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Intermolecular rearrangement of cobalt phenylsiloxanes
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Intermolecular rearrangement of cobalt phenylsiloxanes was studied. The rearrangement
leads to the formation of compounds with metal oxide moieties in the organosiloxane structure
and is accompanied by a change in the spectral characteristics of cobalt(i1), determined by the
second coordination sphere of the metal. The rate-determining step is the decomposition of an
intermediate complex formed upon the coordination of the metal siloxane moieties.
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The intermolecular rearrangement of metal-contain-
ing organosiloxanes leading to the metal redistribution in
the siloxane matrix proceeds through the formation of
intermediate coordination complex A and its transforma-
tion into oligosiloxanes B and C via the scheme!
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The formation of the metal oxide moieties
—M—0O—M— due to the rearrangement was confirmed
by magnetic measurements? and, in some cases, by X-ray
diffraction studies.3 To date, the rearrangement has been
demonstrated mainly for examples comparing composi-
tions of the starting and target products.!

In this work, the kinetics of this process and details of
its mechanism were studied for the first time. The most
appropriate compounds for the study are cobalt organo-
siloxanes, because they are characterized by the easiest
deep rearrangement affording a compound with a high

metal content and simultaneously polysiloxane contain-
ing no metal.# Changes accompanying this process can be
detected by spectroscopy.

It has previously been found that the Co!l atom in the
siloxane structure can be in the hexa-5 and tetraco-
ordinate® states, and the tetracoordinate state is formed in
the presence of highly basic silanolate anions and does
not tend to rearrangement. Therefore, cobalt phenyl-
siloxanes (CPS) containing no stabilizing silanolate an-
ions were chosen for the study. The CPS were synthesized
via metathesis of metal halide with the crystal solvate of
sodium organosilanolate

2/3 n [PhSi(ONa)O]3+6PrOH + n CoCl, =

= [(PhSIO; 5)5(C00)], + 2n NaCl + 6n PrOH.
1

The resulting compound 1 is unstable on boiling in
nonpolar solvents and rearranges to CPS with an increased
metal content and polysiloxane containing no metal

[(PhSiO 5)5(C00)],, — n/m [(PhSiO; 5)(Co0)],, +
1 2
+n/k (PhSIO; 5);.

The UV spectra of compound 1 contains a band
at 565 nm with the molar absorption coefficient ¢ =
20.3 L (mol cm)~!. This band is characteristic of hexa-
coordinate Co!l complexes,” which is confirmed by
the low ¢ value (for the tetracoordinate Co complexes,
¢ is 1—2 orders of magnitude higher®). The rearrange-
ment of compound 1 to 2 is accompanied by a decrease in
the intensity of this band, which was spectrally detected.
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Below we present a change in the absorbance of the band
at 565 nm (A) for a solution of CPS 1.

T/min 0 840 1320 2190 2640
A 0.48 0.38 0.35 0.27 0.24

The decrease in the intensity of the band at 565 nm is
accompanied by the appearance of a band at 370 nm,
which is also attributed to hexacoordinate Co complexes.8
However, measurements in this region are impeded due
to a disguising influence of the intense absorption band of
the solvent.

It can be assumed that differences between the Coll
ions in compounds 1 and 2, being in both cases in
hexacoordinate complexes [CoOg], are determined by the
second coordination sphere. In other words, in com-
pound 1 the O atoms of the coordination sphere are in
metal siloxane moieties Si—O—Co, whereas in com-
pound 2 the most part of coordinated O atoms compose
metal oxide moieties Co—O—Co. A similar difference
(without estimation of the process kinetics) has previ-
ously? been detected spectrally using y-resonance spec-
troscopy for the Fell complexes in the organosiloxane
structure.

A linear plot InD,/D,—t was obtained from the UV
measurements (Fig. 1).

This plot formally corresponds to the first order of
a reaction with an average apparent constant of
4.5(£0.5)- 10~%s~L. The first order of the reaction indi-
cates that the rate-determining step of the rearrangement
is the decomposition of an intermediate complex to form
compounds with an increased (compared to the initial
value) metal content.

Since the changes observed could be a consequence of
a possible oxidation of cobalt(i1), we measured effective
magnetic moments L. for compounds 1 and 2. The p.¢
values were obtained at 296 K and amounted 3.92 u for 1
and 4.12 ug for 2 (theoretical value u = 3.87 ug). They
indicate that high-spin paramagnetic Co!! ions with con-
figuration d” are present in both cases, and in the second
case, the content of the ferromagnetic component is some-
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Fig. 1. Kinetic plot for the rearrangement of compound 1 to 2.
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Fig. 2. IR spectra of compounds 1 and 2.

what higher, which is characteristic of CPS with metal
oxide moieties.2

The IR spectra of compounds 1 and 2 contain coin-
ciding bands at 1120 cm~! (Ph—Si group) and at 720 cm™!
and 680 cm~! (monosubstituted Ph ring), and differences
are observed in a region of 900—1000 cm~! (Fig. 2.).

The IR spectrum of compound 1 exhibits a broad
intense band at 940—1100 cm~! (vibrations of the
Si—O—Si groups), which partially disguises a band at
900 cm~! (vibrations of the Si—O—Co group). The spec-
trum of compound 2 contains a band at 940—1100 cm™!
with a lowered intensity and an intense band at 900 cm—!.
These differences resulted from the rearrangement de-
creasing the silicon content and increasing the metal con-
tent. The spectral data indicate that compound 2 contains
a noticeable number of Si—O—Si units, which, being
compared with the composition of this compound (atomic
ratio Si: Co = 1), can confirm additionally that complex 2
contains the metal oxide moieties Co—O—Co.

Thus, the rearrangement found affords compounds
containing highly basic O atoms of the metal oxide groups
in the coordination sphere of the metal, which appears as
a change in the spectral characteristics of the coordina-
tion entity [CoOg]. The rate-determining step of the pro-
cess is the decomposition of the intermediate complex
formed upon the coordination of the metal siloxane moi-
eties of CPS.

Experimental

IR spectra were recorded on a Specord M-82 spectrometer
for samples as a suspension in Nujol between KBr plates.
UV spectra were obtained on a Specord M-40 spectrophotom-
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eter in an interval of 300—700 nm for a solution of compound 1
in toluene with a concentration of 0.237 moles of Co!! L~! using
a quartz cell with an optical path length of 0.1 cm.

The magnetic susceptibility y was measured on a VSM-155
vibromagnetometer. Effective magnetic moments were calcu-

lated by the Curie formula: u = [(3KT, o)/ N » where y is the

specific magnetic susceptibility, K is the Boltzmann constant,
T is temperature (K), and N is the number of metal atoms.

Cobalt phenylsiloxane 1 was obtained by the reaction of
[PhSi(ONa)O];-6PrOH 2 (8.4 g, 10 mmol) dissolved in a mix-
ture of toluene (20 mL) and propanol (15 mL) with CoCl,
(1.95 g, 15 mmol) in propanol (15 mL). The reaction was
carried out with a permanent pH control of the aqueous ex-
tract to achieve an equimolar Na* to Cl~ ratio in the reac-
tion system. The addition of cobalt(i1) halide was ceased after a
neutral reaction medium was attained. After NaCl separation,
the target product was precipitated from the reaction mix-
ture with excess heptane. The light blue amorphous product
was dried in vacuo. The yield was 4.55 g (91%). Found (%):
Si, 17.05; Co, 17.20. C1,H704Si,Co. Calculated (%): Si, 16.85;
Co, 17.68.

Cobalt phenylsiloxane 2 was obtained by the dissolution of
compound 1 (4.05 g) in toluene (50 mL). The resulting solution
was used for UV spectral studies. Then it was concentrated to
15 mL and refluxed for 17 h until an insoluble precipitate formed.
The precipitate was separated from the solution by centrifuging,
washed with toluene, and dried in vacuo. The dark green amor-
phous product was obtained in 91% yield (2.25 g). Found (%):
Si, 14.06; Co, 28.12. C¢H;0, 5SiCo. Calculated (%): Si, 13.76;
Co, 28.87. The solution obtained after the separation of CPS 2
was concentrated and precipitated with heptane. The yield of a
colorless resin-like product was 1.39 g (89%). Found (%):
Si, 21.10; C, 56.21. C¢H;50, 5Si. Calculated (%): Si, 21.74;
C, 55.78.

This work was financially supported by the Russian
Foundation for Basic Research (Project No. 03-03-
32932).

References

1. M. M. Levitskii, Ros. Khim. Zh., 2002, 46, 51 [Mendeleev
Chem. J., 2002, 46 (Engl. Transl.)].

2. A. Ju. Dyakonov, B. J. McCormick, P. K. Kahol, N. Pinto,
M. M. Levitsky, and A. L. Buchachenko, Mol. Cryst. Ligq.
Crys., 1995, 274, 119.

3. M. M. Levitsky, O. 1. Shchegolikhina, A. A. Zhdanov, V. A.
Igonin, Yu. E. Ovchinnikov, V. E. Shklover, and Yu. T.
Struchkov, J. Organomet. Chem., 1991, 401, 199.

4. A. A. Zhdanov, M. M. Levitskii, and O. Yu. Shilkloper, /zv.
Akad. Nauk SSSR, Ser. Khim., 1985, 958 [Bull. Acad. Sci.
USSR, Div. Chem. Sci., 1985, 34, 877 (Engl. Transl.)].

5.V. A. Igonin, O. I. Shchegolikhina, S. V. Lindeman, M. M.
Levitsky, Yu. T. Struchkov, and A. A. Zhdanov, J. Organomet.
Chem., 1992, 423, 351.

6. Yu. E. Ovchinnikov, V. E. Shklover, Yu. T. Struchkov, M. M.
Levitsky, and A. A. Zhdanov, J. Organomet. Chem., 1988,
347, 253.

7. W. Low, Phys. Rev., 1985, 109, 256.

8.A. B. P. Lever, Inorganic Electronic Spectroscopy, Elsevier,
Amsterdam—Oxford—New York—Tokyo, 1984, 398 pp.

9.A. A. Zhdanov, M. M. Levitskii, A. Yu. D"yakonov, O. 1.
Shchegolikhina, A. D. Kolbanovskii, R. A. Stukan, A. G.
Knizhnik, and A. L. Buchachenko, Izv. Akad. Nauk SSSR,
Ser. Khim., 1990, 2512 [Bull. Acad. Sci. USSR, Div. Chem.
Sci., 1990, 39, 2271 (Engl. Transl.)].

Received May 28, 2004;
in revised form August 4, 2004




