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Previously  [1, 2] we had shown that t r iorganyls i lanes  react  with halohydrocarbons in the presence  of 
colloidal nickel by the following scheme. 

R3Si H + XR 1 ._~N~ R3SiX + R1H (X=C1, Br, I)* 

In the presene ommunieation we repor t  the resul ts  of studying the effect of the s t ructure  of the o r -  
ganic substituents on the silicon atom in t r iorganyts i lanes  and the amount of catalyst  on the reactivi ty of 
the Si - H  bond in R~SiH. The experimental  data on the reaction of t r iorganyls i lanes  with chlorobenzene 
are  given in Table 1. 

The hydrogen atom, attached to silicon, is not replaced by chlorine when the t r iorganyls i lanes  are 
reacted with chlorobenzene in the absence of a catalyst  under the studied conditions. The reaction rate in- 
c r ea se s  noticeably with increase  in the amount of colloidal nickel (Fig. 1), but here  the yield of the formed 
t r iorganylchloros i lane  shows little change, and always remains  high (96-99%). The s t ructure  of the t r i -  
organyls i lanes  has an important  effect on the react ion rate. The rate of the p rocess  decreases  with in- 
c r ease  in the electronegativi ty of the substituents on the silicon atom. Substituents that have a branched 
s t ructure  or a longer hydrocarbon chain also decrease  the reaction rate due to the steric effect (see Table 
1). 

In all probabioity, the reaction of t r iorganyls i lanes  with chlorobenzene on a nickel catalyst  is one of 
b imolecular  nucleophilic substitution (S N 2 type according to Ingold-Hughes) ,  the mechanism of which can 
be depicted by the following scheme: 

R3Si H 
-~ I -]- I -]- Ni [SIC],  

C1 C6Hs 

* ]'he colloidal nickel was obtained by the reduction of anhydrous nickel chlor ide  with the appropriate  t r i -  
organylsi lane [3, 4]. 
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Fig. 1. Relation between r e -  
action rate of e thyl -d i -n-buty l -  
silane with chlorobenzene (mole 
rat io 1: 1) at 150-134~ and the 
amount of colloidal nickel (g- 
atom of Ni/mole of silane • 
loo). 
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TABLE t .  
b e n z e n e ;  Mole Ratio of R3SiH: C6H5C1 = 1 : 1  (0.1 mole  of each),  

Amount  of CoIIoidal Nickel  0.09 g (1.55 a tom %) 

RzSiCI 

P r e p a r a t i o n  of R3SiC1 by Reac t ion  of RaSiH with Ch lo ro -  

remp. 
~f reae- 
:ion mix- 
:ure ,  ~  

T mp. d ~" IOf reac-I'~ 
" ~ ~ RaSiCI tion mix. ~ ~ ~" 

525 
87 

122 
90 

t26 
t00 
120 
t38 
t39 
t61 
t82 
246 
t35 
12t 
t53 
t60 
t43 
t65 

CeH~(i-C~H~a)~SiCI 
G~HKG~HD~SiCI 
CeHKn-CsIl~s)~SiGl 
C~HKn-CTH~)~SiCI 
C~HKCsH~)zSiC1 
C~H~(n-C~H~)~SiC1 
C~HKn-C~ott~0~SiCI 

(n-GsKQ~$iCi * 
(n-C~Ho)sSiCl * 
(n-C~FI~t)aSiCl * 
(i-C~H~0~SiCI * 
(C~H~)sSiCI * 
(n-CsH~)aSiC1 * 
(n-C~H~)sSiCI * 
(n-G~Ht~)sSiCl * 
(n-C~H-,~)~SiCI 
(n.C~oH~0sSiCl * 

t57--133 
t66--150 
t65--t43 
168--t46 
t71--t52 
175--153 
175--t48 
143--t33 
t5t--133 
t58--128 
16t~t42 
t72--t54 
t68--t34 

.ut--133 
t72--143 
t75--155 

CI-Ia(C~H~)xSiC 1 * 
GHa(n-CsYiv)eSiCl * 
CKKi-CaH~)zSiCI! 
CHs(n-C4H~)~ SiCI * 
CHa(i-C~H~)~SiCI 
CH~(n-C~Ht02SiCI 
CK~(i-C~H~O..SiCI 
CH~(CsH~)~SiCI * 
CH~(n-C~H~)zSiCI 
CHs(n-CsH~ThSiCI 
CH~(n-C~H:~)~SiC1 
CHa(n-C~oIt~D~SiCI 
(C~H~)~SiC[ * 
C~Ks(n-C~K~)~SiCI 
CzH~(~-C~K0~$iCI 
G~Hdi-CtH~)~SiCI 
GzKdn-C4Ho)~SiCl 
G~K~(n-CaKn)zSiCl 

94--105 
t26--109 
tt9--ti0 
t41--122 
136--t16 
143--t25 
142--t24 
15t--t40 
t56--14t 
169--t42 
t69--t38 
169--142 
t16--tt0 
t36--121 
136--t17 
146--t28 
t50--t34 
160--142 

* New compounds [5]. 

96,6 
96,8 
95,4 
96 
96,8 
96,t 
96,5 
96,9 
94,5 
96 

95,8 
94,7 
97,t 
98,3 
97,9 
98,2 
95,7 

S imul t aneous  nuc leoph i l i c  a t tack  of the ch lo r ine  a tom on s i l i con  and  e l ec t roph i l i c  a t tack  of tlhe phenyl  
c a r b c a t i o n  on the hydrogen  a tom o c c u r s  h e r e  in the R3SiH mo l e c u l e ,  c h e m i s o r b e d  on the su r f ace  of the 
n icke l ,  with the f o r m a t i o n  of a f o u r - c e n t e r  i n t e r m e d i a t e  complex  that  con t a in s  p e n t a v a l e n t  s i l i con .  It should 
be m e n t i o n e d  that  the r e a c t i o n  ra te  of t r i o r g a n y l s i l a n e s  with c h l o r o b e n z e n e  depends on both the induc t ive  
and the s t e r i c  e f fec ts  of the s u b s t i t u e n t s  on the s i l i con  a tom (i. e . ,  p o l a r i z a t i o n  of the Si - H bond) and on 

the amoun t  of n icke l .  

Due to the absence  of b y - p r o d u c t s  and  s i m p l i c i t y  of a c c o m p l i s h m e n t ,  the ca t a ly t i c  r e a c t i o n  of t r i -  
o r g a n y l s i l a n e s  with c h l o r o b e n z e n e  s tud ied  b f  us  m a k e s  it p o s s i b l e  to obta in  qui te  pu re  t r i o r g a n y l c h l o r o -  
s i l a n e s  in up to 99% yield .  This enab l ed  us  to s y n t h e s i z e  35 t r i o r g a n y l s i l a n e s .  The phys i ca l  c o n s t a n t s  
and a n a l y s i s  data  of the newly s y n t h e s i z e d  compounds  a r e  g iven in Table  2; the c o n s t a n t s  of the p r e v i o u s l y  
known compounds  co inc ide  with the l i t e r a t u r e  data [5]. 

E X P E R I M E N T A L  

The s t a r t i n g  t r i o r g a n y l s f l a n e s  were  ob ta ined  by the r e a c t i o n  of the m e t h y l -  and  e t h y t d i c h i o r o s i l a n e s  

TABLE 2. Physical Constants and 
ylchlorosilanes 

l-tim 

CH3(i-CaKT)~SiGI 
CHKi-C4H~)~SiC1 
CHs(n-C6H~r)2SiC1 
CH3(i-CsH~O~SiCI 
CHa(n-C:HI~)eSiC1 
CHz(n-CsH.vT)zSiCl 
CH~(n-CgHI~):SiC1 
CH~(n-C,oHe02SiC1 
C2HKn-C3HT)~SiCI 
C~Hs(i-CsH~)~SiCI 
C~H~(n-C4Hs).~SiCI 
C ~H~(I-C4Hg)~SiCI 
C~HKn-CsH~0~SiC1 
CeH~(I -C~YII:t)2SiCI 
G2Ht,(C~Ht)~SICI 
C:~It,~(n- CsHla )~ SiCI 
C:~It t(n-C~,tI~)::SiC1 
C~ HKrt-CsHrd:~SiCI 

C~ H~(~-C~oH~)~SiCI 
(i- C~H~0sSiC1 
(n*C~H~)aSiCI 
(n-C~H~0sSiCI 

A n a l y s i s  Data of New T r i o r g a n -  

Ifo d Ilated | 
I 

155--t55,5 3,8997 t,439C 48,t61 48,35[ 
t86 3,87621,4378 57,741 57,64 
231 3,87231,443r 67,t21 66,94 
220 0,8688 t ,442~ 67,34 [ 66,94 l 

t27(1,5) 0,8668 1,449t 85,701 85,53 I 
150(t ,5) 0,8621 t ,45t( 95,28 I 94,83 I 
t75,5(2) 3,8649 1,454( 104,291104,t2 I 
t90(1,5) 0,8645 1,455~ 1"13,40 113,42 

t8t 0,8895 1,4392 52,78 52,99 ] 
t79 0,9084 1,448( 52,69 52,99 
2t6,5 0,8832 1,44@ 62,321 62,29 
205 0,887~ 1,445( 62,04I 62,29 

10t,5(2,5) 0,8787.1,447; 7t,49L 7t,59 
237,5 0,877Cil.447( 7t,511 7t 59 

t28(t,5) t,8872N,57t( 74,591 74118! 
t38(4) 0,876(1t.45t: 80,811 80,88 
180(10) 0,872tit,453~ 90,321 90,t8 

159.5(t,5) 0,869411.454:99,47 99,47 
t77(t) 0,869~Lt,457( t08,72 108,77 

2tt,5(2,5) 0,868(1t,458~ It8,041t18,07 
132(4,5) 0,869511,449f 85,55 I 85,53 
239(2,5) 0,86511t,461:t40,87 1t41 31 

250,5(1,5) 0,86441t,461~ t54,86 h55',25 

Found, % 

Si C1 

t7,20 21,431 
t4,56 t8,40 t 
t2,80 16.031 
t2,70 15,941 
10,2t 12.741 
9,20 tl.511 
8,50 10.621 
7;80 9.82I 

t5,68 t9.831 
t5,70 t9.841 
13,64 17.t41 
13,62 t7,211 
12,10 t5.tt l  
t2,20 t5.151 
tt,42 14.3tl 
1(/,66 t3.50 I 
9,68 i2.24 I 
8,76 tt.161 
8,t5 t0.20 I 
7,61 9.43 I 

10,21 12.741 
6,34 8.09 I 
5,76 7.27 l 

Calculated, ~ 

Si ] CI 

t7,051 21,52 
t4,571 t8,39 
12,721 16,05 
12,72I i6,05 
10,t4 f2,80 
9,2t tt ,62 
8,43 t0,65 
7,78 9,82 

t5,71 t0,83 
t5,7t 19,83 
t3,58 17,14 
t3,58 t7,i4 
tt,96 t5,09 
1t,96] 15,09 
11,38 I t4,37 
10,68 13,48 
9,65 12,f8 
8,80] 11,tl 
8,09] t0,2t 
7,501 9.45 

s j 12180 
6,321 7,98 
5,76~ 7,28 
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TABLE 3. Phys ica l  Constants,  Yields, and Analys is  Data of T r i -  
o rganyls i l anes  

I 
R, SiH I~ mmofHg~ ~ [lated ~ Ilated t ~ lated 

15011) 0 s009~'44~21 95:171 95'a~1:~8~'61284'6~1 9,851 9,s7 
i94(2,5) 0 ', 8074 ~ ', 4a22t114 9011ia'ual~40'sla40'711 s,151 s,za 

/741 2i7(I) o,sa551,456qi37,0111av',av14~z:3/4,o',sht 7,i4/ 6,s4 

CHs(n-CsH~7)~SiH 
CHa(n-Cl0H2, )~SiH 
C2Hh(n-CsHI~)~SiH 
C~Hh(n-C~0H~0~SiH 
(n-C~H1~)aSiH 

or  t r i ch lo ros i l ane  with the appropr ia te  o rgany lmagnes ium hal ides  in e i ther  absolute diethyl or  dibutyl e ther .  
Their  physical  constants ,  ana lys is  data, and yie lds  a re  given in Table 3. 

The synthes is  of the t r i o rgany lch lo ros i l anes  was run in e i ther  a pure  dry hel ium or  argon a tmosphere .  
The obtained t r io rgany lch lo ros i l anes  were  pur i f ied  by a double dist i l lat ion over  Cu and s to red  in sea led  a m -  
puls,  t i t led with hel ium or  argon,  in the absence  of light. All of the n e c e s s a r y  precaut ions  against  the en-  
t rance  of t r a c e s  of m o i s t u r e  were  taken when de termining  the physical  constants  and during analysis .  A 
typical  synthes is  of a t r io rgany lch lo ros i l ane  is given below. 

E thy ld i -n -amylch lo ros i l ane .  A mix tu re  of 20.0 g (0.1 mole) of e thy ld i -n -amyls i l ane ,  11.20 g (0.1 
mole) of chlorobenzene and 0.09 g of colloidal nickel,  obtained by the reduction of 0.20 g (0.16 mole) of an-  
hydrous nickel chlor  de with e thy ld i -n -amyls i l ane ,  was ref luxed for  165 min until the t e m p e r a t u r e  of the 
react ion  mix tu re  fa i led to fall (from 160 to 142~ Disti l lat ion gave 7.72 g (98.8%) of benzene and 22.60 g 
(96.5%) of e thy ld i -n -amylch io ros i l ane  with bp 240-242~ (736.8 mm) (see Table 2). 

CONCLUSIONS 

A study was made of the reac t ion  for  rep lac ing  the hydrogen atom, at tached to the sil icon in t r i o r g a n -  
y ls i lanes ,  by the chlorine a tom when reac t ion  is with chlorobenzene in the p r e sence  of colloidal nickel as 
the cata lys t .  A probable  scheme of the react ion  mechan i sm is given. 
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