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Generation and capture of aikylchlorosilanones
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Alkvitrichlorosilanes react with DMSO (molar ratio 1 @ 1. 0 °C) to give cvclic
oligoalkylchlorosiloxanes of the general formula [R(C)SiO},, (where R = Me or Et. n = 3—6).
With an excess of alkyltrichlorosilane (2 : 1), linear oligoalkyichlorosiloxanes
Cl[R(Cl)SiO]mSiClzR (where R = Me or Et: m = 1—3) are also formed. [n the presence of
hexamethyldisiloxane (molar ratio CLSiR : DMSO @ (Me;8i),0 = 1 : 1 : 2. 20 *C), the
reaction products are both cyclic and linear oligoalkyl{trimethylsilvloxy)siloxanes
[R(Me;Si0)Si0],, (n = 3—3) and McJSi[OSi(OSiMes)R]mOSiM63 (m = I-3), respectively.
The reaction of DMSO with trichloro(vinyDsilane and hexamethyldisiloxane occurs in a
similar manner. A plausible scheme of formation of the final products via intermediate
alkylchlorosilanones RCISi=0Q and alkylttrimethylsityloxy)silanones is discussed.

Key words: alkvitrichlorosilanes, dimethyl sulfoxide. chlorosilanones. silanones.
oligosiloxanes.

of these studies, we found that alkyltrichlorosilanes
react with DMSO in the molarratio 1 : 1 at 0 °C to give
chioromethyl methyl sulfide and oligochloroeyclo-
siloxanes (RCIS1O)  in up to 80% overall yield (Tables |

Earlier. we showed that the reaction of dialkyldi-
chlorosilanes with dimethyl suifoxide is a convenient
method for the generation of dialkylsilanones,!? which
was confirmed in later investigations.d In a continuation

Table 1. Characteristic peaks in the mass spectra of oligosiloxanes 1—3 and 8§—10

lon miz* (foo (%))
1 2 3 8 9 10

M — Mec]* 267(100) 361(100) 155(60) 227(100) 321€100) 415(61)
M~ CHj* 247(12) #4116 433(33) 207(10) 301(16) 395(22)
M ~ Me — Me(CDISIO}* 173(8) 267(13) 361(27) 133(4) 227(10) 321(6)
[M — Me = 2 Me(CHSiO]™  79(12) 173(6) 267(100) — 133¢3) 227(6)
[MeSiChL]™ 113(13) H13(13) 11327 L13(8) 113(29) 113(33)
[Me,SiCl™ 93(4) 93(23) 93(93) - 93(43) 93(100)

* For 33Ci. The imensity ratio for isotopic peaks corresponds to the caleulated one.

Table 2. Characteristic peaks in the mass spectra of oligosiloxanes 4—7 and 11—15

fon /A (Lo (%))
4 5 6 7 11 13 14 15
M~ Ey* 295(100) . 403¢100)  S11(100)  619(43)  241(100) 349(100)  457(100) 565(100) 673(2.5)
(M~ 2 Et + H|* 267(38)  375(35)  483(8) S91(15)  213(36)  321(30)  429(16)  337(®) e
{M — Et — E{CDSIO 187(1)  295(32)  403(7) 511(68) 133(6) 241 349(3) 457(5) 563(36)
M — Et — 2 E(CHSIol” — 187(4) 295(8) 403(100y — — 241(8) 349(7)¢  455(84)
[EtSiCl)* 127¢1) 127(6) 127(7) 127(25) 127(2) 127¢12y  12723)  127(8) 127(32)
(Ee»SiCl)* 1211 121(8) 121(56)  1201(60) 121 120¢12) 12130 12128y 121(76)
{ESiCIH]F 93(1) 93(4) 93(29) 93(48) 93(1) 93(3) 93(18) 93(19) 93(52)
{CyH,ClY 63(2) 63(4) 63(6) 63(23) 63(4) 63(260  63(12) . 63(3) 63(2%)

aFor 35CL. The intensity ratio for isotopic peaks corresponds to the calculated one. 0 295 [M — Et = 3 E((CDSIO] " (73). €241 [M

— Et = 3 E(CDSIO)™ (3.
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Table 3. Characteristic peaks in the mass spectra of oligosiloxanes 16—21

lon moz (/@"é;)

16 17 13 19 20 21
IV~ Me) T 377 171054 A 625¢41) 633(16) 783¢8)
(M = R 4332y 437¢1T) 3779 613¢2) ol9(1s) -
IM o= Me = Me:S10 = HiT 3Ta s 3831 439¢33 337(8) 34713 -
[M = R = Me S0 + HYY 363(45) 369125 4395 32302 533(3) i
[Me:SiOSIR, ™ i71(6) 175(6) 147(30) 171(%) 175(%) 171(8)
[Me;SIOSIRIOH)] - 13%9) 161(23) 14943) 139011 161(16) 159¢13)
[Me SiOSiMe, |~ 147013 147(2%) 14731} 147(12) 147(13) t47¢16)
[Me;SIOSIH(OH) ™ 133(3) 133012 RIS 133(4) 133413) 133(6)
[R5 10915 LA 73100} 109(30) 115(1) 109(22)
{MeR,Sit 97(532%y et TI00) 97(9%) 131¢30) 97(70)
fMe RS 30961 R3S D) 73100y S3O» 87(39) 83(94)
{MeSi™ T3100) T3¢100) 73H00) 73100 730100) 731100)
[Me SiH|™ 39140) 39¢30) 39(3) 3937 39453 59031y

429 (M Me = MerMe SiO)SiO)T (. 281 (M - Me = 2 Me(Me SiO)Si0)" (1),
“* 625 [M = Mc —CH,=CH(Me ;SiO1S10] 7 (S).

and 2). Apparently, the corresponding labile short-hved
alkvichlorosilanones are the reaction mtermediates.

MeSOMe + C143SiIR —=

——+ MeSICH,CI + [RCISI1=0] + HCI.

n [RCISI=0] —— (RCISIO),

-7

R~ Me n=23 (1 4 (2.5 (35

Bt =31(4) 3

With an excess of alkvltrichlorosilane (2
reaction affords. along with compounds 1--7,

{5). 516}, € {7}

)

(2)

1), the
linear

ohgoalkylchorositoxanes CItRCISI0), SICHR (8 —13) in

up to 27% vield (sce

Tables t and 2).

CI3SIR + m (RCIS1=0) — CI{RCISiO),,SiCI,R (3}
815

R =Ne m=1(8) 29} 3(10}),
Et.m=1(11),2(12),3(13).4(14),5(19)

Ohigomers 8—135 were also obtained m small amounts
(<107%) in the equimolar ratio of the reagents.

The reaction of DMSO with alkyltrichlorosilanes in
the presence of HMDS (as a scavenger for dialkyl-
silanones!y in the molar ratio § ¢ 1 2 at 20 °C did not
yield the expected linear siloxanes Me Si(OSIRCl),,0SiMe,
(R = Me or Et) under the conditions studied. The major
reaction products were cvehic and linear oligoalkyi(trn-
methylsitvioxy)siloxanes [R(Me Si0)Si0], (16—21). where
n = 3-=3 (Table 3), and Me Si{OSIHOSIMe )R], OSiMe,
(22-26), where m = j—3 (Table 4)

Table 4. Charactenstic peaks in the mass spectra of oligosiloxanes 2226

lon myz U, (%)
22 23 24 25 26

(M= Mejr 295(30) $43(3) 591(9) 471(18) 033(5)
[M - RI* 295(30) 143(3) 591(9) 157(9) 619(4)
(M = 2Me + H|” — 429018) 3779 457(9) 619(4)
[M = Me ~ Me3SiO + H|* 207(90) 355¢4) 439(4) 383(S) 547(3)
(M = R = MeSi0 ~ HJ™  207(90) 355(4) 189(4) 369(13) 533(1)
(Me,SiOSIEUOH))* - - — 16 T(2%) L6t (1L)
{Me SIOSIR T 147¢ 147{23) 1473 175¢6) 175¢0)
[Me;SiOSiMe,)™ 14703) 147(23) 147(30) 147(26) 147010)
{Me SiOSIH(OT 133(3) 135¢2) 133() 133(13) 133¢%H
[R;Sil+ 73(100) 3100 73(100) 13D 115(3)
[RaMeSi}* 73¢100) T3(100) 73100 101¢13) 101(32)
[RMe,Si)” 73(100) T30 73¢(100) S$7(46) 87537
{Me;Si)™ 73(100) 730100) 730100 73100 73(100)
{Me.SiH 39(3) 394 39(3) 39(46) 59¢(38)
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Table 5. Characteristic peaks in the mass spectra of oligosiloxanes 27~32
lon mi* (f (%))

27 28 29 30 31 32
(M — Me]™ 241(100) 2817 417(22) 379(6) 741(7) 525(10)
M — 29}° 227421 267(33) 403(7) 565(4) 727(12) SHHTY
M — Me —~ MeSiO + HEY 153(5) 193¢4) 329 1) 491(3) 653(2) 437(4)
[M — Et ~ Me;SiO + HJ* - — 315(13)  477(3) - 423(4)
{M — Me — E(CDSIO]* — - 309¢72) 471(%) 633(8) H7(2Y)
{M — Et — E((CISiof* — - 295(96) 457(23) 619(23) 403(43)
[Me;SiOSiE [ * — — 175(7) 175¢4) 175(9) 175(3)
{Me;SiOSIECOH)|™ - - 161(33) 161(9) 161(16) 161(9)
[Me;SiOSiMea]™ 147(2) 147(1) 147027) 147(8) 147(15) 147(7)
[Me3SiOSiH(OH)] ™ 133(3) 133(13) 133(15) 133(7) 133¢11) 133(6)
[E6Si - - —~ HES(2) 115(7) 115(3)
[MeE6,Si)* - — 101(3) 101(26) 101(39) 101(33)
(Me,EtSi]~ - — 87(35) 87(55) 87(68) 87(63)
[Me;Si)? 73(23) 73(100) 73(100) 73(100) 73(100) 73(100)
[Me,SiH}* 59(2) 39(5) 59(42) 59(62) 39(30) 3961
* For *Cl. The intensity ratio for isotopic peaks corresponds 1o the calculated one.
Presumably, they are formed owing to the insertion [R(C1)Si=0] + Me;SiOSiMes ——»
of alkvichlorosilanones RCISi=Q0 generated in the initial
stage (reaction 1) into a molecule of hexamethyldisiloxane —— {R{Me;Si0)Si=0] + Me;SiCl )

to vive 3-R-3-chlorohexamethyltrisiloxane (27). whose
geminal dissociation®-3 results in chlorotrimethylsilane
and alkyl(trimethylsilyloxy)silanone, the latter undergo-
mg cyclization or insertion into a molecule of the starting
hexamethyldisiloxane to form oligomers 22--26.

[RCISi=0] + MeSi0SiMe; —=

— [Me;Si(0SIRCHOSiMes] —

27
——» Me;SiCl + [R(Me;Si0)Si=0], )
1 [R(Me43Si0)Si=0] — [R(Me;Si0)Si0}, (3)

1621
R = CH,=CH, n = 3 (16); Et, n = 3 (17), 4 (20),
Me, n = 4 (18); CHy=CH. n = 4 (19), 5 (21)

(R(Me;Si0)Si=0] + Me;SiOSiMe; ——

— = Me;Si[0Si(0SiMe;)R],,,0SiMe; ()
2226

R=Me, m=1(22), 2(23), 3 (24);
Et. m = 2 {25), 3 (26)

It is not improbable that alkylchlorosilanone {RCISi=0]
generated in the initial stage (reaction (1)) further splits
HMDS to give methyl(irimethyisityloxy)silanone.5

The reaction of DMSO with alkvitrichlorosilanes in
the presence of HMDS in the ratio 1 : 1 : | at 20 °C
yields a mixture of oligomers that were also formed in the
absence of HMDS (reactions (1)-—(6)), as well as 3-chlo-
ro-1,1.1,3,5,5,5-heptamethyltrisiloxane (28) (for R = Me)
(Table 5). Me;Si[OSH{CIEL][OSI(OSiMe;)Et], OSiMe;,
where 7= 1(29). 2 (30). and 3 (31). and Me;SijOSi(CDEt},-
{OSI(OSiMe;)EJOSiMe, (32) (for R = Et) (see Table 3).
Their identification is strong evidence in favor of reac-
tion (4).

The reaction with trichloro(vinyl)silane yields only
oligo(trimethylsilyloxy)vinvilcyclosiloxanes (16, 19, and
21) (see Table 3).

Mixed-type oligochloro(trimethylsilyloxy)cyclo-
siloxanes [R(Me;5i0)Si0)], [RCISIO}, _, (n=1—-2and
m = 3-—3) were not detected upon the reaction of
RSiCI; with DMSO in the presence of HMDS. which
also confirms the proposed scheme of the process (sce
reactions (4) and (7)).

Experimental

GLC-MS analysis was performed on an LKB-2091
chromatomass-spectrometer (ionizing voltage 60 V. capillary
column 38 m long (phase SE-34)). The temperature was pro-
grammed to 270 °C at a rate of 16 deg min~!; accelerating
voltage 2 kV. _

Dimethyl sulfoxide was kept over fused KOH, decanted.
purified by freezing—thawing, and distilled in vacuo.

Reaction of DMSO with trichloromethylsilane. Trichloro-
methylsilane (15.0 g. 0.1 mol) was placed in a 30-mi flask
eqguipped with a high Vigreux distilling column and cooled to
0 °C. DMSO (7.8 g, 0.1 mol) was added dropwise. Vigorous
evolution of hydrogen chloride was observed. The reaction
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mixture was slowly heated to boiling to give chloromethyl
methyl sulfide, yield 8.6 g (87%). b.p. 109—110 °C. a %
1.4960 (Ref. 7: b.p. 110—112 *C). Found (%): C. 25.02: H.
§.25: C1, 36.82: S. 33.0. C.H.CIS. Calcutated (%): C. 24.87;
H. 5220 CL 36.71: S, 33.20. The residue was distilled in vacuo
to give a fraction with b.p. 30—170 °C (2 Tormr), yield 7.2 g.
GLC-MS data arc presented in Tables | and 2.

Reaction of DMSO with trichloromethylsiiane in the pres-
ence of HMDS. The reaction of trichloromethylsilune with
DMSO in the presence of an equimolar amount of HMDS was
carried out in a similar manner to vield chloromethyl methyl
sulfide (7.3 g. 74%). The residue was distilled in vacuo 1o give a
fraction with b.p. 70—200 °C (6 Torr), vield 5.2 g. GLC-MS
data are presented in Tables | and 2.

Reactions of Me,SO with EtSiCly and CH,=CHSICl; in the
presence of (Me;S),0 (molar ratios t : 1 : L and | : 1:2)were
carried out as above. In the presence of (Me; S, 0. the reaction
products are chloromethyl methyl sulfide and dimethyl suifide.
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