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CNR, Area della Ricerca _di ROMa  rqre 1. Methyl region of the 150 MH3C NMR spectrum of sample
CP 10, 00016 Monterotondo Stazione, Italy Bg(JchemicaI shi)lits a%e in ppm downfield of TMS).pFor main resor?ance
Receied September 5, 1995  attributions}™® see Table 1; regions including resonances from chain

end groups and/or regioirregular monomer sequériéese marked

In a recent communication from this laboratdny,has been with asterisks.

shown that the stereoregularity of isotactic polypropene obtained

in the presence dE,-symmetric group 4 metallocene catalysts
decreases with decreasing monomer feeding pressure. W

Table 1. Attributions of the Methyl Resonances in tH€ NMR
eSpectrum of Sample B (Figure 1)

explained this effect in terms of a competition between propene peak chemical  stereochemical _integral (%)
polyinsertion, with a roughly first-order rate dependence with no. 6 (ppmp structure structure exptl calcd
respect to the monomer, and a (comparatively slow) intramo- 1 21 g —CH(CHg)— mmmmmm__ 4.5
lecular reaction of epimerization of the growing polypropene 2 2187 —CH(CHy)— mmmmmr 27§ o5
chain at a last-inserted monomeric unit. Understandably, the 3 21.81 —CD(CHy)— mmmmmm 43 :
balance shifts toward chain epimerization when monomer 4 21.76 —CD(CHy)— mmmmmr 9
concentration is lowered (but also, we found, when the 5 21.48 —CD(CHg)— mmmr 13 13.1
temperature is increased, which gives reason for the decay of & 21.00  —CD(CHy)— mmrr 13 13.1
stereospecificity of most of these catalysts above &D°C, ; 18:3 :gggg@: mgm g:; 66
indicatively?). , , _ 9 19411 —CH(CHD)—  mrm 2.7

An elegant support to our interpretation has been provided
recently by Leclerc and Brintzingérwho observed that most 2 Downfield of TMS." Triplet; J(**C, ?H) = 18.9 Hz.©Of total

stereoirregular monomeric units in isotactic polymersEg ( ~ Methyl integral, in a spectrum at zero NOEAccording to the
and @)-propene-1d prepared at low monomer concentration enantiomorphic-sites statistics, withi[ = 0.82.

in the presence of a number &,-symmetric metallocene
catalysts (such asc-ethylenebis(4,5,6,7-tetrahydro-1-indenyl)-
ZrCly) in combination with methylalumoxane (MAO) are
deuteratedat the methyl groupthis clearly proves that such
stereoerrors arise from isomerizations of the growing chain end
rather than from propene insertions with the “wrong” enantio-
face.

Understanding the mechanism of this epimerization can
contribute to the rational design of improved catalysts.

To this end, we studied the polymerization of propeng-2-
promoted by the prototypical isotactic-specific catalyst system
rac-ethylenebis(4,5,6,7-tetrahydro-1-indenyl)Z#8MAO. In
this communication, we report the results of our investigation,
documenting a large isotope effect on the balance between
polyinsertion and epimerization and, therefore, on the ste-
reospecificity. The mechanistic implications of such results are
also discussed.

Propene-21 was polymerized under conditions (5C;
monomer partial pressure, 0.6 bar) knéwro result, for
undeuterated propene (from here on, propégein a highly
epimerized, substantiallgtactic polymer ¢3C NMR fraction
of mdiads, ] = 0.60+ 0.05 only, to be compared withn|
~ 0.95 for polymerizations in liquid propene at the same
temperature). Quite surprisingly, a faiiyotacticpoly(propene-
2-d) (sample A) was instead obtained{[~ 0.85;13C NMR

distribution of the steric pentadsmmmnh ~ 0.65, mmmit ~
[mmr] =~ 0.12).

In view of the steep dependence of the catalyst stereospeci-
ficity on propene concentration when operating at low monomer
feeding pressurk? we decided to confirm this result by
polymerizing propene-2in the presence of a minor amount
of propened, used as an internal standard.

The methyl region of the 150 MHZC NMR spectrum of a
copolymer of propene-8-(90 mol %) and propends (10 mol
%) (sample B) is shown in Figure 1 (for resonance assignfénts
and integratior,see Table 1).

The copolymer is predominantly isotactier{[~ 0.82), with
a distribution of configurations conforming to that foreseen in
terms of the enantiomorphic-sites statisti¢as also shown in
Table 1). Of thexx10 mol % stereoirregular monomeric units,
moreover~4 mol % are propend, ones; this means that the
epimerization took place extensively at the few propénenits
(coherently with the results of refs 1 and 3) and only marginally
at the propene-#-ones.

Interestingly ~3/, of the stereoirregular (gHsD) monomeric
units in samples A and B bear the D atom on the methyl carbon
(Figure 1 and Table 1). The amount of “genuine” stereo-
irregular propene-2+insertions can thus be estimated as21
mol %, in good agreement with ref 4.

From the above results, it can be concluded that the

Tlstituto di Chimica Nucleare. epimerization of a growing polypropene chain involves a rate-
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true intermediates. We also note tifab elimination from4

determining migration of the methine hydrogen in a last-inserted . e )
g mg yerog was regarded as unlikely, compared witii elimination, owing

oI ikelv i o . ! . : . :
vn\;ict)r? ?rzr;eélrc autglr%(g)n grsltj Ithi1¥ Iggg (t:si%%lnaa%(f}ggfgﬁrﬁé@ to the discussed isotope effect; this agrees with the slight excess
the process is significantly slower when it requires the cleavage ©f [~CHCH(CH.D)—] units over -CHDCH(CH)—] ones

of a C-D bond instead of a €H onel01t observed in samples A and B. :
Consistently with this interpretation, in th&C NMR spectra A detailed analysis of the effects of changes in temperature,

of samples A and B, only vinylidene ane¢t CH,CHDCHs) end solvent, type of cocatalyst, and catalyst and cocatalyst concen-

groups were observed (number-average degree of polymeriza—tration on .the. extent of chain epimerization for propene
tion, X, ~ (1.7 + 0.2) x 12 and 1.1x 1(%, respectively), the  Polymerization in the presence of representa@yesymmetric

concentration of+ CH,CD,CHs) end groups being too low for metallocene catalysts will be presented in a subsequent article.

detectability; this is a further indication of a lower rate/bD Propene-ad was prepared from CiC(CHs)Li and D,O
i imi i 11,12
relative to-H elimination. (Aldrich; 99.9+% isotopic purity) in diethyl ether according to

The 13C and?H NMR spectra of samples A and B revealed o : - :
g o . e . ref 14 and purified by bubbling through a solution of iARuU)3
also [ZCHDCH(CH)—] monomeric units in isotactic arrange- in toluene (25% by weight) followed by vacuum distillation.

S monomerie Lnits aubjocied to Somenzation, 1 B atom e POyMeizations were performed at 50 in a 50 L
originally bound to the metlhine C was almost equélly distributed Pyrex pressure bottle, under_the following condmons: toluene
between the methyl and the methylene group: in the former solvent, 10 mLyac-ethylenebis(4,5,6,7-tetrahydro-1-indenyl)-

' ZrClp,*%5 ummol; MAO, 0.96 g of solid product recovered from

case, the. original configuration of the lertiary C atom was a toluene solution (Schering, 30% w/v) after vaccum distillation;
inverted; in the latter case, conversely, it was retained. monomer partial pressure constant at 060.05 bar

In ref 1, we proposed a tentative mechanism for the "3ty n G\MR spectra were recorded with a Bruker AMX
epimerization of a growing polypropene chain. This mecha- 600 spectrometer operating at 150.9 MHz on dilute polymer

ni_sm, applied to propene-@in Sg:heme_ 1 i_s fl.J”y co_nsigtent solutions 5 mg/mL) in tetrachloroethane-1@-at 70°C. A
with the experimental data achieved in this investigation (as 5 s relaxation delay with 2.2 s acquisition time and adlse

well as with those in ref 4 on the polymerization of propene- angle were applied so as to be far from saturation. For

1-d; this latter demanstration is left to the reader). guantitative measurements of sequence distributions, the spectra

_ We wish to stress that, in SphemeZJ,JB ¢ andg should be were run with an inverse-gated decoupling sequence, considering
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