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Summary: Reaction of Pd(OAc)2 with bis(oxazolinyl)-
pyridine (pybox) ligands led cleanly to products that
contained a ring-opened oxazoline ring. The transforma-
tions were formally the result of the attack of bound
pybox ligands by acetate counterions, leading to acetate
incorporation into the ring-opened products.

Introduction

The tridentate pybox ligand is one of the most
successful ligands employed in asymmetric catalysis.1-24

The tridentate chelatation of the nitrogen atoms imparts
stability to the resulting metal complexes, and the
ability to substitute at the 3- and 4-positions of the
oxazoline ring affords the opportunity to tune the steric
and stereo environment near the metal center. Despite
the large number of metals which have been used suc-
cessfully with pybox, there have been surprisingly only
four reports of catalysis with palladium pybox com-
plexes, and the only structurally characterized com-
plexes contained the noncoordinating BF4 counterion.25-28

Our laboratory has been actively exploring the use of
nickel compounds containing tridentate nitrogen donor
ligands for alkyl-alkyl cross-coupling catalysis.29,30 In
hopes of preparing new palladium analogues to compare
with the nickel catalysts, we explored a number of ways
to attach a pybox ligand to readily available palladium
precursors. Here, we report an attempt to prepare a
palladium pybox acetate complex and a ring-opening
reaction of the oxazoline ring that ensues with the more
reactive acetate counterion.

Results and Discussion

Initially we set out to prepare the two pybox deriva-
tives 1 containing differing substitution at the 4- and
4′-positions of the oxazoline ring.

It was found that reaction of Pd(OAc)2 with 1 equiv of
the pybox ligand in THF for 3 h at 70 °C did not lead to
the expected acetates 1 but instead led to the ring-
opened derivatives 2 (eq 1). The 1H NMR spectra of 2
clearly confirm the loss of C2 symmetry in the bound
ligands and also show the presence of two acetate groups
in magnetically different environments. The new ring-
opened products were insoluble in benzene, which aided
in the purification from unreacted ligand and other
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unidentified products. This ring-opening reaction oc-
curred for both of the pybox ligands examined in
identical isolated yields of 40%.

X-ray-quality crystals were grown from slow diffusion
of pentane into saturated THF solutions of 2a, and the
ORTEP diagram of the refined structure is shown in
Figure 1. The structure was solved by anomalous
dispersion methods in the P21 space group; however, the
PLATON program31 suggests a higher symmetry in the
orthorhombic setting. All attempts to solve the structure
in the suggested P21212 space group of higher symmetry
were unsuccessful. Compound 2a crystallized as stacked
dimers (Figure 2) in a head-to-tail arrangement that
maximizes overlap of the aromatic pyridine rings. The
intermolecular distance between C9 and the palladium
atom of its stacked pair is 3.42 Å.

Compound 2b does crystallize in the orthorhombic
setting (P212121), and the ORTEP diagram of 2b is
shown in Figure 3. The packing diagram of 2b reveals
repeating units of a closely packed arrangement of three
independent molecules (Figure 4). The most notable
feature of the packing arrangement for 2b is the long
hydrogen bond of 2.88 Å between H13 and a neighboring
palladium atom (Figures 4 and 5). These nonbonding
aryl hydrogen interactions to palladium appear to be
common, as over 200 entries were found in a search in
the Cambridge Structural Database.32 The cavity that
is left by this hydrogen bonding is then occupied by the
phenyl ring of a pybox ligand of a third molecule (Figure
4).

We suggest two plausible mechanisms to account for
the ring opening of the oxazoline fragment (Scheme 1).
Mechanism A involves attack of the acetate at the
3-position of the ring in an SN2-like fashion to afford 2.
Alternatively, the acetate can attack at the imine carbon
of the ring followed by COMe transfer, as outlined in
mechanism B. The openings to provide 2 are highly
reminiscent of the transformation observed by Cheval-
lier and co-workers, who found that heating oxazolines

in acetic acid under forcing conditions provided the
corresponding acetate adducts (eq 2).33 The lower tem-

peratures needed for the palladium-bound pybox ligands
suggest a strong Lewis acid effect in the ring-opening
reactions.

Conclusion

Attempts to prepare an intact (pybox)Pd(OAc)2 com-
plex were unsuccessful. However, the inorganic products
of the reaction were successfully isolated and structur-
ally characterized. The X-ray structures reveal that the
bound pybox ligands are susceptible to formal attack
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Figure 1. ORTEP diagram of 2a. Ellipsoids are shown at
the 30% level. Hydrogen atoms are omitted for clarity.
Selected bond lengths (Å): Pd(1)-N(2), 1.948(6); Pd(1)-
O(5), 2.021(5); Pd(1)-N(3), 2.028(6); Pd(1)-N(1), 2.092(6);
O(2)-C(12), 1.243(8); O(1)-C(6), 1.326(9); N(3)-C(13),
1.470(10). Selected bond angles (deg): N(2)-Pd(1)-O(5),
177.3(3); N(2)-Pd(1)-N(3), 81.5(3); O(5)-Pd(1)-N(3),
98.9(2); N(2)-Pd(1)-N(1), 79.0(3); O(5)-Pd(1)-N(1),
100.7(2); N(3)-Pd(1)-N(1), 160.4(3); O(2)-C(12)-N(3),
125.8(7); O(2)-C(12)-C(11), 121.7(7).

Figure 2. Stacking diagram of 2a. Hydrogen atoms are
omitted for clarity.
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by acetate counterions to afford new ring-opened pal-
ladium amido complexes. On the basis of the results
presented here, the susceptibility to acetates should be
carefully considered when using the pybox ligand in
metal-mediated catalysis.

Experimental Section

General Considerations. All manipulations were per-
formed using standard Schlenk techniques or in a nitrogen-
filled glovebox, unless otherwise noted. Solvents were distilled
from appropriate drying agents before use. All reagents were
used as received from commercial vendors unless otherwise
noted. Elemental analyses were performed by Desert Analy-
tics. 1H NMR spectra were recorded at ambient temperature
on a Bruker Avance 300 MHz spectrometer and referenced to

residual proton solvent peaks. A Rigaku MSC Mercury/AFC8
diffractometer was used for X-ray structural determinations.

Synthesis of 2a. (R,R)-2,6-Bis(4-isopropoyl-2-oxazolin-2-yl)-
pyridine (671 mg, 2.23 mmol) and Pd(OAc)2 (500 mg, 2.23
mmol) were suspended in 100 mL of THF and heated at 70 °C
for 3 h. The solvent was then removed under vacuum, and the
residue was washed with benzene, leaving 2a as a greenish
brown solid. Crude yield: 470 mg, 40%. Yellow crystals were
obtained by recrystallization with THF and pentane. 1H NMR
(CDCl3): δ 8.13 (t, J ) 7.9 Hz, 1H), 7.91 (dd, J ) 8.1, 0.9 Hz,
1H), 7.62 (dd, J ) 7.73, 0.94 Hz, 1H), 4.81-4.67 (m, 2H), 4.56-
4.43 (m, 2H), 4.03-3.71 (m, 2H), 2.17-2.06 (m, 1H), 2.03 (s,
3H), 2.00 (s, 3H), 1.86-1.77 (m, 1H), 1.08 (d, J ) 6.97 Hz,
3H), 1.00 (d, J ) 6.70 Hz, 3H), 0.95 (dd, J ) 6.97 Hz, 1.95 Hz,
6H). 13C{1H} NMR (CDCl3, 22 °C, 75 MHz): δ 178.3, 171.5,
169.7, 167.2, 156.4, 141.8, 140.9, 127.5, 124.1, 73.4, 68.6, 66.1,
60.2, 30.1, 29.6, 23.2, 21.4, 20.9, 20.2, 18.8, 15.4. Anal. Calcd
for C21H29N3O6Pd: C, 47.91 (47.96); H, 5.25 (5.56).

Figure 3. ORTEP diagram of 2b. Ellipsoids are shown at
the 30% level. Selected bond lengths (Å): Pd(1)-N(2),
1.960(7); Pd(1)-N(3), 2.015(7); Pd(1)-O(5), 2.020(8); Pd(1)-
N(1), 2.089(8); O(2)-C(15), 1.233(10); N(3)-C(15), 1.340(11).
Selected bond angles (deg): N(2)-Pd(1)-N(3), 80.7(3);
N(2)-Pd(1)-O(5), 174.2(3); N(3)-Pd(1)-O(5), 95.2(3); N(2)-
Pd(1)-N(1), 79.3(4); N(3)-Pd(1)-N(1), 159.9(3); O(5)-
Pd(1)-N(1), 104.9(3); O(2)-C(15)-N(3), 128.2(9); O(2)-
C(15)-C(14), 118.7(8).

Figure 4. Partial packing diagram of 2b showing the
trinuclear repeating units.

Figure 5. Close-up view of the intermolecular contact
between the pyridyl hydrogen and a neighboring palladium
atom in 2b.

Scheme 1. Plausible Mechanisms for the
Formation of 2
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Synthesis of 2b. (R,R)-2,6-Bis(4-phenyl-2-oxazolin-2-yl)-
pyridine (329 mg, 0.89 mmol) and Pd(OAc)2 (200 mg, 0.89
mmol) were suspended in 50 mL of THF and heated at 70 °C
for 3 h. The solvent was then removed under vacuum, and the
residue was washed with benzene, leaving 2b as a greenish
brown solid. Crude yield: 210 mg, 40%. Yellow crystals were
obtained by recrystallization with THF and pentane. 1H NMR
(CDCl3): δ 8.10 (t, J ) 7.9 Hz, 1H), 7.87 (dd, J ) 8.1, 0.9 Hz,
1H), 7.65 (dd, J ) 7.72, 1.1 Hz, 1H), 7.59-7.16 (m, 10H), 5.65
(dd, J ) 10.1, 9.0 Hz, 1H), 5.25 (dd, J ) 10.3, 9.0 Hz, 1H),
5.10 (dd, J ) 7.0, 6.9 Hz, 1H), 4.72 (t, J ) 8.0 Hz, 1H), 4.65-
4.49 (m, 2H), 1.99 (s, 3H), 1.68 (s, 3H). 13C{1H} NMR (CDCl3,
22 °C, 75 MHz): δ 178.3, 171.3, 169.5, 168.2, 155.9, 141.8,
141.3, 141.14, 141.1, 137.7, 129.4, 129.3, 128.5, 128.3, 127.5,

127.2, 124.5, 80.0, 67.5, 65.6, 58.8, 22.8, 21.3. Anal. Calcd for
C27H25N3O6Pd: C, 54.60 (54.56); H, 4.24 (3.46).
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