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Summary: A new class of palladium pincer complexes bearing
m-terphenyl scaffolds haVe been synthesized and structurally
characterized. As a result of integrating phenyl rings into the
chelating arms of m-xylyl type pincer ligands, highly twisted
and rigid structures haVe been achieVed.

Pincer ligands1,2 are an exciting class of ligands that are
receiving increasing attention for applications ranging from
catalysis and sensors to materials science.3 The name bestowed
upon these ligands3f reflects their tenacious and terdentate
binding nature. If one considers the most well-known pincer
ligand platform, them-xylyl framework [2,6-(ECH2)2C6H3]- (an
ECE pincer, E) donor atoms or groups such as NR2, PR2,
OR, etc.; Scheme 1, top), one can envision how the presence
of a formal negative charge and two exemplary five-membered
chelate rings can impart great stability to such complexes. More
recently, related pincer ligands have been constructed featuring
N-heterocyclic carbenes as C-donors (ECE and CEC types) that
vastly increase the diversity of this ligand class. Many of these
systems are also designed such that the central, “anchoring”
donor atom is often part of a planar group (such as a phenyl,
pyridine, or N-heterocyclic carbene group). It has been recog-
nized that if this ring is not in the plane containing the metal
and the two outer donor atoms, then a twisted conformation is
realized. TheC2-symmetric and, hence, chiral nature of these
complexes offers the potential of resolution and use in perform-
ing catalytic enantioselective transformations. Interconversion
between these two atropisomers (Scheme 1,a anda′), however,
prevents isolation of individual enantiomers, resulting in an
“averaged” planar structure (Scheme 1,a′′). Highly twisted
structures have been produced,4 and configurational stability for
a twisted 2,6-lutidinyl-bis(carbene) complex was maintained
up to 80°C.4f It should be mentioned that chiral pincer ligands
have been reported that include modifications to the methylene
carbons or the use of stereogenic centers at the donor atoms of
this versatile motif.5 In this report we demonstrate not only the

attainment of the highest twist angles to date but also systems
having a very high degree of nonfluxionality and versatility.

Our strategy was inspired by our past success in employing
m-terphenyls to stabilize various materials having low-coordinate
phosphorus atoms.6 Specifically, we sought to reposition
phosphorus atoms on a terphenyl framework, leading to a new
class of pincer ligands (Scheme 2). Our initial efforts, however,
were somewhat disappointing in that ligands of the form [2,6-
(2-R2PCH2C6H4)2C6H4] did not undergo cyclometalation and
pincer complex formation upon reaction with Pd(II) salts (unlike
the case for [(2,6-(R2PCH2)2C6H4] ligands) but, instead, yielded
complexes bearing trans-spanning diphosphines (Scheme 2,
left).7 Using a common workaround, installation of a more
reactive halogen atom in place of a hydrogen atom at the critical
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Scheme 1. Typical “Pincer” Binding and Atropisomers
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C-1 position of the central ring afforded ligand precursors that
readily reacted with low-valent complexes to provide the new
C2-symmetric pincer complexes3 and4 (Scheme 2, right).

The synthesis of the ligand precursors [2,6-(2-R2PCH2C6H4)2-
C6H3Br] (1a-c) is outlined in Scheme 3. It was discovered that
the shorter synthesis used to prepare the nonhalogenated

analogues [2,6-(2-R2PCH2C6H4)2C6H4] had to be modified.
Specifically, the key intermediate [2,6-(2-BrCH2C6H4)2C6H3-
Br] (v) could not be cleanly prepared by direct bis-monobro-
mination of the tolyl groups ofi, due to the formation of
mixtures of mono-, bis-, tri-, and tetrahalogenated products that
were difficult to separate.8 Instead, synthesis of the readily
purified ii allowed facile synthesis ofiii and iv, which could
then be used to accessv from i in 56% overall yield. From
precursorv the three new diphosphines1a-c were isolated in
good yields. Each material is readily characterized by standard
1H and 31P NMR spectroscopy.9 Notably, the diphosphine1a
shows two31P NMR signals in its spectrum, consistent with
the presence of two isomers (syn and anti) in about a 50:50
ratio. 31P NMR spectra of diphosphines1b,c indicate a much
smaller amount (ca. 10% or less) of a second isomer. The
increased steric bulk of the benzyl groups in1b,c presumably
disfavors the syn isomers, as the precursorsi-v all show syn
and anti isomers in about a 50:50 ratio (by1H NMR spectros-
copy). Nevertheless, diphosphines1a-c react with Pd2(dba)3
to quantitatively yield pincer complexes3a-c (Scheme 2, right),
as indicated by new signals ca. 25-35 ppm downfield from
signals for the corresponding free ligands in the31P NMR
spectra. Likewise, reaction of1a with Ni(COD)2 yields the
analogous nickel pincer complex4a. While reaction of1a with
Pd2(dba)3 is rapid and complete in 1 h atroom temperature to
yield 3a, reaction of the more hindered1c with Pd2(dba)3
requires 12 h or more for completion. These new pincer
complexes are robust, display great air stability, and can be
purified by flash column chromatography on silica gel under
ambient conditions. Full characterization of3a-c and4a was
possible by a combination of both 1-D and 2-D (HCOSY,
HMQC and HMBC) NMR spectroscopy.10
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Scheme 2. Relationship between Previous Trans-Spanning
(Left) and New Pincer Complexes (Right)

Scheme 3. Pincer Ligand Synthesis

Figure 1. ORTEP drawing (30% probability ellipsoids) of the
molecular structure of3a. Hydrogen atoms are omitted for clarity.
Select bond lengths (Å) and angles (deg): Pd-P(1), 2.3071(7);
Pd-P(1A), 2.3071(7); Pd-C(1), 2.067(4); Pd-Br, 2.5024(5);
P(1)-Pd-P(1A), 169.48(4); C(1)-Pd-Br, 180.0.
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Complex3awas further characterized by single-crystal X-ray
diffraction analysis (Figure 1).11a The crystal structure of3a
reveals a four-coordinate planar palladium(II) center, as well
as a crystallographically imposedC2 axis passing through the
bromine, palladium, and C(1) atoms. Although individual

molecules of3a are chiral, the crystal is comprised of both
enantiomers, which are related by a crystallographic inversion
center. The bond lengths of Pd-P and Pd-C are in reasonable
agreement with published values for PCP pincer complexes.12,13

In comparison to the known closely related PCP pincer complex
[(C6H3(CH2PPh2)2)PdBr)] (5a),13 having P-Pd-C bond angles
of 80.6 and 81.8°, complex3a has C(1)-Pd-P bond angles of
84.74°. These values are actually closer to those of the nonpincer
analoguetrans-[(PPh3)2Pd(C6H5)Br]14 (86.3 and 88.8°), which
does not possess any ring constraints. The most striking
difference between thesolid-statestructures of3a and5a lies
in the distortion of P atoms away from the plane containing the
anchor atom C(1), its ring, and the Pd and Br atoms. One can
assign the “twist” angleΦ (see Scheme 1), defined as the angle
between the plane of the anchoring ring and square plane
containing the metal and its four directly attached atoms, to
assess this effect for comparative purposes. AΦ value of 76.0°
for 3a greatly surpasses theΦ ) 18.4° found for 5a.13 The
twist angle for3a is also 34° greater than that found for CEC
pincer complexes (C) N-heterocyclic carbene) having the
largestΦ values reported to date (up to 41.8°).4

The structural rigidity of this pincer platform is maintained
up to 130°C, as shown by variable-temperature1H NMR studies
of 3a in CDCl2CDCl2 (see the Supporting Information for
details). Analysis of spectra for thetert-butyl derivative3c
(Figure 2) revealed hindered rotation about the C(tert-butyl)-P
bonds, as well as an equally rigid pincer backbone. At low
temperature, the two types oftert-butyl groups are inequivalent,
and remain so, up to 105°C in toluene-d8. One of the signals,
however, is resolved into three independent methyl resonances
at low temperature. This observation suggests that thetert-butyl
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Figure 2. Temperature-dependent1H NMR spectra (toluene-d8, 600 MHz) and a calculated (SPARTAN PM3) space-filling molecular
model of3c (as viewed down the Br-Pd bond).
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groups most proximal to the bromine atom face steric clashes
with the bromine atom and cause rotation about the C-CMe3

bond, thus resulting in three inequivalent methyl groups
(portrayed as A, A′, and A′′ in Figure 2, right). If the
atropisomerization process depicted in Scheme 1 were occurring,
the two types oftert-butyl groups would undergo exchange and
lead to NMR broadening. In contrast, the pincer PCP complexes
[(C6H3(CH2PtBu2)2)PdCl)]1 and [(C6H3(CH2PtBu2)2)Pd(THF-
d8)]BF4

15 only show a single1H NMR resonance for their freely
rotating and equivalenttert-butyl groups.

This new type of pincer architecture is expected to be very
general and adaptable for a broad variety of donor atoms and
for many transition metals. For example, starting with 2,6-(2-
HOC6H4)2C6H3Br, the new diphosphinite ligand6a can be
prepared. This material reacts with Pd2(dba)3 to yield the
analogous pincer complex7a (Scheme 4). The overall structure
is quite similar to that determined for3a (Φ ) 73.8°, dPd-P )
2.2824(5) Å,dPd-C1 ) 2.063(3) Å).11b The other intermediates
described in Scheme 3 lend themselves naturally for easy access
to other types of high-twist-angle pincer ligands and com-
plexes.16 These pincer ligands can be contrasted to the related
binding mode of the 2,6-(2-MeOC6H4)2C6H3 terphenyl (Danip)

developed for use in stabilizing lanthanide complexes. While
twist angles of up to 41° have been characterized, the rigidity
of these systems is unknown.17

In summary, we have prepared new pincer ligands constructed
using m-terphenyl scaffolds and showed their efficacy in
yielding novel palladium and nickel pincer complexes. A
structural analysis of3a shows that despite a chelate ring size
larger than that of earlier conventional pincer complexes
(compare 7 to 5), the new pincer complexes better match the
metrical parameters found for related unconstrained nonchelate
structures. In addition, these systems have the greatest twist
angles determined to date for pincer complexes and also display
a very high degree of nonfluxionality (up to 130°C). These
air- and heat-stable materials thus hold much potential for
resolution and use in catalysis. Efforts are now ongoing to
resolving the enantiomers of3a-c and to examine their catalytic
behavior relative to that of conventional pincer complexes.
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Scheme 4. Synthesis of Diphosphinite Complex 7a
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