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Sulfochlorination of Or ganosilicon Compounds 

GLENS D. C001-’Elt 

-4 number of alkylsilanes, nlkylrhlorosilaiiee, and alkylsiloxanes have been sulfochlorinatcd by nieans of sulfuryl chloride. 
Those compounds having the chlorosulfonyl group on a carbon atom attached to  silicon underwent silicon-carbon bond 
cleavage in acidic, basic, or neutral solution. Compounds having a sulfonamide group on the alpha carbon atom were 
readily cleaved in basic solution 

Sulfuryl chloride may react n-ith hydrocarbons in 
either of two ways. In  the presence of peroxides, 
chlorination occurs. 

1tH + S0:Clz --+ ItCl + HCl + SO? 
Under strong illumination, in the presence of a 
trace of pyridine, hydrogen is replaced by the chlo- 
rosulfonyl group.* 

RH + SOsClz + RSOZC1 + €IC1 

The chlorination of organosilicon compounds by 
means of sulfuryl chloride has frequently been de- 
~ c r i b e d , ~  but the sulfochlorination of organosilicon 
compounds has not previously been reported. 

We have found that sulfonyl chlorides may be ob- 
tained from many alkyl silanes, alkylchlorosilanes, 
and alkylsiloxanes. The sulfochlorinations were 
carried out a t  room temperature by irradiating a 
mixture of sulfuryl chloride, the organosilicon 
compound, and a trace of pyridine. The yields 
ranged from 15 to  60 per cent. Some chlorination 
always accompanied the sulfochlorination. In  some 
cases, it was difficult to  distill the products without 
decomposition and the yields were low for this ren- 
son. 

Tetraniethylsiiane reacted readiIy with sulfuryl 
chloride, yielding 53% of trimethylsilylmethanc- 
sulfonyl chloride. Trimethylchlorosilane also re- 
acted, although less readily, and the yield of chloro- 
dimethylsilylmethanesulfonyI chloride was only 
17%. Dimethyldichlorosilane reacted very slowly 
and no sulfonyl chloride was obtained; a small 
amount of the monochlorinated compound was the 
only product isolated. Methyltrichlorosilane did 
not react a t  all under the conditions employed. 
This behavior is consistent with Speier’s4 obserra- 
tion that the photochemical chlorination of methyl- 
chlorosilanes becomes more difficuk as the number 
of chlorine atoms attached to silicon is increascd. 
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The reaction was also successful with methylsilox- 
anes. A 2!JyO yield of heptamethylcyclotetrasilox- 

anylmethanesulfonyl chloride, O[Si(C€IJ)20]JSi- 
(CH,JCHzSO2CI, was obtained from octamethylcy- 
clotetrasiloxane. 

When a linear dimethylsilicone oil (chain- 
stopped by triniethylsiloxy groups) having an av- 
erage molecular weight of 3000 was treated with 
sulfuryl chloride, an oil containing chlorosulfonyl 
groups was obtained. This oil, which contained 
about one chlorosulfonyl group for ten silicon 
a+ onis, slowly evolved hydrogen chloride on stand- 
ing a t  room temperature. When a dimethylsilicone 
polymer having an average molecular weight of 
2,000,000 was sulfochlorinated, cleavage of the sil- 
oxane bonds occurred, yielding low molecular 
weight oils. 

In general, electron-withdrawing groups on a 
carbon atom attached to silicon render the silicon- 
carbon bond susceptible to cleavage, particularly 
in the presence of bases; the reaction is considered 
to occur by a displacement on silicon.‘ I t  is not sur- 
prising, therefore, that the silicon-carbon bond in 
trimethylsilylmethanesulfonyl chloride was cleaved 
very rapidly by five per cent sodium hydroxide 
solution. 

OH“ 
(CH,),SiCH,SO,Cl --+ 

HZ0 

Cleavage of the silicon-carbon bond also oc- 
curred in acid solution; an 80% yield of hexameth- 
yldisiloxane was produced when the sulfonyl chlo- 
ride was stirred with water for 12 hours. Even when 
the solution was kept neutral by means of precipi- 
tated calcium carbonate, the silicon-carbon bond 
was broken. The instability of the sulfonyl chloride 
(or the sulfonic acid) in neutral and acid solution 
is interesting since it has been shown6 that the cor- 
responding sulfone, (CH,) &3iCH2S02CH3, is not 
affected hy refluxing for 20 hours with five per cent 
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hydrochloric acid.? Heptamethylcyclotetrasilox- 
anylmethanesulfonyl chloride reacted similarly, 
although at  a slower rate, probably because of its 
lower solubility. 

Trimethylsilylmethanesulfonyl chloride and hep- 
tamethylcj~clotetrasiloxanylrnethanesulfonyl chlo- 
ride formed sulfonamides when treated with an- 
hydrous ammonia in toluene. I n  the latter case, a 
small amount of methanesulfonamide was also iso- 
lated, presumably arising as a result of a displace- 
ment on silicon by an ammonia molecule, either on 
the sulfonamide or the sulfonyl chloride. Both sul- 
fonamides underwent silicon-carbon cleavage in 
aqueous sodium hydroxide solution. 

Although the sulfochlorination reaction was not, 
successful with dimethyldichlorosilane and meth- 
yl trichloroil ane, sulfonyl chlorides mere obtained 
from dieth yldichlorosilane and ethyltrichlorosilane. 
The position of the chlorosulfonyl group has not 
been established. It has been shown that aliphatic 
sulfonyl clilorides can be converted to chlorides 
without rexrangement by heating for a short time 
at  200-220".8 When the sulfonyl chloride ob- 
tained frori ethyltrichlorosilane was heated for two 
hours a t  220", some 2-chloroethyltrichlorosilane 
was obtained, but the amount n-as very small, only 
about 37,. None of the 1-chloro isomer was present. 
It is therefore believed that the sulfonyl chloride 
obtained from ethyltrichlorosilane is the 2-isomer, 
C13SiC112CI-12SOICl, but the identification must be 
regarded ab only tentativc. 

EXPERIXZEXTAL' 

Sdfochlor ,nat~on.  The procedure employed \vas essen- 
tially that of Kharasch and Read.2 One mole of the organo- 
silicon compound, 0.5 mole of sulfuryl chloride, and 0.5 
~nl. of pyridine --ere placed in a Pyrex flask equipped with 
a watei-cooled reflux condenser surmounted by a reflux con- 
denser cooled with Dry Ice. The flask was irradiated by 
means of a 1500 watt tungsten-filament lamp at a distance 
of about ten inches. A vigorous reaction usually began 
nithin 15 minutes. Irradiation was continued until hydrogen 
chloride was no longer evolved. The mixture then was frac- 
tionally distilled at  reduced pressure. In addition to the 
5ulfonyl chloride, 10-2045 of monochlorinated material 
was always obtained as me11 as approximately 0.5 mole of 
unreacted organosiliton compound. Yields are based on 
sulfuryl chloride. 

Trimethylszlylmethanesulfonyl chlo, ide. From the reaction 
of 88 g. (1.0 mole) of tetramethylsilane and 67.5 g. (0.5 
mole) of sulfurvl chloride, there was obtained 49.5 g. (537,) 
_____ 

('7) This may indicate that it is thc sulfonyl chloride 
rather than the sulfonate ion ahich is cleirved, at least in 
neutral solution, sinrt, the chlorosulfonj 1 group would be 
csxpcrted to have greater electron-.sithdra~~irig power 
than the methanesulfonyl group, whereas the sulfonate ion 
has less. Differences in solubility do not appear to account 
for the difference in stability; the sulfone is appreciably 
soluble in boiling water. 
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of trimethylsilylmethanesulfonyl chloride, h.p. 5 i o / 1  mm.; 
n': 1.4680. 

Anal. Calc'd for C4H11C10sSSi: C, 25.8; H, 5.9; S, 17.2; 
Si, 15.0. Found: C, 25.9; H,  6.1; S, 17.2; Si, 15 1. 

Trimethylsilylrnethanesulfonamide. Dry ammonia g a s  
passed into a solution of 13 g. (0.07 mole) of trimethyl- 
silylmethanesulfonyl chloride in 100 ml. of toluene until 
no further precipitate was formed. The mixture was warmed 
and filtered. The filtrate was evaporated to dryness and the 
residue was washed with witer and then recrystallized from 
benzene-ethanol, yielding 3.6 g. (31%) of triniethylsilyl- 
methanesulfonamide; large colorless plates, m.p. 122-123". 

Anal. Calc'd for C4H&O&3Si: C, 28.8; H, 7.7; S, 19.0. 
Found: C, 28.4; H, 7.7. S, 19.2. 

Heptanaethylcyclotetrasiloxanylmethanesulfon$ chlorzde. 
The reaction of 592 g. (2.0 moles) of octaniethylcyclotetra- 
siloxane with 135 g. (1.0 mole) of sulfuryl chloride yielded 
115 g. (29.2y0) of heptamethylcyclotetrasiloxanylmethanc- 
sulfonyl chloride, b.p. 108-110°/1 mm. ; n': 1.4350. 

Anal. Calc'd for C8H&106SSi4: S, 8.1; C1, 9.0. Found: 
S, 8.1; C1,9.3. 

HeptamethylcyclotetraszlozanylmcthaneszLlfonaniide. Dry 
ammonia was passed into a solution of 11.8 g. (0.03 mole 
of heptamethylcyclotetrasiloxanylmethane sulfonyl chlo- 
ride in 75 ml. of benzene until no further piecipitate was 
formed. The mixture was filtered and the filtrate was evap- 
orated to dryness. The residue was recrystallized several 
times from n-pentane, J ielding 4.7 g. (42%) of heptamethyl- 
cyclotetrasiloxanylmethanesulfonamide, n1.p. 61-63', 

A n d .  Calc'd for C8HdOSSSi4: C, 25.6; H, 6.7; S, 8.5. 
Found:C,25.3;H,6.7;S,8.7. 

From a small amount of material which TWS insoluble in 
pentane, there a a s  obtained 0.1 g. of methanesulfonamide, 
m.p. and mixture n1.p. 89-90'. 
Dzmethylchloroszlanylmethanesulfonyl chloride. From the 

reaction of 180 g. (1.67 mole) of trimethylchlorosilane with 
112 g. (0.83 mole) of sulfur11 chloride, there was obtained 
29.6 g. (17 3%) of diniethylchlorosilanylmethaiies~~lfon~ 1 
chloride, b.p. iO-i3°/1 mm.; n'; 1.4780. 

Anal. Calc'd for C3HRC1202SSi: S, 15.4; C1, 34.3. Found: 
S, 15.3; C1,3-1.5. 

Sulfochlorination of diethyldichloroszlane. From 157 g. 
(1.0 mole) of diethyldichlorosilane and 67 5 g. (0.5 mole) 
of sulfuryl chloride, there xas  obtained 27.7 g. (21.8%) of 
a sulfonyl chloride having b.p. 85-87"/1 mm.: n': 1.4928. 

Anal. Calc'd for C4H#Cl3O2SSi: C1, 41.8. Found: C1, 
42.1. 

The sulfonyl chloride (11 9.) was added diopwise, ~ i t h  
vigorous stirring, to 50 g. of cracked ice. The oil was ex- 
tracted with ether, dried over sodium sulfate, and the ether 
was evaporated, leaving 7.1 g. (837') of a wscous oil. The 
infrared spectrum showed the characteristic absorption of 
the sulfonyl group at  7.30 microns and 8.46 microns. -4 
small amount of silanol was also indicated. Vpon standing 
for a fem hours a t  room temperature, the oil changed to a 
hard n'ax, which dissolved slomly in 10% sodium hydroxide 
solution. 

Sulfochlorination of ethyltrichlorosilane. From the reaction 
of 337 g. (2.0 moles) of ethyltrichlorobilarle nith 135 g. 
(1.0 mole) of sulfuryl chloride, there was obtained 42.0 g. 
(lG.2Q) of the sulfonyl chloride, b.p. 69-70°/1.1 mm.; 
m.p. 29-30'. 

Anal .  Calc'd for CqHXlrOISSi: C1. 54.2: Si. 10.7. Found: 
C1,53.5; Si, 10.6. 

The sulfonyl chloride (7 8.) nas heated for two houis a t  
220" in a small glass-lined stainless steel bomb. The bomh 
was cooled to room temperature and the sulfur dioxide w a s  
allowed to escape slowly. The dark liquid residue weighed 
3.5 g. and contained a large amount of black solid. It was 
distilled a t  40 mm. pressure in a spinning-band column 
rated at  50 plates. A fraction weighing 0.16 g. and boiling 
:tt 55-60" was obtained. No other volatile material was ob- 

'tainrd a t  a pot temperature of 210". The infrared spectimi 
of the 55-60" fi.:wtion corresponded to thr. sprctrimi ot 
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2-ch1oro~:thyltrichlorosilane; no detectable amount of 1- 
chloroethyltrichlorosilane Tvas present. 

Sulfochlorination of methylsilicone oil. A mixture of 291 g. 
of methylsilicone oil (average molecular weight = 3000), 
67.5 g. (0.5 mole) of sulfuryl chloride, and 0.5 ml. of pyridine 
was irradiated in the usual manner. After three hours, the 
mixture was filtered from a small amount of solid and heated 
for four hours in a stream of dry air a t  50" and 1 mm. It 
was shaken with anhydrous sodium sulfate and precipitated 
calcium carbonate and filtered. Analysis showed 3.9% 
sulfur and 5.2y0 chlorine, indicating that approximately one 
chlorosulfonyl group was introduced for each ten silicon 
atoms, and that a small amount (approximately 25%) of 
chlorination accompanied the sulfochlorination reaction. 
The oil slowly evolved hydrogen chloride on standing; it 
was converted to a soft gel by heating with magnesium oxide 
or anilinc.. 

Hydrolysis of trimethylsilylmethanesulfonyl chloride. Tri- 
niethylsilylmethanesulfonyl chloride (5 g.) was stirred for 
12 hours nith 25 ml. of water. The upper organic phase 
was dravn of f  and dried over calcium chloride; it weighed 
1.79 g. (82%) and was identified by its refractive index as 
hexamethyldisiloxane. 

The sulfonyl chloride ( 5  g.) pas  shaken for ten minutes 
with 25 ml. of 5% sodium hydroxide solution, yielding 1.75 
g. (807, ) of hcxamethyldisiloxane. 

The sulfonyl chloride (12 g.) was added dropwise to a 
rapidly stirred mixture of 10 g. of precipitated calcium 
carbonate in 25 ml. of water. Stirring was continued for 12 
hours and the mixture was filtered. From the filtrate, there 
was obtained 3.3 g (45%) of calcium methanesulfonate. 

Reaction of sulfonamides with sodiurn hydroxide solution. 
Trimethylsilylmethanesulfonamide (2  g.) was shaken with 
10 ml. of 570 sodium hydroxide solution. The sulfonamide 
dissolved, but an oil phase began to appear almost immedi- 
ately. The oil was identified by its refractive index as hexa- 
methyldisiloxane. 
Heptamethylcyclotetrasiloxanylmethanesulfonamide (5 

9.) was dissolved in 40 ml. of lOy0 sodium hydroxide solu- 
tion. An upper liquid phase began to appear almost immedi- 
ately. After ten minutes, the mixture was extracted with 
pentane. The pentane solution was washed with water and 
dried over sodium sulfate. Evaporation of the pentane left 
2.0 g. of a colorless oil having n": 1.4093, d:" 1.040. The 
infrared spectrum showed considerable silanol but no trace 
of absorption due to the sulfone group. The material is bc- 
lieved to be principally the siloxane formed hy the rondensa- 
tion of t a o  molecules of heptarnethylcj clotetrasiloxanol, 
with some uncondensed silanol present. 

Anal.  Calc'd for C,4H4209Si8: C, 29.0; 11, 7 . 3 ;  Slolecular 
xveight, 578. Found: C, 28.7; H, 7.6; Molecular neight 515. 
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