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Summary

In the presence of a palladium(0) complex catalyst, methoxymethyldisilanes,
(MeO),, Me,_,,SiSiMe;_,,,(OMe),,, (m, n = 1, 2), added to 1-hexyne, trimethylsilyl-
acetylene and acetylene to give double silylation products, 1,2-bis(methoxy-
methylsilyl)olefins, in varying yields.

Introduction

Recently, Kumada et al. and Sakurai et al. reported that in the presence of
catalytic quantities of palladium complexes, disilanes of type Me, Si, X ,(n =
2—6; X = H and F) or 1,2-disilacycloalkanes add to various acetylenic compounds
to give double silylation products [1—3]. In a previous paper, we pointed out
that the addition of a disilane to an acetylene to give the corresponding disilyl-
olefin, is quite exothermic (ca. 40 kcal/mol) on the basis of thermochemical
considerations [4,5]. Thus, we concluded that the double silylation of acetylenic
compounds should occur not only with disilanes of special substituents or
structures, such as hydro-, fluoro- and strained-disilanes, but also with other
common disilanes, under appropriate reaction conditions. This was shown to be
the case as evidenced by the double silylation reaction of phenylacetylene with
methoxymethyldisilanes, as well as with hexamethyldisilane [5] (eq. 1) and

* For part I see ref. 5.
** This paper was presented at the 37th Annual Meeting of the Chemical Society of Japan, April
1—4, 1978 (Yokohama): Abstracts II, p. 944, No. 1L28.
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by the reaction of acetylene with chloromethyldisilanes [6].
Cat.

(MeO),,Me;_,,,SiSiMe;_,(OMe),, + PhC=CH —

(m, n=0—2)

Ph H
~c_c”

(MeO),,Me;_,,Si”  SiMe,_,(OMe), (1)

In order to extend the scope of the double silylation, we investigated the
addition reaction of methoxymethyldisilanes with other types of acetylenes
such as 1-hexyne, trimethylsilylacetylene and acetylene in the presence of a
palladium(0) complex catalyst.

Results and discussion

Double silylation of 1-hexyne with four methoxymethyldisilanes (Ib—TIe)
proceeded smoothly at 75—130°C in the presence of Pd(PPh;), (1.0 mol% rela-
tive to the acetylene used), giving the corresponding 1 : 1 adducts, 1,2-bis-
(methoxymethylsilyl)olefins (IIb—Ile) in 37—76% yields (eq. 2). However, the
reaction with hexamethyldisilane (Ia) was rather sluggish even at 140°C (7%
yield) {Table 1). -

Pd(PPH3);
B —

{MeO),,Me;_,,SiSiMe;_,(OMe),, + RC'=CH
(Ia,m =n = 0; R’ = Bu, Me;Si, H

Ib,m=1,n=0;
Iecem=n=1;
Idm=2,n=1;
lIeem=n=2)

R\ B /H
C=C

(MeO),,Me;_.Si”~  SiMes_,(OMe), (2)
(IIa, R =Bu,m=n=90; IIf R’ = Me,Si;
IIb,R'"=Bu,m=1,n=0; m=n=1;
IIc, R " =Bu,m=n=1 IIg R’ = Me;Si;
IId, R =Bu,m=2,n=1; m=n=2;
IIe, R " =Bu,m=n=2; IIhR' =H,

m=n=1;

IIi R = H;

m=n=2)

Similarly, trimethylsilylacetylene (Me;SiC=CH) also was found to react with
methoxymethyldisilanes (ic and Ie), affording the corresponding 1,2,2-tris-
(organosilyl)olefins (IIf and IIg) in 12—33% yields. In this case, the unreacted
silylacetylene remained unchanged.

- Double silylation of acetylene (HC=CH) also was effected by bubbling it
thrcugh a toluene or xylene solution containing the sym-methoxymethyldisilane
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(Ic and Ie) at 110°C in the presence of the palladium(0) catalyst, and gave
1,2-bis(tnethoxymethylsilyl)ethenes (IIh and IIi) in 22—32% yields.

Thus, it is further exemplified that the double silylation is quite a general
reaction for a variety of acetylenes, giving the corresponding 1 : 1 adducts in
varying yields.

Assignment of the structures of the double silylation products was made based
on 'H NMR, IR and mass spectroscopic studies and comparison with those of
the related previous studies [5]. The results of the elemental analyses and the
spectral data are summarized in Tables 2 and 3.

The previous metal-catalyzed double silylation of substituted acetylenes has
been shown to give predominantly (Z)-stereochemistry. It was found that the
present addition reactions also are highly stereoselective and regioselective to
form products possessing the (Z)-configuration. The (Z)-configuration of the
present product Ilc was confirmed by its facile cyclization to form siloxane
(111) (hydrolysis followed by the intramolecular condensation; eq. 3).

Me2§i/ \?iMez MeZSi<O>SMe2
OMe OMe
(Z2)-Iic (I11)

Such cyclization of 1,2-bis-silylolefins has been documented previously [1,5].

TABLE 2
ANALYTICAL DATA AND BOILING POINTS OF THE PRODUCTS, DISILYLOLEFINS

Compound Formula Analysis Found (Calcd.) (%) b.p.

(¢ C/mmHg)
C H
Ila C12H,55i 63.41 12.01 71-79/9
(63.17) (12.35)
ITb C12H2851,0 59.01 11.39 56.5/10
(58.94) (11.54)
IIc C12H288i20, 55.06 - 10.69 106/20
(55.32) (10.83)
I1d Cy2H,8Si,03 51.82 10.11 126/12
(52.11) (10.21)
IIe C12H285i204 49.59 9.59 117/10
(49.26) ((9.65)
e C11H2gSi302 m.w. 214 (M) S -
Ilg C;1H28Si304 42.58 9.09 -
(42.82) 9.14)
Iih CgH20Si202 47.01 9.86 82—95/20
(46.97) (9.78)
i CgH20Si204 40.65 8.53 78—87/(20
(41.00) (8.55)
11 Cj0H22S5i20 56.14 10.23 —
) (56.01) (10.34)

¢ By mass spectroscopy; m/e (intensity): 117(9), 119(8), 133(13), 143(6), 157(20), 172(25), 173(6),
199(100), 200(22), 201(10), 214(5) (M), 215(1) (M* + 1).
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In contrast to previous observations of bis-silylstyrene derivatives, an attempted
isomerization of (Z)-Ilc failed to give the corresponding (E)-isomer (see Experi-
mental).

Attempted GLC isolation of the (E)-isomer of Ilc from its mixture with the
(Z)-isomer was unsuccessful, but comparison (NMR) of a 50(Z) : 50(E) mix-
ture, which was isolated by preparative GLC as a fraction enriched in (E)-
isomer (see Table 1, Run 4), with pure sample of the (Z)-isomer was possible.
Thus, the mixture sample showed the olefinic proton due to the (F)-isomer
at § 5.92 ppm, while that due to (Z)-isomer occurred at § 6.19 ppm. The high
field shift of the olefinic proton in the (E)-isomer has been previously established
in the case of 1, 2-bis-silylstyrenes. A similar trend alsoc was observable for the
(Z)- and (£)-isomers of bis-silylethenes (see below and Table 3).

Further supporting evidence for the (Z)-stereochemistry was obtained from
an examination of the IR spectra of the double silylation products from acety-
lene (HC=CH) and dimethoxytetramethyldisilane (Ic). In this case, pure (E)-
and (Z)-1,2-bis(methoxydimethylsilyl)ethene (ITh) were isolated from the
mixture. The IR spectrum of the (F)-isomer showed a band at 1010 cm™,
while the spectrum of the (Z)-isomer had no absorption in this region, but did
have a band at 700 em™! which is due to (Z)-configuration [7].

From the above results, together with the results of the previous double sily-
lation [1—3,5,6], the structures of the other double silylation products were
assigned to be of the (Z)-configuration (see eq. 2). .

Regarding the structures of the products derived from unsymmetrical disilanes
(Ib and Id) and 1-hexyne, the NMR spectra of (Z)-IIb and -iId showed that
the presence of two kinds of the olefinic protons, so tha: each of the (Z)-com-
pounds was composed of two types of regioisomer, the «- and 3-form. On the
other hand, the olefinic protons for (Z)-I1a, -IIc and -Ile, produced in the reac-
tions of 1-hexyne with symmetrical disilanes, appeared at § 6.23, 6.19 and
6.13 ppm, respectively (see Table 3), indicating that the increasing methoxy
stibstitution on silicon affects the chemical shifts for these olefinic protons,
moving them to higher fields. It is reasonable to consider that the chemical
shifts of the olefinic protons were affected by the organosilyl group attached
to the same carbon (8-position) rather than the vicinal one (a-position). Thus,
the regioisomer which showed the proton chemical shift at higher field (6.03
ppm) was assigned to the (-structure and the isomer at lower field (6.25 ppm)
the a-structure:

a-form B-form
Bu\C /H (6 6.25 ppm) Bu\C /H (6 6.03 ppm)
Mef.?l/ \SlMe MeSSi/ \?1Me2
OMe OMe
Bu\ /H (6 6.27 ppm) Bu\ /H (6 6.04 ppm)
(MeO)z‘.lSi/ SiMe, Me2§i/ \§i(OMe)2

Me é)Me OMe Me
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Further, the signal intensities of the protons indicated that (Z)-IIb contained
the a-form and g-form in a ratio of 71/29, (Z)-IId in a ratio of 84/16. The
similar trend of the olefinic proton chemical shifts between the a-form and
B-form has been shown in the chemical shifts of the double silylation product
pairs of phenylacetylene with unsymmetrical disilanes [5].

The regioselectivity of the double silylation described above is of interest.
For example, the reaction of 1-hexyne with Id gave 1-dimethylmethoxysilyl-2-
dimethoxymethylsilylhex-1-ene predominantly along with the minor regioisomer.
Thus, the present double silylation using unsymmetrical disilanes proceeded to
give the products in which the silyl moiety possessing more methoxy group
occupies the a-position rather than $3-position, as is shown in the case of the
double silylations of phenylacetylene with unsymmetrical disilanes (Ib and 1d).
Although the directive effects of methoxy group(s) are not fully understood
at the present time, the electron densities on the two carbons in the substituted
acetylene also might play an important role. An indicating parameter for the
electron-density distribution is available from their carbon-13 NMR chemical
shifts by which the density of §-carbon is shown to be higher than that of
«-carbon in both 1-hexyne and phenylacetylene * [8]. This is consistent with
the mechanism which was proposed for the double silylation in the previous
reactions [5]:

+ pa—
R—g———_:“cs——H R—C==C——H
oz% }/3 : :
H 1
e ' H
(Me0)_Si——Pd— SiMe, (MeO)ZTi-——/-P¢<—— SliMe2
Me OMe Me OMe
(R = Ph and Bu)
R H
> :C/ 3w ——ae=— Products
(MeO),Si \Pd ——SiMe,
/ \\ l (x—form)
Me OMe

Experimental

All boiling points are uncorrected. IR spectra were recorded using neat
liquid films with a Hitachi EPI-G3 spectrometer, and 'H NMR spectra were
measured on a Varian A-60D spectrometer in CCl,; solution with TMS as

* Also, the l3C NMR spectrum for (MeO)2MeSiSiMe;(OMe) (Id) showed that the electron density
of the silicon bearing two methoxy groups appears to be higher than that of another silicon. There-
fore, it is likely that the addition of the higher electron-density silicon to the a-carbons in the ace-
tylenes would occur to predominantly give the corresponding a-form produets.
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internal standard. Mass spectral analyses were conducted using a JEOL JMS-07
spectrometer. GLC analyses were performed using an Ohkura Model 1700

gas chromatograph equipped witha 1 or 2 m X 4 mm Teflon column packed
with Silicone KF-96 and SF-96 (15—20%) on Celite 545-AW (column temp.
120—190°C; He carrier; an external standard, n-alkane selected from C;,—C;5).

Materials

All the methoxymethyldisilanes used were prepared via methoxylation of
the corresponding chlorodisilanes according to the method reported previously
[9]. Acetylene gas was commercially available and purified by passing it
through a Dry-Ice acetone trap and then a calcium chloride drying tube. 1-Hex-
yne was also commercially available and distilled before use. Trimethylsilyl-
acetylene was obtained by the literature methods [10]. Palladium(0) complex,
Pd(PPhs)., was prepared as described in the literature [11].

Addition of methoxymethyldisilanes to 1-hexyne and trimethylsilylucetylene
in the presence of the Pd® complex catalyst

The method used for the addition reaction to give (Z)-1,2-bis(methoxydi-
methylsilyl)hex-1-ene is representative. Under argon, a mixture of sym-di-
methoxytetramethyldisilane (Ic, 1.8 g, 10 mmol), 1-hexyne (0.4 g, 5 mmol)
and Pd(PPhs), (58 mg, 5 X 1072 mmol; 1 mol% relative to the acetylene
used) was heated at 75°C (oil bath) with magnetic stirring for 1.5 h. The yield
of the product, 1,2-bis(methoxydimethylsilyl)hex-1-ene [IIc; a 89/11 mixture
of (Z)- and (E)-isomers], was determined by GLC to be 64% (3.2 mmol), in
which correction was made for thermal conductivity of the product using an
external standard. Isolation of the product from the reaction mixture was
carried out by preparative GLC or by distillation under reduced pressure {b.p.
106°C/20 mmHg; a 89/11 mixture of (Z)- and (£)-isomer].

Similarly, the reaction was carried out in an evacuated Carius tube in which
the identical starting materials and the catalyst as described above were mixed
and sealed. The yield of the product [IIc; a 84/16 mixture of (Z)- and (E)-
isomers] formed after 24 h at 130°C was 76% (3.8 mmol).

Addition of methoxymethyldisilanes to acetylene in the presence of the Pd°
complex

A mixture of sym-dimethoxytetramethyldisilane (Ic, 3.5 g, 20 mmol), the
palladium(0) complex (0.2311 g; 1 mol% based on the disilane used) and
toluene (10 ml) was heated at 110°C for 25 h, while acetylene gas was bubbled
through the solution. After cooling, the resulting mixture was analyzed by
GLC; no disilane remained in the mixture. Two products were formed. These
were isolated by preparative GLC. From the elemental analysis and IR and
NMR spectra, the minor product, which has a shorter retention time than the
major one, was identified as (E)-1,2-bis(methoxydimethylsilyl)ethene, the
major one as (Z)-1,2-bis(methoxydimethylsilyl)ethene (Z/E ratio, 95/5). On
distillation, the reaction mixture gave a mixture of the (Z)- and (£)-isomers of
ITh; b.p. 95°C/20 mmHg; 1.3 g (32% based on Ic used); (Z)/(¥) isomer ratio,
87/13, and a 0.8 g residue mixture.

Similarly, acetylene gas was bubbled into a solution containing sym-dimethyl-



157

tetramethoxydisilane (Ie, 4.2 g, 20 mmol) and the palladium complex (0.2311
g; 1 mol%) in xylene (10 ml) at 110°C for 7 h. GLC analysis of the reaction
mixture showed that all of the disilane used has been consumed at this time.
Distillation afforded, after separation of small amount of a forefun, I1i b.p.
87°C/20 mmHg; 1.1 g (22% based on Ie used) and 1.1 g of residue.

Attempted isomerization of (Z)-1,2-bis(dimethylmethoxysilyl)hex-1-ene (IIc)
to the (E)-isomer

According to the method described in the previous paper [5], a mixture of
(Z)-lIc (2 mmol) [88% (Z) and 12% (F)], dimethoxytetramethyldisilane (Ic)
(2 mmol) and Pd(PPh;), (5 mg) was heated with stirring at 90°C for 20 h and
then at 110°C for 19 h under argon. The (Z)/(E) isomer ratio remained essen-
tially unchanged (86/14) after this treatment.

A similar attempt to isomerize an identical sample of the mixture [88% (Z)
and 12% (£)1 was made in the absence of the disilane (Ic), but the (Z2)/(&)
isomer ratio remained unchanged.

On the other hand, mixing a sample of (Z), (E)-IIc with one drop of water
gave a new peak in the GLC trace, while the original one corresponding to the
(Z)-isomer decreased greatly, From the elemental and spectral analyses, the
new peak compound, isolated by preparative GLC, was identified as the cyclic
siloxane (IIT).
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