This article was downloaded by:

On: 28 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

1
4
g

S PR} ] e e g

VT e Y S

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

S-;'!-‘!f“rs and http://www.informaworld.com/smpp/title~content=t713618290
Silicon
and the Related Elements
i GAS-PHASE GENERATION OF SILICON OXYSULFIDE BY FLASH
S o VACUUM THERMOLYSIS
1 Valérie Lefévre?; Jocelyne Levillain®; Jean-Louis Ripoll*; Stéphane Bailleux’; Marcel Bogey®; Wieslaw
Wojnowski®

2 Laboratoire de Chimie Moléculaire et Thio-organique (Unité Mixte de Recherche ISMRA - CNRS),
Université de Caen., Caen., France ® Laboratoire de Spectroscopie Hertzienne (Unité de Recherche
Associée au CNRS), Université des Sciences et Technologies de Lille, Villeneuve d'Ascq., France °
Faculty of Chemistry, Technical University of Gdansk, Gdansk, Poland

Editatan Chiel. Wariin 0. Fasdd —
Uuregmsn [dier Spestasin Ksaghigest ) i P

To cite this Article Lefévre, Valérie , Levillain, Jocelyne , Ripoll, Jean-Louis , Bailleux, Stéphane , Bogey, Marcel and
Wojnowski, Wieslaw(1998) 'GAS-PHASE GENERATION OF SILICON OXYSULFIDE BY FLASH VACUUM
THERMOLYSIS', Phosphorus, Sulfur, and Silicon and the Related Elements, 140: 1, 73 — 77

To link to this Article: DOIL: 10.1080/10426509808035733
URL: http://dx.doi.org/10.1080/10426509808035733

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww informaworld.coniterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornmul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be |liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509808035733
http://www.informaworld.com/terms-and-conditions-of-access.pdf

16: 09 28 January 2011

Downl oaded At:

Phosphorus. Sulfur and Silicon, 1998, Vol. 140, pp. 73-77 © 1998 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam N.V. Published under license by
Photocopying permitted by license only the Gordon & Breach Science Publishers imprint.

Printed in Malaysia

GAS-PHASE GENERATION OF SILICON
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The flash vacuum thermolysis (700-1000°C) of allylthiodi-tert-butoxysilane (2), propar-
gylthiodi-ters-butoxysilane (3) and 1,1,3,3-tetra-rert-butoxycyclodisilthiane (4) has been
investigated. In the case of 3 and 4, the B-elimination of fert-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,[l] its electronic structure has also been determined./?!
Compound 1 is a possible interstellar or circumstellar species by analogy

* Corresponding Author.
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with its counterpart carbon oxysulﬁde,m and thus its gas-phase spectro-
metric determination should be of particular interest.

In the context of our work aimed at the generation of reactive sili-
con-sulfur double-bonded species by flash vacuum thermolysis (FVT),[4)
we have investigated the FVT of compounds 24 as possible gas-phase
precursors of silicon oxysulfide 1 (Scheme 1).
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SCHEME 1|
RESULTS AND DISCUSSION

Allylthio- and propargylthiodi-terr-butoxysilanes (2 and 3) have been pre-
pared from trichlorosilane by reaction of tert-butanol (2 equiv.) in the pres-
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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.!6] Compounds containing the
stuctural fragment O-8i-O have been shown to be generators of silanones
upon thermolysism and precursors 24 were thus expected to give 1 upon
FVT by B-elimination of ters-butanol and isobutene, accompanied by
retro-ene reaction (from 2 and 3) or dedimerization (from 4).

The FVT results are summarized in Scheme |. Between 800 and
1000°C, allylthiosilane 2 gave only, as stable FVT products characterized
by NMR, allyl mercaptan, fert-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 onel® and, in fact, the FVT of propargylthiosilane
3, carried out between 700 and 1000°C, showed, beside tert-butanol and
isobutene, the formation of propargyl mercaptan (resulting from the above
o-elimination) and allene (from the expected retro-ene reaction). The
propargyl mercaptan/allene ratio was of ca 50:50 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 —130°C, 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 matrix!). A second band at ca 1260 cm™! may corre-
spond to that described at 1265.4 cm™! in matrix for the v(Si=0) of 1! but
its disappearance, partly masked by the absorption of a stable by-product
at 1245 cm_l, was less obvious. Also, a new peak at m/z 76 (M* OSiS)
appeared, increasingly with the temperature, in the FVT/MS coupling
experiments.

These results were confirmed by the FVT of cyclodisilthiane 4 between
800 and 1000°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, 53 % 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
m/z 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)!'0 were identified as reactive silicon species. The high
concentration, relatively to that of 1, of rert-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 107 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 IMS D300 (MS) and Perkin-Elmer PE 1420 (IR). The
MWS apparatus and FVT/MWS coupling were the same as already
reported.[‘”

Allylthiodi-tert-butoxysilane (2) and propargylthiodi-tert-butoxysilane
(3).

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 tert-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 71 %;
b.p.(20 hPa): 60-62°C; IR (film): 2227 cm™! (SiH); NMR (CDCl,):
8'H=5.11 (s, 1 Hyand 1.38 ppm (s, 18 H); 5'3C 76.1 and 31.5 ppm].

Di-tert-butoxychlorosilane (1.85 g, 8.79 mmol), triethylamine (0.89 g,
8.79 mmol), and allyl mercaptan (commercial, 8.79 mmol) or propargyl
mercaptan (prepared,!!!! 8.79 mmol), were diluted in anhydrous ether
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(10 ml) and heated at reflux until completion of the reaction (14 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*, caled C;;H,40,SSi
248.12649); IR (film): 3087 and 3060 (CH=CH,), 2200 (SiH), 1643 em™!
(C=C); NMR (CDCls) : 8'H =5.90 (ddt, 1 H, J =16.9, 9.8 and 6.9 Hz),
5.23(s,1H),5.18 (=dq, l H, ] =16.9 and 1.3 Hz), 4.53 (=dq, L H,J =9.8
and 1.3 Hz), 3.24 (=dt, 2 H, ] =6.9 and 1.3 Hz), 1.37 ppm (s, 18 H);
813C =136.5, 116.0, 75.1, 31.7, 29.2 ppm.

3 (yield 73 %); HRMS: m/z 246.1144 (M™, caled C;;H,,0,SSi
246.11085); IR (film): 3320 (C=CH), 2187 cm™! (SiH and C=C); NMR
(CDCl) : 3'H=529 (s, 1 H), 3.30 (d, 2 H, J=2.5 Hz), 2.22 (t, 1 H,
J=25Hz), 1.37 (s, 18 H); 813C =81.7,75.4,70.7, 31.8, 13.7 ppm.
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