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Fragmentation of 2-thienylsilanes under electron impact
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Abstract

The electron impact (EI) mass spectra of 2-thienylsilanes have been studied. It
has been found that species containing the Si=S bond take part in fragmentation,
indicating intramolecular interaction of the silicon and sulphur atoms under EI
conditions. The mass spectra are characterized by silicon-containing ions and also
by intense peaks of silicon-free ions. Based on the mass spectrometric data, the
following sequence of Si-R relative strengths in thienylsilanes is found: Si-CH, <
Si-H < Si—(2-thienyl) < Si-Cl.

Introduction

In contrast to the carbon derivatives of thiophene [1], until recently mass
spectrometric studies of thienylsilanes have been scarce [2-5]. Nevertheless, the
mass spectra of these compounds present interest because of the possibility of
positive charge localization on the two heteroatoms: sulphur and silicon, which can
lead to new fragmentation patterns.

Results and discussion

EI mass spectra were recorded for the thienylsilanes I-III.

Quantitative characterization of the most intense and characteristic peaks in the
mass spectra of I-III are presented in Table 1.

The high intensity of the molecular ion of tetra(2-thienyl)silane (Id) (100%) is
determined by the molecule’s symmetry and by the possibility of charge localization
both on the 7-system of the cycle and on the silicon atom. Differences in stability of
molecular ions (W, % of total ion current) for tetra(2-furyl)silane (37.0 [6]), Id
(20.5%) and tetraphenylsilane (17.8% [7]) are in agreement with changes in interac-
tion of the silicon atom and the aromatic system in the order: 2-furyl > 2-thienyl >
phenyl [8].
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Distortion of molecular symmetry induced by the introduction of other substitu-
ents at the silicon atom (Ia-Ic) leads to decreased molecular ion contribution to the
total ion current (Table 1). Variation in W), for Il and III is insignificant in
comparison with Ia-Ic. This is apparently connected with a decrease in the
possibility of charge delocalization over several heterocycles, on the one hand, and

with an increase in the number of decomposition pathways owing to variation in the
Si-R bond strength, on the other hand.

Scheme 1
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Table 2

Estimation of the relative Si-R bond strength in 2-thienylsilanes

Compound Lag /Tipy, (%) Relative bond strength
R=(2-thieny) R=H R=CH, R=Cl

Ia 57 43 Si-CH, < Si-H < Si-Cl

Ib 7 93

Ic 66 34

Id 100

Ila 19 81 Si-H < Si—(2-thienyl)

IIb 7 93 Si-CHj; < Si—(2-thienyl)

Ilc 55 45 Si-(2-thienyl) < Si-Cl

I1d 7 12 81 Si-CH, < Si-H

The abundance of silacenium ions A* (Table 1) originating from bond rupture
between the substituent and the silicon atom is proportional to bond strength. The
contribution of each Ag; ion type (Table 2) versus the sum of intensities of all Ag,
ions permits one 1o estimate the relative strength of the Si—R bond in the molecular
ions of thienylsilanes: Si—-CH; < Si~-H < Si—(2-thienyl) < Si-CL

The sequence obtained is in accordance with the variation in bond dissociation
energies in trimethylsilanes [9]. The fragmentation of 2-thienylsilanes occurs with
elimination of dithienyl (Ia, Id) or thiophene (Ia, Ha, Ild) from the rearranged
molecular ion, resulting from migration of one of the thienyl groups or of a
hydrogen atom to the other thienyl ring. Pseudomolecular silicon(Il)-containing ions
B* are formed as a result of this elimination (Table 1, Scheme 1). A similar loss of
diphenyl is observed upon fragmentation of tetraphenylsilane [10]. In addition,
I-IIT undergo decomposition, the charge being retained by the silicon-free moiety of
the molecule leading to the [M — B] ™" ions. The increased intensity of [M — B]™" ion
peaks in comparison with the phenylsilanes (10 and 5% for dithienyl and diphenyl
ions in Id and in tetraphenylsilane [11], correspondingly) can be explained by the
participation of the sulphur atom in charge iocalization.

The ion C*, analogue of the ion A™ for silicon(II) (Table 1, Scheme 2) is
produced by the loss of dithienyl, thiophene, methylthiophene or chlorothiophene
from ion A™. Possibly, the formation of the ion C* also involves rearrangement.
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Scheme 2
The peaks of [M —B]"" ions are more intense than those of B* only for
chlorothienylsilanes Ic, IIc and Ille (Table 1, Scheme 3) and are the base peaks in
their mass spectra. A preferable charge localization on the silicon-free fragment
[M — B]™" is determined both by the high ionization potential of dichlorosilylene
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(11.9 eV versus 8.9 eV for thiophene [12]) and by the Si—R bond strength (Table 2),
because the migration of the substituent R to the thienyl ring leads to [M — B]™*"
Thus, ITlc forms both the (M — B)"" and B™" ions of low abundance, whereas IIIf
forms only (M — B)™" of similar intensity (Table 1).

It should be noted that intramolecular interaction of both heteroatoms in
thienylsilanes (sulphur and silicon) is manifested under EIl conditions. The frag-
mentation is characterized by elimination of the neutral species Si=S (Scheme 4) and
by appearance of the silanethione ions [RSi=S]* (Scheme 5). To date, there is no
clear-cut evidence as to the existence of stable compounds having the Si=S double
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bond [13]. Mass spectrometric data indicating the participation of neutral and
charged species of silanethiones (H,Si=S [14], [Me,Si=S]*", [MeSi=S]", [Et,Si=S] "
[EtSi=S]* [15]) in fragmentation have been discussed in terms of a possible ng—3dg;
transannular interaction in compounds initially lacking the Si-S bond. A similar
interaction is impossible in the molecules of thienylsilanes. The migration of thienyl
groups in molecular or fragment ions with subsequent expansion of the thiophene
cycle by a silicon atom may possibly cause this specific fragmentation. Apparently,
migration of the thienyl group in molecular and fragment ions (except for the
silicon-free ions shown in Scheme 4) is responsible also for the formation of ions
m/z 179 and 97, whose elemental compositions are CoH,S, and C;H,S. respec-
tively.
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Scheme 5§
Experimental

Mass spectra of I-III were obtained with a MS-25 gas chromatograph/mass
spectrometer operated at 70 eV. The source temperature was 200°C. A glass
column packed with OV-101 was used, carrier gas-helium. The precise ton masses
with m/z 216, 179, 166, 143 and 134 (resolution 40000) and metastable transitions
were determined on a MS-50 apparatus. Compounds I-I11 were synthesized accord-
ing to [8,16].

References

1 Q.N. Porter, Mass Spectrometry of Heterocyclic Compounds, J. Wiley and Sons, New York, 1985, p.
375.
2 E. Lukevics, N.P. Erchak, V.F. Matorykina, 1. MaZeika, S. Rozite, Zh. Obshch. Khim., 53 (1983)
2058.
3 Z.V. Belyakova, A.A. Dmitriev, V.I. Savushkin, V.N. Bochkarev, E.A. Chernyshev, Zh. Obshch.
Khim., 55 (1985) 627,
4 S. Rozite, I. MaZeika, N.P. Erchak, E. Lukevics, The VIth European Conference on Organometallic
Chemistry, Riga (1985) 69.
5 S. Route, I. MaZeika, N.P. Erchak, I.N. Khokhlova, The VIth All-Union Conference on Chemistry
and Application of Organosilicon Compounds, Riga, (1986) 390.
6 E. Lukevics, N.P. Erchak, V.F. Matorykina, 1. MaZeika, Zh. Obshch. Khim., 53 (1983) 1082.
7 M.R. Litzow, T.R. Spalding, Mass Spectrometry of Inorganic and Organometallic Compounds,
Elsevier Sci. Publ. Co., Amsterdam, 1973, p. 244.
8 E. Lukevics, O.A. Pudova, J. Popelis, N.P. Erchak, Zh. Obshch. Khim., 51 (1981) 115.
9 P. Potzinger, A. Ritter, J. Krause, Z. Naturforsch., 30A (1975) 347.
10 J.H. Bowie, B. Nussey, Org. Mass Spectrom., 3 (1970) 933.
11 P.C. Wszolek, F.W. McLafferty, J.H. Brenster, Org. Mass Spectrom., 1 (1968) 127.
12 Dissociation Energies of Chemical Bonds, Ionization Potentials and Electron Affinities, Nauka,
Moscow, 1974 (in Russian).
13 G. Raabe, J. Michl, Chem. Rev., 85 (1985) 419.
14 M.Yu. Eismont, V.G. Zaikin, V.I. Stepanov, [zv. Akad. Nauk SSSR, Ser. Khim., (1981) 619.
15 L.E. Gusel'nikov, V.V. Volkova, V.G. Zaikin, N.A. Tarasenko, A.A. Tishenkov, N.S. Nametkin, J.
Organomet. Chem., 215 (1981) 9.
16 1. Lorentz, S.B. Bulgarevich, D.Ya. Movshovich, N.P. Erchak, L.I. Khokhlova, O.A. Osipov, E.Ya.
Lukevics, Zh. Obshch. Khim., 57 (1987) 556.



