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While metal-carbenes should initiate olefin metathesis reactions, 
1 

the best known, 

(phenylmethoxycarbene)pentacarbonyltungsten (molecule I),2'3 has been found not to react 

with olefinic hydrocarbons. 495 However molecule II, the first metal-carbene prepared 

without stabilizing heteroatoms attached to the carbene center, 
6 

does ""g and since , 
it induces metathesis of a variety of simple cycloalkeaes, 

l,S it seemed passihle that 

less active carbenes such as I might initiate the reactions of more active olefins. For this 

reason, and because the only olefins whose reactions with I had been previously tested, 

cyclohexene4a and tetramethylethylene, 
4b 

are known to be unresponsive ta alefin 

metathesis,"l' we examined whether molecule I wauld react with the more active 

cyclobutene and narbornene. 
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'Ihe fact is that (phenylmethoxycarbene)pentacarbonyltungsten in small amounts brings 

about mr~~czt~rreses o'r 'o&n 20 Xtu= -r_~rre~noni-Lrrbp +i$v.,+l_ti~~~=, _WG+ &Lo "-L+L¶~VXk &* s!V 

transfcrmations are remarCcabLe, 

Thus in experiment 1, UQrbQrnene (122g, 1-3 FL&) and heptane <So gj WSFZ passed Chraugh 

a columrn oir'oasic &wmj_oa,~ &eg&vP& ati .iG.s~;~le.a 33&m- r%?lsi&m ,+~uk;i& mua I ,c,v,? LX, 1.37 

mmol). Heating to 50" for 6 days gave in about 53% yield a polymer that had molecular 

weights according to gel permeation chromatographic (gpc) analysis 13 g = 1.1 x IO5 and 

'n 
= 3.8 x 104, and that 13C-nmr14 and infrared analysis" 

W 
showed to be polynorbornenamer 

75% of whose double bonds are cis 
-. Similarly cyclobutene (20 tmnol), toluene (2 g), and I (47 

mg, 0.11 mmol) after 15 hr at 50" gave a rubber that dissolved in benzene and was precipitated 

by methanol (60% yield), that gpc analysis 16 showed to have molecular weights G = 6.0 x lo5 

and E 
n 

=1.7 x 105, in accord with the intrinsic viscosity, 

19 
la [nl = 4.95 dl/g inWbenz.ene at 30", 

and that infrared analysis showed *XI he pal+utzdicne 90% of -&osa double bonds are ris. 
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in equation 1, 
20 

the stereochemistries of the resulting polymers should be the same. 

Indee& borh 3 onn Xi1 wirh cycIobll~ene give ,~~~pbure~an~ers &D_W sr_erPDc~~mjarzje,c Ira 
_' 

90% Cih:. are eboauz Ssa S.&L&e, h@C WC&. ?zXP&aso<o.e t‘lre Sccrcti&em.Ls,srrie§ arc dlrrferenr, T&C - 

polyncorbornenamer formen by metal-carbene II has 95% ~5 irs ADUFL~ b~nds&,l anb tiar 

formed in experimenk 5 above b,v mera'l-carbene 1, hah anIy 353 nf its bo&Ie bonBs&, Tbis 

discrepancy is confirmed by repeated experiments, Par example, jn experiment 2 norborneae 

(10 g, 106 mmol), toluene (20 g), and I (258 mg, 0.158 mmol) after 4 days at 50" gave in 78% 

yield polynorbornenamer only about 68% of whose double bonds were cis. 
- 

In part the difference between the polynorbornenamers formed by I and by II is an illusion, 

exposed by stirring that formed by I at room temperature with toluene (experiment 1) or with 

benzene (experiment 2). In either experiment about half the polymer 

of the double bonds of that half were cis. The molecular weights of - 

dissolved were determined 
21 

in experiment 2 as Hw = 1.4 x 10 , 5 Mn= 

([TI] = 1.62 dl/g in benzene at 30"; similarly the first half of the 

dissolve in experiment 1 had [rll = 2.31 dl/g.) The 13 C-nmr spectrum 

that of the polynorbornenamer formed by initiator II. 
1,22 

The other 

dissolved and about 95% 

the polymer that 

6.5 x 104. 

polymer to 

was identical with 

half of the polymer 

- 
0 

x=C6H5 or CH@ 

formed in experiment 2 when X is CH30 had molecular weights, H = 2.2 x 105, Gn = 1.0 x 10 
5 21 

, 
w 

similar numbers of cis and trans double bonds. 
L4 

Iliac these are not ail in separate -- 

chains is indicated by a resonance in the 
13 

C-nmr spectrum 42.1 ppm from TMS, 
23 

attributable to the one-carbon bridging-methylene between cis and trans double bonds. The - 

polymer formed by II is similar in that it also exhibits this peak (although less intensely). 

The time and temperature required by I and II to polymerize norbornene are different, 

and whether these differences or others account for the differences in the polymers has yet to 

be determined. 

The significance of the discovery reported here is that although ways have yet to be 

found to replace the stabilizing substituents in the metal-carbenes like I in order to 

transform them into initiators for olefin metathesis, these numerous carbenes themselves might 

be effective and (phenylmethoxycarbene)pentacarbonyltungsten itself is. 
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