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Abstract 

Laser-induced homogeneous pyrolysis of I.l-dimethyl-1-silacyclobutane yields 1,1,3,3-tetramethyl- 

1,3-disilacyclobutane and ethene as major products. In the presence of vinyl acetate. ally1 methyl ether, 

acrolein, methyl vinyl ether, methyl acrylate or methyl methacrylate, the intermediate dimethylsilene is 

trapped by these monomers, or by products of their thermal decomposition, to yield both volatile and 

viscous or solid organosilicon compounds. The mode of formation of these products is discussed. 

Ethoxytrimethylsilane is judged to arise from addition of trimethylsilanol to ethene, and this was 

confirmed in independent thermal initiation of this reaction. Dimethylsilene is suggested to react with 

unsaturated methyl ethers to yield methoxytrimethylsilane and to undergo copolymerization with 

methyl acrylate. 

Introduction 

Thermolysis of silacyclobutanes R’R2SiCH ,CH 2CH, in the gas-phase yields 
ethene and transient silenes R’R2Si=CHz [1,2]. Variation of the reaction condi- 
tions and substituents at silicon affect the fate of silenes and the complexity of 
reaction owing to the operation of other modes of fragmentation. Reactions 
occurring alongside the 2 + 2 cycloreversion are (i> dehydrochlorination when R’, 
R* = halogen 13-51, and (ii) cleavage into silylene and C, unsaturates when R’, 

Correspondence to: Professor 3. Pola, Institute of Chemical Process Fundamentals, Czechoslovak 

Academy of Sciences, 16502 Prague 6, Czechoslovakia. 

0022-328X/92/$05.00 0 1992 - Elsevier Sequoia S.A. All rights reserved 





25 

(MMA), acrolein (AC), ally1 methyl ether (AME), methyl vinyl ether (MVE) and 
vinyl acetate (VA). 

Experimental 

Experiments were carried out with a continuous-wave CO, laser operated on 
the P(20) line of the OO”1 + lo”0 transition. The laser beam was focussed (Ge lens, 
focal length 10 cm) on the middle of the glass tube (10 cm x 3.6 cm ID) reactor 
equipped with two NaCl windows, a sleeve with rubber septum and a stopcock for 
the connection to a standard vacuum-line. The mixtures of DMSCB, sulphur 
hexafluoride (used as sensitizer) and monomer (trapping reagent) were irradiated 
at a laser output of 10 W (incident radiation density - 30 W cme2> for chosen 
times and the IR spectrum then recorded. Absorption bands of DMSCB (710 
cm-‘>, MA (16.50 cm-‘>, AC (2800 cm-‘), AME (1203 cm-‘), MMA (1660 cm-‘>, 
MVE (1457 cm-‘) and VA (1656 cm-‘) were used for the determination of change 
in concentration of these compounds. Gaseous products, ethene (3140 cm-‘), 
acetone (1712 cm-‘>, ethyne (710 cm-‘) and carbon monoxide (2140 cm-‘> were 
identified from their infrared spectra. Subsequently, helium was expanded into 
the reactor and samples of the gaseous mixtures were withdrawn through the 
septum by syringe and analysed by use of a gas chromatograph linked to a mass 
spectrometer (Shimadzu, model QP 1000, column packed with silicone elastomer 
SE-30 or Porapak P, programmed temperature) and of an IR spectrometer 
(Perkin-Elmer model 621). Gaseous products were identified by comparison of 
their mass spectra and retention times with those of authentic samples. The 
IR spectra of the deposit on NaCl windows were recorded after evacuation of 
the reactor. Irradiation conditions and the products formed in the irradiated 
DMSCB-SF,-monomer systems are shown in Table 1. 

Scanning electron microscopy of some deposits was carried out with a Tesla BS 
3.50 microscope. The deposits were produced on aluminium sheets placed in the 
reactor before irradiation. 

Samples of polymeric deposits were analysed on a HP 1090 M (Hewlett-Packard) 
liquid chromatograph using a tandem of two columns PLgel 50A and 500A 
(Polymer Laboratories, Shropshire, UK) under the following conditions: tetrahy- 
drofuran as the mobile phase (flow rate 1.0 ml mini ‘I, diode array and refractive 
index detectors in tandem for detection of both polymer samples and calibration 
standards. The molecular weight calibration curve for the column set-up was 
determined by use of polystyrene standards (Polymer Standards Service). 

The ‘H and 13C NMR spectra of the deposit obtained upon the irradiation of 
mixture DMSCB-SF,-MA were recorded on a Bruker AM 400 spectrometer at 
400.13 resp. 100.61 MHz in deuteriochloroform at 300 K. 

MA, AC, VA, MMA and sulphur hexafluoride (all Fluka) were commercial 
samples and were distilled prior to use. MVE and AME were prepared as reported 
previously [23]. DMSCB and trimethylsilanol were obtained by the methods 
described in refs. 24 and 25, respectively. 

Results and discussion 

Irradiation at the IR frequency of the v1 mode of SF, ensures rapid heating of 
DMSCB-SF,-monomer mixtures and results in the formation of several gaseous 
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Fig. 2. GC/MS trace of the mixture obtained after laser irradiation of C2H, (6.7 kPa)-SF, (4 

kPa)-(CH,),SiOH (1.3 kPa) with 10 W laser output for S min. Conditions: column, 3 m, packed with 

SE-30 silicon elastomer, temperature 30°C injector temperature 40°C. Peak identification: 1, SF, + 

C,H,; 2, (CH,),SiOH; 3, (CH,),SiOC,H,; 4 [(CH,),S&O. 

is followed by its cyclooligomerization: both trimer and tetramer (Me,SiO),, 
(n = 3, 4) were identified in the gas phase. Another possible reaction of the 
silanone is addition to methoxytrimethylsilane, which was also detected among the 
volatile products. Silanones are known [2] to undergo addition of oxygen nucle- 
ophiles, and the assumed reaction of Me,Si=O and Me,SiOMe leading to the 
observed methoxypentamethyldisiloxane (m/z, intensity: 163 (M - 15, lOO>, 133 
(98), 129 (23), 73 (20), 59 (31)) is an example of such an addition (eq. 2): 

(CH,),Si=O + (CH,),SiOCH, - (CH,),SiOSi(CH,),OCH, (2) 

Formation of ethoxytrimethylsilane can be attributed to reaction of trimethylsi- 
lanol with ethene. Ethene is produced by decomposition of DMSCB, and trimeth- 
ylsilanol could be formed only by reaction of dimethylsilane with traces of water 
[l]. This view is in accord with the results of the irradiation of mixtures Me,SiOH 
(1.3 kPa)-SF, (1.3-4.0 kPa)-C,H, (1.3-6.7 kPa) which show formation of 
ethoxytrimethylsilane and hexamethyldisiloxane (Fig. 2). 

This previously unreported gas-phase addition of silanol to alkene under homo- 
geneous conditions probably proceeds via a four-centered transition state (Scheme 
2). The reaction is of interest in that no catalyst is needed, as it is for well-known 
electrophilic or nucleophilic additions of alcohols to olefins. 

Methoxytrimethylsilane was observed only after the irradiation of mixtures of 
DMSCB-SF,-MVE and DMSCB-SF,-AME. It is tempting to assume that this 

_ CH,=CH,, i”:“““i~;;;;;~;~ 
+ (CH,),SiOC,H, 

(CH,),SiOH 

w [(CH,),Si],O - H,O 

Schema 2 
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Fig. 3. Plot of the ratio of DMSCB/MA consumed against the initial MA/DMSCB ratio in DMSCB 

(1.3-4 kPa)-SF, (1.3 kPa)-MA (1.3-6.7 kPa) mixtures at DMSCB depletion 70-80%. 

. . 
react With each other in a copoiymerization reaction. T’he ii? spectrum of the 
deposit (Fig. 4) shows an absorption at 1760 cm-’ (v(C=O)), keeping in line with 
the assumption that this copolymerization involves 1,2-addition (eq. 3): 

(CH,),Si=CH, (CH,),Fi--------CH, 

+ - - 

CH,=CH 
&,-&H 

‘CO&H, 
‘CO&H, 

tCH,-(CH,),Si-CH,-FH+m (3) 

CO,CH, 

r 

Wavenumber, cm’ 

Fig. 4. Infrared spectrum of the deposit formed from DMSCB-SF,-MA mixture (solid curve) and 
poly(methylacrylate) (dotted curve, Ref. 34). 
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Fig. 6. Elution profile in gel permeation chromatography of polymeric deposits obtained upon 

irradiation of DMSCB-SF,,-monomer. a-c are related to MA, VA and AME, respectively. 

particles suggests that polymerization occurs in the gas phase, and ceases after 
deposition on reactor surface. The very minor proportion of these particles and the 
predominance of a continuous smooth pattern of the deposited material seems to 
indicate [37] that the deposited material tends to undergo further polymerization. 

Although laser photopolymerization in the liquid phase in the presence of the 
radiation-absorbing photoinitiators [381 is a well-known phenomenon, polymeriza- 
tion of common monomers by CO, laser irradiation cannot be induced [39] in the 
gas phase owing to the high ceiling temperature and thermodynamically-precluded 
chain growth. The results reported above show that laser heating of some monomers 
with DMSCB can be used as an efficient way for bringing about gas-phase 
deposition of organosilicon polymers, arising from a variety of chemical reactions 
of DMS with these monomers and with the products of their thermal decomposi- 
tion. 
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