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Abstract

Full Text
CHEMISTRY
I. M. Gverdtsiteli, T. P. Doksopulo

Some Reactions of Transformation of Silicon-
Containing Vinylacetylene Glycols

(Presented by Academician A. N. Nesmeyanov, February 11, 1963)

In a previous communication we considered the synthesis of silicon-containing
vinylacetylene glycols! by the action of triethylsilane on diacetylene glycols in
the presence of Speier’ s catalyst—H,PtCls—in isopropyl alcohol. Along with
this, it seemed of interest to us to study their reactivity: to determine the
influence of the triethylsilyl group on the behavior of the molecule of a silicon-
containing vinylacetylene glycol in certain chemical reactions, in particular in
hydrogenation reactions and in reactions involving the action of triethylsilane
and triethylchlorosilane.

As we established earlier!, when HSi(C,H;); acts on diacetylene glycols in the
presence of HyPtClg, the reaction proceeds with addition of HSi(C,Hj)4 to only
one triple bond, while the other triple bond remains intact. It was of interest to
determine whether the other triple bond of the silicon-containing vinylacetylene
glycol would enter into the addition reaction with HSi(CyHj ).

Various authors?~* have studied the addition of trichlorosilane to various diallyl
derivatives of silicon in the presence of Hy,PtCly, and it was found that addition
of HSiCl; occurs both at one double bond and at two double bonds.

Our investigations showed that triethylsilane does not add to the triple bond of
the silicon-containing vinylacetylene glycol in the presence of Speier’ s catalyst
even when the reaction mixture is heated to 120°. On distillation of the reaction
mixture, the unreacted starting products were isolated—HSi(CyHg)5 and the
silicon-containing glycol

OH OH

CH;—C—C=CH—C=C—C—CH,

|| |
CH, Si(C,H,), CH,

as well as products of g-cleavage I and partial dehydration II,

(CoH5)38108i(C,Hs); (1),
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|
C—C=CH-C=C—C (II),

/ |
R’ Si(CyH,)s R’

whose formation is caused by heating of the glycol with the S-position of OH
to Si in the presence of HyPtCly!.

A study of the hydrogenation reaction in the presence of Pd/CaCO, and Raney
nickel catalysts showed that exhaustive hydrogenation of the silicon-containing
vinylacetylene glycol does not occur under our conditions; only one triple bond
is hydrogenated to a double bond, and a silicon-containing diene glycol is formed.
The presence of conjugated diene bonds in the hydrogenated glycols was estab-
lished by studying the IR spectra of the glycols:

OH OH OH
CHy—C—C=CH—CH=CH—C—CH, and Y —C—C=CH—CH=CH—C—
|| | | |
CH, Si(C,Hs), CH, Si(C,H,)s

(the frequencies obtained were respectively 1580 and 1576 cm™!).

As regards the action of triethylchlorosilane on silicon-containing vinylacety-
lene glycols (reaction with hydroxyl groups), here silicon does not exert any
noticeable influence on the behavior of the glycol. As in the case of diacetylene
glycol.(Y | trichlorosilane with a silicon-containing glycol forms both mono- and
disilicon ethers:

0Si(CyHy )y

OH OH OH
R\C —-C=C-C=C- C/R +CISi(CH;); R\ C —C=CH-C= C
R/ W “oaw R/
Si(CyH5)5 Si(CyHy)5
OSi(CyHjy)5 OSi(CyHj)s
R\ C —C=CH-C=C-— C /R
* R’/ I \R/ ~
Si(CyHs)s

Experimental part

Action of triethylsilane on 2,7-dimethyl-3-triethylsilyl-octyn-3,5-diol-
2,7. Into a three-necked flask with a mechanical stirrer and reflux condenser
were placed 10 g of glycol, 7 g of HSi(CyH;)4, and 1 ml of a 0.1 M solution of
H,PtCly in isopropyl alcohol. The reaction mixture was heated to 120° for 1-
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2 hours, after which it was distilled. The following fractions were obtained: 1.
(CyHy)4SiH—6.5 g, 2. (CyHy)4Si0Si(CyHy )5 1.4 g (product of S-cleavage), 3.

CH, = C(CH,) — C(Si(C,H,),) = CH — C = C — C(OH)(CH,) — CH,

(product of partial dehydration) 2.4 g and

CH; — C(OH)(CH;) — C(Si(CyH;)5) = CH—C = C— C(OH)(CH;4) — CH,4

(unreacted glycol) 3.5 g.

Hydrogenation of 2,7-dimethyl-3-triethylsilyl-octyn-3,5-diol-2,7 with
Raney nickel catalyst. 5.64 g (0.02 gram-mole) of glycol, 50 cm? of anhydrous
ethyl alcohol, and 0.56 g of Raney nickel were placed in a hydrogenation flask.
After air had been displaced from the system, absorption of hydrogen began very
rapidly and ceased after 10 min. 465 ml of hydrogen was absorbed (instead of
the theoretically required 448 ml), sufficient for the hydrogenation of one triple
bond. A fresh portion of catalyst, 0.5 g, was added to the flask, but hydrogen
absorption did not continue. After separation of the catalyst and distillation of
the ethanol, the hydrogenation product was isolated, b.p. 135°/3 mm, 4.85 g.

Found, %: OH 12.82; 11.14; C 68.00; 68.11; H 11.73; 11.70; Si 10.20; 10.16
C,6H5,0,Si. Calculated, %: OH 12.01; C 67.60; H 11.27; Si 9.85

The substance obtained, 2,7-dimethyl-3-triethylsilyl-octadiene-3,5-diol-2,7, is a
mobile, colorless, low-viscosity liquid with a greenish-yellow tint.

Hydrogenation of 2,7-dimethyl-3-triethylsilyl-octyn-3,5-diol-2,7 with
Pd/CaCOj, catalyst. 5.64 g of glycol (0.02 gram-mole), 50 cm? of anhydrous
ethanol, and 0.56 g of Pd/CaCO; (prepared according to Busch) were placed
in a hydrogenation flask. 458 ml of hydrogen was absorbed (instead of the
theoretically required 448 ml). The same hydrogenation product was isolated—
2,7-dimethyl-3-triethylsilyl-octadiene-3,5-diol-2,7.

Hydrogenation of 3,8-dimethyl-4-triethylsilyl-decen-4,6-diol-3,8 with
Pd/CaCO, catalyst. Under analogous conditions, 3.1 g of glycol (0.1 gram-
mole), 0.3 g of catalyst, and 50 cm® of anhydrous ethanol were taken. 232 ml
of hydrogen was absorbed (theoretically ---).

required 224 ml). 2.4 g of product was isolated, b.p. 146°/3 mm.

Found, %: OH 11.92; 11.77; C 69.07; 69.35; H 11.72; 11.85; Si 9.09; 8.80
C13H45045Si Calculated, %: OH 11.90; C 69.23; H 11.54; Si 8.97

The substance obtained, 3,8-dimethyl-4-triethylsilyldecadien-4,6-diol-3,8, is a
colorless, not very viscous liquid with a light yellowish tint.
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Hydrogenation of 2,3,8,9-tetramethyl-4-triethylsilyldecadien-4,6-diol-3,8 using
Pd/CaCO; catalyst. 3.38 g of glycol (0.01 g-mol), 0.34 g of Pd/CaCO; cat-
alyst, and 50 cm?® of anhydrous ethanol were taken. 232 ml of hydrogen was
absorbed (instead of the theoretically required 224 ml). The hydrogenation
product was isolated, b.p. 158°/3 mm, 2.75 g; for it:

Found, %: OH 7.63; 8.00: C 70.32; 70.13; H 12.07; 12.35: Si 8.53; 7.93
CyoH 004581 Calculated, %: OH 7.25; C 70.59; H 11.76; Si 8.24

The substance obtained, 2,3,8,9-tetramethyl-4-triethylsilyldecadien-4,6-diol-3,8,
is a thick, mobile, colorless liquid with a slightly greenish tint.

Hydrogenation of 1,4-di(1-oxycyclohexyl)-1-triethylsilylbutyn-1,3 in the pres-
ence of Pd/CaCO;. 3.62 g of glycol (0.01 g-mol), 50 cm? of ethanol, and 0.36
g of catalyst were taken. 239 ml of hydrogen was absorbed (instead of the the-
oretically required 224). The hydrogenation product was isolated, b.p. 195°/3
mm, 2.82 g.

Found, %: OH 9.01; 9.54; C 72.76; 72.87; H 11.26; 11.34; Si 7.98; 8.08
CyoH, 00,1 Calculated, %: OH 9.29; C 72.53; H 10.99; Si 7.69

The hydrogenated substance, 1,4-di(1-oxycyclohexyl)-1-triethylsilylbutadiene-
1,3, is a very thick, somewhat mobile, colorless liquid.

Hydrogenation of 1,4-di(1-oxycyclopentyl)-1-triethylsilylbutyn-1,3 in the pres-
ence of Pd/CaCO;. 3.34 g of glycol (0.01 g-mol), 50 cm? of anhydrous ethanol,
and 0.34 g of catalyst were taken. 231 ml of hydrogen was absorbed (instead
of the theoretically required 224 ml). The hydrogenation product was isolated,
b.p. 172°/3 mm, 2.63 g.

Found, %: OH 10.36; 10.52; C 71.23; 71.68; H 10.80; 11.00; Si 8.45; 8.60
CygHy5045Si: Calculated, %: OH 10.18; C 71.43; H 10.71; Si 8.33

The hydrogenated substance, 1,4-di(1-oxycyclopentyl)-1-triethylsilylbutadiene-
1,3, is a thick, slightly mobile, colorless liquid with a faint greenish tint.

Action of triethylchlorosilane on 2,7-dimethyl-3-triethylsilyloctyn-3,5-diol-2,7.
In a three-necked flask equipped with a mechanical stirrer, reflux condenser,
and dropping funnel were placed 11.5 g of glycol (0.04 g-mol) and 6.5 g of
pyridine, and 12 g of CISi(CyH;); was added dropwise. A white precipitate
formed. After all the triethylchlorosilane had been added, the flask was heated
on a boiling water bath for 1.5-2 hours. The reaction mixture was then filtered
and distilled in vacuo. Two fractions were obtained: 1) b.p. 149°/3 mm, 5.5 g,
and 2) b.p. 162°/3 mm, 4.2 g. For the 1st fraction:

Found, %: OH 4.84; 4.76; C 67.04; 66.69; H 11.70; 11.68; Si 11.62; 11.85
CyoH 4 O5Siy: Calculated, %: OH 4.42; C 66.66; H 11.11; Si 11.64

The substance obtained, 2,7-dimethyl-3-triethylsilyl-7-triethylsiloxyoctyn-3,5-ol-
2, is a mobile yellow liquid. For the 2nd fraction:
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Found, %: C 65.41; 66.00; H 11.63; 11.65; Si 16.66; 16.25
Calculated, %: C 65.88; H 11.37; Si 16.47

The substance obtained, 2,7-dimethyl-3-triethylsilyl-2,7-ditriethylsiloxysilyloctyn-
3,5, is an easily mobile yellow liquid.

Action of triethylchlorosilane on 1,4-(1-oxycyclohexyl)-1-triethylsilylbutyn-1,3.
Under the conditions,

Table 1

Substance

ob- b.p., MR

tained Yield, % °C n% d3° found MR calc.

CH,—C(OH)(CH8)— Q6i(8!, H; ) ;) +A¥60 CH—0M23€ (OH ) (BRH—CH, 88.00
C,H;—C(OH)(CHg) —E(%%CQHS)S)I:AISEB— CH=601268C(OH) (€@H)Y) — C, HY7.26
iso—CSH7—C(OPBHC%?%&J(SKQH&&S&CH—@%CH—C(l(H]S)’(CH?,) 06,56 —iso
CgHy—C(OH) —G@i((%ﬁéag):CH%G}H%CHf@.Q%B) —CgHJ2.51 111.52

C5H9—C(OH)—@@i(én;];g)g):CHi—.GﬂﬂcCH—@.QBTB)—CSHQ2.57 102.30
CH3—C(OH)(CH%Z—§£($2H5)3):1:.@$B%CECG.QIQ(?BSi(CQH@%.)S{@Hg)—IQHgl8
CHS—C(OSi(CQHg,%)(%éi}—C(Si(@é]ﬂgﬁ)g)szwggﬁC—C((ﬁi%QHs)g)](@Hg)—CH3
CGH5—C(OH)—@(@i(éngrgézg)ZCHJf.e@@@—C(Gm@gHS)g)447611135 147.00
C6H5—C(OSi(CQH%)3)22%(31(02H5135930H—Cﬁ@&%(OSi(@gH@%)—06}&3.29

mim

analogous to the preceding ones, 10.86 g of glycol (0.03 g-mole), 5 g of pyridine,
and 10 g of triethylchlorosilane were taken. Two fractions were isolated: b.p.
198°/2 mm, 4.2 g, and b.p. 223°/2 mm, 3.5 g (the constants are given in Table
1). For one fraction

Found, %: OH 3.24; 3.07; C 79.85; 70.97; H 11.38; 11.24; Si 11.93; 12.00
CogH5,0,Si,. Calculated, %: OH 3.59; C 70.57; H 10.92; Si 11.76

The substance obtained, 1(1-oxycyclohexyl),4-(1-triethylsiloxycyclohexyl),1-
triethylsilylbuten-1,3, is a mobile yellow liquid. For the other fraction

Found, %: C 68.88; 69.25; H 11.35; 11.42; Si 14.04; 14.39;
Calculated, %: C 69.15; H 11.19; Si 14.24
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The substance obtained, 1,4-di-di(1-triethylsiloxycyclohexyl),1-triethylsilylbuten-
1,3, is a mobile yellow liquid.

The constants of the substances obtained by us are given in Table 1.
Thilisi State University
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