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Abstract

Full Text
Chemistry

Corresponding Member of the Academy of Sciences of the USSR A. D. PETROV,
V. M. VDOVIN, and R. SULTANOV

SYNTHESIS AND TRANSFORMATIONS OF
a,w-DICYANOALKYLTETRAMETHYLDISILOXANES

Cyanoalkylsiloxane polymers have recently found practical application as
special silicone rubbers, pastes, resins, and other materials (!). It is also known
that cyanoalkyl silicon compounds are starting substances for the synthesis
of a whole series of carbofunctional organosilicon monomers, in particular
v-aminopropyltriethoxysilane (?),  «,w-di-(aminoalkyl)-tetraalkyldisiloxanes
(), and diacids (*®).

In the present work we studied the possibility of obtaining «, w-di-(cyanoalkyl)-
tetramethyldisiloxanes by the method of (). Under the conditions described in
the experimental part, the following reactions were carried out:

CHzMgHal H,O
XCH,CH,CH,Si(CH;)Cl, — 7 [XCH,CH,CH,Si(CH,),],0-+XCH,CH,CH,Si(CH, )5,

ether

X = CN, OCH,CH,CN  Hal = Cl, Br; (1)

n CHzMgHal H,O
NCCH,CH,SiCly; ——————— [NCCH, CH,Si(CH,),],0+NCCH, CH,Si(CHy )5,

ether

n=2; 2.3; 2.5 Hal = Cl, Br, L (2)

It turned out that in reaction (2), in ether at a temperature from —3 to 36°, the
best yields of the a, w-dinitrile are achieved with Hal = Cl and n = 2.5, whereas
with Hal =1 the «,w-dinitrile could not be isolated. At m = 2, owing to the
high rate of substitution at room temperature of all three chlorines on silicon,
it is not possible to obtain any appreciable amounts of «, w-di-(S-cyanoethyl)-
tetramethyldisiloxane from the compound NCCH,CH,SiCl;. Apparently this is
explained by the fact that, owing to formation of NCCH,CH,Si(CHj), a con-
siderable amount of the difunctional nitrile NCCH,CH,Si(CH;4)Cl, remains in
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the mixture; at the hydrolysis stage this enters into reaction with the monofunc-
tional NCCH,CH,Si(CHj),Cl, with formation of linear polysiloxanes of proba-
ble structure
NCCH,CH,Si(CH;),O[NCCH,CH,(CH;)SiO],g;(CH;),CH,CH,CN. The first
member of this series with & = 1 was isolated by us in all experiments, and in
the case n = 2 in the greatest amount.

The prepared «, w-dicyanoalkyltetramethyldisiloxanes were copolymerized with
dimethylsilicocyclopolysiloxanes according to the reaction:

[NCCH,CH,Si(CH,),],0 + n[(CH,),Si0], —

— NCCH, CH,Si(CH,),0[Si(CH,),0],, Si(CH,),CH,CH,CN.  (3)

The copolymerization was carried out with the aid of 2-6 wt. % conc. HySO,
at 20 + 2°; under these conditions no cleavage of the cyanoalkyl radical was
observed.

At the same time, according to Prober’ s data (®), cyclic polysiloxanes with
a-cyanoalkyl radicals under the conditions we used cleave off the cyanoalkyl
radical and form cross-linked polymers.

The cyano group is one of the most polar functional groups () and causes the
appearance of strong forces of intermolecular inter-

interactions, in particular, also in molecules of cyanoalkylpolysiloxanes(®.

Therefore, the linear «,w-dicyanoalkyldimethylpolysiloxanes obtained by us,
in contrast to nonpolar dimethylpolysiloxanes, proved to be highly viscous
liquids. At the same time, their viscosity index remained close to that of
dimethylpolysiloxanes®).

Under reaction conditions analogous to those described above, we obtained dis-

iloxanes in which the terminal groups were reactive CN-alkyl and Cl-alkyl groups

H,SO,
[NC(CHy)ygi(CHg)5]50 + n[CICH,Si(CHy)5],0 ———

— 2NC(CH, ) ig; (CHy), OSi(CHy ), CH, C1 + (n — 1)[CICH,Si(CHy),],0.  (4)

When n was taken equal to 7, chloronitriles were obtained in 70-90% yield.

It is known that organosilicon chloromethyl compounds are very active in sub-
stitution reactions®. The siloxane a,w-chloronitriles obtained by us can be
used for preparing various other a,w-dicarbofunctional disiloxanes with differ-
ent functional groups. We established, in particular, that reaction (5)
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NCCH,CH,Si(CH;),08i(CH, ), CH,Cl — 5 NCCH,CH,Si(CH, ),0Si(CH;),CH,J

acetone
(5)

is not complicated by side reactions at the = Si— O —Si = bonds, and the iodide
is obtained in 83% yield.

Experimental Part

The conditions for the synthesis of «a,w-dicyanoalkyltetramethyldisiloxanes are
given in Table 1. Below we describe one standard experiment.

Synthesis of a,w-di-(f-cyanoethyl)-tetramethyldisiloxane. In a round-
bottom flask fitted with a reflux condenser, stirrer, and inlet tube for intro-
ducing CH4Cl, 62 g (2.6 mol) of Mg and 1.2 1 of absolute ether were placed.
The resulting organomagnesium compound was poured into 188.6 g (1 mol) of
Cl;5iCH,CH,CN in 0.5 ml of absolute ether at a temperature of ~ 20° over 4
h. The next day the mixture was decomposed with water, the aqueous layer
was separated from the organic layer, the latter was washed with water, and the
aqueous layer was extracted twice with ether. The organic layer and the ethereal
extracts were combined and dried over CaCl, for 24 h. Distillation gave a frac-
tion of the dinitrile NCCH,CH,Si(CH;),08Si(CH;),CH,CH,CN with b.p. 150-
155°/3 mm and of the trinitrile [NCCH,CH,(CH;),SiO],Si(CH;)CH,CH,CN
with b.p. 230-238° (2-3 mm).

The properties of the dinitrile and trinitrile obtained, as well as of the other
compounds synthesized for the first time, are presented in Table 2.

Reaction of «,w-di-(8-cyanoethyl)-tetramethyldisiloxane with oc-
tamethyltetracyclosiloxane. In a flask equipped with a stirrer were
placed 22.2 g (0.075 g-mol) of [(CHj),Si0], and 18 g (0.075 g-mol) of
[NCCH,CH,Si(CHj)5]50; then 1.3 ml (5.6 wt.%) of conc. H,SO, was added as
catalyst. The contents of the flask were stirred at room temperature for 24 h,
after which they were treated with water. The organic layer was separated from
the aqueous layer, and the latter was extracted twice with ether. The organic
layer and the ethereal extracts were combined and dried over CaCl, for 6 h.
After removal of the ether, the residue was subjected to vacuum distillation
in a stream of nitrogen; 6 g of low-boiling compounds with b.p. up to 180°/2
mm (pot temperature 200°/2 mm) were thereby isolated. The residue was a
transparent, light-yellow, oil-like polymer, weight 29 g; yield 72% based on the
starting reagents.

Found, %: N 5.34; 5.43
Cy5H,4SigN,O5. Calculated, %: N 5.21

Table 1
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MononitrDénitrile*

Starting ob- ob- Halides Reaction Reaction
nitrile, Mg, tained, tained, in dura- temp.,

No. g-mol g-atom g-mol g-mol CH;X tion, h °C

1 Cl3SiCH,CH,@N; (CHj)5SiNGCHLC;Si(CH,),],04 20
1 0.16 0.14

2 Cl3SiCH,CH,@N; (CHjy),Si0HGCHLEH; Si(CH;),], 04 36
1 0.27 0.1

3 Cl3SiCH,CH,@N, (CH;)4SiGCHL@;Si(CH; )5, 0s5 -3
1 0.25 0.09

4 Cl3SiCH,CH,@N;, (CHj)4SiWGCHL,@;Si(CH; )5, 055 20

1

0.17 0.1

5  CH,ClLSiCH,QIR, CHGEN), Si(NGCH,CHL,CH;Si (CH34,0; 30

0.8 021  0.13

6  CH,CL,SiCH,CI2, CHGEN), SiNGCHL,CHL,CH; Si( CH.3.,0:; 0
1.09 071 0.07

7 CH4Cl,SiCH, O, CHGEN), Si(NGCHL,ClL,CH; Si( CH,)J, O; 0
0.45 0.13 0.0

8 CH;Cl,Si(CHQ)RO ((HH, SiNUIOQHEIHGN;Si(CHE ), ], 0; - 15
0.44 0.05  0.075

9 OCEIEClzSi(CHQ-)%O(%%ﬂaﬁﬁ%%%@%@@%@i@:ﬂ%)2}20; 36

10 1CH301231(CH2)3@(%35523@3%5%%%%@%@@%51(%)2}20; 0

* The reaction temperature fluctuated within the range 3-5°.

Table 2

B.p, Foundoundroundoundalcuabcdildabcdilaibedilated
°C/mm MR,MRpSi, C, H, Cl, Si, C, H, Cl

No. Substigcen?) d3° foundcalec. % % % % % % % %

1 [NCAH3CH4$2009LG], 06 67.08 23.1850.0249328.57  23.3649.948.38 —
155/3

2 [Nccggggﬂé%m@@@wmwww%

3 [NCOHLOEE CH,S3IAH.35 716 29.9030.0091229. 10

4 [NCCHRCHADONIAHE CISHTT, I FDAABI8E .82
214/3

5  NCCHCH/SI9HY5EISIPCR §), TR, B TS 19,69 23.31 40.727.69 15.03
123/5

6 NCCHYCH /AP SREST, ) OSi5G IR, M PIIISES D2 34 22T 43.248.06 14.18
142/7

23.8247.557.69 —

29.9 53.7 9.0 —
15.7553.889.04 —
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B.p, Foundroundroundoundalculzabdildabd(dabcilated
°C/mm MRpMRpSi, C, H, Cl, Si, C, H, Cl
No. Substdgcen?) d2° foundcale. % % % % % % % %

7  NCCHLCH481TH) FOSIPCH;R,GEOBD.0A Z0485.60  17.1629.355.54 —
119/2

Average molecular weight 525.2 (cryoscopic method in benzene). Viscosity
Vg = 17.68 ¢St, v55. = 8.04 ¢St, vy = 3.97 ¢St. In the IR spectrum (on
an IKS-12 instrument with a LiF prism, layer 0.05 mm) a band at 2248 cm™!
was found, characteristic of the —C N bond.

The reaction was carried out in an analogous manner with 16.4 g (0.055 g-
mol) [(CH;),510],, 3.12 g (0.013 g-mol) [NCCH,CH,Si(CHy)5],0, and 0.7
ml (2 wt. %) conc. HySO,. The contents of the flask were stirred at room
temperature for 24 hr, after which they were treated analogously. The residue
was subjected to vacuum distillation in a stream of nitrogen; 1.32 g of low-
boiling products was isolated, with a maximum pot temperature of 249°/2 mm.
The polymer is a light-yellow transparent viscous oil, weight 15.6 g. Yield 90%
based on the dinitrile taken.

. Found %: N 2.01; 2.34
CaollineSiisO1rNo- ceutated %: N 1.97

Average molecular weight 1356 (cryoscopic method in benzene). Viscosity
U_gg- = 164.3 ¢St, vy, = 80 ¢St, vy = 48.3 ¢St, v55. = 25.9 ¢St, vyg. = 12.73
cSt.

Synthesis of y-cyanopropylchloromethyltetramethyldisiloxane. In the
experiment, 10.5 g (0.04 mole) [NCCH,CH,CH,Si(CH,),],0, 61.88 g (0.28
mole) [CICH,Si(CHs)s)50, and 0.4 g (4 wt. % of the dinitrile) conc. H,SO,
were used. The contents of the flask were stirred at room temperature for 24 hr,
after which they were treated with water. After the usual work-up, the excess
[CICHySi(CHy),l,0 was distilled off and the residue was subjected to vacuum
distillation. Sixteen grams of product with b.p. 140—142°/7 mm was isolated,
consisting of NCCH,CH,CH,Si(CH;3),05i(CHy),CH,Cl. Yield 80% based
on the dinitrile taken. The excess dichloride [CIC H,Si(C Hj),],0 isolated from
the reaction can be used repeatedly without preliminary purification.

Synthesis of [-cyanoethylchloromethyltetramethyldisiloxane. Analo-
gously to the preceding experiment, from 29 g (0.12 g-mol) [NCCH,C H,Si(CH;)5]50,
139.2 g (0.48 g-mol) [CICH,Si(CHs),)50, and 1.74 g (6 wt. % of the dinitrile)

conc. H,S0,, the disiloxane CICH,Si(CH;3),05i{(CHy),CH,CH,CN was
obtained in an amount of 44 g, with b.p. 120—123°/5 mm. Yield 77% based

on the dinitrile taken.
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Synthesis of [-cyanoethyliodomethyltetramethyldisiloxane. Into
a flask fitted with a reflux condenser were placed 17 g (0.072 g-mol)
CICH,Si(CH3),0Si(CH5),CH,CH,CN, 300 ml of absolute acetone, and
23.9 g (0.144 g-mol) of dry KJ. The mixture was boiled for 50 hr. It was then fil-
tered from the precipitate and, after the acetone had been distilled off, vacuum
distillation gave 19 g (0.06 g-mol) JCH,Si(CH;),08i(CHy),CH,CH,CN,
with b.p. 116—119°/2 mm. Yield 83% based on the chloride taken.
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