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Abstract 

Direct evidence for formation of unstable methoxy cyclosiloxanes [(CH,O) zSiO], 

(1) and KCH,O)ZSiOl, (2) in the gas phase has been obtained by a mass-spectral 
study of the vacuum pyrolysis of 3,3-dimethoxy-6-oxa-3-silabicyclo[3.l.O]hexane (4). 
Intermediates 1 and 2 have been detected in the mass spectra of the pyrolysis 
products of 4 as the corresponding molecular ions, and identified from their exact 
masses and compositions. The metastable transitions recorded by B/E scan show 
the fragmentation trends of 1, 2 and 4 under electron impact (70 ev). 

The ionization energies (IE), determined for 1 (8.81 + 0.1 eV) and 2 (8.50 f 0.1 
eV) are considerably lower than than the IE of linear methoxysubstituted silanes 
and alkanes. 

Introduction 

The simplest 1,3-cyclodisiloxanes (R,SiO), (1, R = H, CH,, C,H, etc.) have 
been postulated as intermediates in various reactions of silanones [l], such as in 
their transformations into tri- and tetracyclosiloxanes, which are usually stable 
under normal conditions. However, some of the tricyclosiloxanes (R,SiO), (2) 
bearing electron-withdrawing substituents R (F, Cl, Br, OCH,) at the silicon atom, 
have not been previously isolated owing to their ready oligomerization to more 
stable linear siloxanes. In this connection, a successful approach to studies of 
unstable cyclosiloxanes 1 and 2 consists in their generation in vacua accompanied 
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by direct investigation by physical methods, viz., vacuum pyrolysis-mass spectrome- 
try. Recently [2], we obtained the first direct mass-spectrometric evidence for the 
formation of the unstable cyclodisiloxane 1 (R = CH,), which was detected in the 
mass spectra of the vacuum pyrolysis products of 3,3-dimethyl-Goxa-3- 
silabicyclo[3.1.O]hexane (3) and its 1,5-dimethyl derivative together with cyclotri- 
siloxane 2 (R = CH,). This technique was used to generate and directly detect the 
cyclosiloxanes 1 and 2 (R = OCH,) in this study. The intermediates 1 and 2 have 
been obtained by the vacuum pyrolysis of 3,3-dimethoxy-6-oxa-3-silabicyc- 
10[3.l.O]hexane (4). 

A 0 
+ [(CH,O),Si=O] - 

-CHZ=CHCH=CH2 
(CH,O),Si=O=Si(OCH,)2 

(5) (1) 

(4) 

+ (CH,O),Si ’ “Si(OCH ) (I) 32 

I I 

OYSi/O 

WH,), 

(2) 

Experimental 

Parent compound 4 was prepared by a published procedure [3], the epoxidation 
(with p-CH,OC(O)C,H,COOOH) of l.l-dimethoxy-l-silacyclopent-3-ene, obtained 
by the reaction of l,l-dichloro-1-silacyclopent-3-ene with methanol. Epoxide 4 was 
isolated from the reaction mixture by vacuum distillation at 133”C/90 Torr with a 
purity of 90%. The structure of 4 was established from ‘H NMR and MS data. 

Pyrolysis of 4 was carried out in quartz pyrolyzer (2.5 mm internal diameter) with 
a 35 mm heated zone ending near the electron beam ( - 10 mm). The pressure in the 
vacuum chamber of a mass spectrometer was varied between 0.6 X 10e7 and 
4 X 10e7 Torr. 

Preliminary information on the products of the vacuum pyrolysis of 4 as well as 
of the products of the chemical trapping of silanone 5 was obtained by a monopole 
MKh-7303 mass spectrometer. The determination of the exact ion mass numbers, 
detection of metastable ions and determination of ionization energies of cyclosilox- 
anes 1 and 2 were carried out by use of an AEI MS 902 type double focussing mass 
spectrometer equipped with Iinked scanning facilities. 

Results and discussion 

The mass numbers and relative peak intensities of characteristic ions in mass 
spectra of 4 and its pyrolysis products at pyrolyzer temperatures of 25-1100 ’ C and 
at a pressure of 0.6 X lo-’ Torr in the vacuum chamber of a mass spectrometer are 
listed in Table 1. It was found that 3,3-dimethoxysubstituted epoxide 4, in contrast 
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Table 1. Mass spectrum of compound 4 at various pyrolyzer temperatures (O C) (70 eV) 
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to its 3,3_dimethylsubstituted analog 3, does form a rather stable molecular ion at 
m/z 160 under electron impact. It was difficult to obtain strong mass spectrometric 
evidence for thermal isomerization of 4 to l,l-dimethoxy-l-silacyclopent-2-en-4-01 
(6), in analogy to that of 3 [Z]. These difficulties were caused by coincidence both of 
molecular and of fragment ions of 4 and 6, but judging by the increased peak 
intensity of the ion at m/z 160 during pyrolysis of 4 (Table l), the above-mentioned 
isomerization does probably take place. The data on changes of the relative 
intensities of ion peaks, Iisted in Table 1, indicate that the vacuum pyrolysis of the 
parent epoxide 4 takes place at 550-1100°C. During pyrolysis a large increase of 
the peak intensity of the m/z 54 ion of butadiene relative to that of the m/.~ 145 ion 
([M - CH,]+ ion of parent compound 4) taken as the base peak in mass spectra of 
pyrolysis products, was observed together with the appearance and growth of m/z 

212 and m/z 318 ion peaks. The stoichiometry of the reaction (eq. 1). which is 
similar to the pyrolysis of dimethylsubstituted epoxide 3 [2], indicates that the m/z 

212 and the m/z 318 ions are probably attributable to methoxycyclosiloxanes 1 and 
2, respectively. 

The exact masses and elemental compositions of the enumerated ions, which 
indicate that they arise from the molecular ions of 1 (found 212.019, talc. 212.017, 
Si,O,C,H,,) and 2 (found 318.024; talc. 318.025, Si,O,C,H,,). New ion peaks at 
m/z 393.012, Si,O,,C,H,, and 499.025, SiSO14CgHZ7, were also found in the high 
resolution mass spectra of the pyrolysis products of 4. These mass numbers may be 
assigned to the ]M - CH,O]+ ions of the corresponding tetramer and pentamer of 
silanone 5. Their peak intensities are changed aproportionately to those of the m/z 

212 and m/z 318 ions during pyrolysis. This probably precludes the possible 
formation of the latter ions as fragment ions of the above-mentioned ohgomers of 
silanone 5 and hence the assignment of m/z 212 and m/z 318 ions to the molecular 
ions of cyclosiloxanes 1 and 2. 

The detection of metastable ions by a B/E scan showed the main pathways of 
fragmentation of both the parent epoxide 4 and the methoxycyclosiloxanes 1 and 2 
(Schemes 1, 2, 3) under electron impact. 

The fragmentations of compounds 1, 2 and 4 all show the loss of methyl 
fragment from the corresponding molecular ions. At the same time, the dissociative 
ionization with loss of methoxyl fragment (Schemes 2 and 3) from molecular ions is 
also characteristic of cyclosiloxanes f and 2. The loss of neutral molecules of 
butadiene and silanone 5 from the molecular ion of epoxide 4 was not found, which 
shows the dissimilarity in the mechanisms of vacuum pyrolysis of 4 and its 
fragmentation under electron impact. 

For the determination of ionization energies (IE) of cyclosiloxanes 1 and 2 the 
semilog plotting technique [4] was used. Benzene (ZE = 9.41 eV [5]) was taken as 
internal standard. The ionization curves were obtained at pyrolyzer temperatures of 
820 O C. The following ZE values were determined: 8.81 + 0.1 eV for 1 and 8.50 -t_ 0.1 
eV for 2. These values, being the first physical characteristics of unstable methoxy- 
cyclosiloxanes, can be also used as analytical characteristics for direct detection of 
these intermediates in various gas-phase reactions. The ZE values determined for 1 
and 2 are considerably lower than the ionization energies of methoxysubstituted 
Iinear molecules, CH,OCH, (10.0 + 0.02 eV [6]), (CH30)&H2 (9.98 + 0.03 eV [6]) 
and CH,OSi(CH,), (9.79 eV [6]), which indicates that electron loss from cyclosilox- 
ane ring is more facile than that from the methoxyl substituents in 1 and 2. 
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Scheme 1. Fragmentation of epoxide 4 under electron impact conditions (70 eV). X denotes 2”d field free 
region (F.F.R.) metastable transition. 

Despite the fact that the molecular ion of silanone 5 (m/z 106) was not detected 
in the mass spectra of the pyrolysis products of 4, the identification of cyclosilox- 
anes 1 and 2 under the conditions studies may be regarded as indirect evidence for 
the formation of the intermediate 5 in reaction 1. More indirect evidence for 
formation of 5 was obtained by co-pyrolysis of epoxide 4 with methanol (4/CH,OH 
= 1: l), which was used as the trap for silanone 5. Hexamethc :ydisiloxane (6) *, a 

CH 0 1. 
3 \ ,o, ,OCH3 

CH,O 
,Si, ,Si, 

0 OCH, 
%. %..* 

2; m/Z ix 2) 

m/z 197 
(&.2) 

1 

- CH,O 

m/z 182 

I -CH,O 

m/z 152 

(&) -(=, I 
m/z 137 

Scheme 2. Fragmentation of cyclosiloxane 1 under electron impact (70 eV). Ir denotes 1”’ (observed by 
B/E scan), and X denotes 2”d F.F.R. metastable transition. 
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+ 
OCH, . 

, OCH, 
-l 

CH30, P-si \ 
b A / 

CH,O 0-Si 
I\ 

1 ‘OCH, 
CH,O 

m/z 287 

Scheme 3. Fragmentation 01 cyclosiloxane 2 under electron impact (70 eV). * denotes 2”d F.F.R. 

metaslable transition. 

product of the chemical trapping of 5, was 

reaction products of eq. 2. 

4 A [(CH,O),Si=O] 2 (CH,O),SiOH 

detected in the mass spectra of the 

(CH,O),SiOH 

(CH@)$iOSi(OCH~ I3 (2) -Hz0 ’ 

(6) 

Direct mass spectral detection of silanone 5 is hampered, as in the case of 

silaacetone, (CH,),Si=O, by a constant, low concentration of 5 in the gas phase, 

owing to the zero activation barrier of dimerization of silanones 171, which occurs 

mainly on the walls of quartz pyrolyzer. Only by allowing the accumulation of 5 by 

freezing the pyrolysis products of 4, have we managed to identify this intermediate 

by matrix isolation-IR spectroscopy [Xl. 
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