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AICl3-Catalyzed transformations of organo(trichloromethyl)silanes 
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Reactions of organo(trichloromethyl)silanes RMe2SiCCI 3 (R = Me, Ph, Mc3Si) with 
altmlintml chloride have been studied. The interaction of trinlethyl(trichloromethyl)silane with 
AICI 3 carried out in cyclohexane or in benzene leads to Me]SiCHCI 2 (in 75 % yield) or 
CIMe2SiCPh2Me (in 70 % yield), respectively; whereas no conversions are observed in 
n-hexane and methylene chloride. Treatment of dinlethyl(phenyl)trichlorornethyl)silane with 
aluminum chloride in a n-CsHIJCH2CI2 mixture gives an aromatic cross-linked insoluble 
polymer. The reaction of pentamethyl(trichloromethyl)disilane (R = Me3Si) with AICI 3 in 
pentane affords the rearrangement product, Me3SiCCI2SiMe2CI, in 65 % yield. In methylene 
chloride the fiwther cleavage of the disilane occurs to yield Me2SiCI 2 and CH2=CH Me2SiCI. 

Key words: orgznosilancs, (trichloromcthyl)silanes; AICI3-catalyzed reactions. 

Organochlorosilaues, containing chlorine atoms in 
the organic moiety, are related to an important class of 
organosilicon compounds.  They are intermediates in the 
designing and commercial  production of different carbo- 
functional organosilanes and polymers derived from 
them. t Unlike mono-  and dichloromethylsilanes, I.z tm- 
til now organo(trichloromethyl)silanes have been expen- 
sive and not readily available. 

We have developed a conve,aient method for the 
synthesis of these compounds by catalytic decarboxyla- 
tion of the corresponding (trichloroacetoxy)silanes, which 
makes them available and opens new possibilities of 
using the trichloromethyl group to modify and ftmctio- 
nalize organosilicon compounds.  

Conversions of organosilanes containing CICH 2 and 
CI2CH groups attached to silicon atoms through the 
action of a luminum chloride have been studied ear- 
lier. 4-8 It was of interest to compare the reactivity of 
these compounds with that of their trichloromethyl a,m- 
logs. in this communicat io, t  we report the reactions of 
some organo(trichloromethyl)silanes with AICI 3 that pro- 
ceed fairly selectively and with good yields of products. 

Results and Discussion 

Interaction of trimethyl(trichloromethyl)silane ( i )  
with AICI 3 in cyclohexane. Silane I is stable towards 
a luminum chloride in saturated linear hydrocarbons, but 
readily reacts with AICI 3 in cyclohexane; in this case the 
trichloromethyl group is selectively converted to the 
dichloromethyl group to form product 2 in 75 % yield. 

AICI3_ 
Me3SiCCI3 + L J 20-C Me3SiCHCI2 + HCI + 

v 
1 2 

+ Saturated oligomers (I) 

In the course of reaction ( I )  HCI is vigorously 
liberated; no other organosilicon compounds are found.* 
After completion of fractional disti l lation of the reaction 
products, a viscous material remains in the still with an 
I R spectrt, m identical to that of Vaseline oil. The struc- 
ture of the products of cyclohexane conversion was not 
studied comprehensively; probably, the first step of this 
conversion is the formation of the carbocation [C6H t l ]+. 

Many examples of the reduction of a trichloromethyl 
group in organic compounds have been reported in the 
literature, t° however, selective methods for conversion 
of the CCI 3 group to CHCI 2 are not numerous. We 
should mention the systems based on organosilicou hy- 
drides in the presence of  various catalysts: 
R3SiH/H2PtCI6 I° and HSiCI3/Bu3N. t l  The use of alu- 
minum chloride combined with triethylsilane leads to 
complete dechlorination of the CCI3-grou p in many 

* Note that trimethyl(dichloronlethyl)silane tinder the action 
of aluminunl chloride reacts according to the following scheme: 

AICI 3 
MeaSiCHCl 2 ~ CIMe2SiCH(Me)CI _-- 

Me2SiCI 2 + CH2=CH 2 
However, this conversion occurs in the absence of solvents and 
at a higher temperature (85 *C) than in the case of reaction 
(I) (see Ref. 9). 
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cases. Iz Thus, the cyclohexane--AICI.} system proved to 
be a very useful supplentent to the already known tech- 
niques. 

Interaction of  trimethyl(triehloremethyl)si lane I with 
AICI 3 in benzene proceeds as FriedeI--Crafts electro- 
philic aromatic substitution with migration of  the me- 
thyl group.  In this case d i m e t h y l ( I , I - d i p h e n y l -  
ethyl)chlorosilane (3) is isolated as the ultimate product. 

| AIc!3/PhH , 40 *C 
[Me3SiCPhCl2] = 

[Me3SiCPh2CI ] = ClMe2SiCPh2Me (2) 
3 

Probably, migration of  the methyl group occurs after 
formation of  the bisphenylation product - -  Me3SiCPh~CI. 
This assumption is supported by the fact that silane I 
does not undergo rearrangement if it is refluxed with 
AICI 3 ill hexane or dichloromethane.  At the same time, 
such a rearrangement  is known to be normal for 
ct-chloroalkylsilanes. Thus, tr imethyl(dimethylchloro- 
methyl)silane (4) rearranges to tert-butyldimethyl- 
chlorosilane under the action of  AICI 3 in benzene, and 
concurrently it alkylates benzene to form cumyltri- 
methylsilane. 5 Only the rearrangement is observed at 
80 °C; and at - 1 0  °C the yields of  the tert-butyl and 
cumyl derivatives are 76 and 24 %, respectively. 

Phil, AICI 3 
Me3SiCMe2Cl - -  

80 *C 
CIMe2SiCMe 3 

4 1-I0 *c • CIMe2SiCMe 3 + (3) 

+ Me3SiCMe2Ph 

Tile selectivity of  the reactions depends on the sub- 
stituent at the c{-carbon atom of chloromethylsilane. 
Thus, in the case of  compounds  I and 4 the process 
occurs very selectively, whereas t r imethyl ( I -chloro-  
ethyl)silane (5) concurrently reacts in several direc- 
tions, s 

Me3SiCMe(H)Cl + Phil ~ Me3SiCMe(H)Ph + 
S (25 %) 

+ CIMe2SiCMe2H + Me3SiCH2CH2Ph + 
(34 %) (11%) 

+ M eaSiCl/C2H 4 (4) 
(30 %) 

We can easily explain the conversions of chlo- 
romethylsilanes if we consider the relative stability of 
the carbocations and tile silicenium iotas derived from 
thena as a result of  the rearrangement. 

+ / . M e  , + 
Me3SiC ~Me 100 ~ %  Me2SiCMe3 (A) 

~...H + 
Me3SiC.. C"3 = Me2SiCMe2H 

" M e  34 % (B) 

+ 

Me3SiC~-cI 0%C-b = Me2SiCCI2M e (C) 

Ill tile examples A, B, and C cited above the tert-butyl 
substituent (A; reaction (3)) stabilizes the positive charge 
on the silicon atom to a maximum extent, to favor 
migration of  the methyl grotto. The iso-propyl substitu- 
ent (B) stabilizes the positive charge to a lesser extent; 
silicenit, nl and carbenium ions are in equilibriurll, which 
results in a mixture of  products (reaction (4)). in the 
reactions of  trichloride I, on the other  hand, the 
I, I-dichloroethyl group exerts a destabilizing effect and 
does not favor the formation of  the silicenium iota. in 
this case (C; reaction (2)) we do not observe migration 
of  the methyl group. The carbocation [Me3SiCCI2] + 
enters into the normal reaction of  electrophilic substitu- 
tion with benzene. Obviously, the second step of  reac- 
tion (2) --  repeated alkylation leading to the replace- 
metat of  the second chlorine atom by a phenyl group --  
also proceeds rapidly, because we failed to isolate the 
intermediate product, Me3SiC(Ph)CI 2. Therefore, nil- 
gration of  the methyl group is more probable at the last 
step of  reaction (2). 

Interaction of dimethyl(phenyl)(trichloromethyl)silane 
6 with aluminum chloride. The above-mentioned data 
indicate that compound 1 primarily enters into the 
FriedeI--Crafts reaction in the presence of  AICI 3 in 
benzene, whereas 1,2-(Si~C)-migration of  the methyl 
group occurs only at the final step of  the process. In this 
cmmection studying the reaction of  trichloride 6 with 
aluminum chloride was of  interest, because this com- 
pounds meets Flory's requirements for a monomer  that 
is capable of  reacting to form a dendrite polymer: 

~ ' ~ S i M  e:zC [ ~ S i M  e2C(Ar )3] 3 

The reaction was carried out ill a pentane--dichloro-  
methane mixture (10 : I). The mixture of  solvents was 
chosen because tar formation occurs in the reaction 
mixture occurs in pure dichlorometlmne, and the cata- 
lyst is rapidly deactivated if pure pentane is used. The 
addition of  AICI 3 to a solution of  trichloride 6 results ill 
the formation of  a solid, which gradually occupies the 
whole vohlme of  the flask. At 35 °C the process is 
completed within 2 I1. The elemental analysis data indi- 
cates that the insoluble polymer formed consists of  
carbon and hydrogen, in tile main, and contains 6 % 
silicon and traces of  chlorine. The I R spectrum contains 
bands at 1240, 840 (St--Me) and 1580, 730, 690, and 
470 cm -I (typical of  aromatic groups). The absence of  a 
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band at I I00  cm -I  indicates that all Ph--Si  bonds are 
destroyed. In the liquid part of  the reaction mixture 
Me2SiCI2, CCI3SiMe2CI, and Ph i l  were found. These 
data confirm that the condensa t ion  of  tr ichloride by the 
Fr iedeI-Craf ts  reaction is accompanied  by the rear- 
rangement  and cleavage of  the S i - - C ,  ry I bond. The 
carbocat ion 7 formed at the first step can then react 
both with molecule  6 and intramolecular ly  (reactions 
(6, 7)): 

PhMe2SiCCI3 AICI a 4- -= [PhMe2SiCCI2] 

6 7 

6 PhMe2SiCC I~---{ ( ) z~---SiM e2CCI3 (5) 
-HCl 

8 ~ CHCI 2 

=- (6) 
v "SiMe2Cl 

9 

ClMe2SiCCl2Ph (7) 

The rearrangement, which is s imi lar to reaction (6), 
was observed earlier i~ in the reaction of  a luminum 
chloride with d imethyl(phenyl)(chloromethyl)s i lane.*  

Me2PhSiCH2C' AIC'3" [ ~ ~  (8) 

2CI 

The hydrogen chlor ide  fornaed in the course of  elec- 
t rophil ic  substi tution (reaction (5)) is capable of  cleav- 
ing S i - -Ar  bonds in the presence of  AICI 3, thus remov- 
ing silicon in the form of  Me2SiCI 2 from the polymer 
formed. 

HCI. Me2SiCI 2 + PhCHCI 
AlCl 3 (9) 

8 HCl PhMe2SiCCl2P h + CCI3SiMe2C I 
AICI 3 

I 
Phil + ~ S i M e 2 C I  

+ CISiMe2CCI2Ph 
v "CH(CI)Ph 

I AICI a 

Me2SiCI 2 + .,. 

(lo) 

* However, other data were reported 14 on the migration of the 
phenyl group resulting in benzylsilanes in this reaction. There 
is not sufficient information in the publications under consid- 
eration to unambigtmusly conclude whether o-tolyl- or 
benzylsilanes are formed. The I{-I and 13C NMR spectra 
reported for dimethyl(o-tolyl)chlorosilane 13 can be also as- 
signed to dimethyl(benzyl)chlorosilane. 15 

Tile CCI 3 and CCI 2 groups remain tile centers  of  
condensat ion during the formation of  cross- l inked aro- 
matic polymers of  irregular structure. 

Interaction of pentamethyl(trichloromethyl)disilane 
(10) with aluminum chloride was studied in pentane and 
dichlorometha,m,  and the composi t ions  of  products were 
different in these two cases. When the reaction was 
carried out in pentane,  the rearrangement  product  - -  
I, I, 1 ,3 ,3-pentamethyl-2,2 ,3-  t r ichloro- 1,3-disi lapropane 
(11) - -  was formed in 85 % yield. 

AICI 3 
Me3SiSiMe2CCI3 ~ Me3SiCCI2SiMe2CI 

10 CsH12 1 1 

( l l )  

The action of  ultrasound (22 kHz, 150 WI) within 
10 rain results in the same product yield. Similar  rear- 
rangements of  ot-mono- and ot,0t-dichloromethyldisilanes 
have been studied by Japanese authors. 6-8 They showed 
that the rearrangement of  pentamethyl (ch loromethyl )d i -  
silane in the presence of  AICI 3 proceeds easily and with 
high conversion (82 %), to yield tr imethylsi lyl(dinlethyl-  
chlorosi lyl)methane.  8 An increase in the number  of 
e lectro-negat ive substituents (chlorine atoms) attached 
to the silicon atom retards the reaction. The yield of 
the corresponding carbosilane decreases in the series 
C I M e 2 S i S i M e ( C I ) C H  2CI, CI3S iS iMe2(CH2CI) ,  
CI2MeSiSiCI2(CHCI2), and C12MeSiSiCI2(CH2CI), in 
spite of  the more and more drastic condi t ions used. 6 

Dichloromethylsi lanes undergo two succesive rear- 
rangements. Migration of  the tr imethylsilyl  group ini- 
tially occurs, followed by migration of the methyl group. 7 

Me3SiSiMe2CHCI 2 AICI3 _-- CIMe2SiCH(CI)SiMe 3 b 
75 °C 

AlCl3 ~" CIMe2SiCH(Me)SiMe2CI (I 2) 
140 °C 

The end product in reaction (12) is formed in a fairly 
high yield (70 %). 

The presence of  three chlorine atoms attached to the 
co-carbon atom of disilanc 10 suggest that this com- 
pound can basically undergo three successive rearrange- 
ments in the presence of  AICI 3. Actually, if pentane is 
replaced by more polar methylene chloride,  the process 
does not cease at the first step. Dimethyldichlorosi lane 
and vinyldimethylchlorosi lane are the end products in 
this case (34 °C, 10 rain). We can explain their  forma- 
t ion by cons ider ing  the chain  of  successive rear- 
rangements.  

Migration of the tr ichloromethylsi lyl  group (12-~13) 
is tile first and the last rearrangement in this chain if the 
reaction is carried out in pentane (Equation.  (I I)). In 
d ich loromethane  tile reaction does not cease at this 
step, and compound  i l  forms carbocat ion 14 with 
AICI 3. In the latter, migration of  the methyl group 
occurs (14--.15) to lead to tr ichloride 16. The  third 
carbocat ion 17, formed from the product 16 is stabilized 



Transformat ions  o f  organo( t r ichloromethyl)s i lancs  Russ.Chem.Bull.,  Vol. 45, No. 6, June, 1996 1443 

by migra t ion  o f  the  13-hydrogen a tom (17--,18).  The 
carbocation 18, the last one in lhis chain, decomposes 
to form two products - -  d imethyld ich loros i lane attd 
v inyldirnethylchlorosi lane. We shottld note lhat the start- 
ing disi lane I0 is quant i tat ively converted to these corn- 
pounds. S imi lar  migrat ion o f  13-hydrogen atoms was 
observed in the reaction o f  d ie thy l ( l - ch lo roe thy l )eh lo ro -  
si lane wi th ah lminurn  ch lor ide leading to d ie thy l -  
d ichlorosi lane and ethylene. 9 

AICI3 = + ~Me3S i 
10 [Me3SiSiMe2CCI:~] = 

- AICI 4- 
12 

+ [AICI4] ~ 
[Me2SiCCI2SiMe 3] - 1 1 

1 3  
+ 

-MeD, 
[CIM e2SiCi SiM e3} 

14 CI 
Me 

+ [AIcql~ 
(CIMe2Si?-- SiMe2] 

CI 15 

(CIMe2Si)2C(CI)Me 

1 6  
S---~H 

=- [(CIMe2Si)2C-- C--H ] 
\H  

17 
+ 

[(CIMe2Si)2CHCH2] 

18  

AICI3 =, 

-AICI 4- 

AICI3 = 
-AICI 4- 

(14) 

=- Me2SiCI 2 + CH2=CH--SiMe2CI 

Experimental 

I1| and 13C NMR spectra were recorded on a Tesla-BS- 
567-A (100 and 25 MHz) instrument in CDCI 3using HMDS 
and CDCI 3 as internal standards, respectively. GLC was car- 
ricd out on a Tsvet-500 chromatograph (stainless steel column 
0.4x200 cm, sorbent --  5 96 SE-30 on Chromaton-N-Super,  
detector --  catharometer, carrier gas --  helium). IR spectra 
were measured on a Perkin-Elmer-577 spectrophotometer (thin 
layer between KBr plates). 

The solvents (cyclohexane, pentane, benzene, and dichloro- 
methane) were distilled over P205 prior to use. The starting 
organo(trichloromethyl)silanes I, 6, and 13 were obtained by 
the well known procedure)  

Interaction of trimethyl(trichloromethyl)silane 1 with alumi- 
num chloride, d. In cyclohexane. A mixture ofsilane 1 (4.90 g, 
30 retool) and anhydrous AICI 3 (0.20 g, 1.5 retool) was vigor- 
ously stirred at 20 °C for 5 h in 40 mL of a cyclohexane-- 
dichloromethane (5 : I) mixture (methylene chloride was added 
to accelerate the reaction). The course of  the process was 
monitored by GLC and by the amotmt of  HCI liberated. The 
reaction mixture was filtered and I drop of acetonitrile was 

added to the filtrate to remove the remaining AICI 3. The 
solvent was distilled off, and the residue fractionated in vacua. 
Trimelhyl(dichloromethyl)silane 2 was obtained (3.53 g, 75 %), 
b.p. 136--137 °C (760 Torr), no z° 1.4435, d42° 1.0430. IR, 
v/era-I: 2900, 2830, 1435, 1390 (C--I-I); 1240, 840 (Si--Me); 
750, 680, 620 (Si--C); 700 (CCI2) (c[ Refs. 16 and 17: b.p. 
133 °C (730 Torr); no 25 1.4430, (/425 1.0400). 

B. In benzene A solution ofsilane I (7.66 g, 40 retool) in 
20 mL of benzene was slowly added dropwisc to a suspension 
of anhydrous alundnum chloride (0.53 g, 4 retool) in 20 rrtL 
of benzene with vigorous stirring. The temperature of the 
reaction mixture did not excecd 30 °C. The course of the 
reaction was monitored by GLC and by the amotmt of HCI 
liberated. The main part of the solvent (80 %) was removed 
in vncuo. Acetonitrile (0.5 mL) was added to bind AICI 3. 
Benzene was replaced by hexane, the reaction mixture was 
filtered, and the filtrate fractionated in vacuo (hexane was 
distilled off in advance). Dimethyl(I,I-diphenylethyl) chloro- 
silane 3 (7.70 g, 70 %) was obtained, b.p. 140--142 °C 
(0.5 Torr). III NMR (CDCI3), 5 : 0.33 (s, 6 H, Me2Si, 
2JH 2%i = 6.67 Hz); 1.76 (s, 3 H, C--Me);  7.21 (s, 10 H, Ph). 
IR, v/era-I :  3040, 2940 (C--II) ;  1590 (Ph); 1250, 840 
(Si--Me); 700, 650 (Ph); 510 (Si--CI). Found (%): C, 69.34; 
H, 7.03; Si, 10.55; CI, 12.67. CI6HI9SiCI. Calculated (%): 
C, 69.92; H, 6.97; Si, 10.22; CI, 12.90. 

Interaction of dimethylphenyl(trichloromethyl)silane (6) wilh 
aluminum chloride. Anhydrous AICI 3 (0.40 g, 3.0 retool) was 
added to a mixture of trichloride 6 (7.61 g, 30 retool), 20 niL 
of pentane, and I mL of dichloromethane. The reaction was 
carried out at 35 °C with vigorous stirring. The amount of the 
precipitate formed gradually increased, and after 2 h a vis- 
cous,difficult-to-stir material was formed. The precipitate was 
separated by centrifngation, washed five times with I0 % 
aeetonitrile solution in benzene to remove AICI], and dried 
in vacua to yield a powdered light brown polymer (2.50 g), 
which is insoluble in organic solvents. Fotmd (%): C, 85.27; 
H, 7.02; Si, 6.30; CI, 1.03. IR, v/era-N: 1580, 730, 690, 470 
(aryl), 1240, 840 (Si--Me). Benzene, Me2SiCI2, and 
CCI3SiMe2CI were fotmd in the liquid phase after centrifnga- 
tion by GLC. A minor amount of HCI was liberated during 
the reaction. 

Interaction of penlamethyl(triehloromelhyl)disilane ( 10 )  
wi(h aluminum chloride. ,4. In pentane. Anhydrous AICI 3 (0.40 g, 
3.0 retool) was added to a solution of disilane I0 (7.49 g, 
30 retool) in 50 mL of pentane. The reaction mixture was 
vigorously stirred for 5 h at 20 °C and filtered. The pentane 
was distilled off, and the residue fractionated in vacuo to give 
compound I I  (4.85 g, 65 %), b.p. 48--50 °C (0. I Torr); lID 20 
1.4781, ,'/42° 1.1357; MR D 62.25, calctdated 62.91. IH NMR 
(CDCI3), 6 : 0.30 (s, 9 H, SiMe 3, 2Jlt29Si --- 6.76 Hz); 0.65 
(s, 6 H, SiMe 2, 2JH2%i = 7.70 Hz). 13C NMR (CDCI3), 
a : 71.9 (CC12), -2.46 (SiMe3), +0.18 (SiMe2). IR, v/era-l: 
2940, 2880, 1430, 1400 (C--H); 1250, 850 (SiMe); 740, 670, 
620 (Si--C), 700 (CC12), 500 (Si--CI) (cf. Ref. 18: 13C NMR 
(CC14), 6 : 71.3 (CC13), -2.1 (SiMe3), +0.7 (SiMe2)). 

B. in methylene chloride. A solution ofdisilane 10 (7.49 g, 
30 retool) in 20 mL of CH2CI 2 was added dropwise to a 
suspension of anhydrous AICI 3 (0.4 g, 3.0 mmol) in 10 mL of 
CFI2CI 2. The reaction was carried out at 30--50 °C (evolution 
of heat) with vigorous stirring. An efficient reflux condenser 
was required to prevent loss of Me2SiCI, liberated in the 
reaction. After completion of the exothermic reaction the 
reaction mixture was stirred for an additional 1 h. The reac- 
tion mixture was separated from AICI 3 by filtration. Two 
products -- Me2SiCI 2 and CH2=CHMe2SiC1 -- were deter- 
mined in equivalent amounts (GLC). Products containing 
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CII2=CH groups were not found. The filtrate was completely 
distilled off and gave no residue. 
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