Soviet-era science, translated into English

Reports of the Academy of
Sciences of the USSR

B. N. DOLGOV, G. V. GOLODNIKOV, and K. G. GOLODOVA
1957

SovietRxiv

View the original and related papers at https://sovietrxiv.org/items,/ru-195701.49501

Source: Math-Net.Ru and CyberLeninka. Machine translation. Verify with the original.


https://sovietrxiv.org/items/ru-195701.49501

Abstract

Full Text

Reports of the Academy of Sciences of the USSR,
1957. Volume 117, No. 6

CHEMISTRY
B. N. DOLGOV, G. V. GOLODNIKOV, and K. G. GOLODOVA

ON THE POSSIBILITY OF CATALYTIC DE-
HYDROGENATION OF SILICON HYDRO-
CARBONS

(Presented by Academician A. V. Topchiev on 5 VIII 1957)

There are no reports in the literature on the possibility of catalytic dehydrogena-
tion of silicon paraffins. B. N. Dolgov, G. V. Golodnikov, and N. E. Glushkova,
studying the transformations of tetraethylsilane over one of the chromium cat-
alysts, found that, under the selected conditions, the reaction of catalytic de-
hydrogenation of tetraethylsilane did not take place ("1). Continuing work in
this direction, we succeeded in selecting a catalyst® and determining the con-
ditions for the dehydrogenation process of one of the mixed tetraalkylsilanes—
trimethylbutylsilane.

Experiments carried out at the same space velocity (30) showed that at tem-
peratures of 550-575° yields of trimethylbutenylsilane of 6.2-8.6% are achieved,
calculated on the trimethylbutylsilane passed through (Table 1). The catalyst
is distinguished by high stability: during continuous operation for 20 hours the
yields of the silicon olefin remain unchanged, and no deposition of silicon on
the catalyst is observed. The indicated yields of trimethylbutenylsilane can be
substantially increased by repeated passes of the condensates over the catalyst,
since the condensates contain considerable amounts of unchanged trimethyl-
butylsilane.

Table 1
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Condensate TrimethylbHguylgleme Propylene

yield, % Content  yield, %  yield, %  yield, %

of the of of the of the of the

silicon trimethyl- silicon silicon silicon

hydro- Todine  butenyl- hydro- hydro- hydro-

carbon numbers silane in carbon carbon carbon
Temperature, passed of con- conden- passed passed passed
°C  through densates sates, %  through  through  through
475 77.6 9.7 4.9 3.6 1.8 2.0
500 84.0 7.3 3.7 3.1 1.1 1.7
525 78.7 7.8 3.9 3.1 1.3 4.2
550 69.4 17.7 9.0 6.2 1.6 3.6
575 41.3 414 20.8 8.6 6.2 16.3
600 22.0 49.8 25.4 5.6 7.2 18.0

Along with the dehydrogenation reaction, especially at high temperatures (575-
600°), certain side reactions occur that are associated with the thermal decom-
position of trimethylbutylsilane. Of particular interest is the reaction forming
tetramethylsilane and propylene, which proceeds with cleavage of the C—C bond
in the butyl radical. At these same temperatures, destructive hydrogenation of
the tetramethyl-

* The authors express their gratitude to Yu. A. Gorin and S. M. Monoszon,
who kindly placed the indicated catalyst at our disposal.

silane at the expense of hydrogen obtained during the dehydrogenation of
trimethylbutylsilane. The indicated transformations may be represented by the
following scheme:

(CH,)5SiCH,CH,CH,CH, % (CH,)5SiC, H,

50—575°

L 575°—600°
(CH,),Si + CH,=CH—CH,
| +2H
(CH,)4SiH + CH,

The content of the silicon olefin in the condensates was calculated from the rho-
danine numbers, determined by the method of A. A. Bugorkova, L. N. Petrova,
and V. M. Rodionov (2). Rhodanination was carried out after five minutes’ boil-
ing of the condensates in order to remove (CHjy)3SiH, the product of the side
reaction.

The following isomers of trimethylbutenylsilane are theoretically possible:
(CH,)4SiCH=CHCH,CH, (cis and trans forms) (I), (CH;);SiCH,CH=CHCHj,
(cis and trans forms) (II), (CH,);SiCH,CH,CH=CH, (III). However, only
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trimethyl-y-butenylsilane (IIT) is known. We were probably unable to isolate
the silicon olefin in pure form, since all isomers of trimethylbutenylsilane
should have boiling points close both to one another and to that of the initial
trimethylbutylsilane. On repeated distillation of the condensates, fractions of
109-111°, 111-114°, and 115-116° were obtained. The constants of the 109-
111° fraction, most enriched in silicon olefin, are compared in Table 2 with the
properties of the known 7-isomer (III) and of the initial trimethylbutylsilane.

Table 2

Silicon

hydrocarbon B.p., °C d30 ny
(CH;)5SiCH,CH,CHECH5112 (750 0.7358 1.4148
(*) mm)

Fraction 109- 102-111 0.7375 1.4117
111°

(CH,)4SiCH,CH,CH,CH, 115 0.7181 1.4030

()

The silicon olefin obtained by us is apparently trimethyl-a-butenylsilane (I).
Thus, in the Raman spectrum of the 109-111° fraction, combined with the
intermediate 111-114° fraction, in addition to the frequencies characteristic of
trimethylbutylsilane, frequencies in the region of multiple bonds were also found:
1588, 1607, and 1628 cm™'. The fact that the frequency of the double bond in-
creases from 1594 cm ™! in vinylsilanes to 1623 cm™! in isocrotylsilanes is known
from the work of A. D. Petrov and co-workers (°). Consequently, displacement
of the multiple bond to the second position from the end of the chain causes an
increase of its characteristic frequency by 30 cm™!, as is usually observed also in
alkenes. It is further known that in isocrotylsilanes a set of stable frequencies is
observed: 1064, 1310, 1370, and 1623 cm™!. In our spectrum there are lines at
1056, 1309, 1373, and 1628 cm™!. The formation of trimethyl-3-butenylsilane
(IT) and trimethyl-y-butenylsilane (III) is spectrally refuted by the absence of the
characteristic frequencies for 8- and v-alkenylsilanes (1640-1655 cm™!) and of
the frequency 3080 cm™ !, characteristic of a compound with a terminal = CH,
group. Thus, optical analysis indicates the presence in the reaction products
of trimethyl-a-butenylsilane, possibly in the form of a mixture of cis and trans
isomers.

The absence of the S-isomer (II) is also confirmed by study of the rhodanination
rate of the silicon olefin obtained. It is known that S-alkenylsilanes

add rhodan almost quantitatively in 5 min, whereas «- and y-alkenylsilanes react
completely with rhodan only after 24 h (5). In our case, addition of rhodan in
5 min occurred only to 5%, in 1 h to 7.5%, and completely within 24 h.

Finally, the absence of the §-isomer is indicated by the fact that a stable di-
bromide of trimethylbutenylsilane was obtained. The dibromide was prepared
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from condensates from experiments at 575° by slow addition of a 0.5 N solu-
tion of bromine in chloroform with stirring and external cooling with ice. The
dibromide had b.p. 88-90°/8 mm, d2° 1.3581 and n% 1.4918.

Found %: Br 55.68; 55.79
C,H,Br,Si. Calculated %: Br 55.52

It should be assumed that, if the S-isomer were present, the bromination prod-
ucts should have contained (CHj)4SiBr—the product of 5-cleavage:

+Bry

+Bry
— (CH,)4SiBr + CH, = CHCHBrCH,; ——» CH,BrCHBrCHBrCH,.

Tetramethylsilane was isolated in pure form upon distillation of the conden-
sates as a 26-27° fraction, having d2° 0.6428 and n% 1.3601 (according to (6),
b.p. 26.5% d3° 0.646, n% 1.3591).

Propylene, present in the gas from the experiments, was converted by bromina-
tion into the dibromide with b.p. 141-142°, d2° 1.9322 and n%o 1.5200; according
to (7), b.p. 141.6°, d3° 1.933, n?) 1.5203).

Found %: Br 78.84; 78.94
C3HgBr,. Calculated %: Br  79.17

Trimethylsilane (b.p. 9°), present in the gas from the experiments, upon
bromination of the gas was converted into (CHj)4SiBr, as evidenced by the
presence of an 82-84° fraction obtained during fractionation of the bromination
products. After treatment of this fraction in an ethereal solution with 1IN NaOH
and subsequent purification, a 98-99° fraction (n% 1.3860) was obtained, which
was (CH;)4SiOH (according to (8), b.p. 100°, n% 1.3880).

Methane was determined by combustion at 900° on a gas analyzer of the VTI
system.
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