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Abstract —Reaction of organyltrifluorosilanes RSiER = CgHs, 3-O,NCgH,, and GHsCH,) with DMSO

and DMF (B) results in formation of the complexes -ZBF, and RSiF,. Besides, biphenyl, benzene, me-
thyl(fluoromethyl)sulfoxide, and,S-dimethyldisulfideS,S-dioxide CH;S(O)S(O)CH were either isolated or
identified by chromatomass-spectrometry. Speculative mechanism of the reaction proceeding is discussed. IR
spectra of the reaction mixtures and those of 88, adduct were studied in details; they indicate octahedron
structure of the complex with cis arrangement of B ligands.

We found that reaction of PhSjiith DMSO (1:1 the formation of biphenyl. In the absence of DMSO
mole ratio) at 20C for 48-72 h unexpectedly results or DMF such a rearrangement does not occur.

in formation of stable crystalline adduct 2p8O- N ,
: : . The adduct 2Me2SO.SiF4 is also formed in the
SiFy (1) [1]. Other reaction products were OIIIOhenyI'reaction of dimethylsulfoxide with other organyl-

dichlorosilane, biphenyl, benzene, methyl(ﬂuoro'ﬂuorosilanes RSIiE(R = PhCH, and 3-NQCgH,). In

methyl)sulfoxide and  S,S-dimethyldisulfide- . , s
e : : the last case, nitrobenzene was isolated, similarly.
S,S-dioxide CHS(O)S(O)CH. Their formation was imilarly to DMSO, DMF reacts with phenyltrifluoro-

proven by chromatomassspectrometry; obviously i ilane under the same conditions formin
g the complex
can be illustrated by the steps-7 2Me,NCHO:- SiF, and diphenyldifluorosilane.

Me,SO
2PhSiI§,L> 2[(Me,SO)PhSiR] It is noteworthy that tertiary amines (Et3N and
s 2PH + SiFg, (1) pyridine) and acetonitrile does not enter to the reac-
tion (7). Reaction (7) of PhSiFwith DMSO in CS,
Si,Fg —> SiF, + F,Si;, (2) Pproceeds poorly with no formation of complex
2Me,SO + Sip —— 2(Me,S0)- SiFy, (3) We studled IR adsorption spectra in the range of
Ph.Si 4) 4000-400 cm?! of the products in the reactions of
2PH | > PheSiF, RSiF; (R = GgHg, 3-NO,CgH, and GHsCH;,) in 1:1
PhPh. (5) ratio with dimethylsulfoxide and dimethylformamide.

The IR spectra of stable crystalline complexes isolated
from the mixtures of the organyltrifluorosilanes with
dimethylsulfoxide are identical and correspond to the
spectrum of the complex 2M8O-: SiF, (I). Similar
complex, 2ZMgNCHO- Sif, (I1') is formed in the reac-
tion of phenyltrifluorosilane with dimethylformamide.

Benzene is obviously formed due to splitting off a
hydrogen atom from DMSO by phenyl radical.

PH + CH;S(O)CH; —> PhH + 'CH,S(O)CH,. (6)

The fate of the last formed radical from DMSO is In the spectrum of complek (Fig. 1a) the stron-
not established yet. gest broad and structurized band with maximum at
735 cm?! occurs in the region of(Si-F) stretching
vibrations at hexacoorsinated silicon atom [2, 3].
Bending V|brat|ons 8(Si-F) induce a band at
~480 cm. Other bands in the IR spectra of all the
Me,SO samples of adduct correspond to vibrations in the

2PhSik ——— Ph,SiF, + SiF,. (7) DMSO molecule coordinated with silicon atom [4]:
stretchlnq v,dC-H) and v(C-H) at 2990 and
However, reaction (7) does not allow to explain2920 cm~, and planar bending vibrations of methyl

It cannot also be excluded that SiF4 is formed in
the disproportion reaction induced by the initially
formed MeSO-: PhSiF; adduct.

1070-3632/01/7112-1865 $25.62001 MAIK “Nauka/Interperiodica



1866 VORONKOV et al.

3(Si-F)

(b)

—\/ﬁ‘/‘\f\/’—i V(SEF)hexa

—_—

g
; v(SiO
g v(S=0) 5(Si-F)
=
© ve(Si-F)
P_\/\ vad Si-F)
! 3(Si-F)

V(S-F)hexa

V(S-F)hexa

v(C=0)

1 1 1 1 1 1 V(SI_I:)hlexa
4000 3500 3000 2500 2000 1500 1000  500tm

IR spectra of the complexes of tetrafluorosilane in the region of 4000 cnrl, (a) 2Mg,SO:-SiFy, a pellet with KBr,
(b) Me,SO + PhSik in CS,; (c) 2Me,S-OSiF, in CH3CN; (d) 2Me,NCHO-SiF4, a pellet with KBr. The disconti-
nuities in the spectra (b) and (c) correspond to the areas of solvents absorption.

groups 6,{Me) at 1430, 1416 and,Me) at 1317, cular, as compared with free free sulfoxide group

1330 cm®. Stretching vibration of sulfoxide group (1040 cnm®) reliably confirm coordination of DMSO
coordinated with silicon appears as two bands at 96@olecules with tetrafluorosilane through oxygen atom.
and 1030 cm. The multiple structure with the This fact does not contradict to the discussion about
maximum at 960 ciit is probably induced by mixing donor type of the DMSO reaction center (O or S) at
of stretching vibrationv(S=0),,,,4 With energetically its coordination with a Lewis acid [5, 6]. The com-
close out-of-plane bending vibratiop(Me) (in the plexes of Sif with dimethylsulfoxide (1:2) similarly
spectrum of DMSO there is a related band ato the complexes with other oxygencontaining ligands
920 cntl). Position of the maxima of the above are well studied with various physico-chemical
bands and a lowfrequency shift ®S=0) in parti- methods, in part by vibration spectroscopy [7, 8].
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Hexacoordinated tetrafluorosilane complexes 88, frequency band at 790 ¢th corresponding to the
have octahedron structure [8]. The ligands B in suclstretching vibration of axial SF bond and the bands
complexes can beis or trans arranged, and such of symmetric and asymmetric vibrations of the-Si
complexes hav&, or C,, symmetry, respectively. In bonds in the equatorial plane of the trigonal bipyramid
the case oftransoctahedral structure of compleix (880 and 955 ci, respectively). Hence, in aceto-
only asymmetric stretching vibrations of two sulf- nitrile medium there is an equilibrium between the
oxide groups,v,{S=0), are active and should inducecomplexes with penta- and hexacoordinated silicon
one band only. As we noted above, in the spectra aitom, that is, MsSO-SiF, and 2MgSO-: SiF,.

the complexes occur two absorption bands correspond-

ing to the stretching vibrations of the sulfoxide groupstru-r;h%fsc:hlsnézrﬁqiéirlld THF do not affect IR spec-
coordinated with the silicon atom, with the maxima piext.
at 960 and 1030 cm. This points tocis-octahedral In the reaction of @H;SiF; with DMF (1:1 mole
structure of complex | with no symmetry elements.ratio) at 20C for 48-72 h crystalline adduct
The band at higher frequency 1030 ¢nis obviously 2Me,NCHO- SiF, (Il ) is formed. The compleX was
belongs to sulfoxide group in the equatorial plane (iprepared earlier by reaction of gaseous ,Swth

cis position) of the octahedron, and therefore it is lesDMF. Its structure was proven by X-ray structural
shifted to the low-frequency region relatively to theanalysis [9]. The IR absorption spectrum of the com-
v(S=0) 1040 cm® of free sulfoxide group, in the plex |l in the region of 4009400 cm* studied by us
comparison with the band at 960 chrorresponding (Fig. 1d) does not contradict to the earlier published
to the sulfoxide group with its oxygen atom interact-spectrum in 1906700 cm* region. The spectrum of
ing with both silicon atom and the electronegativethe adductll has the strongest band a?30 cm?,
fluorine atom in the axial fragment of the octahedroncorresponding tov(Si-F) at hexacoordinated silicon
In this fragment the bond orders-&i,, and S=0O are atom. The doublet structure of(C=0) absorption
considerably reduced due to electron density redistriband attestsis-octahedric configuration of the com-
bution at the three-center four-electron bonding, aplex Il. The band at~475 cm® corresponds to
compared with the equatorial plane of the octahedror&(Si-F),.,, Stretching vibrations.

According to the IR data, liquid mixtures of The problem of effect of organic solvents with
DMSO with RSiF contain compounds JSiF,, to- different macro characteristics on the thermodynamic
gether with the addudt. Their presence is indicated composition of equilibrium mixtures of hypervalent
by the bandsv(C-H) >3000, v(C=C) 1595, 1580, silicon derivatives was studied by us in details for
v(Si-C) 1139 cm?, as well asv(Si-F) bands charac- intracomplex compounds with pentacoordinated
teristic of tetracoordinated silicony,{Si-F) 950, silicon, the aroyloxymethyltrifluorosilanes and their
v(SiF) 854, andd(Si-F) 467 cm®. The data of analogs [10]. For the intermolecular fluorosilane
mass-spectrometry confirm this conclusion. IR spectraomplexes with bases this problem was not discussed
of liquid mixtures of DMSO and RSicontain also in literature comprehensively and gives rise to further
bands of free DMSO molecules(C-H) 2920, 3000, separate investigations.

3,{C-H) 1404, 1415, §(C-H) 1308, 1327, and
v(S=0},., 1056 cm™. EXPERIMENTAL

The IR spectroscopy method allowed us also to
establish unusual influence of nature of a solvent o,
the reaction of @H;SiF; with DMSO. The IR spec-
trum of the ternary system @@:;SiF;-DMSO-CS,
(Fig. 1b) contains nov(Si-F) or v(Si-F) bands of
complex | which would be corresponding to hexa-
coordinated silicon atom. The spectrum contain
bands corresponding to vibration of frdeMSO,

IR spectra were recorded in the range 4000
0 cm? for liquid samples of DMSO, PhSjH(in
micro layer), crystalline adducts 2NMe OSiF, (in
KBr pellets) and solutions of 2M80- SiF, in CS,
and CHCN (in KBr cells with layer thickness 0.1 mm,
concentration-0.1 M) on a Specord IR-75 instrument.
9 NMR spectra were registered on a Jeol FX-90Q

CeHsSiF; and (GHs),SiF, molecules. Spectrum of gsDtéleEagél(g)O MHz) for the 180% solutions in
solution of compleA in acetonitrile (Fig. 1c) together 3 3t

with the bands of SiF bond of hexacoordinated Reaction of phenyltrifluorosilane with dimethyl-
silicon [V(Si-F)pexa 730,8(Si-F)pex 480 cn’] contains  sulfoxide. To dimethylsulfoxide (7.8 g) was added
the bands v(Si-F) of pebntacoordinated silicon. dropwise phenyltrichlorosilane (16.2 g). On keeping
Therewith, occurs typical for trigonal-bipyramidal the solution at room temperature after-32 days
environment of silicon atom splitting of the bands ofdropped colorless crystals of cubic form. The crystals
Si-F bonds into three components: the strongest lowwere filtered off and dried in a vacuum (10 mm). We
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obtained 8.3 g (32%) of compléex with sublimation Liquid pase contained the following compounds.
temperature 115C. IR spectrum, cit: 734 v(Si-F)], (1) Diphenylfluorosilane. IR spectrum, ¢t 467
478 PB(SHF)hexds 940, 951 #(S=O)yod» 1025, [56(Si-F)], 854 [v(Si-F)], 950 B,{SiF)], 1139
1045 p(Me)], 1317, 1330 §(C-H)], 1416, 1430 [v(Si-C)], 1581, 1595 y(C=C)], >3000 ¥(C-H)].
[6,{C-H)]. Found, %: C 18.73; H 4.87; F 29.23; S Mass spectrumn/z(l %): 220 (100)M ), 154 (50),
24.47. GH,,F,0,S,Si. Calculated, %: C 18.45; H 143 (15) M — CgHg)", 77 (35) (GHz). (2) Biphenyl.
4.65; F 29.19; S 24.63. Mass spectrumm/z (I, %): 154 (100) K1™), 77 (25)

The following compounds were registered in the(CB 5)- (3) Benzene.

“qud phase. (1) Diphenyldifluorosilane. IR spectrum,
. 467 B(SF)], 854 [v(SF)], 950 B,{Si-F)], REFERENCES
1139 B/(SI—C)] 1581, 1595 (C=C)], =>3000 1. Basenko, S.V., Boyarkina, E.V., Gavrlove, G.A, and

[v(C-H)]. **F NMR spectrum (CGF), 8., ppm:-142 Voronkov. M.G.. Zh hch. Khi 1 vol. 71
(Jgr 290.11,Jc, 110.23 Hz). Mass spectrumy/z (I, o 2 b N 2h- Obsheh. Khim.2001, vol. 71,

%): 220 (100)M ), 154 (55), 143 (16)Nl — CgHs)", _ _

77 (34) (QSH5) (2) Bipheny! (from trace amount to 2. Beattie, J.R. and Ozin, G.Al, Chem. Soc. (A}1970,
2-4%). Mass spectrumm/z (I, %): 154 (100) ¢1™), no. 3, pp. 370377.

77 (27) (GHz). (3) (Benzene, 0.95 g (12%), bp @ 3. Frolov, Yu.L., Aksamentova, T.N., Gavrilova, G.A.,
(730 mm). (4) MethyIfIuoromethylsulfoxide. Mass Chipanina, N.N., Modonov, V.B., Gubanova, L.l

spectrumm/z (I, %): 96 (52) M™), 61 (100), 47 (57). and Voronkov, M.G.Dokl. Akad. Nauk SSSR982,
(5) S,S-DimethyldisulfideS,S-dioxide CI—gS(O)S(O) vol. 267, no. 3, pp. 64649.

CHj Mass spectrummi/z(l, %): 111 (53) M* ~CHs), 4 cotton, F.A., Francis, R., and Horrocks, W.D., Jr.,
81 (100), 79 (93), 47 (37). J. Phys. Chem1960, vol. 64, no. 10, pp. 1532536.

Reactions of dimethylsulfoxide with benzyltrifluo- 5. Nakamoto, K.IR and Ramman spectra of Inorganic
rosilane and 3-nitrophenyltrifluorosilane were con-  and Coordination Compoundsvioscow: Mir, 1991,
ducted similarly. In the last case, nitrobenzene (14%) P. 535.
was also isolated, bp 662°C (4 mm). Mass spec- 6. Guryanova, E.N., Gol'dshtein, I.P., and Romm, I.P.,

trum, m/z(l, %): 123 (43) ™), 77 (100) (GHz). Donorno-aktseptornaya  svyaz' (Donor-Acceptor
) ] ) o Bond), Moscow: Khimiya, 1973, p. 397.
Reaction of phenyltrifluorosilane with dimethyl- 7. Ennan, AA. and Kats, B.M.Usp. Khim., 1974

formamide. To Dimethylformamide (7.3 g) was

added dropwise 16.2 g of phenyltrifluorosilane. On vol. 43, no. 7, pp. 1186206. .
keeping the solution at room temperature, after 8 Voronkov, M.G. and Gubanova, L.IMain Group
2_3 days dropped colorless crystals. The crystals were Metal Chemistry, 1987, vol. 10, no. 4, pp. 20286.
filtered off and dried in a vacuum (10 mm). We 9. Ennan, AA., Kats, B.M., Gavrilova, L.A., Andree-
obtained 7.3 g (28%) of complek with sublimation va, I.V., and Anikeev, V.L.Zh. Neorg. Khim.1968,
temperature 13%& (published sublimation point vol. 13, no. 10, pp. 2892892

135°C [9]). Found, %: C 28.73; H 5.77; F 30.29; N 10. Frolov, Yu.L., Voronkov, M.G., Gavrilova, G.A.,
11.27. GH4F,N,O,Si. Calculated, %: C 28.80; H Chipanina, N.N., Gubanova, L.I., and D’yakov, V.M.,
5.64; F 30.36; N 11.19. J. Organometal. Chem1983, vol. 244, pp. 107114.
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