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An in situ ligand reaction from the pyridine cycle to −COO- in the
copper−organic framework is achieved under hydrothermal condi-
tions. Compound [Cu2(bpa)4] [1; bpa ) 5-(4-bromophenyl)picolinic
acid] exhibits a one-dimensional chain architecture based on weak
Cu−O interactions. The mechanism of ligand transformation is
discussed.

Recent studies have revealed that hydrothermal synthesis
under pressure and at low temperatures (100-200°C) proves
to be an effective method for in situ ligand synthesis. This
strategy not only presents the opportunity to generate organic
ligands that are difficult to synthesize but also represents a
potential direction for the construction of new metal-organic
frameworks (MOFs) through crystal engineering.1 A variety
of synthetic pathways were tested and completed success-
fully, including oxidation, reduction, and substitution reac-
tions designed for preparing MOFs.2 Examples of in situ
ligand syntheses under hydrothermal conditions include
hydrolysis of -CN and -COOR groups,3 reduction of
-COO-,4 hydroxylation,5 C-C bond formation by reductive

or oxidative coupling,6 and cleavage and formation of
disulfide bonds,7 etc. In these examples, considerable atten-
tion has been placed on the investigation of copper complexes
with organic N-heterocyclic ligands, which was mainly due
to their attractive magnetic properties,8 mixed-valence oxida-
tion-state pairs, photoluminescence,9 novel structural features,
and biological relevance.10 However, most of the exact
mechanism of ligand transformation is not yet well-proven
owing to the hydrothermal conditions. Chen and co-workers’
experiments confirmed that coordination of bpy and phen
to Cu ions is critical to their hydroxylation, which is also in
agreement with the Gillard mechanism.11

We report herein the in situ hydrothermal synthesis of 5-(4-
bromophenyl)picolinic acid (bpa) from 5-(4-bromophenyl)-
2-(pyridin-4-yl)pyridine (bppy) and its copper coordination
polymer based on weak CuII-O interactions, formulated as
[Cu2(bpa)4] (1), which represents an unusual oxidation of a
pyridine cycle of the ligand (see Scheme 1).

Crystals of1 were obtained by hydrothermal reaction of
Cu(NO3)2, Na2MoO4, H3PO4, and bppy. Single-crystal X-ray
analysis12 reveals that compound1 consists of a one-
dimensional chain architecture via weak Cu-O interactions.
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Scheme 1. In Situ Generation of bpa from bppy
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There are two crystallographically independent metal atom
centers: Cu1 presenting an octahedral coordination and Cu2
with a square-pyramidal coordination (see Figure 1a). Cu1
is primarily coordinated to two O atoms and two N atoms
of two bpa ligands in the equatorial plane, namely, Cu(bpa)2.
The bond lengths are Cu-N, 1.960(4) and 1.965(4) Å, and
Cu-O, 1.928(3) and 1.942(3) Å. In the axial positions, Cu1
weakly interacts13 with the O4 and O8 atoms [2.778(5) and
2.798(5) Å, respectively] from two other bpa ligands (the
sum of the van der Waals radii of Cu and O is 2.92 Å),14

leading to an axially distorted octahedral geometry for Cu1.
The basal plane of Cu2 is defined by two N and two O atoms
of two bpa ligands: Cu-N, 1.960(4) and 1.966(4) Å; Cu-
O, 1.921(3) and 1.929(3) Å. The apical position is occupied
by an O6 atom from another bpa with a bond length of
2.719(5) Å. Furthermore, Cu1 octahedra and Cu2 square
pyramids alternately connect organic bpa ligands via weak

Cu-O interactions extended along thec axis to form a one-
dimensional stucture (Figure 1b).

A series of crystal structures reported show that inter-
molecular halogen bonding (C-X‚‚‚O, X ) Cl, Br, or I) is
a kind of useful synthon in the control of the stacking of
crystalline lattices.15-17 In compound1, the halogen Br‚‚‚O
bond lengths ranging from 3.163(4) to 3.168(3) Å, shown
in Figure 2, are shorter than the sum of the van der Waals
radii (1.85 Å for Br and 1.52 Å for O). The angles of the
C-Br‚‚‚O bonds are in the range of 151.5(1)-167.1(1)°.
Thus, the O atoms meet the corresponding Br atoms roughly
in line with the C-Br bond, which is consistent with an n
f σ* electron donation from O to Br.

It is surprising that compound1 and the in situ synthesis
of bpa are simultaneously generated under the hydrothermal
reaction conditions. Many investigation results have pointed
out that metal ions can promote the hydrolysis of poly-
nitrogen heterocycles: Lerner and Lippard18 first found that
CuII in aqueous media promoted the hydrolysis of 2,4,6-tris-
(2-pyridyl)-1,3,5-triazine (tptz) to a bis(2-pyridylcarbonyl)-
amide anion (bpca); a similar hydrolysis reaction was also
observed by Paul et al. upon reacting RhCl3‚3H2O with tptz
in refluxing ethanol-water;19 Miguel et al. reported a series
of complexes with CuII-assisted hydrolysis of tptz;20 Bu et
al. characterized CuII-promoted hydrolysis of 3,6-bis(2-
pyridyl)-1,2,4,5-tetrazine (DPTZ) to 2,5-bis(2-pyridyl)-1,3,4-
oxodiazole andN,N′-bis(R-hydroxyl-2-pyridyl)ketazine.21

In all of these cases, none involves the ring opening of a
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Figure 1. (a) Coordination environment of the Cu atoms in1 with thermal
ellipsoids set at 30% probability. (b) Polyhedral view of the chainlike
structure formed via weak Cu-O interactions. All H atoms are omitted for
clarity.

Figure 2. Two-dimensional structural view showing the intermolecular
halogen bond C-Br‚‚‚O interaction in1.
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pyridyl ring itself. As is well-known, the oxidation of pyridyl
rings is more difficult than that of phenyl rings. The precursor
bppy molecule consists of a bromophenyl and two pyridyl
groups. However, in crystal1, a pyridyl ring was replaced
by a carbonyl group. As an aromatic group, the cleavage of
a 2-pyridin-4-yl group should be much more difficult than
that of the single C-C bond between the two pyridyl groups
in bppy. In addition, no other possible carboxyl source was
present in the reaction mixture. To the best of our knowledge,
this is the first example of pyridine cycle oxidation to
-COO- reported in MOFs including multifunctional pyri-
dine-containing ligands.

The coordination of the metal ion will cause some decrease
of the electron density on the aromatic ring, hence activating
the ligand. It is reasonable to postulate that an intermediate
complex bppy-CuLn may be formed during the conversion
of bppy into bpa. As shown by a previous investigation, CuII

can act as an oxidant under hydrothermal conditions,
especially at neutral or basic pH.1,2,22,23However, the reaction
reported here was performed under moderate acidic condi-
tions, and the Cu centers in [Cu2(bpa)4] still remained in the
+2 oxidation state. Therefore, CuII is not a strong oxidant
under the reaction conditions. A crystalline phase besides1
was also observed, which was identified as a Keggin-type
phosphomolybdate. As is well-known, polyoxometalates
(POMs) are a kind of very important doubly functional
reagent with oxidative and catalytic properties and have been
shown to be of general interest as oxidative catalysts for
heterogeneous and homogeneous phase oxidation reactions,
such as iodosobenzene,24 hydroperoxdide,25 periodate,26

N-oxide,27 and oxydehydrogenation reactions,28 and most
recently the oxygenation of hydrocarbons.29 During the
course of reiterative experiments, we found that the absence
of Cu2+ or MoO4

2- in the reactions did not lead to the pba-
containing products;15ano bpa was observed under the same

hydrothermal conditions when other nitrates, such as cobalt
and/or silver nitrate salts, instead of copper nitrate salt were
used.30 These experimental results indicated that both Keg-
gin-type POMs and Cu2+ were necessary for the successful
synthesis of1. Considering all of the points mentioned above,
it is possible that a combination of several factors together,
including the presence of valence-changeable POM and Cu2+

ions and the hydrothermal conditions of high temperature
and pressure, leads to the oxidation of bppy to bpa. Further
work to clarify this point is underway.

The magnetic measurement of compound1 is in agreement
with the presence of two Cu2+ ions per formula. Thus, the
ømT product at room temperature is ca. 0.8 emu K mol-1, as
expected for two noninteracting Cu2+ ions (S ) 1/2). When
the temperature is lowered, theømT product remains constant
down to low temperatures, indicating the absence of signifi-
cant magnetic interactions between the CuII ions in the title
compound.

In summary, an unusual oxidation of the pyridine ring is
achieved in crystal1. The inorganic components in the
reaction solution show interesting catalytic properties. This
current work not only opens a new perspective for the
application of pyridyl-based ligands in metal-organic chem-
istry but also may serve as a new bridge between coordina-
tion chemistry and synthetic organic chemistry.
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