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A number of alkylsilanes, alkylehlorosilanes, and alkylsiloxanes have been sulfochlorinated by means of sulfuryl chloride.
Those compounds having the chlorosulfonyl group on & carbon atom attached to silicon underwent silicon-carbon bond

cleavage in acidic, basic, or neutral solution.
readily cleaved in basic solution.

Sulfuryl chloride may react with hydrocarbons in
either of two ways. In the presence of peroxides,
chlorination occurs.!

RH + 8O.Cl, —> RCl + HCL + 80,

Under strong illumination, in the presence of a
trace of pyridine, hydrogen is replaced by the chlo-
rosulfonyl group.?

RH + 80,Cl; —> RS0,Cl + HCl

The chlorination of organosilicon compounds by
means of sulfuryl chloride has frequently been de-
seribed,® 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 at 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 rea-
son.

Tetramethylsilane reacted readily with sulfuryl
chloride, yielding 539, of trimethylsilylmethane-
sulfonyl chloride. Trimethylchlorosilane also re-
acted, although less readily, and the yield of chloro-
dimethylsilylmethanesulfonyl 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 at all under the conditions employed.
This behavior is consistent with Speier’st observa-
tion that the photochemical chlorination of methyl-
chlorosilanes becomes more difficult as the number
of chlorine atoms attached to silicon is increased.
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Compounds having a sulfonamide group on the alpha carbon atom were

The reaction was also successful with methylsilox-
anes. A 299, yield of heptamethyleyclotetrasilox-

I 1
anylmethanesulfonyl chloride, O[Si(CH;),0]1;Si-
(CH,)CH,.S0,Cl, was obtained from octamethyley-
clotetrasiloxane.

When a linear dimethylsilicone oil (chain-
stopped by trimethylsiloxy 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
atoms, slowly evolved hydrogen chloride on stand-
ing at room temperature, When a dimethylsilicone
polymer having an average molecular weight of
2,000,000 was sulfochlorinated, cleavage of the sil-
oxane bonds oceurred, 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.® It 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;)sSiCH,80,Cl —>
H:0

(CH;)8108i(CH;); + CI° + CH580;°

Cleavage of the silicon-carbon bond also oe-
curred in acid solution; an 807, yield of hexameth-
yidisiloxane 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 caleium 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 shown® that the cor-
responding sulfone, (CHj);SiCH,S0.CH;, is not
affected by refluxing for 20 hours with five per cent
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hydrochloric  acid.” Heptamethyleyclotetrasilox-
anylmethanesulfonyl chloride reacted similarly,
although at a slower rate, probably because of its
lower solubility.

Trimethylsilylmethanesulfonyl chloride and hep-
tamethyleyclotetrasiloxanylmethanesulfonyl chlo-
ride formed sulfonamides when treated with an-
hydrous ammonia in toluene. In 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-
yltrichlorosilane, sulfonyl chlorides were obtained
from diethyldichlorosilane and ethyltrichlorosilane.
The position of the chlorosulfonyl group has not
been established. It has been shown that aliphatic
sulfonyl chlorides can be converted to chlorides
without rearrangement by heating for a short time
at 200-220°.2 When the sulfonyl chloride ob-
tained frora ethyltrichlorosilane was heated for two
hours at 220°, some 2-chloroethyltrichlorosilane
was obtained, but the amount was very small, only
about 39,. None of the 1-chloro isomer was present.
It is therefore believed that the sulfonyl chloride
obtained from ethyltrichlorosilane is the 2-isomer,
CLSiCH,CH,S0,Cl, but the identification must be
regarded as only tentative.

EXPERIMENTAL?

Sulfochlorinaiion. The procedure employed was essen-
tially that of Kharasch and Read.? One mole of the organo-
silicon compound, 0.5 mole of sulfuryl chloride, and 0.5
ml. of pyridine were placed in a Pyrex flask equipped with
a water-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
within 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
sulfonyl chloride, 10-209; of monochlorinated material
was always obtained as well as approximately 0.5 mole of
unreacted organosilicon compound. Yields are based on
sulfuryl chloride.

Trimethylsilylmethanesulforyl chloride. From the reaction
of 88 g. (1.0 mole) of tetramethylsilane and 67.5 g. (0.5
mole) of sulfuryl chloride, there was obtained 49.5 g. (539%,)
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soluble in boiling water.
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SULFOCHLORINATION OF ORGANOSILICON COMPOUNDS

of trimethylsilylmethanesulfonyl chloride, b.p. 57°/1 mm.;
n% 1.4680.

Anal. Cale’d for C:H;ClO,S8i: C, 25.8; H, 5.9; 8, 17.2;
8i, 15.0. Found: C, 25.9; H, 6.1; 8, 17.2; 8, 15.1.

Trimethylsilylmethanesulfonamide. Dry ammonia was
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 water and then recrystallized from
benzene-ethanol, yielding 3.6 g. (31%) of trimethylsilyl-
methanesulfonamide; large colorless plates, m.p. 122-123°.

Anal. Calc’d for C;H3,NO.SSi: C, 28.8; H, 7.7; 8, 19.0.
Found: C, 28.4; H, 7.7: §, 19.2.

Heptamethylcyclotetrasiloxanylmethanesulfonyl chloride.
The reaction of 592 g. (2.0 moles) of octamethylcyclotetra-
siloxane with 135 g. (1.0 mole) of sulfuryl chloride yielded
115 g. (29.29%,) of heptamethyleyclotetrasiloxanylmethane-
sulfonyl chloride, b.p. 108-110°/1 mm.; n%} 1.4350.

Anal. Cale’d for CsHyClOgSSis: 8, 8.1; Cl, 9.0. Found:
S,8.1;Cl,9.3.

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

Anal. Cale’d for CsHp:NOsSSiy: C, 25.6; H, 6.7; S, 8.5.
Found:C, 25.3; H,6.7; 8, 8.7.

From a small amount of material which was insoluble in
pentane, there was obtained 0.1 g. of methanesulfonamide,
m.p. and mixture m.p. 89-90°.

Dimethylchlorosilanylmethanesulfonyl chloride. From the
reaction of 180 g. (1.67 mole) of trimethylchlorosilane with
112 g. (0.83 mole) of sulfuryl chloride, there was obtained
20.6 g. (17.39%) of dimethylehlorosilanylmethanesulfonyl
chloride, b.p. 70-73° /1 mm.; n% 1.4780. .

Anal. Cale’d for CsHeCl0,88i1: 8, 15.4; Cl, 34.3. Found:
8, 15.3; Cl, 34.5.

Sulfochlorination of diethyldichlorosilane. From 157 g.
(1.0 mole) of diethyldichlorosilane and 67.5 g. (0.5 mole)
of sulfuryl chloride, there was obtained 27.7 g. (21.8%,) of
a sulfonyl chloride having b.p. 85-87°/1 mm.! n? 1.4028.

Anal. Cale’d for CH.CLO,88i: Cl, 41.8. Found: Cl,
42.1.

The sulfony! chloride (11 g.) was added dropwise, with
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. (83%,) of a viscous oil. The
infrared spectrum showed the characteristic absorption of
the sulfonyl group at 7.30 microns and 8.46 microns. A
small amount of silanol was also indicated. Upon standing
for a few hours at room temperature, the oil changed to a
hard wax, which dissolved slowly in 109, sodium hydroxide
solution.

Sulfochlorination of ethylirichlorosilane. From the reaction
of 337 g. (2.0 moles) of ethyltrichlorosilane with 135 g.
(1.0 mole) of sulfuryl chloride, there was obtained 42.0 g.
(16.29%) of the sulfonyl chloride, b.p. 69-70°/1.1 mm.;
m.p. 29-30°.

Anal. Cale'd for C.H(CLO,881: Cl, 54.2; Si, 10.7. Found:
Cl, 53.5; 8i, 10.6.

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

*tained at a pot temperature of 210°. The infrared spectrum
of the 55-60° fraction corresponded to the spectrum of
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2-chloroethyltrichlorosilane; no detectable amount of 1-
chloroethyltrichlorosilane was present.

Sulfochlorination of methylsilicone otl. 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 at 50° and 1 mm. Tt
was shaken with anhydrous sodium sulfate and precipitated
calcilum carbonate and filtered. Analysis showed 3.9%
sulfur and 5.29% chlorine, indicating that approximately one
chlorosulfonyl group was introduced for each ten silicon
atoms, and that a small amount (approximately 259%,) 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 aniline.

Hydrolysis of trimethylsilylmethanesulfonyl chloride. Tri-
methylsilylmethanesulfonyl chloride (5 g.) was stirred for
12 hours with 25 ml. of water. The upper organic phase
was drawn off and dried over calcium chloride; it weighed
1.79 g. (829,) and was identified by its refractive index as
hexamethyldisiloxane.

The sulfonyl chloride (5 g.) was shaken for ten minutes
with 25 ml. of 5%, sodium hydroxide solution, yielding 1.75
g. (809%) of hexamethyldisiloxane.
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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 (459,) of caleium methanesulfonate.

Reaction of sulfonamides with sodium hydroxide solution.
Trimethylsitylmethanesulfonamide (2 g.) was shaken with
10 ml. of 59 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.

Heptamethylceyclotetrasiloxanylmethanesulfonamide (5
g.) was dissolved in 40 ml. of 109, 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 be-
lieved to be principally the siloxane formed by the condensa-
tion of two molecules of heptamethylcyclotetrasiloxanol,
with some uncondensed silanol present.

Anal. Cale’d for CiHpOs8is: C, 20.0; H, 7.3; Molecular
weight, 578. Found: C, 28.7; H, 7.6; Molecular weight 515.
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