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The reac t ion  of methylsu l fenyl  f luoborate  (D with cyclohexene (II), which leads to a s tab i l ized  ca t ion-  
old in t e rmed ia t e  of hypothet ical  s t r u c t u r e  (K1), was r epo r t ed  p rev ious ly  [1]. As a continuation of this r e -  
s e a r c h  we studied the poss ib i l i ty  of genera t ing  an analogous in te rmedia te ,  which contains the S-phenyl  
group ins tead of the S -m e t hy l  group.  The r eagen t  needed fo r  this ,  namely  CsHsBF4 (HI), was obtained in 
the s a m e  m a n n e r  as (I) by the following exchange reac t ion .  

C6HsSHal q- AgBF~--> C6HsSBF~ q- AgHal 
On) 

Reagen t  (III) can be obtained e i the r  in advance ,  s ince it is s table  in C2H4CI z solution at  --40~ for  at  l eas t  
s e v e r a l  hours ,  o r  d i r ec t ly  a t  the t ime  of reac t ion  with the olefin. 

The reac t ion  of (III) with (]I) was run a t  --40 ~ in C2H4C12 solut ion.  Even under  these conditions the 
reac t ion  is exceedingly  f a s t  and is ended in l ess  than 5 min .  The quest ion of the s t r u c t u r e  of the reac t ion  
complex  that  is f o r m e d  h e r e  is quite complex  and fo r  i ts  r igorous  solution r equ i r e s  a detai led study of the 
p r o p e r t i e s  of the complex  by s p e c t r a l  me thods .  However ,  the data obtained by us r ega rd ing  its chemica l  
p r o p e r t i e s  make  it poss ib le  to a s s u m e  that  i t  is an in t e rmed ia te  of the episulfonium f luoborate  type (K2). 
Such a concept  is suppor ted  both by the s tabi l i ty  of this in te rmedia te*  and by the fact  that  its reac t ions  with 
va r ious  "ex te rna l"  nueleophi l ic  r eagen t s  p roceed  with exceeding ease  and smoothly  even at  low t e m p e r a t u r e  
and lead to adducts of genera l  fo rmula  C6HsSC6HI0 �9 Z ( ( IVa-d) ,  where  Z is the nucleophil ic  group of the 
added base ) .  The s t r u c t u r e  of these  adducts as be ing 1 ,2 -cyc lohexane  de r iva t ives  is unequivocal ly p roved  
by the e l ementa l  ana lys i s ,  IR, NMR, and m a s s  s p e c t r a l  data,  and is a l so  conf i rmed  by convers ion  to com-  
pounds of known s t r u c t u r e .  

•2 (IV) Kt 

Z=OCOCH3(a), OCHs(b), Cl(c), CH(COOC~H~)~(d) 

We a s s u m e  that a l l  of the obtained adducts  have a t r ans -conf igura t ion ,  which does not cont radic t  the 
exis t ing  data on the c h a r a c t e r  of the s ignals  of the H- -C- -Z  protons in the NMR s p e c t r a ,  but  the final so lu-  
t ion to this p r o b l e m  r equ i r e s  the p r e p a r a t i o n  of the co r re spond ing  deu te ra ted  analogs f r o m  3 , 3 , 6 ,  6 - t e t r a -  
deu te roeyc lohexene .  

* In pa r t i cu l a r ,  the re la t ive  s tabi l i ty  of this complex  is conf i rmed  by the fac t  that  the yield of adduct (IVb) 
r e m a i n s  p rac t i ca l l y  constant  if  the t ime  of holding the K 2 complex at  --40 ~ is i nc reased  f r o m  5 to 60 rain 
(before  the methanol  is added), 
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The cationoid electrophile CsHsSBF 4 behaves the same as CH3SBF 4 in the reactions with olefins, mud 
makes it possible to realize the scheme of a two-step addition to the double bond, in which the steps of 
adding the eleetrophile, CGHsS, and the "external ~ nucleophile Z are separated in time and are independent 
It could be expected tha~ the intermediates, obtained in the reactions with CH3SBF 4 and C6H5SBF 4 (respec- 
tively K I and K2), will differ noticeably both in stability and in the direction of their reactions with nucleo- 
philic reagents, since the phenyl group on the sulfur atom in K 2 should stabilize the episulfonium ring and 
reduce the ease of adding the "external" nucleophile to the C atom. The data obtained by us show that if 
this difference does exist, then it is extremely slight. 

E X P E R I M E N T A L  M E T H O D  

The NMR spec t ra  were taken on a DA-60-IL spec t rome te r  in CC14 solution, and the chemical  shifts 
(5) are  given relat ive to HMDS. The IR spec t ra  were recorded  on a UR-10 instrument,  while the mass  
spec t ra  were taken on a Varian CH-6 inst rument .  The GLC was run on an ins t rument  equipped with a 
f lame-ionizat ion detector,  using a 200 • 3.5 mm column packed with 5~ XE-60 deposited on Chromatone 
N-AW-DMDC, at 150 ~ and 50 m l / m i n  of N 2. Diphenyl disulfide was obtained by the oxidation of thiophenol 
with DMSO [2]. Phenylsulfenyl chloride was p repared  as descr ibed in [3]. 2-(Phenylthio)cyclohexyl 
acetate was obtained the same as 2-(methylthio)cyclohexyl aceta te  [4], while 1-chloro-2-(phenyl th io)cyclo-  
hexane was obtained as descr ibed in [5]. 

Addition of Phenylsutfenyl Fluoborate to Cyclohexene. The react ion was run by the general  method 
used to obtain, all of the adducts (IVa-d). With s t i r r ing ,  to a solution of 0.61 g of C6HsSC1 in 4 ml  of ab- 
solute CH2C12, cooled to --40 to --45 ~ was added 5 ml of a solution of 0.34 g of (II) and 0.98 g of AgBF 4 in 
a 3 : 2 CH3NO2--CH2Cl 2 mixture in 1-2 min. The precipi tat ion of AgCI was observed here  and the format ion 
of a colored solution of the complex (K2), which was kept at  the same tempera ture  for  another 5 rain and 
then t rea ted  with the n e c e s s a r y  base .  The fur ther  isolation of the (IV) adducts was effected by neut ra l iza -  
tion with aqueous NaHCO 3 solution, extract ion with CHC13, washing the ext rac t  with water ,  and drying over  
Na2SO 4. 

2-(Phenylthio)cyclohexyl Acetate (IVa). The react ion complex (K2} was t rea ted  with glacial  CH3COOH 
at --50 ~ for  10 rain. By prepara t ive  TLC (SIO2, 5 : 3 petroleum ether--benzene) we isolated 0.72 g (70%) 
of (IVa), which was identical with an authentic specimen.  Infrared spect rum:  1735 cm -1 (OCOCH3). Nl~R 
spectrum*:  1.77 s (3H, OCOCH3) , 3.00 m (1H, HCSQH5) , 4.67 m (1H, HCOAe, JI ,2 = 9 Hz~), 7.17 m 
(5H, SC6H5). Found: C 67.32; H 7.40; S 12.42~.  C14H1802S. Calculated: C 67.20; H 7.20; S 12.80%. 

1-Methoxy-2-(phenylthio)cyclohexane (IVb). The complex (K2) was t rea ted  with 15 ml of absolute 
methanol at  --30 ~ for  5 min.  Based on the GLC data, the obtained product  was mainly (IVb). Distil lation 
in a na r row-necked  flask gave 0 .87 g (97~) of (IVb), nD 22 1.5572. Found: C 69.85; H 7.96; S 14.42%. 
C13H18OS. Calculated: C 70.27; H 8,11; 14.41%. NMR spect rum:  3.07 rn (2H, HCS, HCO), 3 . 2 5 s  (3H, 
OCH3), 7.16 m (5H, SC6H5). 

l-Chloro-2-(phenylthio)cyclohexane (IVc). The complex (K2) was treated with a solution of 2 g of 
(C2Hs)4NCI in 9 ml of CH3NO 2 at --40 ~ for I0 min. Vacuum-distillation gave 0.8 g (88%) of (IVc), bp 120- 
122 ~ (i ram); nD 17 1.5840. Based on the GLC data, (IVc) is identical with an authentic specimen. Fotmd: 
C 63.71; H 7.01%. C12H15SCI. Calculated: C 63.30; H 6.64%. NMR spectrum: 3.18 m (IH, H--C--S--), 
3.90 m (IH, HCCI), 7.18 s (5H, SC6H5). 

2-(Phenylthio)cyclohexanemalonic Acid, DiethylEster (IVd). Starting with 2.24 g of CeHsSCI , 3~ 90 g 
of AgBF4, and 1.36 g of (I) we obtained the complex (K2) by the above described method, which was treated 
with sodium malonate (from 3.5 g of Na and 50 ml of malonic ester) at --40 ~ for I0 min, and at ~20 ~ for 
1 h. The excess malonic ester was removed in vacuo. From the residue by preparative TLC (A1203, 
i0 :I hexane--ethyl acetate) we isolated 0.97 g (20.9%) of (IVd). Found: C 65.37; H 7.64; S 8.48%. 
C19H2604S. Calculated: C 65.14; H 7.45; S 9.14%. NMR spectrum: 1.13 andi.18t(twoCH3--CH2--), 
3.05 m (IH, H--C--S--), 3.97 and 4.05Hz), 4.20d(iH, CH(COOR)2 , J =4Hz), 7.18m (SH, SC6H~). 
Mass spectrum: M+withm/e 350, andintense fragments within/e305, 259, 241, 190, 167, 149, 82. 

* Besides the given signals in the 1.10-2.10 ppm region, all of the NMI~ spectra have a group of signals 
of the four CH 2 groups of the cyelohexane ring. 

This value of the coupling constants of the protons (obtained by the double resonance method} at C I and 
C 2 is characteristic for i, 2-trans-disubstituted cyclohexanes (cf. [6]). 
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C O N C L U S I O N S  

It was shown that a stable intermediate of the episulfonium ion type can be generated by the reaction 
of cyclohexene with phenylsulfenyl fluoborate, and its reactions with nucleophilic reagents were studied. 
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