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Vinyl-hydrogen ligand exchange on silicon 

While the redistribution of electronegative groups attached to silicon is well 
documented and is of some synthetic import’, there are scant examples of aryl or 
alkyl groups participating with hydrogen in ligand exchange reactions*. It has been 
shown that disproportionation of ethy12, pheny13, and aralkylsilanes4 will occur at 
elevated temperatures and that platinum3 and free radical sources’ may act as 
catalysts. More recently two group@, working with derivatives of the unusually 
reactive silacyclobutane and 1,3-disilacyclobutane ring systems, reported examples of 
alkyl-hydrogen ligand exchange occurring under considerably milder conditions. 
In this communication we wish to describe the first example of vinyl-hydrogen ligand 
exchange at silicon, which occurred during the chloroplatinic acid-catalyzed hydro- 
silation of a vinylsiiane. Some experimental observations relevant to the mechanism 
of this reaction are also noted. 

As a potential synthesis of 1-(triethylsilyl)-2-(dimethylchlorosilyl)ethane, we 
chose to study the addition of triethylsilane to vinyldimethylchlorosilane catalyzed 
by chloroplatinic acid. The catalytic activity rapidly diminished7 and it was necessary 
to add the chloroplatinic acid in portions to complete the reaction_ Gas-liquid 
chromatography (GLC) showed the presence of four major products, which were 
separated by fractional distillation and identified as triethylvinylsilane (?y/,), l,Zbis- 
(dimethylchlorosilyl) ethane (17 %), l-(triethylsilyI)-2-dimethylchIorosilyl)ethane 
(66%) and bis-1,2-(triethylsilyl)ethane (lo%)**. All of these products may be satis- 
factorily explained by vinyl-hydrogen ligand exchange (eqn. 1). The extent of this 
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exchange cannot be determined, since dimethylchlorosilane and triethylvinylsilane 
may react to give l-(triethylsilyl)-2-(d imethylchlorosilyl)ethane as well as “abnormal 
addition products”, but must be greater than 17%. 

Vinyl-hydrogen l&and exchange can reduce the synthetic efficiency of the 
hydrosilation of vinylsilanes, and may constitute a termination process in the co- 
polymerization of vinyIsilanes and silicon hydrides’. 

When a mixture of 1-(triethylsilyl)-2-(dimethylchlorosilyl)ethane and tri- 

* The base and Lewis acid catalyzed disproportionation of aryl and alkylsilaucs probably involves silicon 
alkoxides and halides respectively as intermediates, and consequently is not strictly an alkyl- or aryl- 
hydrogen ligand exchange. 
** These figures were determined from the relative peak areas of GLC chromatograms. 
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ethyisilane was heated at 140° for 4 h in the presence of chloroplatinic acid, GLC 
indicated only unchanged starting materials were present_ This would preclude the 
chloroplatinic acid-catalyzed dissociation of I-(trietbylsilyI)-2-(dimethylchlorosiIyI)- 
ethane to dimethylchlorosilane and triethylvinylsilane as the mechanism of vinyl- 
hydrogen ligand exchange. In order to gain further insight into the mechanism of 
the ligand exchange of hydrogen and sp’ hybridized carbon, the chloroplatinic acid- 
catalyzed disproportionation of tri-p-tolylsilane was examined. When tri-p-tolyl- 
silane was heated at 240” for 12 h, GLC indicated the presence of di-p-tolylsilane (7x), 
tri-p-tolylsilane (58%) and tetra-p-tolylsilane (35%). After separation by distillation, 
NMR and infra-red analysis showed each of the three components was the para 

isomer. The NMR spectrum of tetra-p-tolylsilane showed an unidentified impurity 
absorbing at 442 cps (f$% of total aromatic protons). However, the infrared spectra 
showed no absorption which could be attributed to ortho, nzeta or benzyl isomersg. 
When tri-p-tolylsihme was heated at 24Cl” for 12 h, in the absence of chloroplatinic 
acid, no disproportionation occurred. 

While not conclusive, the fact that no significant amounts of m-toiyl, o-tolyl 
or benzylsitanes are formed during the disproportionation of tri-p-tolylsilane suggests 
that an addition-elimination mechanism (eqn. 2) is of little consequence in this 
transfo,mation. Similarly, x-bonded tolylplatinum intermediates are unlikely_ 
Although a radical process is not ruled out by the absence of or& and nrera isomers’, 
the chloropIatinic acid-catalyzed reactions of silicon hydrides are generally believed 
to be non-radical in character’*lo. It appears that a o-bonded p-tolylplatinum inter- 
mediate, formed by “platinum” cleavage7 of the p-tolylsilicon bond, is best invoked 
to expIain the observed results (eqn. 2). Vinyl-hydrogen ligand exchange may occur 
via an analogous intermediate. 

2 CH3~>SiRz-ti + ‘Pt’ -CH3~SiR~-k,-,i,R z-R&SiH, f R&d 

=H3 
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=% R = ,LY-tofyl 

SiQH 

EXPERIMENTAL 

Gas-liquid chromatographic analyses were performed with an F and M 
modei 300 instrument using a 6 ft. column of 5% SE 30 on Anakrome, with a helium 
flow rate of 75 ml/mm infra-red spectra were obtained with a Perkin-Elmer Model 
221 spectrophotometer. NMR spectra were obtained with a Varian A-60 spectrometer 
using tetramethylsilane as the internal standard_ Melting points and boiling points 
are not corrected. EIemental analyses were performed by Galbraith Laboratories, 
Knoxville, .Tennessee. All reactions were carried out under au atmosphere of pre- 
purified nitrogen. 

xTeageprts_ Triethylsilane and vinyldimethylchlorosilane were purchased from 
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Peninsular Chemresearch Inc. Tri-p-tolylsilaneil was prepared from the reaction of 
p-tolylmagnesium bromide with trichlorosilane. 1,2-Bis (dimethylchlorosilyl)ethane12 
was prepared by addition of dimethylchlorosilane to vinyldimethylchlorosilane. 

Addition of triethylsilane to vinyldimethylchlorosilane. Triethylsilane (19.547 g, 
0.1681 mole) was added dropwise to vinyldimethylchlorosilane (20.467 g, 0.1691 mole) 
containing 45 ,~l of chloroplatinic acid in isopropyl alcohol (36.9 mg/ml), stirring 
and refluxing the mixture. The temperature of the refluxing mixture rose from 84” 
to 144” during the course of the addition_ After the further addition of two portions 
of the catalyst (20 ~1 each), the reflux temperature rose to 164” and then to 178“. 
At this time, GLC indicated the virtual absence of starting materials. Fractional 
distillation of the reaction mixture afforded the following pure compounds: Tri- 
ethylvinylsilane, 2.448 g, b.p. 144-145’, nn ‘O 1.4323. The structure was confirmed by 
comparison of the infra-red spectrum with that of an authentic sample. Reported13 
for triethylvinylsilane, b.p. 143_2O, n ;’ 1.4330. Bis-1,2-(dimethylchlorosilyZ)ethane, 
5.149 g, m.p. 36.5-37.5O. Mixture m-p., infra-red and NMR spectral comparison with 
an authentic samplel’ confirmed the structure of the product. 1-(‘I’riethyZsiZyZ)-2- 
(dimethyZchZorosiZyZ)ethane, 17.752 g, b.p. 76-77” (2.5 mm) Y,, (in Ccl,) 1140 cm- 1 
(Si-CH2-CH2-Si) (F ound : C, 50.44; H, 10.49 ; Cl, 14.78 ; Si, 23.74; mol. wt. in 
CHCI,, 240. C10H2&lSi2 calcd.: C, 50.69; H, 10.63; Cl, 14.96; Si, 23.71%, molwt., 
236.9.) Bis-1,2-(triethyZsiZyZ)ethane, 2.5829 g, b-p. 77-80° (0.58 mm), v,, (in CCL) 
1140 cm- ’ (Si-CH,-CH,-Si), nfP 1.4575. (Found: C, 64.87; H, 13.27; Si, 21.56. 
Cl,H3,Si2 calcd.: C, 65.03; H, 13.25; Si, 21.72x.) Reportedl& for bis-1,2-(triethyl- 
silyl)ethane, b.p. 265-7”, nL” 1.4582. 

Attempted reaction of 1-(triethyZsilyZ)-2-(dimethylchlorosilylethane with tri- 
ethylsilane. A mixture of 1-(triethylsilyl)-2-(dimethylchlorosiIyl)ethane (612 mg) and 
triethylsilane (524 mg), containing 10 ,~l of chloroplatinic acid in isopropyl alcohol 
(52 mg/ml) was heated at 140” for 4 h. At this time GLC analysis showed that only 
unchanged starting materials were present. 

Disproportionation of’tri-p-toZyZsiZane_ Tri-p-tolylsilane (6.0313 g) and 35 ,~l of 
chloroplatinic acid in isopropanol(46 mg/ml) were heated at 120” (18.5 h) and then 
at 160° (24 h)_ At this time GLC and infra-red analysis showed no significant dis- 
proportionation. After the reaction temperature was raised to 240° for 12 h, GLC 
analysis showed a mixture of ditolylsilane (7%), tritolylsilane (58%) and tetratolyl- 
silane (35yo)_ The reaction mixture was distilled to afford di-p-tolylsilane, 350 mg, 
b.p. 77-78” (0.03 mm), nhO 1.5706, v_(in CS2) 1120(s), 940(s), 845(s), and 800(s) cm- i 
(Found : C, 78.89 ; H, 7.58. C,,H,,Si calcd. : C, 79.18 ; H, 7.59OA.); tri-p-tolykilane, 
1.954 g, b-p. 148-51° (0.03 mm), identical (infra-red, m.p.) with unchanged starting 
material. The distillation residue was crystallized from benzene to give tetru-p-toZ_vZ- 
silane, 1.121 g, m.p. 232-233.53 V_ (in CSz) 1110, 800 cm-r. (Found : C, 85.78 ; 
H, 7_24_ C,,H,,Si calcd.: C, 85.66; H, 7.19%.) Reported15 for tetra-p-tolylsilane, 
m.p. 228O.’ The mother liquor of crystallization afforded 2.065 g of a mixture of tri- 
and tetra-p-tolylsilane, shown by NMR and infra-red analysis to contain only the 
para isomers. The NMR spectra (CDCl,) of all of the fractions isolated from the 
disproportionation showed a singlet at 140 cps (Ar-CH,) and an AB quartet at 428, 

435.5,448, and 456.5 cps (Si-$-CH=CH-CH,). Di- and hi-p-tolylsilane showed 

singlets at 296 and 329 cps. (Si-H) respectively. In addition to the anticipated absorp- 
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tion, both crystallized and uncrystallized samples of tetra-p-tolylsilane showed an 
unassigned singlet at 442 cps. (6% of total aromatic hydrogens). 

This work was supported in part by the Office of Naval Research. We are 
irzdebted to Prof_ H. GILMAN for a sample of tetra-m-tolylsilane and to the Dow 
Corning Corporation for a gift of dimethylchlorosilane. 
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Dicyciogentadienyltit~~~ halide species in acetone soIutions 

In a paper on the kinetics of dicyclopentadienyltitanium(IV) complexes 
Langford and Aplington’ elude a proposal by 3ensen2S3 that such compounds are 
dimerized in acetone solution. Also, objections have been raised to the introduction 
ofmore intermediates despite the local inconsistencies in,the parameters from different 
experiments*. Multicomponent mixtures are liable to great freedom in interpretations, 
and a glob-d approach6 in handling the experimental data is needed in order to bring 
such freedom under reasonable control. 

This note is an attempt to mediate between the crowded model of Jensen 
and the simplified reaction scheme of Langford and Aplingtor~~, in which-after 
deduction of the l&fluence of the water content-a single parameter should charac- 
terize the exchange of one ligand for another. We have used Jensen’s data for the 
LiScN/LiCl system, see Table 1, because for these ligands we may n&@ect the aqua- 
tion effects, which seem to be competitive in case of LiBr. 
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