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The first synthesis of Salan ligands assembled around the chiral

2,20-bipyrrolidine backbone is described; as chelation to a metal

can only occur via specific faces of the two pyrrolidine nitrogens,

these ligands lead to predetermined chirality at metal centres of

octahedral titanium and zirconium complexes.

Salans are tetradentate dianionic sequential diamine-diphenolate

ligands. They tend to wrap around octahedral centres of group

4 metals in a fac–fac mode thus creating chiral-at-metal

complexes, designated by a D or L screw sense, in which the

two labile groups are of cis-geometry. Non-chiral Salan

ligands that feature identical phenolate arms lead to racemic

mixtures of C2-symmetric complexes, that have proven useful

in isospecific olefin polymerization catalysis1,2 and other

transformations.3 Chiral Salan ligands lead either to formation

of fac–fac diastereomer mixtures4 or to a single fac–fac

diastereomer,5 as a function of the efficiency of chiral induction

from the ligand backbone to the ligand wrapping screw-

sense. Single diastereomers of such complexes derived from

enantiomerically pure ligands have emerged as highly promising

catalysts for transformations such as chiral cyclopolymerization6

and various oxidations.7,8 The chiral Salan ligands introduced

to date have been based on the trans-1,2-diaminocyclohexane

backbone.9,10 We have previously shown that while such chiral

Salans yielded single diastereomers of zirconium complexes,11

mixtures of diastereomers of titanium complexes were obtained

unless a strict set of structural parameters was employed

(i.e., the nitrogens should be secondary, and the phenolate

substituents should be non-bulky).5 In an attempt to construct

chiral Salan ligands that will wrap in a more defined fashion

around metals, we sought different diamine skeletons. Herein

we report that by constructing chiral Salan ligands around the

2,20-bipyrrolidine backbone, predetermination of chirality12

around octahedral titanium and zirconium centres is efficiently

achieved.13

Chiral 2,20-bipyrrolidine was previously synthesized by

various routes.14 2,20-Bipyrrolidine and its N-alkylated

derivatives had been employed as chiral auxiliaries for metals15

and as organocatalysts.16 It was also employed as the backbone

of chiral tetradentate neutral ligands (bearing pyridine-type

arms).17 However, to our knowledge, it has never been

employed as the backbone of tetradentate dianionic ligands,

such as Salans and related ligands. We anticipated that metal

chelation by the endocyclic nitrogen donors would have to take

place through specific faces of the bipyrrolidine system, leading

to specific orientation of the methylene unit bound to the

phenolate donor, and eventual determination of chirality at

the metal. For example, chelation by an (S,S)-2,20-bipyrrolidine

requires binding via the re-face of the two nitrogen donors and

an overall L-wrapping of the corresponding Salan around an

octahedral metal centre, as shown in Scheme 1.

Two chiral Salan ligand precursors featuring the

2,20-bipyrrolidine backbone, and either bulky di-tert-butyl

phenolates (L1H2) or electron-withdrawing dichlorophenolates

(L2H2) were synthesized by reactions between the chiral

diamine and the bromomethyl derivatives of the corresponding

phenols, as outlined in Scheme 2.

Upon reaction of the two ligand precursors with Ti(OiPr)4,

the complexes L1,2Ti(OiPr)2 were obtained as single

diastereomers of C2-symmetry according to 1H NMR data

(see ESIw).
This stands in sharp contrast to the reaction of the diamino-

cyclohexane-based Salan ligands (having tertiary N-donors)

Scheme 1 Octahedral titanium complexes derived from chiral Salan

ligands based on diaminocyclohexane and bipyrrolidine skeletons,

that may form as either two fac–fac diastereomers or as a single

fac–fac diastereomer, respectively.
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w Electronic supplementary information (ESI) available: Experimental
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that gave diastereomer mixtures in this reaction. According to

the ligand chirality and the arguments portrayed above, we

propose that mononuclear octahedral complexes had formed in

which the (S,S)-Salan ligands wrap in a fac–fac manner around

the titanium centre to give L-chiral-at-metal diastereomers, as

drawn in Scheme 1. The same high diastereoselectivity

was found for zirconium. Reacting L1H2 and L2H2 with

Zr(OtBu)4 and with ZrBn4 (Bn = benzyl) led to the complexes

L1,2Zr(OtBu)2 and L1,2ZrBn2, respectively, obtained as single

isomers of C2-symmetry according to 1H NMR.18

Single crystals of L1Zr(OtBu)2 suitable for X-ray analysis

were grown from cold pentane, and the structure was solved.

The structure is very similar to that of a zirconium complex of

the non-chiral Salan ligand, particularly apparent in the ligand

fac–fac wrapping and cis geometry between the two OtBu

groups as may be appreciated in Fig. 1. Similar bond lengths

and bond angles around the zirconium, and N–C–C–N

dihedral angles in the two structures of 55.2 and 59.11,

respectively, reveal that the binding of the bipyrrolidine-Salan

to the metal is not strained. The wide angles of ca. 1661 of the

labile alkoxo groups indicate a significant p-donation to the

zirconium. The (S,S)-chirality of the ligand backbone was

established in this chiral space group. Most importantly, the

predicted L-wrapping of this enantiomer of the Salan ligand is

clearly observed in the structure. We presume that the Salan

ligands in the other zirconium and titanium complexes wrap

analogously.

To gain insight on the activity and stereoregulating ability

of these systems we investigated the polymerization of

neat 1-hexene by the two dibenzylzirconium complexes

following activation with tris(pentafluorophenyl)borane.

L1ZrBn2 featuring the bulky tert-butylphenolate substituents

led to a polymerization catalyst of low activity of ca.

1 g mmol�1 h�1, and to a polymer of relatively high

isospecificity ([mmmm] = 87%). The pentad distribution

supports an enantiomorphic site control mechanism for this

polymerization. L2ZrBn2 featuring the electron-withdrawing

chlorophenolate substituents led to a catalyst of considerably

higher activity of ca. 150 g mmol�1 h�1, and, as expected

for the non-directing nature of the non-bulky groups,

to a stereo-irregular polymer. The lower activity of the

bipyrrolidine-based Salan complexes relative to those of

the diaminoethane-based Salan complexes may result from

the enhanced rigidity of the former. A related structure–activity

trend was observed for the polymerization catalysis of

1-hexene by the dibenzylzirconium complexes of the Salan

ligands based on the 1,2-trans-diaminocyclohexane bridge.11

In conclusion, we have synthesized the first Salan ligands

assembled around chiral 2,20-bipyrrolidine. These ligands were

shown to lead to single diastereomers around octahedral metal

centres, unlike the diaminocyclohexane based Salan ligands

that gave diastereomer mixtures around titanium. The

relatively high isopecificity in 1-hexene polymerization reflects

on the potential applications of these chiral complexes in

asymmetric catalysis. We are investigating the construction

of related ligands around this strongly directing structural

motif, which are expected to wrap in a predictable and

diastereoselective manner in cases where ligands constructed

around the trans-1,2-diaminocyclohexane lead to mixtures.
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Foundation for financial support.
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