
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

The Formation of Linear Polymers from Diene Monomers by the
Cyclopolymerization Mechanism. X. Polymers Containing
Cyclohexamethylenesilyl and Cycloheptamethylenesilyl Ring Structures
George B. Butlera; Bruno Iachiaa

a Department of Chemistry, University of Florida, Gainesville, Florida

To cite this Article Butler, George B. and Iachia, Bruno(1969) 'The Formation of Linear Polymers from Diene Monomers
by the Cyclopolymerization Mechanism. X. Polymers Containing Cyclohexamethylenesilyl and
Cycloheptamethylenesilyl Ring Structures', Journal of Macromolecular Science, Part A, 3: 8, 1485 — 1491
To link to this Article: DOI: 10.1080/10601326908051947
URL: http://dx.doi.org/10.1080/10601326908051947

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/10601326908051947
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J .  MACROMOL. SC1.-CHEM., A3(8), pp. 1485-1491, December, 1969 

The Formation of Linear Polymers from 
Diene Monomers by the Cyclopolymerization 
Mechanism. X. Polymers Containing 
Cyclohexamethylenesilyl and 
Cycloheptamethylenesilyl Ring Structures? 

GEORGE B. BUTLER and BRUNO IACHIA 
Department of Chemistry 
University of Florida 
Gainesville, Florida 

SUMMARY 

In an effort to determine the feasibility of formation of larger rings from 
dialkenyl silanes by the cyclopolymerization mechanism through use of 
Ziegler-type initiators, four new silane monomers were synthesized and their 
polymerization studied. Allyldimethyl(3-butene-l)-silane (I) and allyl- 
diphenyl(3-butene-l)-silane (111) are functionally capable of producing poly- 
mers containing a seven-membered ring. Dimethyl-bis-(3-butene-l)-silane 
(11) and diphenyl-bis(3-butene-l)-silane (IV) are functionally capable of 
producing polymers containing an eight-membered ring. The diphenyl 
monomers gave benzene-soluble, solid polymers containing a low degree 
of residual unsaturation, interpreted as evidence that the predicted 
cyclization had occurred. The dimethyl derivatives, on the contrary, gave 
only viscous oils or semisolid products which could not be well characterized. 

?For previous paper in this series, see J. Macromol. Sci., A3, 821 (1969). 
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1486 G. B. BUTLER AND B. IACffIA 

INTRODUCTION 

The high probability of formation of five- and six-membered rings in or- 
ganic compounds is well known. An earlier study [ I ]  of the tendency for 
formation of rings of various sizes by cyclopolymerization of 1 ,X-dienes has 
shown that this tendency essentially parallels that in monomeric structures. 
In view of the larger size of the silicon atom in comparison to carbon, and 
the known tendency of silicon to form eight-membered siloxane rings [2] 
rather than the preferred six-membered ring in the carbon compounds, we 
undertook a program to compare the relative tendencies of dialkenylsilanes 
toward formation of seven- and eight-membered rings. In a previous study 
[3] , we have shown that diallylsilanes undergo cyclopolymerization to form 
polymers which possess no detectable unsaturation in the infrared spectrum, 
indicating that cyclization is essentially complete when the favorable six- 
membered ring is formed. 

RESULTS AND DISCUSSION 

The monomers for use in this study were prepared by Grignard reagent 
substitution reactions on the appropriate halosilanes. During the course 
of the snythetic work a new halosilane, allyldiphenylchlorosilane (V) was 
also synthesized. The monomers synthesized were allyldimethyl(3-butene- 
1)-silane (I), allyldiphenyl-(3-butene-l)-silane (111), dimethyl-bis(3-butene-l)- 
silane (11), and diphenyl-bis(3-butene-l)-silane (IV). The physical properties 
and analyses for these compounds are reported in Table 1. 

and an initiator system consisting of aluminum triethyl and titanium 
tetrachloride. The results of the polymerization studies and analytical re- 
sults on the polymers are reported in Table 2. As indicated previously, the 
dimethyl monomers gave only viscous oils or semisolid products which 
could not be fully characterized. 

insoluble polymer was obtained, indicating that as the required ring size 
becomes less favorable cross-linking occurs. No cross-linking was observed 
in the diallyl monomers [3], which lead to six-membered rings. In addition, 
the polymers obtained in the present study also contained considerable 
unsaturation as determined from the NMR spectrum. 

The more satisfactory results obtained on the diphenyl monomers in 
comparison to the dimethyl monomers can be accounted for, at least in 

Polymerization experiments were conducted using heptane as solvent, 

The diphenyl polymers were obtained only in low conversion, and some 
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LINEAR POLYMERS FROM DIENE MONOMERS. X 1489 

part, by the following: (1) the higher molecular weight per mer unit; 
(2) the increased steric acceleration due to  the phenyl groups, which re- 
duces the freedom of rotation of the alkenyl groups and forces them closer 
together; and (3) increased stabilization of the transition state in the anionic 
polymerization by the electron-withdrawing effect of the phenyl groups. 

Table 2 shows that the seven-membered ring formed to a greater extent 
than the eight-membered ring, as indicated by the decrease in the spz/sp3 
hydrogen ratio from 1 : 1 in the monomer to 1 : 14.2 in the polymer. This 
ratio decreased only from the value of 1 : 1.3 in the monomer required to 
form the eight-membered ring to 1 :6.6 in the corresponding polymer. 
Also, the ratio of cross-linked to soluble polymer was greater in the latter 
case, a result which is consistent with a lower tendency to cyclize during 
the propagation step. A much lower conversion in the case of the allyl- 
3-butene-l)-monomer can possibly be accounted for on the basis of the 
increased entropy factor in formation of the cyclic structure. 

On the basis of the results obtained in this study, the conclusion may 
be drawn that the cyclic structures indicated below can be used to  repre- 
sent the major portion of the soluble polymers obtained, and that the 
major course of the propagation is by way of the cyclopolymerization 
mechanism : 

CH2 =CH 
\ 

CH2%H CH2 
I __f I 
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1490 G. B. BUTLER AND B. IACHIA 

However, it may also be concluded that the tendency toward formation of 
seven- and eight-membered rings is less than that toward formation of six- 
membered rings, an observation which is consistent with previous findings. 

EXPEMMENTAL 

The silanes were synthesized using the same procedure outlined for 
triallylmethylsilane [4] . The halosilanes used in the Grignard substitution 
reactions are listed in Table 1. Allylmagnesium bromide or 3-butene-l- 
magnesium bromide were used as Grignard reagents. One halosilane 
(allyldiphenylchlorosilane) had not been previously reported. It was 
synthesized as follows: 

Allyldiphenylchlorosilane 

Into a 1-liter, three-necked flask, previously flamed out and flushed with 
nitrogen (a nitrogen static pressure was maintained throughout the prepara- 
tion), and fitted with stirrer, reflux condenser, and addition funnel, were 
placed 44.0 g (0.25 mole) of allyltrichlorosilane and 70 ml of dry ether. 
The flask was cooled with an ice bath, and then 350 ml of 1.43 M ether 
solution (0.5 mole) of phenyl lithium [5] were added dropwise, with 
stirring, over a 2 h r  period. Stirring at room temperature was continued 
for 30 min after the addition was completed; then the lithium bromide 
precipitated was filtered out and washed with ether. After removal of the 
solvent, one fractionation gave 28.0 g (43.3%) of allyldiphenylchlorosilane. 
Refractionation gave 19.5 g of pure product, with the physical constants 
listed in Table 1 .  

Polymerization 

The same procedure was followed for all monomers. The optimum 
conditions had been previously determined through an extensive study of 
the polymerization of diallyldiphenylsilane. The following is a typical 
procedure: 

Poly(diphenyl-bis~3-butene-l)-silane). A 125-ml Erlenmeyer flask was 
flamed out and flushed with nitrogen, then sealed with a rubber injection 
gasket. The flask was introduced into a dry box (where the complete 
polymerization was carried out); then the following reagents were injected 
in the order given: dry heptane, 10  ml; aluminum triethyl, 2.7 ml of 
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LINEAR POI, YMERS FROM DIENE MONOMERS. X 1491 

1 M heptane solution; titanium tetrachloride, 1.4 ml of 0.5 M heptane solu- 
tion; after shaking for 1 min, 10 g (0.034 mole) of diphenyl-bis-(3-butene-l)- 
silane. (Catalyst ratios: 10% molar on monomer, 4/1 AlEt,/TiCl,.) After 
occasional shaking for 2 days, the reaction mixture was poured, with stirring, 
into 100 ml of methanol, then left to stand in the cold. Filtration gave 
0.96 g (9.6% conversion) of polymer. Addition of benzene dissolved 
0.53 g; after three reprecipitations from methanol, 0.29 g of a white solid 
was obtained, whose physical properties are reported in Table 2. 
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