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During the past decade, experimental and theoretical studies
have shown that both primary (regioregutaf)and secondary
(regioirregularj~1° propene insertions are enantioselective with
well-suited C,-symmetric (isospecific) an@€s-symmetric (syn-
diospecific) group 4 metallocenes. However, as sketched in
Scheme 1popposite enantiofaceare favored for primary and
secondary propene insertion dB,-symmetric metallocenes,
whereaghe same enantiofads favored for primary and second-
ary insertion onCe-symmetric metallocenes. In this framework,
if the same steric interactions which rule the enantioseléyti
of primary and secondary propene insertions hold for 2-butene
the insertion of Z)-butene should be favored wit,-symmetric
metallocenes, whereas insertion Bj-putene should be favored
with Cs-symmetric metallocenes.

To investigate this idea, which would confirm and summarize
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selected ethene/2-butene copolymerization Pargs been uti-
lized.

The QM/MM transition states foiZ)- and E)-butene insertion
into the Zr-C(n-propyl) o-bond of the C-symmetric bisind
metallocene are reported in Figure 1A and B, respectively.
According to the mechanism of the chiral orientation of the
growing chair?®3 the n-propyl group used to simulate a
polyethylenic growing chain assumes a conformation which
minimizes repulsive interactions with th&-symmetric ligand,
and the head-methyl group (see Scheme 1) is put on the opposite

a large class of widely accepted mechanisms, we studied theside relative to the growing chain to minimize steric interactions

insertion reactions of4)- and E)-butene with catalytic systems
based on th€,-symmetric MgSi(1-indenyl} ligand (bisind) and

on theCs-symmetric MgSi(cyclopentadienyl-9-fluorenyl) ligand
(CpFlu)** A double approach, based on combined quantum
mechanics/molecular mechanics (QM/MM) technidéesd on
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Figure 1. QM/MM transitions states of 2-butene insertion reaction into
the Zr—C o-bond with theC,- and Cs-symmetric metallocenes.
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Figure 2. Energy diagrams corresponding #){and €)-butene insertion

. . . reaction (continuous and dashed lines, respectiviey) into th€z+bond
The QM/MM transition states foiZ)- and E)-butene insertion with the C,- and Ce-symmetric metallocenes.

into the Zr-C o-bond of the Cssymmetric metallocene are
reported in Figure 1C and D, respectively. Also in this case, the Table 1. Molar Compositions of Ethene/2-Butene Copolymers
n-propyl group assumes a conformation to minimize repulsive c - -

. . - . . >-symmetric bisind Cs-symmetric CpFlu
interactions with the CpFlu ligand, and the head-methyl group is >-butene feed metallocene metallocene

put on the opposite side relative to the growing chain. Now, the
(2)-butene tail-methyl group feels severe steric repulsion with

composition  ethene (%) butene (%) ethene (%) butene(%)

the CpFlu ligand, whereas th&)tbutene tail-methyl group is (é)-tt))uttene gg 2;’ gg 11-:
located in an uncrowded region. As a consequeriEgb(tene Em)x (20%26(2)- 93 2 98 5
insertion is favored relative taZf-butene insertion. 60% ) '

The energy diagrams correspondin -(and E)-butene
9y 9 P g B-( € aMolar percent of inserted 2-butene units, mainly observetn

insertion reaction into the 2rC o-bond with theC,- and Cs- NMR spectra as isolated ethyl grou3$ Molar percent of inserted
symmetric metallocenes are reportgq in Figure 2. In the d'agrams’z-butene units, mainly observed#tC NMI'R spectra as isolated methyl
reactants correspond to QM/MM minimum energy structures with groups¥’

a benzene molecule (to simulate the solvengoordinated to

the metal atom, and with the growing chain fully extended in an metallocene, while the presence of the poorer coordinatixg (
open sector. The first step along the reaction path corresponds tdbutene is only able to reduce the amountZfjutene insertions
the solvent substitution reaction by the 2-butene molecule, which with the C,-symmetric metallocene.

s-coordinates to the metal atothThe transition states correspond In conclusions, the prediction thaE)—(2) selectivity in the

to structures A-D reported in Figure 1. In agreement with the ethene/internal olefins copolymerization with group 4 metal-
previous geometrical analysisZ)tbutene insertion on th€,- locenes can be achieved by using ligands of suitable symmetry
symmetric metallocene is favored relative to insertion By ( has been proved. In particular, it has been shown @atand
butene by 1.6 kcamol™%, while (E)-butene insertion on th€s Cssymmetric metallocenes are able to copolymerize ethene with

symmetric metallocene is favored relative to insertion 2F ( (2)- and E)-butene, respectivelf.

e o . i
butene by 1'8 kgainql - Finally, it is worth noting thatZ)_ Acknowledgment. The authors gratefully acknowledge funding by
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metallocenes. However, this energy preference is lower for the

Cs-symmetric metallocene, due to repulsive interactions between JA9916308

the coordinated)-butene and the CpFlu ligand. o (32) This kind of selectivity foro,3-disubstituted olefins is expected for
The results of selected ethene/2-butene copolymerization runsinsertions into metatalkyl bonds if the alkyl group is larger than methyl. Of

are reported in Table 1. In agreement with our theoretical analysis, course, this is related to the low enantioselectivity for primarglefins
P 9 Y 'insertion into the MtH and Mt—CHs; bonds33-36

C- andCs-symmetric metallocenes scarcely insé}-(and ¢)- (33) Pino, P.; Cioni, P.; Wei, 1. Am. Chem. Sod.987, 109, 6189.
butene, respectively, where@s andCs-symmetric metallocenes (34) Pino, P.; Galimberti, M.; Prada, P.; Consiglio, [@akromol. Chem.
insert relevant fractions ofZ)- and €)-butene, respectively. 1999 191 1677.

Moreover, in agreement with our QM/MM analysis, when 3 ééég) Cavallo, L.; Guerra, G.; Corradini, P.; Vacatello, ®hirality 1991,

copolymerization experiments are run with a 402560% E)- (36) Gilchrist, J. H.; Bercaw, J. . Am. Chem. Sod.996 118 12021.
2-butene mixture, the presence of the better coordinafiyg ( (37)2'“9_0?‘?'”(19‘1 C&P?'ymgrstH”fOVPOFa‘E)'( a”dt.(z)'lb“tle”f s,
PRI . - : generating isolated methyl and ethyl groups, respectively. Isolated methy!
butene inhibits the reaction oE}-butene with theC;-symmetric groups are reasonably produced by an isomerization reaction analogous to
the well-known 3,1 isomerization reaction observed after secondary monomer
(31) The coordination energy of benzene to the,®8-indenyl}Zr(n- insertions for propene polymerization by several metallocene-based catalytic

propyl) and MgSi(cyclopentadienyl-9-fluorenyl)Znépropyl) cationic species systems. Isolated ethyl groups may be obtained through a different isomer-
amounts to—7.8 and—7.7 kcatmol™, respectively. ization reaction of the 2-butene ending polymer chain.



