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COMMUNTCATION 18. DERIVATIVES OF DIFLUOROSULFOACETIC ACID 

G. A. S o k o l ' s k i i  a n d  I.  L.  K n u n y a n t s  UDC 542.91 +661.723-16+ 546.22 

We have repor ted  p rev ious ly  [1] that, when heated, t e t r a f luo ro - l ,2 -e thanesu l tone  is converted into 
dif luoro(f l~orosulfonyl)acetyl  f luoride.  The poss ib i l i ty  of such r e a r r a n g e m e n t  is de te rmined  by the high 
mobil i ty  of a f luorine a tom in the el-posit ion re la t ive  to an e s t e r  oxygen: 

SOy-F CF 

It  was of in te res t  to de te rmine  the s tabi l i ty  of compounds of s imi l a r  s t ruc tu ra l  type which do not 
contain a mobi le  f luorine atom. It may  be supposed that a s imple  compound of this type is the cycl ic  
anhydride of  d i f luorosulfoacet ic  acid:  

CF= 

\ /  
o 

It was thought that  this anhydride could be p r e p a r e d  by the dehydrat ion of d i f luorosulfoaeet ic  acid. 

We were  abIe to effect  the dehydrat ion of di f luorosulfoaeet ie  acid by t rea t ing  it with thionyl chloride. 
The der iva t ive  then obtained cor responded  in composi t ion to the d imer  of the anhydride: 

CF~ . CF2 

2 SO~ CO ,-}- 2SOCls--+ S 0 [ [ ~- 2S0= ~- 4tiC1 
OH OH \ 0 }2 

In its chemical  p r o p e r t i e s  this compound is indeed a der iva t ive  of di f luorosulfoacet ic  acid. Thus, in its 
t r e a t m e n t  with methanol  two m o l e c u l a r  p ropor t ions  of the monoes t e r  (I) is fo rmed,  and in t r ea tmen t  with 
a secondary  a m i n e - t w o  mo lecu l a r  p ropor t ions  of the d ia lkylammonium sal t  of the dialkylamide of d i f luoro-  
sulfoacet ic  acid (VIII). The s t r u c t u r e s  of the l a t t e r  compounds and thus the s t ruc tu re  of the anhydride 
d i m e r  were  proved as follows: 

~o~ co -,- ~o~ ~O-- 
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Trans la ted  f rom Izves t iya  Akademii  Nauk SSSR, Ser iya  Khimicheskaya,  No. 6, pp. 1289-1294, June, 
1967. Original a r t i c l e  submit ted May 12, 1965. 
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By the aleoholysis of difluorosulfoacetic acid we prepared an es ter  identical to the monoester  (I) 
r e fe r red  to above. By the dehydration of this compound with thionyl chloride we obtained the correspond-  
ing anhydro derivative (II), which by the action of dimethyl ether was converted into the previously des-  
cribed difluorosulfoacetic acid d ies ter  (III) [2]. It should be noted that under analogous conditions es te r s  
do not reac t  with carboxylic acid anhydrides of the type difluoro(fluorosulfonyl)acetic anhydride [3], while 
on the other hand they reac t  vigorously with anhydrides of sulfuric and sulfonic acids [4]. This fact 
indicates that the anhydridization of the monoester  (I) is effected through the sulfo, and not the carboxy 
group, and that the monoes ter  is the product of the esterif icat ion of the acid at the carboxy group. 

By the action of phosphorus pentachloride the monoester  of difluorosulfoacetic acid (I) is converted 
into the es ter  acid chloride (IV), and the alcoholysis of this gives the diester  of the same acid, while t r ea t -  
ment with antimony trif luoride gives the previously described methyl difluoro(fluorosulfonyl)acetate (V) 
[3]. It is therefore  c lear  that the monoes ter  is methyl difluorosulfoacetate. On react ion with amines the 
difluorosulfoacetic es ter  (I) i s  converted into the monoester  ammonium salts (V1) and (VII), and when an 
excess of a secondary amine is used the salt  of N,N-disubstituted difluorosulfoacetamide (VIII) is obtained 
and is identical to the compound prepared  by the aminolysis  of the anhydride dimer. 

The formation of the monoester  (I) and the difluorosulfoacetamide sal t  (VIII) as the sole products of 
the alcoholysis and aminolysis ,  respectively,  of the anhydride dimer  leaves no doubt about the s t ructure  
of the lat ter  compound. The dimer  is a cyclic bisanhydride of difluorosulfoacetic acid in which the acid 
residues are  linked in head- to- ta i l  fashion: 

CF2 
/ \ 

SO~ CO 
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CO SO-~ 
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The react ivi ty of the bisanhydride is determined by the high lability of the anhydride groupings, which are  
polar ized in accordance with the e lec t ron-acceptor  proper t ies  of the sulfonyl and carbonyl groups:  

C'o' "-t  

The formation of the bisanhydride in the t reatment  of difluorosulfoacetic acid with thionyl chloride 
is probably a mult istage process .  In the f i r s t  stage the mono[acid chloride] of the acid is formed, and 
this is then dehydrochlorinated and converted into the bisanhydride. Two courses  are  here  possible: 
through the intermediate formation of a halosulfonyl carboxylic acid or of a haloformyl sulphonic acid. 
However, one of these courses ,  namely, that associated with the intermediate formation of the sulfonie 
acid chloride, must  be excluded on the basis  of the following considerations. 

We have examined the stability of (chlorosulfonyl)difluoroacetic acid, prepared by the hydrochlor in-  
ation of te t raf luoro- l ,2-e thanesul tone  in moist  ether and identified by its conversion into difluoro(fluoro- 
sutfonyl)acetic acid [3]. 

SO 2 CF~F ~ ~ / C F 2 ~  

L ".J J L\,J 
CF~ CF~ 

/ \ / \ 
SOs CO + H20 -~ S02 CO + HF 

I l I 
Cl F CI OH 

It was found that, like its analog difluoro(fluorosulfonyl)acetic acid, (chlorosulfonyl)difluoroacetic acid 
shows no tendency to undergo spontaneous dehydrohalogenation. When these acids are treated with thionyl 
chloride, not anhydrides, but acid chlorides of the acids are formed, e.g., 
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T A B L E  1 

Compound 1,vicp., B.p., "C a~ n~ 
(p, mm) 

HOS0~CF~COOH. 2H20 
(--SO~F~CO0--)~ 
HOSOsCFsCOOCHa 
(--SOsCF2COOCH~)sO 
CISOsCF~COOCH8 
(C2Hs)sNHOSOsCF~COOCH3 
(CsHs)~NHsOSOsCF2COOCHs 
(C2Hs)2NH~OSOsCF~CON(C~Hs)s 
C1SO2CF~COOH 

46--47 
10--12 

37 
28 
44 

19~2) 
98 (2) 

127 (2) 
63 (8) 

71 (20) 

I .~ l l  
1.5585 
1.5561 

1.4~2 

1.3601 
1.4077 
1.4111' 

I ~95 

CF2 CFs 
/ \ / \ 

S02 CO ~- SOC12 -~SO2 CO -~ SOs ~- HCI 
r I r i 
F OH F CI 

On the other hand, sulfonic acids of analogous structure are readily anhydridized, which is shown by an 
examinal;ion of the above-examined example of the conversion of the difluorosulfoacetic ester (I) into (iI). 

There can be no doubt, therefore, that the formation of the bisanhydride of difluorosulfoacetic acid 
on treatment of this acid with thionyl chloride is effeeted through the intermediate formation of difluoro- 
sulfoacelyl chloride, which is then dehydrochlorinated with cyclodimerization of two anhydride residues: 

S S'\ o o2 co4-el 

2 so s co ~ 
! [ , ' I I 
OH OH CI+CO /SO~ CO SOo 

' \ c F s  \ c F ~  / " 

The poss ib i l i t y  of i n t r a m o l e c u l a r  dehydroch lo r ina t ion  with fo rma t ion  of a f o u r - m e m b e r e d  cyc l i c  
compound is p r o b a b l y  excluded by s t e r i c  h indrance .  This conc lus ion  is in a c c o r d a n c e  with known p r e c e -  
dents.  ~ m s ,  f i - l a c t one s  and f i - su l t ones  cannot  be p r e p a r e d  by the dehydra t ion  o r  dehydroch lo r ina t ion  o f  
/~-hydroxy acids  o r  the i r  acid ch lo r ides ,  w h e r e a s  the fo rma t ion  of the c o r r e s p o n d i n g  7 -  and 6 - c y c l i c  
compouncs  is effected c o m p a r a t i v e l y  read i ly .  F ina l ly ,  up to now no desc r ip t i on  has  appeared  in the l i t e r -  
a tu re  of i n t r a m o l e c u l a r  anhydr ides  of ma lon ic  and methionic  ac ids  and the i r  de r iva t ives ,  which a r e  c lose  
analogs  oF d i f luo rosu l foace t i c  acid, 

The phys ica l  p r o p e r t i e s  of the de r iva t i ve s  of d i f luorosu l foace t i c  acid obtained a r e  g iven in Table  1. 

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

Difluorosulfoacetic Acid. With cooling with ice and stirring, to 600 mlofwater successive 
additions were made of 84 g of tetrafluoro-l,2-ethanesultone and of crystalline barium hydroxide until the 
mixture was weakly acid to Congo Red (275-280 g). The precipitate formed was filtered off, and the mother 
liquor was evaporated to dryness. The residue was dried by heating it at 80-100 ~ We isolated 126.5 g 
(88.5%) of the barium salt of difluorosulfoacetie acid. Found: C 7.51; F 12.44%. C205F2SBa. Calculated: 
C 7.72, F 12.24%. 

To an aqueous suspension of 124 g of the barium salt of difluorosulfoacetic acid we added sulfuric 
acid (sp.g:c. 1.84) until no more precipitate came down (46 g). The precipitate was filtered off, and the 
mother liquor was evaporated at room temperature and a residual pressure of 10-12 ram. The highly 
concentrated solution (about I00 g) was dried in a vacuum desiccator over P205 for several days. The dry 
residue, which amounted to 81 g (91%), was difluorosulfoaeetic acid dihydrate. Found: C ii. I0; S 15.36%; 
equiv, wt. 109.5 (alkalimetry). C2H2OsF2 S. 2H20. Calculated: C 11.32; S 15.09%; equiv, wt. 106.1. 

Dif[uorosulfoacetic Acid Bisanhydride. A mixture of 21.2 g ofdifluorosulfoacetic acid 
dihydrate, 50 ml of thionyl chloride, and 1 g of anhydrous potassium chloride was reflmxed in a water bath 
for 6 h. By fractionation we then isolated I0.9 g (69%) of difluorosulfoacetic acid bisanhydride. Found: 
C 14.94; F 23.66; S 19.81%; mol. wt. 320.i; equiv, wt. 82. C408F4S 2. Calculated: C 15.19; F 24.06; S20.25%; 
tool. wt 3]6.2; equiv, wt. 79. The bisanhydride is a viscous mass which becomes glassy when cooled; it is 
soluble in water, alcohol, and acetone, but insoluble in ether and chloroform. 
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By dissolution in methanol with subsequent fractionation we isolated methyl difluorosulfoacetate in 
91% yield. By treating an ethereal  suspension of the bisanhydride with diethylamine, filtering off the p r e -  
cipitate formed, washing it with ether, and drying it in a vacuum des iccator  we isolated diethylammonium 
(diethylcarbamoyl)difluoromethanesulfonate in 94% yield. 

M e t h y l  D i f l u o r o s u l f o a c e t a t e .  5 ml of methanol was added to 15 g of a concentrated aqueous 
solution of difluorosulfoacetic acid (concentration 56.8%). After two distillations of the mixture we iso- 
lated 6.3 g (74%) of methyl difluorosulfoacetate. Found: F 19.85; S 16.60%; mol. wt. 186.3. C3H4OsF2 S. 
Calculated: F 19.98; S 16.85%; mol. wt. 190. The acid es te r  is of limited solubility in water  and is h y -  
drolyzed by boiling water;  it is readily soluble in organic solvents. 

2.5 g of t r ie thylamine was added dropwise with s t i r r ing to a solution of 3 g of methyl difluorosulfo- 
acetate in 10 ml of dry  ether. The precipitate formed was filtered off, washed three t imes with ether, and 
left in a vacuum desiccator.  We isolated 4.4 g (96%) of the t r iethylammonium salt  of methyl difluorosulfo- 
acetate in the form of white crystals .  Found: N 4.57%; mol. wt. 287. CgI-I10OsNF2S. Calculated: N 4.81%; 
mol. wt. 291. 

In an analogous way we obtained a 94% yield of the diethylammonium salt  of methyl difluorosulfo- 
acetate. Found: N 5.80%; mol. wt. 260. CTHIsOsNF2S. Calculated: N 5.73%; mol. wt. 263. 

M e t h y l  D i f l u o r o s u l f o a c e t a t e  A n h y d r i d e .  A mixture o f19  g of methyl difluorosulfo- 
acetate, 15 ml of thionyl chloride, and 0.5 g of anhydrous potassium chloride was refluxed in a water  bath 
for 4 h. By fractionation we then isolated 8.9 g (49%) of methyl difluorosulfoacetate anhydride. Found: 
C 20.02; H 1.88; F 20.66; S 17.50%; mol. wt. 358; equiv, wt. 92. C6H6OgF4S 2. Calculated: C 19.85; H 1.66; 
F 20.96; S 17.66%; mol. wt. 362; equiv, wt. 90.5. 

M e t h y l  ( C h l o r o s u l f o n y l ) d i f l u o r o a c e t a t e .  A mixture of 3.2 g of methyl difluorosulfo- 
acetate and 5.0 g of PC15 was heated in a water bath for 2 h. By fractionation we then isolated 3.0 g (69%) 
of methyl (chlorosulfonyl)difluoroacetate. Found: F 18.61; C1 16.84%; equiv, wt. 71.5. C3H304F2C1S. 
Calculated: F 18.23; C1 17.05%; equiv, wt. 69.5. The es te r  is sparingly soluble in water,  but readily 
soluble in alcohol, acetone, ether, and benzene. 

By heating this product  with excess of antimony trif luoride in a water  bath for 1 h and then fract ionat-  
ing the mixture we isolated methyl difluoro(fluorosulfonyl)acetate in 72% yield [3]. 

D i f l u o r o s u l f o a c e t i c  A c i d  D i m e t h y l  E s t e r .  A mixture of 36 g of methyl difluorosulfo- 
acetate and 10 g of dimethyl ether  was heated in a sealed tube in a water  bath for 2 h. In the subsequent 
fractionation we obtained 30.3 g (75%) of difluorosulfoacetic acid dimethyl es ter  [2]. 

A solution of sodium methoxide was added dropwise with s t i r r ing to a solution of methyl difluoro- 
sulfoacetate in dry  methanol at -10% The mixture was diluted with water  and extracted with ether. The 
extract  was dried with sodium sulfate and fractionated. We isolated difluorosulfoacetic acid dimethyl 
es ter  in 68% yield. 

D i e t h y l a m m o n i u m  ( D i e t h y l c a r b a m o y l ) d i f l u o r o m e t h a n e s u l f o n a t e .  A m i x t u r e o f  
2.0 g of the diethylammonium salt  of methyl difluorosulfoacetate and 10 ml of diethylamine was heated 
under reflux in a water  bath for 2 h. The mixture was cooled and diluted with ether; the precipitate was 
filtered off, washed with ether, and left in a vacuum desiccator .  We isolated 2.3 g (96%) of diethylam- 
monium (diethylearbamoyl)difluoromethanesulfonate in the form of white crystals .  Found: N 9.13%. 
CIoH2204N2F2S. Calculated: N 9.22%. A mixture with a sample prepared from difluorosulfoacetic acid 
bisanhydride melted without depression. 

( C h l o r o s u l f o n y l ) d i f l u o r o a c e t i c  A c i d .  100 ml of ether containing 1 .8g  o f w a t e r w a s  
saturated with hydrogen chloride at 0 ~ and 18.0 g of te t raf luoro- l ,2-e thanesul tone  was added dropwise 
with st irr ing.  In the subsequent fractionation we isolated 15.6 g (80%) of (chlorosulfonyl)difluoroacetic 
acid as an oil which fumed in air. Found: F 19.10; C1 17.86; S 16.21%; equiv, wt. 67.0. C2HO4F2C1S. 
Calculated: F 19.51; C1 18.19; S 16.47%; equiv, wt. 64.8. 

By heating a solution of (chlorosulfonyl)difluoroacetic acid in hydrogen fluoride in an autoclave at 
100 ~ for 2 h with subsequent fractionation we isolated difluoro (flurosulfonyl)acetic acid in 63% yield [3]. 
By heating the la t ter  with thionyl chloride in presence  of potassium chloride until no more  sulfur dioxide 
came off (about 1 h) with subsequent fractionation we isolated difluoro (fluorosulfonyl)acetyl chloride in 
72% yield [3]. 
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C O N C L U S I O N S  

1. A number  of de r iva t ives  of di f luorosulfoacet ic  acid were  p repared ,  and the i r  mutual  t r a n s f o r m a -  
tions we~i:e studied. 

2. The mechan i sm of the fo rmat ion  of the b isanhydr ide  of dif luorosulfoacet ic  acid was examined. 

1. 

2. 
3. 
4. 
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