231

Journal of Organometallic Chemistry, 289 (1985) 231-237
Elsevier Sequoia S.A., Lausanne - Printed in The Netherlands

PYROLYSIS OF SILICON-CONTAINING CYCLIC POLYSULPHIDES

E.A. CHERNYSHEYV, O.V. KUZ’'MIN, A.V. LEBEDEV

State Scientific Research Institute of Chemistry and Technology of Organoelement Compounds, Moscow
(US.SR)

V.G. ZAIKIN and A 1. MIKAYA*

A.V. Topchiev Institute of Petrochemical Synthesis, USSR Academy of Sciences, 117912 Moscow, Leninskii
prospect, 29 (U.S.S.R.) .

(Received January 30th, 1985)

Summary

Thermal decomposition of silicon-containing monocyclic polysulphides 1-methyl-
3-trimethylsilyl-2,5-dithiacyclopentane (I), 1,4-bis(trimethylsilyl)-2,3,6,7-tetrathia-
cyclooctane (II) and 1-trimethylsilyl-2,3,4,5,6-pentathiacycloheptane (11I)) has been
studied at temperatures from 400 to 600°C using the pulse pyrolytic GC/MS
method. The major decomposition of the compounds leads to trimethylvinylsilane,
carbon disulphide, silicon disulphide, thiophene and its homologues as well as lower
hydrocarbons and trimethylsilyl-substituted thiophenes. No similarity has been
found between the electron-impact induced and thermal processes.

Introduction

Recently [1], we reported the mass spectrometric investigation of silicon-contain-
ing cyclic polysulphides and demonstrated that the compounds, containing a silicon
atom in the side chain, the trimethylsilyl group, undergo extensive electron-impact
promoted fragmentation to form the trimethylsilylthiirane ion-radical. Taking into
account the similarity encountered between electron-impact induced fragmentation
and thermal decomposition, we now investigated the gas-phase pyrolysis of 1-
methyl-3-trimethylsilyl-2,5-dithiacyclopentane (I), 1,4-bis(trimethylsilyl}-2,3,6,7-te-
trathiacyclooctane (II) and 1-trimethylsilyl-2,3,4,5,6-pentathiacycloheptane (III). One
of the main purposes of our work was to elucidate whether silicon-containing
thiiranes may be obtained from polysulphides I-III under pyrolytic conditions.

Results and discussion

Thermal decomposition of polysulphides I-III was studied by pulse pyrolytic gas
chromatography/mass spectrometry (GC/MS). Reaction time was about 11-13 s.
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Fig. 1. Typical chromatogram of the pyrolysis products of 1-methyl-3-trimethylsilyl-2,5-dithiacyclopen-
tane (I). 1: methane, ethylene, propylene; 2: trimethylvinylsilane; 3: carbon disulphide; 4: hexamethyldi-
siloxane; 5: dihydrothiophene; 6: hexamethylcyclotrisiloxane; 7: thiophene; 8: methylthiophene; 9:
dimethylthiophene; 10: initial substrate 1.

Separation and identification of the pyrolysis products were made by the conven-
tional GC/MS method. Table 1 shows the compositions of the reaction mixtures
obtained after pyrolysis of compounds I-III at a temperature range of 400-600°C,
and the most characteristic ions in the mass spectra of the products. Typical
chromatograms recorded for the pyrolysis of compounds I and II are given in Fig. 1
and 2, respectively. The chromatogram for the reaction products from III is
qualitatively identical to that presented in Fig. 2. Silicon-containing thiophenes

)
UL \_
Fig. 2. Typical chromatogram of the pyrolysis products of 1,4-di(trimethylsilyl)-2,3,6,7-tetrathiacyclooc-

tane (II). 1: methane, ethylene, propylene; 2: trimethylvinylsilane; 3: carbon disulphide; 4: benzene
(solvent); 5: thiophene; 6: trimethylsilylthiophene; 7: bis(trimethylsilyl)thiophene.
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obtained during the pyrolysis of II and III were identified by comparing their mass
spectra and chromatographic retention times with those of standard substances. The
mass spectra of thiophenes obtained in our experiments are given in Fig. 3.

Contrary to our expectation, no similarity was discovered between the thermal
and electron-impact-induced decomposition of polysulphides I-III. Thermal decom-
position of these compounds starts at 400°C and is specific for each particular case.

Pyrolysis of dithiolane I results in a mixture of the following products:

Measicl:H—CHz
| . .
s\ /s ——— MejSICH=CH, + CS, + SiS, + CH, +
(I:H
CHs
(1)

* CHp=CHp + CHyCH=CH, + [[ | + @CH;; + H ¥ Hac—E E—CHa
3 s s

Among the products, trimethylvinylsilane, carbon disulphide and methane, ethyl-
ene and propylene are the main compounds. The formation of CS, is probably
associated both with intramolecular cleavages and with the interaction of the silane
with highly reactive diatomic sulphur eliminated upon pyrolysis. The formation of
propylene can be explained in terms of initial migration of a methyl radical from the
Me,Si group to the vinylic group of trimethylvinylsilane followed by scission of the
Si—C,;qy bond, as shown below. This process is possibly promoted by the reactive S,
molecules [2]. Simultaneous attack of S, molecules on the Me,Si group of the silane
is responsible for the formation of CS,, SiS, and hydrogen. For complete conversion
of hydrogen and lower unsaturated hydrocarbons into H,S and CS,, an insufficient
amount of active sulphur is formed upon pyrolysis:

4
I ———* Me,SiCH=CH, + [52] + CH,=CH,
CHs
. A S2
MeySICH=CH, + [S$—S:] ———w | (CH3),Si+CH=CH, L,
.sLs.

— = CH3CH=CH, + CH,=CH, + CS, + SiS, + H,

A similar scission of the Si—C bond accompanied by the formation of propylene
has been also observed in the pyrolysis of 1-trimethylsilyl-u,-S, S’-ethylenedithio-
latohexacarbonyldiiron [3].

The suggested mechanism is confirmed by copyrolysis of trimethylvinylsilane with
Sg at 600°C, which showed that CS,, SiS, and propylene are the main products.

Copyrolysis of dithiolane 1 with S; at 600°C gives rise to only a negligible
increase in an amount of CS, as compared with pyrolysis of 1. This indicates that
not only intermolecular but also intramolecular mechanisms are operative during the
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Fig. 3. Mass spectra of: (a) trimethylsilylthiophene; (b) bis(trimethylsilyl)thiophene.
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formation of CS, from I. However, the formation of CS, accompanied by inter-
molecular cleavage of C-S and C-C bonds, seems to be more probable:

Me3SiCH—CH
3 i ol

S S
~ 7
<
CHs

(1)

This is underlined by the decrease in the ratio of CS, to Me,SiCH=CH, while
increasing the pyrolysis temperature. At the same time, the amount of CS, is
increased with decreasing pyrolysis temperature of the pentasulphide III, which can
only produce CS, due to the intermolecular interactions.

In the reaction under consideration, the appearance of thiophene and its homo-
logues was unexpected. The thiophene may arise due to interaction of S, and
ethylene. The formation of methylthiophene and dimethylthiophene, however, is
apparently associated with intramolecular processes exclusively since no thiophene
homologues were encountered among the pyrolysis products of compounds II and
IIL

Unlike the pyrolysis of I, cross-linked tetrasulphide II undergoes thermal decom-
position in two steps. The first step involves the formation of S, and trimethyl-
vinylsilane which interact further between each other to form CS,, SiS, and lower
hydrocarbons:

Me3Sic|:H —CH,
S2 ?2
N
Me,SiCH—CH,
(1I)

—» CS; + SiS, +

A
—————» Me,;SiICH=CH, + CS, + CH,

a .

— = MeySiCH=CH, + [S;] ——

CHy + CHy=CH, + CHyCH=CH,

Step 1 is the dominant reaction at 400°C. It should be noted that reaction between
ethylene and sulphur is responsible for the formation of a negligible amount of
thiophene (see Fig. 2).
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Step 2 proceeds best at 600°C and involves the loss of three sulphur atoms from
‘the initial molecule to form trimethylsilyl-substituted thiophenes, bls(tnmeth-
ylsilyl)thiophene being the main product:

CH,—S,—CH, A
! | —_—
Me;3Si—CH —S,— CH—SiMe,
(I1)
T T
. + + i
Me;Si—C___C—SiMe, CH CH-—SiMe, CS2 + SISz + H,
S \S/

Trimethylsilylthiophene, CS, and SiS, are supposed to arise due to interaction of
bis(trimethylsilyl)thiophene with active sulphur.
It should be noted that both processes, i.e. formation of trimethylvinylsilane and
synthesis of silicon-substituted thiophenes, proceed with equal probability at 500°C.
Pyrolysis of cyclic pentasulphide III results in a mixture of trimethylvinylsilane,
CS,, SiS, and lower hydrocarbons:

iCH—CH A ' . .
MesS! \}js/ R Me SiCH=CH, + CS, + Si§, + CHy +
5
(II1)
+ CHZZCHZ + CH3CH=CH2 + ] I + Me:.,Si‘U“SiMea + Hy
S S

At 400°C, trimethylvinylsilane is the major product. On rising the pyrolysis tempera-
ture, the amount of CS, is highly increased. Here, the formation of CS, is also due
to reaction between trimethylvinylsilane and highly reactive sulphur as was the case
in the thermal decomposition of dithiolane I. The presence of bis(trimeth-
ylsilyl)thiophene among the reaction products may be explained by the intermediacy
of cross-linked polysulphides, which are formed from pentasulphide III and trimeth-
ylvinylsilane and decompose further to yield the silyl-substituted thiophene:

Me3SiCH —CHj,

Me3SiCH—CHy . A | | A
NgZ + Me3SiCH=CH — Sy Sy —_—
5
(II1) Me3SiCH—CH,

Me3Si—}C=CH
— 'S\ | + Hy + S,y -p (x +y <5)
Me;Si—C=CH
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It should be noted that the formation of small amounts of siloxanes and COS
during the pyrolysis of polysulphides I-III may be attributed to the presence of
oxygen traces in the microreactor.

In the above discussions, SiS, was considered to be a product of pyrolysis.
However, it was not detected by mass spectrometry. It was identified as an
involatile, black coating on the inner walls of the microreactor which was readily
hydrolysed by atmospheric moisture to yield H,S.

Experimental

Syntheses and properties of polysulphides I-1II were reported previously [4,5].
The thermal decomposition was performed in a quartz pulse microreactor 15 cm
long and 0.6 cm in diameter in a flow of helium gas, Helium was purified from
traces of water and oxygen by passing through molecular sieves and preheated
copper dust. The microreactor was connected directly to the GC column of a
LKB-2091 gas chromatograph/mass spectrometer. In all cases the pyrolysis time
was about 11-13 s. A liquid sample of I and saturated solutions of II or III in
benzene, taken in the amount of 0.1 or 0.2 pl, respectively, were introduced into the
microreactor by a microsyringe through the septum.

In the chromatographic part, a stainless steel column (3 m X 3 mm) containing
10% ethylene glycole adipate coated on 150 mesh Spherochrom was used. Purified
helium was used as a carrier gas with a flow rate of 20 ml/min. The oven
temperature was programmed from 30 to 250°C at 5°C/min.

The mass spectra were recorded at ionizing energy 70 eV and emission current 50
pA and the temperature of the ionization chamber and of the molecular separator
was 200°C.
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