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Synthesis of methylvinylpolyfluoroalkoxysilanes 
by photoinitiated radical reaction of dialkoxy(methyi)vinylsilanes 

with perfluoro-4-methylpent-2-ene 
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A new method was elaborated for the synthesis of vinylsilanes with polyfluoroalkoxy 
snbstituents at the silicon atom using the photoinitiated radical reaction of 
dialkoxy(methyl)vinylsilanes with perfluoro-4-methylpent-2-ene in the presence of di-tert- 
butyl peroxide at room temperature. 
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The known methods tbr preparation of organo- 
fluorosilicon compounds (OFSC) containing fluorinated 
radicals linked to the silicon atom can be divided into 
several main groups: organometallic synthesis, I-6 direct 
synthesis 7-9 (did not acquire successful development), 
hydrosilylation l ° - lz  (one of the basic methods for both 
laboratory-scale and industrial preparation of OFSC), 
and some other methods. 8A3 Many of the above meth- 
ods are multistage and require difficultly accessible re- 
agents. In addition, the methods for obtaining vinyl- 
organosilanes with both the vinyl group and fluoro- 
containing substituents at the same silicon atom barely 
exist. The elaboration of such a method is the aim of the 
present study. These vinylsilanes can be used as the 
starting compounds for obtaining polymers with pendant 
polyfluoroalkoxysilyl groups attached to the polymer 
main chain. 

UV irradiation of dialkoxy(methyl)vinylsilanes (1) in 
the presence of organic peroxides (e.g., di-tert-butyl 
peroxide, DTBP) at - 1 0 - - - 2 0  °C results 14 in radical 
products with an unpaired electron at the ct-carbon 
atom of the alkoxy group of 1. The radicals generated 
t¥om 1 react with perfluoro-4-metbylpent-2-ene (2) 
through regiospecific addition at C(2) of perfluoroolefin 
2.14A5 The present work describes preparative synthesis 
of alkoxy(polyfluoroalkoxy)-substituted vinylsilanes (3) 
based on the photoinduced reaction of compounds I 
and 2 in the presence of DTBP (Scheme 1). 

Photolysis of an equimolar mixture of la or lb with 
2 resulted in 3a and 3b in 90 and 99% yields, respec- 
tively (with respect to consumed la and lb). No by- 
products are formed, so the starting compounds can be 
recycled. It was shown previously 16 that alkoxy deriva- 
tives of vinylsilanes with an iso-strncture generate radi- 
cal products in the presence of radical initiators more 
readily than the alkoxy derivatives of normal structure. 
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This fact can explain why the yield of adduct 3b is 
higher than that of 3a. Optimization of the photolysis 
conditions and investigation of the diastereomeric com- 
position of the adducts tbrmed were beyond the scope of 
the present study. 

To identify products 3a and 3b, we synthesized 
methylvinylbis( 1,1,3-tri hyd roperfl uoro-2,4-dimethyl-  
pentyloxy)silane (6) by treating dichloro(methyl)vinyl- 
silane (4) with l,l,3-trihydroperfluoro-2,4-dimethyl- 
pentan-l-ol (5) (Scheme 2). 

The comparative analysis of tile 13C and 19F NMR 
spectra of model compound 6 and adducts 3a and 3b 
and identification of the structural fragments of these 
compounds allowed confirming the regiospecificity of 
the method proposed for synthesis of silanes 3. The 
main parameters of the 13C NMR spectra of 3a and 6 
are the same. For example, there are signals with the 
chemical shifts in the region of -5.83 to -6 .6  ppm 
specific for CH3--Si-- gronps and in the region of 
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60.62--60.28 ppm specific for - - O C H 2 - - C F - -  groups at 
the silicon atom. 17 The signals with the chemical  shifts 
in the region of  135 and 133 ppm are characterist ic of  
C H 2 = C H i S i - -  groups. 

Scheme 2 
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A character is t ic  feature of  the 13C N M R  spectrum 
of product  3a is the presence of  a signal with a chemical  
shift of  5044  ppm,  which is typical  of  the CH3OSi - -  
group (49.86 ppm for d imethoxy(methyl )v inyls i lane) ,  
Hms: confirming the structure of  3a. 

The 13C N M R  spect rum o f a d d u c t  3b matches those 
of  3a and 6 in the main  parameters .  A characterist ic  
f?ature of  the spect rum of  3b is the presence of the 
s ignals  for - - S i - - O C H ( C H 3 )  2 g roups  (64.76 and 
26.14 ppm,  respectively),  which confirms the structure 
~ff 3b. 

The analysis of  the 19F N M R  spectra of  the starting 
compounds  and products  3a,b and 6 supported the 
assumption that the addi t ion of  1 to olefin 2 occurred at 
the - - C F = C F  - bond. The i9F N M R  spectrum of  the 
initial perf luoroolef in  2 conta ins  signals corresponding 
to the - - C F = C F  - group in the region of  59--62 ppm 
(cis- isomer)  and 78--80 ppm (trans-isomer), which are 
absent in the i9F N M R  spectra of  compounds  3a,b. 
Fur thermore ,  the  presence of  signals with characterist ic  
chemical  shifts 18 for the two i C * F - -  groups (101--  
104 ppm,  four  s ignals)  and one - - C * F H - -  group 
(133 ppm,  two signals) of  the f luorinated substituent in 
3a,b format ion of  the monosubst i tu ted  derivative. In 
fact, there are two such subst i tuents  in product  6, which 
is reflected in its igF N M R  spectrum: the number  of  
signals for the  cor responding  groups is doubled (there 
are eight signals for - - C ' F - -  groups in the region from 
105 to 110 ppm and four signals for - - C * F H - -  groups in 
the region from 130 to 135 ppm).  

Thus,  a new method  for in t roduct ion of  f luorinated 
substi tuents in vinylorganosi lanes  retaining the vinyl 
group at the  si l icon a tom was elaborated.  Since mono-  
substi tuted adducts  3a,b were obtained at the equimolar  

ratio of  the corresponding dialkoxysi lanes  l a , b  and 
perfluoroolefin 2, one can suggest that  disubsti tuted 
adducts  like compound  6 can be formed in a ratio of  
l a , b t o 2 o f l  : 2. 

Experimental 

The NMR spectra were recorded on a Broker WP-200SY 
spectrometer (50.32 MHz and SiMe 4 as the external standard 
for i3c and 188.4 MHz and CF3COOH as the external stan- 
dard for 19F). 

Photolysis of equimolar mixtures of 1 and 2 was performed 
by focused irradiation with a DRSh-250M lamp from a dis- 
tance of 8 cm in a quartz flask in the presence of 0.5% DTBP. 
The process of photolysis and the composition, purity, and 
yield of adducts were monitored by GLC using a DKh-4 
chromatograph on a column (2 mx3 mm) with 20% SKTFT-50 
on Celite-545 (45--50 mesh) (helium as the carrier gas, 
50 mL min-I ;  katharometer as the detector). The purity of 
compounds 6 and 3a,b was 98--99%. 

Irradiation of a mixture of lb (5.31 g, 28 mmol) and 2 
(8.41 g, 28 mmol) for 80 h and subsequent fractional distilla- 
tion of the reaction mixture gave 3.41 g of lb (36% conversion), 
5.58 g of 2 (34% conversion), and 4.83 g of 3h (99% with 
respect to consumed lb), m.p. 103 °C (6 Torr). Found (%): 
C, 36.92; H, 3.9; F, 46.65; St, 5.68. ClsH20Fi202Si. Calcu- 
lated (%): C, 36.89; H, 4.1; F, 46.72; St, 5.73. 

Similarly, irradiation o f l a  (3.31 g, 25 mmol) and 2 (7.50 g, 
25 mmol) for 130 h yielded 2.71 g of 3a (90% with respect to 
constimed la), m.p. 140 °C (9 Torr), and the conve~ions of 
la and 2 were 28 and 27%, respectively. Found (%): C, 30.71; 
H, 2.6; F, 52.71; St, 6.40. CIIHi2FI?O?Si. Calculated (%): 
C, 30.56; H, 2.78; F, 52.78; St, 6.48. 

Compound 6 was synthesized by heating dichlo- 
ro(methyl)vinylsilane (1.8 g, 13 mmol) with 1,1,3-trihydro- 
perfluoro-2,4-dimethylpentan-l-ol (38.18 g, 115 mmol) in 
toluene (50 mL) at 80 °C for 4 h. Fractionation of the reac- 
tion mixture gave 6 (3.05 g, 32%), m.p. 118 °C (11 Torr). 
Found (%): C, 28.13; H, 1.80; F, 62.10; St, 4.22. 
CI7HI2F2402Si. Calculated (%): C, 27.87; H, 1.64; F, 62.32; 
St, 4.37. 

We are grateful to T. V. Strelkova (A. N. Nesmeya-  
nov Insti tute of  Organoe lement  Compounds ,  Russian 
Academy of  Sciences)  for recording the N M R  spectra. 
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