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Summary: Removal of the chloride atom from Pd{C-
(dNXy)CH3}(Cl)(But

2bipy) initiates a series of reactions
that lead to the formation of the novel dipalladium
complex [Pd(But

2bipy){η2-[Pd(But
2bipy){N(Xy)dC(CH3)-

C(CH3)dNXy}]}][BF4]2. In this process, two imidoyl
groups undergo a C-C coupling reaction generating a
bis-imino ligand that coordinates to two palladium cen-
ters, one of which is bound to a C-N bond of the ligand
giving an unprecedented three-membered PdCN ring.

Insertion of small molecules such as CO, C2H4, and
CNR into metal-carbon bonds has proven to be an
efficient route for the synthesis of novel organic species
and polymeric materials.1,2 The migratory insertion of
isocyanides (which are generally regarded as better
σ-donors and weaker π-acceptors than CO)3 into metal-
carbon bonds yields imidoyl groups, which, in principle,
can be coordinated to the metal in either an η1- or
η2-fashion (see Scheme 1). While the lanthanides, ac-
tinides, and early transition metals tend to form η2-

complexes,4 with the softer late transition metals
η1-coordination is usually observed. In group 10, for ex-
ample, only nickel complexes have been reported to
display η2-coordination to the imidoyl group.5 The first
fully characterized example of this type of complexs
with a nickel(II) centerswas reported in 1990 by Car-
mona et al.5a Similarly, imines tend to form η1 (σ-co-
ordinated) complexes with the late transition metals
rather than η2-species. In group 10, although several
nickel(0) complexes with η2-coordination of imines have
been reported,6 very few are known with palladium7 or
platinum.8

As part of a systematic investigation into metal-
mediated C-C and C-N bond formation,9 we have
recently studied the reactivity of palladium-imidoyl
complexes with a range of unsaturated species (such as
olefins and isocyanates). By analogy with the work
recently reported by Sen10 and Arndtsen,11 we investi-
gated the possibility of inserting imines into the pal-
ladium-imidoyl bond of Pd{C(dNXy)CH3}(Cl)(But

2bipy)
(2) (where But

2bipy ) 4,4′-di-tert-butyl-2,2′-dipyridyl; Xy
) 2,6-dimethylphenyl isocyanide). In the course of these
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Scheme 1. Possible Coordination Modes of
Metal-Imidoyl (a) and Metal-Imine (b) Moieties
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studies the formation of the unprecedented dipalladium
species [Pd(But

2bipy){η2-[Pd(But
2bipy){N(Xy)dC(CH3)-

C(CH3)dNXy}]}][BF4]2 (4) was observed and is herein
reported (see Scheme 2). In this complex one of the
palladium centers is η2-coordinated to an imidoyl group,
representing the first structurally characterized ex-
ample of such a coordination mode for palladium.

The palladium-iminoacyl complex Pd{C(dNXy)CH3}-
(Cl)(But

2bipy) (2) was prepared by reacting Pd(CH3)-
(Cl)(But

2bipy) (1) with CNXy (following the method
reported by Vrieze12). The IR spectrum of 2 shows an
intense band at 1616 cm-1 associated with the charac-
teristic ν(CdN) of inserted isocyanides. The 1H NMR
spectrum shows the expected resonances for the protons
present in 2; particularly indicative of the insertion
process is a singlet at 2.27 ppm corresponding to the
methyl protons of the -C(dNXy)CH3 fragment (the
same protons in the starting material appear at 0.82
ppm). The 13C NMR spectrum also shows the expected
signals for the proposed formulation. Two singlets at
29.1 and 163.5 ppmsassigned to the -CH3 and CdNXy
carbon atoms of the -C(dNXy)CH3 moietysindicate
that the insertion of CNXy has taken place. The
formulation was further confirmed by FAB(+) mass
spectrometry (which showed the molecular peak at 556
amu corresponding to 2) and elemental analyses.

With the aim of inserting an imine into the pal-
ladium-iminoacyl bond, complex 2 was reacted with 1
equiv of PhCHdNCH3 in the presence of 1 equiv of
AgBF4. This reaction produced the new palladium
complex [Pd{C(dNXy)CH3}(But

2bipy){N(CH3)dCHPh}]-
[BF4] (3), where the imine is σ-coordinated to the vacant
site left upon removal of the chloride atom.13 The IR

spectrum of 3 showed the characteristic stretching
frequencies associated with the iminoacyl group and
the σ-coordinated imine (intense and broad bands
between 1617 and 1587 cm-1). The 1H NMR spectrum
shows all the expected resonances associated with the
imine, the iminoyl groups, and the But

2bipy chelating
ligand. Particularly indicative of the presence of the
coordinated imine are the singlets at 8.65 and 3.91 ppm,
which correspond to the CH and methyl protons in
PhCHdNCH3, respectively. The formulation of 3 was
further confirmed by FAB(+) mass spectrometry (which
showed the molecular peak at 641 amu corresponding
to 3 - BF4) and by elemental analyses. The spectro-
scopic characterization of this compound unambiguously
demonstrated the coordination of the imine; however it
did not show any evidence of insertion.

With the aim of obtaining single crystals of 3 for
structural characterization, the crude solid was redis-
solved in CH2Cl2 and a layer of diethyl ether was added.
The solution was left to stand for 2 days, after which
time yellow-orange crystals were formed. Surprisingly,
these crystals proved to have a different formulation
than the original compound 3. A single-crystal X-ray
study of this material14 revealed it to be the novel
dipalladium species [Pd(But

2bipy){η2-[Pd(But
2bipy)-

{N(Xy)dC(CH3)C(CH3)dNXy}]}][BF4]2 (4). The unusual
bimetallic structure of 4 comprises two “Pd(But

2bipy)”
units linked by an organic fragment formed by the
coupling of two iminoacyl units from the starting
material (see Scheme 2 and Figure 1). The geometry at
Pd(1) is distorted square planar with Pd-N bonds in
the range 2.038(7)-2.059 Å, each of the two five-
membered chelate rings being planar to within 0.038
Å. The coordination at Pd(2) comprises a conventional
chelation to a But

2bipy ligand and an unprecedented
coordination to a C-N bond from one of the coupled
“iminoacyl” groups to give a three-membered PdCN
ring, the nitrogen atom bridging the two palladium
centers. The Pd(2)-N bonds to the But

2bipy ligand
[2.109(7) Å to N(5) and 2.129(8) Å to N(6)] are both ca.
0.06 Å longer than their counterparts to Pd(1). The bond
to N(6) is slightly longer than that to N(5), reflecting
the different trans influences of carbon versus nitrogen.
Within the three-membered ring the Pd(2)-N(4) and
Pd(2)-C(1) distances of 2.092(8) and 2.054(10) Å are
unexceptional, but the C(1)-N(4) distance of 1.431(10)
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Scheme 2. Reaction Scheme Showing the Two
Routes for the Synthesis of 4
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Å emphasizes its single-bond character. The three-
membered ring is inclined approximately orthogonally
(ca. 86°) to the ring formed by Pd(1) and the coupled
“iminoacyl” moiety. The organic unit formed by the
coupling of two iminoacyl groups can be regarded as a
bis-imino ligand which chelates to Pd(1) and on coor-
dination to Pd(2) loses the double-bond character of one
of its original CdN linkages [C(1)-N(4)], while the other
[C(2)dN(3) 1.306(11) Å] remains as an imino group. We
believe that this is the first structurally characterized
example of a three-membered PdCN ring. Indeed we
have identified only one structurally characterized
example of an analogous ring system occurring for
platinum.15 Examples involving nickel are more com-
monplace, but the C-N bond length in these systems
is usually appreciably shorter and indicative of a partial
π-coordination.16,17

The spectroscopic and analytical characterization of
4 is consistent with the structure revealed by X-ray
crystallography. The IR spectrum shows the presence
of intense (and broad) CdN stretching frequencies in
the region between 1630 and 1549. These can be
associated with the two different CdN(Xy) bonds and
with the CdN bonds present in the But

2bipy ligand. The
relatively low ν(CdN) value associated with the η2-
coordinated imidoyl group (in comparison to the value
of around 1700 cm-1 for other metal η2-imidoyl com-
plexes)5 is probably due to the coordination of this group,
in 4, to a second palladium center. The FAB(+) mass
spectrum shows the molecular peak at 1127 amu, which
corresponds to [4 - BF4]+. The 1H NMR spectrum shows
several broad singlets in the region between 1.34 and
2.75 ppm. These singlets correspond to the several
methyl groups present in 4, i.e., those associated with

the But
2bipy ligand and with the Xy and C(CH3) methyl

groups of the two different -C(CH3)dNXy moieties. The
integration of these signals and those present in the
aromatic region is consistent with the formulation of 4
(which was also confirmed by elemental analyses).

The conversion of 3 to the novel binuclear complex 4
implies the decoordination of the imine from the original
compound and the carbon-carbon coupling of two
iminoacyl fragments (which come from two different
molecules of 3). Consequently, 4 should also be formed
by “dimerization” of the cationic species [Pd{C(dNXy)-
CH3}(But

2bipy)]+ (A in Scheme 2). Thus, it was of
interest to study the stability of 2 in solution upon
removal of its chloride ligand. When 2 was dissolved in
CH2Cl2 and 1 equiv of AgBF4 was added to remove the
chloride, a yellow-orange solution was obtained. After
30 min the solution was filtered to remove the AgCl,
and upon addition of hexane a yellow-orange solid was
obtained and characterized as 4 on the basis of 1H NMR
and IR spectroscopy, elemental analyses, and FAB(+)
mass spectrometry (all of which gave the same data as
the product obtained from 3 in CH2Cl2).18

The details of the pathway by which [Pd{C(dNXy)-
CH3}(But

2bipy)]+ is converted into the novel dipalladium
species 4 are not yet known. However, a mechanism for
this process is likely to involve, first, the transformation
of the η1-imidoyl complex A into the η2-imidoyl species
B (see Scheme 2). The latter can then undergo a Pd-C
bond cleavage followed by dimerization of two of these
intermediate species via formation of new C-C and
Pd-N bonds. The exact mechanism by which these
events occur is not obvious, and further investigations
will be carried out to elucidate it.
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2bipy)Pd]+.

Figure 1. Molecular structure of 4.
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