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In presence of catalysts, alkoxyalkyl(aryl)silanes undergo stagewise condensation with acetoxyalkyl(aryl)- 
silanes [1, 2]. The products of the reaction are condensation products of low molecular weight (organosiloxanes 
of linear structure) and ethyl acetate. Ferric chloride, aluminum chloride, toluenesulfonic acid, and the sodium 
derivative of a silanol may be used as catalysts. 

In the present investigation we studied the oocondensation of organosilicon compoundshaving silicon-attached 
ethoxy groups with acetoxymethyl(phenyl)silanes in presence of hydrochloric acid. Our investigations showed that 
in presence of hydrochloric acid various compounds containing silicon-attached ethoxy groups readily undergo co- 
condensation with acetoxytrimethylsilane, with acetoxydimethylphenylsilane, with acetoxymethyldiphenylsilane, 
and with acetoxytriphenylsilane. In the condensation of tetraethoxysilane with acetoxytrimethylsilane reaction 
proceeds as follows: 

Si(OC~Hs)a + 4CH~COOSi (CH3)a -* 
Si[OSi (Cita).@4 + 4CHaCOOC~H~ . 

Tetrakistrimethylsiloxysilane is formed in about 80% yield. According to the literature [3] the yield of tetra- 
kistrimethylsiloxysilane obtained from silicon tetrachloride and sodium trimethylsiloxide is only 18%. Hexaethoxy- 
disiloxane reacts with acetoxytrimethylsilane with formation of hexakistrimethylsiloxydisiloxane in accordance with 
the equation : 

(C~HsO)s Si - -  O - -  Si (OC2Hs)a + 6CHaCOOS i (CH3) 

--~ [(CH3)3SIO]3 Si - -  O - -  Si - -  [OSi (CHs)s]3 + 6CH~COOC~Ha. 

By the cocondensation of octamethyltrisiloxane with acetoxytrimethylsilane in accordance with the above 
scheme we obtained octakistrimethylsiloxytrisiloxane: 

OSi (CHa)3 
I 

[(CHa)sSiO]a SiO - -S iO  - -  Si[OSi (CH~)a]a 
I 

OSi (CH3)3 

In the investigation of the cocondensation of acetoxytrimethylsilane with 1,3-bischloromethyltetraethoxydi- 
siloxane and with 1,3,5-trischloromethylpentaethoxytrisiloxane it was shown that the scheme of the reaction is an- 
alogous to the above, which was confirmed by the isolation of compounds of general formula 

OSi(CH~)~ OSi (CH~)3 OSi(CHs)~ 
l I I 

CICH~Si - -  (O - -  Si)n - -  O - -  Si CH2CI 

O[ Si(CH~)3 I ] CH~CI OSi(CH3)a 
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in which n = 0 and 1, and the formation of ethyl acetate in close to the theoretical amounts, The reaction between 
1,3-bischloromethyltetraethoxydisiloxane with acetoxydimethylphenylsilane goes in the same way with formation 
of 1,3-bischloromethyltetrakis(dimethylphenylsiloxy)disiloxane. 

Investigation of this cocondensation reaction for the synthesis of unsaturated compounds of the siloxane series 
having methacryloyloxy groupings in the hydrocarbon groups showed that ethoxy[(methacryloyloxy)methyl]methyl- 
silanes react with acetoxytrimethyl-, acetoxydimethylphenyt-, acetoxymethyldiphenyl-, and acetoxytriphenyl- 
silanes in accordance with the general scheme 

(CHs)a-n Rn 
I t 

CHIn ----- C(CHs)COOCH~Si(OC~Hs)n q- n CHaCOOSi(CHa)z-n --" 

(CHs)a-~ 
I 

--* CH2 ----- C(CHs)COOCH~Si-- [OSi (CHs)8-n]n -]- n CH3COOC~H5 

in which R=CHs-, C~Hs-, n= l ,  2, 3. 

The table gives the physical properties of the new compounds. Those containing methacryloyl groups, namely 
1 - [(methacryloyloxy)methyl]tetrame thyl- 3-phenyldisiloxane, 3- [(methacryloyloxy)methyl]pent amethyl- 1,5-di- 
phenyltrisiloxane, 1-[(methacryloyloxy)methyl]trimethyl-3,3-diphenyldisiloxane, and 1-[(methacryloyloxy)methyl]- 
dimethyl,3,3,3-triphenyldisiloxane, (like methacryloyl derivatives of the methylsiloxane series)readily polymer- 
ize in presence of benzoyl peroxide. The investigation of the polymerization of methacryloyl derivatives of the 
methylphenylsiloxane series will be described in a future paper. 

E X P E R I M E N T A L  

A three-necked round-bottomed flask fitted with mechanical stirrer, thermometer, and reflux condenser was 
charged with a weighed amount of the ethoxy derivative. The calculated amount (+5% excess) of the acetoxysil- 
ane was added. The mixture was stirred, and concentrated hydrochloric acid (10% by weight on the mixture of 
organosilicon reactants) was added. 

When the hydrochloric acid was added, the temperature of the reaction mixture rose to 50-53*. After this 
addition stirring of the mixture was continued until its temperature reached that of the room. 

The resulting reaction mixture was dissolved in diethyl ether. The ethereal solution was washed with sodium 
bicarbonate solution until neutral. The washed product was fractionated. First, ethyl acetate was distilled off at 
atmospheric pressure, and then the organosilicon products were vacuum-distilled off. 

Hexakistrimethylsiloxydisiloxane and octakistrimethylsiloxytrisiloxane were purified by sublimation. 

Tetrakistrimethylsiloxysilane Si[OSi(CHs)3~. From 20.8 g of tetraethoxysilane (b.p. 166~ 44.9 g of acetoxy- 
trimethylsilane (b.p. 103"), and 6.5 g of 35%hydrochloric acid we obtained 31.5 g (82~ of prodtiets; b.p. 118-119" 
at 22 mm; nD ~ 1.3890; yield 82%of product. 

Hexakistrimethylsiloxydisiloxane [(CHQsSiO]3Si-O- Si[OSi(CHs)s]s. From 13.7 g of hexaethoxydisiloxane 
[b.p. 200* (13 ram); nD z~ 1.3902; d~0 0.9950], 32 g of acetoxytrimethylsilane, and 4.6 g of 35%hydrochloric acid 
we obtained 19 g (70%) of product; m.p. 96*. Found: C 35.50; H 8.62; Si 36.73~ CisH~pTSi s. Calculated: C 
35.60; H 8.90; Si 37.03% 

O c t a k i s t r i m e t h y l s i l o x y t r i s i l o x a n e  

OSi (CHs)a 
T 

[(CH3)sSiO]3Si- 0 --  Si - -  O - -  Si [OSi (CH3)3]s. 
J 

OSi (CH~)3 

From 0.2 g of octaethoxytrisiloxane nD z~ 1.3965; d :  ~ 1.0310; b.p. 224" (8 ram), 21.2 g of acetoxytrimethylsilane, 
and 3 g of 35%hydrochloric acid we obtained 11 g (66%) of product, m.p. 138 ~ Pound: C 34.79; H 8.52; Si36.98%. 
024H7201oSi11. Calculated: C 34.75; H 8.68; 37.27~r 
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I ,  3 - B i s c h l o r o m e  t h y l t e  t r a k i s t r i m e t h y l s i l o x y d i s i l o x a n e  

OSi (CH3)30Si (CHs)s 
I I 

CICH~Si - -  0 - -  SiCHzCI. 
I t 

OSi (CHs)s OSi (CHs)s 

From 7 g of 1,2-bischloromethyltetraethoxydisilane tb.p. 172" (40 mm); d~ ~ 1.1245; nD t~ 1.4250], 11.2 g of acet- 
oxytrimethylqilane, and 1.8 g of 35%hydrochloric acid we obtained 5.65 g (53.60]o) of product, b.p. 209-210" (20 
mm). Found: C 31.58; H 7.60; C1 13.61; Si 32.25%. CI4H400~CIzSi e. Calculated: C 31.84; H 7.58; C1 13.45; St 
31.97%. 

1 , 3 - B i s c h l o r o m e t h y l t e t r a k i s ( d i m e t h y l p h e n y l s i l o x y ) d i s i l o x a n e  

OSi (CHs)t OSi (CHsh 

} ~NC6Hs ['C6Hs 
CICHISi O Si CHICI 

�9 (CIts)~ O~(CHsh 

From 7 g of 1,2-bischloromethyltetraethoxydisiloxane, 16.2 g of acetoxydimethylphenylsilane [b.p. 126-128" (30 
mm)],and 2 g of 35% hydrochloric acid we obtained 3 g (about 20%)of product. Found: C 51.93; H 6,24; C19.18; 
Si 22.05%. Cs4HmOsCl~i 6. Calculated: C 52.60; H 6.18; CI 9.15; Si 21.73~ 

1 , 3 , 5 - T r i s c h l o r o m e t h y l p e n t a k i s t r i m e t h y l s i l o x y t r i s i l o x a n e  

OSi (CHs)s OSi (CHs)s OSi (CHs)s 

[ [ b~iCH2CI CICH2Si - -  O - - S i  ., 0 - -  

I I O}iS OSi (CHa)s CHIC1 (CHs)., 

From 9.8 g of 1, 3, 5- trischloromethylpentaethoxytrisiloxane [b.p. 198" (17 mm); nD ~ 1.4320; dDZ~ 1.1603], 13.7 g 
of acetoxytrimethylsilane, and 2.3 g of 35%hydrochloric acid we obtained 6.1 g (43%) of product. Found: C 30.15; 
H 7.02; CI 14.27; Si 31.59~/~ CxsHstOTClaSis. Calculated: C 30,45; H 7.17; Cl 14.41; Si 31.680]a 

[ ( M e t h a c r y l o y l o x y ) m e t h y l ] p e n t a m e t h y l d i s i l o x a n e  

CHs l 
CH~ = C (CHs) COOCH,Si --O--Si (CHs)s 

I 
CHs 

From 10.1 g of ethoxy[(methacryloyloxy)methyl]dimethylsilane (nD 2~ 1.4300; d ~  0.9421), 6.7 g of acetoxytri- 
methylsilane, and 1.6 g of 35%hydrochloric acid we obtained 9,6 g (560]0) of product d4 z~ 0.910; nD 2~ 1.4200). 

1 - [ ( M e t h a c r y l o y l o x y ) m e t h y l ] t e t r a m e t h y l - 3 - p h e n y l d i s i l o ~ a n e  

CHa CHa 
I 1 

CH~ = C (CH3) COOCHzSi -- O ..L Si--C6H6 

From 0.02 mole of e thoxy[(methacryloyloxy)methyl]dimethylsilane, 0.025 mole of acetoxydimethylphenylsilane, 
and 0.7 g of 35~ acid we obtained 3.7 g (60~ of product�9 Found: C 57.74; H 7.79; Si 18.35o]o. 
CtsI-Iz4OsSi. Calculated: C 58.40; H 7.78; Si 18.230]~ 
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3-  [ ( M e t h a c r y l o y l o x y ) m e t h y l ] h e p t a m e t h y t t r i s i l o x a n e  

CHs 
I 

CH2 -----C (CHs) COOCH~Si~ [OSi (CHa)~]~. 

From 7 g of diethoxy[(methacryloyloxy)methyl]methylsilane (nD 2~ 1.4260; d42~ 0.9753), 8.3 g of acetoxytrimethyl- 
silane, and 1.5 g of hydrochloric acid we obtained 6.8 g (71%) of product. 

1 - [ ( M e t h a c r y l o y l o x y ) m e t h y l ] t r i m e t h y l -  3 , 3 -  d i p h e n y l d i s i l o x a n e  

CH2 = C (CH3) COOCH~Si (CHz)s --O--Si (CBHs)2 CH~. 

From 0.02 mole of ethoxy[(methacryloyloxy)metbyl]dimethylsilane, 0.021 mole of acetoxymethyldiphenylsilane 
[b.p. 194-198 ~ (25 mm), acetate value 22.9], and 0.78 g of 3% hydrochloric acid we obtained 2 g (33%) of pro- 
duct; b.p. 174-178". Found: C 64.47; H 6.95; Si 15.30% C20H2603Si 2. Calculated: C 64.83; H %00; Si 15.17%. 

1 - [ ( M e t h a c r y l o y l o x y ) m e t h y l -  d i m e t h y l - 3 , 3 , 3 - t r i p h e n y l d i s i l o x a n e  

CH~ = C(H3)- COOCH2Si(CH3)2 - -  0 - -  Si(CeI-ts)~. 

From 16.2 g of ethoxy[(methacryloyloxy)methyl]dimethylsilane, 26.8 g of acetoxytriphenylsilane [b.p. 230-240 ~ 
(12 ram); acetate value 16.9], and 3.17 g of 35% hydrochloric acid we obtained 5.2 g (20%) of product, b,p. 16T 
(0.03 ram). Found: C 70.88; H 6,60; Si 12.21%. C25H=OsSi ~. Calculated:  C 69.5; H 6.71; Si 12.95% 

3-  [ ( M e t h a c r  y l o y l o x y ) m e t h y l J p e n t a m e t h y l -  1 , 5 -  d i p h e n y l t r i s i l o x a n e  

CH~-C(CHa)- CO OCH =Si (CH a) [0Si(CH 3)2C6Ha Is. 

From 7 g of diethoxy[(methacryloyloxy)methyl-methylsitane, 12,2g of acetoxydimethylphenylsilane, and 1.9 g 
of 35%hydrochloric acid we obtained 2.9 g (22%) of distilled product. Found: C 59~ H 7.18; Si 19.56%0. 
C~aHs~O4Si s. Calculated: C 59.72; H 7.21; Si 18.95%. 

SUMMARY 
1, An investigation was made of the cocondemationofvariousorganosilicon compounds containing silicon- 

attached ethoxy groups with acetoxymethyl(phenyl)sitanes in presence of hydrochloric acid. The process leads to 
the formation of cocondensation products and ethyl acetate. 

2. The following new organosilicon compounds were prepared by this reaction: 1,3-bischloromethyltetra- 
kistrimethylsiloxydisiloxane, 1,3-bischloromethyltetrakis(dimethytphenylsiloxy)disiloxane, 1,3,5-trischloromethyl- 
pentakistrimethylsiloxytrisitoxane, 1-[(methacryloyloxy)methylJtetramethyl-3-phenyldisiloxane, 1-[(methacryloyl- 
oxy)methyl[trimethyl-3,3- diphenyldisiloxane, 1- [(methacryloyloxy)methyl- dimethyl- 3, 3,3- triphenyldisiloxane, 
and 3-[(methacryloyloxy)methyl]pentamethyl-1,5-diphenyltrisiloxane. 
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Al l  a b b r e v i a t i o n s  of p e r i o d i c a l s  in the  a b o v e  b ib l iography  are l e t t er -by - l e t t er  trans l i ter -  
a t i o n s  of  the  a b b r e v i a t i o n s  as  g i v e n  in the  or ig ina l  Russian journal. S o m e  or  al l  o f  t h i s  perj .  
odical  l i terature may well  be ava i lab le  in English translation. A complete l is t  of  the cover- to .  

c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at the back of this issue. 
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