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. P e . . . 1
While metal-carbenes should initiate olefin metathesis reactions, the best known,

2,3

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

with olefinic hydrocarbons.l}’5 However molecule II, the first metal-carbene prepared

1,7,8

. P1s s 6 .
without stabilizing heteroatoms attached to the carbene center, does, and since

>

it induces metathesis of a variety of simple cycloallkenes, it seemed passible 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,
cyclohexeneAa and retramethylechylenE,Ab gre known to be unresponsive to glefin

9,10

metathesis, we examined whether molecule I would react with the wmore active

cyclobutene and norbornene,

C6H5 C H
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cH,0 Celly
1 I1

The fact is that (phenylmethoxycarbene)pentacarbonyltungsten in small amounts brings
about muérdineses oI 'natn o tae carresnaniine ndlwdlkenamens, .and the araxasthanistinias AFf She

transfcrmations are remarkable,

Thus in experiment 1, norbornene (122g, 1.3 mel) and heptane {80 g} were passed through
a column o "odstc Lommics, Zegassed, Al Hiscilled Fraw caleiaw kywride owee I 563 mp, 2,27

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

weights according to gel permeation chromatographic (gpc) analysis13 M o= 1.1 x 105 and
w

- 4 . .
Mn = 3.8 x 107, and that 13C—nmrM and infrared analys:.s15 showed to be polynorbornenamer
75% of whose double bonds are cis. Similarly cyclobutene (20 mmol), 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 ana1y51516 showed to have molecular weights M = 6.0 x 105
W

2

and En =1.7 x 105, in accord with the intrinsic viscosity,18 [n] = 4.95 d1/g in benzene at 30°
19

and that infrared analysis showed 2 be polybutadiene 907% of whose doable bomds are cis.

I the mechaaism by sihish fhe mefal-sarhenas T and OF offant matmditeses fs Ohae frddcaied
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in equation 1,20 the stereochemistries of the resulting polymers should be the same,

Indeed porn 3 snd 1)1 wiYn cyLICDUIEDE 2iVE DD)YPNYENAMErS WODSE SIEYEDCDEmISIFIes Yfa.

90% cis} gre shaaut The game. Bk ith sorbartene tie stereachemistries sre differenc, The
polynorbornenamer formed py meral-carbvene 13 pas 95% o¥ irs doudie bDDbs_féf,l aphd Ihar
formed i» experiment ) #bove Dy meral-rarvene 3, wab omy 3% oI 3rs bouvie bopds £ls. Tods
discrepancy is confirmed by repesred experiments. For exsmple, In experimepnt 2 »norbornene
(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 dissoclved and about 95%
of the double bonds of that half were cis. The molecular weights of the polymer that

4

dissolved were determined21 in experiment 2 as ﬁw = 1.4 x 105, ﬁn = 6.5 x 10,

([n] = 1.62 dl/g in benzene at 30°; similarly the first half of the polymer to
dissolve in experiment 1 had [n] = 2.31 dl/g.) The 13C-nmr spectrum was identical with

1,22

that of the polynorbornenamer formed by initiator II, The other half of the polymer

CsHs C.H C.H
x>=w - ) sw W C_j ) = =W etc 1
o :

X=CGH5 or CH30

. . = = 1
formed in experiment 2 when X is CH3O had molecular weights, Mw =2.2 x 105, Mn = 1.0 x 105,2

and after extraction with hot benzens (tenoding another ote thitzd of the material), had
. .. 14 . U
similar numbers of cis and trans double bomnds. That these dre not ail In separace

13C-nmr gpectrum 42.1 ppm from TMS,23

chains is indicated by a resonance in the
attributable to the ane-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 norborneme 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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