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Structural rearrangements within a growing polymer chain that Scheme 1
are competitive with propagation are known to strongly influence cis-1,2 —cis-1,3-cyclopentyt isomerization
final polymer microstructure and, hence, the properties of poly- Sl H
olefins prepared through the ZiegleXatta polymerization of *[zq-@ —_— 2P
olefins with group 4 metallocene cataly4td.In particular, epimer- ol i,
ization of the chiral center of the last monomer added, prior to J"’t'
chain extension through further insertions, has now been identified 2z
as an important source of stereoerrors within predominantly isotactic ins. [Zr],_Q
polypropene prepared with,-symmetricansabridged zirconocene A
initiators! Additionally, the ZieglerNatta polymerization of HC R
cyclopentene with this same class of initiator has been shown to chain epimerization
exclusively produce isotactis-poly(1,3-cyclopentene), rather than H_ FH prem T G ot N
the expectedis-poly(1,2-cyclopentene) material, presumably as a TN, T e Sl
result of rapid isomerization of the initials-1,2-insertion product P CHo
to thecis-1,3 configuration before complexation and insertion of Hz'””s
another cyclopentene uritndeed, the apparent ease with which [Zr],_sHiCHa
this latter isomerization proceeds has so far been potentially P
responsible for the inability to observe the init@$-1,2 insertion uﬁ_H elim
product in this system, or of that involving the polymerization of . CHg
cyclopentene with a class of late transition-metal initiators, even +[Zr]<'>f 2dns [Z,r/\yp ot Zg—5
at the low temperature of-80 °C# The generally accepted “CHs b CHs A
mechanism by which this 1,2> 1,3 cyclopentyl isomerization
proceeds involves a series of single steps comprigitydride resulted in rapid €1 min) and quantitative formation of a single
elimination, rotation of the alkene fragment within the ligand sphere inserted product that was found to be indefinitely stable in solution
of the resulting metal hydride intermediate, followed by reinsertion at —30 °C as evidenced by NMR spectroscdfyElucidation of
according to Scheme 1. For epimerization during propene polym- the solution structure of at this temperature was achieved by
erization, the same elementary steps have also been proposecemploying a range of 1- and 2D NMR techniques conducted at
however, the total sequence is now considerably longer, and it high-field strength (500 and 125 MHz fdH and **C NMR,
requires both a 2,1-insertion to produce an intermediate with a respectively), and as Chart 1 shows, this analysis revealed a number
tertiary carbon bonded to the metal and a 1,2-insertion, which is of intriguing features. To begin, compour2drepresents theis-
the normal mode of propagation, to provide the final epimerized 1,2 product arising from migratory insertion of the methyl group
product (see Scheme 1357 Unfortunately, although the results ~ of 1 into cyclopentene, thus providing the first verification of this
of theoretical investigatiosand of single and double isotopically ~ Previously proposed structural entity. Significantly, a series of 1D
labeled propene studieappear to support many of the proposed NOE *H NMR spectra conclusively show that thués-2-methyl
elements of this mechanism, as with 152 1,3 cyclopentyl substituent of the cyclopentyl ring is on the side of, and in close
isomerization, no experimental model system yet exists for chain proximity to, thetert-butyl group of the acetamidinate ligand. This
epimerization that can be used to provide more definitive verifica- Stereochemical arrangement strongly indicates that cyclopentene
tion through direct observation of the isomerization process within must approach, and coordinate to, the less sterically encumbered
a group 4 cationic compleékHerein, we now provide the first ~ N-ethyl side of the acetamidinate fragment, directing, at the same
experimental model for the 1;2- 1,3 cyclopentyl isomerization  time, the soon-to-be-inserted methyl group towardNkgert-butyl)
process. Results obtained through structural and kinetic analysesgroup. As shown,2 also possesses a single strofigagostic
of this system have provided critical clues regarding the factors interaction in solution with the hydrogen-labeledg.Hthat is
that appear to drive this process forward. supported by both a high-fielfH chemical shift § —1.43 ppm)

The cationic monocyclopentadieny! zirconium acetamidinate, and a substantially reducéd{(*3*C—H) value of 87.7 HZ! the latter
[(75-CsMes)ZrMe{ N(Et)C(Me)N(BU)} | T [B(CeFs)4 ~ (1), has previ- being obtained from a 2DJ-resolved 13C—H HSQC NMR
ously been shown to be a highly active initiator for the isospecific Spectrum. This 2D NMR technique also providé@*C—'H) values
living polymerization ofa-olefins® Addition of ~1—2 equiv of of 146.2 and 141.3 Hz for the geminal hydrogen partner,and
cyclopentene td in chlorobenzenels at either—30° or —10 °C for the hydrogen on the zirconium-bonded carbon atory, H
respectively. Both of these values are significantly larger than values
* To whom correspondence should be addressed. E-mail: Is214@umail.umd.edu.observed for typical sphybridized carbon atoms (e.g., 12530
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Chart 1

T et
Ho £
HGC"., .“:H[Sa
Hpy Hp
2 3
1UCy-Hy) = 141.3Hz HCoHy) = 160.8 Hz
1J(Cp-Hpa) = 87.7 Hz 1U(Cg-Hga) = 97.5Hz
1J(Cp-Hp) = 146.2Hz 1U(Cg-Hp) = 141.3Hz
'J(Cp-Hp) = 131.6Hz 'J(Cp-Hga) = 107.2 Hz
1J(Cy-Hy) = 126.7 Hz

Hz), and each is the expected result of the strghggostic
interaction involving Ha,'?

The strength of thg-agostic interaction i was further revealed
in the nature of théH NMR spectra for this compound that appear
static, apart from rotation of the;>-CsMes group, over the
temperature range 6f35° to 25°C as indicated by a narrow line-
width, well-defined coupling pattern being observed fg. IDespite
this static structure, however, upon warming abov80 °C,
compound2 was also observed byH NMR to cleanly, and
guantitatively, convert to theis-1,3-producB through a first-order

p-agostic interaction with the requisite hydrogen atom. These
seeming inconsistencies can be reconciled, however, by considering
that the strong3-agostic interaction serves to both stabilize the
ground state o2 and order it in close approximation to the transition
state!3 Thus, under the latter circumstance, the signX&f might

be more strongly influenced by other factors, such as the relative
extent of ion-paring in the ground- and transition-state structures.
We have also considered that the transition state for rotation of the
cycloalkene fragment within the ligand sphere of the first alkene
hydride intermediate represents the maximum on the reaction energy
profile for the2 — 3 process. Such a situation would necessitate
that a rapid equilibrium exists betweénand the initial alkene
hydride complex, and this cannot be ruled out at the present time.
The possibility also exists that 1;2 1,3 cyclopentyl isomerization
might actually proceed through a concerted pathway where breaking
of the G—Hga bond and alkene rotation occur simultaneously within

a single transition-state structureStudies are now in progress that
might serve to clarify this isomerization mechanism further.
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to confirm the solution structure of this species. To begin, Bke

the cis-3-methyl cyclopentyl substituent is on the same side as the
tert-butyl group of the acetamidinate fragment as supported by a

series of 1D NOE NMR experiments.Compound3, however,
now sport¢wo -hydrogen agostic interactions rather than the single
one of2. Interestingly, the chemical shifts and measut##C—

1H) coupling constants indicate thaH{—1.51 ppm, 97.5 Hz),
which is on the more sterically open side of the zirconium center,
is engaged in a stronger agostic interaction thap(B.6 ppm, 107.2

Hz), whose closest approach to the metal might be hindered by the

steric bulk of thetert-butyl group (see Chart 1). As a possible result
of these dual agostic interactions, #3¢-3C—H) coupling constant
for Hy has now dramatically increased to 160.8 HBirelative to
the corresponding value of 141.3 Hz 2nHere it is important to

note that theoretical studies of the proposed chain epimerization

mechanism all agree that dyihgostic interactions help to stabilize

the 2,1-insertion product that has a zirconium-bonded tertiary carbon

cente?, and Prosenc and Brintzing@further find that this carbon
atom should have hybridization approaching that dee-butyl
cation. Thus, the present structural studie2aind 3 appear to
support these theories as it is likely that, in addition to steric
considerations, formation of the duglagostic interactions o8
also serves to drive the 152 1,3 cyclopentyl isomerization forward.
To probe the mechanism by which the observed +,21,3
cyclopentyl isomerization may be occurring, cyclopentenedi,2-

was prepared and subjected to insertion and isomerization. This

study conclusively revealed thatiof 2 becomes K, of 3.1%In
other words, an overall stereoselectssgr1,2-hydrogen shift has

occurred on the same side as that for the migrating zirconium center.

This stereochemical course is in agreement with gHeydride
elimination/reinsertion mechanism of Scheme 1. Curiously, how-
ever, the results of an Eyring analysis using VT NMR (five data
points from—10° to 20 °C), which provided the thermodynamic
parametersAH* = 21.8 (5) kcal mot!, AS" = 8.1 (5) eu, are not

in agreement since a negatix&* value is normally to be expected

if either a -hydride elimination or a 1,2-insertion step is rate-
determiningt® On first inspection, it is also somewhat surprising
that such a large energy barrier exists fg#-hydride elimination

process in which the ground-state already possesses a substantial
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