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Summary: Complexes such as Zr(BMP)(CH2Ph)[(η6-
PhCH2)B(C6F5)3] (BMP2- ) 2,6-bis[(1S,2S,5R)-(-)-men-
thoxo]pyridyl) were synthesized and shown to undergo
single insertion of ethylene into their Zr-carbon bonds
to yield, for example, Zr(BMP)(CH2CH2CH2Ph)][(η6-
PhCH2)B(C6F5)3], whereas R-olefins and cyclooctadi-
ene afford diastereomeric mixtures of the general for-
mula [Zr(BMP)(η1:η6-CHRCHR′CH2Ph)]+[B(CH2Ph)-
(C6F5)3]-.

Numerous examples of non-cyclopentadienyl zirco-
nium catalysts for the polymerization of olefins have
now been reported,1 among which complexes of chelat-
ing diamido or dialkoxo ligands have attracted particu-
lar interest, owing to their analogy with the highly
efficient ansa-metallocene catalysts. However, only a
few attempts to design chiral C2-symmetric complexes
of this type have been described,2 despite the fact that
the corresponding ansa-zirconocenes, which polymerize
propene and other R-olefins stereospecifically to give
isotactic polymers,3 have led to a series of commercial
applications.4 In this paper, we report our studies on
the production and reactivity of new zirconium com-
plexes that contain a tridentate, C2-symmetric, stere-
ochemically rigid dialkoxo ligand:5 2,6-bis[(1S,2S,5R)-
(-)-menthoxo]pyridyl (BMP2-; Chart 1). Notably, zwit-
terionic and cationic benzyl complexes of this ligand are
shown to insert one molecule of R-olefins into their
zirconium-carbon bond, leading to spectroscopically
distinguishable diastereoisomeric complexes whose rela-
tive proportions give direct information on the stereo-
selectivity of this fundamental step.

Protonolysis of Zr(CH2Ph)4
6 with 1 equiv of the diol

(BMP)H2
5 gives yellow crystals of the dibenzyl complex

Zr(BMP)(CH2Ph)2 (1; Chart 1) in good yield.7 X-ray
structure analysis of 17,8 shows (Figure 1) that in the
solid state the complex adopts a distorted-trigonal-
bipyramidal geometry. The coordination mode of the
BMP2- ligand is, as expected, meridional, the two oxy-
gen atoms occupying the axial sites; the O-Zr-O angle,
however, is significantly inferior to 180°. As desired, this
confers approximate C2 symmetry to the Zr(BMP)
framework, the discrepancies observed arising essen-
tially from the differences between the two benzyl
ligands: these adopt an “endo, exo” configuration,9 and
one of them is clearly coordinating in an η2 fashion.10

Such a structure is probably maintained in solution.11

Addition of 1 equiv of B(C6F5)3
12 to a bright yellow

solution of 1 in C6D6 or C6D5Br at 25 °C leads to
immediate fading of the solution and quantitative (by
NMR) formation of the zwitterionic adduct Zr(BMP)-
(CH2Ph)[(η6-PhCH2)B(C6F5)3] (2; Chart 1). This new
complex, in which the benzylborate anion coordinates
to the cationic metal center via its phenyl ring, shows
characteristic 1H, 13C, and 19F NMR features.13-16 If 2
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are in fact consistent with an averaged C2-symmetric structure with
equivalent benzyl groups. However, the geminal coupling constant of
the latter (2JHH ) 9.3 Hz) and their Cipso chemical shift (δ 144.78) are
intermediate between the values expected for η1- and η2-benzyl
ligands,10 suggesting that the molecular structure found in the solid
state is maintained in solution and that rapid exchange of the two
benzyl ligands occurs.
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is then treated in C6D5Br with 1 equiv of Et2O, the free
anion17 is instantaneously liberated and the compound
[Zr(BMP)(η2-CH2Ph)(OEt2)]+[B(CH2Ph)(C6F5)3]- (3a;
Chart 1) builds up as separated ion pairs in quantitative
yield (by NMR). The cationic complex is now stabilized
by diethyl ether ligation.10b,16,18 Its other 1H and 13C
NMR characteristics16,18 are not very different from
those of the Zr(BMP)(CH2Ph)+ fragment in 2, except
those showing10,14 η2-coordination of the benzyl ligand
(2JHH ) 8.5 Hz, 1JCH ) 141 Hz, δ(Cipso) 137.98 ppm),
whose existence suggests that the metal center is
electronically more unsaturated in 3a than in 2.

If one of the benzyl ligands of 1 is abstracted with 1
equiv of [CPh3]+[B(C6F5)4]- 19 instead of B(C6F5)3, the
expected “naked” cationic complex [Zr(BMP)(ηn-CH2-
Ph)]+[B(C6F5)4]- (4) is not clearly distinguished in the
NMR spectra of the reaction mixture; however, further
addition of 1 equiv of diethyl ether cleanly affords the
1H NMR spectrum of [Zr(BMP)(η2-CH2Ph)(OEt2)]+, the
cationic species already present in 3a, indicating that
the complex [Zr(BMP)(η2-CH2Ph)(OEt2)]+[B(C6F5)4]- (3b)
has been obtained as the sole product. Also, reaction
with ethylene leads to a single well-defined product (vide
infra). This strongly suggests that the initial reaction
product is a mixture of components that all contain the
“naked” cationic fragment Zr(BMP)(ηn-CH2Ph)+ in

masked forms, possibly within differently aggregated
entities,20 with [B(C6F5)4]- as counteranion. It will
therefore be designated by “4”.

Neither 1, in the presence of MAO, nor 2 or “4” is an
active catalyst for the polymerization of ethylene at
room temperature and low pressure (1-6 bar). Bromo-
benzene solutions of 2 and “4” turn readily colorless
when placed under an atmosphere of ethylene, but no
polyethylene formation ensues. In situ NMR studies16

show that 2 is cleanly converted into the zwitterionic
complex [Zr(BMP)(CH2CH2CH2Ph)][(η6-PhCH2)B(C6F5)3]
(5),21 whereas “4” affords the ionic complex [Zr(BMP)-
(η1:η6-CH2CH2CH2Ph)]+[B(C6F5)4]- (6)22 as a single
detectable high-yield product (Scheme 1). Both 5 and 6

result from the stoichiometric insertion of a molecule
of ethylene into the zirconium-carbon bond of the two
precursors. This leads to a zirconium-trimethylene
sequence whose six hydrogens are pairwise diastereo-
topic in both complexes. The other NMR data of 5 are
similar to those of structurally analogous 2, η6-coordina-
tion of the benzylborate anion being in particular well
established. In 6, which differs in the poorer coordina-
tion ability of the anion, it is the phenyl group of the
γ-substituted n-propyl ligand which stabilizes the cat-
ionic center by π-bonding it, as revealed in particular
by its nonsymmetric character and the 20 ppm down-
field shift of the corresponding Cipso signal (δ 161.7). This
ligand hence adopts a chelating structure similar to that
found in a few previous studies,20,23 which certainly
prevents further insertion of ethylene into the zirco-
nium-carbon bond of 6. The inactivity of 5, on the other
hand, may be explained by stronger anion coordination
in 5 than in 2, resulting probably from less steric
pressure in 5.
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δ 173.72 and 173.33 (Co and Co′ py), 156.54 (Cipso BCH2Ph), 141.63 (Cipso
Zr(CH2)3Ph), 63.77 (ZrCRH2), 41.40 (CγH2), 34.39 (CâH2).

(22) Selected NMR data for 6 (C6D5Br, 25 °C): 1H NMR δ 2.59-
2.33 (m, 4H, CâH2CγH2Ph); 13C NMR δ 174.2 and 173.3 (Co and Co′
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Figure 1. Molecular structure of 1. Selected interatomic
distances (Å) and angles (deg): Zr(1)-O(1) ) 1.989(2), Zr-
(1)-O(2) ) 2.001(3), Zr(1)-N(1) ) 2.272(2), Zr(1)-C(1) )
2.300(4), Zr(1)-C(8) ) 2.298(4), Zr(1)-C(2) ) 3.054(4), Zr-
(1)-C(9) ) 2.599(3); O(1)-Zr(1)-O(2) ) 140.89(9), Zr(1)-
C(8)-C(9) ) 84.5(1), Zr(1)-C(1)-C(2) ) 105.9(1).

Scheme 1
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This latter assumption is consistent with the fact that,
if zwitterionic 2 reacts similarly with propene to yield
a colorless single-insertion complex, the benzylborate
anion in this compound is no more interacting with Zr
as in 5. In this case, the regiospecific 1,2-insertion of
propene affords the complex [Zr(BMP)(η1:η6-CH2CHMe-
CH2Ph)]+[B(CH2Ph)(C6F5)3]- (7a/7b), which exhibits an
ionic24 chelated25 structure analogous to that of 6 and
exists as a mixture of two diastereoisomers differing in
the relative configuration of the chiral Zr(BMP) frame-
work and â-carbon of the alkyl ligand (Scheme 2), giving

rise to distinct NMR spectra.26 The molecular structure
of each diastereoisomer was unambiguously deduced
from 1H, 13C, and 19F NMR studies, including 1H-1H
COSY and 1H-13C correlation experiments.16 It is
similar to that of analogous achiral complexes described
in the literature.20,23 In particular, full assignment of
the six 1H NMR resonances of the Zr-CH2CHMeCH2-
units26 allows us to conclude that, for both isomers, the
â-Me substituent lies in the equatorial position of the
chelate rings, and the four bonds linking the R- and
γ-equatorial hydrogens adopt a stereorigid W conforma-
tion27 (Figure 2), as shown by the observation on the
COSY spectrum of a characteristic long-range 4JHH
coupling between these two protons in each compound.
By integration of several distinct pairs of signals, we
find the diastereoisomeric ratio 7a/7b ) 45/55,28 which

shows that the diastereoselectivity of the reaction of 2
with propene is real but low (de ) 9%).

With the hope that higher R-olefins would undergo
enhanced steric interactions with the BMP2- ligand and
hence insert more stereoselectively, we also reacted 2
with 1-hexene and 4,4-dimethyl-1-pentene. Addition to
2 of a few equivalents of CH2dCHR (R ) n-Bu, CH2-t-
Bu) at room temperature in C6D5Br leads readily to the
corresponding 1,2-insertion complexes [Zr(BMP)(η1:η6-
CH2CHRCH2Ph)]+[B(CH2Ph)(C6F5)3]- as a mixture of
diastereoisomers (R ) n-Bu, 8a/8b; R ) CH2-t-Bu, 9a/
9b).16 Surprisingly, however, the diastereoselectivity of
1-hexene insertion is extremely low (8a/8b ) 50/50), and
that of 4,4-dimethyl-1-pentene is opposite to that found
for propene (9a/9b ) 60/40, de ) 20%). This strongly
suggests that a second stereodirecting effect opposite
to that of chiral BMP2- contributes to determine the
stereochemistry of complexes 7-9. This second effect
could result from the nonsymmetric orientation of the
benzyl ligand in the anion-free, highly electron deficient
benzyl-olefin intermediate adduct. Also styrene, which
often inserts with the reverse regiochemistry,29 under-
goes 1,2-insertion into the Zr-carbon bond of 2 to
yield [Zr(BMP)(η1:η6-CH2CHPhCH2Ph)]+[B(CH2Ph)-
(C6F5)3]- (10a/10b, de ) 33%).16 The electronic effects
favoring 2,1-insertion29 thus seem less pronounced in
these nonmetallocene complexes and are overridden by
the steric effect of the BMP2- ligand.

Reaction of 2 with 1,5-cyclooctadiene is much slower
but leads similarly to the single-insertion complex [Zr-

(BMP)(η1:η6-CHCH2CH2CHCHCH2CH2CHCH2Ph)]+-
[B(CH2Ph)(C6F5)3]- (11) after 72 h at room tempera-
ture.16 In this case, only one isomer could be detected
in the 1H and 13C NMR spectra, showing that the olefin
insertion is stereospecific and that stereoselection at
chiral CR, which can more safely be ascribed to steric
effects of the chiral BMP2- ligand, is much higher than
at Câ.

It may be anticipated from these studies that aromatic-
free alkyl complexes of the BMP2- ligand might lead to
higher insertion stereoselectivities and actual polym-
erization activity.
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(24) The free anion has been characterized by 1H, 13C, and 19F
NMR.16

(25) The 13C NMR characteristics of the π-bound phenyl ring are
similar to those of 6.16

(26) Selected NMR data for 7a (C6D5Br, 25 °C): 1H NMR δ 2.81
(m, 1H, CγHeq), 2.68 (m, 1H, CâH), 2.03 (t, 2JHH ) 3JHH ) 11.7 Hz, 1H,
CγHax), 1.25 (m, 1H, ZrCRHax), 0.83 (m, 3H, CâHMe), 0.43 (m, 1H,
ZrCRHeq); 13C NMR δ 68.23 (CRH2), 50.86 (CâH), 43.22 (CγH2), 26.34
(CâHMe). Selected NMR data for 7b (C6D5Br, 25 °C): 1H NMR δ 2.79
(m, 1H, CγHeq), 2.59 (m, 1H, CâH), 1.97 (t, 2JHH ) 3JHH ) 11.7 Hz, 1H,
CγHax), 1.14 (m, 1H, ZrCRHax), 0.84 (m, 3H, CâHMe), 0.53 (m, 1H,
ZrCRHeq); 13C NMR δ 69.59 (CRH2), 50.16 (CâH), 43.22 (CγH2), 26.21
(CâHMe).
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Figure 2. Configuration of the chelating alkyl ligand of
7a/7b.

Scheme 2
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