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Pe r f luoro th i i r anes  a r e  a difficultly acces s ib l e  and p rac t i ca l ly  unstudied c lass  of organic  f luorine com-  
pounds. The method known for  the i r  syn thes i s ,  the reac t ion  of per f iuoro th iocarbonyl  compounds with dif luoro-  
ea rbene  genera ted  f rom per f luoropropy lene ,  yields  the compounds mixed with other  p r0duc ts ,  and they mus t  
be purif ied by p r e p a r a t i v e  GLC [2, 3, 4]: 

RIH2C=S + :CF2 ~ RIR~C ~-~ CF.~ 

s 
O) 

I:p=B~=CF3 (a); RI=F, R2=C1 (b); RI=CFa, R~=F (c); RI=B~=F (d). 

In the present work the dehydroehlorination of fluorinated sulfenyl chlorides (SC) has been investigated 
for the synthesis of fluorothiiranes~ We find that 2-hydroperfluoroisobutanesulfenyl chloride (II) is smoothly 
dehydrochlorinated when heated with the EtaN. BF 3 complex in a sealed ampul, to form thiirane (In) : 

~ c ~ ) ~ c  ..... C Fo - ]  
(CF~)2CHCF~SCI Et'N'B----------FL ] ~ @ I " | ~ (Ia) 

(Ii) s 

Compound (n) is obtained l)y chlorinat ion of the adduct of per f luoro isobuty lene  and diethyldithiophosphoric 
acid (IIIa), or  benzyl mereap t an  (I!Ib): 

(CF3)~CHCF2S--R ~ (If) 
on) 

t~(EtO)~P(S) (a), PhCI:I 2 (b) 

2-Hydrohexafluorosiobutyrylsulfenyl chloride (IV) is dehydrochlorinated under similar conditions. How- 
ever, the compound bis(trifluoromethyl)-~-thiolactone (V), that is apparently formed is unstable and partly 
loses S to form bis(trifluoromethyl)ke~ene. The latter forms, by cycloaddition to (V), an oxathiolanone. 
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When bis( t r i f luoromethyl)ketene  is added to the reac t ion  mix tu re ,  the yield of the oxathiolanone (VI) i n c r e a s e s ;  
this  conf i rms  the proposed  react ion  scheme .  The s t ruc tu re  of (VI) was demons t ra t ed  by IX, ~gF NMR, and 
m a s s  spec t r a ,  and by convers ion  to the e s t e r  (VII) 

* Prev ious  communicat ion ,  see [1]. 
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The s t a r t ing  SC {IV) was  obtained by the addit ion of d ie thyld i th iophosphor ie  ac id  to b i s ( t r i f luoromethy l )ke tene  
and ch lor ina t ion  of the adduct  (VIII) : 

o s 
I1 II so~c~ 

(ChhG=C=O + HSP(=S)(OEt),. --. (CF~hCHC--S--P(OEt)2 ' > (IV) 
(VnI) 

An a t tempt  to obtain (IV) by the p r o c e d u r e  for  syn thes i z ing  t r i f l uo roace ty l su l f eny l  ch lor ide  [5] y ie lded  the di-  
sulf ide (IX) : 

o 
/~ Ch 

(CFshCHC sO~Cl,' (CF~L'CHCOS--SCOCH(C Y~)'~ \ or 
SH (IX) 

In contrast to (II) and (IX), compound XII under the influence of Et3N. BF 3 underwent not dehydrochlorina- 

tion, but dehydrofluorination to form the unsaturated SC, compound (XIII). The latter was obtained by a coun- 

tersynthesis, by chlorination of the unsaturated ester (XI); for further confirmation of its structure it was con- 

verted to the sulfide (XIV) by reaction with acetone: 

E}aN-BF~ CF3Z_C=CFSCMez s(,~ck~ 

CFa--C~---CF2 ~Me,CSK_~ CF~--CHCF2SCMe3 - -  MeOOC _ __~ 
I I (XD 

MeOOC MeOOC SOzC1, Et,N.BF~ - - - *  CF~--CHCF2SC1 
(x)  I 

MeOOC 
( x n )  

CFa--C=CFSCI Me~CO~ CFa--C=CFSCH2COMe 
I J 

MeOOC MeOOC 
( x m )  (x~v) 

Compounds  (XI) and (XlI) w e r e  obtained by addit ion of t e r t - bu ty l  m e r c a p t a n  to methy l  p e r f l u o r o m e t h a e r y -  
late and t r e a t m e n t  of adduct  (X) with Et3N-BF3 and su l fury l  ch lo r ide ,  r e s p e c t i v e l y .  

These  r e su l t s  p e r m i t  us to conclude that  the e o u r s e  of the dehydroha logena t ion  of f luor ina ted  SC depends 
v e r y  s t rong ly  on SC s t r u c t u r e .  In some  c a s e s  1 ,3 -dehyd roha logena t i on  y ie lds  a t h r e e - m e m b e r e d  h e t e r o c y c l e  
containing su l fur ;  in o the r s  t h e r e  i s  exc lus ive ly  1 , 2 - d e h y d r o h a l o g e n a t i o n  to f o r m  a ,  ~ - u n s a t u r a t e d  SC. * 1 , 3 -  
Dehydroha logena t ion  is an i n t r a m o l e c u l a r  su l fenyla t ion  of the ca rban ion  gene ra t ed  by the depro tona t ion  of the 
f luo roea rban ion  of sulfenyl  ch lo r ides  is known [7, 8]. It should be noted that  cyc l i za t ion  of sulfenyl  ch lo r ide s  
to  th i i r ane  is a new reac t ion  for  this  c l a s s  of compounds  that  is  so thoroughly  known [9]. 

Of the p e r f l u o r o t h i i r a n e s ,  only pe r f luo roe thy lene  sulf ide has  been s tudied p r ev ious ly  (Id). Using the r e -  
ac t ion of (Id) with morpho l ine  it was  shown [2] that  this  compound is a t t acked  by nucleophi les  at  the C a tom,  
i . e . ,  l ike the unf luor ina ted  ana logs  [10]: 

s /--", S 

IO / NCF'CF } -  ~ /---N' II / - - ~  ~ [] i f-IN\--/  ~ O' NCF~C--N 0 CF2 + HN 0 -~ CF%,.~ / x.__V N_.._/ 
s 

(Id) 

As has been shown,  pe r f luo ro i sobu ty lene  sulf ide (Ia) is a t tacked  by nueleophi les  at  the S a tom,  not the C 
a t o m .  Thus Ia r e a c t s  with ethanol and benzyl  m e r c a p t a n  to y ie ld  the ethyl  e s t e r  of  the sulfenic  ac id  (XV), and 
the disulf ide (XVI), r e s p e c t i v e l y .  The s t r u c t u r e s  of the p roduc t s  w e r e  c o n f i r m e d  by spec t r a l  data  and by the 

coun te r syn thes i s  f r o m  SC (II): 

* F o r  the syn thes i s  and p r o p e r t i e s  of the f luor ina ted  unsa tu ra t ed  SC, see [6]. 
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(]a) 

gtoH.. ~ (CF.)zCHCF2SOEt. F~tOI~ 

(xv) I--~ 01) 
PhCH~SH__H_~ (CFs).2CHCF2SSCH2Ph ~ P h C H , S H  

(xvl) 

In the presence  of CsF,  (Ia) is converted to a complex mixture of products ,  probably by disproport iona-  
tion of the intermediate  sulfenyl fluoride (XVII) : 

C;F 
('a) di-~me[(C?:d C=Ci-S -i:)] Complex mixture 

(XVI]) 

Data are available concerning the low stability of sulfenyl fluorides [11]. 

Like the thioglycidic ester CH 2 -------CHCOOMe [12], perfluoroisobutylene sulfide (la) loses sulfur bY 
~s/ 

the action of diethylamine, and the resulting perfluoroisobutylene reacts with Et2NH to give the substituted 
vinyl product (XVIII): 

Et~N tI E t~N ,rl 
(]a) - s ~ I ( C F ~ ) : C - < 7  ] . . . . .  (CK~)~C=CFNEt: 

(xv]]I) 

Desulfurization of (Ia) also occurs  by the action of SbFs: 

SBF~ 
0a) -~_~ (CF~):C:= CF: 

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

19F NMR spectra (84.6 Mklz) and IH spectra (60 MHz) (5, ppm) were obtained on Perkin Elmer R-32 and 

Perkin Elmer R-12 spectrometers with CF3COOH and TMS internal standards. IR spectra were obtained on a 

UR-20 spectrometer. Purity of materials was monitored by GLC on a LKhM-8MD apparatus, model 3, colurnn 
of 20% QF on Chrornatone. Mass spectra were obtained on a Varian MAT CH-8 apparatus (70 eV); m/z and the 

proposed assignment are given. 

Perfluoroisobutylene Sulfide (Ia). A mixture, 17.4 g, of 80% (If) and 20% 1,3,3,3-tetrafluoro-2-trifiuoro- 

methylpropenesulfenyl chloride was heated with 17.4 g of Et3N. BF 3 in a glass ampul for 3 h at 50~ The vola- 

tile products were separated in vacuum (3 ram) and distilled. There was obtained 8.9 g (60%) of In, bp 44-46~ 

(ef. [4]). Found: F 65.44; S 13.75%; mol.wt. 231.976, C~FsS. Calculated: F 65.49; S 13.82%; tool. wt. 
231. 959. Mass spectrum (ions with > 15% intensity): 232 (M+), 213 (M + - F), 181 (M +- SF), 163 (M + - CF3), 
144 (M +- CF4), 113 (M +-C2F5), 69 (CF3+), 63 (SCF+). 19F NMR spectrum:-11.6t (CF3) 2, 27.7hept (CF2), 

JFF = 9.4Hz. 

2-Hydroperfluoroisobutanesulfenyl Chloride (If). (a) To 13.3 g (38 mrnoles) of (Ilia) (obtained by the 
method of [13]) was added 10.2 g (76 mrnoles) of SO2CI 2 dropwise with stirring and cooling to ~ 10~ The mix- 
ture was held for 30 rain until gas evolution finished. The products were vacuum distilled (110 turn) with heat- 
ing to 100~ into a trap at-78~ Distillation yielded 6.3 g (62%) of I!, bp 93-95~ Found: C 18.35; H 0~ 

F 56.80; S 11.92%. C4HFsSCI. Calculated: C 17.85; H 0.37; F 56.60; S Ii. 91%. PM_R spectrum: 3.9 t hept 

(CH). I~F NMR spectrum: 2.0 oct (CF2),-15.3t.d (CF3) , JCF2_ H =JcF2CF3 =11.3, JCF3_ H = 7.5Hz~ 

(b) A mixture, 27.4g, containing 80% of (IIIb) and 20% of 1-benzylthioperfluoro-2-methyl-l-propene 

(obtained according to [6]), was treated at 20~ with a stream of Cl 2 until the exothermic reaction was finished. 

The reaction products were separated in vacuum (4 rnm) at 50~ Redistillation yielded 17.4 g of a mixture 
with bp 85-95~ it consisted of 80% of (II), which was identified by 19F NMR of (II) obtained by method (a), and 
20% of 1,3,3,3-tetrafluoro-2-trifluorornethylpropenesulfenyl chloride, which was identical by 19F NIVLR with 
that obtained according to [6 I. 

2-Bis (trifluoromethyl)methylene-4,4-bis (trifluorornethyl)-l, 3-oxathiolan- 5-one (VI). (a) A mixture of 

3.0 g (12 rnrnoles) of (IV) and 2.1 g (12 rnmoles) of Et3N'BF 3 was heated under reflux for 2 h at 50~ The r e -  
action products were removed in vacuum at 2 rnrn at 100~ into a trap at -78~  Redistillation yielded 1.2 g 
(51%) of (VI), bp 55-56~ (50 rnm). Found: C 24.78; F 58.87; S 8.63%. C8F1202. Calculated: C 24.74; F 58.76; 
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S 8.25%. Mass spectrum: 388 (M+), 369 (M + -  F), 325 (M §  FCO3) , 182 (C3F6S+), 178 (C4F60+), 159 (C4F50+), 
113 (C2F3S+), 69 (CF3+). IR spectrum (~, cra-l): 1650 (C=C), 1860 (C=O). 19F NMR spectrum:-8.6 s (CF3) 2, 
-17 ,8q  (CFI3),-8.7q (CF23), ratio of intensities 2:I : I ;JcFI3_CF 2 = 7.5Hz 3 

(b) A mixture of 6.7 g (27 ramoles) of (IV), 6.8 g (40 mmoles) of Et3N.BF 3, and 7.8 g (40 mmoles) of 
bis(trifluoromethyl)ketene was heated in a glass ampul for 2 h at 50~ The reaction prod~tcts were removed 
in vacuum (2 ram) at 100~ into a trap at -78~ Redistillation yielded 3.8 g of (VI), bp 55-56~ (50 ram), 
identical by GLC and 19F NMR with that obtained by method (a). 

Ethyl Ester of 2-Trifluoromethyl-2- [bis(trifluororaethyl)-thioacetoxy]- 3,3,3-trifluoropropionie Acid 
(VII). A mixture of 3.2 g (8 raraoles) of (VI) and 4 ml of abs.  EtOH was kept for 24 h at ~ 20~ washed with 
water ,  and extracted with e ther .  The ether extract  was dried with MgSQ and distilled. There was obtained 
2.6 g (72%) of the es ter  (VII), bp 95-96~ (25 mm),  which crysta l l ized on standing. Found: C 27.65; H 1.41; 
F 52.42; S 7.57%. C10H6F12SO 3. Calculated: C 27.66; H 1.39; F 52.51; S 7.37%. IR spectrum (v, cm-~): 1740, 
1770 (C=O).  PMR spectrum (in CC14): 1.5 t (Me), 4.3 ra (CH 2, CH), JCH3_CH 2 = 6.7 Hz. Ratio of intensities 
1 : 1 .  19F NMR spect rum (in CC14) : -12 .7  s (CF3), - 4 . 0  d (CF~), JFH = 7.5 Hz. 

S-(2-Hydrohexafluoroisobutyryl)-O,O'-diethyldi thiophosphate  (VIII). To a solution of 18.0 g (96 mmoles) 
of diethyldithiophosphoric acid in 30 ral of abs.  ether was added 18.3 g (102 mmoles) of bis(tr if luororaethyl)-  
ketene with s t i r r ing  and cooling to ~ 10~ The mixture was kept for 1 h at 20~ the solvent and low-boiling 
products were removed in vacuum (20 ram), and the residue was distilled. There was obtained 29.8 g (85%) of 
phosphate (VIII), bp 96-98~ (2 rata). Found: C 26.39; H 3.16; F 31.55; S 17.15; P 8.91%. CsHllF6PS2Q. Cal- 
culated: C 2 6 . 3 7 ; H 3 . 0 2 ;  F 31 .31 ;S  1 7 . 5 8 ; P  8.51%. IR spectrum (v, cm-1): 1 7 3 0 ( C = O ) .  P M R s p e c t r u m :  
1 . 4 t  (Me), 4 .3 m (CH 3, CH), JCH3_CH 2 = 6.7 Hz. Ratio of intensities 1 : 1 .  I~F NMR s p e c t r u m : - i 4 . 2  d (CF3) 

JFH = 7 . 5 H z .  

2-Hydrohexafluoroisobutyrylsulfenyl Chloride (IV). To 19.2 g (52 ramoles) of (VIII) was added 7.1 g (52 
ramoles) of SOzClz dropwise with s t i r r ing  and cooling to 0~ The mixture was kept at ~ 20~ until gas evolu- 
tion finished. The low-boiling products were  removed in vacuum (30 tara). The react ion flask was then con-  
nected ~hrough a reflux condenser  to a U-tube cooled to -78~  wherein the products boiling at 50~ (2 mm) 
were collected.  Redistillation yielded 2.6 g (20%) of (IV), bp 62-64~ (80 ram), which crys ta l l ized on standing. 
Found :C  19 .40 ;H  0 . 3 6 ; F  46 .10 ;S  13.33%. C4HF6SOC1. Calcula ted:C 19 .47 ;H 0.41; F 46 .24 ;S  12.98%. 
IR spect rum (~, cm-1): 1730 (C=O) .  PMR spect rum:  4.3 h (CH). I~F NMR s p e c t r u m : - 1 3 . 3  d, JFH = 7.5 Hz. 

2-Hydrohexafluoroisobutyryl  Disulfide (IX)- To 2.6 g (19 mraoles) of SO2C12 was added 2.1 g (9 mmoles) 
of ~-hydrohexafluorothiol isobutyr ie  acid (obtained according to [14]) dropwise at ~ 10~ After the exotherraic 
react ion had cooled, the mixture was heated at 80~ until gas evolution finished, and the low-boiling products 
were removed in vacuum. There was obtained 1.1 g (53%) of the disulfide (IX), mp 65-66~ (in sealed capil lary).  
Found: C 22.81; H 0.48; F 54.05; S 15.26%. CsH2F12S202. Calculated: C 22.74; H 0.47; F 54.02; S 15.16%. IR 
spectrum (~, cm-1), broad band with maximum at 1740 (C =O). PMR spectrum (in ether): 4.9 hept (CH). I~F 

NMR spectrum (in ether) : -13.8 d (CF3) , JFH = 7.5 Hz. (IX) was also obtained by the reaction of ~-hydrohexa- 

fluorothioisobutyric acid with Cl 2 at - 78~ 

l-tert-Butylthio-I, 1,3,3,3-pentafluoro-2-carbomethoxypropane (X). A mixture of 1 I. 3 g (60 mmoles) 

of methyl perfluoromethacrylate, 5.7 g (60 raraoles) of tert-butyl mercaptan, and i0 ml of N-methylpyrroti- 
done was heated under a reflux condenser for i0 rain at 50~ Low boiling materials were removed in vacuum 
(20 ram). The residue was washed with water, and the organic layer was dried with MgSO 4 and distilled. There 

was obtained I0.I g (61%) of (X), bp 62-64~ (3 ram). Found: C 39.14; H 4.69; S 11.17%. CgHI3FsSO 2. Cal- 
culated: C 38.57; H 4.66; S 11.44%. PMR spectrum: 1.45 s (Me3C), 3.8 m (CH, MeO), ratio of intensities 9:4. 

laF NMR spectrum: -5.3 (FA), -8.4 (FB), -15.1 t.d (CF2), JFA_FB = 218.0, JFA_CF 3 = JFB_CF 3 = JFA_ H = 

ii.0, JFB_ H = 9.1, JCF3_ H = 7.5 Hz. 

l-tert-Butylthio-I, 3,3,3-tetrafluoro-2-carbomethoxypropene (Xl). A raixture of 12.2 g (44 mrnoles) of 
(X) and 11.4 g (68 mmoles) of Et3N'BF 3 was heated under a reflux condenser for 1 h at 70~ Distillation 

yielded 6.4 g (57%) of (XI), bp 71-73~ (2 ram) as a mixture of 85% cis and 15% trans isomers. Found: C41.19; 
H 4.61; F 28.81; S ii. 95%. CgHI2F4SO 2. Calculated: C 41.53; H 4.61; F 29.23; S 12.30%. IR spectrum (~, 
cra -I) : broad band with maximum at 1720 (C =O). PIV[R spectrum: 1.45 s (Me3C), 3.65 s (MeO), ratio of inten- 
sities 3 :I. laF NMR spectrum: eis isomer:-13.3 q (CF), -20.2 d (CF3), JFF = 24.4 Hz; trans isomer: -16.9 

q (CF), - 21.3 d (CF3), JFF = 14.0 Hz. 
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1,1 ,3 ,3 ,3-Penta f luoro-2-carborae thoxypropanesu l fenyl  Chloride (XII). To 4.3 g (15 mmoles) of (X) 
was added 6.2 g (45 mmoles) of SO2C1 z dropwise with s t i r r ing  and cooling to ~ 10~ The mixture was kept 
for 30 rain until gas evolution had :finished. The low-boiling mater ia ls  were driven off in vacuum (20 ram) 
and the residue was distilled. The fraction with bp 38-52~ (4 ram) (3.2 g) was prac t ica l ly  pure (XII). Re-  
distillation yielded pure (XII), bp 41-43~ ( 4 ram). Found: C 23.85; H 1.80%. CsH4F~SO2C1. Calculated: C 
23.22; H 1.56%. PMR spect rum:  3.8 s (MeO), 4.2 m (CH), rat io of intensities 3 : 1. 19F NMR spec t rum:  2.8 

(FA), - 2 . 2  (FB) , - 1 4 . 7  t..d (CF3), JFA_F B = 218.0, JFA_CF 3 : 13.2,  JFB_CF 3 = JFB_ H : 9.4,  JCF3_ H = 7.5,  
JFA_ H : 11.3 Hz. 

1 ,3 ,3 ,3-Tet ra f luoro-2-carborae thoxypropenesu l fenyl  Chloride (XIII). (a) To 2 .0  g (7.6 ramole) of (XI) 
was added 3.0 g (22 mraoles) of SO2C12 dropwise with s t i r r ing  and cooling to ~ 10~ The mixture was kept 
for 30 rnin until gas evolution had finished. The low-boiling raaterials  were driven off in vacuum (20 mm),  
and the residue was distilled. There was obtained 1.3 g (71%) of (XIII), bp 52-54~ (1 ram). Found: C 25.45; 
H 1.57%. C5H3F4802C1. Calculated: C 25 .17 ;H  1.26%. I R s p e c t r u m  (v, cm-1) :1660 ,  1 7 3 0 ( C : C ,  C : O ) .  
PMR spec t rum:  3.7 s (MeO). 19F NMR spect rum:  - 1 9 . 1  m,  - 2 1 . 6  m.  

(b) A mixture of 2.2 g (8.5 mraoles) of (XII) and 2.2 g (13 ramoles) of Et3N.BF 3 was heated :[or 2 h under 
a reflux condenser;  then the temi~erature was ra ised from 50 to 80~ Distillation yielded 1.5 g (74%) of p ro -  
dact with bp 52-54~ (1 tara), which by GLC and 19F NNR was identical with (XIII) obtained by method (a). 

1 , 3 , 3 , 3 -  Tetraf luoro-  2-carbomethoxypropenyl-2 ' -oxopropyl  Sulfide (XIV). A mixture of 1.6 g (6.7 
mmoles) of (XIII) and 4 mI of abs.  acetone was held for 30 rain at ~ 20~ The low-boiling mater ia l s  were  
driven off in vacuum (20 tara) and the residue was distilled. There was obtained 1.5 g (86%) of (XIV), bp 122- 
124~ (2 rata), rap 57-58~ Found: C 36.50; H 2.85; F 28.75; S 11.71%. CaHsFr 3. Calculated: C 36.92; 
H 3.08; F 29.23; S 12.31%. IR spect rum (~, cra-1): broad band with maxima at 1690, 1710, 1730 ( C : C ,  C = O ) .  
PIV/~ spectrura (inC6H6): 1.3 s (Me), 2.7 d (CH2), 3 .0 s (MeO), JHF = 2.7 Hz. 19F NMR spectrara (in C6H6): 
- 1 4 . 9  q .d  (CF), - 2 1 . 1  d (CF3), J F F  = 30.0 Hz. 

E t h y l - l ,  1 , 3 ,3 ,3 -Pen ta f luo ro -2  -tr if luororaethylpropyl Sulfenate (XV). (a) A mixture  of 5.2 g (22 mmotes  
of (Ia) and 1.0 g (22 mmoles) of abs.  ethanol was kept at ~ 20~ fo r7  days. Distillation yielded 3.8 g (61%) of (XV), 
bp 55-58~ (65 ram). Found: C 26.03; H 2.14; F 54.28%. C6HeFsSO. Calculated: C 25.91; H 2.17; F 54, 65%. 
P1VIR spect rum:  1.1 t (Me), 3 .9 m (CH 2, CH), JCH3_CH 2 = 7.3 Hz, rat io of intensities 1 :1 .  l SF NMR spectrura:  

8.0 (CF2) , oct, -5 .1  t.d (CF3) , JCF2_ H =JFF = 11.3, JCF3_ H = 8.5 Hz. 

(b) A mixture of 1.3 g (5 raraoles) of (If) and 1 ral of abs. ethanol was heated under reflux for 6 h at 79~ 
The mixture was poured into water and the organic layer was dried with MgSO 4. Distillation yielded 0.8 g (57%) 
of (XV), bp 55-58~ (65 ram), which by GLC and NMR was identical with XV obtained by method (a). 

Benzyl 1,1,3,3,3-Pentafluoro-2-trifluororaethylpropyl Disulfide (XVI). (a) A mixture of 3.0 g (13 
mmoles) of (Ia), 1.5 g (12 mraoles) of benzyl raercaptan, and 10 ml of abs. ether was kept at ~ 20~ for 6 days. 
After the solvent was reraoved, distillation yielded 1.4 g (30o/0) of (XVI), bp 90-92~ (2 mm). Found: F 42.300/o. 
CIIHsFsS 2. Calculated: F 42.67%. PMR spectrum: 3.7 nr (CH2, CH), 7.1 s (Ph), ratio of intensities 3 : 5, lgF 
NMI~ spectrum:-1.1 oct {CF2), -16.0 t.d (CF3), JCF2_ H = JFF = 11.3, JCF3-H = 7.5 Hzo 

(b) To 3.0 g (11 mmoles) of (If) was added 1.2 g (9.6 ramoles) of benzyl mercaptan dropwise at ~ 20~ 
The mixture was kept until gas evolution had ~inished (4 h), then heated at 60~ for 2 h. Distillation yielded 
1.2 g (31%) of XVI, bp 90-92~ (2 ram), which by GLC and NMR was identical with the sample obtained ~y meth- 
od (a). 

Reaction of (Ia) with Diethylamine. To an excess of HNEt 2 (5 ml) at -78~ was added 2.2 g (9 mmoles) of 

(Ia) dropwise. After exothermic reaction had finished the reaction mixture was poured into water and extracted 

with ether~ and the ether extract was dried with MgSO 4. After the ether was removed, distillation yielded 1.5g 

(29%) of (XVIII), bp 52-54~ (3 tara), which by GLC and NMR was identical with a kaown sample [15]. 

Reaction of (la) with SbF 5. To 7.0 g of SbF 5 at ~ 20~ was added 0.9 g (4 ramoles) of (Ia) dropwise. The 

mixture was kept for 20 rain and the reaction products were removed in vacuum (100 ram). There was obtained 0.4 g 

(52%) of perfluoroisobutylene, which by NMR was identical with a k~nown sample. 

C O N C L U S I O N S  

1. A new synthesis of perfluoroisobutylene sulfide by dehydrochlorination of 2-hydroperf luoroisobutane-  
sulfenyl chloride has been developed. 
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2. Dehydrochlorination of 2-hydrohexafluoroisobutyrylsulfenyl chloride yields 2-bis(trifluorornethyl)- 
methylene- 4,4-bis (trifluoromethyl)-l, 3 - oxathiolan- 5-one. 

3. 

4. 

b u t y l e n e .  

1. l~~ 

2. W. 
3. F. 
4. F. 
5. W. 
6. 
7. 
8. 

9. 

I0. 

ii. 

12. 

13. 

14. 

15. 

Nucleophilic reagents (ethanol, benzyl rnercaptan) attack perfluoroisobutylene sulfide at the S atom. 

By the action of amines and SbFs, perfluoroisobutylene sulfide loses sulfur to form p3rfluoroiso- 
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REACTIONS OF N-, P-, S-, AND As-NUCLEOPHILES 

WITH CYANOACET i(LENE 

R. G. Kostyanovskii and Yu. I. ~l'natanov UDC 542. 955:547. 233:547. 339 

Nucleophilic reactions with activated acetylenes take place by trans(anti)-addition, according to the 
empirical Truce-Miller rule, which has been given a theoretical basis [I]. However, experimental findings with 
respect to the stereochemistry of the reaction are extremely contradictory (with different nucleophiles, activat- 
ing groups, and conditions), and numerous exceptions to the rule have been studied [1]. This is particularly so 
with N-nucleophiles, and for secondary amines the reverse rule has been prop'.)sed involving eis-addition [2], al- 
though this was later refuted [3]. The main reasons for the ambiguous results are inversion of the vinyl car- 
banion (A), and the postisomerization o2 the initially formed trans-addition product (B) 

H 

HC~C--X ~ C~C- 
/ \ 

B X 

H H 
\ / 

C=C 
/ ",, 

B X 

H H X 
(A) \ \ / 

c = c = x -  ~ c=c_ 
/ / 

B B 

H H H X 

\ / (s) \ / 
c--c  ~ c ~ c  

/ /  "%, / \ 
�9 B + X -  B H 
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