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Chlorine f luorosulfate  (I) is added energe t ica l ly  at the double bonds of f luoroolefins [1-3], pe r f luoro-  
2 - a z a - l - b u t e n e  [4], and fluorinated i socyana tes  [5]. In the ease  of ca ta lys i s  by f luorosulfonic acid, (I) 
r e a c t s  smoothly  with cer ta in  f reons ,  fo rming  polyfluoroalkyl  e s t e r s  of f luorosulfonic acid [6]. Of the in- 
organic  compounds,  r eac t ions  of (I) with potass ium and ces ium f luor ides  [7], ni t ronium and ces ium p e r -  
ch lo ra tes  [8] a re  known. In this work  we conducted the reac t ion  of (I) with ce r ta in  inorganic compounds,  
as well  as with te t rach loroe thy lene .  

The passage  of dry HCI through liquid (I) at ~20~ is accompanied by a negligible exothermic  effect  
and the l iberat ion of chlor ine with the format ion  of p rac t ica l ly  pure f luorosulfonic acid. (I) r e a c t s  smoothly 
with N204, also a t~20~ giving ni tronium fluorosulfate  (II) and ni t ry l  chlor ide (III) with quanti tat ive y ie lds :  

HC1 N204 
HOSO~F + Ch +--- C1060~ F ----> NO~OSO~F + CINO~ 

(I~ (I!) (III) 

S O, ~ | ~ Cl,C=ccl, 
C1SOsOSO~F I CC1,CChOSO~F 

(IV) co (VII) 

C1COSOzF 

-cl, II I -co, 0 (V) C,H, 

H20 
S~05F~. [CaHsCOC1] ---> CaH~COOH 
(vi) 

To prevent  a v igorous  heating, the reagen t s  should be mixed in the gas phase,  using an iner t  diluent,  for 
example ,  ni t rogen.  The in terac t ion  of (I) with (III) o r  with ni tr ic  oxide at~20~ is not obse rved .  In this 
case  it is in te res t ing  to note that the f luorosulfate  of b romine  with N204 f o r m s  ni t ronium f luorosulfate  and 
b romine ,  while with (III) and ni tr ic  acid it in te rac t s  even at reduced t e m p e r a t u r e s  [9]. 

(I) a lso in te rac t s  v igorously  with SO 2 with the format ion of pyrosu l fury l  ch lor ide- - f luor ide  (IV). An 
a t tempt  to produce t r i su l fu ry l  f luoride by the reac t ions  of (I) with (IV) did not lead to success .  Even a f te r  
prolonged heating at 110-120~ theini t ia l  r eagen t s  were  r ecove red  unchanged. A prac t ica l ly  quanti tat ive 
yield of ch lorocarbonyl  f luorosulfate  (V), p rev ious ly  cha rac t e r i zed  only by the IR and N M R f l ~ '  spec t ra  
[10], was  obtained by the reac t ion  of (I) with CO. The reac t ion  proceeds  with a substant ia l  exo the rmic  
effect .  To obtain high yie lds  of (V) the t e m p e r a t u r e  should be maintained no higher than 30~ since athigh 
t e m p e r a t u r e s  (I) r e a c t s  with the (V) formed:  

CIOSO~F + C1COSO2F --* Ch + S~OsF~ + CO~ 
II 
O 

Thus,  in the reac t ion  of (I) with CO, depending on the condit ions,  e i ther  (V) with a prac t ica l ly  quan-  
t i tat ive yield or  pyrosu l fury l  fluoride (VI) can be obtained. 
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The f luorosulfate  (V) is a r a t he r  r eac t ive  compound. When it is exposed in benzene at ~ 20~ for sev -  
e ra l  days ,  followed by t r ea tmen t  with wa te r ,  benzoic acid is obtained. The optimum conditions of the r e -  
action were  not de te rmined .  

The addition of (I) at the multiple bond of polychlorinated olefins was ca r r i ed  out for the f i r s t  t ime 
for  te t rachloroe thylene  as an example .  The reac t ion  could be conducted di rec tedly  only at --20~ by slow 
addition of (I) to t e t rach loroe thy lene ,  dissolved in 1 ,1 ,2 - t r i f l uo ro t r i ch lo roe thane .  The pentachloroethyl  
e s t e r  of f luorosulfonic acid (VII) is a co lo r l e s s  liquid, immisc ib le  with wate r ,  soluble in mos t  organic so l -  
vents .  

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

React ion of (I) with Hydrogen Chloride.  Dry HC1 was bubbled through 13.5 g (I) at a ra te  such that 
(I) was not r emoved  by the s t r e a m  of HCl. The chlorine formed was collected in a t r ap ,  and af ter  the l ibe r -  
ation of 7.1 g of ch lor ine ,  the passage  of HC1 was stopped. We obtained 9.9 g (99~) fluorosulfonic acid in 
the form of a yel lowish liquid; a f te r  dist i l lat ion 9.5 g (95~), bp163~176 Equivalent:  found 100.7, 
calculated 100; cf.  [11]. 

React ion  of (I) with Nitrogen Te t raox ide .  A mixture  of  dry N204 (4.8 g) and ni trogen (1 : 3 by volume) 
was passed at a low speed into a r e a c t o r  containing 6.8 g f reshly  redis t iUed (I), col lect ing the gaseous 
products  in a t r ap  (--78~ In the r e a c t o r  6.7 g (92.4%) ni tronium f luorosulfate  [9] with mp  217~ was formed.  
By f rac t ionat ing the gaseous  products  we obtained 3.5 g (86.2%) ni t ryl  chloride [11] with bp --15~ 

l~yrosulfuryl  Chlor ide- -F luor ide  (IV). In a r e a c t o r  equipped with an effect ive ref lux (CO 2) condenser  
we placed 13.5 g (I), and with mixing slowly passed through 6.4 g of gasous SO 2. The reac t ion  m a s s  was 
mixed for 1 h. Frac t iona t ion  yielded 18.2 g (91.5%) pyrosul fury l  ch lor ide- - f luor ide  [12] in the fo rm of a 
co lo r l e s s  f ree - f lowing  liquid, bp 100~ d~ ~ 1.794. 

React ion of (I) with Carbon Monoxide. a. Chlorocarbonyl  F luorosu l fa te .  An excess  of dry CO was 
bubbled through 13.5 g (I), maintaining a t e m p e r a t u r e  of the reac t ion  m a s s  25-30~ T o p r e v e n t  the r e m o v a l  
of the reac t ion  products ,  we used an effect ive ref lux  condenser .  Frac t ionat ion  yielded 15 g (92%) ch lo ro-  
carbonyl  f luorosulfate  in the fo rm of a c o l o r l e s s  f ree- f lowing  liquid, bp70~ d~~ nD 2~ 1.3667. Found: 
C 7.11; F 11.99; C1 21.73; S 19.91%. CC1FO4S. Calculated:  C 7.39; F 11.79; Cl 21.85; S 19.69%. N1VIR-I~F 
spec t rum:  singlet  126 ppm (external  s tandard CF3COOH). According to the data of [10], N1VIR-I~F spec-  
t rum:  singlet  44.7 ppm (standard CC13F). 

b. Pyrosu l fu ry l  Fluor ide .  Into 13.5 g of boil ing (I) 1.4 g of CO was slowly passed.  The reac t ion  
m a s s  was exposed for 1 h at80-90~ and fract ionated.  We obtained 8.1 g (89%) pyrosul fury l  fluoride [12] in 
the fo rm of a co lo r l e s s  f ree- f lowing  liquid, bp 51~ d~ ~ 1.749. 

React ion of (I) with Chlorocarbonyl  F luorosul fa te .  A mixture  of 8.1 g chIorocarbonyl  f luorosulfate 
and 6.8 g (I) was heated at 80-90~ with a ref lux condenser  until the evolution of the calculated amount of 
chlor ine (3.5 g) was ended. The CO 2 formed was quanti tat ively absorbed with ba r i t e  water .  F r ac t i ona -  
tion of the res idue  yielded 8.6 g (94.5%) pyrosul fury l  f luoride,  bp 51~176 

React ion of Chlorocarbonyl  F luorosul fa te  in Benzene.  A mix ture  of 3.2 g eh lorocarbonyl  f luoro-  
sulfate and 6 ml  of benzene was exposed at~20~ for seven days.  Volati le products  were  removed  under 
w a t e r - j e t  pump vacuum; 30 ml  of wa te r  was added to the res idue .  After  one day the solid subs tances  
formed was r emoved  and washed with wate r .  We obtained 0.9 g benzoic acid,  rap. 121-122~ A mixed 
sample  gave no depress ion  of the mel t ing  points.  

Pentachloroethyl  E s t e r  of Fluorosulfonie  Acid. To 16.6 g te t rach loroe thy lene ,  dissolved in 60 ml  
of 1, 1, 2 - t e t ra f luoro t r i ch lo roe thane ,  13.5 g (I) was added dropwise with mixing at- -20~ In a period of 
2 h the t e m p e r a t u r e  was brought  to~20~ After  12 h the solvent was removed  at a res idua l  p r e s s u r e  of 
35 mm Hg. Frac t ionat ion  of the res idue  yielded 23.2 g (77.5%) of the pentachloroethyl  e s t e r  in the form 
of a c o l o r l e s s  liquid, bp80-81~ (24 ram); d 2~ 1.819; n~  1.4670. Found: C 7.65; F 6.67; C1 58.87; S 10.51%. 
C2C15FO3S. Calculated:  C 7.99; F 6.32; C1 59.07; S 10.65%. N1VIR-igF spec t rum:  singlet  130.5 ppm (external  
s tandard CF3COOH). 

CONCLUSIONS 

1. As a r e s u l t o f  s imple  convers ion ,  f luorosulfonic acid,  n i t ronium f luorosulfa te ,  pyrosul fury l  chloride 
- - f luor ide ,  pyro sulfuryl  f luor ide,  and ch lorocarbonyl f luorosu l fa te  can be obtained f r o m  chloride f luorosulfa te .  
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2. Chloroearbonyl fluorosulfate is capable of interacting smoothly with chlorine fluorosulfate, as 
well as acylating benzene. 
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