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A new bulky b-diketiminato palladium(II) complex was synthesized by direct reaction of (iPr2Ph)2nacn-
acH ((iPr2Ph)2nacnac = CH{C(Me)N(C6H3-2,6-iPr2)}2) with Pd(OAc)2 which yielded [(iPr2Ph)2nac-
nac]Pd(OAc) as a mononuclear species with chelating nacnac and acetato ligands. Preliminary
investigations into the polymerization of norbornene in the presence of BF3OEt2 were performed.

� 2008 Elsevier B.V. All rights reserved.
The first examples of monoanionic b-diketiminato ligands for
applications in coordination chemistry date back to 1968 [1]. How-
ever, the ligand class remained in relative obscurity until 1995
when Brookhart published a seminal paper detailing applications
of bulky a-diimine ligands in Ni(II) and Pd(II) chemistry for olefin
polymerization [2]. This work initiated widespread interest in the
utilization of a- and b-diimine and subsequently b-diketiminato li-
gands for applications across the periodic table [3]. b-diketiminato
ligands with bulky ortho-substituents on the N-phenyl groups only
date back to 1997 and have become increasingly popular due to
both their ease of synthesis and ability to sterically protect the me-
tal center [4a]. The popularity of b-diketiminato ligands is such
that they even have their own nickname, nacnac, being the nitro-
gen analogues of acetylacetonato (acac) ligands. Despite the explo-
sion in b-diketiminato coordination chemistry, relatively few
(nacnac)Pd(II) complexes have been reported [4].

Concurrent with a general interest in applications of diimine li-
gands [5], we are interested in the polymerization of cyclic olefins
by late transition-metal catalysts. Cyclic olefin polymers are re-
ferred to as ‘‘advanced materials” due to a unique combination of
physical properties such as good mechanical strength, optical
transparency and low birefringence [6]. Norbornene is a represen-
tative cyclic olefin monomer which can be polymerized by ring
opening metathesis, cationic or radical, and vinyl addition poly-
merization mechanisms. Each polymerization mechanism leads
to a polymer type that is different in structure and properties from
ll rights reserved.
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the other. Palladium based catalysts usually polymerize norborn-
ene via a vinyl addition mechanism [6,7].

In this communication we report the synthesis of a bulky mono-
nuclear b-diketiminato Pd(II) complex, [(iPr2Ph)2nacnac]Pd(OAc)
((iPr2Ph)2nacnac = CH{C(Me)N(C6H3-2,6-iPr2)}2) and preliminary
catalytic activity for the polymerization of norbornene in the pres-
ence of boron trifluoride etherate, BF3OEt2.

The bulky (iPr2Ph)2nacnacH ligand was prepared by the conden-
sation of 2,6-diisopropylaniline with acetylacetone according to
the literature procedure [4a]. The reaction of (iPr2Ph)2nacnacH
with one equiv Pd(OAc)2 in toluene affords a red solution from
which red crystals of [(iPr2Ph)2nacnac]Pd(OAc) (1) are isolated in
75% yield (Scheme 1) [8]. Complex 1 was characterized by NMR,
MS and elemental analysis. To better understand the coordination
environment and nuclearity of 1, single-crystal X-ray diffraction
experiments were also performed.

The NMR spectra of 1 are consistent with a planar structure and
C2v symmetry in solution. The isopropyl groups and the aromatic
hydrogen atoms above and below the PdNCCCN plane are equiva-
lent with the isopropyl methyl groups being in chemically distinct
environments. The characteristic 1H NMR resonance for the central
CH group of the nacnac ligand in 1 is located at 4.84 ppm. The EI
mass spectra show an intense molecular ion peak at m/e 582, con-
sistent with formation of a mononuclear species.

1 co-crystallized with two molecules of dichloromethane. The
crystal structure of 1 shows a mononuclear species with the Pd(II)
center adopting a typical square planar coordination geometry
with chelating nacnac and acetato ligands (Fig. 1) [9]. The nacnac
and the OAc ligands in 1 are almost exactly co-planar where the
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Table 1
Norbornene (NB) polymerization resultsa

**
n

n

1
BF3OEt2

Solvent Time (min) NB/Pd Yield (%) Activity kgNB/(molPd h)

Toluene 30 2100 2.1 8.3
Toluene 150 2800 36 38
TCB 40 3000 45 190

a Polymerization conditions: 35 lmol precatalyst, 20 mL solvent, 30 eq
BF3OEt2, > 2000 eq monomer, 22 �C. TCB = 1,2,4-trichlorobenzene.
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Scheme 1. Synthesis of [(iPr2Ph)2nacnac]Pd(OAc) (1).
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dihedral angle between the planes defined by N1–Pd1–N2 and
O1–Pd1–O2 is only 1.4�. The backbone of the nacnac ligand is also
essentially planar as evidenced by the torsional angle defined by
Pd1–N1–C13–C14 of only 0.2� and a dihedral angle between the
N1–Pd1–N2 and C13–C14–C15 planes of 1.3�. This is in contrast
to a previously reported structure employing less bulky unsubsti-
tuted phenyl groups which adopts a dinuclear acetato-bridged
structure, [(Ph2nacnac)Pd(l-OAc)]2 with significantly twisted nac-
nac ligands [4e]. An analogous structure employing an acac ligand
in place of the OAc group was, however, reported to be a mononu-
clear species [4d].

Neutral palladium precatalysts typically require an activator
such as methylaluminoxane or B(C6F5)3 to initiate norbornene
polymerization. Boron trifluoride etherate, BF3OEt2, has recently
emerged as a simple but effective activator that is relatively inex-
pensive and easy to use [10]. Excess amounts of BF3OEt2 are re-
quired to increase the ionic character of the active species and
thus increase chain propagation rates.

While precatalyst 1, in the presence of 30 eq BF3OEt2, displayed
moderate overall yields in the polymerization of norbornene, there
was a pronounced induction period of up to an hour before rapid
precipitation of polynorbornene and gelation of the solution (Table
1) [11]. The prolonged induction period is likely due to the steric
bulk of the nacnac ligand retarding the rate at which OAc abstrac-
tion occurs by BF3OEt2. Yields did not exceed 50%, which is likely
due to catalyst co-precipitation with the polymer. The induction
period was noticeably reduced when 1,2,4-trichlorobenzene was
used as solvent in place of toluene. The resulting polynorbornenes
were insoluble in common solvents such as toluene, methylene
chloride, dmso, benzene, chloroform and 1,2,4-trichlorobenzene.
IR analysis of the polynorbornene showed no absorbance in the
Fig. 1. ORTEP plot of 1 at the 50% probability level. Solvent molecules and hydrogen
atoms are omitted for clarity. Selected bond lengths (Å) and angles (�): Pd(1)–
N(1) = 1.961(4), Pd(1)–N(2) = 1.958(4), Pd(1)–O(1) = 2.108(4), Pd(1)–O(2) =
2.110(4), N(2–Pd(1)–N(1) = 92.21(17), O(1)–Pd(1)–O(2) = 62.14(15).
1600–1670 cm�1 range indicating that the polymerization oc-
curred via a vinyl addition pathway.

In conclusion, we have synthesized a new bulky acetato-b-dik-
etiminatopalladium(II) complex employing (iPr2Ph)2nacnac as the
ligand resulting in a mononuclear species with chelating monoan-
ionic nacnac and acetato ligands. Preliminary investigations into
the polymerization of norbornene using BF3OEt2 as the activator
resulted in a catalyst system that exhibited relatively modest activ-
ity compared to previously reported Pd(II) systems. Investigations
into alternative activation routes and polymerization of functional-
ized norbornene monomers are currently underway.
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Appendix A. Supplementary material

CCDC 692076 contains the supplementary crystallographic data
for 1� (CH2Cl2)2. The data can be obtained free of charge via http://
www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge
Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ,
UK; fax: (+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk.
Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.inoche.2008.08.006.
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