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The flash vacuum thermolysis (70Crl0OO0C) of allylthiodi-tert-butoxysilane (2), propar- 
gylthiodi-rert-butoxysilane (3) and 1,1,3,3-tetra-ter~-butoxycyclodisilthiane (4) has been 
investigated. In the case of 3 and 4, the p-elimination of rert-butanol and isobutene from the 
tert-butoxy groups was accompanied by a retro-ene reaction or dedimerization, respectively, 
leading to transient silicon oxysulfide (OSiS, 1). characterized by low-temperature IR and, in 
the gas-phase, by mass spectrometry. Silicon monoxide and monosulfide were also identified 
in these thermolyses by millimeter-wave spectrometry. 

Keywords: Flash vacuum thermolysis; gas-phase reactions; silicon-heteroatom double bond; 
silicon oxysulfide 

INTRODUCTION 

The transient molecule silicon oxysulfide (OSiS, 1) has been until now 
generated by reaction of SiS with atomic oxygen and characterized by IR 
in an Ar matrix,['] its electronic structure has also been determined.[*' 
Compound 1 is a possible interstellar or circumstellar species by analogy 

* Corresponding Author. 
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SILICON OXYSULFIDE 75 

ence of pyridine to give di-tert-butoxychlorosilane, which was treated with 
allyl or propargyl mercaptan and triethylamine (see experimental). 
Cyclodisilthiane 4 was previously described.[61 Compounds containing the 
stuctural fragment 023-0 have been shown to be generators of silanones 
upon thermolysis['] and precursors 2-4 were thus expected to give 1 upon 
FVT by p-elimination of rert-butanol and isobutene, accompanied by 
retro-ene reaction (from 2 and 3) or dedimerization (from 4). 

The FVT results are summarized in Scheme 1. Between 800 and 
1000°C, allylthiosilane 2 gave only, as stable FVT products characterized 
by NMR, allyl mercaptan, tert-butanol and isobutene. The absence of pro- 
pene showed obviously that the expected retro-ene reaction was here 
replaced by an a-elimination of allyl mercaptan, precluding any possibil- 
ity to obtain the target molecule 1, and the FVT of 2 was no longer pur- 
sued. 

The retro-ene reaction should be made easier by replacing the allyl moi- 
ety in 2 by a propargyl oneLg1 and, in fact, the FVT of propargylthiosilane 
3, carried out between 700 and lOOO"C, showed, beside tert-butanol and 
isobutene, the formation of propargyl mercaptan (resulting from the above 
a-elimination) and allene (from the expected retro-ene reaction). The 
propargyl mercaptadallene ratio was of ca 5050 at 700°C and increased 
towards allene with the FVT temperature. The presence of silicon 
oxysulfide 1 appeared to be effective on the following grounds. A transient 
band at 1280 cm-', vanishing rapidly above -13OoC, was observed at 
-196°C in the solid-state IR spectrum of the FVT products of 3, corre- 
sponding likely to the 2v(Si=S) vibration of 1 (this band has been reported 
at 1290.2 cm-lin matrix1). A second band at ca 1260 cm-l may corre- 
spond to that described at 1265.4 cm-' in matrix for the v(Si=O) of 1' but 
its disappearance, partly masked by the absorption of a stable by-product 
at 1245 cm-', was less obvious. Also, a new peak at d z  76 (M'. OSiS) 
appeared, increasingly with the temperature, in the FVTMS coupling 
experiments. 

These results were confirmed by the FVT of cyclodisilthiane 4 between 
800 and lOOO"C, showing also clearly the IR and MS signals belonging to 
1 beside tert-butanol and isobutene. A reliable yield evaluation was not 
possible, due to the high instability and short life-time of 1. Its concentra- 
tion in the FVT products remained rather low in the solid-state IR spectra 
(e.g., FVT of 3 at 750°C: 76 % transmittance at 1280 cm-' for 1 , 5 3  % at 
1955 cm-' for allene) as well as in the gas-phase mass ones (e.g., FVT of 4 
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at 1000°C: 3.5 % of the total ionization current for the M+. peak of 1 at 
mlz  76). 

It has not been possible to characterize definitely the presence of 1 when 
coupling the FVT of 3 and 4 with millimeter-wave spectrometry (MWS). 
In both cases, only SiO (J:9-+10 at 434120.2 MHz)[~] and SiS (J:23-+24 
at 435387.8 MHz)["] were identified as reactive silicon species. The high 
concentration, relatively to that of 1, of tert-butanol and isobutene gener- 
ated in these thermolyses precluded the complete analysis of the 
low-intensity peaks belonging possibly to 1 in the spectrum. 

EXPERIMENTAL 

FVT experiments were performed in an empty quartz oven (1 10 cm x i.d. 
0.9 cm for IR and MS, 3 x 0.5 cm for MWS) under ca lop5 hPa. In view to 
determine the IR spectra, the oven was coupled with an IR cryostat allow- 
ing to trap the FVT products of 3 or 4 (ca 25 mg) on a NaCl plate cooled at 
-196°C and to record immediately the spectra at this temperature and 
upon warming. For the MS experiments, the oven was directly fitted on 
the mass spectrometer, the spectra being continuously recorded while 
increasing the FVT temperature. The used spectrometers were Bruker AC 
250 (NMR), Jeol JMS D300 (MS) and Perkin-Elmer PE 1420 (IR). The 
MWS apparatus and FVTMWS coupling were the same as already 
reported.[41 

Allylthiodi-tert-buto.q-silane (2)  and propargylthiodi-tert-butoxysilane 

A solution of trichlorosilane (13.54 g, 100 mmol) in n-heptane (200 ml) 
was cooled at 0°C under nitrogen atmosphere. Pyridine (16.61 g, 210 
mmol) and terr-butanol (14.82 g, 200 mmol) were added slowly. After 
heating 3 h at reflux, filtration on Celite and distillation of solvent, 
di-tert-butoxychlorosilane was distilled under vacuum, it polymerized 
quickly and should be used immediately in the following step [yield 7 1 %; 
b.p.(20 hPa): 6M2"C;  IR (film): 2227 cm-l (SiH); NMR (CDCI,): 
6lH = 5.11 (s, 1 H) and 1.38 ppm (s, 18 H); 613C 76.1 and 31.5 ppm]. 
Di-terr-butoxychlorosilane (1.85 g, 8.79 mmol), triethylamine (0.89 g, 

8.79 mmol), and ally1 mercaptan (commercial, 8.79 mmol) or propargyl 
mercaptan (prepared,'"] 8.79 mmol), were diluted in anhydrous ether 

(3). 
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(10 ml) and heated at reflux until completion of the reaction (1-4 d). After 
filtration and removal of solvent, the labile thiosilanes 2 and 3 were puri- 
fied by bulb-to-bulb distillation under vacuum. 

2 (yield 56 %); HRMS: m/z 248.1242 (M'., calcd CllH2402SSi 
248.12649); IR (film): 3087 and 3060 (CH=CH2), 2200 (SiH), 1643 cm-I 
(C=C); NMR (CDC13) : 6'H = 5.90 (ddt, 1 H, J = 16.9, 9.8 and 6.9 Hz), 
5.23 (s, 1 H), 5.18 (-dq, 1 H, J = 16.9 and 1.3 Hz), 4.53 (=dq, 1 H, J = 9.8 
and 1.3 Hz), 3.24 (=dt, 2 H, J =6.9 and 1.3 Hz), 1.37 ppm (s, 18 H); 
613C = 136.5, 116.0, 75.1, 31.7, 29.2ppm. 

3 (yield 73 %); HRMS: m/z 246.1144 (M+., calcd CllH2202SSi 
246.11085); IR (film): 3320 (C=CH), 2187 cm-l (SiH and C=C); NMR 
(CDCl3) : 6lH =5.29 (s, 1 H), 3.30 (d, 2 H, J =  2.5 Hz), 2.22 (t, 1 H, 
J = 2.5 Hz), 1.37 (s, 18 H); 6I3C = 81.7, 75.4,70.7, 31.8, 13.7 ppm. 

References 
[ I ]  H. Schnockel, Angew. Chem. Int. Ed., 19, 323-324 (1980); H. Schnockel and R. 

Koppe, Organosilicon Chein. (Eds.: N. Auner and J. Weis, VCH, Weinheim, 1994). pp. 

[2] A.A. Bhattacharyya, A. Bhattacharyya, J.J. Oleksik and A.G. Turner, Inorg. Chim. 
Acta, 53, L163-LI64 (1981). 

[3] D. Smith, Chem. Rex,  92, 1473-1485 (1992); A. Dalgarno, J .  Chern. Soc., Foraday 
Trans., 89,2111-2117 (1993). 

[4] A. ChivC, V. Lefevre, A. Systermans, J.L. Ripoll, M. Bogey and A. Walters, Phospho- 
rus, Sulfur and Silicon, 91,281-284 (1994). 

[ 5 ]  V. Lefevre, Y. Dat and J.L. Ripoll, Tetrahedron Lef t .  37,7017-7018 (1996); V. Lefevre 
and J.L. Ripoll, Phosphorus, Sulfur and Silicon, 120-121,371-372 (1997). 

[6] W. Wojnowski and M. Wojnowska, 2. Anorg. Allg. Chem.. 389, 302-306 (1972); W. 
Wojnowski, K. Peters, D. Weber and H.G. von Schnering, Z. Anorg. Allg. Chem., 519. 
134-140 (1984). 

[7] E.A. Chernyshev, T.L. Krasnova, A.P. Sergeev and B.V. Molchanov, Izv. Akad. Nauk, 
Se): Khim., 1577-1578 (1996). 

[8] A. Viola, J.J. Collins and N. Filipp, Tetrahedron, 37, 3765-381 I (1981); A. Viola and 
J.S. Locke, J. Chern. Soc., Chem. Commun., 1429-1431 (1984). 

[9] F. J. Lovas and P. H. Krupenie, J .  Ph-ys. Chon. Ret Data, 3, 245-257 ( 1  974). 
[ 101 E. Tiemann, J.  Phys. Chen~. Ref. Dafa, 5, 1147-1 156 (1976). 
[ I  I ]  L. Brandsma. Preparative Acetylenic Chemistry (Elsevier, Amsterdam, 1988), 2nd ed., 

p. 269. 

147-153. 

. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
9
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1


