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The attempted conversion of tetrakis(dimethylsi1yl)methane to the corresponding tetraalkoxy derivative 
under alkaline alcoholysis conditions resulted in extensive cleavage of the central silicon-carbon bonds. Alco- 
holysis of tetrakis(dimethylsily1)methane under acidic conditions employing chloroplatinic acid ratalysis gave 
moderate to good yields of the tetraalkoxy derivatives. Three new compounds are reported: tetrakis(dimethy1- 
methoxysilyl)methane, tris(dimethylmethoxysilyl)methane, and tetrakis(dimethylethoxysi1yl)methane. 

Compounds having two silicon atoms bound to the 
same carbon atom have been known for some time2 
and the synthesis of organosilicon compounds in which 
one carbon atom is bonded to three or four silicon atoms 
has been described more r e ~ e n t l y . ~  From the products 
of the reactions of carbon tetrachloride or chloroform 
with silicon metal catalyzed by copper, Muller and 
Seitz have isolated small amounts of tetrakis(trich1oro- 
sily1)methane and tris(trichlorosily1)methane. The use 
of these compounds as intermediates to prepare 
reasonable yields of derivatives retaining one functional 
group on each silicon atom is not an attractive possi- 
bility. Using an in  situ technique developed in this 
l a b ~ r a t o r y , ~  however, a variety of tetrasilylmethanes 
and trisilylmethanes can now be prepared by Grignard 
synthesis from carbon tetra- or trihalides and appro- 
priate organochlorosilanes. 

Such compounds provide a means for studying the 
effect of tri- and tetrasilicon substitution on the chemi- 
cal properties of the silicon to carbon bond. Studies of 
the reactions of some tetrasilylmethanes and trisilyl- 
methanes under alkaline and mildly acidic conditions 
are described in this paper. 

The stability of the silicon-carbon bond in alkyl- 
silanes and substituted alkylsilanes in which the carbon 
atom is connected to one silicon atom has been studied 
in detail. The cleavage of unsubstituted tetraalkyl- 
silanes by nucleophilic agents has not been reported. 
However, silicon-carbon bonds are cleaved in com- 
pounds in which the susceptibility of the silicon atom to 
nucleophilic attack has been increased by replacement of 
an alkyl group by a more highly electronegative con- 
figuration. Hexamethyldisiloxane5 in a sealed tube a t  
temperatures over 100' is cleaved by aqueous sodium or 
potassium hydroxide to methane and hydroxypenta- 
methyldisiloxane. Chlorination of an alkyl group 
also increases the tendency toward cleavage. It has 
been reported6 that no cleavage is detected in the 
reaction of chloromethyltrimethylsilane with sodium 
methoxide in methanol, but reaction with sodium 
ethoxide in ethanol resulted in a moderate amount of 
cleavage, presumably due to a higher reaction tempera- 
ture, changed structure, or a combination of these. 

The silicon-carbon bond is also broken by electro- 
philic attack upon the carbon. Methane is formed 
when the methyl-silicon bond of P-trimethylsilylpro- 
pionic acid7 is attacked by concentrated sulfuric acid. 

(1) Multiple Fellowship on Silicones sustained by Dow Corning Corpora- 

(2) L. Sominer, et  a!., J .  A m .  Chem. Sac., 69, 980 (1947). 
(3)  R.  Miiller and G. Seita, Chem. Ber. ,  91, 22 (1958); 91, 1018 (1859). 
(1) R.  L .  Merker and M. J .  Scott, .1. A m .  Chem. Sac., 86, 2243 (1963). 
( 5 )  W. S. Tatlock and E. G. Rochow, ibid.. 71, 528 (1950). 
(6) J. Sveier, i h i d . .  7 0 ,  4142 (1948). 
(7) I,. H.  Sonimer. ibid., 76, 3765 (1953). 

tion and Corning Glnss Works. 

Methane is also the product of the cleavage of tetra- 
methylsilane8 by a hydrogen halide in the presence of 
aluminum chloride. 

Discussion and Results 

Both tetrakis (trime t h ylsilyl) met hane and (tristri- 
methylsily1)methane were found to be quite resistant 
to cleavage by nucleophilic reagents. As can be seen 
from the results summarized in Table I, tetrakis(tri- 
methylsily1)methane is unaffected even after prolonged 
reflux in methyl alcohol plus sodium methoxide or 1- 
propanol containing sodium n-propouide ; tris(tri- 
methylsily1)methane remaids unchanged during pro- 
longed reflux in methyl alcohol with sodium methouide. 
The attempted conversion of tetrakis(dimethylsily1)- 
methane through reaction with methanol containing 
sodium methoxide to the corresponding tetraalkoxy 
derivative resulted in extensive cleavage of central 
silicon-carbon bonds. 

[(CHI)PHS~],C + CH3OH - CHaONa 

[CH30( CH,),Si],CH + [CH3O(CH8),Sil2CH2 
52.57, 44.8% + (CH3)2Si(OCH3)2 + HP (1) 

Replacement of hydrogen on silicon by methoxy on 
silicon in reaction 1 is essentially quantitative. Under 
reaction conditions identical to those prevailing in 
reaction 1, it has been shown that tetrakis(dimethy1- 
methoxysily1)methane (see equation 2 and Table I )  is 
cleaved to tris(dimethylmcthoxysily1)methane and 
bis(dimethylmethoxysily1)methane and that tris(di- 
methylmethoxysily1)methane (see equation 3 and Table 
I) is cleaved to bis(dimethylmethoxysily1)methane. 

[CH30(CH3)2Si]4C + CH30H - CHaONa 

[ C H ~ O ( C H X ) P S ~ ] ~ C H  + [ C H ~ ( C H ~ ) P S ~ ] ~ C H ~  
+ (CH3)8i(OCH3)2 ( 2 )  

C H 3 0 N a  
[ C H ~ O ( C H ~ ) P S ~ ] ~ C H  + CHBOH - 

[CHIO(CHB)&]?CHI + (CH3)8i(OCH3)2 (3)  

In  view of these facts the most reasonable reaction 
course for 1 appears to be alkoxylation followed by 
cleavage of central silicon-carbon bonds in one or more 
of the possible alkoxylated intermediates. Base- 
catalyzed cleavage reactions, such as those of 6-halo- 
genated organosilicon compounds, are usually charac- 
terized by 6 elimination. That such elimination did 
not occur in the cleavage of [CH30(CHs)*SiIiC to 
produce [CHXO (CH?) 2Si ]&=Si (CHJ, is not surprising 
not only because of the stability of the silicon-oxygen 

(8 )  P. D.  George, U. S. Patent  2,802,852 (1957) 
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TABLE 1 
ALCOHOLYSIS AND CLEAVAQE OF TETRASILYLMETHANES 

Reflux Products 
Substituted time, Yield," 

methane Alcohol Catalyst hr. Structure % 
[(CH&SiI 4C CHpOH CHsONa 24 [( CH&Si] CC recovered unchanged 

[(CHdaSiIaCH CHaOH CHsONa 8 [(CH3),Si13CH recovered unchanged 
[H(C& Mil F CHaOH CH,ONa 8 [CH&(CHs )&]&H* 52.5 

CH3( CH&OH CH3( CHz)20Na 

[CHaO(CHa)zSi] zCH2 448  
(CHl)zSi(( )CH,)z . . .  

[CH30(CH3)8i]&H CHIOH CHsONa 7 [CH30(CH3),SilaCH 45.3 

[H(CH3)zSil 4C CHdOH HzPtC1, 6 [CHpO( CHp)&i] pCSi( CH&H@ 99.0 

[H(CH, ),Si] aC CKaCHnOH HzPtCle 8 [CHaCH20( CHa)nSil 4Cb 44 

[CHaO(CH&SiI PC CHaOH CHpONa 3 [CHaO(CHs )zSI] 3CH 67 .1  
[CHpO( CH3 )28i] 2CHz 16.7 

[CH~O(CH~)IS~IZCHZ 43.1 

[H(CH3)zSiIK CH3OH HzPtCle 19 [CH,O( CH,),Si] 68.3 

Compounds here reported for first time. a Based on starting substituted methane. Empirical formula indicated by analysis of 
reaction products; probably a mixture of two or more compounds. 

bond, but also because no compound containing a 
silicon to carbon double bond has ever been isolated. 

The successful conversion of tetrakis(dimethylsily1)- 
methane to either tetrakis (dimethylmethox ysilyl) - 
methane or tetrakis(dimethylethoxysily1)methane was 
achieved by direct reaction with methanol or ethanol 
catalyzed by chloroplatinic acid.g 

[ ( C H ~ ) Z H S ~ I ~ C  + 4CH30H --+ 
HzPtCla 

reflux 
[(C&)&HaOSi14C + 4% (4) 

While isolation of all products leading to a complete 
material balance for the chloroplatinic acid-catalyzed 
reactions has not been attempted, the yields of tetrakis- 
alkoxy compounds are high enough to indicate that 
under these conditions the silicon-carbon bond in such 
compounds is fairly resistant to cleavage. 

Experimental 
Materials.-Tetrakis(trimethylsily1)methane and tetrakis- 

(dimethylsily1)methane were prepared from CBrr by methods pre- 
viously de~c r ibed .~  Reagent grade absolute alcohols were used. 
The chloroplatinic acid catalyst solution in n-propyl alcohol was 
0.1 M 

Analysis.-All structures were confirmed by H' n.m.r.  analysis. 
All carbon and hydrogen analyses and the silicon analysis of 
tetrakis(dimethylmethoxysily1)methane were performed by Gal- 
braith Laboratories, Knoxville, Tennessee. Melting points are 
uncorrected. All yields are based on the starting substituted 
silylmethanes. 

Reactions Employing Base Catalysis. A.  Tetrakis(dimethy1- 
sily1)methane.-In a flask equipped with a condenser and gas 
collection apparatus, 15 g. (0.061 mole) of tetrakis(dimethy1- 
sily1)methane and 68 ml. of absolute methanol, t o  which 0.2 g.  of 
sodium had been added, were refluxed for 8 hr. During this 
time a quantitative volume of gas was evolved. The reaction 
mixture was neutralized with glacial acetic acid and distilled. 
The precut, largely methanol-( CH3)zSi(OCH3)2 azeotrope and 
methanol, was washed with an excess of water which contained a 
few drops of hydrochloric acid. Kpon standing, an organic 
phase, 3.9 g., separated, n Z 5 ~  1.3943, d2L4 0.952; for octamethyl- 
cyclotetrasiloxane, lit.Lo n Z 5 ~  1.3935, d254 0,9497. The remain- 
der of the reaction mixture was fractionated a t  reduced pressures 
yielding two products. Ris( dimethylmethoxysilyl)methane, 5.2 
g. (44.87;), had b.p. 81" (40 mni.), d254 0.872, n z 6 ~  1.4125, RD 

found 0.2855, RD calcd. 0.2875; lit.11 b.p. 61-63" (20 mm.), 
d 0.869, n Z L ~  1.4111. 

And .  Calcd. for C7HzoOzSiz: Si, 29.20. Found: Si, 29.09. 
Tris(dimethylmethoxysilyl)methane, 8.85 g. (52.5%),  had b.p. 

130" (40 mm.), dZs4 0.932, n% 1.4385, RD found 0.2820, RD calcd. 
0.2837. 

Anal. Calcd. for CloH&pOa: C, 42.79; H,  10.05; Si, 30.03. 
Found: 

B. Tetrakis(dimethylmethoxysily1)methane.-In 30 ml. of 
absolute methanol to which 0.1 g. of sodium had been added, 10 
g. (0.027 mole) of tetrakis(dimethylmethoxysi1yl)methane waa 
refluxed for 3 hr. -4fter neutralizing the mixture with glacial 
acetic acid the methanol-( CHa)nSi(OCH3)2 azeotrope and meth- 
anol were distilled a t  atmospheric pressure. This distillat'e was 
washed with acidified water and a second phase developed which 
was identified as octamethylcyclotetrasiloxane as in paragraph A. 
Two products were separated from the remaining material by 
fractional distillation: 5 . 2  g. (16.7%) of bis(dimethy1methoxy- 
silyllmethane and 7.6 g. (67.1%) of tris(dimethylmethoxysily1)- 
methane, both characterized as outlined in paragraph A. 

Tris( dimethylmethoxysily1)methane.-As described in par- 
agraph B, 7.4 g. (0.026 mole) of tris(dimethylmethoxysily1) 
methane and 30 ml. of absolute methanol which contained 0.1 g.  
of sodium were refluxed for 7 hr., neutralized with glacial acetic 
acid, and distilled. A yield of 2.18 g.  (43.1%) of bis(dimethy1- 
methoxysily1)methane was obtained; 3.35 g. (45.3%) of tris(di- 
methylmethoxysily1)methane was recovered unchanged. 

Tetrakis(trimethylsily1)methane.-A solution of 18.4 g. 
(0.061 mole) of tetrakis(trimethylsily1)methane in 68 ml. of 
methanol to which had been added 0.2 g. of sodium was refluxed 
16 hr. The mixture was cooled in an ice bath, then filtered. 
The tetrakis(trimethylsily1)methane was recovered unchanged. 
The same result was obtained when this procedure was repeated 
substituting n-propyl alcohol, a better solvent for tetrakis(tri- 
methylsily1)methane than methanol. 

Tris(trimethylsily1)methane.-As outlined in D, 10.1 g. of 
tris(trimethylsilyl)methane, 50 ml. of absolute methanol, and 0.2 
g. of sodium were refluxed for 8 hr. The reaction mixture was 
diluted with ether and washed with water. The ether was evapo- 
rated leaving the unchanged his( trimethylsily1)methane. 

Reactions with Chloroplatinic Acid Catalysis. A. Methan- 
olysis of Tetrakis( dimethylsily1)methane.-A mixture of 23.6 g. 
(0.095 mole) of tetrakis(dimethylsilyl)methane, 5 drops of 
chloroplatinic acid catalyst solution, and 100 ml. of absolute 
methanol was refluxed for 6 hr. The mixture was cooled in an 
ice-water bath and filtered, 17.6 g. of precipitate. Five drops 
more of chloroplatinic acid solution was added to the filtrate and 
after 2-hr. reflux, part of the methanol was distilled from the 
mixture. The additional precipitate, 7 g.,  which had appeared 
was filtered and the filtrate distilled. After the methanol had 
been removed, no other distillable materials were obtained. The 
solid residue, 7.4 g., was combined with the earlier precipitates 

C ,  43.07; H ,  10.21; Si, 30.56. 

C ,  

D. 

E. 

(9) G. H. Barnes, Jr., and G. W. Schweitzer, U. 9.  Patent 2,967,171 

(10) M. J. Hunter. e t  ol., J .  Am. Chem. Soc., 68, 687 (1946). 
(1961). (11) M. Kumada, A. Habucki, J .  Inst. Polytech., o s o ~ o  City Uniu., Sea. 

No. C, 3, 65 (1952). 
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(32.2 g. crude products) and recrystallized from absolute meth- 
anol, melting point, sublimes. 

Anal. Calcd. for C1,H3aSi403: Si, 33.18; mol. wt., 338.8. 
Found: Si, 33.38; mol. wt.  (cryoscopic), 334. 

The analytical results suggest that  this material is tris(di- 
methylmethoxysily1)dimethylsilyl methane. However, this struc- 
ture cannot be assigned to this product until careful fractional 
crystallization has been carried out, since it conceivably could 
have been a mixture of tetrakis( dimethylmethoxysily1)methane 
and dimethylsilylmethanes of lower degrees of methoxylation. 

This preparation was then repeated using a flask equipped with 
a reflux condenser and gas collection apparatus, 20 g. of tetrakis- 
(dimethylsilyl)methane, 100 ml. of absolute methanol, and 10 
drops of chloroplatinic acaid solution. During a 19-hr. reflux 
period 25 drops of additional catalyst solution was added and the 
theoretical volume of hydrogen was collected. The reaction 
mixture was then treated as before; the crude product was 
recrystallized from absolute methanol; 20.3 g. (68.3%) of tetra- 
kis(dirnethylmethoxysily1)methane was obtained; melting point, 
sublimes. 

Anal. Calcd. for CnH18Si404: C, 42.33; H ,  9.84; Si, 30.47; 
mol. wt., 368.8. Found: C, 42.53; H,  9.86; Si, 30.33; mol. 
wt. (cryoscopic), 351. 

B. Ethanolysis of Tetrakis(dimethylsily1)methane. In the 
usual way, 13.3 g. (0.054 mole) of tetrakis(dimethylsilyl)methane, 
56 ml. of absolute ethanol, and 3 drops of chloroplatinic acid solu- 
tion were refluxed for 8 hr. During this time an additional 6 
drops of the catalyst solution was added. The mixture was 
cooled in a Dry Ice-acetone bath and filtered; the precipitate 
recrystallized from absolute ethanol; 10 g. (4470) of tetrakis(di- 
methylethoxysilyl)methane, m.p. 114-115", was obtained. 

Anal. Calcd. for CnH4,Si404: C ,  48.06; H ,  10.44; Si, 
26.45. Found: C, 48.11; H ,  10.37; Si, 26.37. 

Acknowledgment.-The authors are grateful to 
P. C. Lauterbur and J. J. Burke for the HI n.m.r. 
spectra and their interpretation. 

Substituted Quinodimethans. VII. Substituent and Structural Effects in Cyano- 
Subs ti tu ted Quinod ime thans 

J. DIEKMAX'N, w. R. HERTLER, AXD R. E. BENSON 
Contribution N o .  869 from the Central Research Department, Experimental Statzon, E .  I .  du Pont de Nemours and Company, 

Wilmanyton, Delaware 

Received June 12, 1863 

The stable quinodimethans 11,11,12,12-tetracyano-2,6-naphthoquinodimethan, methyl-7,7,8,8-tetracyano-p- 
quinodimethan, n-propyl-7,7,8,8-tetracyano-p-quinodimethan, and 2,5-dimethyl-7,7,8,8-tetracyano-p-quinodi- 
methan undergo one-electron reduction to give stable anion-radicals. The properties of these quinodimethans 
and anion-radicals are compared with those of other stable quinodimethans. 

The recent synthesis in this laboratory of 7,7,8,8- 
tetracyanoquinodimethan' (TCNQ) led to the dis- 
covery that TCXQ forms a variety of stable, crystal- 
line, paramagnetic anion-radical salts, some of which 
exhibit unusually low electrical resistivities. A de- 
tailed description of these stable anion-radical salts 
is given in paper I1 of this series.2 Because of the un- 
usual stability and electrical properties of TCNQ 
anion-radical salts, it seemed desirable to investigate 
the steric and electromeric effects of ring substituents 
on TCKQ and its anion-radical and to search for new 
quinodimethan *-acid systems. The present paper 
reports the results of these studies. 

A. 11,11,12,12-Tetracyanonaphtho-2,6-quinodi- 
methan (TNAP) Synthesis.-To study the effect of a 
lengthened, conjugated systern on the properties of 
negatively substituted quinodimethans and their 
anion-radicals, the synthesis of 11,11,12, 12-tetracyano- 
2,6-naphthoquinodimethan (TNAP, 1) was under- 
taken. 2,6-Dimethylnaphthalene (2) was chosen as 
the starting material because of its ready availability. 
Bromination of 2 with two equivalents of S-bromosuc- 
cinimide (XBS) gave 2,6-bis(bromomethyl)naphtha- 
lene (3). The structure of 3 was confirmed by nuclear 
magnetic resonance which showed the presence of two 
methylene groups and the absence of a methyl group, 
which would result from the introduction of the two 
bromine atoms on the same carbon atom. Treatment 
of the dibromide 3 with cyanide ion gave 2,6-naphtha- 
lenediacetonitrile (4) which was treated with ethyl 

(1)  D. S. Acker and W. R. Hertler, J .  Am.  Chem. Soe.. 84, 3370 (1962). 
(2)  L. R. Melby, R. J .  Harder, W. R. Hertler, W. Mahler, R.  E. Benson. 

and W. E. Mochel. ibid.. 84, 3374 (1962). 

carbonate and base to give diethyl 2,6-naphthalene- 
dicyanoacetate ( 5 ) .  Treatment of the cyano ester 
5 with aqueous ammonia gave 2,6-naphthalenedicyano- 
acetamide (6) which was dehydrated with phosphorus 
oxychloride to give 2,6-naphthalenedimaloiionitrile 
(7). The final step in the synthesis was the oxidation 
of the dimalononitrile 7 with K-bromo-, S-chloro-, or 
N-iodosuccinimide to give TSAP (1) along with some 
highly insoluble substance (10). 

2 

NC' EtOOC' 

-!? 10 

Properties of TNAP.-TNAP was isolated as stable, 
high-melting, purple crystals having a metallic sheen 
Solutions of TNAP in organic solvents are red, and the 
ultraviolet spectrum of an acetonitrile solution of TNAP 


