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We are reporting that the stereospecificity of cis-2-pentene's metathesis is much
greater when the initiator is (C6H5)ZC=W(CO)51 than when it is any other previously exam-
ined,2 that this high stereospecificity is similar to that shown by cyclic olefins,3 and
accordingly that no special mechanism is needed to account for why the stereospecificity of

2g,4

cyclic olefin metathesis is high. We indicate how the stereospecificity in the pre-

viously used initiating mixtures is diminished by Lewis acids.
Trans-2-pentene with the same initiator gives ratios of trans and cis olefins similar
to those at thermodynamic equilibrium:2b 2.7 for 2-butene (2.6 at equilibrium), 5.0 for 3-

hexene (6.2 at equilibrium).

Previous investigations have shown the metatheses of acyclic olefins effected by homo-
geneous tungsten-containing catalysts, as for example WCl6 + CZHSOH + C2H5A1C12,2b to be
only slightly stereoselective. Cis—-2-pentene gave 2-butenes and 3-hexenes in which the cis
2a,b,f,g Similarly, trans-2-

pentene, although studied less, gave 1.2 to 2.0 times as much trans olefin product as
2a,b,5
cig. "7

isomers predominated over the trans by factors of 1.0 to 2.0.

The slightly greater stereospecificity of heterogeneous catalysts has been
attributed to surface phenomena2g and the sometimes high stereospecificity of cycloolefin
metatheses to intramolecular coordination of the metal by double bonds in the polymer

2g,4

chain, but the results reported here show these postulates to be unnecessary.

Table. Stereochemistry of the Reaction

(C6H5)ZC=W(CO)5
= ——————— = ==
CH3CH CHCZH5 CH3CH CHCH3 + CZHSCH CHCZH5
% cis Olefin at Zero Conversion
Starting Olefin 2-butene 2-pentene 3-hexene
cis-2-pentene 94.3+1.0 96.0:0,42 92.5¢1.2
trans-2-pentene 27.2:2.7 0.2:0.42 16.6:1.2

2 ngig-2-pentene” was initially 96.4+0.2%Z cis. I—)-"Tmﬂs—Z-pent:eue" contained no detectable
(<0.12) cis.
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The olefins (diluted with ca. 50% as much n-octane) and (C6H5)2C=W(CO)5 in molar ratios
of 85-100 were combined, degassed, and sealed in a vacuum. After 14 to 40 hr at 21-25° the
products were analyzed by GLPC,6 and the stereochemistries at zero time (summarized in the
Table) were determined by extrapolating a plot of the fraction of each olefin that is cis
against the extent of reaction.7 Even when the metathesis of the cis isomer was 87% com-

plete, the butene, pentene, and hexene were all 86-90% cis.

These stereochemistries as well as those of the polymers formed from cycloalkenes3 can
be accounted for if in the intermediate four-membered rings8 steric interactions are mini-
mized between juxtaposed axial groups and ring atoms. Thus the energies of all cyclobutane
conformations but the first in Scheme I must be raised by the opposition (indicated by a
star) of an axial group and a ring carbon atom, and in the last conformation the interac-

tion (indicated by two stars) must raise the energy even more. The analogous interaction

Scheme I. Metathesis of cis Olefins
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in the first conformation should raise the energy least because the axial group is juxta-
posed to the tungsten (symbolized by the M) and bonds between carbon and tungsten (ca.

2.39 3)9 are longer than those between carbons (1.54 R). An indication of the effect of
this distinction is provided by the structure of a four-membered ring containing plati-
num(II),10 in which the distance across the ring from carbon to metal is 0.3 )1 greater

than from carbon to carbon, and the difference should be accentuated in a tungsten metallo-
cycle by tungsten's greater (ca. 0.25 K) covalent radius.9 Accordingly, reaction by way of

this first conformation is fastest and the cis product predominates.

The stereospecificity of trans-2-pentene's metathesis, although appreciable, is not as
great as that of cis-2-pentene's. The ratios of the stereeisomers are close to those at
equilibrium, but are probably not determined by the products equilibrating, for in the
short time the metathesis was run to determine the stereochemistry of the initial product,

the precursor, trans-2-pentene, underwent only negligible isomerization.
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If the stereochemistries are determined by kinetics, they should reflect conformation-
al factors similar to those in Scheme I. The analogous scheme for trans olefin precursors,
in Scheme II, shows all conformations of the four-membered ring except the third to have an
axial group interacting with a ring carbon atom. Accordingly, this conformation should have

the least energy, and the trans precursor should give, as it does, largely trans products.

Scheme IT. Metathesis of trans Olefins
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Schemes I and II might also explain why the stereospecificity is less for the trans iso-
mer's metathesis, for a steric interaction (indicated by a dagger) that occurs when one
alkyl group is rotated past another is met on the predominant path of only the trans pre-

11
cursor.

The reason the stereospecificities often are low when the initiator contains metal
halides may be that Lewis acids facilitate cleavage of the carbon-metal bond in the metal-
locyclobutane, forming a 3-metallopropyl cation in which the remaining bonds rotate. In
accord with this hypothesis, the stereospecificity of cyclopentene's metathesis when initi-
ated at -30° by mixtures of WF6 and (C2H5)3A12C13 diminishes with the Al/W ratio.l3 The
decrease with increasing temperature of the amounts of cis double bonds in the products of
two cyclopentene metathese514 might also be manifestations of this heterolytic cleavage

reaction.

In a comparison of catalysts containing tungsten with those containing molybdenum, the

latter seem to glve higher stereospecificities; molybdenum catalysts have given the highest

2c,d

stereogpecificities observed in metatheses of trans olefins and in polymerizations of

cyclopentene15 and norbornene.16 The reason for this and for why a molybdenum-containing

catalyst was found to be the least selective in terminal olefin metathesisl7

may be related:
the more 3-metallopropyl cations are favored, the greater the sensitivity to the effects of

substituents that determine the selectivity and the more easily the stereospecificity is
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lost.
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Accordingly, such cations may be favored less when the metal is molybdenum than when

it is tungsten.
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