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We have p rev ious ly  r epor t ed  [1] that the main  products  of the reac t ion  of t e t r a f l u o r o - 2 - h y d r o x y -  
ethanesulfonic fi-sultone with ch lorosul fur ic  acid a r e  t r i f luorovinyl  chlorosul fa te  and f luorosulfur ic  acid: 

O•CI•.O•iF) 
CF= 

x O  / CI + J  
Ho~SO~ ~ ' ~  H0. t /S02 

This  course  of the p r o c e s s  is  de te rmined ,  on the one hand, by the abil i ty of f luor ine-containing f i-sultones 
to undergo anionotropic t r an s fo rm a t i ons  because  of the high mobi l i ty  of the f luorine on the f i -carbon a tom 
and, on the other ,  by the e l ec t ron -accep to r  cha rac t e r  of the sulfonyl group in the chlorosul fur ic  acid m o l e -  
cule. It m a y  be supposed that,  if ins tead of chlorosul fur ic  acid we use  other compounds containing the 
chlorosulfonyl  group,  these  will r eac t  with t e t ra f luoro-2-hydroxye thanesu l fon ic  fi-sultone by an analogous 
mechan i sm.  To check this  supposit ion we have studied the behavior  of var ious  chlorosulfonyl-containing 
compounds toward te t ra f luoro-2-hydroxye thanesu l fon ic  fi-sultone. 

It was  shown that  conditions can be found under which te t ra f luoro-2-hydroxye thanesu l fon ic  fl-sultone 
will r e a c t  with methanesulfonyl  chlor ide,  alkyl ch lorosul fa tes ,  and sulfuryl  chloride.  I n a l l  ca ses  one of 
the reac t ion  p roduc t s  was t r i f luorovinyI  ehlorosulfate ;  the other products  isola ted were ,  r e spec t ive ly ,  
methanesulfonyl  f luoride,  alkyl f luorosul fa tes ,  and sulfuryl  chlor ide fluoride. The reac t ion  conditions and 
the y ie lds  of the t r i f luorovinyl  ch lorosul fa te  fo rmed  a re  given in Table  1; for compar i son  we also give the 
r e su l t s  of the reac t ion  of t e t ra f luoro-2-hydroxye thanesu l fon ic  fi-sultone with ch lo rosu l fu r i c  acid [1]. 

It will be seen f rom Table  1 that the t e m p e r a t u r e  conditions for  reac t ion  and the yie ld  of t r i f luo ro -  
v iny l  chlorosul fa te  a r e  de te rmined  by the na ture  of the substi tuent at tached to the chlorosulfonyl  group In 
the subs tance  reac t ing  with the sultone. The conditions for reac t ion  a r e  mos t  favorable  when the c o m -  
pound used is methanesulfonyl  chlor ide ,  i .e . ,  a compound whose chlorosulfonyl  chlorine is highly mobi le  
because  of the cons iderab le  pos i t ive  induction effect  of the methyl  substituent.  As the e lec t ron-accep t ing  
power  of the substi tuent  is  i nc reased  along the s e r i e s  CH3, RO, HO, C1, the mobi l i ty  of chlor ine  in the 
molecule  of the r eac t an t  d iminishes  and the re luc tance  to r eac t  i nc reases .  Thus, in the case  of sulfuryl  
chlor ide ,  for  which reac t ions  of the rad ica l  type a r e  the mos t  cha r ac t e r i s t i c ,  r eac t ion  with t e t r a f l u o r o - 2 -  
hydroxyethanesulfonic  fi-sultone can be brought about only at high t e m p e r a t u r e  (100 ~ or higher).  The low 
yield of t r i f luorovinyl  chlorosul fa te  a r i s e s  f rom the i somer i za t ion  of t e t ra f luoro-2-hydroxyethanesu l fonic  
fl-sultone under the conditions of the reac t ion  [2]: it is conver ted  into dif luoro(f luorosulfonyl)acetyl  f luoride,  
which is  iner t  toward sulfuryl  chloride.  In the reac t ion  mix tu re  we actual ly found dif luoro(f luorosulfonyl)-  
acetyl  f luoride (62.5%) and unchanged sulfuryl  chlor ide (70%); the convers ion  of the sultone was m o r e  than 80%. 

Hence,  the reac t ions  of t e t ra f luoro-2-hydroxye thanesu l fon ic  fi-sultone with cblorosulfonyl-containing 
compounds p roceed  in accordance  with a common pa t t e rn  and may  be descr ibed  by the scheme:  

/CF2~ ~i F CF~ 
802 CF2 + X--SO2--CI >- O:S 

where  X = R, RO, HO, Ca, 

Trans l a t ed  f rom Izves t iya  Akademii  Nauk SSSR, Seriya Khimicheskaya ,  No. 6, pp. 1017-1022, June, 
1966. Original  a r t i c l e  submit ted May 12, 1965. 
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TABLE 2 

TABLE I 

XSO2C i taken 

CH3SO2C1 
ROSO2C1 
HOSO2C1 
C1SO2C1 

React ion 
t emp . ,  ~ 

20 
30-60 

80 
100 

Yield of 
CISO2OC F = 

CF2, % 

95 
75-80 

70 
20 

XSO2F obtained 

CH3802 F 
ROSO2F 
HOSO2F 
CISO2F 

Compound 

CH3OSO2 F 
C 2H5OSO2 F 
n-CaH?OSO2 F 
n-C 4H9OSO 2F 
n-CsHIIOSO2F 
n-C6HI3OSO2F 

B.p. ,  ~ 
(p, ram) 

91-92 
112-113 

49 (35) 
59 (35) 
63 (25) 
60 (2) 

d? 
found 

1.4256 
1.2678 
1.1890 
1.1362 
1.1140 
1.0932 

1.3440 
1.3512 
1.3612 
1.3720 
1.3840 
1.3952 

16.94 
21.81 
26.45 
31.24 
35.72 
40.42 

MR 

ca lcu la ted  

17.15 
21.80 
26.46 
31.08 
35.75 
40.35 

Since the r e a c t i o n  t a k e s  this  cou r se ,  i t  can be r e g a r d e d  as provid ing  a ge ne r a l  method for  the 
p r e p a r a t i o n  of a lkyl  f luorosu l fa tes .  Before  the p r e s e n t  work no gene ra l  method was known for the p r e p a r a -  
t ion of unsubs t i tu ted  a lkyl  f luorosul fa tes ;  only two compounds of this  type have been d e s c r i b e d  in the  l i t e r a -  
t u re  --  methyl  and ethyl f luorosu l fa tes  [3]. 

This  method for  the p r e p a r a t i o n  of a lkyl  f luorosu l fa tes  was t e s t ed  out for the c a s e  of the r eac t i ons  
of t e t r a f l uo ro -2 -hyd roxye thy l su l fon i c  f i -sul tone with methyl ,  ethyl,  p ropy l ,  butyl ,  pentyl ,  and hexyl c h l o r o -  
su l fa tes .  In a l l  c a s e s ,  as wel l  as  t r i f luo rov iny l  ch lorosu l fa te ,  we i so l a t ed  the co r r e spond ing  alkyl  f l uo ro -  
su l fa tes ,  the phys ica l  p r o p e r t i e s  of which a r e  given in Table  2. 

Molecu la r  r e f r a c t i o n s  we re  ca lcu la t ed  with the use  of the a ve r a ge  value  of the r e f r a c t i on  of the 
f luorosu l fa te  group ROSOo F = 11.50, as deduced f rom the expe r imen ta l  va lues  of dens i t i e s  and r e f r a c t i v e  
ind ices  of a lkyl  f luorosul~ates .  An in t e r e s t i ng  conclus ion may  be drmvn from a c o m p a r i s o n  of the r e f r a c -  
t ions of ha losu l fa te  (halosulfonyloxy) and halosulfonyl  groups .  It was found that  the change in the r e f r a c -  
t ion as  we p a s s  f rom the f l uo r ine -  to the ch lo r ine -con ta in ing  group is  a lmos t  the same  in the alkyl  ha lo -  
sul fa te  and a lkanesul fonyl  hal ide s e r i e s :  

OSOeF OSQCI [41 S02F [5] SO2C1 [41 
R 11,50 16,37 10,54 15,40 
AR 4,87 4,86 

It may  be supposed that a s i m i l a r  change in the r e f r a c t i o n  wil l  be obse rved  as  we pas s  f rom f luor ide  to 
ch lo r ide  in the ca se  of other types  of acid  halide.  Thus,  if  the a tomic  r e f r a c t i o n  of ch lor ine  in carboxyl ic  
acid  ch lo r ides  i s  6.336 [4], then the va lue  for  f luor ine  would be expected to be about 1.47, which di f fers  
cons ide rab ly  f rom the accepted  va lues  of Rf = 0.997-1.35 [4]. 

The chemica l  p r o p e r t i e s  of a lkyl  f luorosu l fa tes  which we studied were  the i r  behavior  toward  water ,  
toward  sodium ch lo r ide ,  and toward t r i e thy l amine .  In a l l  c a s e s  alkyl  f luorosu l fa tes  behave as ex t r eme ly  
effect ive a lkyla t ing  agents.  Thus,  they r e a c t  v igorous ly  with wate r  with fo rmat ion  of f luorosu l fur ic  acid 
and an alcohol.  This  is  the only cou r se  of r e a c t i o n  even in the t r e a t m e n t  of a lkyl  f luorosu l fa tes  with aque-  
ous solut ions of a lka l i e s :  

ROSO2F -~ NaOH --~ I/OH @ NaOSQF. 

When sodium ch lo r ide  is  t r e a t e d  with a lkyl  f luorosu l fa tes ,  the co r re spond ing  a lkyl  ch lo r ides  can be i s o -  
l a ted  in good y i e ld s :  

ROSO2F @ NaC1 -+ RC1 ~- NaOSO2F. 
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The reac t ions  of alkyl f luorosulfa tes  with t r i e thy lamine  take 
p lace  even at --20 ~ with quanti tat ive fo rmat ion  of the c o r r e -  
sponding qua te rna ry  ammonium f luorosulfa tes :  

ROSO2F -t- (C2Hs)3N --~ [ (C2Hs)sNR]OSO2F. 

When these  ammonium sa l t s  a r e  heated, a lkyldie thylamines  
a r e  formed:  

to 

[ (C~H~) ~NR] OSQF ~ (C~i{~) ~NR. 

Hence,  alkyl f luorosul fa tes  a r e  m o r e  effect ive alkylating agents  
than chlorosul fur ic  and sulfuric e s t e r s .  

EXPERIMENTAL 

Reaction of Tetrafluoro-2-hydroxyethane- 
sulfonic p-Sultone with Methanesulfonyl Chlo- 
r i d e. 11.5 g of methanesulfonyl chloride was added drop- 
wise with stirring to 18.0 g of tetrafluoro-2-hydroxyethane- 
sulfonic fi-sultone at room temperature. Fractionation of the 
mixture gave 18.7 g (95%) of trifluorovinyl chlorosulfate and 
8.8 g (90%) of methanesulfonyl fluoride, b.p. 124-125 ~ Found%: 
F 19.10; S 32.44. CH303FS. Calculated %: F 19.38; S 32.68. 

Reaction of Tetrafluoro-2-hydroxyethane- 
sulfonic fi-Sultone with Sulfuryl Chloride. A 
mixture of 18.0 g of tetrafluoro-2-hydroxyethanesulfonic fi-sul- 
tone and 13.5 g of sulfuryl chloride was heated in an autoclave 
at i00 ~ for 6 h. The autoclave was opened, and the contents 
were fractionated at atmospheric pressure. We obtained2.5g 
(21%) of sulfuryl chloride fluoride, 11.3 g (62.5%) of difluoro- 
(fluorosulfonyl)acetyl fluoride, 9.5 g (70%) of sulfuryl chloride, 
and 3.9 g (20%) of trifluorovinyl chlorosulfate. The products 
were identified by means of gas chromatography with the use 
of comparison substances. 

Reactions of Tetrafluoro-2-hydroxyethane- 
sulfonic p-Sultone with .Alkyl Chlorosulfates. 
]k mixture of 0.1 mole of tetrafluoro-2-hydroxyethanesulfonic 
~-sultone and 0.i mole of the alkyl chlorosulfate was heated 
under reflux in a water bath. In the subsequent fractionation 
we isolated trifluorovinyl chlorosulfate and the corresponding 
alkyl fluorosulfate. The analyses of the alkyl fluorosulfates 
obtained are given in Table 3. 

Calculation of the Fluorosulfate Group. 
The refraction of the fluorosulfate group was deduced from 
experimentally found values of density and refractive index 
for six unsubstituted alkyl .fluorosulfates. For this purpose 
we determined the differences between the values found for 
the molecular refractions of the alkyl fluorosulfates and the 
known values of the alkyl groups. The calculated differences 
corresponding to values of the refraction of the fluo ro sulfate 
group were averaged, and the resulting value of ROSO2F, equal 
to 1 I. 497, was us ed in the calculation of the molecular refractions 
of alkyl fluorosulfates (Table 4). 

Hydrolysis of Alkyl Fluorosulfates. A 
weighed amount (0.1-0.2 g) of the preparation was dissolved 
in 25 ml of 0.I N NaOII, and after 1 h the excess of alkali was 



TABLE 4 

Alkyl f luorosulfate  

CH3OSO2F 
C2HsOSO2F 
n-C3H7OSO2F 
n-C 4tt9OSO2F 
n-C 5HllOSO2F 
n-CGH13OSO2F 

Found MR 

16.940 

21.813 

26.450 

31.242 

35.724 

40.421 

alkyl 

5.653 
10.300 
14.965 
19.585 
24.250 
28.855 

R 

OSO2F 

11.287 
11.513 
11.485 
11.657 
11.474 
11.566 

Calculated 
MR 

17.150 
21.797 
26.462 
31.082 
35.747 
40.352 

AMR 

cm 3 

+ 0.210 

--0.016 

+ 0.012 

--0.160 

+ 0.023 

--0.069 

% 

1.22 
0.07 
0.05 
0.50 
0.06 
0.17 

TABLE 5 
i 

Average 11.497 

R in ROSO2F 
Equivalent 

CH 3 C2H 5 n-C3H 7 n-C4H 9 n-CsHll n-C6Hi3 
i 

NaOH 
Fluoride 

0.98 
0.96 

1.02 

0.96 

1.01 
0.98 

1.00 
0.99 

1.01 

0.97 

TABLE 6 

R--C1 I n-C3HTC1 

Yield, % 78 

n-C4HgC175 [ n-CsHitC172 n-C 6H13 C l 

75 

0.99 
0.98 

TABLE 7 

Found, % Calculated, % 

R4NOSO2F N F S N F S 

(C 2Hs)3N(C6H13)OSO2F 
(C 2Hs)3N (C 5Hll)OSO2F 
(C2Hs)3N(CH3)OSO ~F 

4.65 
4.94 
6.28 

6.97 
7.41 
9.13 

11.12 
11.63 
15.10 

4.91 
5.17 
6.52 

6.67 
7.03 
8.84 

11.22 
11.82 
14.87 

back- t i t r a ted  with 0.1 N HC1 to phenolphthalein (Table 5). Fluoride was absent in the hydrolyzate  (test 
with z i r con ium-a l i za r in  lake), but the f luorosulfate  ion was presen t  (tested by format ion of ni t ron salt). 
The hydrolyzate  was boiled with 20 ml of HC1 (sp.gr. 1.10) for  2 h, and the f luoride content was de termined  
thor iomet r ica l ly ;  sulfate was detected in the solution. 

R e a c t i o n s  o f  A l k y l  F l u o r o s u l f a t e s  w i t h  S o d i u m  C h l o r i d e .  0 . 1 m o l e  of the alkyl 
f iuorosulfate  was added dropwise slowly to 15 g of sodium chloride at room tempera tu re .  In the subsequent 
heating of the mix ture  a f rac t ion was dist i l led off which yielded the alkyl chlor ide  on redist i l la t ion;  the 
alkyl chlor ide  was identified f rom its boiling point, molecu la r  weight, and halogen content (Table 6). 

R e a c t i o n s  o f  A l k y l  F l u o r o s u l f a t e s  w i t h  T r i e t h y l a m i n e .  0.1 mole of the alkyl 
f luorosulfate  was added slowly with s t i r r ing  to a solution of 0.1 mole  of t r ie thylamine  in 20 ml of dry  
ether  at --20 ~ The resul t ing prec ip i ta te  of the qua te rnary  ammonium fluorosulfate  was f i l te red  Off, 
washed with e ther ,  and analyzed (Table 7). 

When t r ie thy lmethylammonium f luorosulfate  was heated above 100-120 ~ decomposit ion occu r r ed  
and a f rac t ion disti l led off. Redist i l la t ion of this  gave N-methyldiethylamine,  b.p. 66-67 ~ Found %: 
N 15.91; tool. w~. 85.0. C5H13N. Calculated %: N 16.09; tool. wt. 87.1. 

In an analogous way, f rom the t r ie thylpentylammonium salt  we isolated N,N-diethylpentylamine,  
b.p. 159-161 ~ Found %: N 10.32; tool. wt. 130.5. CgH21N. Calculated %: N 10.52; tool. wt. 133.3. 

CONCLUSIONS 

1. In the reac t ions  of te t ra f luoro-2-hydroxyethanesul fonic  fi-sultone with methanesulfonyl  chlor ide,  
with alkyl chlorosulfa tes ,  and with sulfuryl  chlor ide t r i f luorovinyl  chlorosulfa te  is fo rmed  together  with 
the corresponding f luorosulfonyl compounds. 
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2. The reactions of fluorine-containing fi-sultones with alkyl chlorosulfates provide a general method 
for the preparation of previously inaccessible alkyl fluorosulfates. 

3. The main hmctional peculiarity of alkyl fluorosulfates is their great  alkylating power. 

4. It was deduced that the fluorosulfonyloxy group has a refraction ROSO2 F of 11.50. 
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All  a b b r e v i a t i o n s  of p e r i o d i c a l s  in the above  b i b l i o g r a p h y  are l e t t e r -by - l e t t e r  t r a n s l i t e r a -  
t i o n s  of the a b b r e v i a t i o n s  as g i v e n  in  the o r i g i n a l  R u s s i a n  jou rna l .  Some or  all o[ th is  peri-  

odical  l i terature m a y  wel l  be ava i lab le  in E n g l i s h  translat ion.  A comple t e  l i s t  of the cover - to -  
cover  E n g l l s h  t r a n s l a t i o n s  a ppea r s  a t  the back of  the  f i r s t  i s s u e  of t h i s  year.  
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