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The polymerisatioa of epoxides by metal halide catalysts 

(Received I8 October 1958) 

AT the Nottingham Conference on High Polymers (July. 1958) Professor G. Gee and his 
coIleagucs’ advanced a mechanism for the polymerisation of propyknc oxide in the prcscna of 
ferric chloride which included both (a) a cationic mechanism using carbonium ions terminally. 
and in a distinct second stage (b) a compkx-formatton and migration mechanism. 
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As the product rcmams of the form CIFctOR), the process can bc continued with formation of a 
high polymer. 

This latter idea amounts to mscrtion of the polymerising unit bctwccn the metal atom and the 
first oxygen atom of the cham. It is fully analogous to Professor C. E. H. Bawn’s bicw’ of the 
formation of polymcthyknc and substituted polymcthyknc chains from diazoalkancs and trivaknt 
boron catalysts. and also to the prcscnt writer’s conception of the formation of polycthyknc using 
Ziegler catalysts.’ It seems. houcvcr. unnecessary to postulate a dificrcnt type of mechanism as in 
(a); the compkx migration process of (b) may bc used from the beginning and throughout the 
squcncc of reactions. The assumption must bc made that the migratory aptitude of -OR is superior 
to that of Cl and also that the latter dccrcascs in the series CI,Fc. CI,Fc. ClFc. Thus is in cwnplcte 
agrccmcnt with Bawn’s conclusion that all the products from BF, and nCH,N, arc F,B(Clf,).F. 

The first product is then CI,Fc0C1~,CHklcCI and this is rapidly chang4 by further union 
with C,H,O and OR migration to Cl,Fc((KlI,CHMc),CI (where x is a small number). At this 
stage the slower Cl from C&Fe attacks the complcxing unit and we get 
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There can be little doubt but that when the metal carries IWO chains the rate of complex formation 
will be drastically reduced; transnion from Fe-O- to. O-k-0 could have a similar effect. Naturally 
the shorter chain could include more than one -OX, unit, in fact JUSI as many as arc neadcd to 
prod- the stcric hindrance contemplated. Probably only one group, as above, would suffice. It 
may bc anticipated, therefore. that the two chains produced m the first rapid phase of the polymcrisa- 
tion will not bc cvcn approximately equal tn length. 

1 Trchniral Prrn wpor,s. e.g. R. 0. Colclough. E. GM. H’. C. E. Iltgginson. S. B. Jackson and M. LIII; 
Plortrrr October (1950. 
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The writer’s interest in what may bc thought a point of minor importana is mainly that he sees 
no ncccssity for the assumption of fully developed carbonium ions as intermediates in reactions. The 
proasscs so illustrated in terms of current dogma. can always be considered as concerted and the 
cationic charge can be dissipated before It reaches its maximum possibk value. 

R. ROBMON 
170 Piccadilly 
London IV.1 

The reductive cuuplhg of trip4eoylchl43rosIl~a: evi4hce for the 
hiphnylsilyl Crignard reagent* 

( Rccriwd 21 October 1958) 

WE wish to report a new reaction in organosilicon chemistry. the couplmg of two molecules of a 
chlorosilane by a Grignard reagent to produce the Si-Si linkage. The nature of the reaction products 
indicates that probably an organosilylmagncsium compound is fonned as an intermediate. This 
intermediate would constitute the first known cxampk of a “silyl Grignard reagent”. 

When 0.05 mole of triphenylchlorosilam was rctluxcd for I8 hours or longer with 0.10 mole of 
cyclohcxylmagnesium bromide in 250 ml of tctrahydrofurap. hexaphcnyldisllanc, m.p. 365-366’. was 
produad in 67 per ant yield. One mole each of ryclohcxcne and cyclohcxanc are produced for each 
mole of Ph,SiSiPh, formed in this coupling rcactlon. Phcnyl and 2mcthylryclohexyl Cirignard 
reagents gave 51 per ant and 62 per cent yields respectively of Ph,SiSiPh, under the same conditions. 
The solvent has an important influena on the course of the rwction since no disilanc is obtained 
when tetrahydrofuran is replaced by the less basic solvent dkthyl ether. 

The nature of the reaction suggests that a silylmetallic mtcrmcdiatc may bc involved. Indeed. 
other investigators have shown that orgamnilylmctallic compounds R,SiM (M Ka. K. Li) will 
couple with chlorosdancs to produce the SI 3i linkage.‘.’ and Gdman has noted the stabilization of 
R&M compounds by tctrahydrofuran. * ’ ’ The most stgnificant evidence m favor of the organosilyl- 
magnesium intermediate in our reaction comes from cxpcrunents using trimethyl chlorosilanc. 
Mc,SiCI is not coupled by c,)vlohcxylmagncsium bromide in rcfluxing tctrahydrafuran. and after 
24 hours most of the %lc,SiCI so treated can be recovered unchanged. However when a mixture of 
Ph,SiCI and Me&Cl was treated with the same Grignard re;lgcnt system. fh,SiSt.Mr,. m.p. IO& IO8 , 
wuproducrd in 14per cent vie/d. It is difficult IO account for the formation of this unsymmetrical 
coupling product except by the reaction of the intermediate Ph,StMgX with Me,SiCI. Apparently 
aromatic groups on silicon arc necessary for the stabihration of the s~lyl Grignard rcagcnt. just as 
they appear necessary for the formation of organosilylalkah compounds.~ 

WC suggest the following tentative mcchamsm for the coupling rcactmn with c~rlohcxyl Grignard 
reagent. Ph,SiCI and c$ohcxylmagnesium bromldc may undergo a four-center reaction. with the 
formation of Ph,SiMgBr. c~clohcxcnc. and )lCI: 

The Ph,SiMgRr. which need not be present in large concentration at any time, would couple with an 
additional molecule of chlorosilanc. The IKI formul as a by-product would attack another molecule 
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