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ABSTRACT 
Cyc l i c  o r g a n o s i l i c o n  compounds were ob ta ined  by the  coup l i ng  
r e a c t i o n  of 1 , 4 - d i l i t h i u m - ~ , l , 4 , 4 - t e t r a p h e n y l b u t a n e  and organo-  
c h l o r o s i l a n e s  w i t h  genera l  fo rmu la  R ' R ' ' S i C l z ( R ' = m e t h y l , R  '~= 
e t h y l  ~ phenyl  , v i n y l  , p - t o l y l ) . T h e  chemical a n a l y s i s , m o l e c u -  
l a r  we ight  d e t e r m i n a t i o n  , IR spec t ra  have shown t h a t  new com- 
pounds have been formed by r i n g  c l o s u r e  through a s i l o x a n e  
bond . The thermogravimetric a n a l y s i s  i n d i c a t e s  a thermal  s t a -  
b i l i t y  of  compounds up t o  360~ 

INTRODUCTION 
The o r g a n o s i l a c y c l o a l c a n e s  are s t a r t i n g  compounds in  the syn-  
t h e s i s  of  po l ymer i c  s i l o x a n e  bond c o n t a i n i n g  m a t e r i a l s  w i t h  
i n t e r e s t i n g  p r o p r e t i e s .  D i f f e r e n t  methods f o r  the p r e p a r a t i o n  
of  5 ,6 ,7  or more numbered c y c l e s  were r e p o r t e d : a d d i t i o n  o,  o r -  
ganohydrogens i lanes t o  unsa tu ra ted  o rgan ic  compounds [ 1 , 2 ]  or 
~o s i l a n e s  w i t h  unsa tu ra ted  groups in  the . s t r u c t u r e  [ 3 , 6 ]  
c y c l i s a t i o n  o.  o i m e t n y i ~ c y c l o o u t o x y ) c h l o r o s i l a n e  in  the p r e -  
sence of sodium or  l i t h i u m  [ 7 ]  , the r e a c t i o n  of ( ace to •  
methy le thoxy  s i l a n e s  w i t h  a l k a l i s  [ 8 , 9 ]  , thermal  c y c l i s a t i o n  
of  the r e a c t i o n  p roduc ts  of  d i m e t h y l c h l o r o s i l a n e  w i t h  t r i m e t h y l  
bu teno•  [10 ]  dehyd ra t i on  of  b i s [ ( h y d r o : . y b u t y l ) t e t r a m e -  
t h y l ] d i s i l o x a n e  [11 ]  , h y d r o l y s i s  of  b i s - ( a l k y l d i c h l o r o s i l  1 ) -  
propane [12 ]  or of  b i s - ( m e t h y l c h l o r o e t h o x y s i l y l ) p r o p a n e  [1~]  
~ i t h  aqueous KOH s o l u t i o n  , r e a c t i o n  of  o -d i ch lo robenzene  w i t h  
c h l o r o d i m e t h y l  methoxy s i l a n e  and sodium [14]  , r e a c t i o n  o.  
2,2,6-trimethyl-&-etho• wi th  ace- 
ty1 c h l o r i d e  [ 15 ]  r e a c t i o n  of b i s - [ ( i o d o m e t h y l ) t e t r a m e t h y l ] d i -  
s11oxane w i t h  sodium compounds of malonic  e s t e r  [16 ]  , hydro -  
l y t i c  condensat ion of c h l o r o d i m e t h y l e t h o x y s i l a n e  w i t h  ch lorome-  
t h y l / m e t h y l / d i e t h o . , y ,  s i l a n e  and f u r t h e r  process ing of the 
r e a c t i o n  compounds [ 1 7 ] .  F requen t l y  o r g a n o s i l a c y c l o a l c a n e s  are 
ob ta ined  by use of Gr ignard  reagen ts .  In t h i s  manner 1 , 1 , 3 , 3 - t e -  
t r a m e t h y l - 2 - o x a - l , 3 -  d l s i l a c y c l o h e p t a n e  [18]  and 1 , 1 - d i o r g a n o -  
1 - s i l a - 2 - o x a - c y c l o h e x a n e s  [19 ]  were syn thes ized  . P r e v i o u s I y  we 
desc r ibed  the  coup l i ng  of l ~ 4 - d i l i t h i u m - 1 , 1 , 4 , 4 - t e t r a p h e n y l b u -  
t a n e  w i t h  d i o r g a n o d i c h l o r o s i l a n e  [20 ]  or  w i t h  t r i c h l o r o s i l a n e  
and o r g a n o t r i c h l o r o s i l a n e  [ 2 1 ] . T h i s  paper dea ls  w i t h  the p repa-  
r a t i o n  and w i t h  some ph~s ico-chemica l  c h a r a c t e r i s t i c s  of com- 
pounds ( I f  a-d)  r e s u l t e d  ~ from the coup l i ng  r e a c t i o n  w i t h  d i -  
c h l o r o d i o r g a n o s i l a n e :  

C H L ~ C H ~  Ph= C ~ H = -  
] I R~= CH~- 

PhaC CPh L R = II~ C~Hm- 
I I l i b  CH= = 

R~R~Si SiR~R L I f=  CmH=- 
~O,~ II~ p-CH~ 

CH - 

- C~H4- 

~,T-]Eiphenylethylene was prepared according to the method 
reported in the literature [22].1,4-BilithiL~m-1~l,4~4-tetraphe- 
nylbutane (I) was obtained as reo crystals Dy stirring of l,l- 
diphenylethylene in ether solution with small lithium grains. 
Dichloromethylethylsilane,dichloromethylvinylsiiane,dichlorome- 
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t h y l ( p - t o l y l ) s i l a n e  and d i c h l o r o m e t h y l p h e n y l s i l a n e  were ob-  
t a i n e d  by Gr ignard  r e a c t i o n s  [ 2 3 , 2 4 ]  and p u r i f i e d  by r e c t i f i -  
c a t l o n .  D i e t h y l  e t h e r  was d r i e d  over  sodium w i r e  [ z o ]  and f r e s h -  
l y  d i s t i l l e d  b e f o r e  use. IR s p e c t r a  were recorded by means of  a 
Pe rk i n  Elmer model 577 s p e c t r o p h o t o m e t e r ; w i t h i n  the  4000-200 
cm -~ region. Samples were pelleted with KBr. DTA and DTG 
curves were registered using a MOM Paulik-Paulik-Erdey deriva- 
tograph with 9~ rate ,within a temperature range 
of  20-900~ 

2,7-Dimethyi-2,7-diethyl-3~3T6~6-tetraphenyl-l-oxa- 
2.7-disilacycloheptane. (if a) 
The synthesis metho0 was aescribed in a previous work [20].14 g 
of freshly prepared l,l-diphenylethylene,250 ml anhydrous di- 
ethylether and 1.5 g lithium were used. This mixture was stirred 
20 hrs. resulting 1,4-dilithium-l,l,4,4-tetraphenylbutane 
as dark-red prismatic crystals. The excess of lithium was taken 
out and 10.8 g dichloromethylethylsilane was added dropwise to 
the suspension,under stirring,during 2 hrs. The reaction was 
continued another 130 hrs. and the white LiCI precipitate was 
�9 iltered. The yellow pro0uct left after distillation of diethyl- 

�9 ether was purified from acetone-ethylic alcohol system and 
dried,resulting 2 g (yield:lO.2%) of yellowish crystalline 
substance,M.p.=185~ in benzene, acetone,carbontetra- 
chloride. 
Calcd. anal. for C~4H4oOSi2:C,78.46;H,7.69;Si,IO.77; 
mol. weight:520 
Found:C,78.38;H,7.68;Si.10.56|mol. weight (cryoscopically de- 
termined i n  benzene>~514. 

2,7-Dimethyl-2~7-divinyl-3~3~6~6-tetraphenyl-l-oxa- 
~ , 7 - d i s i l a c y c l o h e p t a n e .  ( I f  b )  , . . 

To the  suspension of  1 , 4 - d i l i t h i u m - 1 , 1 , 4 , 4 - t e t r a p n e n y l o u t a n e  
o b t a i n e d  from 14 g 1 , 1 - d i p h e n y l e t h y l e n e  and 1.5 ~ l i t h i u m  in  
250 ml d i e t h y l e t h e r , l O . 6  g d i c h l o r o m e t h y l v i n y l s i l a n e  were added. 
A f t e r  130 h rs .  r e a c t i o n  t ime  and p u r i f i c a t i o n ,  7 .5  g ( y i e l d  : 
38.6%) of  crystalline , yellowish produc t  II b 
M.p.=118-125~ in benzene,acetone,carbon tetra- 
chloride were obtained. 
Calcd. anal. f o r  C~4H~mOSi=:C,79.07;H,6.98;Si,IO.85; 
mol. weight:516 
Found C,78.72~H,7.04|Si,10.78;mol. weight (cryoscopically de- 
termined in benzene) i522. 

2.7-Dimethyl-2,3,3,6,6,7-hexaphenyl-l-oxa- 
2~7-disilacycloheptane. (li c) 
The same procedure was used starting from 10 g l,l-diphenyl- 
ethylene,l.5 g lithium and 9 g dichloromethylphenylsilane. After 
90 hrs. reaction time and purification ,7 g (yield:48.2%) of 
crystalline, yellowish product,M.p.=ll8-120~ were obtained 
The substance is soluble in acetone,benzene,carbon tetrachlo- 
ride, diethylether. 
Calcd. anal. for C4zH4oOSiz:C,81.82;H,6.49;Si,9.09; 
mol. weight:616 
Found:C,81.32~H,6.31~Si.9.30:mol. weight (cryoscopically de- 
termined i n  ben~ene)~62~.~ 

9~7-Dimethyl--,7-di(p-tolyl)-_.,3,6,6-tetraphenyl-l-oxa- 
2 , 7 - d i s i l a c y c l o h e o t a n e .  ( I I  d) . 
1 , 4 - D i l i t h i u m - l , l , 4 , 4 - t e t r a p n e n y l b u t a n e  was p repareo  9tom 8 g 
1 , 1 7 d i p b e n y l g t h y l e n e  and I g l i t h i u m  and r e a c t e d  f o r  130 h rs .  
w l t n  ~ .~  g 0 1 c n l o r o m e t n y i ( p - t o l y l ) s i l a n e  t o  g i v e  a f t e r  r epea ted  
~ u r i f i c a t i o n s  in  a c e t o n e - e t h y l i c  a l c o h o l  system 3 g ( y i e l d :  

5.8%) of substance I I  d . , M . p . = 1 3 6 - 1 3 8 ~  p roduc t  i s  so-  
l u b l e  i n  ace tone ,benzene~carbon  t e t r a c h l o r i d e ~ d i e t h y l e t h e r .  
Calcd.  a n a l .  f o r  C44H44OS i= :C ,81 .99 ;H ,6 .83 ;S i , 8 .67 ;  
mol. w e i g h t : 6 4 4  
Found:C,81.67~H,6.71:Si,~.80:mol. weight ( c r y o s c o p i c a l l y  
de te rm ined  i n ' b e n z e n e ) : 6 3 5 .  
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RESULTS AND DISCUSSION 
The synthesis o f  the organooxasilacycloheptanes proceeds in 
two steps [20]:the coupling reaction of dichlorodiorganosilanes 
to organolithium reagent and the hydrolysis reaction of the re- 
suiting chlorodiorganosilyl groups with ring closure. The yield 
in solid cyclic products were between I0 and 48%. Similar re- 
suits for organooxadisilacyciohexanes were obtained. The reac- 
tivity of dichlorodiorganosilanes with 1,4-dilithium-l,l~4,4- 
tetraphenylbutane varies as a function of the nature of the or- 
anic substituents to the silicon atom in the silane molecule. 
he substitution of.one methyl group in.the d~chlorodimethyl 

siiane with an electronoacceptor group ~pnenyl,vinyl,p-tolyl) 
determines an increasing of the yield in cyclic products. The 
electronoacceptor substltuents makes easiest the reaction with 
the organolithium compound because the electropositivity to the 
silicon atom becames greater (the influence of the conjugation 
effect is greater than the induction effect -I influence of the 
other substituent).However,dichlorodimethylsilane reacts faster 
with 1,4-dilithium-l,l,4,4-tetraphenylbutane than dichlorodi- 
phenylsilane [20].This observation was made also by Carraher 
and Dommeier [27] in the synthesis of some silicon polyesters. 
The substitution of one methyl group in dichlorodimetilsi- 
lane with an ethyl group leads to smaller quantity of product 
in the reaction with the organolithium compound. Similar obser- 
vations were made in the polymerisation of disilacyclohe.canes 
[26].This effect was attributed to the increased electronodonor 
characteristics of the ethyl group on one hand and to the ste- 
ric hindrance on the other. 
The ring closure of the 5-8 nombered siloxane cyclic is 
provided by IR spectra [3,18]. 
Thus the heptacyclosiloxanes asymmetric stretching vibration 
oand of Si-O-Si bond appears in cycloheptasiloxanes at 1015 
cm -~ (9.86) instead of 1069 cm -~ (9.44) for linear poly- 
siloxanes (3.18).The organooxasilacycioheptanes synthetized by 
us show this band in the 1100-1015 cm -~ region (Table 
l).As far the case of organooxasilacycloheptanes previously pre 
pared [20],the IR C-H adsorbtion bands (table i) occur at shor- 
ter wavelengths as compared to those of the starting hydrocar- 
bon~an explanation of this fenomen might be the decrease of 
the silicon electronegativity [28]. 
At the same time the little shift of the caracteristic band 
for Si-R bond (R=CH~C~H~CH=CH2~C~H~C6H4CH~) 
in organooxasilacycloheptanes as compared with organosilanes or 
poly(organosiloxane) can be attributed to the inductiv effect 
of the other groups bonded to the silicon atom .to the interac- 
tion of the vibrations or to the hindrances [29]. 

Tab[e I.IR Absorb[ion spectra of the new substances 

literature 
Cl -Z  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

500 9i-0-8i 520 [30] 
690 C-H 690-710 [31] 
780 Si-CH= 775 [323 
950 Si-CzH~ 940"970 [293 

I000 Si-CaH= 1010-1020 [293 
1025 8i-0-8i 1020-1100 [29] 
1245 5i-CH~ 1240-1280 [33] 
1400 8i-CH=- 1390 [323 
1435 Si-CH~ 1390-1440 [323 
1585 C-C 1590 [32] 
2080 C6He~ono- 

subs[it. 1750-2000 [323 
2860 C-H 2850-3000 [34] 
2930 C-H 2962 [313 
3000 C-H aromatic 3000-3100 [29, 

35] 
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454 Si-CH=CHz 454 [36) 
525 5i-O-Si 520 [303 
690 C-H 690-710 [31) 
730 Si-Clt=CHa 730 (333 
780 Si-CH~ 775 [32) 
910 CHz 950 [37) 

1015 8i-O-Si 1020-1100 [293 
1250 Si-CH~ 1240-1280 [333 
1400 Si-CHz- 1390 [32] 
1435 Si-CH~ 1390-1440 [~3 
1480 C-C 1475-1525 [38) 
1580 8i'CH=CHz 1595 [373 
2940 C-H 2962 [311 
3000 C-H aroeatic 3000-3100 [29, 

35) 

I l l  
HePh 

540 Si-O-Si 520 [303 
690 C-H 690-710 [31] 
730 Si-CaHe 700-740 [393 
780 8i"Cl~ 775 [32) 

1025 Si-O-Si 1020-1100 1293 
1250 Si-CH~ 1240-1280 [33) 
1395 Si-CI~- 1390 [323 
1425 SJ-CeHa 1428-1440 [293 
1480 C-C 1475-1525 [38] 
1585 C-C 1580-1600 (403 
2930 C-fl alif. 2962 [31] 
3000 C-H area. 3000-3100 [29. 

35) 

495 CHz {roe hetero- 

IV 
He-pTol. 

cycle 490-500 [41] 
550 8i-O-Si 520 [30,33) 
695 C-H 690-710 [31) 
775 pCH~CeH4 800 [423 
910 CHz 950 [373 

1015 C-H 1037[43,443 
1100 Si-O-Si 1020-1100 [29] 
1250 Si-CH~ 1240-1280 [333 
1380 Si-CHz 1390 [323 
1440 Si-CH~ 1440-1390 [323 
1485 C-C 1475-1525 [382 
1580 C-C 1580-1600 [40) 
2920 C-H a l i f .  2962 [35,45] 
3010 C-H ares, 3000-3100 [29. 351 

~ =  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

710 C-H 690-710 [31] 
760 C~ 740 [433 

1040 C-H 1037 [43,44] 
V 1260 CHz 1300 [313 

[ , i ,4 ,4- tet ra-  J460 C~ 1467 [313 
phenylbutane 1500 C-C 1475-1525 [381 

1600 C-C 1580-1600 [403 
2900 C-H a l i f .  2962 [313 
3010 C-H area. 3000-3100 [29, 

353 

DTA and DTG curves of compounds I I  a-d show t h a t  they are 
s t a b l e  up t o  tempera tu res  between 360 and 400 ~ be-  
yond these tempera tu res  causes we ight  losses in  t h ree  s teps .  
The f i r s t  and the second s teps  are t r a n s f o r m a t i o n  r e a c t i o n s  by 
the  s p l i t t i n g  of  two and four_pheny l  grpups r e s p e c t i v e l y  from 
the 1 , 1 , 4 , 4 - t e t r a p n e n y l b u t a n e o i y l - l ~ 4  cnain , w i t h  the  f o r m a -  
t i o n  of  double bonds. In  t ab .  2 the  t r a n s f o r m a t i o n  tempera tu res  
tz  and t=  and the decompos i t ion  tempera tu re  t=  are g iven 
t o g e t h e r  w i t h  the we igh t  losses .  
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Table 2 .Starting temperatures t :  and t2 for  the 
t ranefof la t ion renctions~decomposition 
temperature to and Celtu group losses 

g~6iEi~[~ . . . . . . . . .  t ~ i ~ i E ~ i ' C  . . . . . .  T ' P E [ ~ I ' ~ ' [ 6 ~  . . . . . .  
| I ! ! | I , t , t , t _  , No.oF , Zexp. , ~calcd. 
, , . , groups , , 

400 2 29 29.6 
I 410 520 715 3 43.26 43.86 

4 59.2 59.2 

400 2 29.5 29.84 
I I  

518 720 4 60.5 59.68 

370 2 24.5 25 
400 3 38.0 37.5 

I l l  410 655 4 49.5 50.0 

IV 
360 2 24 23.9 
450 3 35.5 35.87 

500 680 4 47.5 47.80 

The s y n t h e s i z e d  compounds were heated ~or two hours a t  400~ 
then IR s p e c t r a  were r e g i s t e r e d  ( t ab .  3) .The presence o~ 1665 
cm -~ (compound I )  and 1660 cm -~ (compounds I I . I I I , I V )  bands 
c h a r a c t e r i s t i c  ~or C=C bond and o~ 730 cm-~,1420 cm -~ bands 
c h a r a c t e r i s t i c  ~or Si-C~H5 bond (compound I I I )  demons t ra tes  
•  t h e  rea r rangemen t  o~ t h e  mo lecu les  t a k e s  p l a c e  by t he  brea 
k i ng  of  t he  C-C~Hw bonds. 

Table 3 .IR Absorbtion spectra of the new combinations 
before and af ter  a 400 oC heating 

"'.~6i[i~[i1"CHS-iii~lY"~'--I'P~HiB'i[i~I U"1-'A[Hi~[ii~{- 
! ~ -e' I , Frequency (co " )  , Frequency (cm) , 

- 600 " ' C-H alcbene 
690 690 C-H 
700 785 Si-CHe 
950 950 5i-CzH! 

1025-1000 1000-11 O0 C-H; 5i-O-Si 
I 1245 1250 8i-CH~ 

1400 1380 Si-C~- 
1435 1440 8i -CH~ 
1585 1585 C-C 

C-H 
3000 3020 C-H eron. 

470 470 8i-CH=CHz 
595 ' " C-H alchene 

690 695 C-H 
730 730 Si-CH=CHz 
780 780 Si-CH= 
9~0 915 CHz 

1015 1010-1015 Si-O-Si 
1250 1255 5i-CH~ 
1400 1385 $i-CH2- 
1435 1435 5i-CH~ 
1480 1480 C-C 
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1580 1585 Si-CH=CH2 
- 1650 " C=C 

2940 2940 C-H 
3000 3000 C'H arot. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ill 

690 690 C-H 
730 730 " Si-Celt~ 
780 775 Si-CH~ 

1025 1005-1115 Si-O-Si; C-H 
1250 1260 8i-CH~ 
1395 1380 8i-CHz- 
1425 1420 Si-C6Hs 
1430 1480 C-C 
1585 1585 C-C 

- 1650 C=C 
2930 2920 C-H 
3000 3005 C-H arol, 

IV 

6 - 5 9 6 9 0 6 0 5  " c-HC'H alchene 

775 775 pCH~-C6Hs 
910 910 CH~ 

1015 i015;i025 C-H 
liO0 1010-1100 Si-O-Si 
1250 1250 Si'CH, 
1380 1385 Si-CHz- 
1440 1435 8i-CH~ 
1485 1485 C-C 
1580 1585 C-C 
29-02 1650 ' C=C 2900 ' C-H 
3010 2995 C-H arom. 

~- strong 
very str0ng 

From these data and from those previously reported [20] one can 
conclude that the second substituent to silicon atom in organo- 
oxasilacycloheptanes influences the thermal stability of the 
tetraphenylbutanediyl chain. These compounds are ranged in the 
following series in function of the first transformation tempe- 
rature tz: 

IV < llI< I=II 

The analytical data,the molecular weight values together with 
the IR data o+ the new compounds support the proposed structu- 
res. 
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