IV) with potas-  
s ium hexafluoroisopropoxide gives sa t i s fac tory  yields of per f luoro isopropyl  y - i sopropoxya l ly l  e ther  (VIII) 

(IV) - -  
(CF3)~CFOK 

- - F S O ~ , O K  
, (CF3)~CFOCF= CFCF~OCF(CF3)2 

(VIII) 

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

19F NMR spec t ra  were obtained on a P e r k i n - E l m e r  R-32 NMR s p e c t r o m e t e r  (84.6 MHz), ex te rna l  s tan-  
dard CF3COOH; the mass spectra ,  on a Varian CH-5 mass spec t romete r .  

Reaction of (II) with SO~:. A mixture of 4 g (1.3 mmole) of (II) and 1.2 g (15 mmole) of SO 3 was heated in a 
sealed ampul for  4 h at 100~ The reac t ion  mixture was disti l led to give 4.9 g (94%) of the sultone (V) contain- 
ing, according to GLC, ~ 4% of the f luorosulfate (IV); repeated dist i l lat ion gave pure (V), bp 107-109~ Found: 

F 1 
6 5 4 3 / 

C 18.22; F 57.00%, CGF12OdS. Calculated: C 18.18; F 57.58%. (CF3)2CFOCF2CF--C 19F NMR spec t rum (5, ppm): 
l 1 \  

028--0 F 2. 

5.7 d.d.t (F1), 12.4 d.t (F2), 74.7 d.t  (F3), - 2 . 7  m (CF24), 67.8 t .m  (Fh), 4.0 br. s (CF3r JI-2 =109, J1_3=6.6, Jl_4 = 
2.5, J2_4=13.2, J3_4=6.6, Z4_5=22.6 Hz. 

Reaction of (II) with SOJ[B203]. ' A mixture of 20 g (60 mmole) of (Ill), 5 g (60 mmole) of SO3, and 0.1 g 
(1.6 mmole) of B203 was kept in a sealed ampul for  3 days at 20~ heated for 12 h at 100~ the reac t ion  mix-  
tu re  distil led, and the f ract ion bp 105-130~ collected. There  was obtained 18.3 g of a mixture containing, ac-  
cording to GLC, 79% of (IV), 20% of W), and ~ 1% of (VI); the yields of (IV) and (V) were  58 and 7.3%, respect ively .  
Fu r the r  f ract ionat ion gave (IV), bp 120-122~ Found: C 18.19; S 7.70%, CGFI2OdS. Calculated: C 18.18; S 

8 5 4 3 2 
8.08%. trans-(C~'3)2CFOCF =CFCF2OSO2F 1. 19F NMR spec t rum (5, ppm): -125 .3  t (F1), - 4 . 4  d.d.d (F2), 96.9 

6 5 4 3 2 
d.m (F3), 25 .3d .m(Fd) ,  62.8 m (F5), 4 . 0 b r .  s (F6), J1_2=7.6, J2_4=28.3, J3_4=122 Hz. cis-(CF3)2CFGCF= CFCF 2 

OSO2~: - 1 2 5 . 5 t  (F1) , -4 .9  m (F2), 92.7 d.t (F3), 12 m (Fd), 61.3 d.m (F5), 3.2 br. s (F~), Ji_2=9.4,  J2_3=19.4, 
J~-4 = 32.9 J4-5 = 15 Hz. 

Per f luoro i sopropyl  Isopropenyl  E the r  (III). To 0.6 g (2.7 mmole) of SbF 5 was added 10 g (30 mmole) of the 
e ther  (II). When the exo thermic  react ion was complete,  the react ion mixture was disti l led to give 9.4 g (94%) of 

5 4 3 2 i 
ffII) (mixture of cis and t rans  i somers ,  4:67, bp 58-60~ trans-(CF3)2CFOCF =CFCF 3. 19F NMR spec t rum (5, 
ppm): - 6 . 2  d.d (Fi), 99.5 d .m (F2), 29.5 d .m (F3), 63.8 d .d .m (F4), 4.6 d.d.d (Fh), J1-2 =11.3, J1_3=22.6, 52_3= 

5 4 3 2 1 
122, 53_ 4~52_4~9.4, J2_5~J3_5~Jd_5~2.8 Hz, cis-(C:P3)2CFOCF=CFCF 3. 19FNM:R spec t rum (5, ppm): - 6 . 8  m 
(F1), 95.2 d .q .m (F2), 16.1 m (F3), 62 d .m (Fd), 4 d.d.d.q (F5), J2-3 =32, 51_ 2 =10.4, 53_4=14, 51-5 ~55-2~;I3-5 ~ 
J4_.5 ~ 2.8 Hz. 

Sultone WI). To 9 g (28 mmole) of (III) was added 2.3 g (29 mmole) of f resh ly  disti l led SO 3. When the 
exothermic  reac t ion  was complete,  cone. sulfur ic  acid was added, volati le products  disti l led off at 10-12 ram, 
and the disti late redis t i l led to give 11.0 g (98%7 of (VI) (mixture of e ry th ro  and th ree  i somers) ,  bp 105-107~ 

F 3 F ~ 
5 4 . 

Found: C 18.19; F57.58; S 8.07%. C~FI2OdS. Calculated: C 18.18; F 57.58; S 8.08%. (CF3)2CFOC--G I~FNMR 
/ / \  
O--SO2 CFsL 

spectrum (5 ppm): --3.0 d.d (Fi), 73 d.q (F2), 7.1 m (F3), 66.5 d.m (F4), 3.9 m (FS), JI-2=7, J2-3=4, Ji-3=1.5, 
F s CF31 

J3_4=21 Hz. (CF3)~CFOC--C --2.9 d.d (Fi), 72.7 d.q (F2), 1.5 m (F3), 66.8 d.m (F4), 3.4 m (FS), JI_2=8.5, 
/ / \  
0--S02 F ~ 

J1-3=1.5, 52_3=3.8, 53_4=19 Hz. 
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Es te r  (VII). A mixture of 2.4 g (60 mmole) of (VI) and 10 ml of cold water  was s t i r red  for 1 h, the organic 
layer  separated, and distilled over conc, sulfuric acid to give 2.1 g (87.5%)of (VII),4b p 21~ (20 ram). Found: C 

3 2 1 
18.19; S 8.00; F 57.67%. C~FI204S. Calculated~ C 18.18; F 57.58; S 8.08% (CF3)2CFOC(O)CF(CF~)SO2F. 19FNMR 
spect rum (6, ppm): -129.5 d.q (Ft), -3 .3  d.d (F2), 83.5 d.q (F~), 65 br. s (F4), 2.9 br. s (F~), JI-2 =8, J1_3=7, 
J2_3 =3.2 Hz. 

Ether  (VIII). To a solution of potass ium heptafluoroisopropoxide [from 4 g (24 mmole) of HFA and 1.2 g 
(20 mmole) of KF] in 20 ml of diglyme was added gradually over 20 min 5 g (9 mmoIe) of 75% fluorosulfate (IV) 
containing 25% of the sultone (V)], the mixture s t i r red  for 4 h, the lower layer  separated, and distil led over 
cone. sulfuric acid at 20 mm Hg. Redistil lation of the disti l late afforded 1.8 g (39%) of (VIII) (mixture of cis and 
t rans  isomers) ,  bp 110-111~ Found: C 22.43; F 71.00%. C9F1802. Calculated: C 22.41; F 70,95%. 

! . 2 3 4 5 6 7 .- 
(CF3)2CFOCF=CFCF2OCF(CF3)2. I~F NMIR spect rum (5, ppm): t rans i somer :  3.9 m (F1), 63.1 d .d .m (F2), 96.4 
d .m (FS), 27.8 d .m (F4), -7 .6  m (FS), 68.4 t (F6), 4.4 m (F~), J2-4 =9.5, J2_3=9.5, J3_4=128; Js_5=22 Hz. cis-  
Isomer:  3.1 m (F1), 61.1 d .m (F2), 92.4 d .m (FS), 15.6 d .m (F4), -7 .6  d .m (F~), 68.4 t (F6), 4.4 m (FZ), J2_4=15, 
J3_4=34, J6_~=22 Hz. 

CONCLUSIONS 

The reactions of perfluoroisopropyl allyl (I) and perfluoroisopropyl propenyl ethers with SO 3 have been 
examined. In the presence of B203, (I) forms perfluoro-y-isopropo• fluorosulfate, which is an alkylating 
agent. 
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