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Photobromination of n-butyl, n-propyl, ethyl, 2-propy1, and‘cyclopentyl groups in butyl-, propyl-, ethyl-, and 
cyclopentgltrichlorosilanes and 2-propylmethyldichlorosilane was studied. The trichlorosilyl group activated 
the adjacent position toward bromination and had very little effect upon other positions in the alkyl groups. In 
contrast, the trichlorosilyl group deactivates the adjacent position toward chlorination. Stabilization of a free 
radical LY to silicon by delocalization of the electron between the carbon and the adjacent silicon atom is suggested 
to explain these results. 

Data concerned with the chlorination of alkylchloro- 
silanes have been collected and summarized.‘J The 
directive effects of various substituted silyl groups have 
been studied using sulfuryl chloride as the reagent for 
~hlor inat ion.~-~ Trimethylsilyl, MezCISi, MeClzSi, 
and C4Si groups show an effect upon the near positions 
of an alkyl group that varies from one of activation by 
hfe3Si to deactivation by Cl8Si-. Recent experiments 
using toluene as a standard for measurement of relat,ive 
 rate^.^^^ verified the above conclusions. 

The only example of direct bromination of an alkyl- 
silane in which the distribution of products is known is 
that of tetraethylsilane which brominated only a t  the 
position adjacent to silicon.10 The results obtained by 
using mixtures of bromine and chlorine to brominate 
ethyltrichlorosilane and l-methylethyltrichlorosilanell 
are best compared with those of chlorination since the 
chlorine radical abst,racts the hydrogen in both cases.12 
This paper report,s results of the bromination of several 
alkyltrichlorosilanes. 

Results 
The apparatus used for the brominations has been 

de~cribed.’~ In this apparatus a volatile conpound is 
continually fractionated so that the high boiling halo- 
genated products are collected in a receiver and the 
unhalogenated compound is refluxed through an illum- 
inated chamber. Halogen is admitted to this chamber 
in which a large molar ratio of compound to halogen is 
always maintained. This permits a very high yield of 
monohalogenated products in most cases. 

The results of the bromination of various alkylchloro- 
silanes are summarized in Table I. The mole fractions 
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of the isomeric monobrominated species were corrected 
by the appropriate statistical factors for the number of 
hydrogens at the position of substitution. The amount 
of the most abundant product in each case was set equal 
to unity and the amounts of other products shown in 
Table I are then relative to the most abundant one. No 
products were detected that could have arisen from 
skeletal rearrangements or from replacement of chlorine 
by bromine on silicon. 

TABLE I 
RELATIVE REACTIVITIES PER C-H BOND IN THE BROMINATION 

OF ALKYLCHLOROSILANES 
,------ Positiona -7 

ClaSiCHzCHKHtCHzH 7521-80-4 0.00 1 . 0 0  0 . 9 6  0.00 
ClsSiCHtCHnCH2H 141-57-1 0.00 1 . 0 0  0.00 
ClaSiCHnCHtH 115-21-9 l . O O b  0 . 2 2  
ClsSiCH(CHa)n 4170-46-1 1.00 0.00 
CHsClnSiCH (C Hs) z 18236-89-0 1 . 0 0  0 .00 
ClsSiCHCHH 14579-03-4 1.00 0 . 0 4  0.00 

Substrate Registry no. 1 2 3 4  

I 
(CHda 

 the silyl group is at position 1. bThe amount of the 1- 
bromo isomer was corrected for that consumed by formation of 
1, I-dibromoethyltrichlorosilane. 

Discussion 
Butyltrichlorosilane was brominated only in the 2 and 

3 positions and nearly equally in each position. n- 
Butane under comparable conditions yielded essentially 
only 2-bromob~tane.’~ These results indicate that the 
orienting effects of a CH3 group or of a CH2SiC13 group 
are nearly identical during bromination. 

The chlorination of butyltrichlorosilane with sulfuryl 
chloride in carbon tetrachloride and toluene showed that 
the 3 position was more reactive than the 2 position and 
Nagai concluded that this was because of the inductive 
effect of the trichlorosilyl group removing electron 
density from the 2 po~i t ion .*~~ However, R l i r o n ~ v ’ s ~ ~  
study of the same reaction showed that the 2 position 
was equally or more reactive than the 3 position. The 
differences in these two r e p o r t ~ ~ ~ ’ ~  are likely to be not 
due to the better analyses as suggested by Nagaig but 
due to the effects of carbon tetrachloride and toluene 
used as solvents by Nagai. Walling and LIiller16 have 
shown that the presence of carbon tetrachloride alters 
the selectivity of the chlorine radical and Ru~se l l ’~  has 
demonstrated that the presence of aromatic solvents 
can change the selectivity of the chlorine radical by 
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more than a power of ten.ls Until the nature of these 
are understood, evaluation of data ob- 

tained in such solvents in terms of only simple inductive 
effects as done by Nagaisge is unwarranted. 

The bromination of propyltrichlorosilane gave mostly 
2-bromopropyltrichlorosilane along with a small amount 
of 2,Zdibromopropyltrichlorosilane. Chlorination has 
also shown that the 2 position was the most reactive one 
in propyltrichlorosilane.4~~~ gv20 

Ethyltrichlorosilane was much less reactive than 
either propyl- or butyltrichlorosilane. Both positions 
on the ethyl group were slow to brominate, but the CHa 
group was slower than the C4SiCH2 group by a factor of 
about five. Chlorination by sulfuryl chloride showed 
that the CHI was more reactive than the ClaSiCHr 
g r ~ u p . ~ J ' ~ ~  Chlorination with chlorine gave a ratio of 
2-chloroethyl to 1-chloroethyltrichlorosilane of about 
1.7.21*22 Correction for the number of hydrogens a t  
each position gives the reactivity a t  the 2 position as 1.3 
times that of the 1 position for ch lo r ina t i~n ,~~  whereas 
this study found the 1 position was about 5 times as 
reactive as the 2 position for bromination. 

2-Propyltrichlorosilane and 2-propylmethyldichloro- 
silane were both brominated exclusively in the 2 posi- 
tion. These results are as expected from the preceding 
data which indicate a slight activating influence of the 
silyl groups upon thle position adjacent to the silicon 
atom and the known difficulty of brominating methyl 
groups in such molecules. 

Cyclopentyltrichloirosilane, as expected from the pre- 
ceding examples, brominated almost entirely in the 1 
position with a small amount in the 2 position. The 
extent of activation of the 1 position may be surprising 
in this example. The chlorination of cyclopentyltri- 
chlorosilane by sulfuryl chloride has been described2' 
as yielding a t  least 50% Zchlorocyclopentyltrichloro- 
silane. 

During photohalogenation or other halogenations 
that proceed by a free-radical mechanism, several fac- 
tors may determine the distribution of products. The 
electrophilic halogen atom tends to attack a C-H bond 
of greatest electron density to form hydrogen halide 
and an organic free i * a d i ~ a l . ~ ~  Structural effects upon 
orientation are greater during brominations than during 
chlorination for several reasons. Abstraction of a 
hydrogen atom by a bromine atom is usually endother- 
mic, whereas the corresponding process with a chlorine 
atom is strongly exothermic. l2  Substituents which in- 
fluence the stability of the organic radical in these pro- 
cesses will greatly lower the energy of the transition 
state during brominations, but will have little effect 
during chlorination. l* Russell and recognized 
this when they found that the methyl C-H bonds of 
toluene were only one-third as reactive as the C-H 
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carbon disulfide or oxygen.19 

bonds in cyclohexane toward chlorination, but 230 
times as reactive toward bromination. Resonance 
stabilization of the benzyl free radical is thought to lead 
to this result in bromination but to have slight effect 
upon chlorination. Similar effects have been ascribed 
to halogen substituents during halogenation of haloal- 

No activating influence for bromination having a 
magnitude comparable with that of an aromatic ring on 
a methyl group is found in CMi, ClZMeSi, or ClMe2Si 
groups as evidenced by the fact that ClaSiCHa, C12Me- 
SiCHa, and ClMe2SiCH3 are difficult to photobrominate 
with bromine.2s However, a small effect of this kind is 
useful to explain the products obtained in this work. 
The inductive effect of the ClrSi or ClzMeSi groups is 
electron withdrawing leading to deactivation of the 
positions near silicon during chlorination of alkylsilanes. 
Resonance stabilization of the intermediate free radicals 
by delocalizing an electron in the vacant d orbitals of 
silicon can explain the results of bromination. Delocal- 
ization can be thought of in terms of structures such as 

: Cl4i-CH-R C )  : Cl-&-'cH-R 

Because the silicon chlorine bond has double-bond 
character,2g stabilization may also be thought of as 
involving the chlorine as in structures such as 

: CI=Si-CH-R C) : &."i=CH--R 

kanes.14,26,27 

- . .  
. .  . .  

+ - - .  

Experimental Section 
A Varan Associates Model A-60 was used to obtain nmr spectra 

using tetramethylsilane as an internal standard. Analyses by 
vapor phase chromatography (vpc) were obtained on an F & M 
Model 720 dual column programmed temperature gas chromato- 
graph equipped with 4 ft X 0.25 in. stainless steel columns packed 
with 16% Dow Corning@ FS-1265 on Chromosorb P. 

Materials.-Bromine (Baker Analyzed Reagent), 2-chloro- 
propane (Eastman Organic Chemicals), cyclopentene (Columbia 
Organic Chemicals), and N-bromosuccinimide (Eastman Organic 
Chemicals) were used as obtained. Propyltrichlorosilane (bp 
123'), methyltrichlorosilane (bp 66.4'), silicon tetrachloride 
(bp 57.6'), trichlorosilane (bp 31'), and ethyltrichlorosilane 
(bp 99') were products of Dow Corning Corp. 

I-Methylethyltrichlorosilane was prepared by the method of 
Sommer and Evansao by the reaction of isopropylmagnesium 
chloride wih silicon tetrachloride. 

(1-Methylethy1)methyldichlorosilane was prepared by the re- 
action of isopropylmagnesium chloride with methyltrichloro- 
silane and had nZ6D 1.4250 and dZ6r 1.0333 (litea1 n% 1.4270 and 

Cyclopentyltrichlorosilane was prepared by the following 
method. Cyclopentene (95.7 g, 1.40 mol), trichlorosilane (191 
g, 1.40 mol), and chloroplatinic acid (0.1 N in isopropyl alcohol, 
1.0 ml) were heated a t  145-155' for 19 hr in a 1.41. strainless 
steel bomb. Analysis by vpc showed a 75% yield. Distillation 
gave pure cyclopentyltrichlorosilane, bp 181' (756 mm), n% 
1.4687, des4 1.2414 ( k a 2  12% 1.4688). 

Vapor Phase Bromination of Alkylch1orosilanes.-An appara- 
tus described for the chlorination of alkylsilanes was used." 
Refluxing alkylsilane and bromine were mixed in a chamber 
illuminated with a 200-W incandescent lamp. Brominated prod- 
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ucts were continuously separated by a distillation column. 
Hydrogen bromide passed the condenser and was vented from the 
system. 

Bromination of Buty1trichlorosilane.-Bromine (335 g, 2.09 
mol) and butyltrichlorosilane (534 g, 2.79 mol) gave 675 g of 
crude product. Analysis by vpc (area per cent) showed 40% 
butyltrichlorosilane, 3Oy0 2-bromobutyltrichlorosilane, 28% 3- 
bromobutyltrichlorosilane, and 2% unknowns. The 3-bromo- 
butyltrichlorosilane was isolated by preparatory vpc. The nmr 
gave a sextet at T 5.9 for BrCH due to adjacent CHa and CHI and 
a doublet a t  8.25 for CH3 in the ratio of 1:2.9. The methylene 
region was not, resolved. The nmr of a fraction obtained by 
distillation [bp 65" (60 mm)] which was by vpc 80% 2-bromo- 
and 20% 3-bromobutyltrichlorosilane showed a quintet for 
BrCH a t  T 5.71 due to two CH1 groups, a triplet for CHS a t  
8.90, and a doublet a t  7.74 for SiCH2 in the ratio of 1.0:3.0:2.0 
for the 2-bromo isomer. The other methylene unit was not re- 
solved. The neutralization equivalent of this fraction was 71.3 
(theoretical value for the 80:20 ratio is 71.6). 

Bromination of F'ropyltrich1orosilane.-Propyltrichlorosilane 
(1084 g, 6.11 mol) and bromine (719 g, 4.49 mol) gave 1397 g of 
crude product. Analysis by vpc (area per cent) showed 35% un- 
reacted propyltrichlorosilane, 63% 2-bromopropyltrichlorosilane, 
and 2,2-dibromopropyltrichlorosilane. Distillation gave 2- 
bromopropyltrichlorosilane, bp 178.8' (751 mm), n Z 6 ~  1.4871, 
dZ6r 1.4976, 99% pure by vpc with a neutralization equivalent 
of 64.3 (theoretical value 64.2). The nmr showed a sextet for 
BrCH at  T 5.52, SiCHz at  7.7-7.9, and CHJ as a doublet a t  8.12 
in the proton ratio of 1.0:2.0:3.0. The 2,2-dibromopropyltri- 
chlorosilane was identified in a fraction containing 14.5% 2- 
bromopropyltrichlorosilane from the nmr spectrum which gave a 
single peak for CH2CBr2 a t  T 6.75 and a single peak for CBr2CHs 
a t  7.72 in the ratio of 2.0:3.0. 

Propyltrichlorosilane (27 g, 0.15 mol) was also brominated with 
N-bromosuccinimide (18 g, 0.10 mol) in refluxing carbon tetra- 
chloride (75 ml). The color of bromine was stable in the absence 
of illumination with a 200-W incandescent lamp. After 40 min 
of illumination, solid succinimide (9.5 g, theoretical value 9.9 g) 
was removed by filtration. Analysis by vpc showed 2-bromo- 
propyltrichlorosilane as the only significant product. Traces of 
higher eluting materials were present. 

Bromination of Ethyltrich1orosilane.-Bromine (60 g, 0.38 
mol) and ethyltrichlorosilane (81.8 g, 0.50 mol) gave 109 g of 
crude product. The reaction was very slow and it was difficult 
to avoid excess bromine in the illuminated chamber. Analysis by 
vpc (area per cent) showed 48% ethyltrichlorosilane, 27% 
1-bromoethyltrichlorosilane, 12y0 2-bromoethyltrichlorosilane, 
and 13% 1 ,I-dibromoethyltrichlorosilane. The material was 
distilled. The nmr of n fraction which was by vpc 85% l-bromo- 

and 15% 2-bromoethyltrichlorosilane, neut equiv 76.2 (theo- 
retical value for 85: 15 ratio is 77.7), showed BrCH as a quartet 
a t  T 6.45 and CCHa as a doublet a t  8.13 in the ratio of 1.0:2.9 for 
the 1-bromoethyltrichlorosilane. A fraction which was 34% 
I-bromo and 66% 2-bromo isomer gave CH2Br as a triplet a t  T 
6.46 and CH2Si as a multiplet a t  7.87 in the ratio of 2.0:2.0 for 
the 2-bromo isomr. The 1,l-dibromoethyltrichlorosilane wae a 
solid (mp 150-153') with a neutralization equivalent of 107 
(theoretical value 107). The nmr showed CCHa as a singlet a t  
T 7.58. 

Bromination of 1-Methylethyltrichlorosilane .-Bromine (60 g, 
0.38 mol) and I-methylethyltrichlorosilane (88.8 g, 0.50 mol) 
gave 118 g of crude product. Analysis by vpc (area per cent) 
showed 22% unreacted 1-methylethyltrichlorosilane and 77% 
1-bromo-1-methylethyltrichlorosilane along with traces of higher 
eluting materials. Distillation gave pure l-bromo-l-methyl- 
ethyltrichlorosilane, mp 100-llOO,aa with a neutralization equiva- 
lent of 85.2 (theoretical value 85.5). The nmr showed only a 
single peak a t  7 8.10. 

Anal. Calcd for CaHeBrClaSi: C, 14.1; H,  2.23; Si, 10.9. 
Found: C, 14.2; H, 2.33; Si, 11.0. 

Bromination of (1-Methylethy1)methyldichlorosilane.-Bro- 
mine (85 g, 0.53 mol) and (1-methylethy1)methyldichlorosilane 
(100 g, 0.64 mol) gave 142 g of curde product. Distillation gave 
98.5 g (0.42 mol, 79% yield) of the monobrominated product as 
a waxy solid. The nmr showed only (1-bromo-1-methylethyl)- 
methyldichlorosilane with SiCH3 as a singlet a t  T 9.06 and CCHa 
as a singlet a t  8.16 in the ratio of 3.0:5.9. 

Anal. Calcd for CIHgBrC12Si: C, 20.3; H,  3.81; Si, 11.9. 
Found: C, 20.5; H,  3.92; Si, 11.9. 

Bromination of Cyclopenty1trichlorosilane.-Bromine (24 g, 
0.15 mol) and cyclopentyltrichlorosilane (41 g, 0.20 mol) a t  98 
mm gave 53 g of crude product. Distillation gave unreacted 
cyclopentyltrichlorosilane (13 g, 0.065 mol) and bromocyclo- 
pentyltrichlorosilane (35 g, 0.12 mol), bp 110" (49 mm), which 
had a neutralization equivalent of 90.2 (theoretical value for 
83% 1- and 3-bromocyclopentyltrichlorosilane and 17% 2- 
bromocyclopentyltrichlorosilane, 90). The nmr of the bromo- 
cyclopentyltrichlorosilane showed CHBr a t  T 5.56 and broad 
alkyl in the approximate ratio of 1:62. The ratio of CHBr to 
CH2 plus SiCH was determined by nmr. Bromocyclopentyl- 
trichlorosilane (6.71 mmol) in 2.30 mmol of chloroform gave a 
ratio of CHBr to HCCla of 0.441 showing that 15% was 2- and 
3-bromocyclopentyltrichlorosilane and 85% was l-bromocyclo- 
pentyltrichlorosilane. 

(33) The solid underwent a change of structure making the melting point 
difficult t o  determine on a Fisher-Johns apparatus. 


