
CONCLUSIONS 

I. l-(l,2-Dichlorotrifluoroethyl)- and 1,2-bis(l,2-dichlorotrifluoroethyl)perfluoro- 
benzocyclobutenes were obtained by the reaction of perfluorobenzocyclobutene with 1,2-di- 
chlorodifluoroethylene in the presence of SbF s. In a similar reaction of perfluoro-l- 
methylbenzocyclobutene, l-(l,2-dichlorotrifluoroethyl- and 2-(l,2-dichlorotrifluoroethyl)- 
perfluoro-l-methylbenzocyclobutenes are formed. The corresponding perfluorinated vinyl 
and divinylbenzocyclobutenes were synthesized by dechlorination of the compounds obtained. 

2. Perfluorinated l-vinyl-, l,l-divinyl-, and 1,3-divinylindanes were obtained by de- 
chlorination of the products of the reaction of perfluoroindane with 1,2-dichlorodifluoro- 
ethylene. 
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A large number of polyfluoroacyl fluorosulfates are known [I-8] as well as one repre- 
sentative of polyfluoroacetonyl fluorosulfates, pentafluoroacetonyl fluorosulfate (I) [9, 
i0]. However, the properties of these compounds have not been greatly investigated. Ther- 
mal decomposition of some polyfluoroacyl fluorosulfates [I, 3, II], and reactions of 2- 
hydrotetrafluoropropionyl fluorosulfate with alcohols, esters and ethers [2] and also of 
(I) with nucleophilic reagents (methanol, water, fluoride ion) [9, i0] were described. 

It was found in the present work that polyfluoroacyl fluorosulfates react with KF in 
polar aprotic solvents with a small exothermal effect to form the corresponding polyfluoro- 
acyl fluorides. The liberation of SO2F 2 thus was not observed. 

O 
KF, 3~feCN - / /  

RsC(O)OSQF --KSO~F ' >' RsC 
g U - ( I v )  N 

F 
(I1 a)--(IV a) 

tl F = (CF~)~CH (II), (CF~)2CCl (III), n-C~F9 (IV). 

The complete conversion of the starting fluorosulfates and a high yield of acid fluor- 
ides is observed when KF is used in close to equimolar amounts. 

The result obtained indicates that the attack of the fluoride ion is directed exclusively 
to the C atom bound to the fluorosulfate group and not to the S atom, with the liberation 
of SO2F2, as in the case of polyfluoroalkyl fluorosulfates [12]. 
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The action of an electrophilic reagent SbF s on polyfluoroacyl fluorosulfates leads 
also to formation in high yield of the corresponding polyfluoroacyl fluorides. The reaction 
is accompanied by a substantial exothermal effect, while the presence of HS0aF markedly 
decreases the activity of SbF 5, and the decomposition of polyfluoroacyl fluorosulfates by 
mixtures of SbF5 with HS03F begins on heating to 60~ The following scheme including two 
paths of generation of the polyfluoroacyl carbocation, stabilizing further into a poly- 
fluoroacyl fluoride, can be assumed 

[ O] [FSO2OSbF~ ]- 
SbF0 / // / / ;T / - - ,  

I > Lr%,r J LSbF5 + SO~J F O 
3 

r o -I .~--v:zv+~./~ ~+// lfsbFd-----~(U~)-(~V~) (II)--(IV) 
I I + /  l l -eou~j- L.FU j --SbF~ 

I RFC" a. / [SbF6]- I 
L O--S02J 

The action of HSO3F/SbF 5 on a-iodohexafluoroisobutyryl fluorosulfate gives not only 
the expected ~-iodohexafluoroisobutyryl fluoride (V), but also a-hydrohexafluoroisobutyryl 
fluoride (IIa) and bis(trifluoromethyl)ketene (VI) 

O 

(CFs)2CIC(O)OSO2F HSO~F/SbF~> (CF~)~CIC// +(CF3)~C=C=O + (II a) 
(v) \ (vI) 

F 

The formation of (VI) is probably the result of stabilization of the intermediate carbo- 
cation (A) in HSO3F/SbF ~ by elimination of an iodine cation 

+/0] 

(CF~)2CIC J > (VI) 
(A) -[I+1 

As known, iodine cations are readily formed and are stable in strongly acid media [13]. 

Ketene (VI) adds HSO3F even under mild conditions 
0 o 

(VI) @ HSO3F ---~ (II) 

Thus, in the above considered process, ketene (VI) becomes partially bound to HSO3F 
and the polyfluoroacyl fluorosulfate (II) formed is decomposed by the HSO3F/SbF 5 mixture 
to acid fluoride (IIa), as confirmed by an independent experiment. 

It should be noted that polyfluoroalkyl fluorosulfates are more stable than polyfluoro- 
acyl fluorosulfates to the action of SbFs or of its mixtures with HSO3F. Thus 3-chlorohexa- 
fluoropropyl fluorosulfate, which is stable to the action of HSO3F/SbF ~ up to 130~ is 
decomposed by the action of SbF 3 at ~50~ with the formation of 3-chlorotetrafluoropro- 
pionyl fluoride (VII) and S02F 2, possibly by the following scheme: 

SbF~ +/ 
CICF2CF2CF2OSO2F 

O--S02F 

[ 0] 0 
[SbF6-] - - - - - - +  C1CF~CF2~ f [SbF6-] ~ C1CF2CF~C J + SbF~ 

-so2~ (VII) \ 
F 

P o l y f l u o r o a c e t o n y l  f l u o r o s u l f a t e s  ( I )  and ( V I I I )  b e h a v e  s i m i l a r l y  t o  p o l y f l u o r o a c y l  
f l u o r o s u l f a t e s  i n  t h e  r e a c t i o n  w i t h  HS03F/SbF s ,  w h i c h  i s  p o s s i b l y  e x p l a i n a b l e  f r o m  t h e  
f o r m a t i o n  o f  an i n t e r m e d i a t e  c a r b o c a t i o n  due  t o  e l i m i n a t i o n  o f  t h e  f l u o r o s u l f a t e  g r o u p ,  
and n o t  b e c a u s e  o f  s p l i t t i n g  o f f  o f  a f l u o r i n e  a tom i n  t h e  s - p o s i t i o n  t o  i t ,  a s  i n  t h e  c a s e  
of polyfluoroalkyl fluorosulfates 

Sb~ or HSQF/SbFn 
XCF2CCF~OSO2F -- + CFaCCF2X 

ti ( i ) ,  ( v I H )  I1 
o o 

x = F (I), ci (vi i i ) .  
However, as has already been shown in [9], compound (I) is decomposed by the action of the 
fluoride ion in a similar way as polyfluoroalkyl fluorosulfates. At the same time, 3-chloro- 
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tetrafluoroacetonyl fluorosulfate (VIII) in the presence of fluoride ion undergoes greater 
transformations 

O 
CsF, CH3GN 

(VIII) > CICF2C @ S0~F2@ [CO l 
(IX)\ F 

I n  c o n t r a s t  t o  p o l y f l u o r o a c y f f  f i u o r o s u l f a t e s ,  f l u o r o s u l f a t e s  ( I )  and ( V I I I )  a r e  more  s t a b l e  
i n  a HSO3F/SbF 5 medium:  t h e i r  d e c o m p o s i t i o n  b e g i n s  a t  >80~ T h e s e  compounds  w e r e  o b t a i n e d  
by t h e  r e a c t i o n  o f  c h l o r o f l u o r o a c e t o n e s  w i t h  c h l o r i n e  f l u o r o s u l f a t e  CIOS02F in  t h e  p r e s e n c e  
o f  HSOsF a t  7 0 - 9 0 ~  H e n c e ,  r e p l a c e m e n t  o f  c h l o r i n e  by  a f l u o r o s u l f a t e  g r o u p  i n  c h l o r o -  
f l u o r o a c e t o n e s  p r o c e e d s  u n d e r  much m i l d e r  c o n d i t i o n s  t h a n  t h e  s u b s t i t u t i o n  o f  c h l o r i n e  o f  
t h e  CF2C1 g r o u p  i n  p e r f l u o r o a l k y l  c h l o r i d e s ,  f o r  w h i c h  a s u p e r a c i d  HSO3F/SbF s i s  n e c e s s a r y  
[ 1 4 , 1 5 ]  

HSO3F, 90" 
CFsCCF2C1 @ CIOS0~F' --~(I) 

Ii 
O 

H S Q F ,  75 ~ 
CICF2CCF~Cl @ eIOS02F ..... ~ (VIII) 

I: 
O 

In a HSO3F/SbF s medium, the above chlorofluoroaeetones vigorously react with CIOS02F to 
form (I) and (VIII). When 2 moles of CIOS02F are used in the reaction with sym-dichloro- 
tetrafluoroacetone, the main product is bis-(fluorosulfate) (X). In the presence of HSO3F 
only, even at 70~ it forms in a low yield (ratio (VIII):(X) = 1:9) 

CICF2CCF2C1 @ 2CIOS02F ~ (VIII) @ FS0~OCF2CCF20S0~F 
II (X) ~ 
0 0 

EXPERIMENTAL 

The NMR spectra were run on "Hitachi R-20" (60 and 56.45 MHz), and "Bruker WP-200SY" 
(188.31MHz) spectrometers relative to HMDS and CF3COOOH (external standard) in CHCI 3. 

Reaction of P01yfluoroacyl Fluorosulfates with KF. A 22 g portion (70.4 mmoles) of 
(III) was added dropwise, with stirring, to a mixture of 4.2 g (72.3 mmoles) of calcined 
KF and 5 ml of dry MeCN, and the mixture was stirred for 1 h at 20~ Distillation from 
the mixture gave 13.7 g (84.3%) of (IIIa), bp 36-38~ d42~ 1.522. Found: C 20.39; C1 
15.45; F 57.01%. C4CIF70. Calculated: C 20.64; C1 15.27; F 57.20%. 19F spectrum of 
(IIIa) 61 -6.2 d (CFB), 62 "113.4 sept (COF), J12 = 9.9 Hz. 

Compounds (IIa), yield 80.6%, and (IVa), yield 85.8%, were obtained in a similar way. 
Their constants and NMR spectra a~e identical with those given in [16]. 

Reaction of Polyfluoroacyl Fluorosulfates with SbF 5. A 5 g portion (23 mmoles) of SbF 5 
was placed in a distillation flask, and 11.8 g (34.1 mmoles) of (IV) were added dropwise with 
simultaneous distillation of liquid products. Yield, 6.1 g (68.5%) of (iVa), bp 35-37~ d42~ 
1.612. ~gF NMR spectrum of (IVa) is identical to that given in [16]. 

Compound (IIIa) was obtained in a similar way in a yield of 62.8%. 

Reaction of Polyfluoroacyl Fluorosulfates with HSO3F/SbF ~. A 13.9 g portion (50 mmoles) 
of (II) was added dropwise at 60~ to a solution of 1.5 g (6.9 mmoles) of SbF5 in 4 g (40 
mmoles) of HSO@, with simultaneous distillation of liquid products. Yield, 7.7 g (77.5%) 
of (Iia), bp 3]-32~ d~ 2~ 1.510 (cf. [16]). 

Compounds (IIIa), yield 81.2%, and (IVa), yield 78%, were obtained in a similar way. 

Reaction of a-Iodohexafluoroisobutyryl Fluorosulfate with HSO~F/SbFs. A 14 g portion 
(34.6 mmoles) of ~-iodohexafluoroisobutyryl fluorosulfate was added dropwise, with stirring 
to a solution of 2 g (9.2 mmoles) of SbF s and 5 g (50 mmoles) of HSO3F, with collection 
of the distilled liquid products in a receiver, and the gaseous products in a trap (-78~ 
Thus, 1.7 g of (VI), bp 5-8~ were obtained in a trap and 5.5 g of (IIa), bp 31-32~ in 
the receiver. Fractionation of the residue gave 2.8 g of (V), bp 72-74~ d42~ 1.996. 
Found: C 14.64; F 41.29%. C4FgIO. Calculated: C 14.82; F 41.06%. 19F NMR spectrum of 
(V): 8 1 -13.2 d (CF3), 62 -15.1 sept (COF), J12 = 12.9 Hz. 

!-Hydrohexafluoroisobutyryl Fluorosulfate (II). A mixture of 19 g (106.7 mmoles) of 
(VI) and 7.5 g (75 mmoles) of HSO3F was shaken for 30 min at 0~ in a sealed ampul. After 
the removal of excess of ketene, 19.8 g (95.2%) of (II) were obtained by fractionation, 
bp 63-64~ (160 mm), d42~ 1.673, nD 22 1.3120. 19F NMR and PMR spectra: 6i -24.5 d (CF3), 
62 4.3 sept (CH), 6 a -123.5 s (SF). J12 = 6.5 Hz (cf. [3]). 
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~-Hydrohexafluoroisobutyryl Fluoride (Ia). A mixture of 24.5 g (113 mmoles) of SbFs, 
22.6 g (226 mmoles) of HSO3F and 23 g (129 mmoles)of (VI) was shaken in a sealed ampul 
for 3 h at 20~ By fractionation, 17.2 g (83.8%) of (IIa), bp 31-32~ were obtained (~cf. 
[16]). 

3-ChlorotetrafluoropropionY ! Fluoride (VII). A mixture of 6 g (27.6 mmoles) of SbF s 
and 14.2 (50 mmoles) of 3-chlorotetrafluoropropionyl fluorosulfate was stirred for 3 h at 
50-80~ with collection of the liquid products in a cooled receiver (-30~ and the gaseous 
products in a trap (-78~ Thus, 4.2 g (82.3%) of SO2F2, bp -54~ and 7.1 g (77.8%) of 
(VIII), bp 21-23~ were obtained. The constants and 19F NMR spectrum of (VII) were identi- 
cal with those given in [16]. 

Hexafluoroacetone. A 10.5 g portion (42.7 mmoles) of (I) was added dropwise, with 
stirring to i0 g (46.1 mmoles) of SbF 5 (the temperature rose to 350C), with collection of 
the gaseous products in a trap (-78~ After the addition of (I), the reaction mixture 
was heated for 30 min at 500C. Fractionation of the trap contents gave 5.5 g (77.5%) of 
hexafluoroacetone, bp. -28 to--26~ IsF NMR spectrum: 0.8 s (CF3) , of hexafluoroacetone 
hydrate 5.1 s (cf. [9]). 

Reaction of 3-chlorotetrafluoroacetonyl Fluorosulfate (VIII) with CsF. A 20.3 g portion 
(77.3 moles) of (VIII) was added dropwise, with stirring, to a mixture o-~-4 g (26~ mmoles) 
of calcined CsF and 3 ml of dry MeCN, and the mixture was stirred for I h at 60~ with 
collection of the gaseous products in a trap (-78~ Fractionation of the trap contents 
gave 7.7 g (97.5%) of SO2F2, bp -54~ and 6 g (58.5%) of chlorodifluoroacetyl fluoride (IX), 
bp -16 to -14~ Found: C 18.32; C1 26.56; F 43.18%. C2CIF30. Calculated: C !8.11; 
CI 26.79; F 43.02%. 19F NMR spectrum: 61 -11.7 s (CICF2), 62 -87.3 s (COF). 

Pentaf!uoroacetonyl Fluorosulfate (I). A mixture of 9.] g (50 mmoles) of pentafluoro- 
chloroacetone, 6.7 g (50 mmoles) of chlorine fluorosulfate and 5 ml of HSO3F was heated 
in a sealed ampul for 14 h at 90~ After opening of the ampul and removal of C12, 10.5 
g (85.4%) of (I) was obtained by fractionation, bp 57-59~ The ZgF NMR spectrum was identi- 
cal with that given in [9]. 

3-Chlorotetrafluoroacetonyl Fiuorosulfate (VIII). A mixture of 25 g (125.6 mmoles) 
of sym. dichlorotetrafluoroacetone, 13 g (96,6 mmoles) of chlorine fluorosulfate and 5 ml 
of-HSO3F was heated in a sealed ampul for 16 h at 75~ Fractionation gave 20 g (78.8%) 
of (VIII), bp 92-94~ d42~ 1.684, nD 2~ 1.3381. Found: C 13.62; CI 13.75; F 36.28; S 12.32%. 
C~CIFsO4S. Calculated: C 13.71; C1 13.52; F 36.19; S 12.19%. 19F NMR spectrum: 61 -11.4 
t (CICF2), 62 -1.7 d.t (CF20) , 6 a -127.7 t (SF), J~2 = 7.3, J23 = 6.4 Hz. 

1,3-Bis(fluorosulfonyloxy)tetrafluoroacetone (X). A 14.5 g portion (72.9 mmoles) of 
sym. dichlorotetrafluoroacetone was added dropwise, with stirring, at 25-30cC to a mixture 
of 7.7 g of HSO3F, 3 g of SbF~ and 22 g (163.6 mmoles) of chlorine fluorosulfate (exothermal 
reaction), and the mixture was stirred for 2 h at 40~ The volatile products were collected 
in a vacuum of 1 mm at 30~ in a trap (-78~ Fractionation of the trap contents gave 
1.8 g of (VIII), bp 92-94~ and 16.3 g (68.8%) of (X), bp 129-131~ d42~ 1.811, nD 2~ 1.3291. 
Found: C 11.21; F 35.13; S 19.50%. C3FaOTS 2. Calculated: C 11.04; F 34.97; S 19.63%. 
19F NMR spectrum of (X) corresponds to the A2A2'XX' spin system and required a computerized 
calculation to obtain the SSCC: 61 -127.3 m (SF), 62 -0.i m. 

CONCLUSIONS 

Polyfluoroacyl fluorosulfates are decomposed by the action of KF, SbF 5 and its mixtures 
with HSO3F with the formation of the corresponding acyl fluorides. Pentafluoroacetonyl 
fluorosulfate reacts with SbF5 to for~ hexafluoroacetone; the fluoride ion causes decomposi- 
tion of 3-chlorotetrafluoroacetonyl fluorosulfate to chlorodifluoroacetyl fluoride. 
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UDC 542.91:547.1'127 

Reactions at the B-N bond in diorganylboryl derivatives of ~-amino-N-heterocycles (DBAH) 
have been described with dicyclohexylcarbodiimide [i, 2], aldehydes and ketones [3, 4], 
and CO 2 [5]. The chelate structures of the cyclic products were established by a variety 
of methods, including X-ray crystallography (XRC) [6]. However, the reactions of DBAH with 
isocyanates and isothiocyanates give the (4+2) cycloadducts (II) rather than insertion products 
( I )  [ 7 -9 ] .  

a3/'~B~\) R3-~x=c=x R3/ .B. \a~ 
(i) (ID 

x=o, S 

In this case, attack by the reagent takes place at the nitrogen of the heterocycle 
and at boron, nucleophilic and electrophilic centers respectively, located in the 1,4-posi- 
tions to each other~ Hence, the reaction of DBAH with RCNX may be regarded as a unique 
(4+2) cycloaddition, as a result of which the B-N bond is not broken, but the valence of 
its constituent atoms changes. 

We here show that the reaction of DBAH with ethoxyacetylene (EA) is also a (4+2) cyclo- 
addition. Bicyclic compounds (Va-d) are formed when EA reacts with the dialkylborylamino- 
pyridines (IIIa-c) or 2-diisopropylborylaminopyrimidine (IIId) in yields of 70-86%. 
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