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ABSTRACT KEYWORDS
An oligonuclear complex based on amino acid derivate had been Amino acid derivate; cobalt;
synthesized and structurally characterized, which exhibits a three- helical; water chain

dimensional (3D) supramolecular framework constructed from the
mono-cobalt units and helical water chains stabilized in this complex.
Additionally, the compound was characterized by thermogravimetric
analysis (TGA), IR spectroscopy, and elemental analysis.

1. Introduction

Systematic investigation of water aggregates formed by variable nuclearities has attracted
great interest due to their potential applications, biological, and chemical processes [1-3].
The best understanding of hydrogen bonding interactions and rearrangement dynamics of
discrete water clusters, infinite water chains, and sheets would be for achieving an accurate
description of liquid water and its anomalous properties [1-5]. With this consideration in
mind, several types of interesting water aggregates, such as water clusters (H,0), [4-6], one-
dimensional (1D) water chains [7-9], two-dimensional (2D) water layers [10-12], and even
three-dimensional (3D) water structures [13,14], have been synthesized and documented in
recent decades. Comparably, the infinite water chains attract much more attention due to
the vital role of controlling proton fluxes in a large number of biomolecules, facilitating the
selective permeation of water across membranes, and stabilizing the native conformation of
biopolymers [15-17]. In addition, much interest has been also focused on the construction of
helical water chains because they are very essential to understand hydrogen bonds and other
noncovalent interactions in many important biopolymers [18,19].

Despite some success has been achieved on water chains or helical water chains, it
is still extremely difficult to construct thus water aggregates artificially because of the
poor understanding of structural constraints required in stabilizing helical chains [20,21].
Therefore, the modulation and stabilization of thus water chains is a long-standing
challenge. The structures and types of water aggregates have good relationships with
the synthetic achiral or chiral building block or supramolecular networks, which have
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provided accurate and detailed information about hydrogen bonding in diverse water clus-
ters trapped in these host matrices [22]. With this consideration in mind, we set out to
select amino acid derivates as the building components to construct chiral scaffolds to
trap helical water aggregates [23]. Herein, we present a new discrete mononuclear com-
pound derived from amino acid derivate, [Co(L)(H,0)4]-5H,0 (1) (L = 4-((1-carboxy-2-(4-
hydroxyphenyl)ethylamino)methyl)benzoic acid), which interestingly stabilizes infinite heli-
cal 1D water chains in the host of supramolecular structure.

2. Experimental section

2.1. General

All of the chemicals were obtained from commercial sources and used without further purifi-
cation. The synthesis of the ligand was referred by Wang et al. [23].

2.2, Synthesis and crystallization

A solution of Co(NOs3),-3H,0 (0.030g) in 5mL water was mixed with ligand (H,L) (0.010g )
in 10mLH,O with addition of several drops of 0.2molL~! NaOH solution. The mixture was
sealed in a Pyrex tube and heated to 50 °C for half day, and then standed at room tempera-
ture. The red block-shaped crystals obtained were filtered and washed with water. Yield of
the reaction was ca. 30% based on the ligand. Anal. Calcd. for C;;H33NO4Co: H 6.22%,
C 38.21%, N 2.62%; found H 5.47%, C 37.85%, N 2.89%. IR: 3440, 1606, 1529, 1387, 1173,
1095, 1020, 861, 784, 760.

2.3. X-ray structure determination

X-ray diffraction data of 1 (0.20 mm x 0.2 mm x 0.1 mm) were collected on Oxford Gem-
ini S Ultra at 293 K. Crystal structure were solved by the direct methods implemented in the
SIR 97 program package and refined using the full-matrix least-square method on F* with the
SHELXL-97 package [24]. The data reduction was carried out by the program CrysAlis RED.
All non-hydrogen atoms were refined anisotropically. All H atoms were placed geometrically,
with C-H = 0.93 (aromatic) or 0.96 A (CH,), and refined using a riding-atom model, with
Uiso(H) = 1.2U¢(C). The hydrogen atoms attached to oxygen of water were refined with O-H
= 0.85A, and U, (H) = 1.2 Ueq(O), and fixed at the ideal positions with the consideration of
the proper positions of water molecules. O7 was refined isotropically. Crystal data, data collec-
tion, and structure refinement details are summarized in Table 1. Future details for structural
analysis were summarized in Table 1. CCDC-1005144 contains the supplementary crystallo-
graphic data for this paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via http://www.ccdc.cam.ac.uk/datarequest/cif.

3. Results and discussion

3.1. X-ray structure determination

The complex 1 was synthesized by slow evaporation at room temperature. The compositions
of 1 were further deduced from X-ray single crystal diffraction, elemental analyses, and IR
spectrum.


http://www.ccdc.cam.ac.uk/datarequest/cif.

Table 1. Crystal data and structure refinement for 1.
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Compound reference

1

Chemical formula C;;H53CoNO,,
Formula mass 53437
Crystal system Orthorhombic
a(R) 7.9047(3)

b (A) 11.6284(6)
c(A) 26.0115(13)
a () 90.00
B 90.00

7 (©) 90.00
Unit cell volume (A3) 2390.95(19)
Temperature (K) 293(2)
Space group P2(1)2(1)2(1)
No. of formula units per unit cell, Z 4

No. of reflections measured 791

No. of independent reflections 4126

R, 0.0271
Final R7 values (I > 2o°(/)) 0.0321
Final wR(F) values (I > 2o (1)) 0.0830
Final R, values (all data) 0.0370
Final wR(F?) values (all data) 0.0849

Crystal data are listed in Table 1. Compound 1 crystallizes in the orthorhombic space group
P2(1)2(1)2(1). The asymmetric unit of 1 contains a complete mono-nuclear cobalt unit, and
five lattice water molecules, shown in Fig. 1. The central cobalt ion adapts octahedral con-
figuration and is coordinated by one pyridyl-N atom, one carboxylate oxygen atom, and four
coordinated water molecules, where the basal plane is formed by one pyridyl-N atom and
three coordinated water molecules, and the axial positions are occupied by two oxygen atoms
from water molecule and carboxylate group. Each central cobalt ion was chelated by the fully
de-protonated amino acid derivate. The Co-N and -O bond distances range from 2.036(6)
to 2.167(8) A, in accordance with the Co(II) state. In addition, the L ligand was folded caused
by the strong 7 -7 interaction (3.749 A ) between two aromatic rings (centroid-to-centroid).
The supramolecular network of 1 is shown in Fig. 2, indicating that hydrogen bonding inter-
action between the carboxylate groups and coordinated aqua molecules plays a pivotal role in
assembling the discrete mono-nuclear entities toward higher dimensionality. As a result, the
3D supramolecular network with regular 1D helical channels along the a-axis is generated by
thus successive interactions.
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Figure 1. The molecular structure of (1), showing the atom-labeling scheme and displacement ellipsoids
drawn at the 30% probability level.
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Figure 2. The perspective of 3D crystal packing model along the crystallographic a-axis direction.

Each channel accommodates a one-dimensional helical water chain, as shown in Fig. 3. In
this helical chain, two of lattice waters (O1W and O2W) associated with themselves together
by hydrogen bonds give rise to R-helical assembly. The other water molecules (O3W, O4W,
and O5W) are ligated together via hydrogen bonding interactions, and bind onto the helical
water chain. Each water molecule in the chain forms two hydrogen bonds, one as a donor
and the other as an acceptor, and all of the hydrogen bonding distances range from 2.725(10)
to 2.899(15)A (O---O distances). All of the 1D helical water chains are anchored onto the
supramolecular host by versatile hydrogen bonding interactions of O-H-Ooordinated water With
the distances from 2.647(12) to 2.867(11)A (O---O distances). Here, both host-host, water—
host, and water—water interactions are important for the stability of the overall structure.

3.2. IR analysis

The solid Fourier transform infrared spectroscopy (FTIR) spectra of complex 1 shows a very
intense broad band around 3400 cm ™! attributed to the water molecules [25]. In the IR spectra
of compound, the broad peaks near ca. 3400 cm ™" indicate the presence of water molecules.
The IR spectra also show characteristic absorption bands mainly attributed to the asymmetric
(vas: ca. 1600 cm™!) and symmetric (v,: ca. 1385 cm™!) stretching vibrations of the carboxy-
late groups. No band in the region 1690-1730 cm ™ indicates complete deprotonation of the
carboxylate groups, and is consistent with the result of the X-ray diffraction analysis [26].

Figure 3. The perspective view of the helical water chain in the lattice of supramolecular structure.
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Figure 4. TG curve of 1.

3.3. TGA analysis

We have also studied the thermal stability of the water cluster by thermogravimetric analysis
(TGA), shown in Fig. 4. TGA studies showed total water loses occur in two stages, and an
16% weight loss was observed between 25 °C and 120 °C, which is almost equivalent to a loss
of five water molecules.

4. Conclusions

In summary, a self-assembled, 1D helical chains trapped within a supramolecular host has
been characterized by X-ray crystallography, TGA, and IR spectra. We succeed in modulating
not only the structural motifs of the metal-organic framework, but also the helical 1D water
aggregates by employment of new host constructed from the amino acid derivate. Thus, result
illustrates the sensitive dependence of water aggregates upon the details of their environment.
This unique water aggregate may be important in providing insight into the hydrogen bonding
motifs between host and waters in bio-systems.
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