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The preparation of tetrakis(dimethylphenylsilyl)silane

Since the preparation of the first branched-chain polysilane having contiguous
silicon atoms, tris(triphenylsilyl)silane. in 1959!, the synthesis and characterization
of some novel, highly symmetrical tetrasilyvl-substituted compounds of the tvpe:
TR(CH3),Sil E (where R = H, CH,, OCH; or OC.H;, and E = C3*-3; R = H or CHj,,
and E = Si%7%) have recently been described. A number of structurally related
compounds, {Ph,E1,E’ (where E = Pb or Sn and E’ = C, Pb, Sn or Ge), has also been
reporteds-13. To date, attempts to prepare similar phenvlated tetrasilyl-substituted
polvsilanes have failed!- 2.1,

We are now reporting the preparation of tetrakis(dimethylphenylsilyl)silane(I).

Si(CHy),Ph
Ph(CH,),Si-$'—Si(CHy):Ph
Si(CH,).Ph
()

Compound {I) was prepared by two independent methods: the reaction between
silicon tetrachloride, chlorodimethylphenylsilane and lithium;

SiCl, + 4 Ph{CH,),SiCl + S Li —FH1E__ (1) + Ph(CH,).SiSi{CH,).Ph (1)
and the reaction between dimethyvlphenylsilyllithium and silicon tetrachloride.
SiCl; + 4 PhiCH,).SiLi TBFESY (1) = Ph{CH,).SiSi(CH,),Ph (2)

Reaction (1) was carried out at room temperature in tetrahvdrofuran (THF) and the
vield of (I) obtained by this procedure was quite low (3.5 °5). The conditions used in
Method (2}, namely, a low temperature {—10°) and THF/ether as solvents, seemed
more favorable for the formation of (I), giving a 14.6 95 vield.

It seems reasonable that the low vield of (I} might be due to steric crowding of
atoms in the molecule imposed by the four bulky phenyl groups, and that a high order
of orientation of reactant species is necessaryv for the formation of the product. The
rigorous steric requirement presumably increases the probability of some secondary
reactions leading to the formation of the less sterically: hindered compound, 1,1,2,2-
tetramethyvi-r,2-diphenyvldisilane, in high vields (60-65 °;). Presumably these reac-
tions involve: (1) cleavage of an intermediate disilane by silyllithium,

Pn(CH,),SiLi + SiCly —- Ph{CH,),SiSiCly + LiCl

Ph(CH,).SiLi + Ph(CH,).SiSiCl; — Ph(CH,).SiSi{CH,).Ph + LiSiCl,
and (2) direct coupling of chlorodimethyviphenylsilane and dimethylphenylsilyl-
lithium*.

Ph{CH,).SiCl 4+ Ph{CH,)},SiLi — Ph(CH,).SiSi(CH,),Ph + LiCl

* Dimethylphenylsilyllithium could be formed by Method (1) from the reaction between
chlorodimethylphenylsilane and lithium!S. A halogen-metal interconversion reaction between

dimethyvlphenylsilyllithium and silicon tetrachloride (Method 2) would afford chlorodimethyl
phenylsilane!s.
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Thus, it is not surprising that tris(triphenylsilyl)silane was prepared in a 4.4 % vield
and attempts to synthesize tetrakis(triphenylsilvl)silane gave only hexaphenyldi-
silane, triphenylsilane and some polymeric materiall. It is also noteworthy that where-
as tetrakis(dimethvlsilvlmethane and tetralis(trimethvlsilvlimethane can be pre-
pared by a reaction between a chlorosilane, polvhalo methane and magnesium,
application of the technique to the attempted preparation of tetrakis{dimethvl-
phenvlsilvljmethane gave good vields of bis{dimethylphenylsilvl)methane; and no
tetrakis compound was isolated®. It appears that the formation of tetrasilvl-sub-
stituted methanes and silanes is limited by the number of large groups bonded to the
peripherzal silicon atoms.

Compound (I}. a white crvstalline solid, is very soluble in nonpolar sclvents;
sparingly soluble in ethanol; and insoluble in methanol. Its melting point, 133-134°,
is appreciably lower than that of tetrakis{trimethvlsilvlsilane (II) (m.p. 319-321°,
sealed tube}™ but higher than tetrakis(dimethylsilyljsilane (ITI) (m.p. 40—427)5.

TCH,),Si5, St (1D THICH.LSi S {IID

Unlike (I1), compound (I} does not sublime under ordinary conditions and both
compounds melt without decomposition.

The 'H NMR spectrum of (I} {CS,) shows a sharp singlet at g.727 for the
Si-CH; protons and a multiplet for the Si-Ph protons centered at z.9xt (aliphatic/
arcmatic proton ration = 1.2; caled. 1.2), and its ultraviolet spectrum consists of a
band at Zmax In cyclohexane 242 myu (& 35,600). The analxvses and 1ts infrared spectrum
are in agreement with the proposed structure.

Experisnental

All reactions were carried out under an atmosphere of dry oxvgen-free nitrogen.
Melting and boiling points are uncorrected. The THF was freed from peroxide and
moisture by reifluxing over sodium, followed, by distillation from lithium aluminum
hidride immediateiy before use.

Preparation of tefrakisidimethviphenvisilviysilane (1}
{ry The reaction of cilorodimstiviphenvisilase, silicon tetrackloride and lithiion:.
To $1.6 g {0.4%3 mole) of chloredimethylphenyvlsilane, 6.72 g {0.66 g-atom)} of hithium
and 200 ml of THF was added dropwise 20 g {0.12 mole) of silicon tetrachloride dis-
solved in 50 ml of THF over a period of 3 h. Upon complete addition, the reaction
mixture was stirred for 20 h at room temperature prior to filtration through glass
weol. The organic laver was separated and dried over sodium sulfate subsequent to
acid hydrolysis. Removal of the orgzanic solvents under reduced pressure gave an oil
which was chromatographed on neutral alumina. Elution with petroleum ether (b.p.
60—707) gave a lirpuid which had the same retention time (\'PC} as a known sample of
1,1,2,2-tetramethvl-1,2-diphenvi-disilane. Purification of this liquid by distillation
afforded 25.0 g (63.69%,) of pure r1,1,2,2-tetramethyl-1,2-diphenyidisilane, b.p. 125~
1285 1.3 mm, m.p. 34-35° {mixed m.p.) (lit. value’”: b.p. 128-1307/1.8 mm, m.p.
34-35°). Further elution with benzene gave 2.4g {3.5°%) of (I), m.p. 133-1357,
" The previcusiy reported® melting point of 201-2637 is presumably a transition point. The
authors are grateful 1o R. L. Harr=rr and S.-Y. S for their assistance in checking this melting

point.
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subsequent to purification by crystallization from benzene. (Found' Si, 24.5; mol. wt.
vapor pressure osmometer, 506. C3.H,Si; caled.: Si, 24.6 9% ; mol. wt., 507.)
The infrared spectrum (CCl,) showed prominent absorptions in g at: 3.26 (m),
3-38 (m), 3.45 (m), 7.0 (5), 7.12 (W), 5.06 (s) and 9.06 (s).

(2} The reaction of dimethyiphenvisilvilithium and silicon tefrachloride. To 280 ml
of a THF/ether (1:2) solution of 0.12 mole of freshly prepared dimethylphenylsilyvl-
lithium (prepared by the cleavage of 1,1,2,2-tetramethyl-1,2-diphenyldisilane with
lithium in THF!), cooled to —40° was added dropwise 5.1 g (0.03 mole) of silicon
tetrachioride dissolved in 20 ml of ether. Color Test I' was negative upon complete
addition and the reaction mixture was stirred at room temperature for ca. 1 h.
Hydrolyvsis of the reaction mixture with zoo ml of a saturated ammonium chloride
solution followed by the usual work-up afforded an oil which was chromatographed
on neutral alumina. Elution with petroleum ether (b.p. 60~70°) gave 9 g (60° } of
1,1,2,2-tetramethyl-1,2-diphenvldisilane, b.p. 126-127°1.8 mm, m.p. 34~-35° (mixed
m.p.) after purification by distillation. Further elution with benzene gave, after
crystallization from acetone, 2.5 g (14.6 %) of (I), m.p. 133-134° (mixed m.p.).

Preparation of tetrakis(triphenvistivl)silane (atiesmpted)

A solution of 70.8 g (0.24 mole) of chlorotriphenvlsilane, 10 g {0.06 mole) of
silicon tetrachloride and 250 ml of THF was added dropwise to 3.36 g (0.4S g-atom)
of lithium and 20 ml of THE. The reaction mixture immediately became exothermic
and, after complete addition, the reaction was stirred overnight at room temperature.
Subsequent to filtration through glass wool, the reaction mixture was hydrolyzed with
200 m! of 1 N hvdrochloric acid. Hexaphenyldisilane, 41 g (66.5 %5}, m.p. 355-358°
(mixed m.p.), was removed by filtration. The organic layer of the filtrate was separated
and dried over sodium sulfate. Removal of the solvents gave an oil which was chro-
matographed on alumina. Elution with petroleum ether (b.p. 60—70°) gave a solid
after cryvsiallization from ethyl acetate which did not melt when heated above 500°.
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Reactions of some thiolatotin compounds

Durirg investigations of cyclic dithiolatotin compounds! we became interested
in the general reactivity of the tin—sulphur bond about which there is little informa-
tion. One methed of investigation used was to examine the behaviour of triphenyltin
thiophenoxide with various reagents and the results obtained, together with some
reactions of cyclic dithiolatotin compounds are now reported. While this work was in
progress, reactions of alkyvltin thiolates with halogens® and metal halides® were
described.

The tin-sulphur bond in triphenvitin thiophenoxide is stable to water and the
compound can be recovered unchanged after several hours boiling in aqueous ethanol;
addition of sodium hydroxide caused hydrolysis to triphenvitin hydroxide.

Reactions of triphenvltin thiophenoxide with metal halides gave similar resuits
to those obtained by Abel® with cleavage of the tin—sulphur bond and formation of the
metal thiophenoxide. One point of difference is that mercuric chloride gave chloro-
mercury thiophenoxide whereas with trimethyltin butanethiolate only the fully
thiolated product was formed3.

" A strikinglyv different reaction occurred when mercuric acetate was used in
place of the chloride, under mild conditions tin—carbon bond cleavage accompanied
the tin—sulphur cleavage and the principal product was phenvimercury thiophenoxide
PhHgSPh. Although cleavage of phenvl-tin bonds by mercuric chloride 1s known? the
conditions emploved were much more energetic than in the present case. At present
only speculative attempts can be made to interpret the course of the reaction since
the other major product isolated appeared to be the partialiyv hydrolysed compound
Ph.{AcO)Sn-0-SnPh.{OAc) ., an attempt to make diphenyvltin diacectate by the
treatment of diphenyvltin oxide with acetic acid gave the same product.

Attempts to isolate compounds of the tvpe SnCl{SPh);_; by treatment of
stannic chloride with less than 1 equivalents of triphenyltin thiophencxide gave oniv
tin tetrathiophenoxide and unchanged stannic chioride. Using a 1:4 ratio of the
reactants good vields were obtained of tin tetrathiophenoxide which was charac-
terised by formation of its 2,2"-bipyridine derivative, bipv-Sn{SCH;) ;.

The reactions were extended to include some cyvclic compounds and (ethane-
1,2-dithiolato}dibutyltin reacted with iodine to give dibutyltin diiodide and the
polvmeric sulphide (S—-CH,CH.—Sja-The spirocyclic bis(ethane-1,2-dithiolato}tin with

J- Organometa:. Chem., 6 {1g66) 668670



