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Abstract

The mechanism of syndiospecific polymerization with (h5-C5H4-CMe2-h5-C13H8) MCl2; M�/Zr, Hf/MAO catalyst systems is

discussed by taking into account the structural characteristics of the metallocene molecules and the chiral particularities of their

cationic species within the framework of a chain migratory insertion mechanism. A generally accepted transition state structure that

respects the relative importance of different steric interactions of the active participants in the polymerization process, ligand,

growing polymer chain and the coordinating monomer is proposed. The model is reexamined on the basis of an isotactic specific

(h5-C5H3C4H9-CMe2-h5-C13H8)ZrCl2/MAO and a recently discovered syndiotactic specific catalyst system, h1,h5-tert -butyl(3,6-

bis-tert -butylfluorenyl-dimethylsilyl)amidoMCl2/MAO; M�/Zr, Ti and its validity is confirmed.

# 2003 Published by Elsevier B.V.
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1. Introduction

Syndiotactic polypropylene was first isolated by

Natta and co-workers as a minor by-product of isotactic

polypropylene produced with a TiCl3 based catalyst [1].

The nature of the active site and the mechanism of

formation of this polymer, which was discovered nearly

forty years ago, are still under debate. It is believed that

it is formed on the sites with low chlorine coordination

via a chain end controlled mechanism. Later Zambelli

and coworkers produced syndiotactic polypropylene

directly using a vanadium-based catalyst [2]. In this

case, more is known about the nature of the active site

and the mechanism of the polymerization is elucidated

satisfactorily.

It is now certain that the polymer chains are formed at

low temperature on homogeneous active sites according

to a mechanism that is controlled also by the chirality of

the last inserted monomer unit at the end of the polymer

chain. No X-ray structure of the catalyst precursor is,

however, available due to its very temperature sensitive

nature. After the discovery of the first bridged cy-

clopentadienyl�/fluorenyl metallocene based syndiospe-

cific catalyst and the resulting syndiotactic

polypropylene [3] one had for the first time the

opportunity to make even more accurate statements

about the nature of the active site and the mechanism of

the polymerization of this fascinating yet very complex

systems. By studying the available X-ray structure data

of the metallocenes and their stabilized alkylmetalloce-

nium cation (considered as the catalyst precursors) [3b]

it has become possible to make reasonable deductions

on the nature of the active site and its behavior during

the polymerization. On the other hand facile availability

of large syndiotactic polymer samples prepared at very
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different and precise polymerization conditions and

statistical analysis of their high-resolution 13C-NMR

spectra provided the means for accurate statements on

the mechanism of the polymerization. The concept of
active site model and the mechanism of the polymeriza-

tion that had been proposed by us initially have been

refined gradually and continuously as new syndiotactic

specific metallocenes were discovered and more elabo-

rate calculation methods were applied. In this contribu-

tion we report the latest progress on catalysts

development and mechanistic aspects of syndiospecific

polymerization commencing with a review of the
original model proposed for the iso-

propylidene(cyclopentadienyl�/fluorenyl)MCl2/MAO;

M�/Hf, Zr catalyst systems.

2. Results and discussion

Fig. 1 represents the molecular structure of the

molecule isopropylidene(cyclopentadienyl�/fluore-

nyl)MCl2; M�/Zr, Hf [3a] that were used to prepare

the first ever highly crystalline syndiotactic polypropy-

lene samples. We have been exhaustively discussing the

structure, catalytic properties and the origin of the
formation of syndiotactic specific chains with

. . .rrrrrrrrmrrrrrrrrrrrrrrmmrrrrrrr. . . microstructure

since their discoveries in numerous papers and oral

presentations [3,8�/10,12,14,16]. However, for the sake

of continuity of the line of evidence, the highlights of

these discussions will be reiterated in this paper com-

bined with the proposals made by other authors: (1) the

stereorigid metallocene procatalyst (Fig. 1) is prochiral

and possesses a bilateral symmetry. (2) The chiral,

cationic alkyl metallocenium species [3b] which are

formed after the activation are composed of equal

numbers of R and S monomer p-face selective enantio-

mers.
The activation of the metallocene dichloride or

dimethyl proceeds, with MAO or tetrakispentafluoro-

phenylboratetriphenylcarbenium as ionizing agent, via a

two-step dialkylation and subsequent alkyl abstraction

creating a metallocenium alkyl cation with the necessary

empty coordination position and fragment orbital for

the interaction with the incoming propylene (Figs. 2 and

3). (3) The re- and si-face selectivity is induced by the

unique steric arrangement of the chelating ligand

engulfing the resident transition metal center via a

delicately balanced, cooperative, and non-bonded steric

interaction contributed by different parts of the ‘living’

catalytic species-ligand, polymer chain, and coordinat-

ing monomer (Fig. 3). The non-bonded steric interac-

tions govern the whole scenery of syndiospecific

polymerization processes. (4) Since according to these

assumptions each enantiomer, independently, would

produce isotactic chains (yet exclusively syndiotactic

polymer is formed), it had to be concluded that the

active enantiomeric species epimerize and interconvert

after each monomer insertion (Scheme 1). (5) The

systematic transformation of the two antipodes into

one another implies that the relative positions of at least

two of the four ligands surrounding the transition metal

are exchanged continuously. (6) Since the h5-bonded

aromatic ligands are tied together by a structural bridge

Fig. 1. Two different perspectives of a X-ray structure of isopropylidene(cyclopentadienyl�/fluorenyl)ZrCl2 [3c].
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and their rearrangement is not possible, such an

epimerization can take place only when the alkyl group

(polymer chain) and the coordinating monomer ex-

change their positions uninterruptedly (when no exces-

sive steric restrictions are imposed). (7) The meso triad

enantiomorphic site stereochemical type errors, mm, are

formed whenever the said balanced non-bonded steric

interaction is perturbed, and the correct alignment of the

substituents of all three main participants (ligand,

polymer chain and the monomer) has not been realized.

In such a case, a monomer with ‘wrong face’ will be

inserted and a unit with inverted configuration is

enchained. The ability to reverse facial selectivity

emanates from inherent static structural factors and is

independent of monomer concentration.

To understand how these many factors operate in a

concerted manner to create the conditions for syndios-

pecificity we need to construct a model that explains in a

plausible manner the behavior of this complex system.

Fig. 4 depicts the model representing the transition

state structure for propylene polymerization. This model

is constructed based on relative importance of the non-

bonded steric interactions operating on different parts of

the catalytic species and its*/in the polymerization

active participants*/aromatic ligand, polymer chain

and the coordinating monomer in the following order.

The steric interaction between the flat and spatially

Fig. 2. Two views of the trimethyphosphine stabilized cation in the crystalline state [3b].

Fig. 3. Mirror image related enantiotopic active species

Scheme 1. Mechanism of syndiospecific polymerization (top). Fischer projection of a perfect syndiotactic chain (bottom).

Fig. 4. Syndiospecific transition state structure proposed based on the

X-ray structure given in Fig. 2.
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extended fluorenyl ligand forces the growing polymer

chain to be oriented towards the free space left (or right)

to the unsubstituted cyclopentadienyl moiety of the

ligand. The incoming monomer*/to avoid excessive

steric exposure*/orients itself in a manner to have its

methyl group trans positioned with respect to the

growing polymer chain. The system reaches in this

way a minimum energy state. In this orientation the

coordinated monomer points with its methyl group head

down into the empty space in the central region of the

fluorenyl ligand. The confirmation for the head down

orientation of the monomer was determined after

extensive molecular mechanics and force field calcula-

tions performed by Corradini and coworkers [4]. The

model underwent later additional refinement and took

its current form after experiments conducted by several

groups [5] supporting an aC�/H agostic assistance in the

transition state for the propylene polymerization.

The working hypothesis, active site model and the

transition state structure discussed in the preceding

paragraphs account perfectly for justifying the syndio-

tactic specificity of the catalysts and formation of the

syndiotactic polypropylene chain. However, for a model

and a mechanism to be acceptable it is not sufficient to

correctly describe the polymerization behavior and

polymer’s microstructure in general. It must also justify

the details of the formation of microstructural stereo

errors and monomer misplacements in the backbone of

the polymer chain. From two types of stereo errors*/

the meso triads (mm) and meso dyads (m)*/encoun-

tered in the back bone microstructure of the syndiotactic

polymers prepared with metallocene catalysts the for-

mer*/we have discussed it above briefly*/is related to

the enantiofacial misinsertion and is monomer concen-

tration independent. This type of stereo error has been

detected and explained long ago in connection with

isotactic polymers prepared with the classical ZN

systems. The origin of the formation of the monomer

concentration dependent stereo errors the so-called

meso dyad (m) type errors was more complex and

more difficult to discern. Their investigation, however,

turn out to be more exiting and conclusive for the

understanding of the functioning of the syndiospecific

catalysts. Their formation can be explained according to

site epimerization scheme shown in Fig. 5.

The R and S configured active sites are equi-energetic

and can interconvert during the polymerization parti-

cularly in the absence of a coordinating monomer or

solvent molecules. If the rate of this interconversion is

faster than the actual rate of the monomer insertion then

occasionally the sites epimerize before any insertion
occurs and two (in case of Hf catalyst more) consecutive

insertions will take place at the same enantiomorphic

coordination position enchaining two monomer units

with the same prochiral face. This causes the formation

of meso dyads within the polymer backbone (isotactic

blocks for Hf). Even though the interconverting species

are equi-energetic, the epimerization requires an activa-

tion energy since the chain, while swinging back or
forth, will be exposed to different parts of the ligand and

has to overcome the resulting non-bonded steric repul-

sion. That is why at lower polymerization temperature

the concentration of the meso dyad is relatively low and

only with increasing temperature their number increases

rapidly. The concept of site epimerization is in fact very

close to the mechanism of chain back skip proposed

already by Cossee and Arlman in 1964 [6] for the non-
symmetric sites in TiCl3 catalyst systems. The only

difference between the two mechanisms is related to

the forces that drive the ‘back migration’ or the site

epimerization in each system. The, in the rigid ionic

lattice imbedded active TiCl5R sites have no real

contribution to the chain back migration and only the

relative ionicity/non-ionicity and the immediate polarity

of the environment of the chain is the driving force for
its back migration (back skip) [6]. Whereas in the case of

metallocene based catalysts, the flexible structure of the

aromatic ligand, the haptotropic nature of its bonding

and the counter ion effect probably are major contribut-

ing factors to the epimerization processes (vide infra).

We have discussed static (contact ion pairing) and steric

(ligand/polymer chain substituent) interactions as the

possible causes for the epimerization [7] elsewhere here
we shall focus only on its impact. Despite its uncertain

origin, the occurrence of the site epimerization process

can be easily demonstrated and/or explored by disrupt-

ing coordination sites’ equivalency and by intentionally

increasing the epimerization rate and consequently

enlarging the isotactic sequence length from isoblocks

up to the extreme of obtaining ‘pure’ isotactic polymers

[8,9]. This can be done by implanting selectively a
substituent at one of the distal positions of the

cyclopentadienyl moiety. Several modifications have

been made, yet the substituent, tertiary butyl group,

has been most expeditious in this respect [9]. In this case

the process of epimerization can be manipulated to the

extent that the tactic behavior of the catalysts is

completely reversed and an originally syndiospecific

catalyst produces instead ‘purely’ isotactic polymer
chains. The increasing isospecificity [10a,b] of these C1

symmetric metallocene molecule based catalyst with

increasing polymerization temperature*/in drastic con-

trast to the behavior of the bridged isotacticspecificFig. 5. Endothermic active site epimeriztion.
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bridged bisindenyl metallocene catalyst systems*/can

be seen as a clear evidence for the operating epimeriza-

tion processes. Additionally, the complete absence of

rmrm pentad sequences (an indication of low probabil-

ity of the chain dwelling at the more crowded coordina-

tion position) in the microstructures of isotactic

polypropylene produced with the same catalysts [10b,c]

provides further clue suggesting the functioning of the

epimerization process. The epimerization rate of course

increases its rate with increasing polymerization tem-

perature and provokes the formation of ever longer

isotactic sequences. The mechanism of the formation of

these polymers can be explained by complete malfunc-

tioning of the chain migration replaced by rapid and

continuous epimerization of the site due to steric

repulsion between the chain and the substituent during

the insertion process (Fig. 6) assisted by phenomena

such as haptotropy and ring slippage (vide infra). From

the point of view of the incoming monomer, the chain

appears ‘stationary’ by attacking always from the same

position [9].

To emphasize further the vital role of the presence of

the steric balance and the free central space and to avoid

giving any superstitious impression that the syndiospe-

cificity is somehow linked to the presence of the

fluorenyl groups, we shall discuss briefly the syndiospe-

cific system reported by Bercaw and coworkers [11]. The

double-bridged zirconocene molecules shown in Fig. 7a

fulfill all structural and symmetry prerequisites for the

syndiospecificity. They resemble very much in their

structures the molecules of Fig. 1 in having one

unsubstituted cyclopentadienyl linked to a symmetri-

cally substituted cyclopentadienyl (replacing fluorenyl)

via a structural bridge. The structures given in Fig. 7a

are in fact syndiotacticspecific and produce highly

syndiotactic polypropylene yet they do not contain any

Fig. 6. Two perspective views of the molecular structure of 3 (top). Non-bonded steric repulsion between polymer chain and b-substituent provoking

the site epimerization (bottom).

Fig. 7. Bercaw’s non-fluorenyl syndiospecific (a) and non-syndiospe-

cific (b) structures.
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fluorenyl group. What is essential, however, that the

substituted cyclopentadienyl group, which is replacing

the fluorenyl in the original structure, maintains the free

space in the central position to accommodate the methyl

group of the coordinating monomer. The importance of

the free space in central region of the larger cyclopenta-

dienyl group for monomer’s head-down coordination is

reiterated by the molecule depicted in Fig. 7b. Because

of the presence of the substituents blocking the central

position this metallocene does not fulfil the imposed

requirements nor behave in its activated form in a

syndiospecific manner.

Finally, an interesting syndiospecific case will be

presented to check the validity of the working hypoth-

eses, active site model and the transition state structure.

The main ingredients of these new syndiospecific

catalyst systems are the amido complexes h1,h5-tert -

butyl(2,7-bis-tert -butylfluorenyl-dimethylsilyl)ami-

doMCl2 and h1,h5-tert -butyl(3,6-bis-tert -butylfluore-

nyl-dimethylsilyl)amidoMCl2 (M�/Ti, Zr). Fig. 8

represent the single crystal X-ray structure of the

h1,h5-tert -butyl(3,6-bis-tert -butylfluorenyl-dimethylsi-

lyl)amidodichlorozirconium. After activation with

MAO both Zr and Ti complexes polymerize propylene

to syndiotactic polypropylene very efficiently, however,

only Ti related catalysts produce high molecular weight

polymers [12], the stereo selectivity is almost complete,

the few stereo defects being mostly of mm-type and

arising from occasional reverse monomer enantio face

selection; as a result, the polymers have remarkably high

melting points (Tm�/160 8C). The syndiotacticity of the

polymer produced at lower polymerization temperatures

instead of different polymerization temperatures mea-

sured as the concentration of racemic pentads rrrr is

higher than that reported recently by us for h1,h5-tert -

butyl(2,7- bis-tert -butylfluorenyl-dimethylsilyl)amidodi-

chlorozirconium [12,13].

These structures are the only examples of titanium

based syndiospecific catalysts and are also in many

other aspects different from the original syndiotactic

specific systems discussed above. They are half sandwich
molecules, contain an amido type N�/Ti (or Zr�/N) bond

and are 12 electron system (14 electron system at the

most if one considers the participation of the lone pair

electrons on the nitrogen to N�/Ti bond) leaving 10

(maximum 12) electrons for the cationic active site.

Nevertheless, a glance at the structure shown in Fig. 8

reveals that they have all structural and symmetry

characteristics required in order to be syndiotactic
specific. These latest additions to the syndiospecific

catalyst systems demonstrate that no matter what the

make up of the metallocene precursor is, once its

structure fulfils the prerequisites discussed; based on

the model given above, it will act in a syndiotactic

specific manner after its activation at least with respect

to propylene monomers.

The above proposed model combined with the chain
migratory insertion mechanism is fit to explain the

formation of syndiotactic polymers with metallocenes

of Fig. 1. According to the Scheme 1 the regularly

alternating enantiofacial preference for monomer that

leads to syndiotactic polymer arises from olefin insertion

taking place at regularly alternating sides of the wedge

of the pseudo tetrahedral structure of the active site.

Despite its simplicity and convenience the model has a
major handicap. It has been conceived of images coming

from X-ray analysis performed on molecules contained

in solid state structure. These rigid and static images

reflect only a snap-shot or ‘moment-aufname’ of the

constantly vibrating, bending and ‘breathing’ molecules

in all directions and disregard the effect of counter-ion.

They should be considered only as frozen images of

dynamic molecules that reflect only one aspect, the
general shape and outline of the molecules. They do not

reflect the whole ‘reality’ of individual molecules freely

floating in a solvent medium without the restrains of the

crystal packing effects. Both IR and NMR data and the

chemistry of these compounds are indicative of constant

bonding related movements of different parts of the

molecules and their fluxionality [14] (Fig. 9). They are

often neglected intentionally for the sake of simplicity
and the fact that to prove their existence and impact is

very difficult. However, one should be aware that at

least two dynamic phenomena are actively involved in

one way or the other in different steps of the polymer-

ization and influence its mechanism in one or the other

direction. For example, the phenomenon of hapticity

change or variation of bond order between the transi-

tion metal and the aromatic ligands should be seriously
considered as being involved in certain metallocene

catalysts as we have demonstrated [14]. The haptotropy

and ring slippage can influence the electronic properties

of the active site and the steric environment surrounding
Fig. 8. Structure of the complex h1,h5-tert -butyl(3,6-bis-tert -butyl-

fluorenyl-dimethylsilyl)amido-dichlorotitanium [12].
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it temporarily or permanently and have an impact on

the molecular weight and tacticity of their polymers. The

second phenomenon is related to geometry change of

the catalysts during the coordination and insertion steps.

The pseudo tetrahedral geometry, which is assumed for

the tetra-coordinated transition metal in the transition

state, cannot be further extended to the geometry it

assumes in the step just after the insertion. At this stage

the tetra-coordinated structure collapses due to the

disappearance of a ligand leaving a tri-coordinated

species behind in which the repulsive forces acting

upon the bonding electron pairs are different and

require a new geometry. The most logical structure

that can be suggested for this step would be a trigonal

pyramid (Fig. 10, right). After the next monomer

coordination, again the structure will adopt a tetrahe-

dral geometry (Fig. 10, left). This change in geometry,

operating on all metallocenium catalyst systems, is

probably of more importance for the syndiospecific

cases, where dynamic processes such as chain migration

and site epimerization (vide supra) are vital for their

existence. Finally, another, ligand / transition metal

related, dynamic behavior that can be envisaged to be

acting on the transition structure is the lateral semi-

rotational displacement of the whole ligand system

around the transition metal ( or vise versa) reported

by Petersen [15] is also noteworthy in this context. This

movement that can be described as a kind of wind shield

wiper type oscillation of the metalacyclobutane moiety

within the ‘fixed’ ligand system might have a facilitating

effect on the site epimerization and/or chain migration

mechanisms (Fig. 11).
Before concluding this report and for the sake of

completion a final subject with respect to the regio

specificity of syndiospecific catalyst systems should be

treated. A different type of microstructural defects*/the

Fig. 9. Fluorenyl bond haptotropy and ring slippage.

Fig. 10. Systematic structural change and geometry variation during coordination and insertion steps.
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so-called regio defects*/arises from a mechanism

known as the secondary insertion (structures 3 and 4

in Fig. 12), causes the enchainment of two consecutive

monomer units in a head to head or tail to tail fashion.

These types of microstructural defects have substantial

consequences on physical properties of the polymer and

are of prime importance for the elucidation of the

mechanism of the polymerization. Contrary to the

very regio irregular nature of vanadium based syndios-

pecific catalysts [2], all syndiospecific, metallocene based

catalyst systems reported here (and elsewhere [16]) are

very regio specific. Practically no regio defects have been

detected so far with any of the syndiotactic polymers

prepared with metallocene based catalysts [17]. Yet it is

well known that most isospecific metallocene based

catalysts, even some with very high stereospecificities,

show poor regiospecificity. So far, except for the

publications from Corradini and coworkers, not many

reports have been published covering this subject. These

authors treat the subject in a series of papers [18] based

on molecular mechanics calculations in a very compre-

hensive and elegant way. We should bring the essence of

these papers first and add some qualitative comments at

the end. According to these authors, the substantial

difference between isospecific and syndiospecific model

complexes is that the low energy pathway for the

secondary and primary insertions correspond to oppo-

site chiralities of the coordinated monomer for the

isospecific complexes and the same chiralities for the

syndiotactic complexes (the situation for the syndiospe-

cific case is shown in Fig. 12). This difference accounts

for the lower regiospecificity of the isospecific catalyst

complexes, if the energy barrier for the rotation of the

coordinated propylene from coordination suitable for

the primary insertion versus coordination suitable for

the secondary insertion (and vise versa) are lower than

the activation energy for the secondary insertion of the

monomer. For the syndiospecific model, since its

enantioselectivity is in favor of the same monomer

enantio face for both primary and secondary insertion,

when the coordination of the monomer with the wrong

monomer face for primary insertion occur (structure 2),

the most probable event is the dissociation of the

monomer (or a stereoirregular insertion). Hence, for

the syndiospecific case, the amount of regioirregularities

in the polymer chain would be determined by the

difference between the activation energies for the

secondary and primary insertion. This model which is

essentially constructed by the consideration of the non-

bonded steric interaction between the ligand and the

monomer substituents, holds very well when the regio-

selective C2 symmetric isospecific catalysts are compared

with those of the Cs symmetric syndiospecific catalyst

systems. However, this line of evidence does not

probably work if one considers the regiospecificity of

the C1 symmetric isospecific catalysts. These catalysts,

that have a cyclopentadienyl�/fluorenyl ligand structure

and thus exhibit similar ligand/monomer substituents

non-bonded steric interactions as in the case of Cs

symmetric syndiospecific catalysts systems, are generally

of low regio specificity and their polymers have a

substantial number of regio errors (up to 0.5%).

Fig. 11. Lateral displacement of ligand system around the centroids�/

Zr bond axis (the bridge is omitted for the sake of clarity).

Fig. 12. Four different coordination modes of propylene including those leading to regio- and stereo-errors.
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3. Conclusion

It is shown that the static model that has been

proposed for the active site and the transition state

structure explains elegantly the syndiospecific character

of the catalysts and the origin of the microstructural

particularities of the syndiotactic chains. Being con-

ceived of images taken from the solid state X-ray

structure analysis, the model is too static to provide

any explanation for dynamic phenomena such a chain

migration and site epimerization omnipresent during all

stereospecific polymerizations performed with metallo-

cene based catalysts. It is therefore, proposed that a

more dynamic model should take into consideration the

haptotropic nature of the transition metal/aromatic

rings and ring slippage phenomena as well as transition

state structural collapse leading to a permanent tetra-

hedral/pyramidal geometry change. The origin and/or

the driving force for the chain migration and site

epimerization may well be lying here. The validity of

the models and the working hypothesis for syndiospe-

cific polymerization of the propylene is tested on two

other syndiospecific catalyst systems, the double

bridged, differently substituted biscyclopentadienyl zir-

conium dichloride reported by Bercaw and the new

titanium based half sandwich complexes, h1,h5-tert -

butyl(2,7-bis-tertbutylfluorenyl-dimethylsilyl)amidodi-

chlorotitanium and h1,h5-tert -butyl(3,6-bis-tertbutyl-

fluorenyl-dimethylsilyl)amidodichlorotitanium. Both

systems demonstrate clearly and confirm the validity

of the proposed ideas no matter the make up of the

catalysts. Once the structural requirements, imposed by

the model proposed here, is fulfilled, the catalysts

behave syndiospecific, independent of the nature of the

transition metal and the presence of varying number of

the aromatic rings in the p ligand. Fig. 13 compares the

structure of three systems discussed high lighting the

main factors for the syndiospecificity. Of course, the

degree of syndiospecificity of the catalyst and stereo-

regularity of the resulting polymer depends on the

stereorigidity of the bridging ligand and the size, type

and position of the substituent(s). Finally the regios-

electivity of the syndiospecific system, the way it was

reported by Guerra and coworker is reviewed [18]. They

explain*/based on molecular mechanics calculation*/

the regiospecific behavior of the three main types of

catalyst systems, aspecific unbridged biscyclopentadie-

nyl zirconium dichloride, a dimethylsilyl(cyclopenta-

dienyl�/fluorenyl) zirconium dichloride and the bridged

bisindenyl zirconium dichloride based on ligand mono-

mer interaction in a comprehensive and elegant way.

However, the question of non-regio selective behavior of

most C1 symmetric cyclopentadienyl�/fluorenyl based

catalyst will remain still unanswered. These isospecific

catalysts display the same secondary coordinated mono-

mer/ligand steric relations as their syndiospecific coun-

terparts. Yet they produce a relatively large percentage

of regioerror related chain defects.
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