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~ ,  f l - U N S A T U R A T E D  S U L F E N Y L  C H L O R I D E S  * 

R .  A .  B e k k e r  a n d  V.  Y a .  P o p k o v a  UDC 542.91 : 547.431.6 : 547.569.2'161 

The c h e m i s t r y  of sulfenyl chlor ides  (SFC), as is well known, extends ove r  more  than a century [2]. The i r  
high r eac t iv i ty ,  and the poss ibi l i ty  of obtaining compounds with biological  act iv i ty  [3, 4], account  for  the con-  
tinuing in t e re s t  in compounds of this type. 

This  invest igat ion desc r ibe s  the synthes is  of previously  unknown perf luor inated c~,~-unsaturated SFC. 
Informat ion  on hydrocarbon analogs of the la t ter  is ve ry  l imited,  apparen t ly  as a r e su l t  of the i r  difficult a c -  
ces s ib i l i t y  and low stabi l i ty  [5, 6]. We have found that chlorinat ion of some per f luoroa lkenyl  and pe r f l uo rocy -  
c loalkenyl  benzyl  sulf ides r e su l t s  in ch loro lys i s  of the C - S  bond with re tent ion of the double bond~ 

Thus,  1-benzylthio - 2 - c h l o r o p e r f l u o r o - l - c y c l o h e x e n e  (I), 1 -benzyi th ioperf luoro  -2 -me thy l -1  -cyclopentene 
(lI), and l - b e n z y l t h i o p e r f l u o r o - 2 - m e t h y l - l - p r o p e n e  (III) undergo chlorinat ion a t  room t e m p e r a t u r e  with the 
fo rmat ion  of the co r respond ing  unsatura ted  SFC (IV)-(VI) in high yields 

RFS--CH~Ph ~ BF--S--C! 
(1) - -  (III) (IV)--  (VI) 

/ 

~ \ c  1 ~ / \ C F  a 

P e r f l u o r o - 2 - m e t h y l - 2 - p e n t e n e - 3 - s u l f e n y l  chlor ide (Viii) has been obtained by chlorinat ion of the c o r r e -  
sponding unsatura ted  m e r e a p t a n  (VII) [7] 

CF8 CF8 

xxC=C--C~F~ ~ "X'C=C--C~Fa 
/ [ / ! 

CFs SH CF~ S--CI 
(VII) (VIII) 

Chlorinat ion of 1 -benzy l th iope r f luo ro - l - cyc lobu tene  (IX) with e l e m e n t a r y  chlor ine r e su l t s  in the s imul -  
taneous fo rmat ion  of the sulfenyl chlor ide and chlorinat ion of the double bond, the final reac t ion  product  being 

* For  a p rev ious  communica t ion ,  see [1]. 
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the saturated SFC (X). Per f luoro- l -cyc lobu tenesu l feny l  chloride (XI) has been obtained by react ing the sul-  
fide (IX) with SO2Cl 2 

C1. 

Fs (IX) F F2~-----w--SCI 

SO~Ch'~ F2' F (XI) 

It is not possible to obtain 1 ,2-d i f luoro-2-chlorovinyl  sulfenyl chloride (XI[) by the d i rec t  chlorination 
(C12 at 20~ or  S02CI 2 at  60~ of 1 -benzyl th io- l ,2 -d i f luoro-2-eh loroe thy lene  (XIII). In the f i rs t  case ,  the sa t -  
urated sulfide (XIV) was obtained, and in the second case,  res inous products of unknown s t ructure  

cl--X -o CFCI=CF--SCI (XI[) 
CFCI=CF--SCH2Ph 

(XlII) ~ ,CFCI~CFCI--SCH2Ph (X[V) 

We therefore  attempted to obtain (X[I) by a more  complex multistage route,  as follows 

Ch" HCF C1 EteNH CFCI=CF2 + PhCH2SH E_t~__N. CFCIHCFsSCH~Ph ---> CFCI ~--S ----> 
120 ~ 

(xv) (xvi) 
__. CFC1HCF~_SNE tz KOH. CFCI=CF_S1N E t z - ~  tlCl ........ (xn) ; [ (z~n)l----> CFCI=CF--S--CF--CFCla 

(XVII) (XVlII) (XIX) S--el 

Addition of PhCh2SH to t r i f luorochloroethylene under the usual conditions [8] gives the sulfide (XV), 
which was chlorinated to the SFC (XVI). A known method for the synthesis of the lat ter  is by radical  addition 
of H2S to t r i f luorochloroethylene followed by chlorination of the resul t ing thiol [9]. 

Successive react ion of (XVI) with Et2NH and KOH affords the a , /3-unsaturated sulfenamide (~;VIII). By 
making use of the well-known proper ty  of sulfenamides of react ing with HC1 to give the Corresponding SFC [3], 
an at tempt was made to convert  (XVIII) into the SFC (XII) in this way. It was found that (XII), formed as an 
intermediate,  was not capable of separate  existence,  but only as the "dimer"  (XIX), formed by the addition of 
one molecule of (XID to the double bond of another molecule. 

To summar ize  the resul ts  obtained in the synthesis of perfluorinated SFC, it has been found that unsat-  
urated perfluorinated al icyclic and aliphatic SFC are  capable of separate  existence,  except for aliphatic com-  
pounds with a te rmina l  double bond. 

It is known that the react ivi ty of fluorinated saturated SFC does not differ significantly f rom that of their  
nonfluorinated analogs [3, 4]. A pre l iminary  study of unsaturated SFC has shown that, in addition to the p rop-  
er t ies  inherent in this c lass  of compounds, they also possess  some special  features .  Thus, the SFC (V), like 
its saturated analogs [3, 4], reacts  with Et2NH to give the sulfenamide {XX), indicating the ability of the chlo-  
rine atom inthese compounds to undergo nucleophilic displacement.  

lqNEt2 ~ S N E t 2  
!v). _78~--> 

v xCF 3 

(xx) 

However, some aprotie bases attack the Cl rather than the S atom in unsaturated SFC, resulting finally 
in a shift of the formally positive halogen. This is shown by the chlorotropy which we have observed in the 
system (VIID-(X'XI) in the presence of basic catalysts (Et3N" BF3) or solvents (Et20) [7]. 
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(VIII) -i- B 

~BCl -1 CF~ ! CF~ 
\ [ \ 
C=C--C2Fs] --_~ ~--C2F 5 + B 

/ t /I II 
[CF. S| J CF~ C1 S 

(xxl) 

Unsatura ted  a l icyc l ic  SFC do not i s o m e r i z e  under these  conditions to the cor responding  a - e h l o r o t h i o -  
ke tches .  For  ins tance ,  in the p re sence  of bases  (N-methylpyr ro l idone  o r  Et3N �9 BF3) , (V) is dechlorinated to 
the disulfide (NXII) 

k- "cF~ cF. ~c 
(A) (XXll) 

This reac t ion  may  be ra t iona l ized  as  an init ial  halophilic reac t ion  [10] to give the mercap t ide  (A), fo l -  
lowed by reac t ion  of the la t ter  with another  molecule  of the SFC by nucleophil ic displacement .*  

An anionotropic  shift  of C1 in the CCS t r iad ,  such as could take place in the p resence  of a Lewis acid 
(SbCI 5 o r  BFa) , fai led to occur .  In the p r e s e n c e  of SbC15, p e r f l u o r o - l - c y c l i b u t e n y l s u l f e n y l c h l o r i d e  (XI)loses sulfur.  
This reac t ion  r e su l t s  in par t i a l  r e p l a c e m e n t  of the f luorine a toms  by chlor ine to give the f luoroch lorocyc lo-  
butenes  (XXIII) and (XXIV) 

s 
F2 f 

i - - X - ,  F ! 
| 2"---- 

~1 F 

C1 

LF~' ' F - s  .-: F ~ F  ~ F  F F 
(XXlII) 

(xxiv) 

T r i ch lo romethanesu l f eny l  chlor ide r eac t s  s i m i l a r l y  with an excess  of SbCl 5 to give CC14 [12]. Sulfenyl 
ch lor ides  (V), (VI), and (VIII) fai led to r e a c t  with E t20 '  BF 3. 

The reac t ions  of the unsa tura ted  SFC (V) and (VI) with P(OEt)3 may  also be ra t ional ized in t e r m s  of a t -  
tack  of the la t ter  on the C1 a tom with the fo rmat ion  of the unstable in te rmedia te  (B), which decomposes  to the 
per f luoroa lkenyl  ethyl  sulf ides (XXV) and (XXVI), and diethyl  chlorophosphate .  

[ @/OEt] 

RFSCt + P(OEt)8 --~ C1--P<OEt --, figSEt-[- (EtO)ePC1 
-78~ II 

(V), (VI) ]_RFS | OEtJ 0 

(B) (XXV), (XXVI) 

RF=(CF3)eC=CF (VI), (XXV); (v), (xxvl) 

cF s 

In the analogous reaction with nonfluorinated SFC, trialkyl phosphites attack the S atom to give the alkyl 
halides and phosphates [4]. 

[ o w ]  O OR' 

RSCl + P(~ ~/R--S--~--/OR' / -~ R--S--~ / +R'c! 
[c1| ~oR, J \oR, 

* Zeifman et  al .  [11] obs e rved  the fo rmat ion  of (CF3)3CC1 in the reac t ion  of CC13SC1 with (CF3)3C- , which may 
also be ra t iona l ized  as  a t r a n s f e r  of fo rma l ly  posi t ive halogen. The format ion  of the disulfide (XXII) may be 
in te rp re ted  in t e r m s  of a o n e - e l e c t r o n  t r a n s f e r .  Rat ional izat ion of the t au tomer ic  reac t ions  in the (VIII)-(XXD. 
sy s t em on this bas is  s e e m s  unlikely. 
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TABLE 1 

Compound 

(IV) 
(II) 
(v) 

(XX) 
(XXli) 

(xxvi) 
(ix) 
(XI) 

4 
3 
3 
3 
3 

3 
2 
2 

C1 
CH2Ph 
Cl 

NEt2 
SC=C(CF~)CF~CF~CF~ 

CH2CH3 
CH~Ph 

Cl 

csa 

(& ppm) 

C1 
CF3 
CFa 
CFa 
CF3 

CFa 
F 
F 

* JCF21__F ~ 18,8; JCF~--F = 6,6Hz~ 

I 
6CF'J I 5CFd i 

28,8 r~ 56,2m 
29,8 n~ 3L2m I 
30,6 -~ 32,7 m i 
32,0 rq 32,0 m I 
30,7 r~ 33,6 m 

I 
30,2 r~ 31,5 m] 
36,6 ~3s ,0m I 
36.0 rq 38,9 m[ 

6CF~ l 6CF2' I 6X 

;6,2m 32,4m 
,3,0m I -t6,7 m 
.3,8m'j -17,t m 
4. Om] 717,~ m 
4,0m] -t6,9 m 

3,5m I -t6,4m 
41,5t.t* 
34,6m 

TA BLE 2 

1 
F3C SR 

\ / 
C=C 

FsC F 

(6,ppm, ], Hz) 

Compoillld R 5CFat 6CF3' I 6F JF_CF31 JF~CFa2 JCFa1:_CF,I 

(III) 
(vi) 
(xxv)  

CH2Ph 
C1 
CH2CH3 

I 
-20,9m ]-20,9m -li,8 q.q 

-20,0m -20,0 m q. q 

9,4 
9,4 
9,4 

24,4 
25,4 
24,4 

9,4 

TA BLE 3 

Compound 

(XV) 
(XVI) 

(XVlI) 

R 6F A 6F B 

CH2Ph 
C1 
NEt~ 

F A 
I 

CFC1HCSR 
I 

FB 
8, ppra, l, Hzl) 

8F 

d 
J 

6,9 9,4 68,4d.d.d 1221,0 t8,8 5,3 i7,t 5,6 
t2,6 t6,2 70,4 d.d.d] 220,0 17,8 4,7 t7,8 7,5 
t4,4 t9,8 71,1 d.d.d 1 231,0 t8,8 4,7 17,9 9,4 

t 

49,0 
47,0 
49,9 

T r i f l u o r o m e t h a n e s u l f e n y l  ch lo r ide  r e a c t s  with t r i m e t h y l  phosphi te  s imu l t aneous ly  in two d i f f e ren t  w a y s ,  
to give the sulf ide C~-3SCH 3 and the phosphate  CF3SP(O)(OCH3) 2 [4]. 

We note  in conc lus ion  that  a , f l - u n s a t u r a t e d  SFC open  up the poss ib i l i t y  of syn thes i z ing  unsa tu ra t ed  s u l -  
fenic ,  sul f in ic ,  and sulfonic  a c i d s ,  and of  s tudying  ca t iono t rop ic  r e a r r a n g e m e n t s  in the t r i ad  s y s t e m  C - C - S .  
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TA BLE 4 
1 2 

CFCI--CFSR 
(6, ppm, 1, Hz) 

Compound R ~F' 8F2 JF~--F' JFz--CI-I~ 

cis--(XlII) 
tiara ~(XIII) 
cis" (XVIII) 
trans- (XVIII) 

CH2Ph 
CH2Ph 
NEtz 
NEt~ 

9,1~ 
26,4 
8Ad 

23,1 d 

34,t d.t 
44,9 d.t 
32,0 d 
42,4 d 

16,0 
137,0 
t6,9 

f41,0 

t,8 
t,8 

EXPERIMENTAL 

ISF and IH NMR spectra were obtained on a Perkin-Elmer R-32 spectrometer (at 84.6 and 90 MHz, re- 
spectively), using CF3CO2H and TMS as external standards. IR spectra were obtained on a UR-20 spec- 
trometer. The purity of the compounds was checked by GLC on an LKhM-8MD instrument (model 3), using 

a column packed with 20G QF on Chromaton. Mass spectra were obtained on a Varian MAT CH-8 apparatus 
(ionizing electron energy 70 eV), and the m/z values and suggested assignments are given. 

The t~F NMR spectra (6, ppm, J, Hz) for (II), (IV), W), (IX), (XD, (XX), (XXII), and (XXVI) are given inTablel ; 

for (IfI), (VI), and (KXV) in Table 2; for (XV)-(XVII) in Table 3; and for (XIII) and (XV[II) in Table ,i. 

l-Benzylthioperfluoro-2-methyl-l-cyclopentene (II). To a mixture of 36.3 g of perfluoro-l-methyl-1- 
cyelopentene and 20 g of PhSCH2SH in ether (150 ml) was added slowly with stirring 16.3 g of Et3N , the tem- 
perature being maintained at 20-25~ The reaction mixture was stirred for a further 2 h, washed with water, 
dried over MgSO4, and distilled to give 35.0.g (59.5G) of (II), bp 95-97~ (2 mm). Found: C 42.63; H 1.81; 

F 46.27; S 8.94~ C13H7F~S. Calculated: C 42.63; H 1.92; F 46.68; S 8.75G. 

1-Benzy l th iope r f luo ro -2 -me thy l - l -p ropene  if[l). A steel autoclave containing 35.4 g of per f luoro iso-  
butylene, 19.0 g of PhCH2SH , and 6 ml of N-methylpyrro l idone  was heated for 10 h at  90~ Unreacted gaseous 
products  were collected in a t rap cooled to -78~ and the contents of the autoclave were washed with water ,  
dr ied over  MgSO4, and distilled to give 22.1 g of a mixture consist ing of 83g of 1 -benzy t th io - l , l , 3 ,3 ,3 -pen ta -  
f luoro-2- t r i f luoromethylpropane  (XXVII) [PMR spect rum:  3.2 m (H), 3.7 s (CH2) , 6.9 s (C~Hs); t~F NMR spec -  

t rum:  --15.9 t.d. ((CF3)2) , - 6 . 2  hept. d (CF2) , [J(cF3)2_ CF 2 -- JCF2_ H = 11.3, J(CF3)2_H = 7.5] and 17% of 
(III), bp 61-73~ 

This mixture (14.6 g) was heated with 5.8 g of BF3NEt 3 for 30 rain at  60~ then washed with dilute ttC1, 
dried over  MgSO4, and distilled to give 9.5 g of (III), bp 72-75~ (2 ram). Found: C 43.28; H 2.28~ F 43.79; 
S 10.97g. CllHvFTS. Calculated: C 43.42; H 2.32; F 43.72; S 10.54~. 

2 -Chloroper f luoro- l -cyc lohexenylsu l feny l  Chloride (iV). Chlorine was passed into 1.9 g of (I) [13] until 
the e~0thermic react ion ceased,  keeping the t empera tu re  at  20~ then 1 ml of conc. H2SO 4 was added and fhe 
mixture distilled to give 1.0 g (61%) of (IV), bp 65~ (25 mm). Found: C 22.48; F 46.29; S 9.60~. C6H8C12S. 
Calculated: C 22.03; F 46.48; S 9.80~. IR spect rum (v, cm-1): 1590 (C ----C). 

Pe r f luo ro -2 -me thy l - l - cyc lopen teny l su l f eny l  Chloride (V). A steel autoclave containing 3.0 g of C12 and 
13.7 g of (ID was shaken for 24 h at  ~ 20~ Volatile products were removed from the react ion mixture under 
vacuum (3 ram) at 20~ and collected in a t r a p  cooled to -78~ The contents of the t rap  were then distilled 
tog ive9 .0g(78%)of (V) ,bp70~ (130ram). Found: F 55.37; S 10.32%. CGF~CIS. Calculated: F 55.05; S 10.32~. 
[R spec t rum (G cm-1): 1610 (C ----C). 

1 ,3 ,3 ,3-Tet ra f luoro-2- t r i f luoromethylpropenesu l fenyl  Chloride (VI). Obtained as for (IV) by- passing C12 
into 3.6 g of (III), and distilling. Yield, 1.7 g (57%) (VD, bp 95-96~ Found : F 53.931 S12.85%. C1FTC12. Calcu- 
lated: F 53.51; S 12.90~. IR spect rum (v, cm-1): 1635 (C ----C). 

1 -Benzyl th ioper f luoro- l -cyc lobutene  (IX). To a solution of 27.2 g of perfluorocyolobutene in 150 ml of 
e ther  was added dropwise with s t i r r ing  at - 3  to -5~  a mixture of 19.1 g of PhCH2SH and 15.8 g of Et3N. The 
mixture was warmed to ~ 20~ washed with water ,  the e ther  layer  dried over  MgSO4, and distilled to give 
20.5 g ( t l~ )  of (IX), bp 78~ (2 ram). Found: C 49.53; H 2.65; F 35.54; S 11.87~. CllHTFsS. Calculated: 
C 49.62; H 2.63; F 35.71; S 12.03~. PMR spec t rum:  3.7 s (CH2) , 6.9 s (CGHs). IR spect rum (v, cm- l ) :  
1678 (C ----- C). 
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1,2-Dichloroperf luorocyclobutanesul fenyl  Chloride {X). Chlorine was passed  into 3.1 g of (IX)at 20~ 
until the e•  react ion was comple te ,  and 2 mt  of  cone. H2SO 4 was then added. Dist i l lat ion gave 2.1 g 
(65~) of (X), bp 61~ (40 ram). Found: C 17.54; Y 33.95; S 11.11~. CaFsC13S. Calculated:  C 17.06; F 33.75; 
S 11.89%. The eompoundcontained two geome t r i ca l  i s o m e r s  

F C1 F C1 

F ~  SC1 F ~ I  C1 
F F x 

The lqF NMR spec t rum consis ted of 18 mul t ip le ts ,  a s s igned  to four AB quar te ts  for  the CF 2 ~roups and 
to two CFCI groups.  I s o m e r  1 : 3 2 . 0  (FA), 46.0 (FB) 38.4 (FA,), 42.4 (FB,), 46.5 (Yx) JFA_F B = 211, J F A , -  ]3 '=  
212 Hz. I s o m e r  2 : 3 3 . 6  (FA) , 39.4 (FB), 37.8 (FA,), 46.9 (FB,), 39.4 (Yy); JFA-YB=205, J y A , _ F B ,  = 21 Hz. 

Perfluoro-l-eyclohutentylsulfenyl Chloride (XI). A s tee l  autoclave containing 7.4 g of  (IX) and 3.6 g of 
SO2Cl 2 was kept for  20 h a t  68~ After  r emoving  the SO~ fo rmed ,  the autoclave was opened,  the liquid m a t e -  
r i a l  placed in a f lask ,  and volatile products  dis t i l led a t  5 m m  vacuum into a t r ap  cooled to -78~  The con-  
densate  was redis t i l led  to give 2.0 g (34.5g) of (XI), bp 102-103~ Found: C 23.26; F 44.72~. CdF~CIS. Cal -  
culated: C 22.82; F 45.I2%. IR spec t rum (~, cm-1): 1680 (C ----C). 

1 -Benzy l th io - l , 2 -d i f luo ro -2 -ch lo roe thy lene  (XIII). Compound (~:V) (21.2 g) was twice dist i l led ove r  an 
excess  of solid KOH at  a vacuum of 20 m m  to give 14.4 g (74~) of  (XII[), bp 1140C (20 ram). Found: C 48.81; 
H 3.07; F 17.30; S 14.78%, CgH?Y2C1S. Calculated:  C 48.97; H 3.19; Y 17.22; S 14.53%. IR spec t rum ( v , c m - b :  
1663 (C = C). 

1 -Benzy l t h i o - l , 2 -d i f l uo ro - l , 2 , 2 - t r i ch l o roe thane  (~:IV). Chlorine (3.0 g) was passed  into 9.5 g of (~IIf) 
a t  15-20~ and the product  dist i l led to give 10.3 g (82.5~ of (XIV), bp 139~ (8 mm).  Found: C 37.21; H 2.36; 
F 13.04; S 11.01~. C.qHTF2CIS. Calculated:  C 37.07; H 2.42; F 13.03; S 11.00%. ~'~F NMR s p e c t r u m :  - 1 5 . 5  d 
(CFC12), 6.2 d (CFCI),  JCFC12-CFCI  = 20.6 Hz. 

1 -Benzy l th io - l , l , 2 - t r i f l uo ro -2 -ch lo roe tha r f e  (XV). A s tee l  autoclave containing 25.0 g of PhCH~SH, 
30.0 g of  CF ---- CFCI and 2 ml  of Et3N was shaken a t  ~ 20~ for  25 h. The mix tu re  was washed with wa te r ,  
dr ied over  MgSO4, and dist i l led to give 39.5 g (81.5%) of (XV), bp 87-89~ (2 ram). Found: C 44.87; H 3.09; 
F 23.50; S 13.10~. C~HsF~CIS. Calculated:  C 45.00; H 3.33; F 23.75; S 13.33~. PMR spec t rum 3.5 s (CH2) , 
5.5 d.d.d (CFCIH), 6.8 s (C6H5). 

1 ,1 ,2 -Tr i f luoro -2 -ch lo roe thanesu l feny l  Chloride (XVI). Chlorine was passed  into 14.6 g of (XV) until 
the exo thermic  reac t ion  ceased ,  keeping the t e m p e r a t u r e  a t  20-25~ and the product  dis t i l led to give 10.5 g 
(93o/~) of (XVI), bp 98-100~ (see [9]). Found: Y 30.85; S 17.30~. C2F3HC12S. Calculated:  Y 30.81; S 17.29~. 
PMR s p e c t r u m :  6.4 d.d.d. (CFCIH). 

1 ,1 ,2 -Tr i f luo ro -2 -ch lo roe thane -N,N-d ie thy l su l f enamide  (XVII). To 20 ml  of Et2NH , cooled to -78~  
was added slowly with s t i r r ing  10.0 g of (XVI). The reac t ion  mix tu re  was washed with wa te r ,  dried ove r  
MgSO o and dist i l led to give 9.2 g (77.5~ of (XVII), bp 79~ (30 ram). Found: C 32.51; H 4.82; F 25.13; S14.10%. 

C6HlIF3C1NS. Calculated:  c 32.50; H 5.00; F 25.71; S 14.46%. PMR spec t rum:  6.1 d.d.d. (CFC1H). 3.0 q 
(CH~), 1.0 t (CH~). 

1 ,2 -Di f luoro-2-ch logovinyl -N,N-die thy lsu l fenamide  (XVIII). Compound (XVII) (11.6 g) was twice dis t i l led over  
an excess  of  solid KOH in a vacuum of 130 m m  to give 8.5 g (80~ of (XVIII), bp 110~ (130 mm).  Found: 
Y 18.77; N 7.45~ C6HIoY2C1NS. Calculated:  F 18.84; N 6.94g. IR spec t rum (v, cm-1): 1645 (C - - C ) .  

1 - (1 ,2 -Di f luoro-2-ch l t ) rov iny l th io ) - l ,2 -d i f luoro-2 ,2 -d ich lo roe thanesu l feny l  Chloride (XIX). A solution 
of 5.0 g o f  (XVIII) in 50 ml  of CHCI~ was cooled to -78~  and dry  HC1 passed  in. Dist i l la t ion of the f i l t ra te  
gave 2.6 g (63.5~) of  a mixture  of c i s -  and t r a n s - i s o m e r s  of  (XIX) in a ra t io  of 62 : 38, bp 74-75~ (2 mm).  
Found: C 14.51; S 19.58%. C4F4C14S2. Calculated: C 14.56; S 19.43%. IR spec t rum (v, cm-l ) :  1650 ( C = C ) .  

1 2 $ 4 
CC1F = CF--S--CFCFCla 

I 
SC1 

19F NMR s p e c t r u m ,  c i s - I s o m e r :  2.5 d (F1), 37.3 d.m. (F2), 11.8 d.d. (Fa3), --14.9 d.d. (Fd), Jy1-F2 = 20.7, 
JF~_F 2 = 7.5, JFa_F4 = 18.8, JFaF2 = 1.9 Hz. t r a n s - I s o m e r :  19.3 d .m.  (F!), 49.0 d .m (F2), 12.3 d.d.d (F3), 
- 1 4 . 9  d.d. (Fd), J F  l_ F2 = 131.5, Jl~ _1 ~ = 7.5, JF3_F4 = 18.8, J F S - F i  = 5.6, JF4_F 2 = 1.9 Hz. 
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Per f luo ro -2 -me thy l - l - cye lopen ten -N,N-d ie thy l su l f enamide  (XX). To a solution of 5 ml  of EtzNH in 50 
ml of e the r ,  c ~ l e d  to -78~ was added slowly 3.8 g of (V). The mixture  was washed with water ,  dried over  
MgSO4, and dist i l led to give 2.6 g (62~) of (XX), bp 98-99~ (40 mm). Found: C 34.21; H 3.09; N 4.38; S 9.07~ 
CI0H10F~NS. Calculated: C 34.58; H 2.90; N 4.03; S 9.23~ PMR spec t rum:  0.94 t (CH3) , 2.9 q (CH2). [R 
spec t rum (v, cm-1): 1600 (C = C). 

D i - (pe r f luo ro -2 -me thy l - l - cyc lopen teny l )  Disulfide (XXII). To 3 ml of N-methylpyr ro l idone  was added 
2.0 g of (V), and a f te r  10 rain the mixture  was poured into water .  The organic  layer  was separa ted ,  dr ied 
ove r  MgSO4, and dist i l led to give 1.4 g (78~-) of (XXII), bp 83~ (5 mm). Mass spec t rum (masses  down to 175 
given):Found: C 26.20; F 62.48; S 11.88~. C12F18S 2. Calculated: C 26.19; F 62.15; S 11.65~. 550 (M+), 
531 ( M + - F ) ,  307 (C6F~$2+), 275 (C6F9S+), 256 (C6F8S+),~243 (C6F9+), 237 (C6F7S+), 231 (C5F9+), 255 (C5F7S+), 
206 (C5F6S+), 193 (C5F7+), 187 (C5F5S+), 181 (C4F~+), 175 (Cr IR spec t rum (v, cm-1): 1625 (C=C). 

Reaction of (V) with an equimolar  amount  of BF 3 �9 NEt 3 gave a mixture  which contained, according to 
GLC and NMR, > 90~ of (KXII). 

1 , 3 ,3 -T r i ch lo rope r f l uo ro - l - cyc lobu t ene  (XXIII) and 1 ,3 -Dich lo roper f luoro- l -eyc lobu tene  (XXIV). To 
3 ml of SbCI 5 was added at  ~ 20~ 1.9 g of (XI). The mixture  was s t i r r ed  for  10 min, and the volatile p rod -  
ucts r emoved  at  a vacuum of 5 mm to a t rap  at  -78~ giving 1.7 g of a mixture ,  bp90-103 ~ which according 
to GC-MS contained mainly (XXIII) and (XXIV). 

(XXIII). Mass spec t rum:  210 (M +), 191 (M + - F), 175 (M + -CI ) ,  156 (M +-F- -C1) ,  141 (M + -  C~-2-F), 
132 (M + - C t ? - C C 1 ) ,  125 (M +-Ct r2 -C1) ,  121 (M + - F - C 1 2 )  , 109 (M + - C C 1 2 - F ) ,  106 (M + - C F 2 - F - C I ) ,  97 (M + -  
CCI 2 - C F ) ,  93 (M + - C C I 2 - C I ) ,  90 (C3FCI+). 

(XXIV). Mass spec t rum:  194 (M+), 175 (M + - F ) ,  159 (M +-C1) ,  140 (M + - F - C I ) ,  137 (M +-F3)  , 125 (M + -  
CF2--F),  116 (M +--CF--CCI),  109 (M +-CF2--C1 , 93 (M + - C F C I - C 1 ) ,  90 (CsFCI+). 

1 -E thy l th io - l , 3 ,3 ,3 - t e t r a f l uo ro -2 - t r i f l uo rome thy lp ropene  (XXV). To 0.7 g of P(OEt)3 was added at 
-78~ 1.0 g of (VI). The mixture  was warmed to "~ 20~ and dist i l led to give 0.5 g of diethyl chlorophosphate,  
identified by GLC, bp 73~ (5 ram), and 0.6 g (61.2~ of (XXV), bp 126~ (see [14]). IR spec t rum (v, cm-1): 
1620 (C ----- C). 

l - E t h y l t h i o p e r f l u o r o - 2 - m e t h y l - l - e y c l o p e n t e n e  (XXVI). Obtained as in the preceding example,  f rom 0.9 g 
of P(OEt)3 and 1.6 g of the sulfenyl chlor ide  (V). Yield 0.7 g of diethyl chlorophosphate and 1.2 g (77~) of(XXVI), 
bp 62~ (30 mm). Found: C 31.55; H 1.65; 17 55.93; S 10.19~. C8H5t~9S. Calculated: C 31.59; H 1.66; F 56.22; 
S 10.54~. PMR spec t rum:  1.2 t (CH3) , 3.3 q (CH2). IR spec t rum (v, cm-1): 1600 (C ----C). 

C ON C L U S I O N  S 

A method has been developed for  the prepara t ion  of perf luor inated c~,fl-unsaturated sulfenyl chlor ides ,  
and thei r  reac t ions  with basic reagents  and Lewis Acids have been studied. 
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