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In s tudying the p r o c e s s  f o r  the th iy la t ion  of t r i e t h y l s i l y l e t h y l  th iovinyl  e t h e r  (C2H5)3Si(CH2)2SCH = Clci 2 
wi th  t r i e t h y l s i l y l e t h y l  m e r c a p t a n  (C2Hs)3Si(CH2)2SH u n d e r  e l e c t r o p h i l i c  and h o m o l y t i c  condi t ions  we d i s -  
c o v e r e d  a p h e n o m e n o n  [1] tha t  w a s  ident i f ied  as  be ing  the r e a r r a n g e m e n t  of s y m m e t r i c a l  b i s - s i ! i c o n - c o n -  
t a in ing  m e r e a p t a l s  to  the i s o m e r i c  e t h e r s  of d i th ioe thy lene  g lyco l  

(C~H~)a Si (CH~)~ S 

\CHCH~ -, (C~H~)s Si (CH~)~ SCH-.CH~S (CH~)~ Si (C~H~)a 
/ 

(C~H~)~ Si (CH~)~ S 

In subsequent studies we decided to expand the gamut of the studied symmetrical mereaptals in order 
to ascertain the effect of the structure of the studied compounds on their tendency to rearrange. In all 
cases the mercaptals were obtained by two methods: by the thiylation of trialkylsilylalkyl thiovinyl ethers 
under electrophilic conditions and by the reaction of R3Si(CH2)nSH with acetaldehyde 

RaSi (GH~)nSH GH~CI-IO 
R~Si (CH@~ SCH=CH~ * [R~Si (CH~)n S]~ CHCH~- , R~Si (CH~)n SH 

H+ He 

The isomeric bis-silicon-containing ethers of dithioethylene glycol were also synthesized by two 
routes according to the scheme 

1R~Si (GH~)nSti GIOH~GtItCI 

RaSi (CH~)n SCH=CH' homolytic [" I Na+ 

[ ~aSi (CH~)n SCH~--]~ 
R = CHs, C~Hs, CaH~, n = i, 2, 3 

RaSi (EH2)n SH 

TABLE 1. P h y s i c o c h e m i c a l  Cons t an t s  of Syn thes ized  Compounds  

Compound Bp, ~ (p' 
'ram of Hg)' 

[ (CH3)sSi (CH2)~S--I~CHEH3 
[ (CHa)sSi (CH2)~SCH~--]~ 
](C~Hs)~CHsSiCH~--S--]2CHCH8 
[ (C~Hs)~CHaSiCH2SCH~--]S 
[ (CHs)sSi (CH~)sS-- ]~CHCH8 
[ (CH3)3Si (CH2)3SCH~--]2 
[(CaHT)sSi (CH2)2S--]2CHCH3 
[ (CsH:)sSi (CH2)~SCH~--]2 

t70 (4) 
t85 (5) 
t6o (4) 
165 (5) 
49 (2,5) 
i50 (3) 
222 (3) 
220 (2) 

t,4880 
t,4920 
1,4970 
t~4995 
i,4850 
t,4880 
i,4930 
1,4950 

0,9087 
0,9i54 
0,9230 
0,9306 
0,9041 
0,9087 
0,9037 
0,9055 

found 

93,i5 
93,39 

t02,31 
t02,06 
102,30 
t02,32 
i48,89 
t48,95 

M R  

calcd. C 

92,85 [49,40 
49,10 

t02,tf 52,44 
52,40 

i02,il 51,90 
5t,88 

t48,4i 62,40 
62,30 

Found, % ~ : Calcd :To 

t0,40 2t,301t9,30 ~ I , ~ 
t0,92 f9,401i7,25152~10 !t0,62 t9,87117,40 
t0,7620,t21t7,44 [ 
t0,59t0'70 t9,5419'701 i7,9ii7'801:52,t0i 1t0'62 i9,87 [t7,40 
1t,50 14,20[ti,90 62,2511i,75 13 85]t2,t3 
li,70 i3,90lt2,00i ! i 
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Fig. 1. PMR spec t ra* :  a) (CHs)sSi(CH2)2-S(CH2)2-S(CH2)2Si(CHs)s; 
CHs(C2Hs)2SiCH2S~cH-CHs;  c) (CHs)3Si(CH2)2S~ 

b) CH S (C2H5) 2SiCH2 S (CH3)sSi (CH2) 2 S / -  CH-- CHs; 

d) (CHs)sSi(CH2) 3S ~ . . . .  (C3HT)sSi(CH2)2S ~ . . . .  
(CHs)sSi(CH2)3S~Url-t:rI3; e) (CsHT)3Si(CH2)2S~brl-brls. 

In o r d e r  to  ob ta in  the  s t a r t i n g  th iov iny l  e t h e r s ,  b e s i d e s  the  known m e t h o d  [2-4] ,  we u s e d  f o r  the  f i r s t  
t i m e  a m e t h o d  tha t  i s  b a s e d  on the  r e a c t i o n  of s i l i c o n - c o n t a i n i n g  t h i o a c e t a t e s  wi th  a c e t y l e n e  in  the  p r e s e n c e  
of KOH [5] 

CH~CH 
R3Si (Clt~),z SCOCHa ,--, RaSi (CH2)n SCH=CH2 

NaOH 

* The signal of the protons  of the C I - I 3 - S i ~ g r o u  p was used as the in terna l  s tandard of monotonic s tab i l i za -  
tion and is not shown in the spec t ra .  
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The given method is very  convenient, since it makes it possible to combine the p re l iminary  c!eavage 
of the thioacetate to the mercap tan  in one step with the vinylation. 

A study of the p roce s s  for the format ion of symmetr ica l  mercap ta l s  and the b is -s i l icon-conta in ing 
e thers  of dithioethylene glycol,  i somer ic  with them, disclosed that these compounds differ slightly in the i r  
physicochemical  constants (Table 1). In view of this the need a rose  of finding a method for rigidly proving 
the s t ruc ture  of the investigated compounds, and in the ease of observed isomeriza t ion - the need of using 
the given method to establish the mechanism of this p rocess .  As such a method we selected the method of 
proton magnetic  resonance spectroscopy.  The following was established in the course  of studying the PMR 
spec t ra  of the investigated compounds: the react ion of R3Si{CH2)nSH with dichloroethane, and also the ho-  
molytic addition of R3Si(CH2)nSH to R3Si(CH2)nSCH---- CH2; both yield react ion products  whose spec t ra  are  
identical. For  the case where R3Si---- (CH3}3Si , andn = 2, the PMR spect rum is shown in Fig. la .  The p r e s -  
ence in it of a singlet with the chemical  shift 6 ~ 2.69 ppm, and two muItiplets,  with 5 ~ 2.57 and 0~ ppm, 
co r robora t e s  the l inear  s t ruc ture  of the product.  

In all cases ,  the react ion products  of the tr ialkyl  silylalkyl mereaptans  with acetaldehyde were identified 
as being the pure symmet r i ca l  b is -s i l icon-conta in ing mer  captals [R~Si(CH2) nS-] 2CHCH3, where R = CH~-, 
C 2 H 5 - ,  C3H 7-,  and n = 1, 2, 3. The P MR spec t ra  of [R3Si(CH2} n S-] 2CHCH 3 in the case where R3Si-  ---- CH3(C2Hs) 2 
�9 St-, n= 1; R3Si ---- (CH3) 3Si-,  n = 2; R3Si --- (CH3)3Si- , n= 3; andR3Si-  ---- (C3H~)3Si- , n= 2, are respect ively  shown 
in Fig. 1. The presence  in the PMR spect ra  of a quadruplet inthe region 6 =3.71-3.90ppm, belongingto t:he p ro -  

ton of the f ragment  ~ CH C f "  - ~ ,  and a doublet in the region 6 = 1.50-1.58 ppm, belonging to the protons of a methyl 

group, co r robora t e s  the i sos t ruc ture  of the compounds. The cha rac t e r  of the multiplicity of the signals 

of the protons of the f ragment  )Si(CH2) n -  S -  in the PMR spec t ra  test if ies to the hindered rotat ion of the 

protons relative to the S i - C  and C - S  bonds.  

The attempted i somer iza t ion  of the investigated mercapta ls ,  in the presence  of ter t -butyl  peroxide 
as catalyst  and also without it, at a t empera ture  of 120 ~ disclosed that the i somer ic  ether  of dithioethylene 
glycol,  as follows f rom the PMR spect ra ,  is not formed.  Changes in the spectrum, testifying to a part ial  
decomposit ion of the compound, were observed in the experiment  using ter t -butyl  peroxide.  In o rde r  to 
determine if the PMR spec t ra  could be used to detect the mercapta l  as impuri ty in the dithioethylene glycol 
e ther ,  or  the r eve r se ,  we prepared  some standard mixtures  of the appropriate i somers .  On the basis  of 
the PMR spec t ra  of these mixtures  it was established that 3-5% of the mercapta l  in the dithioethyIene gly-  
col ether ,  or  the same amount of the dithioethylene glycol e ther  in the mercapta l ,  can be distinctly detected. 

A study of the proper t ies  of the thiylation products  of organosi l icon vinyl sulfides on the example of 
a symmet r i ca l  b is -s i l icon-conta in ing mercap ta l s  is being continued. 

EXPERIMENTAL METHOD 

Trimethylsilylethyl Thiovinyl Ether. Into a 1-1tier autoclave were charged 7.7 g of trimethylsilyl- 
ethyl thioaeetate, 3 g of KOH, 15 ml of CH3OH and 50ml of dioxane. The operating pressure of the acety- 
lene inthe autoclave was 20 atm, the reaction temperature was 90-100 ~, and the time of heating was 4-5 h. 
We obtained 4.5 g of substance (60-70%) with bp 60-61 ~ (5.5 mm),n~ 1.4760; d~ ~ 0.8671o Found: C 152.23; 
H 10.03; S 20.14; Si 17.03%; MR 52.21. C?H16SSi. Calculated: C 52.46; H 10.05; S 19.89; Si 17.52%, M~R 
51.65. 

Tr imethyls i ly le thyl  thiovinyl ether was also obtained by the previously descr ibed method [2] in 70- 
80?o yield, bp 55-54 ~ (5 ram); n~ 1.4760; d 2~ 0.8662. 

Symmetr ica l  Organosil ieon Mercaptals  and Dithioethylene Glycol Ethers.  The constants of the syn-  
thesized compounds,  obtained by the previously descr ibed methods [1, 4], are  given in Table 1. 

The PMR spec t ra  of the organosi l icon mercap ta l s  and dithioethylene glycol e thers  were taken on a 
JNM-4H-100 "JEOL" spec t romete r ,  with an operating frequency of 100 MHz, using CC14 as the solvent, 
and adding CHC13 as the internal  standard [n the ease of RCH3o 

CONCLUSIONS 

A study was made of the PMR spectra of some symmetrical organosilicon mereaptals and dithio- 
ethylene glycol ethers; their isomerization was not observed. 
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