METHYL-SUBSTITUTED
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As a continuation of studying the hydrosilylation of ethynylsilanes in the presence of the Speier cata-
lyst [1-3] we synthesized a number of previously unknown methyl-substituted 1,2-disilylethylene deriva-
tives, which contain ethynyl, phenyl, and methoxy groups on the silicon atom.

The reaction of methyltriethynylsilane with an equimolar amount of either methyldichlorosilane or
trichlorosilane gave both the mono~ and the diaddition products

CH,Si(C=CH); + HSiRCl, — CH,(HC=C),SiCH=CHSiRCl,
(O, a1
CH,(HC=C)Si(CH =CHSiRCl,),
(I1r), (I1v)
R = CH, (I), (III); CL{II), (IV)

The reaction of (I) with ethynylmagnesium bromide gave 1,2-bis(methyldiethynylsilyl)ethylene (V)
(I) -+ 2HC=CMgBr — CH,(HC = (),SiCH —=CHSi(C=CH),CH, (V)
A number of other ethynyl-substituted 1,2-disilylethylenes was obtained in a similar manner
(CHy)3n(HC=C),SiCH =CHSi(CH,);_nCl,,-- mHC=CMgBr —
—> (CH;)5-,(HC=C),SiCH =CHSi(CH,);._,,,(C=CH),,
(VD) — (IX)
n=0,m=2WI);n=0m=3VI); n=1,m=2{VI)nrn=1m=3 (IX)
The reaction of the chloro derivatives with methanol in the presence of urea leads smoothly to the

corresponding methoxy derivatives
mOC(NH,),

(CH3)3-(HC=C(),3i1CH = CHSi(CH,);_,Cl,, + mCH,0H.
~ (CH3)3_ (HC=C),SiCH = CHSi(CH3)3.m(OCHj),,
(X) —(XV)
n=0,m=2(X);n=0m=3XI);n=1,m=2XI);n=1,m
=3(XIll);n =2, m =2 (XIV); n =2, m = 3 (XV)

The reaction of compound (III) with CH;MgI gave bis-[g~(trimethylsilyl)vinyllmethyl (ethynyl)silane XVI)
(III) 4 4CH Mgl — CH4(CH=C)Si[CH =CHSi(CH,),], (XVI)
1-(Trichlorosilyl)-2-(trimethoxysilyl)ethylene (XVII)
(CH,;0),5iC=CH -+ HSiCl; — (Cﬁ30)3SiCH=CHSiCI3 (XVII)

was synthesized by the addition of HSiCl, to ethynyltrimethoxysilane, while 1-(ethyldichlorosilyl)-2-(di-
ethylmethoxysilyl)ethylene (XVTIII)
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TABLE 1. NMR Spectra of 1,2-Disilylethylene Derivatives

Chemical shifts, 7, ppm
Compound Formula T
. @ | 2| C=CH
R T - I -
L] o [&] [&] ]
a ¢ -
(VD) | CHL(IIC=:C).SiCH=CHSi(CH)s 3,59 3,07) 9,63} 9,37} — 7,62
a 5
(VID) (HC=C),SiCH=CHS{(CH,), 3,83| 2,88] — | 9,83 — 7,50
a [¢] 7,62(1H)
(VIII) | CHy(HC=:C),SICH=CHSI(CH)C=CH 3,39| 3,24 9,581 9.74] — 7,56(2H)
a 4] 7,58(1H)
(IX) | (HC=C)SiCH=CHS{(CH;»C=CH 3,43| 2,08} — ] 9.68] — 7.4%3H)
[¢] @
(X) | (CH,)SICH=CHS{(OCH,),CH, 3,65] 3,21 | 9,9 8.9t} 6,64 -
B8 @
(XI) | (CH,),SiCH=CHS{(OCH,), 3,81 3,12] 9,90 - {650 -
a B
{(XID) HC=C(CH,),StCH==CHS$i(OCH,),CH, 3,33| 3,57 9.81| 9,78 ] 6,58 7,88
a 8
(XIIT) HC=C(CH,),SICH=-CHSi(OCH,), 3,201 3,6t) 9,72] — | 6,50 7,62
(XIV) | CHy{(HC=C),SiCH=CHS{(OCH,),CH, 3,31 | 3,3t 9,85 9.58] 6,5 1,55
a 3
(XV) | CH(HC:z2C),SiCH=CHSi(OCHy}, 3,271 3.45] 9,57 — | 6,4 7,5
(XIX) | (CH,0)8iCH=CHSi(OCH,)s 3,5 3,53] — | - |64 -
B -3
(XXI) | (CH,hSICH=CHSH{(CH,)OCH, 3,52| 3,35] 9.92| 9.67| 6,65 -
(XXID) | CH;O(CH,),SiCH=CHSi(CH,).0CH, 342 3,420 9,85] 9.85] 6,5 -
(XXIV) | CeHy(CHy):SICH-=CHS{(CH,)s 3,33} 3,33} 9,691 9,9 — -
8 z
(XXV) | CHi(CH,),SiCIHI=CHSI(C=CH).CH, 3,58¢ 3,00 9,60 961 — 7,82
3 a .
(XXVID CeH(CH,;),SICH~=CHSKCH,),Cz=CH 3,42) 3,12 9.63| 9.74| — 7,74
(XXVIIIa) | C¢Hs(CH,)Si /Ha
N
/c:c\ : 75% 2,601 3,44 9,57 - | — -
<H SiCls
{(XXVIIID) | C,Hy(CH,)Si Hp
~. /
/C=C\ 25% 3,44 3,53) 9,371 — | — -
ClsSi H,
(XX1Xa) | C,H(CH,;),Si Hp
N
/C=- 5% 2,98 3,68| 9,67] — | 6,45 -
N\
oH Si(OCH,)s
(XXIX ) CH(E€H)Si /Hﬁ
/c=c 23% 3,400 3,660 9.57] - 16,38 --
N\
(CH,0):81 H,
g2 |
(XXX) (CH),$i{CH=CHS$i{OCH,). ]2 3,641 3,23] 9,88] 9,811 6,5 -

CH,O(C,H,),SiC=CH -I- HSi(C,H,)Cl, — CH ;0(C,H,),8iCH = ClISi(C,11,)Cl,
(XVIII)

was obtained from diethylethynylmethoxysilane and ethyldichlorosilane

The corresponding mcthoxy derivatives were synthesized by the reaction of compounds (XVII) and
(XVIII) with methanol in the presence of urea

(CH40),SiCH - CHSi(OCH,), and CH,0(C,H,),SiCH -.-CHSi(OCII,),C,H,
(XIX) (XX)

The reaction of 1-(trimethylsilyl)-2- (methyldimethoxysilyl)ethylene and 1-(dimethylmethoxysilyl)-2-
{methyldimethoxysilyl)ethylene with an equimolar amount of CH;Mgl gave 1-(trimethylsilyl)-2-{dimethyl-
methoxysilyl)ethylene and 1,2-bis(dimethylmethoxysilyl)ethylene

(CH;0)a(CH )5, SiCH -=CHSi(OCH,),CH, ~- CH gl -~
— (CH,0)3(CH,);- SiCH =CHSi(CH,),0CH,
(XX1), (XXII)
n == 0 (XX1); n =1 (XXII)

The 1,2-disilylethylenes that contain a pheny!l radical on one of the silicon atoms were synthesized by
the hydrosilylation of dimethyl(phenyl)(ethynyl)silane and subsequent reaction of the reaction product with
either CH3MgI or ethynylmagnesium bromide
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CsHs (CHa)2 $IG=CH -|- HSi(CH3)Clz — CsHs (CHs)2 SiCH=-CHSi(CHs)Cle

CH.Mgl ‘ (XXI111)
| tHC=CMgBr
v }
CsHs(CHa)2 SiCH=CHSi (CHs)s CeH; (CHs)z SiCH =CHSi (C=CII)2 ClIs
(XXIV) (XXV)

and also by the hydrosilylation of dimethyldiethynylsilane with methylphenylchlorosilane and subsequent
reaction with CH;MgI

(CH3)sSi (C=CH) -+ HSi(Cells) (CH3)Cl — HC=C(CI5)S3iCH~ CHSi(CoHy) (CHs)Cl TMEL,
(XXVI)
— HCz=C (CHs)s SiCH:=CHSi(CHy)aCoHls
(XXVIT)

The addition of HSiCl; to dimethyl(phenyl)ethynylsilane gave1-(dimethylphenylsilyl)-2-(trichlorosilyl)~-
ethylene, which with methanol gives 1-(dimethylphenylsilyl)-2-(trimethoxysilyl)ethylene
CoHy(CH3)2SiC=CH +HSiCls — Coll5(CHs)z SICH=CHSiCls 00,
(X XVIII) OC(NH,);
— CeH; (CHy)2 SiCH=CHSi (OCHs)s
(XXIX)

Dimethylbis-{ B~ (methyldimethoxysilyl)vinyl]silane was synthesized in a similar manner

(CHo) Si{CH=CHSI(CH:)Cl] — CILOR

(CHabSl[CH CHSI)&OCIXs)zCIIa]z

To confirm the structure of the synthesized compounds we studied their NMR spectra (Table 1). The
spectra were obtained on a Tesla BS-487B spectrometer (80 MHz) for 10-15% CCl, solutions, using cyclo-
hexane as the internal standard. Except for the symmetrical compounds and (XXIV), the olefinic protons
of the 1,2-disilylethylene derivatives are depicted in the spectrum by quadruplets of the AB type. The
vicinal spin—spin coupling constants of the olefinic protons are equal to 21~23 Hz, which proves the trans-
structure of the obtained compounds. Compounds (XXVIII) and XXIX) are an exception, the spectrum of
which shows that, together with the trans-adduct (XXVIIIa) and (XXIXa), the gem-isomer (XXVIIb) and
(XXIXb) is formed, An AB quadruplet with a spin—spin coupling constant of 5 Hz corresponds to the latter
in the region of the olefinic protons. The ratio of the trans- and gem-isomers is 3: 1.

EXPERIMENTAL METHOD

1-(Methyldiethynylsilyl)-2- (methyldichlorosilyl)ethylene (I) and bis-[8-(Methyldichlorosilyl)vinyl]-
methyl(ethynyl)silane (III). To a mixture of 3.7 g of methyliriethynylsilane and 0.01 ml of 0.2 N H,PtCl; in
isopropanol at 40-45° was added 3.3 g of methyldichlorosilane. The mixture was heated at 80-90° for 0.5h.
Distillation gave 3.18 g (45.4%) of (I) with bp 92-93° (12 mm); nD 1.4780; dﬁo 1.0517., Found: MR 62.78.
CgH, 0812C12 Calculated: MR 62.01. In addition, we isolated 3.08 g (44.0%) of (III) with bp 152-154° (13
mm); np 20 1.4994; d3® 1.1877. Found: MR 86.41. CgH;SijCly. Calculated: MR 86.26.

Compounds (II), (IV), (XVI), XVIID), XXIII), (XXVI), and (XXVIII) were obtained in a similar manner
(Table 2).

1,2-bis(Methyldiethynylsilyl)ethylene (V). To a solution of 2.33 g of (I) in 5 ml of ether was added
the Iotsich reagent that was prepared from 0.46 g of Mg, 2.18 g of C,HBr, and acetylene in 25 ml of THF.
After the usual workup we obtained 1.39 g (65.5%) of (V) with bp 114-116° (17 mm), mp 60-62°. Found:
C 66.38; H 5.76; Si 25.64%. C;,H,Si,. Calculated: C 67.85; H 5.69; Si 26.45%.

Compounds (VI)-(IX) and (XXV) were obtained in a similar manner (see Table 2).

1-(Methyldiethynylsilyl)-2- (methyldimethoxysilyl)ethylene (XIV). With stirring, to a mixture of
2.4 g of urea and 12 ml of methanol in 15 ml of hexane was added 4.46 g of (I) in drops. The mixture was
heated at 60° for 1 h, and the lower layer was separated and extracted with 10 ml of hexane. The extract
was combined with the main layer, the hexane was distilled off, and the residue was vacuum-distilled.
We obtained 3.6 g (74.0%) of (XIV) with bp 111-112° (18 mm); n%’ 1.4618; d3i° 0.9476. Found: C 53.71;
H 7.15; Si 24.91%; MR 65.00, C,¢H;Si;0,. Calculated: C 53.62; H 7.14; Si 25.04%; MR 64.53.

Compounds X)-XII), XV), XIX), XX), XXIX), and XXX) were obtained in a similar manner
(see Table 2).
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1-(Trimethylsilyl)-2-(dimethylmethoxysilyl)ethylene (XXI). With stirring, to a solution of 10.2 g of
1-(trimethylsilyl)~-2-(methyldimethoxysilyl)ethylene in 15 ml of ether was added the Grignard reagent, pre-
pared from 1.21 g of Mg and 7.1 g of CH;l in 25 ml of ether, in drops. The mixture was heated at reflux
for 2 h. The obtained precipitate was filtered, the ether was distilled off, and the residue was vacuum-~
distilled. We obtained 6.02 g (64.0%) of (XXI) with bp 39° (4 mm); n]23° 1.4300; d%° 0.8222. Found: C 50.98;
H 10.70; Si 29.60%; MR 59.20. CgH,Si,0. Calculated: C 50.98; H 10.71; Si 29.82%; MR 58.67.

1,2-bis (Dimethylmethoxysilyl)ethylene (XXII) was obtained in a similar manner.

bis-[B- (Trimethylsilyl)vinyl]Jmethyl(ethynyl)silane (XVI). To a solution of 2.8 g of (III) in 10 ml of
ether was added the Grignard reagent, prepared from 0.76 g of Mg and 4.52 g of CH,l in 25 ml of ether,
in drops. The mixture was heated at reflux for 1 h, cooled, and decomposed with water and 5% HC1 solu-
tion. After the usual workup and vacuum-distillation we obtained 1.46 g (68.5%) of (XVI) with bp 103~104°
(8 mm); n}) 1.4606; d3® 0.8296. Found: C 58.77; H 9.83; Si 31.61%; MR 89.43. Cy3HySi; Calcu-

lated: C 58.56; H 9.84; Si 31.60%; MR 88.03.

Compounds (XXIV) and (XXVII) were obtained in a similar manner (see Table 2).

CONCLUSIONS

1. Some new methyl-substituted trans-1,2-disilylethylene derivatives were synthesized by the addi-
tion of hydrosilanes to methylethynylsilanes and ethynylmethoxysilanes, and a study was made of their re-
action with methanol, and also with the methyl- and ethynylmagnesium halides,

2. It was established by the NMR method that all of the obtained compounds have a trans-structure.
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