
S Y N T H E S I S  A N D  P O L Y M E R I Z A T I O N  OF 

2 , 2 , 6 - T R I M E T H Y  L - 6 - A  L K Y L ( A R Y L ) -  1 - O X A - 2 , 6 - D I S I L A  C y c  L O H E X A  N E S  

K.  A.  A n d r i a n o v ,  N. V. D e l a z a r i ,  UDC542.91:546.287 
L.  M. V o l k o v a ,  a n d  O. K. B o g d a n o v a  

The po lymer iza t ion  of 2 ,2 ,6 ,6 - t e t r ame thy l - l - oxa -2 ,6 -d i s i l a cyc lohexane  was studied prev ious ly  [1, 2]. 
In the p resen t  paper  we studied the effect  of the nature  of the rad ica l  attached to si l icon on the p o l y m e r i -  
zation ra te  of d is i lacyclohexanes  of genera l  fo rmula  

CH~ 
CHs / \CH~ 

\ / R=CHa--CsHn, Cells, C8H4Cl 
Si Si 

/ \  / \ 
CHa \ / CH3 

0 

in the p re sence  of nucleophilic and e lec t rophi l ic  ca ta lys t s .  F o r  this were  synthesized the ethyl- ,  amyl - ,  
phenyl- ,  and ch lo ropheny t -2 ,2 ,6 - t r i m e t hy l - l - oxa -2 , 6 -d i s i l a cyc lohexanes  according to the reac t ion  

CH~--CHs--CH~ 

CHa CH3 CHa J r R 
I-iSi (ci~.)~ cn I I i-i~o \ / 

R (CH3) Si (OCsHs)~- ClMgCH2CH=CH2 --, R (CHa) Si (OC~Hs) + RSiCH~CH2CH~Si--CHs ---> Si Si 
I t ! / \  / \  
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Fig. 1. Yield of po l ymer s  as a function of the po lymer iza t ion  
t ime  (0.7% KOH, t = 120~ when R equals:  1) C6H4CI; 

.2) C6H5; 3) CH3; 4) C5Hll; 5) C3H7; 6) C2H 5. 
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In studying the react ion products of arylmethylal lylethoxysi lanes with dimethylhydrochlorosi lane,  or 
of dimethylallylethoxysilane with e i ther  d imethyl-  or methytamylhydrochlorosi lane,  in the presence  of 
H2PtCI 6 it was found that, besides the addition reaction,  a r ea r rangement  of the chloro and ethoxy groups 
attached to the silicon is also observed.  Thus, gas -chromatograph ic  analysis  of the react ion products,  
distilling in a 1-2 ~ range, disclosed that the isolated fract ions are  not pure products,  but instead contain, 
together  with {IV), also bis(chlorosilyl)propane.  Elemental analysis always gave a higher chlorine content 
than is required by theory.  

2 ,2 ,6 -Tr ime thy l -6 -amyl - l -oxa -2 ,6 -d i s i l acyc lohexane  was obtained by severa l  routes,  which are r e -  
presented by the scheme 

CH~ CH~ 
| C ItVs ] 

(CH~)z SiCH~CH~CHzSi--C| ' > (CH3)2 Si (CH~), Si--CsHn 
I I I r 

C1 C1 CI CI ~ H20 

CH2 CH~ 

\CH~ CH( ~CH~ 
/ 

CH~ 

[ 1 CI +CIMgCsHn-~ CH~\ /CHs 
(cH3), s~ si / ~- �9 s i  s i  

\ o / c H f  \ o / 
CH3 

HSi (CH~) (C6Hu) CI HzO ] 
(CH3)~ SiCHzCH=CH~ § (CH@2 Si (CH~)3 Si--C~Hn 

I I Cll 0C~H5 0C~H5 

In all cases the yield did not exceed 20-30%. The properties of the obtained compounds are given in 
Table 1. 

The purity of the obtained compounds prior to polymerization was verified by employing the method 
of the GLC, NMR, and IR spectra .  In the tR spec t ra  for all of the rings containing alkyl radicals  the value 
of the Vas of the S i - O - S i  bond, independent of the size of the radical  attached to silicon, was equal to 990 
cm -1. In order  to ascer ta in  the effect of the nature of the radical  on the vibrations of the S i - O - S i  bond a 
calculation was made of their  integral intensities A. In Table 2 are given the obtained values of A for  the 
s tar t ing rings.  It was shown that the integral intensity increases  slightly with increase in the size of the 
alkyl radical .  

For  the polymerizat ion were taken disi lacyclohexanes containing two types of substituents: e lec t ron-  
acceptor  (CGHs, CGH4Cl ) and e lec t ron-donor  (ranging f rom CH 3 to CsHlt ). The anionic polymerizat ion was 
run in the presence  of 0.7% KOH at 120 ~ In Fig. 1 are given the kinetic curves that express  the conversion 
of the polymer  as a function of time. As can be seen, replacing the methyl radical by an alkyl radical  
sharply lowers the polymerizat ion rate (from kCH 3 = 4 �9 10 -3 down to kC2H5 = 0.2 �9 l0 -3 min-~). This is ex-  

plained by the fact that e lec t ron-donor  substituents press  the electrons on the silicon atom, and a r ed i s t r i -  
bution of the electron density at the active center  occurs .  The silicon atom exhibits a less electroposi t ive 
charac te r  with increase in the e lec t ron-donor  propert ies  of the substituent, and the rate of formation of 
the t ransi t ion complex slows up. In addition, the Steric effect also makes its contribution to a slowing up 
of the process .  The obtained values of k s for  the alky[ radicals  are close to each other, and the difference 
in the values of k s lies within the limits of experimental  e r r o r  (kC2H5 = 0.27 - 10 -3, kC3H7 = 0.74 �9 10 -3, 
kC~H11 = 0.89 �9 10 -3 rain-l). 

The presence  of phenyl and chlorophenyl substituents in the disi lacyclohexanes increases  the reaction rate 
somewhat (kCH 3 = 4- 10 -3, kC6H5 = 4.3 �9 10 -3, kC6H4CI = 4.5 �9 10 -3 rain -1) when compared with methyl, since 

the formation of the t ransi t ion complex with the base of the disi lacyclohexanes containing e lec t ron-accep to r  
substituents increases  with increase in the electronegat ivi ty of the substituent: C6H4Cl , CGH 5. The ability 
of these substituents to withdraw electrons imparts  a more  electroposi t ive charac te r  to the silicon atom and 
in this way facil i tates a coordination of the anion (OH-) with the silicon. In the given case it is probable that 
the conjugation effect, which is opposite to the - I  effect of thc substituent, introduces a correc t ion  in the 
total effect of the radical .  The rate constants of the disi lacyclohexanes during anionic polymerizat ion are 
given in Table 2. 
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Fig. 2. Yield of polymers  as a function of the polymerizat ion t ime (0.7% PDSSA, t = 55 ~ 
when 1~ equals: 1) CH3; 2) CsHs; 3) C5Hll; 4) C6H4C1; 5) C4H9; 6) C3H 7. 

Fig.  3. Logari thm of the concentrat ion as a function of the polymerizat ion t ime (0.7% 
KOH, t = 120 ~ when R equals:  1) C6H4Cl; 2) C6H5; 3) CH3; 4) C5Hll; 5) C3H7; 6) C2H 5. 

The cationic polymerizat ion of the disi lacyclohexanes was run at 55 ~ in the presence  of 0.7% of poly- 
dimethylsiloxysulfonic acid (PDSSA), when based on the sulfonic group. The kinetic curves of the cationic 
polymerizat ion are given in Fig. 2. F rom Fig. 2 it can be seen that replacing the methyl radical  by alkyl 
and aryt radicals  lowers the rate of the polymerizat ion reaction. In the case of proton attack on oxygen 
the aryl  substituents should re ta rd  the react ion rate, which is found to be in agreement  with the exper i -  
mental data (kCH 3 = 11.9 o 10 -3, kC6H5 = 9.8 �9 10 -3, kC6H4C1 = 7.7 �9 10 -3 rain-l). In contrast ,  the insert ion 

of e lec t ron-donor  substituents should increase  the react ion rate.  However, the experimental  data show 
that apparently the s ter ic  effect is superimposed on the induction effect and masks it. 

Formal ly ,  the anionic and cationic polymerizat ion reaction at low degrees of conversion (up to 15- 
20%) is f i rs t  o rder  (Figs. 3 and 4) and proceeds by a stepwise mechanism. At high degrees of conversion 
the order  of the reaction becomes fract ional .  The react ion constants p* were calculated on the basts of 
the experimental  data for  the polymerizat ion of the disi lacyclohexanes containing aryl radicals .  The r e a c -  
tion constant p* enters  into the H a m m e t t - T a f t  equation and charac te r izes  the sensitivity of the reaction 
t ransformat ion  to s t ruc tura l  changes in the reactants .  The Taft induction constants were taken f rom the 
table given in [3]. The resul ts  of the calculations are summar ized  in Table 2. 

Te t ramethy l - l -oxa-2 ,6 -d i s i l acyc lohexane  was taken as a standard. The small  values of the p* con- 
stant for  the cationic polymerizat ion (-0.20) and for the anionic polymerizat ion (+0.06) test ify to the low 
polari ty of the t ransi t ion state and to the small contribution made by the substituent induction effect. 

In Fig. 5 is plotted the l inear function: lOgkR/kCH 3 vs a*, which suggests the existence of a c o r r e -  

lation between the polymerizat ion rate of the disi lacyclohexanes containing aryl radicals  and the Taft in- 
duction constants.  The obtained polymers  represented  low-molecular  ol igomers  with V sp = 0.07-0.12 (see 
Table 2). The thermomechanica l  curves were recorded for some of them. The insertion of more  bulky 
substituents leads to a weakening of the in termolecular  reaction, which is manifested in a shift of the g lass -  
t ransi t ion t empera tu re  in the region of low tempera tu res .  Bis(trimethyl-l-oxa-2,6-disilacycld~exyl) oxide 
(BDSCHO), having the following s t ructure  

CH2--CH~--CH~ CH~--CH2--CHo 

, CH~ 

Si Si Si Si 

\ / ? o q - ,  ~ 
CH~ CH~ 

was also subjected to polymerizat ion.  BDSCHO is easi ly polymerized,  both in the presence  of KOH and in 
the presence of PDSSA, with the formation of insoluble polymers .  The polymerizat ion in the presence  of 
KOH proceeds so rapidly that the rate of the process  could not be recorded.  Thus, within a minute the 
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centrat ion as a function of the 
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Fig. 5. Logari thm of the ra= 
tio of the rate  constants as a 
function of the substituent in- 
duction effect: 1) cationic 
polymerizat ion (p* = - 0 . 2 0 ) ;  
2) anionic polymerizat ion (p* 
= + 0.06). 

yield of the polymer  was 46% and the formation of a gel was observed.  
During cationic polymerizat ion the yield of the polymer  after 8 h reached 
36%, and then gelation was observed.  The high activity toward poly- 
mer iza t ion when the ring is t reated with a nucleophilic agent like KOH 
can be explained by the fact that the silicon atom is attached to two oxy- 
gen atoms: 

I+o t+:o 
/ s i \  / s i \ .  

o I o I o 

This increases  the electroposi t ive charac te r  of the silicon and 
makes it more  react ive toward nucleophilie attack by OH. When the 
ring is t reated with PDSSA all of the oxygen atoms in the BDSCHO are 
equivalent and the polymerizat ion rate is determined only by the s ter ie  
factor .  

E X P E R I M E N T A L  M E T H O D  

Methylamylchlorohydrosi lane (VI). The Grignard reagent, obtained from 12 g of Mg and 53.3 g of 
CsHtICI in 50 ml of anhydrous ether,  was slowly added to 57.5 g of CH3SiHCI 2 in 150 ml of anhydrous ben-  
zene. The mixture was s t i r red  at 60 ~ for 1 h. The precipitate was filtered. F r o m  the fi l trate,  af ter  d is -  
tilling off the solvent, was isolated 15.27 g (20.3%) of (VI), bp 146-148 ~ 

Methylchlorophenyldiethoxysilane (VII). To 171.2 g of methylchlorophenyldichlorosilane,  heated to 
55 ~ was slowly added 70 g of absolute ethanol. The mixture was heated for  7 h. The product was dis-  
tilled twice. We isolated 122.8 g (66.2%) of (VII), bp 115-118 ~ (3 mm). 

Methylphenylethoxyallylsilane (V). To a mixture of 12 g of Mg, 105.04 g of methylphenyldiethoxy- 
silane, 5 ml of anhydrous e ther  and 0.5 g of Cu2Cl 2, heated to 85 ~ was added 1 m[ of CH3I, and then 38.25 g 
of allyl chloride was added in drops.  The react ion mass  was heated at 120 ~ for  3 h. The precipitate was 
fil tered. After distilling off the solvent the residue was fract ional ly distilled to give 47.0 g (45.5%) of (V), 
bp 118-121 ~ (17 ram). 

1-Dimethyle thoxysi ly l -3-methylamylchloros i ly lpropane (IV). To a mixture of 13.4 g of dimethyl-  
allylethoxysilane, 0.4 ml of a 0.1 N solution of H2PtCI 6 �9 6H20 in isopropanol, and 3 g of methylamy!chloro-  
silane, heated to 65 ~ was slowly added 11 g of methylamylchlorosi lane.  The s t i r red  mixture was heated 
at 136 ~ for  3 h. Fract ional  distil lation gave 8.5 g (38.2%) of (IV), bp 160-161 ~ (25 ram). 

2 ,2 ,6 -Tr ime thy l -6 -amyl - l -oxa -2 ,6 -d i s i l acyc lohexane  (II). To a solution of 4.27 g of KOH in 50 ml 
of water,  cooled to 5 ~ was added 9 g of 1-(dimethylethoxysi lyl)-3-(methylamylchlorosi lyl)propane in 
150 ml of ether.  The mixture was s t i r red  for  1 h, and the ether layer  was separated,  washed with water,  
and dried over  Na2SO 4. Fract ional  distil lation gave 3.88g (56%) of (II), bp 116-119 ~ (25 mm). 
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2 , 2 , 6 - T r i m e t h y l - 6 - c h l o r o p h e n y l - l - o x a - 2 , 6 - d i s i i a c y c l o h e x a n e  (Ill) was obtained in a s im i l a r  manner .  
The d is i lacyclohexanes  where  R = CH 3, C3H 7, C4H 9, or  CcH 5 were  obtained previous ly  [4]. 

2 , 2 , 6 - T r i m e t h y l - 6 - e t h y l - l - o x a - 2 , 6 - d i s i l a c y c l o h e x a n e  (I). To the C2HsMgBr, obtained f r o m  6.54 g 
of C2HsBr and 1.5 g of act ive Mg, was added 12.5 g of 2 , 2 , 6 - t r i m e t h y l - 6 - c h l o r o - l - o x a - 2 , 6 - d i s i l a c y c l o -  
hexane in 20 ml  of benzene.  The s t i r r ed  mix ture  was heated for  5 h and then t r ea ted  with ice water .  F r a c -  
t ional dis t i l la t ion gave 4.61 g (38.2%) of (I), bp 48-49 ~ (10 ram). 

Po lymer iza t ion  of Dis i lacyclohexanes .  The anionic po lymer iza t ion  was run as descr ibed  in [1]. The 
cationic po lymer iza t ion  of the d is i lacyciohexanes  was run as descr ibed  in [2]. The IR spec t r a  were  taken 
by N. A. Chumaevski i ,  who also calculated the in tegral  intensi t ies ,  for  which the authors  exp re s s  the i r  
grat i tude.  

C O N C L U S I O N S  

1. Some new 2 ,2 ,6 - t r ime thy l -6 - (e thy l ,  amyl,  ch lo ropheny l ) - l -oxa -2 ,6 -d i s i l acyc lohexanes  were  syn-  
thes ized.  

2. The d is i lacyclohexanes ,  containing e i ther  alkyl or  a ry l  subst i tuents  attached to one of the si l icon 
a toms (R = CH3-CsHll ,  C6H 5, C6H4CI), were  subjected to both anionic and cationic polymer iza t ion .  

3. The po lymer iza t ion  of the d is i lacyelohexanes  p roceeds  by a s tepwise mechan i sm,  as a f i r s t  o rde r  
react ion,  independent of the nature  of the radical .  
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