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A n u m b e r  of new ch lo ro -  and hydrochloros i loxanes  with cycl ic  and l inear  s t r uc tu r e s  were  
synthes ized by the condensation of t e t r apheny ld i s i loxane- l ,3 -d io l  and hexaphenyl t r i s i loxane-  
1,5-diol  with s i l icon t e t rach lo r ide  and t r i ch lo ros i l ane .  The effects  of the s ta r t ing  ra t io  of 
the r eac t an t s  and dilution on the reac t ion  r a t e s  and yields of cyclos i loxanes  were  studied.  

Branched molecules  and po l ym er s  a re  usual ly  fo rmed  in the condensation of polyfunctional organic 
compounds,  whereas  d i f fe rences  in the specif ic i ty  of the p roces s  because  of the high probabi l i ty  of the 
format ion  of cycl ic  molecules  [1,2] can be expected in the condensation of polyfunctional organosi l icon c o m -  
pounds because  of the la rge  s ize of the si l icon a tom and the s t e r i c  effect  of the f r a m e w o r k  groups .  Cyc l i za -  
tion during condensation will l imi t  the inc rease  in the branched c h a r a c t e r  of the molecule  [3]. 

In the p re sen t  paper ,  we examine the condensation of si l icon t e t r ach lo r ide  and t r i ch lo ros i l ane  with d i -  
functional c o m p o u n d s ,  t e t raphenyld is i loxane-1 ,3-d io l  and hexapheny l t r i s i loxane- l ,5 -d io l .  

Two compounds a re  fo rmed  in the react ion  of s i l icon t e t rach lo r ide  with t e t r apheny ld i s i l oxane - l , 3 -  
diol with a ch loros i lane  (C) to diol (13) ra t io  of 1 : 1 :  

o/X-~ 
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o/X--OH . / "  
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X =~Si(C6H5) 2 CI3SiO--X--O--X--OSICI3 
II 

Thus,  even for  an equimolar  r a t io  of the reagen ts ,  the reac t ion  gives not only a cyclos i loxane,  as indicated 
in [2], but also a compound of l inear  s t ruc tu re .  

A study of the condensation in concentra ted  solution demons t ra t ed  that,  when the C-to-D ra t io  is 1 : 2, 
the react ion  products  a re  fusible and soluble p o l y m e r s .  The convers ion  of t e t r apheny ld i s i loxane- l ,3 -d io l  
with r e spec t  to the evolved hydrogen chlor ide is about 50% (Fig. 1); i .e . ,  s i l icon t e t rach lo r ide  r e a c t s  as a 
functional compound, and two of the chlor ine a toms do not en te r  into the reac t ion .  The c h a r a c t e r  of the 
p r o c e s s  does not  change as the init ial  concentrat ion of reagen ts  changes (Fig. 2). The calcula ted (from e x -  
pe r imen ta l  data) concentra t ion  o rde r  (n) of the reac t ion  is 2.83, and ra t e  constant  (k) is 0.018 (g -eq / l i t e r )  1.83 
sec  -1 . As the pe rcen tage  of si l icon t e t racb lo r ide  i n c r e a s e s ,  both the ra te  of hydrogen chlor ide evolution 
and convers ion of diol i n c r e a s e .  Moreover ,  the react ion  p roceeds  with predominant  blocking of the 
hydroxyl  groups of the d io lby t r i ch lo ros i ly l  groups to fo rm l inear  II (Fig. 1). The yield of II i nc rea se s  f rom 
30% ( C : D = 2 : I )  to 60% (C:D = 3 : 1 ) .  When C : D = 6 : l ,  the yield r eaches  93%. 

At high'dilution, this reac t ion  p roceeds  cons iderably  m o r e  slowly with predominant  format ion  of I 
(C :D = 1 :2 ) ,  and the unchanged diol subsequently undergoes  condensation to give hexaphenylcyc lo t r i s i lox-  
ane.  In this case ,  the yield of II also i n c r e a s e s  as the C :D ra t io  i nc rea se s  (Table 1). 

Inst i tute of Hete roorgan ic  Compounds,  Academy of Sciences of the USSR, Moscow. Trans la t ed  f rom 
Khimiya Getero ts ik l icheskikh  Soedinenii, No. 7, pp. 893-896, July,  19 72. Original  a r t ic le  submit ted 
March  26, 1971. 

�9 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 Vilest 17th Street, New York, N. Y. 1001I. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, withoat written permission of the publisher. A 
copy of this article is available from the publisher for $}5.00. 

810 



100 ' 4 ~ x r , " -  ~.o,.."- o 

~" 80 ~ T 3  2 
.o 60 o t o !,~ 

40 60 120 t60 

F i g .  1. Dependence of the convers ion  of 
te t raphenyldis i loxane- l ,3-d io l  on the 
s tar t ing reagent  ra t io  (C :D): 1) 1 : 2); 
2) I : I ;3)  2:1; 4) 4:1. 

'~176 t 
.ss " 8~ t 
d 60 

~ 4o 
U 

Time, [ni L ~ .~ , , , n 

z'O 80 120 160. 200 

F ig .  2. Dependence of the convers ion  of 
t e t r a p h e n y l d i s i l o x a n e - l , 3 - d i o l  on i t s  i n -  
itial concentrat ion ([D]0) when C :D = 1 : 2 :  
1) [D] 0 = 0.35 g - e q / l i t e r ;  2) [D] 0 = 1.85 
g - e q / l i t e r ;  3) [D]0 = 2.83 g - e q / l i t e r .  
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Fig.  3. Dependence of the yield of cyc lo -  
siloxanes on the initial te t raphenyldis i lox-  
ane - l , 3 -d io l  concentrat ion:  1) yield of I 
On the react ion with sil icon te t rachlor ide) ;  
2) yield of IV (in the react ion with t r i -  
chlorosi lane) .  

Cyclosiloxane III was s imi la r ly  obtained in 48% yield 
in the react ion of silicon te t rachlor ide  with hexaphenyltr i-  
s i loxane- l ,5 -d io l .  
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It was found that the condensation of te t raphenyldi-  
s i loxane- l ,3 -d io l  with t r ichlorosi lane also proceeds with 
the formation of cyclic (IV) and l inear (V) hydroch loro-  
si loxanes:  

O / X - O H  + HSICI 3 
~X--OH -HCi" 

o<X--0%(" 
. y  \X--O / \C I  

�9 , I~%sm-x-o-x-o.]  ~'*~s%~ Iv 

"#cz-7"~ 
HCI2 $10--X --O-- X--O $1CI:,H 

V 
Additional confirmation of the s t ruc tures  was ob- 

tained by means of the PMR spectra ,  and the puri ty of 
these compounds was established. The ra t io  of the inte-  
gral  intensities of the signals of the aromat ic  protons and 
the protons bonded to the silicon atom cor responds  (within 
the limits of the permiss ib le  e r r o r  in the measurements)  
to the formulas  presented for them. 

The condensation of t r ichlorosi lane with hexaphenyl- 
t r i s i loxane- l ,5 -d io l  proceeds s imi la r ly .  The cyclic r e a c -  
tion product (VI) was isolated in 67% yield. 

< ::P<:, 
%'I 

The high yields of e igh t -membered  ring compounds 
III and VI as compared  with s ix -membered  ring compounds 
I and IV may be explained by the nature  of the confo rma-  
tions of the hexaphenyl t r i s f loxane- l ,5-dio l  molecules  in 
solution, which is due to in t ramolecular  hydrogen bonds [4]. 

The yield of cyclic products increases  on dilution 
because of a decrease  in the probabili ty of in termolecular  
interaction (Fig. 3). 

The IR spec t ra  of the synthesized compounds contain 
absorption bands charac te r i s t i c  for the Si-C~H s bond 
(1429 cm -1) and the S i - O - 8 i  bond (1025-1040 cm -i for 
s ix -membered  rings,  1090 cm -1 for e igh t -membered  r ings,  
and 1060 cm -1 for l inear  compounds).  An intense absorp-  
tion maximum at 2220 cm -I was observed in the IR spec-  
t r a  of the hydrochloro  compounds.  

TABLE 1. Dependence of the Composition of the Products  of the 
Condensation of Silicon Tetrachlor ide  (C) and Tetraphenyldis i loxane-  
1,3-diol  (D) on the Reagent Ratio 

C:D 

1 ,25  : I 
2.0:1 
3,O:I 
4,0:1 

Cone. 

77,6 
69,2 
31,3 
4,0 

22,4 
30,8 
68,7 
96,0 

Overall yield, % 
, ! H 

48,8 14,1 
42,9 19,1 
21,8 48,2 
3,8 91,2 
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EXPERIMENTAL 

The chromatographic analysis was carried out with a Tswett-4 chromatograph with a column 2 m 
long and 3 mm in diameter packed with Cellite-545 (50-60 mesh) with an SKT-FT-50 liquid phase applied 
to it (20%). The column temperature was 300 ~ the carrier gas (helium) flow rate was 50 ml/min, and the 
detector was a katharometer. 

The PMR spectra of carbon tetrachloride solutions of the hydrochiorosiloxanes were recorded with a 
Hitachi-Perkin-Elmer R-20 spectrometer with tetramethylsilane as the internal standard. 

The reagents used were silicon tetrachloride with bp 57.6 ~ and trichlorosilane with bp 31.5 ~ Tetra- 
phenyldisiloxane-l,3-diol and hexaphenyRrisiloxane-l,5-diol were synthesized by known methods [5,6] and 
had mp II0 and 116.5 ~ (from heptane),respectively. 

2,2-Dichlorotetraphenylcyclotrisiloxane (1). A flask equipped with a stirrer, thermometer, reflux 
condenser, and a bubbler for passage of argon was charged with 18 g (0.1 mole) of silicon tetrachloride and 
41.4 g (0.I mole) of tetraph~yldisiloxane-l,3-diol in 660 ml of dry benzene. The mixture was stirred at 
room temperature for 24 h while passing a slight stream of argon to remove hydrogen chloride, from the 
evolution of which the diol conversion was determined. The solvent was removed, and the resulting vis- 
cous residue was vacuum-distilled to give a fraction (60%) with bp 232-233.5 ~ (I ram) containing 70% I and 
30% Ii. Compound I was isolated by recrystallizatinn from carbon tetrachloride and redistilled to give 
23.1 g of I with mp 82.5-83 ~ Found: C 56.0; 55.9; H 3.6, 3.7; C1 13.9, 13.7; Si 16.5, 16,4~c; tool. wt. 510. 
C24H20C1203Si 3. Calculated: C 55.2; H 3.8; Cl 13.9; Si 16.3%; tool. wt. 512. 

I,I,I, 7,7,7-Hexachlorotetraphenyltetrasiloxane (If). A solution of 4.16 g (0.01 mole) of tetraphenyldi- 
siloxane-l,3-diol in 20 ml of,ether was added slowly to a solution of 6.8 g (0.04 mole) of silicon tetrachlo- 
ride in 15 ml of dry ether, and the mixture was refluxed for 2 h. The excess silicon tetrachloride and sol- 
vent were removed by distillation, and II was isolated by vacuum distillation to give 80% of a product with 
bp 233 ~ (I ram), n~ 1.5512 and d~ ~ 1.3274. Found: C 42.4, 42.5; H 2.9, 3.0; CI 31.4, 31.5; Si 16.1, 16.3~c; 
MRD163.4. C24H20C1603Si 4. Calculated: C 42.3; H 2.9; CI 31.3; Si 16.5%; MR D 163.3. 

2,2-Dichlorohexaphenylcyclotetrasiloxane (III). This compound was synthesized in the same way as I 
from 61.4 g (0.I mole) of hexaphenyltrisiloxane-l,5-diol and 17 g (0.1 mole) of silicon tetrachloride. The 
fraction (51%7 with bp 250 ~ (0.02 ram) was isolated and purified to give a product with mp 104 ~ Found: C 
60.7; H 4.1, 4.3; Cl 9.3; Si 16.2, 16.1%; tool. wt. 700. C36H30C1204Si 4. Calculated: C 60.9; H 4.3; C1 9.9; Si 
15.8%; tool. wt. 709. 

2-Chioro-4,4~6,6-tetraphenylcyclotrisiloxane (IV). This compound was synthesized in 60% yield in 
the same way as I from 13.5 g (0.I mole) of trichlorosilane and 41.6 g (0.I mole) of tetraphenyldisiloxane- 
1,3-diol and had bp 217 ~ (1 ram) and mp 100.5-101 ~ Found: C 60.5, 60.4; H 4.2, 4.2; CI 6.8, 7.1; Si 17.6, 
17.6%; tool. wt. 475. C24H21CIO3Si 3. Calculated: C 60.4; H 4.4; C1 7.4; Si 17.7~c; tool. wt. 477. 

l,l,7,7-Tetraehloro-3,3,5,5-tetraphenyltetrasiloxane (V). This compound (93%) was obtained from 
13.5 g (0.I mole) of triehlorosilane and 10.4 g (0.025 mole) of tetraphenyldisiloxane-l,3-diol, as in the 
preparation of II, and had bp 218.5 ~ (1 ram), n~ 1.5559 and d~ ~ 1.2462. Found: C 47.9, 47.5; H 3.5, 3.5; Cl 
23.0, 22.9; Si 18.4, 18.4%; MR D 158.5. C24H22C1403Si 4. Calculated: C 47.0; H 3.6; Cl 23.2; Si 18.3%; MR D 
158.7. 

2-Chioro-4,4 ,6 ,6 ,8 ,8-hexaphenylcyclote t ras i loxane (VI). This compound (67~c) was synthesized by the 
method used to obtain I f rom 13.5 g (0.1 mole) of t r ich loros i lane  and 61.4 g (0.1 mole) of hexaphenyl t r i -  
s i loxane- l ,5 -d io l  and had bp 282 ~ (1 mm) and mp 84-85 ~ Found: C 63.6; H 4.28; C1 5.8; Si 16.8~c; mol.wt.  
670. C36H31C104Si 4. Calculated: C 64.0; H 4.6; C1 5.3; Si 16.6%; tool.  wt. 675. 
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