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Combinatorial and high-throughput screening techniques were Table 1. Propylene Polymerization with L",TiCl./MAO Catalysts?

originally developed by the pharmaceutical industry to rapidly  » N-aryl group yield(@  TOF  Me(Da)  MJMe

!dentlfy_ biologically a;tlve compounds, but they have become 1 Ph 016 42 2310 141
increasingly common in other areas of resedrthhomogeneous L2 4-F—Ph 0.52 138 5830 1.66
catalysis, automated parallel devices are now used to screen L3 4-CR—Ph 0.59 157 5720 1.70
potential catalysts and to optimize reaction conditi®@s more '-‘5‘ 3,5-R—Ph 1.56 404 4290 175
reactions are run simultaneously, the need for faster screening tﬁ 2'2155_555 h (1)'8; 5%6 120;%0 11(';;3
methods will increase. Although new techniques have been |7 546k ph 0.07 18 1330 105
developed for the rapid screening of small-molecule catalysts, efforts |8 2,3,5,6-k—Ph 0.55 143 15 560 1.07
to screen polymerization catalysts have focused on improving L° 2,3,4,5,6-5—Ph 0.81 221 28870 1.06

existing technologies, particularly gel permeation chromatography L¥  2356-h—4-CR-Ph 1.18 316 48100 113

3
(GPC): . . . a General conditions: 0.03 mmol catalyst in toluene (5 mL) added to a
Analyzing pooled catalyst (or substrate) mixtures increases propylene-saturated (30 psi) PMAO-IP solution (100 mL of toluene; [Al)/
efficiency, but screening methods must be carefully chosen to [Ti] = 150) at 0°C for 3.0 h.> Turnover frequency: mol propylene/(mol
process the additional data accurately. Screening polymer mixtures!i*h). ¢ Determined by GPC in 1,2,4-trichlorobenzene at 14D vs
. R . polyethylene standard$Reaction time= 6.0 h.
formed by different species is difficult, and few pooled combina-
torial experiments have been reporfddass spectrometry has been  Scheme 1. Synthesis of Heteroligated PHI Complexes
used to study a mixture of polymers formed by known catalysts

'Bu
and could potentially identify new compounttd We have used a Bu
pooled synthetic approach to identify a bis(phenoxyimine) titanium A A Q am
catalyst for the syndiospecific polymerization of propylene; the NoH \N""'TIW“C' NT\N
product mixture was analyzed by separating insoluble syndiotactic K©/B" TiCly(THF), Tar | el LiL" Jor” T o e
polypropylene (PP) from soluble atactic polyniein this com- Hal o el e,
munication, we use GPC of polymer mixtures to identify a class B By By
of highly active heteroligated phenoxyimine (PHI) catalysts. HLT Bu Bu

Since the initial discovery of PHI-based catalySteesearch has ~ we chose to investigate 10 ligandsL1%) that form highly
focused on improving performance and understanding catalyst syndiotactic (f¥] > 0.75) polypropylene. To analyze the 45 possible
behavior® Relevant to the work presented herein is the effect of heteroligated catalysts, pooled libraries were used. Combining five
electron-withdrawing groups: fluorine substitution at the ortho ligands per library results in five (known) homoligated compounds
positions of the ligandN-aryl ring results in living behavior, while  and 10 (unknown) heteroligated compounds. GPC analysis of the
substitution at the meta or para positions increases catalyst aétivity. polymer mixtures formed by these libraries should be a viable
Table 1 lists propylene polymerization data for a series of screening technique for the identification of highly active catalysts
homoligated PHI catalysts. In the absence of any reports describingwith limited chain transfer, as they will form polymer with higher
heteroligated PHI catalysts L"TiCl,), we predicted the polym- molecular weights. A test library was generated using equimolar
erization behavior of such complexes to fall between the known amounts of ligand4.4 and L% H NMR analysis indicated that
behavior of homoligated complex&s',TiCl, andL",TiCl,. With complexesL4L°TiCl,, L%TiCl,, andL%TiCl, were cleanly syn-
this in mind, a heteroligated complex was synthesized using thesized. A GPC of the polymer formed by the catalyst mixture
pentafluoro ligand_® and 3,5-difluoro ligand.* (Scheme 1¥.Upon contained three peaks, with the signal for the polymer from the
activation with methylaluminoxane (MAO}),“L°TiCl, produced heteroligated complex significantly more intense than those for the
PP with the expected polydispersity(/M, = 1.32, between 1.06 =~ homoligated complexes (see Supporting Information).
and 1.75), but the catalyst was much more active (FOE340 Encouraged by this result, we synthesized more diverse catalyst
h=1) and formed PP with much higher molecular weight,(= libraries. “Nonliving” ligandsL*—L> were combined into library
117 700) than eithek 4,TiCl, or L%TiCl,. To ensure that ligands  A; “living” ligands L®—L1°were used to make libray. Libraries
were not being exchanged under the polymerization conditions, C (L2 L3, L5, L8 andL19 andD (L%, L4 LS, L7, andL®) contained
equimolar amounts df4,TiCl, andL%TiCl, were mixed together, both “living” and “nonliving” ligands. These catalyst mixtures were
activated, and reacted with propylene. As expected, the catalystactivated with MAO in the presence of propylene; the GPC traces
mixture was much less active (TOF 280 h'?) than the hetero- of the resulting PP are shown in Figure 1. Librariksand B
ligated catalyst, and the GPC trace was bimodal. generate polymers with relatively low molecular weights, while

To determine if the increase in activity amd, observed for librariesC andD both form polymers with relatively high molecular
L4L9TiCl, was characteristic of all heteroligated PHI complexes, weights (over 100 000 D&)LibrariesA andB contain all possible
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Figure 1. GPC traces of polypropylene formed by librariés-D.
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Figure 2. Polymerization activity andMy/M, data for homo- and

heteroligated PHI catalysts.

heteroligated catalysts with either two “nonliving” or two “living”
ligands, and thus it appears that a combination of one “living” and
one “nonliving” ligand is required for a heteroligated catalyst to
form polymer with unusually high molecular weight.

The high molecular weight polypropylene in librari€sand D
could be formed by highly active catalysts (with much faster
propagation rates) or by living catalysts (with much slower
termination rates). To verify that only “living”/“nonliving” ligand
combinations result in highly active catalysts, several individual
heteroligated complexes were synthesized and reacted with pro-
pylene (Figure 2). Cataly4t’L 8TiCl,, with two “living” ligands,
generates polymer with narrow polydispersity and has an activity
less thanL8,TiCl, but greater thar.7,TiCl,. CatalystLL2TiCl,,
with two “nonliving” ligands, has a similar activity but forms
polymer with a broader molecular weight distribution. Catalyst
LSL®TiCl, has one “living” and one “nonliving” ligand and is less
active thanL>,TiCl, (possibly due to the extremely deactivating
nature of ligand.®), butL5L9TiCl, andL L °TiCl, are both much
more active than the corresponding homoligated catalysts.

In summary, GPC analysis of polymers formed by a set of pooled
catalyst libraries has been used to identify a class of syndiospecific
heteroligated PHI catalysts that are unusually active for propylene
polymerization. A combinatorial approach was used to drastically

reduce the number of reactions needed to identify these compounds.

GPC can be an effective tool for identifying high molecular weight
polymer formed by either fast catalysts or catalysts with limited

chain transfer, although there is a limit to the number of catalysts
that can be analyzed per GPC run. At this point, it is not clear why
the combination of a “living” ligand (with arortho-fluorinated
N-aryl group) with a “nonliving” ligand (withoubrtho-fluorination)

is needed for high activity. Ligand differences may result in faster
rates for both catalyst racemizattdhand monomer insertion. We
are now investigating the mechanistic questions these findings raise
and plan to develop heteroligated catalysts incorporating a wider
range of PHI ligands.
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