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The f luorosul fa te  anion is one of the bes t  leaving groups  [1], i .e . ,  it has  a high nucleofugaci ty.  It  i s  t h e r e -  
fo re  a superweak  nucleophile and is  not cons idered  in any of the nucleophil ic i ty  sca les  [2-4]. The methods  of 
funct ional izat ion of organic  compnunds with the fo rma t ion  of f luorosu l fa tes  a r e  t h e r e f o r e  l imited to  those  p r o -  
c e s s e s  in which the FSO~ anion i ~ the only nucleophile  in the reac t ion  medium.  In the case  of olefins,  r eac t ions  
of addition of f luorosulfonic  acid [5, 6], ha lof luorosul fa tes ,  and peroxydisu l fury l  dif luoride [7-11] a re ,  in genera l ,  
used for  th is  purpose .  

We have  a l ready  found that  those  superweak  nueleophi les ,  such as  the  C10~ and CFaSO ~ anions,  may  r e a c t  
as  nucleophiles  at the  concluding s tage of Ad E reac t ions ,  even under  conditions of compet i t ion with other  con-  
s ide rab ly  m o r e  nucleophil ic pa r t i c l e s ,  to  f o r m  the cor responding  organic  p e r c h l o r a t e s  [12-15] and t r iph tha la tes  
[16-17]. These  data s t imula ted  s tudies  on  poss ib le  compet i t ive  binding of the f luorosul fa te  anion. 

We used the  r eac t ions  of the e lec t rophi l ic  addition of halogens and nf t ronium borof luor ide  to  s imp le  o le -  
f ins (ethylene, 1-heptone,  and cyclohexene) in the p r e s e n c e  of equ imolar  amounts  of t e t r a a l k y l a m m o n i u m  f luoro -  
sulfate  sa l t  Q+FSO~ (where Q+ = Et4N + or  Bu4N+). The r eac t ions  were  c a r r i e d  out with cooling at - 7 8  to  0~ 
in aprot ic  solvents  (CH2CI 2, CHCI~.  The cou r se  of the r eac t ions  and the isola t ion of the p roduc t s  we re  con-  
t ro l led  by ch romatography  on s i l i ca  gel .  

According to T I ~  and PM_R spec t r a l  methods ,  in the r eac t ions  of the above olefins with Br  2 in the p r e s e n c e  
of f luorosulfonic sa l t s ,  not only the p r o d u c t s  of n o r m a l  addition - 1 , 2 - d i b r o m i d e s  - a r e  fo rmed ,  but a l so  f i - b r o m o -  
alkyl f luorosu l fa tes .  The la t t e r  compounds could not be isola ted f r o m  the r eac t ion  mix tu re  by the method of ad-  
sorp t ion  chromatography  because  of the i r  e x t r e m e l y  low s tabi l i ty  at ~20~ and high tendency to  hydro lys i s  by 
a tmosphe r i c  mo i s tu re .  

The  m o r e  s table  e s t e r s  of f luorosulfonic acid were  obtained by the r eac t i on  of t hese  a lkenes  with chlor ine;  
the products  could be i so la ted  and comple te ly  cha rac t e r i zed .  The addition of chlor ine to ethylene in the p r e s -  
ence of Et4N+FSO~ leads to  2-cMoroethyl  f luorosul fa te  (D {yield 25%), which w a s  identical  with the compound 
desc r ibed  in [18]. In the case  of 1-heptene,  not only 1 ,2-dichloroheptane i s  obtained {yield 70%), but a l so  a m i x -  
tu re  of i s o m e r i c  f luorosul fa tes  (II) and (IT[) i s  f o rmed  in a r a t i o  of 4:1 (according to  PM_R data) .  

RCH=CH2 + C12 + Q+FS03- -~ RCHCICHzC1 + RCHCH2C1 + RCHCICH2OS02F 
I 

0S02F (III) 
(I), (II), 

1A = H (I), CsHn (II), (Ill), 

In the reac t ion  of cyclohexene with chlor ine  and Bu4N+FSO~, as in the  p reced ing  ca se s ,  bes ides  1 ,2-d i -  
halide (yield 53%), a product  of the  par t i c ipa t ion  of the  f luorosul fa te  anion - t r a n s - 2 - e h l o r o c y c l o h e x y l  f luo ro -  
sulfa te  (IV) - is a l so  f o r m e d  {yield about 20T~. The t r a n s  configurat ion of (IV) has  been es tabl i shed f r o m  the 
width of s ignals  of methine p ro tons  (the W - p a r a m e t e r  [19]), which is  equal to  21.5 Hz. 
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The reaction of nitronium borofluoride with ethylene in the presence of Et4N+FSO~ at 25~ in CHzC12 gives 
one single product, 2-nitroethyl fluorosulfate (V) in a yield of 32 %. The s tructure of this compound was con- 
f irmed by IR and NlVLR spectra 

CH~=CH2 + NO2BF4 -6 Et4N+FS03 - -* CH2N0~ -- CH20SQF (V) 

The compound is slightly stable at ~20~ and therefore satisfactory data of elemental analysis could not be ob- 

tained. 

The formation of fluorosulfonic acid esters in the processes studied indicates that the s anion 
may play the role of a nucleophile at the concluding stage of the electrophilic addition to olefins. These processes 
proceed under the conditions of competition with other anion: the chloride ion that sepaJcates in an equivalent 
amount from chlorine, or the borofluoride ion that can produce the fluoride anion. These data require reexam- 
ination of the evaluation of the nueleophilic reactivity of the fluorosulfate anion as a superweak nucleophile. 
Together with the previously obtained results [12-17], these data also confirm the general character of the 
phenomenon of the competition binding of superweak nucleophiles in earbocation processes. 

EXPERIMENTAL 

The course of the reaction and the purity of the compounds were controlled by TLC on Silufol. The prod- 
ucts were isolated by column chromatography (silica gel 40/100 ~). The IR spectra were run o11 a UR-10 spee- 
trophotometer in thin layer, and the PMR spectra on Varian T60S and Tesla BS-497 spectrometers (I00 MILz) in 
CCI 4 with reference to TMS as internal standard. 

Tetraethyl- and tetrabutylammonium fluorosulfates were obtained by the method described in [20]. 

2-ChJoroethyl Fluorosulfate (I). Ethylene and chlorine were simultaneously passed for I h at ~20~ 
through a solution of 3 g (I0 mmoles) of tetraethylammonium fluorosulfate in 30 ml of absolute CH2CI 2. A 70-ml 
portion of hexane was added to the mixture, and the precipitate was filtered. After evaporation of the solvent 
in vacuo, 0.31 g of (I) (257o based on the salt used) were obtained, bp 60~ (17 ram), Rf 0.32 (in a 1:6 ethyl acet- 
ate-hexane system). IR spectrum (u, cm-l): 1440, 1230, 820 (OSO2F). PIVLR spectrum (6, ppm): 4.7t (CH 2 �9 
OSO2F), 3.85 t (CH2CI). 

Reaction of l-Heptene with Cl 2 and Et4N+FSO~. A dry current of chlorine was passed at 0~ through a solu- 
tion of 1.7 g (17.3 mmoles) of l-heptene and 4 g (17.5 mmoles) of tetraef~ylammonium fluorosulfate in 40 ml of 
CII2CI 2 up to the appearance of a stable yellow green color. An 80-ml portion of pentane was added to the mix- 
ture, and the precipitate was filtered. After evaporation of the solvent in vacuo, 3.25 g of an oil was obtained, 
which was chromatographed (eluent - pentane). Yield, 2 g (70~c) of 1,2-dichloropentane, bp 190~ [21], Rf 0.82 
(hexane) and 0.6 g (15~ of a mixture of l-chloromethylhexyl fluorosu_Ifate (If) and 2-chloroheptyl fluorosulfate 
(Ill), decomposes at I07~ Rf 0.41 (a 1:6 ethyl acetate-hexane system). Found: C 36.85; H 6.78~ C.~HI4 �9 
CIFO3S. Calculated: C 36.13; H 6.02%. IR spectrum (u, cm-i): 1450, 1230, 820 (OSO2F). PMR spectrum 
(6, ppm): 0.7-2.0 m (C~Hil), 3.8 d (CH2CI), 4.05 (CHCI), 4.53 d (CH2OSO2F), and 5.15 m (CHOSO2F). 

Reaction of Cyelohexene with C12 and Bu4N+FSO~. A current of chlorine was passed at 0~ through a solu- 
tion of 1.25 g (15.2 mmoles) of cyclohexene and 5.3 g (15.5 moles) of tetrabutylammonium fluorosulfate in 30 ml 
of chloroform up to the appearance of a stable yellow color. An 80-ml portion of pentane was added to the mix- 
ture, and the precipitate was filtered. After evaporation of the solvent in vacuo, 2.8 g of an oilwas obtained, 
which was chromatographed (eluent-pentane). Yield, 1.27 g (53%) of 1,2-dichlorocyclohexane, bp i88~ [22], 
Rf 0.42 (pentane) and 0.66 g (20%) of trans-2-chlorocyclohexyl fluorosulfate (IV), decomposes at 94~ Rf 0.15 
(pentane). Found: C 33.86; H 4.95%. C~HIoCIFO3S. Calculated: C 33.26; H 4.65%~ IR spectrum (u, cm-l): 
1450, 1230, 970, 820 (OSO2F). PIVIR spectrum (6, ppm): 4.65 m (W = 21.5 Hz, CIIOSO2F), 3.85 m (CI-ICI), 2.4- 
0.9 m (CH2). 

2-Nitroethyl Fluorosulfate (V). A slow current of ethylene was passed at ~20~ for 1.5 h tl~:ough a solu- 
tion of 1.8 g (7.9 mmoles) of tetraethylammonium fluorosulfate 1.5 g (11o3 mmoles) of nitronium borofluoride in 
20 ml of CH2CI 2. After evaporation of the solvent in vacuo, 0.44 g (327o) of (V) were obtained, Rf 0.26 (a 1:6 
ethyl acetate -hexane system). IR spectrum (u, cm-i): 1560, 1370 (NO2), 1440, 1230, 960, 830 (OSO2F). IH I~rlVI_R 
spectrum (6, ppm): 4.75 s (cf. [15]). 19F NMR spectrum (6, ppm in CDCI 3 with reference to CFCI~: -38.6 s 
(cf. [8]). 

C O N C L U S I O N S  

Reactions of olefins with chlorine in the presence of fluorosulfonic acid salts lead to fl-ehloroalkyl f luoro- 
sulfates together with 1,2-dichlorides. The addition of nitronium borofluoride to ethylene in the presence of 
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tetraethylammonium fluorosulfate gives 2-nitroethyl fluorosulfate. These reactions confirm the general char-  
acter  of the competitive binding of superweak nucleophiles in Ad E reactions.  
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