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Generation and capture of alkylchlorosilanones 
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AJkyltrichlorosilanes react with DMSO (molar ratio 1 : 1. 0 ~ to give cyclic 
oligoalkylchlomsiloxanes of the general formula [R(CI)SiO]n (where R = Me or Et: n = 3.-6). 
With an excess of alkyttrichlorosilane (2 : 1), linear oligoalkytchlorosiloxanes 
CI[R(CI)SiOI,,,SiCI2R (where R = Me or Et: m = I--5) are also formed. In the presence of 
hexamethyldisiloxane (molar ratio C13SiR : DMSO : (Me3Si)20 = 1 : ! : 2. 20 ~C), the 
reaction products are both cyclic and linear oligoalkyl(trimethylsilyloxy)siloxanes 
[R(Me?SiOISiO], (n = 3--5) and Me2Si[OSi(OSiMe3)R]mOSiMe 3 (m = I--3), respectively. 
The reaction of DMSO with trichloro(vinyl)silane and hexamethyldi.~ilo• occurs in a 
similar manner. A plausible scheme of formation of the final products via intermediate 
alkylchlorosilanones RCISi=O and alkyl(trimethylsilyloxy)silanones is discussed. 

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

Earlier, we showed that the reaction of  dialkyldi- 
chloros i lanes  with dimetllyt suifoxide is a convenien t  
me thod  for the  generat ion of dialkylsi lanones,  t2  which 
was con f i rmed  hi later investigations. 3 hr a con t inua t ion  

of  these studies,  we found that a lkyl t r ichlorosi lanes  
react with D M S O  in the molar  ratio 1 : 1 at 0 ~ to give 
c h l o r o m e t h y l  methyl  sulf ide and o l i g o c h l o r o c y c l o -  
siloxanes (RCISiO),~ in up to 80% overall y ie ld  (Tables I 

T a b l e  1. Characteristic peaks in the mass spectra of oligosiloxanes 1--3 and 8--10 

Ion m/~ (/tel (%)) 

1 2 3 8 9 IO 

[M - Mel ~ 267(100) 36[1100) 455(60) 2 2 7 1 1 0 0 )  321(100) 415161) 
[M - -  CI] ~ 247(12) 34t116) 4 3 5 1 3 3 )  207(10) 301(16) 395(22) 
[M - Me - Me(CI)SiO]" 17318) 267113) 361(27) 133(4)  227(10) 32116) 
[M - M e -  2 Me(CI)SiO] + 79(12) 173~6) 267(100) - -  133(3~ 227(6) 
[MeSiCI2] + 113(15) 1 1 3 ( 1 3 )  113127) 113(8) 113(29) 113(33) 
]Me2SiCI] + 93(4) 93(23) 93(93) -- 93(45) 93(100) 

* For 35Ct. The intensity ratio for isotopic peaks corresponds to the calculated one. 

Table  2. Characteristic peaks in the mass spectra of oligosiloxanes 4--7 ai~d ! 1--15 

Ion m/~ ( lret (%)) 

4 5 6 7 11 12 13 14 15 

[M -- Et[ ~ 295(10.0) 403.(.100) 5! ltl00) 6!9143) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
[M - 2 Et + H] + 267(38) 375(35) 483(8) 591115)  213156)  321150) 429116)  537(4) -- 
[M - E t -  Et(CI)SiO] § 18711)  295(32) 403(7) 511168)  133(6) 241(4) 349(3) 457(5) 565156) 
[M - Et - 2 Et(CIISiO] + -- 187(4) 295(8) 4031100) h --  - 241181 349(7) c 455t84~ 
[EtSiCI2]* 12711) 127(6) 1 2 7 ( 7 )  1 2 7 ( 2 5 )  1 2 7 1 2 )  127112)  127123) 1 2 7 1 8 )  127132) 
(Et_,SiCl] + 12111) t2118) 121156)  121160) 1 2 1 1 1 )  121112) 121130) 121(28) 121176) 
[EtSiCIH] ~ 9311) 93(4) 93(29) 93(48) 9311) 93(8) 9 3 1 1 8 )  93119) 93(52) 
[C2H4CI] + 63(2) 6314) 63(6) 63(23) 63(4) 63(26t 63112) 63(3) 63(28) 

" For 35C1. The intensity ratio for isotopic peaks corresponds to the calculated one. b 295 [M - Et - 3 Et(C1)SiO] § (73). c241 [M 
- Et - 3 Et(CI)SiO]* (3). 
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Table 3. C'haracteristic peuks in the mass spectra o f  oligt>flo+,anes 16--21 

It)rl m,'C (Ird (c7:91 

16 17 18  19 2 0  21  

x , I -  "viol 
xi  - RI-  
M - :Me - Me:SiO ~ HI" 
M - R - Me.S-iO + HI" 
Me.-.SiOSi R , J '  
Me3SiOSi R4 OH 1] " 

M e  :Si()Si Xle~l + 

Me ;StOSi FI! ()FI )I- 
lR ;S i l "  
IMeR~Si l '  
JMc..RSil + 
[ 3,1e~Sil- 
i ",,,1 e.?Si H ] - 

44~5~:7~ 4714341 57749t 625t311 633116) 785181 
453121 4574171 5774% 613(21 0t9(t51 -- 
3~7c1 33 383411) 4:<;(h 31 537(81 54743) --  
365(45) 36'1425~ 4,q9< 31" 525(201 533i5) ** 
17146) 17546) 1474301 171(81 17548! 171181 
15910) 1614231 14943) 159(111 16t1,16) 159418) 
1471151 1 4 7 4 2 3 1  147t30~ 1 4 7 4 1 2 1  147(15) 1474161 
133(51 1354121 133q21 13314) 133113) 13316) 
109415) 1151,11 7341001 109(30) 115(I) 109t22) 
07(52:, I<11<143 "3(t001 97(93~, 101(301 97(70) 
SSq %`+ S7~ ; t ) 73(t00) 851951 87(591 85(941 
73(t00) "34 IO0) 7341(1411/ 73(100) 734100t 73(1(10) 
59~461 59~ 501 59~ 3) 59(3") 594531 59431 ) 

*.J,29 [M Me - 'MetXle~SiO)SiOI" (41. 2',3t [M - Me - 2 Mc~Me~SiO)S~O]" (111 
*" 625 [Xl - Me -CH?: -CH(Me3SiO)S iOI"  181. 

a n d  2 )  , kpparen t l . v ,  t he  c o r r e s p o n d i n g  labile s h o r t - l i v e d  
a l k y f c h l o r o s i l a n o n e s  are the  r eac t ion  i n t e r m e d i a t e s .  

M e S O M e  + CI3SiR ,,- 

-+-- MeS ,CH2CI  + [RC!SI=O]  +- HCI. {I ) 

n [RCISJ=O] - (RCISiO),,  42) 
1 - - 7  

R - M e  n = 3 411, 4 ( 2 /  5 ( 3 } ;  

Et. r~ = 3 14) .  4 (5'~. 5 {61, 6 (7~ 

W i t h  an e x c c s s  o f  a lkv l t r i ch lo ros i l ane  (2 : 1), the  
rc l ,c t ion  a f fords ,  a l o n g  with c o m p o u n d s  I----7, l inear  
o l i goa lky l ch lo ros i l oxa .ncs  f i t  RCISiOI , ,S iCI2R (8 - 151 in 
up tO 27(~- yie ld  ( s ee  ] a b l e s  1 alld 2). 

CI3SiR + m ( R C I S i = O )  �9 - C I {RCIS iO)mS iC I2R  (31 

8 - - 1 5  

R = Me, m = I ( 8 L  2 (9 / ,  3 (1OL 

E t . m =  1 4111. 2 1121, 3413L 4(14i .  5 (151 

Ol igomcrS  8 - - 1 5  ~ c r e  also o b t a i n e d  in s m a l l  a m o u n t s  
(< 10%) in t he  e q u i m o l a r  rat io o f  the  r e a g e n t s .  

The  i e a c t i o n  o f  D M S O  with a l k y l t r i c h l o r o s i l a n e s  in 
the  p r e s e n c e  o f  I I M D S  (as a s cavenge r  for  d ia lky l -  
s i l anoncs  t) in the  m o l a r  ratio I : I : 2 at 20 "C d id  not 
yield the e x p e c t e d  Imcar  s i loxanes M e 3 S i ( O S i R C I ) ~ O S i M ~  ~ 
(R = Me  or  Et)  u n d e r  the  c o n d i t i o n s  s t u d i e d .  T h e  m a j o r  
r eac t ion  p r o d u c t s  were  cyc l ic  a n d  l inear  o l i g o a l k y l l t r i -  
methyls i ly loxy)s i loxanes  [ R(Me~SiO)SiOI, ,  ( 1 6 - - 2 1 ) .  whe re  
n = o--:~ lTable  3). and M % S i I O S i t O S  Me3')R ] nOS M e .  
4 2 2 - 2 6 1 ,  where  m -= I - - 3  (1-abte 41 

Table 4. Charactenstic peaks in tile mass spectra o f  oligosiloxanes 2 2 - - 2 6  

Ion m/z (/rel (%1 

2 2  2 3  2 4  2 5  2 6  

M - ,Mel r 295430} 44315) 59119) 47t(!8)  033(5) 
M - Ri + 295(30) 44343) 591(9) 457191 61944t 
M - 2 Me + HI" - -  4294i81 577191 457(9) 619441 
M - Me - Me3SiO + HI* 207(90) 355(41 489(4} 38318) 547(31 
M - R - Me~SiO -'- HI* 207(901 355(4) 48944) 3691131 53341) 
M%SiOSiEus I" -- - -  - -  16142Yl 1614.11) 
Me >SiOSiRfl- 14743t 1474231 147130) I7546/ 17546) 
Me3SiOSiMe3]- 147~31 147{23) 147(301 1 4 7 4 2 6 1  1471101 
Me;SiOSiH(OH)] + 133431 133421 133421 1334t3) 13319) 
R;Si]* 7341r 731100] 7341001 115411 1151,51 
R2,',,leSi l * 7341001 731100) 7 3 ( 1 0 4 1 ~  101113) I01(32) 
R Me_+Si I - 734100) 73(100~ 7341001 87(.161 .v,7t 57) 
Me3Si ]- 734100) 7 3 4 1 0 0 1  73(100) 7311001 7341001 
Me+,SiHI- 59(5) 59(4'+ 59(3) 59446) 59458t 
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Table 5. Characteristic peaks in the mass spectra of oligosiloxanes 27-32  

Ion m / ~ ( /  ! ( % ) )  

27 28 29 30 31 32 

[M - Me]" 2411100) 28117I) 417122) 579(6) 74117) 525(10) 
[M - 291 ~ 227121) 267(33) 403(7) 565(.I.1 727(12) 51117) 
{M - M e -  Me~SiO + I-tl ~ 153(5) 19314) 329111) 49115) 653(2) 437~41 
[M - Et - Me;SiO + H] + --  -- 315(t3) 47713) -- 423(4) 
[M - M e -  Et(CI)SiO] + --  -- 309(72) 471(8f 63318) 417122) 
[M - Et - Et(CI)SiO] + --  -- 295(96) 457(23) 619(23) 403(45) 
[Me3SiOSiEt2] + --  -- 17517) 17514} 17519/ 17513) 
[MesSiOSiEt(Ott) I" - -  -- 161(35) 161(9) 161(16) 16119) 
[Me3SiOSi.Me:] ~ 147(2) 14711) 147(27) 1471.8) 147115) 14717) 
[Me3SiOSilh OH)I* 133(5) [33113) 133115) 133(7) 133111) 13316) 
[Et3SiJ* - -  -- -- 115(2) 115(7) 11513) 
[MeEt2Si} + -- -- 101(5) 101126) 101(39) t01(33) 
[Me?EtSi}- --  -- 87(35) 87(55) 87(68) 87(63) 
[M%Si] + 73(23) 73(100) 73(100) 731t00) 73(100) 73(100) 
[Me2SiH] + 59(2) 59(5) 59142/ 59(62) 59(50) 5916l) 

* For 35C1. The intensity ratio for isotopic peaks corresponds to the calculated one. 

P resumab ly .  they are formed owing  to the  insert ion 
of  a lky lch lo ros i l anones  R C I S i = O  g e n e r a t e d  in the initial 
stage ( reac t ion  1 ) into a molecule  of  hexamethyld is i loxane  
to give 3 - R - 3 - c h l o r o h e x a m e t h y l t r i s i l o x a n e  (27),  whose 
gemina l  d issoc ia t ion  4-s results in ch lo ro t r ime thy l s i l ane  
and a lkyl( t r imethyls i ly loxy)s i lanone,  the  lat ter  undergo- 
ing cycl iza t ion  or inser t ion into a m o l e c u l e  of  the starting 
hexamethy ld i s i loxane  to form o l igomers  22 - -26 .  

[ R C I S i = O ]  + M e s S i O S i M e  3 = 

P [ M e 3 S i ( O S i R C l ) O S i M e 3 ]  

2 7  

P Me3SiC1 + [ R ( M e 3 S i O ) S i = O ] ,  

n [ R ( M e 3 S i O ) S i = O  ] = [ R ( M e 3 S i O ) S i O ] n  

1 6 - - 2 1  

R = C H 2 ~ C H ,  ,,1 -- 3 ( 1 6 ) ;  Et, n =: 3 ( 1 7 ) ,  4 ( 2 0 ) ;  

Me ,  n = 4 ( '18} ;  CH2-=CH, n = 4 ( 1 9 ) ,  5 ( 2 1 )  

[ R ( M e 2 S i O ) S i = O  ] + M e 3 S i O S i M e  3 L- 

�9 M e 3 S i [ O S i ( O S i M o 3 ) R ] m O S i M e  3 

2 2 - - 2 6  

t4) 

(5) 

(6) 

R = Me,  rn = 1 (22 ) ,  2 ( 23 ) ,  3 (24 ) ;  

Et. m = 2 (25 ) ,  3 ( 2 6 )  

It is not  improbab le  that  a l k y l c h l o r o s i l a n o n e  [RCISi=O]  
g e n e r a t e d  in the  initial stage ( r eac t i on  ( I ) )  fur ther  splits 
H M DS to give me thy l ( t r ime thy l s i l y loxy) s i l anone .  6 

[R(CI )S i=O]  + M e 3 S i O S i M e  3 ,, 

[ R ( M e 3 S i O ) S i = O  ] # Me3SiCI  (7) 

The reaction of  D M S O  with alkyltr ichlorosilanes m 
the presence of  H M D S  in the  ratio I : 1 : 1 at  20 ~ 
yields a mixture of o[ igomers  tha t  were also formed in the 
absence of H M D S  (re,~tions (1)--(6)),  as well as 3-chto- 
to- 1 ,1 .1 ,3 ,5 ,5 ,5-heptamethyl t r is i loxane (28) (for R = Me) 
(Table 5), Me3Si [OSi (Cl )E t ] [OSi (OSiMe.0Et ]nOSiMe; ,  
where n = I 1291, 2 (30), and 3 (31). and Me3SilOSi(CI)EtJ2- 
[OSi(OSiMeflEtJOSiMe 3 (32) (for R = Et) (see Table 5/. 
The i r  ident i f icat ion is s t rong  evidence in favor of  reac-  
t ion (4). 

The react ion with t r ich loro(v inyl )s i lane  yields only 
ol igo( t r imethyls i ly loxy)vinylcyclosi toxanes  116, 19, and  
21) (see Table  3). 

M i x e d - t y p e  o l i g o c h l o r o ( t r i m e t h y l s i l y l o x y ) c y c l o -  
siloxanes [R(M%SiO)SiO)]n[RCISiOJm_, ,  (n = 1--2  and  
m = 3--5)  were not  de t ec t ed  upon the reac t ion  of  
RSiCI; with D M S O  in t h e  presence  of H M D S .  which  
also confi rms the p roposed  scheme  of the process  (see 
reactions (4) and  (7)).  

Experimental 

GLC-MS analysis was performed on an LKB-209I 
chromatomass-spectrometer (ionizing voltage 60 V, capillary. 
cohlmn 38 m long (phase SE-54)). The temperature was pro- 
grammed to 270 ~ at a rate of 16 dog min-~; accelerating 
voltage 2 kV. 

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

Reaction of DMSO with triehioromethylsilane. Trichloro- 
methylsilane (15.0 g, 0.1 tool) was placed in a 50-ml flask 
equipped with a high Vigreux distilling column and cooled to 
0 ~ DMSO 17.8 g, 0.1 tool) was added dropwise. Vigorous 
evoJution 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-- t10 '~C, ,1o2~ 
1.4960 (Ref. 7: b.p. 110--112 ~ Found (%): C. 25.02: H, 
5.25: C1, 36.82, S. 33.0. C~I[<CIS. Calculated (%): C. 24.87: 
H, 5.22; CI. 36.71: $, 33.20 The residue was distilled in vacuo 
to give a fraction with b.p. 30--170 ~ (2 Tort), yield 7.2 g. 
GLC-MS data are presen:.ed in Tables I and 2. 

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

Reactions of Me2SO with EtSiCI; and CI-t2=CHSiCI; in the 
preserlce of(Me3Si}20 (molar ratios t ; 1 : I and I : 1 : 2 )  were 
carried out as above. In the presence of (Me~Si),O, the reaction 
products are chtoromethyl methyl sulfide ancl di}netbyl sulfide. 

This  work wa_~ financially suppor ted  by the  Russian 
F o u n d a t i o n  for Basic Research and  the  I r t t emat iona l  
Associa t ion  for the  Promot ion  of  C o - o p e r a t i o n  with 

Scientists  from tim Newly I n d e p e n d e n t  States of  the  
Fo rmer  Soviet Un ion  ( I N T A S - R F B R  G r a n t  No. 95- 
0070). 
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