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In Situ Ligand Synthesis for a Novel 1-D Mn Coordination Polymer

Ding Weng, Yude Wang, Ranbo Yu," Ruji Wang, Dan Wang,'" Qiang Cai, Hengde Li, and Youwei Yao*
Department of Material Science and Engineering, Tsinghua University, Beijing 100084, P. R. China
TDepartment of Physical Chemistry, University of Science & Technology Beijing, Beijing 100083, P. R. China
T Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100080, P. R. China

(Received September 15, 2004; CL-041082)

A novel manganiferous coordination polymer, [Mn(Il)-
(HL),],, (H,L = 4-hydroxynicotinic acid) (1) was hydrothermal-
ly synthesized. Interestingly, an in situ ligand synthesis for HL
from 3,4-pyridinedicarboxylic acid precursor was observed.
Structure analysis indicates 1 is built up from building blocks
of Mn(Il)-centered octahedron and HL ligand. The w;-HL
ligand plays dual roles for the formation of 1-D framework:
chelate and bridge.

Recently, a series of interesting coordination polymers are
reported,! which are characteristic of reconstruction of covalent
bonds of ligands simultaneously occurring during crystalliza-
tion, such as hydroxylation,la acylate,lb decarboxylation,lc and
dehydrogenation.'® The simultaneous organic reaction named
as in situ ligand synthesis is of interest, because it may not only
produce novel crystal structures,! but also provide evidence for
some organic reaction mechanisms.” However, systematic de-
signs on coordination polymers involving in situ ligand synthe-
ses are quite few,?> compared to those with ligands maintaining
integrity.

It has been reported that under hydrothermal conditions,
metal ions, especially transition metals with high oxidation state,
can be reduced in the presence of organic structural directing
agent or ligand.? Recently, we investigated hydrothermal reac-
tion systems containing pyridinedicarboxylic derivatives and
MnOs,. Interestingly, redox reaction of Mn(IV), as well as the de-
carboxylation and substitution reactions of 2,3-pyridinedicar-
boxylic acid was observed, and a novel Mn(II) coordination
polymer [(NA)(ONA)Mn(II)], (HNA = nicotinic acid; H,ONA
= 2-hydroxylnicotinic acid) (2) was isolated.* Gillard and Hall
suggest that the 2- (or 4-) position of pyridine becomes polarized
upon coordination to metal ions and so chemically active.> On
one hand, as an electron withdrawing group, carboxyl may re-
duce the density of electron cloud of pyridyl group. On the other
hand, the highly polarized 2-(or 4-) position may probably attract
an H,O or OH™, and other oxygen-containing Lewis bases with-
in reacting distance, leading to a nucleophilic substitution reac-
tion that produces ONA.

According to the above suggestions, we investigated the
probability of in situ ligand synthesis of 3,4-pyridinedicarboxyl-
ic acid (3,4-pdc) with the presence of MnO, in hydrothermal
environment. Interestingly, substitution and decarboxylation
reactions occurred on the 4-position of 3,4-pdc were observed,
and a novel 1-D coordination polymer [Mn(II)(HL),], (H,L =
4-hydroxynicotinic acid) (1) was isolated. In this paper, we
report the synthesis and structural characterization of 1. 1 and
2 may provide a method for preparing novel coordination poly-
mers through in situ ligand synthesis.

A mixture of MnO,, 3,4-pdc, 1,10-phenanthroline, H,O

with molar ratio of 1.00:1.61:1.13:88.7 was sealed in a 20-mL
Teflon-lined autoclave and was heated at 413 K for 69 h. The re-
sulting mm-sized yellow single crystals were recovered by filtra-
tion, and dried in ambient conditions.® 1 can be synthesized
without using 1,10-phenanthroline, however, the crystal of poor
quality was produced.

Figure 1 shows that Mn is coordinated by six O atoms from
four HL ligands in the asymmetric unit’ The Mn-O bond lengths
in the range of 2.111(2)-2.319(2) A; and O-Mn-O bond angles
ranging from 83.82(8) to 180.0 degree show that Mn is located in
a distorted octahedral coordination environment. X-ray photo-
electron spectrum (XPS) indicated N1s binding energy (BE) of
400.5eV, and Mn2p3,,» BE of 641.1eV for 1. This former BE
value is significantly larger than the N1s BE of 398.8 eV for pyr-
idine,® and lies within the N1s BE range of about 400.4—
403.2 eV for amine salts;%" the latter BE value is in agreement
with the Mn2p;/» BE of about 641.0-641.2eV for MnO.%8
The XPS results, crystal structure, and bond valance sum calcu-
lation® are self-consistent based on the requirement of charge
balance for molecular formula.

Figure 1 and the figure in graphic abstract show that the HL
ligands play dual roles for the formation of 1-D framework: as a
bridge ligand with O(1) and O(2) linking two adjacent Mn atoms
forming an extended linkage of Mn and carboxyl groups; as a
chelate ligand with O(2) and O(3) atoms capping one Mn atom
resulting in an interrupted framework. The dihedral angle of
carboxyl and pyridyl planes is 30.1°, indicating a corrugated
6-membered ring made up of Mn(1), O(2), C(6), C(2), C(3),
and O(3) atoms.

Figure 2 shows the 1-D frameworks extending along the a-
axis. Interestingly, there is no interdigitated structure of aromatic
planes, indicating the absence of face to face 77— interaction be-
tween adjacent frameworks. The 1-D frameworks of 1 are held

Figure 1. ORTEP drawing for the asymmetric unit of 1 with
30% probability ellipsoids, showing the atomic numbering
scheme. Symmetry operation (-3 —x,1—y,—1—7z) for
O(2A) and OQBA); (x,14+y,z) for O(1A); (=4 —x,1—y,
—1 — z) for O(1B).
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Figure 2. Projection (100) of 1-D chains illustrates the H-bonds
between the adjacent chains: weak H-bonds of C-H--O, and
H-bonds of N-H---O.

together by H-bond interaction: weak H-bond between aromatic
C-H donors and O acceptors; H-bond between the dangling N-H
donors and O acceptors.'?

This reaction system involved MnO, precursor, instead of
the soluble Mn salts generally reported. On one hand, the reac-
tion systems of 1 and 2 are different from those reported by Hong
et al. that “uncharacterized precipitation” and “micro-crystals”
unsuitable for single crystal characterization are obtained by di-
rectly using carboxylic acid and soluble Mn salt as precursors.'®
Considering the dynamic feature of phase transition reaction in
hydrothermal environment, we adopted chelate ligands and in-
soluble inorganic reactant for large single crystal products,* sim-
ilarly to the cases for preparing some zeolite or zeolite-like large
single crystals using fluoride as a mineralizer and insoluble pre-
cursors containing framework elements.!! On the other hand,
MnO; functions as an oxidant reagent, which can facilitate the
organic reactions under hydrothermal conditions.* Different
from 2, decarboxylation product, nicotinic acid (NA), does not
incorporate in the crystal product. However, NA with concentra-
tion of ca. 2 x 107> M in the liquid phase of the final reaction
system has been detected using internal standard method on a
GC-MS, suggesting the coordination competitions among li-
gands to Mn ion, or transition reactions among ligands during
crystallization. Consequently, it should be noted that the present
results can not exclude multiple possibilities on the reaction
pathways of the substitution and decarboxylation reactions com-
panied by phase transition. Systematic investigations on dynam-
ics and combinations of ligands and metals will be reported
somewhere.

In summary, the hydrothermal reaction of MnO, and li-
gand(s) is a brief but rarely investigated method for preparing
large single crystal carboxylato-Mn coordination polymers,
and for synthesizing novel structures.
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