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Summary 

Cleavage of disilanes with halobenzenes such as bromobenzene and 
chlorobenzene to afford arylsilanes was found to occur under the catalytic 
influence of tetrakis( triphenylphosphine)palladium(O). 

Although cleavage of silicon-silicon bonds by the attack of nucleophiles 
such as alcohols and metal alkoxides has been the subject of much concern [I], 
little attention has been directed to the cleavage of polysilanes by organic 
halides* (eqn. 1). 

%Si-_SiE + E C-X + cSi-_Cz + r-Si-_X 

(X = Cl, Br, I) 

(1) 

Thermochemical consideration of reaction 1 -* might lead to the prediction that 
this reaction would occur in the presence of an appropriate catalyst which 
activates silicon-silicon or carbon-halogen bonds. In this connection, it 
should be recalled that some low-valent Group VIII metal-phosphine com- 
plexes activate halobenzenes via osidative addition processes [ 41. Such com- 
plexes then are espected to act as effective homogeneous catalysts for the 
reaction of disilanes with halobenzenes. We have found that tetrakis( triphenyl- 
phosphine)palladium( 0) effectively catalyzes the reaction of disilanes such as 
hexamethyldisilane, 1,1,2,2-tetramethyl-1,2-dichlorodisilane and 1,2_dimethyl- 
1,1,2,2-tetrachlorodisilane with some bromo- and chloro-benzenes (eqn. 2). 

*A parent claimed cleavage of d&lanes by alkvl and aryl halides in the presence OI Group VIII 
melal-phosp%me complexes. but no examples lor which tetrakis(triphenylphosphinejpalla- 
di~m(0) was uts~ed as a catdwt m-32 mentIoned C21. 

*‘Enthalp~es of the rsxtions estimated oo basis of bond energy data 131 are -20 kcA/mol 
(X = Cl). -23 kcallmol (X = ET) and -28 kcallmol (X = 1). Tbereiore. the reactions are coo- 
eluded to be erotbermic. 



L, Pd” 
YCb HJ X + Me,.,S& Cl, ___f YC6 H, S&le,.nCI, + Me,.,SiXC!, 

(X = Cl, Br) 

(2) 

Thus, a misture of 1.57 g (10.0 mmo!) of bromobenzene, 1.02 g 
(7.0 mmol) of hexamethyldisilane, 40 mg (0.4 mmo!) of tet.rakts( triphenyl- 
phosphme)pal!adium(O) and 5 ml of toluene as a solvent was heated in a 
sealed glass tube to 140°C for 20 h. GLC analysis of the resulting solution 
indicated that hexamethyldisilane had been almost completely consumed and 
that phenyltr~methylsilane and trimethylbromosilane had been produced in 
yields of 100 and 99%, respectively. The reaction can be conducted without 
any added solvent, but the use of a solvent such as toluene and benzene gave 
somewhat better results. 

Under almost the same conditions, the reaction of 1,1,2,2_tetramethy!- 
1,Zdichlorodisilane with bromobenzene afforded an equimolar mixture of 
phenyldimethylchlorosilane and dimethy!bromoch!orosilane In 98% yield. 
Similarly, heating a misture of 1,2-dimethyl-1,1,2,2-tetrachlorodisilane and 
bromobenzene gave phenylmethyldichi~rosilane in Sl% yield. p-Bromo- 
anisole reacted with hexamethyldisilane to afford p-anisyltrimethylsilane 
in 39% yield. In this case, a considerable amount (45%) of anisole also was 
produced. The formation of this compound is likely due to protodesilylation [5] 
of p--anisyltrimethy!siane, since trimethylbromosilane reacts readily with 
moisture to give hydrogen bromide (eqns. 3-5). 

phIeOC6 H1 Br f !Lle, SiS&le, - p-MeOC, H, Stile, + Me, SiBr (3) 

2Me3SiBr + Hz0 - (hle3Si)z0 f 2HBr (4) 

p-hleOC, H, SiMe, + HBr + p-MeOC, H j + Me, SiBr (5) 

The cleavage of hesamethyldisilane by chlorobenzene did not proceed at 
14OOC to any significant extent, and more drastic conditions were required 

to induce the reaction (see Table 1). However, introduction of an eiectron- 
withdrawing substituent, i.e., the nitro group, increased the reactivity of 
ch!orobenzene. Thus, heating a misture of hesamethyldisilane and p-nitro- 
chlorobenzene in the presence of the comples to 140°C for 18 h led to forma- 
tion of p-nitrophenyltrimethylsilane (100% yield) and trimethylchlorosilane 
(90% yield). The reaction is of some value since nitratlon of phenyltrimethyl- 
silane can only be achieved with great difficulty [6]. 

AU the arylsilanes obtained were readtiy identified by comparing their 
physical constants with reported values after isolation by GLC. 

Cleavage of hexamethyltiiiane by iodobenzene did not proceed under 
comparable conditions. The result may be attributed to the stability of the 
oxidative adduct of iodobenzene to the comples 171, and in fact, iodo- 
(phenyl)bis( tripheny!phosphine)palladium( II) did not react with hexarnethyl- 
disilane at temperatures of lOO-120°C. 

Dichlorobis(triphenylphosphine)palladium(II) also was found to initiate 
the reaction of hexamethyldisilane with bromobenzene, but the catalyst was 
not as active as the Pd” complex. This is implied by the fact that with the 
divalent complex the reaction went to only 40% completion at 140°C in 20 h. 
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TABLE 1 

REACTIONS OF DISILANES WITH HALOBENZENES IN THE PRESENCE OF TBTRAKWTRI- 
PHENYLPHOSPHINE)PALLADIUlWO) 
-- 
Disilane Halobenzene Cood.ltloos Product (yield. Q) d Convff- 

Zion (%) g 

hYr,SISthle, a C, H, Br 

hle,SISIhfe, C C, H, Br 

hle,SiSihJe, b 1-CH,OCtH,Br 

Clhle, SiSthle, Cl o C, H, Br 

Cl, hleSISlhleCI, o C, H, Br 

hqe,S;Slhle, a C, H, Cl 

hfe, SiSihfe, b -!-NO, C, H, Cl 

hle j SISthle, a C,H,’ 

140ac. 20 b C,H,SiMe, (100) 99 
hle, StBr ( 99) 

140QC, 33 h C, H,Sihfe, ( 99) 92 

Me,SlBr (100) 
130°C. 20 h 4-hleOC, H,Slhfe, ( 39)e 100 

C, H,Ohle ( 451= 
hle,SIBr ( 95) 

110°C. 20 b C, H, SLhle, Cl ( 98) 100 
hle, S!BrCI ( 98) 

145=C. 25 h C, H, SLhleCI, ( 81) 76 

l hleS~BrCI, (- )f 
170-C. 30 h C,H,Sthle, ( 98) 10 

hle,SICI (100) 
14O=C. 18 h l-NO,C, H,SihTe, (100) e 66 

hle> Sic1 ( 95) 
110°C. 10 h C, H, SIMe, (- 1 Cl 

aR~c~~ons were carried out m roluene wirh a l/1.5 mUtLuze of a dlsllvle and a halobenzene. rbe catalyst 
concenlrallon bemg 0.5 mol% bssed on rhe d~sdane charged. bA 1.5/l mixture oi a &zxIaoe and a halo- 
benzene was used. CNo solvent was used. dYlelds are based on Lhe dlsllane used (rw GLC) unless olher- 

wise indwated. eY~e!ds rue based on the halobenzene used. iNot determined. BConversioo was (moles of 
cbnlane consumed)/(moles oi atine charged). 

The present system thus may furnish a convenient method for converting 
&silanes (which are obtained as undesirable by-products from direct synthesis 
for making methylchlorosilanes) to potentially useful arylsilanes. 
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