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The behaviour of ClCXX$F tmards acetylene and the C3J bond of perfluoro- 

carbon acid nitriles as well as a possibility of C-N bond cleavage in perfluoro- 

nitroso conpour& xere studied. Investigation of the chlorinating activity of 

C10S02F was continued. The addition reactions of IOS02F to double lmnds of 

fluoroolefines as well as the reactions of S206F2 with ethylnitrobenzenes were 

realized. 

Not long ago C10S02F and S206F2 attracted chemists' attention as highly 

reactive substances, that provide new reaction paths to ccanpounds that were 

inaccessible earlier. Heretofore, reactions of IOSOZF with organic compounds 

practically have not &en studied. 

C1C602F extremely readily adds to double bonds of different ccmpomds. 

Indepmdently of their structure the reaction with perchloro- and perfluoro- 

olefines occurs readily already at -65 0 to -75OC [2-61. C10S02F forms addition 

products with bis(trifluorcanethyl)ketene [6] and perfluorokenzene [7]. 

Addition of CiOSO$ to double [8-l?] and triple [12] nitrogen 

-carbon bonds proceeds as well. 

* Presented at the 7th European Syqmsium on Fluorine Chemistry [l]. 



The halogen atom substitution in halogenalkanes and even 

in freons p3-151 by the fluorosulfate group as well as the chlo- 

rine and fluorine substitution in perfluorocarbon acid chlo- 

rides end fluorides [I57 is characteristic for ClOSO2F. 

In spite of the extremely high reactivity of ClOSO2F towards 

organic compounds, in some cases the use of this compound 

leads to selective transformations. This can be exemplified 

by substitution of chlorine atoms in monochloracetic acid es- 

ters [15] and of fluorine atom in hexafluoroacetone N-fluoro- 

imine B6] by fluorosulfate group. 

ClOS02F 

In several cases the chlorinating activity of ClOS02F is 

observed [5,12] . This allows to consider C10S02F as one of 

the most powerful chlorinating agents with positively polari- 

zed chlorine. Reaction of ClOS02F with an exess of ben- 

zene occuring even at -1OO'C and giving an 80% yield of 

hexachlorobenzene [I 73 is a striking example of this aspect. 

C10S02F + C6H6 - C6C16 

The chlorination of fluorine containing alcohols by 

ClOS02F at subsmbient temperatures produces hypochlorites 

non-explosive and stable in moisture-free atmosphere [Ia] . 

C10S02F + RfCH20H - 
-HS03F 

R CR OCl f 2 

Rf = H(CF2)29 H(CF2j4, H(CF2)6 and 02HCF2 

Polyfluoroalkylhypochlorites are rather interesting and 

extremely powerful reagents, though they are less active 

than C10S02F. These substances actively, exothermically add 

to tetrafluoroethylene, but do not interreact with the more elec- 

trophylic perfluoropropylene [18] . 
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RfCH2OCl + CF2=CF2 - RfCH2OCF2CF2Cl 

Rf ~1 H(CF2)4, H(CF2)6, 02RCF2 

The addition of alkylhypochlorstes to hexafluoropropylene 

end bls(trifluoromethyl)ketene was carried oui only In the 

presence of acid caialyst (e.g. 1 ,I, 3-crihydrotetrafluoropro- 

pylsulfate), but the reaction with perfluoroisobutylene was 

not realized at all [I83 . 

With unsubstituted olefines, as would be expected, 

polyfluoroalkylhypochlorites react extremely vigorously [18] . 

H(CF2)4CH2OCl + CH2=CHC5H,,- H(CF2)4CH20CH(CH2C1)C5H,, 

The addition of polyfluoroalkylhypochlorites to perfluo- 

roisocyanates and perfluoronitriles proceeds in the presence 

of an acid catalyst and heating [IgJ. 

Contrary to C10S02F, hypochlorites of fluorinated alco- 

hols do not react at 20' with dichloro- and dibromoethanes; 

the chlorination of benzene leads only to monochlorobenzene[l8]. 

Of no less interest are many fluorosulfonic acld deriva- 

tlves obtained by the reactions with C10S02F. 

For instance, as a completely new processes can be men- 

tioned the acylation of benzene at 20' with chlorocarbonyl- 

fluorosulfate (the adduct of ClOSO2F to carbon monooxide) [5] 
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as well as the alkylation of not only amines but also benzene 

below O°C without any catalyst with fluorosulfateacetic acid 

esters [15]. 

ClC(O)OSO,F 

FS020CH2COOR 

Rather unusual is also the reactivity of J-chlorohexaflu- 

oro-2,5-cyclohexadienylfluorosulfate, obtained by the aaditi- 

on of C10S02F to hexafluorobenzene [7] . Its hydrolysis besi- 

des &chloropentafluoro-2,5-cyclohexadienone, leads also to 

3-chlorohexafluoro-l,+cyclohexadiene [20] . 

FS020 

Fluoroalkane formation from fluorosulfate has not been known 

so far. Alcoholysis of the fluorosulfate in question leads to 

cyclohexadienone ketals [20] . In cases where an equimolar amount 

of alcohol is used, the substitution of fluorine atom in fluoro- 

sulfate group takes place. 

ROH, excess _ c1 F 

0S02F 

L clg:20R 

The above facts allow to consider C10S02F as one of the 

most powerful electrophfrlic reagents, but in our mind some of 

its reactions proceed according to single-electron transfer 

scheme 1151 . 

Though S206F2 is usually considered aa a reagent for free 

-radical processes, several reactions of this compound are 



not explicable from this point of view. Thus, S206F2 easily adds 

to fluoroalkenes (though at temperatures higher than for 

ClOSO F) to give corresponding bis(fluorosulfate) derivatives 

c 3 21-26 ; the analogous addition is also known for bis(trifluo- 

romethyljketene [27] end hexafluorobenzene El l 

S206F2 easily substitutes the hydrogen atoms in alkanes 

[28-311, polyfluoroalkenes [12,28,32,33], acids .[24,28,29] and 

benzene f_24] by the fluorosulfate group. Analogous formation of 

fluorosulfates in the reaction of S206F2 with alcohols [28) 

end hexafluoroaoetone imine is complicated by side reactions. 

Rven below O°C S206F2 substitutes the hydrogen atoms of per- 

fluorocarboxemides; the resulted N,N-bis(fluorosulfate)amides 

are, however, comparatively unstable and undergo a rearrange- 

ment into the corresponding perfluoroalkylfluorosulfates; the 

rearrangement apparently occurs in the course of reaction and 

isolation (34,351. 

R&R, + 2S206F2 -2HSO3F - Rfc~~(OS02F)2 - 

- RfOS02F + [OCNOSO~F] 

IOS02F is known to undergo an easy transformation into 

iodine tris(fluorosulfate) [36]. Recently we have shoan, that 

S206F2 at -5O'C actively adds to alkyl- end perfluoroalkylio- 

dides resulting in solid (below) O°C creme or white adducts, 

decomposing at -40 to -2O'C to the corresponding alkylfluoro- 

sulfates and IOS02F [373. 

RI + S206F2 - [RI( 0S02F)2j = ROS02F + IOS02F 

R = CH 3, CF3, C3F7 

The formation of analogous adducts from perfluoroalkyliodides 

was also noted C381 e 
To sum up, the reactions listed above characterize 

S206F2 and C10S02F as very interesting reagents with wide' 

synthetic abilities. 
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RESULTS AND DISCUSSICRJ 

Even with considerable excess of 1,3,5+richloroknzene the reaction 

of this compound with ClOS02F at -25OC leads (as with C6H6 1171) to hexa- 

chlorobenzene in quantitative yield. 

1,3,5-C13C6H3 + C10S02F e c Cl 
6 6 

Introduction of a nitro group into the aromatic ring substantially 

retards chlorination with C10S02F. For example, nitrobsnzene, at -10 to 25OC 

giving up to 60% of pentachloronitrobenzene along with mno-, di-, tri-, 

and tetrachloronitrobenzenes. 

02NC6H5 + C10S02F * 02NC6C15 + 02NC6HC14 + 

+ 02NC6H2C13 + ONCHCl + 
2 63 2 

02NC6H4Cl 

Further nitro groups in a benzene ring give rise to inhibition of 

chlorination under mild conditions (25O); 1,3,5-trinitrobenzene, for example, 

does not react even with a large excess of C10S02F. 

The complex of C10S02F with SW5 has more chlorinating activity than 

C10S02F alone. At 20°C this reagent chlorinates pentafluorobenzene and 4,4'- 

dihydroperfluorobiphenyl to pentafluorochlorobenzene and 4,4'-dichloroperfluo 

biphenyl in 95% and 60% yields, respectively. 

C10S02F + SbF5 ___c Cl[SbF50S02F] 'gFSH -c- C6F5C1 

4-HC6F4C6F4H-4' 

t 
4-ClC6F4C6F4C1-4' 

Contrary to the reactions with ClOSO2F [7] this ccm@ex gives a benzo- 

lonium ion with hexafluorobenzene (cf. [39]), which after hydrolysis gives 

4-chloropentafluorocyclohexa-2,5-dien-l-one; the reaction of the ion with 

pertafluoroknzene leads to perfluorobiphenyl. 

%“6 Cl [SbF50SOeF] - 
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Tne interreaction of ClOS02F with perfluoronitrosoalkaes 

(I-nitroso-2-nitrotetrafluoroethane, for example) proceeds under 

mild conditions end results in the substitution of the nitroso- 

group for chlorine, giving the corresponding chloroalkanes and 

nitrosolfluorosulfate. The first stage of the reaction appa- 

rently involves the formation of an unstable, presumably salt- 

-like intermediate,which decomposes during the warming of re- 

action mixture. At the same time 2-nitrotetrafluoroethylnitrite 

does not react with C10S02F even under heating. 

C10S02F 
02NCF2CF2N0 

02NCF2CF2~~~l.S~3F 

j 02N;F2CF20:O! 

1 _ONSO02NCF2CF2Cl 3 

C10S02F is also highly reactive towards carbon-carbon 

triple bonds. It vigorously interreacts with acetylene in 

freon-113 at -25'C. The reaction does not stop at the sta- 

ge of monoadduct, but proceeds to the complete saturation of 

triple bond. This fact clearly suggests a higher nucleo- 

phility of the double bond of an intermediate comparing with 

triple bond of acetylene. 

C10S02F + HC=CH -c~~cHcH(~s~~F)~ + (Fso~~CHC~)~ 
. (I) (II) 

The PMR data evidence that the main product of this re- 

action is l,l-bis(fluorosulfate)-2,2-dichloroethane (I) 

CS (ppm, WDS> : 5998 D (CHC12), 6977 D {CH(OSO2F)2) ; JH_H' 
z 4,3 Hz] and yield of a minor isomer (II) does not exceed 

5-7% [$(p,, JJMDS) : 6,51 s (CHC~OSO~F )] . It is noticeable 

that (I) has comparatively high thermal end hydrolytic stabi- 

lity. 

The formation of (II) in this reaction was independently 

confirmed by the reaction between C10S02F and symm.-tetrachlo- 

roethane. 
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ClOSO2F 
V 

HCCl2CC12H - HCCl2CClHOS02F 
C10S02F 

(I) + (II) 

In this case, however, both isomers are also obtained 

with (I) being the main product [(I):(X) = 3:l by GLC and 

PMR] . Attempts to isolate individual (II) by fractional dis- 

tillation failed because of the small difference of boiling 

points. 

Attempts to obtain ClOSO2F adducts with propyne and 

2,2-dimethyl-3-pentye also failed because of their instabili- 

ty. In the first case decomposltlon of a reaction product was 

observed during the warming of the reaction mixture up to 

room temperature; in the second case product decomposed alre- 

ady during the mixing the reagents at -50°+ -4O'C. Both re- 

actions result in the formation of fluorosulfonic acid and 

tarry products. This fact is in a complete agreement with 

instability of secondary fluorosulfates previously obser- 

ved [40] . 

1,1,2,2-Tetrachloroethylfluorosulfate was synthesized for 

the PMR identification of (I) and (II); the compound elimina- 

tes fluorosulfonic acid at 20-25'C for several days. 

VI 

CHC1=CC12 
C10S02F 20-25Oc 

CHC12CC120S02F - CC12=CC12 
-HS03F 

C10S02J? was found to be highly reactive towards C=N bonds 

of perfluorocarbon acid nitriles, giving rise to equimolar aa- 

ducts (corresponding N-chloroiminoperfluoroacylfluorosulfates) 

already at -45+ -35OC. 

RfCN + C10S02F - RfC(=NCl)OS02F 

Rf = CF30CF2, n-C3F7, n-C4F9, CF2N02 

VII VIII X IX 
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So, unlike the reactions of S206F2 or ClF with perfluoro- 

carbonitriles it is possible to obtain monoadducts of ClOSO2F 

to a triple bond[41,42]. 

Reaction of two moles of C10S02F with one mole of perflu- 

orovalero- or butyronitrile gives mixtures of following pro- 

ducts. 
XI XII 

RfCN + 2C10S02F - RfC(=NC1)OS02F + RfC(0)OS02F + S20gF2 

Rf = n-C3F7 , n-C4F9 

An analogous mixture was obtained also in the reaction of C10S02F 

with one mole of N-ohloroiminoperfluoroacylfluorosulfate; only 

half quantity of the latter come into this reaction. In accor- 

dance with it the reaction of N-chloroiminoperfluorovaleroyl- 

fluorosulfate with even more then two molar excess of C10S02F 

leads to the complete conversion of the latter. 

XII 

n-C4FgC(=NCl)OS02F + C10S02F -n-C4F9C(0)OS02F + S20gF2 

This results can be explained by the assumptions that dichlo- 

roatnine (III) reacts mith C10S02F with elimination of pyro- 

sulfuryldifluoride ( and, possibly, nitrogen trichloride) and 

in this process (III) possesses higher reactivity, then 

N-chloroimine (IV). 

RfCN 
C10S02F 

. RfC(=NC1)OS02F 
C10S02F 

[RfC(OS02F)2NC12]-- 

(IV) (III) 
C10S02F 

RfC(0)OS02F + S205F2 + CNC$l 

As was noted above, free radical substitutions of Wd- 
rogen atoms for fluorosulfate group are higly characteristic 

for reactivity of S206F2 . However, in the reaction of this 

compound with ethylnitrobenzenes at -4O'C the aromatic ring 

substitution does occur; this fact is not in full concordan- 

ce with free radical nature of the reagent. 
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C2H5 '2'6"2 
/ -0 I C2H5 

02N \ OS02F 

'2'6'2 

As well as C10S02P IOSOZF is undoubtedly an ionic reagent; 

until recently, however, it had no use in organic synthesis. 

Lately reports of IOS02F addition to tetrafluoroethylene and 

hexafluoropropene have appeared practically at the same time 

[L37,43] . In the progress of our research [I,371 we have 

studied the addition of IOS02F to various fluoroalkenea of 

ethylene and propylene series. 

CF3CH=CB2 
LC CF3CHICH20S02F XIII 

IOS02F 
CF CH=CF2 

z CF3CHICF20S02F XIV 

CF2=CH2 
G- CH21CF20S02F xv 

In the case of trifluorochloroethylene and trifluoroethy- 

lene the reaction leads to mixtures of isomers as well as 

analogous reaction of C10S02F [4,6] . 

XVI XVII 

CFC1=CF2 + IOS02F - CFC11CF20S02F + CF21CFC10S02F 

XIX XVIII 

CHF=CF2 + IOS02F __t CHFICF20S02F + CF21CFHOS02F 

It is interesting to note that unlike the reaction of 

C10S02F with trifluorochloroethylene [4] , an isomer with 

CFCIOSOpF - group predominates in the mixture possibly on 

account of ateric factors. 
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The above mentioned reactions were carried out by bubb- 

ling fluoroolefines through stirred mixtures of IOS02F and 

freon-113 at 20°C or at the freon boiling point. It is possib- 

le that poor solubility of IOS02F in freon-113 is of rather 

importance,for these reactions, however it can develop the hi- 

gher reactivity of IOS02F towards less electrophylic fluoro- 

olefines. 

The adduct of IOS02F with octafluoroisobutylene was obtai- 

ned only after long standing (3 weeks) of a mixture at 20-25: 

(CF3)C=~~2 + 10~02~ -(CF3)2CICF20S02F xx 

However, even in this case the conversion was relatively 

low and yield of product runs up only to 27,4%. In the same 

conditions IOS02F does not add to hexafluorocyclobutene. 

At the seme time IOS02F interreacts with such strongly 

electrophylic compound as bis(trifluoromethyl)ketene more 

easily than with perfluoroisobutylene or even some of fluo- 

rinated ethylenes and propylenes. 

(CF3)2C=C=0 + IOS02F - (CF~)~CICCO)OSO,F XXI 

This fact seems to be explained by the ability of this 

ketone to form an intermediate complex. 

(CF3)2~;;_P’0 

‘I' 

So, IOS02F seems to react with fluoroolefines end with 

bis(trifluoromethyl)ketene by an electrophylic mechanism. The 

character of this interaction evidences that IOS02F is a wea- 

ker electrophyle then C10S02F. 

To sum up it is necessary to note that the reactivity of 

halogenofluorosulfatcs, usually considered as electrophylic 

reagents, end of S206F2, a free radical reagent, leads to 

conclusion about the dependence of a reaction mechanism on 

the nature of organic partners. 
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EXPERIMENTAL 

l,l-Bis(fluorosulfate)-2.2-dichloroethane (I) 

An excess of acetylene-nitrogen mixture (1: IO) was bubb- 

led through a solution of 15g (0,112 moles) of ClOS02F in 35 

ml of freon-113 at -3O+ -25'C. The mixture was filtered thro- 

ugh a paper filter and the solution was concentrated in vacua. 

According to GLC and PBW data the remaining product (15g) con- 

sists of 1,1-bis(fluorosulfate)-2,2-dichloroethane (> 90%) and 

1,2-bis(fluorosulfate)-1,2-dichloroethane (5-7%). Fractiona- 

tion of this mixture gave 12,5g (75,7% yield) (I), b.p. 49- 

-5l'C (1 mm), ng” 1,4138; d2' 1 785 Anal Calcd for 

C2H2C12F206S2 : C 8,14; H 0.6:; C; 24:07; F'l2,88;'S 21.70. 

Found: C 7,83; H 0,74; Cl 24,32; F 13,17; S 21,99. 

N-Chloroiminotrifluoromethoxydifluoroacetslfluorosulfate 

4,8g to,0357 moles) of ClOSO2Fwas added dropwise (0,5ho- 

urs) to 6,2g CO,0385 moles) of trifluoromethoxydifluoroace- 

tonitrile at -5O+ -45'C. The mixture was stirred for 1 hour 

at -4O'C and 2 hours at -3O'C and allowed to warm to a room 

temperature for 2 hours. Fractionation gav_e 8,4g (79,3% 

yield) of N-chloroiminotrifluoromethoxydifluoroacetylfluo- 

rosulfate, b. p. 105-106~~; .E" 1,333o; d2’ 1,679. Anal. 
Calcd. for C3ClF6N04S : C 12,18; Cl 12,Ol; F438,58; N 4,74; 

S 10,83. Found: C 12,37; Cl 12,32;.F 38,17; N 4,61; S 10,51. 

2-Ethyl-5-nitroohenylfluorosulfate 

To a stirred solution of 15,8g (0,105 moles) of p-nitro- 

ethylbenzene in 100 ml of freon-113 a solution of 8,85g 

(0,045 moles) of S206F2 in 50 ml of freon-113 was added drop- 

wise at -4O'C. The mixture was cautiously warmed to 20°C , 

left at temperature for 16 hours, washed with water and dried 

with MgS04. After evaporation of solvent the resudue was fra- 

ctionated to give 5,8g ( 64% yield) of 2-ethyl-5-nitrophenyl- 

fluorosulfate, b.p. 118'C (I mm), .;' 1,5082; d$O 1,422. 
Anal. Calcd. for C8H8FN05S : C 38,61; H 3,21; F 7,63; N 5,62; 

S 12,851 Found: C 39,05; H 3,32; F 7,71; N 5,86; S 12,53. 

"F-NMR : -118,i (s) pp (CF3C00~). 
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2-Iodo-3,3.3-trifluoropropylfluorosulfate 

An excess of l,l,l-trifluoropropene was bubbled at 20-30°C 

through a mixture of 13g to,0575 moles) of IOS02F and 20 ml 

of freon-113. The mixture was left at room temperature for 16 

hours, filtered and evaporated. Fractionation of a residue 

gave 14g (75,3% yield) of 2-iodo-3,3,3-trifluoroproPYlfluoro- 

sulfate, b.p. 72-73'C (10 mm), n;’ 1,4204, 4 , d20 2 121 . 

Anal. Calcd. for C3H3F4103S : C 11,18; H 0,93; F 23,60; 

I 39,44; S 9,940 Found, C 11,35; H 1,02; F 23,39; I.39,74; 

S 9,88. 

Properties of some synthesized compounds are listed in 

Tables 1 and 2. 
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