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In o r d e r  to obtain a new type of o rganos i l i con  m o n o m e r s  and e ross l ink ing  agents ,  and spec i f ica l ly  2 - ( t r i -  
a lkoxysi ly lakyl th io)e thyl  vinyl sulf ides  (I), we r e a c t e d  thiols of genera l  fo rmula  (RO)3Si(CH2)nSH, where R = 
Me, and n = 1-3,  with divinyl sulfide (DVS) [1]. 

The addition of a lkanethiols  to DVS was studied in deta i l  in [2]. By analogy with [2], in o r d e r  to obtain 
the g r e a t e s t  se lec t iv i ty  in fo rming  the monoadduct  we added the organos i l icon  thiols to DVS employing heat  
ini t iat ion and a r e a c t an t  ra t io  of thiol: DVS = 1 : 3. 

(HO)3Si(CH2)nSH + CH~ = CHSCH=CH~ -+ (H0)aSi(CH2)nSCH2CHzSCH=CH~ (I) 

The yield of (I) r eaches  75% under  the opt imum conditions (75-80~ 10 h, a tmosphe r i c  p r e s s u r e ) .  In vacuo 
( res idual  p r e s s u r e  = 35-40 ram),  even at a h igher  t e m p e r a t u r e ,  the thiylation is r e ta rded  and the yield of the 
monoadduct  d rops  to 53%. The t r ia lkoxys i ly la lkane th io ls  add to DVS in the absence  of a ca ta lys t ,  in which con-  
nect ion the yield of the monoadduct  is 30-40% in 24 h. 

The ( I )  compounds a r e  a lso  the sole reac t ion  products  when eleCtrophil ic  reagents,  L-.g., ~O2, are used as 
c a t a l y s t s ,  which tes t i f ies  to the high tendency of DVS to undergo homolytic  p r o c e s s e s .  

The reac t iv i ty  of the t r ia lkoxys i ly la lkane th io ls  d e c r e a s e s  with i nc rea se  in the number  of CH 2 groups that 
s e p a r a t e  the S and Si a toms .  This can be explained by the abil i ty of the studied thiols to fo rm f ree  rad ica l s ,  
which d e c r e a s e s  with i nc r ea s e  in n. This change in the s tabi l i ty  of the t r ia lkoxysi ly la lkyl th iy l  radica ls  t es t i -  
f ies  to the e l e c t r o n - d o n o r  c h a r a c t e r  of the (RO)3Si group.  

The s t ruc tu re  of the monoadducts  was conf i rmed  by NMR and IR spec t roscopy .  Thus,  the NMR sp ec t r a  
of the (I) compounds lack the doublet  of the protons of the CH 3 group  and the quar te t  of the methylene protons 
of the CI-I(CH3) f r agment ,  and have the mul t ip le t  of the protons of the CH2CH 2 group (5 2.76 ppm). The s ignals  
of the protons  of the CH 2 group of the vinyl sulfide f r agmen t  a r e  found in the regions:  5ci s 5.10 and 5tran s 5.02 
ppm. The quar te t  downfield (5 6.26 ppm) belongs to the - CHS grouping,  j t r a n s  = 16, j e i s  = 10 Hi .  

- CH ----- CH 2 CH-- CH 
The IR spectra of the (1) compounds have a set of frequencies of the vinylthio group in the 1585-1590 (C=C) and 

3090 cm -1 ( C - H )  reg ions .  

In con t r a s t  to the a lkanethiols  [2], the react ion  of (RO)3Si(CH2)nSH with DVS proceeds  with the p redomi -  
nant fo rmat ion  of the monoadducts .  The diadducts [(RO)3Si(CH2)nS(CH2)2]2S (II) can be identified only by NMR 
(the s p e c t r a  have the s ignals  of the protons  of the following f r agmen t s :  ~ - -~S i -CH 2 0.86, 5S_CH 2 2.6, 5CH3OSi~___ 

3.50 ppm) in the high-boi l ing f rac t ion ,  which is fo rmed  in 10-20% yield in all  of the syn theses .  Based on the 
GLC and NMR data,  this f rac t ion  r e p r e s e n t s  a mix ture  of two compounds:  adduct (II) and a compound of un- 
es tab l i shed  s t ruc tu re  in a 70 -80 :30 -20  ra t io .  These compounds cannot be sepa ra t ed  by dist i l lat ion.  By analogy 
with [2], it may  be a s s u m e d  that  the unknown compound is the d imer i c  t e lomer iza t ion  product  with the following 

poss ib le  s t r uc tu r e .  
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The pure (II) adducts cannot be isolated even if excess  thiol (thiol : DVS = 2 : 1) is used. Under these 
conditions the products are  30% of the monoadduct (I) and mainly an undistillable mixture ,  which apparently 
consis ts  of te lomers  and polyorganosi loxanes.  As a result ,  the tr ialkoxysilylalkanethiols  add with difficulty 
to DVS. This conclusion is conf i rmed by the fact  that the yields of the (II) compounds do not exceed 40-50% 
when the (I) compounds are  reacted di rec t ly  with (RO)3Si(CHz)nSH employing thermal  initiation. 

(R0)3si(CH2)~SH ~ 'CH~ =CHSCH~CH.2S(CH~)~Si(0 R)3 --, (RO) 3S~(CH~) ~SCH2CH2SCI~CH2S(CH~)~SI(" ~ " ()R)~ (II) 

The observed phenomenon can apparent ly  be explained by the fact  that the studied thiols are less inclined 
to undergo homolytic p rocesses  than the organic analogs. 

EXPERIMENTAL 

The NMR spectra were obtained on a Tesla BS-487B spectrometer at 80 MHz; the solvent was CCI~ and 

the internal standard was TMS. The IR spectra were taken on a UR-20 spectrometer as a thin layer. The 

chromatographic analysis was run on a Chrom-4 instrument equipped with a katharometer, and the tempera- 

ture was programmed (4 deg/min) in the range 140-285 ~ The column was packed with Chromato~. (1.2 moles) 

that had been silanized with Lukoprene G-1000, and the vapor i ze r  tempera ture  was 260~ F re sh ly  distilled 
reactants  were  used for  the syntheses .  

2-(Trimethoxysi lylmethyl thio)ethyl  Vinyl Sulfide (In). A mixture of 7.9 g (0.09 mole) of DVS and 5.0 g 
(0.03 mole) of t r imethoxysi lylmethanethiol  was heated in a sealed ampul for 10 h at 100-110 ~ Vacuum d i s -  
tillation gave 6.4 g (86~ of (In), bp 131-132 ~ (3.5 ram): n~ 1.4986:d24 ~ 1.1198. Found: C 38.40; H 7.11; S 24.87; 
Si 10.95%. C8H18S2SIO 3. Calculated: C 37.72; H 7.13; S 25.20; Si 11.43~ 

2-(Trimethoxysilylethylthio)ethyl  Vinyl Sulfide (Ib). a) Simi lar  to (Ia), f rom 6.9 g (0.08 mole,) of DVS and 
4,9 g (0.027 mole) of t r imethoxysi lylethanethiol  (III) we obtained (Ib) in 67.6% yield, bp 116-117 ~ {2..5 mm); 
n 2~ 1.4980; d~ ~ 1.0985. Found: C 39 .55;H 7.05;S 23.57; Si 10.68c:c. CgH~0S2SiO 3. Calculated: C 40.36; H 7.50; 
S 23.88; Si 10.83%. 

b) Simi lar  to (In), f rom 2.6 g (0.03 mole) of DVS and 5.5 g (0.03 mole} of thiol (III) we obtained (Ib) in 
21.77v yield. 

c) A mixture of 8.1 g (0.09 mole) of DVS and 5.7 g (0.03 mole) of thiol (IID was placed in an ampul, evac -  
uated to a residual p ressure  of 35 mm of Hg, and heated at 100-110 ~ for 10 h. Vacuum-dist i l lat ion gave 4.5 g 
(53.7%) of (Ib). 

d) A mixture of 7.8 g (0.09 mole) of DVS and 5.5 g (0.03 mole) of thiol (Ill) was placed in an ampul, satu- 

rated with SO 2 under cooling, sealed, and let stand at ~20 ~ for 24 h. Vacuum-distillation gave 3 g (37.5%) of 
(Ib). 

e) Using method d), but in the absence of SO2, we obtained (Ib) in 37.3~c yield from 6.4 g (0.075 mole} of 
DVS and 4.5 g (0.025 mole) of thiol (III). 

f) A mixture of 8 g (0.09 mole) of DVS and 5.8 g (0.03 mole) of thiol (III) was heated in a flask for 10 h at 
75-80 ~ Vacuum distil lation gave 6.5 g (74.94%) of (Ib). 

g) Using method f) we obtained (Ib) in 35.8~ yield from 4.3 g (0.05 mole) of DVS and 18.2 g (0.0! mole) of 
thiol (III). 

2-(Trimethoxysi lylpropyl thio)ethyl  Vinyl Sulfide (It). Similar  to (Ia), (Ie) was obtained from 7.7 g (~--0.09 
mole) of DVS and 6.2 g (0.03 mole) of t r imethoxysi lylpropanethiol  in a yield of 4.3 g (47.7%), bp 148-150 ~ (3.5 
ram); n~ 1.4955; d 2~ 1.0879. Found: C 43.13; H 7.87; S 23.06; Si 9.54%. C~0H22S2SiO 3. Calculated: C 42.52; H 
7.85; S 22.69; Si 9.98%. 

2,2 ' -Bis( t r imethoxysi lyle thyl thioethyl)  Sulfide (II). A mixture of 4.2 g (0.016 m o l e ) o f  2- ( t r imethoxysi ly l -  
ethylthio)ethyl vinyl sulfide and 2.9 g (0.016 mole) of thiol (HI) was heated at 80-85 ~ for  8-10 h. Vacuum,dis t i l -  
lation gave 3.2 g (44.470) of (II), bp 195-200 ~ (2 mm); n~ 1.5070; d24 ~ 1.1669. Found: C 37.84; H 7.48; S 21.20; 
Si 12.55%. C14H34S3Si206, Calculated: C 37.80; H 7.60; S 21.33; Si 12.46%. 

C O N C L U S I O N S  

Trialkoxysi lylalkanethiots  (CH30)3Si(CH2)nSH (n = 1-3) react  with divinyl sulfide at  100-110~ to give 2- 
(trialkoxysilylalkylthio)ethyl vinyl sulfides (CH30}3Si(CH2)nS (CH2)~SCH---CH 2 in high yield. The react ivi ty of the 
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t r ia lkoxyst lyla lkanethiols  dec reases  with increase  in the number  of CH 2 groups between the S and Si atoms.  A 
second molecule  of the 0rganosi l icon thiol acids adds with difficulty to divinyl sulfide to give the diadduct. 

1, 

2. 
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\C=C / A broadening of the s ignals  of the proton H A and of the ring protons:  H 2 in the spec t rum 

Hx / \ H A ]  
o f  (I), and H 3 and H 4 in the spec t rum of (II), is observed in the PMR spect ra  of the 1-vinyl der ivat ives  of imid-  
azole (I) and py razo l e  (II) when they are  recorded on BS-487C and XL-100 spec t rome te r s  (using CC14 o r  CHC13 
as the solvent) at  a tempera ture  exceeding 0~ This broadening is not removed by additional i r radiat ion 
(homonuclear  double resonance) ,  but depends on the t empera ture ,  Thus, in the spect rum of (I) at - 6 0  ~ the 
width of the HA and H B quartets  is the same ,  while the shape of the H 2 signal is determined by the s p i n - s p i n  
coupling (SSC) of the protons of the he te rocyc le .  The above indicated broadening of the signals is not removed 
in the spec t rum of (II) at - 6 0  ~ However,  in this case the lines of the H A quar te t  cont rac t  under double reso-  
nance conditions when i r radia t ion is at  the H 3 frequency.  This test if ies to the long-range SSC of the H A and H 3 
protons (~J~, 0.3 Hz). The tempera tu re  dependence of the width of the resonance lines can indicate the effect of 
the quadrupole moment  of the ni trogen nucleus on the relaxation of the protons via the 1H ~ i lN s p i n - s p i n  bond. 
Actually,  additional broadening of the H A (Fig. 1) and H 2 signals is absent in the 1H-{i~N] spec t rum of com-  
pound (I). F r o m  this exper iment  it follows that tt 2 and H 4 couple with the same nitrogen. In o rde r  to specif i -  
cal ly es tabl ish  with which nitrogen we recorded  the spec t rum of (I) in the presence  of added Eu(DMP) 3. It 
proved that the signals of the H 2 and H 4 protons,  nea r e s t  the coordination center ,  viz . ,  the N-3 nitrogen [1], 
a re  respec t ive ly  shifted by 1.71 and 1.65 ppm, while the signal of the ni trogen that couples with H 2 and H A is 
shifted by 8.9 ppm. In the complex of pyrtdine (III) with Eu(DPM) 3 the shift (co) of the 14N signal is 1500 ppm 
[2], while 0' 2 = 4' 6 = 12.16 ppm [3], i .e. ,  a shift in H 2 and H 6 by 1.5 ppm should correspond to a shift in 14N by 
approximately 150 ppm. In our  case the O-'N value is much sma l l e r  than the expected value, which indicates 
the SSC of H A and H 2 with the N-1 nucleus.  In the PMR spect rum of (II) with added Eu(DPM) 2, where ~'3 = 0.48 
ppm, the ltN signal,  which was assigned to the N-1 atom that couples with the H A proton, is shifted by 8.3 ppm 
in a direct ion opposite to the 14N shift in the case of (III). F rom the 1H-{14N} spec t rum it follows that H 3 
couples  both with N-1 and N-2, whose signal re la t ive  to N-1 is shifted downfield by 93 ppm. When Eu(DPM) 3 
is added this signal is shifted upfield (as in (III)) by 22.2 ppm, where  w 3 = 0.48 ppm. This value is 
approximately  th ree  t imes  sma l l e r  than that expected on the bas i s  of the shift of the 14 N signal in the spec t rum of 
(III), This difference can be explained by the effect  of the substituent in the a position to the coordination cen-  
ter .  It should be mentioned that the H s proton also couples ~r N-2. 
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