ORGANOSILICON IMINOXYL POLYRADICALS*

G. F.Pavelko and £. G. Rozantsev UDC 541.515 + 546.287.

One of us has already published on the synthesis of the first iminoxyl tri- and tetra.radicals'[l]., A
study of their solutions by the EPR method led to the discovery of the phenomenon of electronic interaction
of the paramagnetic centers [2].

The present communication is devoted to the synthesis and study of the EPR spectra of previously
unknown individual tetra-, penta- and hexaradicals. The synthesis of the polyradicals were effected by a
single scheme — the reaction of 2,2,6,6-tetramethyl-4-hydroxypiperidine-1-oxyl [3, 4] with appropriate
organochlorosilanes in an inert solvent medium with addition of triethylamine. We prepared the 1,2-bis-
(methyldichlorosilyl)ethane {5]; 1,2~bis(methyldichlorosilyl)ethylene [6]; 1,2-bis(phenyldichlorosilyl)-
ethylene [7]; 1-methyldichlorosilyl-3-trichlorosilylpropane [5]; bis(trichlorosilyl)methylene [9]; 1,2~bis~
(trichlorosilylethane [5]; 1,2-bis(trichlorosilyl)ethylene [10, 7]; 1,3-bis{trichlorosilyl)propane 11} and
1,4-bis(trichlorosilyl)benzene [121, intended for synthesis of the polyradicals, by previously described
methods, For l-methyldichlorosilyl-2-phenyldichlorosilylethane and 1,2-bis(phenyldichlorosilyl)ethane
{13], we used the Speier method [14] of hydrosilylation in the presence of a catalyst for the first time. In
distinction from the hydrosilylation of vinyltrichlorosilane or methylvinyldichlorosilane with the compara-
tively unavailable dichlorosilane [15], the synthesis of 1,1,1,4,4,7,7,7-octachlorotrisilylethylene and 1,1,
4,4,7,7-hexachloro-1,7-dimethyltrisilylethylene was accomplished by hydrosilylation of divinyldichloro-
silane with the appropriate hydridosilane. Phenylvinyldichlorosilane was prepared analogously to methyl-
vinyldichlorosilane [16] by a high-temperature condensation method according to the scheme

PhCLSiH + CICH,CHyCl — PhCl,SiCHLCH,Cl

—HCl

and also

CICH,CH,Cl — CICH == CH,
—Ha

PhCl,SiH + CICH = CHj, — PhCL,SiCH = CH,

1-Trichlorosilyl-2-methyldichlorosilylethylene was prepared by a high-temperature condensation
method in two stages.

CL,SiH + CICH = CHCl— CL,SiCH — CHCI
CLSICH = CHCI + HSiCL,CH; — Cl,SiCH = CHSIiCl,CH,

All the individual polyradicals synthesized on the basis of the organochlorosilanes enumerated
above, their physical constants, yields and elemental analyses are given in Table 1,

The EPR spectra of dilute solutions of the polyradicals were taken under standard conditions in the
absence of oxygen. As is evident from Fig, 1, the EPR spectra of the tetraradicals (I)-(V) (Table 1) con~-
sist of nine lines with good resolution. In Fig. 2 we give the EPR spectral data for pentaradicals (VI)-
(IX) which consist of eleven significantly less resolved lines,

When the EPR spectra of the hexaradicals (X)-(XV) are considered (Fig. 3), it becomes evident
that with increase in the length of the connecting bridge, the hyperfine structure of the spectra hardly
changes, and is a system of thirteen weakly resolved lines. An attempt to prepare the geometric isomers

* This article is published on the basis of a decision of the Council of the editors-in-chief of the journals
of the Academy of Sciences of the USSR on July 12, 1962, as the dissertation work of G, F. Pavelko,

Institute of Chemical Physics, Academy of Sciences of the USSR. Translated from Izvestiya
Akademii Nauk SSSR, No. 11, pp. 2466-2470, November, 1967, Original article submitted July 10, 1967,
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of polyradical (XII), based on the corresponding cis- and

trans-isomers of 1,2-bis(trichlorosilyl)ethylene, was
not successful, and one and the same hexaradical was
obtained in each case.
0[ Comparing the EPR spectra of the tetra-, penta-
I and hexaradicals, attention becomes drawn to the fact

g
=

that resolution of the hyperfine spectra sharply decreases
as the paramagnetic centers accumulate, We suggest
that for polyradicals including more than six paramag-

(1) () (Im) (17) (v) netic centers per single particle the EPR spectrum
should be a single line.

Fig. 1. Hyperfine structure of EPR spectra
of dilute deoxygenated solutions of individual
tetraradicals (I)-(V) in tetrahydrofuran, EXPERIMENTAL
1,2-bis(Phenyldichlorosilyl)ethane,
Into a three-neck round-bottom flask, provided with a
stirrer, dropping funnel and reflux condenser ending in
i a calcium chloride tube, were charged 5.5 g of phenyl-
‘h vinyldichlorosilane and 0.1 ml of the Speier catalyst,
/ ‘ / To the mixture was slowly added 7.2 g of phenyldichloro~
i !

silane, after which the reaction mixture was heated at
130° for 5 h, By vacuum distillation from a Claisen
f/ /- flask there was obtained 5.0 g (48,5%) of a compound

j ,/ having bp 157-159° at 1.5 mm, np?® 1.5700, Found %:
W !_iﬂ,! i Cl 38,12, C(H,,C1;Si,. Calculated %: CI 38.30.

I |
Fi i 1-Methyldichlorosilyl-2-phenyldi-
chlorosilylethylene, To a mixture of 10.0 g of
) (¥m) () () methylvinyldichlorosilane [16] and 0.4 ml of Speier cata-
Fig. 2, Hyperfine structure of EPR spectra lyst was slowly added 19.0 g of phenyldichlorosilane,
of pentaradicals (VI)-(IX) in tetrahydrofuran, after which the reaction mixture was heated at 100° for
5 h, By distillation from a Claisen flask there was ob-
tained 10.7 g (47.3%) of a compound having bp 113° at 1.5 mm, np? 1,5264, Found %: Cl44.30. CyH,;,Cl,Si,,
Calculated %: Cl 44.55,

1,1,1,4,4,7,7,7~0Octachlorotrisilylethylene, To a mixture of 3.8 g of divinyldichloro-
silane and 0.1 ml of Speier catalyst was slowly added 10.0 g of trichlorosilane, after which the reaction
mixture was boiling for 3 h, By vacuum distillation there was isolated 6.8 g (63.8%) of a compound having
bp 117-118° at 2 mm; mp 56-57° (in sealed capillary), Literature [15]: bp 140-142° at 6 mm; mp 58-60°,

1,1,4,4,7,7-Hexachloro-1,7~dimethyltrisilylethylene. Analogously tothepre-
ceding experiment, 3.8 g of divinyldichlorosilane and 8.5 g of methyldichlorosilane yielded5.7g (60.0%) of a
substance ofbp 128-129° 2 mm); mp 82-83° (ina sealed capillary). Literaturedata [15]: bp 165-166° (13 mm),
mp 80-81°,

1-Methyldichlorosilyl-2-trichlorosilylethylene. A mixture of 48.9 g of 3~chloro-
vinyltrichlorosilane and 48.9 g of methyldichlorosilane was passed through a quartz tube (length, 50 cm;
diameter, 2.8 cm) at 575° over a 2 h period, By distillation in a column, 26.0 g (37.9%) of a compound
having bp 195-200° at 735.7 mm; np¥ 1.4824, was isolated. Found %: Cl64.30. C;H;Cl;Si. Calculated %:
Cl 64,59,

Phenylvinyldichlorosilane, A mixture of 178.0 g of phenyldichlorosilane and 148.5 g of
dichloroethane was passed through the same tube at 575° over a 5-h period. By distillation in a column,
9.5 g (4.7%)* of a compound having bp 222-225° at 735.3 mm; np® 1.5322, was isolated. Literature [17]:
bp 121° at 36 mm, np® 1.5335.

Iminoxyl Polyradicals. To a mixture of 0,00116 mole of 2,2,6,6-tetramethyl-4-hydroxy-
piperidine-1~oxyl, 30 ml of absolute benzene, and 2 m1 of triethylamine was added, with thorough mixing,

* Under analogous conditions the yield of methylvinyldichlorosilane was 19.5%; according to the literature [16],
it is 10%.
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an equimclecular amount of the appropriate organochlorosilane in 20 ml of benzene, The reaction mixture
was boiled for 5 h, The precipitate formed was filtered off and the filtrate was evaporated under vacuum.
After the usual purification by crystallization or reprecipitation, analytically pure preparations were ob-

tained (se= Table 1).
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Fig. 3. Hyperfine structure of EPR spectra of hexarad-
icals (X)-(XV) in tetrahydrofuran,

eeasis

CONCLUSIONS

1. A series of individual organosilicon tetra-, penta- and hexaradicals has been prepared for the
first time,

2. The previously discovered phenomenon of electron exchange in polyradicals has. a general char-
acter.
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