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Abstract:

Metal complexes of biological molecules are a topic in demand for environmental purposes. Modern chemistry
looks for the eco-friendly preparation of green compounds with optical and electrochemical properties with
applications in technological fields. Herein, we prepared a metal complex bis-histidinato nickel (I1) (BHN) from
nickel(Il) acetate and L-histidine using a non-contaminant microwave-assisted technique. By taking advantage of
efficient and controlled heating provided by microwave-assisted synthesis, a quality crystal of BHN was obtained
and the resolution of the crystal structure of this complex showed an R1 = 0.0155 and wR2 = 0.0410. Crystal
Data for Ci2H1sNsNiOs (M = 385.03 g/mol): monoclinic, space group C2 (no. 5), a = 29.3180(12) A, b =
8.2185(3) A, ¢ = 6.2729(3) 4, § = 90.0630(10)°, V = 1511.45(11) A3, Z = 4, T = 110.0 K, u(MoKa) = 1.323 mm
1 pcalc = 1.692 g/cm3, 23159 reflections measured (6.478 ° < 2@ <54.972 °), 3369 unique (Rint = 0.0262, Rsigma
=0.0203) which were used in all calculations. The final R1 was 0.0155 (I > 20(1)) and wR2 was 0.0410 (all data).
The luminescence spectra of BNH suggested that 77 stacking interactions between imidazole rings of
neighboring molecules favored by the presence of hydrogen bonds.
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I Introduction

Since its inception, microwave-assisted chemical synthesis has become well-established practices in the
laboratory setting [1,2]. Hailed as the Bunsen burner of the 21% century, the microwave-assisted synthesis
technique has emerged as a valuable alternative in the synthesis of organic compounds [3], polymers [4], inorganic
materials [5], and nanomaterials [6,7,8]. Instead of using conventional heating methods such as gas Bunsen
burners, ovens, water or oil bath, and hotplate, microwave using microwave radiation to provide alternative
heating and energy for reaction to occur. Because microwaves are a form of electromagnetic radiation with a
frequency between radio waves and infrared radiation, microwave-assisted synthesis relies on the selective
absorption of microwave energy by molecules with dipolar or polar properties. As such, it can heat the reaction
mixture very quickly and uniformly, which result in faster reaction rates, improved reaction yield, reduction of
side reaction, and selective activation of specific reactants. It can be used in the solvent-free and water-mediated
reactions [9,10,11,12,13]. Therefore, microwave-assist synthesis will reduce the chemical waste, increase energy
efficiency, and have a more positive impact on the environment compared to some traditional synthesis methods.
Recently, applying microwave-assisted synthesis on nanomaterials and catalysts have gained momentum because
of growth of these materials requires specific reaction conditions by taking advantage of efficient and controlled
heating provided by microwave-assisted synthesis [14].

Nanomaterials, metal nanoparticles, and nanostructures have a wide range of applications across various
fields such as electronics, photonics in solar cells and catalysts in materials science due to their unique properties
and versatility. Particularly, the quest for new eco-friendly catalysts [15], the pursuit of green new materials with
optical properties [16], and the search for environmentally safe compounds with possible applications in
pharmacological [17] and nutritional fields are goals of environmental remediation and sustainability alternatives
[18] to save our planet from ecological disasters. This makes the microwave-assisted synthesis quite an attractive
synthesis technique to be deployed in this arena.
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On the other hand, metal ions coordinated with amino acids can catalyze a wide range of biochemical
reactions like energy production, DNA replication [19], and molecular transport [20] in biological systems. The
metal center of the metalloenzyme provides the needed structural environment to catalyze reactions by forming
metal-binding sites. Researchers use to mimic the core structures of them to study their possible applications. It is
one of research area intensively pursued by the researchers around the word. For example, Nickel amino acid
compounds play crucial roles in biological systems due to their significance in various biochemical processes;
especially in enzymes known as nickel-dependent enzymes. They can serve as cofactors, as in acetyl CoA
synthetase [21] and in the quercetin 2,4-dioxygenase where a nickel(I1) ion coordinated to three imidazole nitrogen
from histidine groups and a glutamate residue and catalyzes oxidative cleavage of quercetin [22]. In Hydrolases
as urease [23,24,25]. In electron transfer enzymes such as nickel-hydrogenase, methyl-coenzyme M reductase
[10]. They are also present in oxidoreductases such as superoxide dismutase [26], acireductone dioxygenase [27],
CO dehydrogenase [28]; in isomerases as glyoxalase | [29] and lactate racemase [30].

As an essential amino acid [31], L-histidine plays an important part in the biosynthesis of proteins. The
deficiency of this amino acid is fatal in children and leads to chronic renal failure in adults [32]. L-Histidine is
present in almost 50% of active sites of enzymes [33], and the side-chain, imidazole ring, plays a crucial role in
the stability and functionality of the amino acid in the proteins. It is well known that the N-donor atoms of the
imidazole group are the exclusive binding sites for metals below pH 7.5. Above that value, the nitrogen atom of
the amino group of this amino acid also binds transition metals [34]. Different reaction conditions and ligand
would result in different binding environment at the metal center. Therefore, this metal-containing amino acid
complex is an ideal candidate for the microwave-assisted technique.

In this study, we will employ microwave-assisted technique to synthesize the Bis-L-histidinato nickel
(11 (BHN) at different pH values. Because the different pH and reaction condition will influence the outcome and
quality of products, the synthesis procedure will be modified from the traditional refluxing method by taking
advantage of by taking advantage of efficient and controlled heating provided by microwave-assisted synthesis.
The reaction investigated in this study is shown in Figure 1. The luminescence spectrum will be used to measure
the optical property of the BHN.
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bis-L-histidinato nickel(11)
Figure 1 Stoichiometric reaction for the preparation of BHN
1. Experimental section
2.1. Materials and methods

All chemicals utilized in this work were analytical grade reagents and purchased from commercial sources; L-
histidine was purchased from J.T. Baker; Nickel (II) Acetate Tetrahydrate from Acros Organics, potassium
hydroxide from E.M. Science. Buffers phosphate (pH 7.4) and carbonate-bicarbonate (pH 10) were prepared in
our laboratory.

All operations were carried out in ambient conditions. Synthetic procedures were executed using a classical
refluxing apparatus and microwave synthesizer. The crystal structure recording and determination were executed
at the Department of Chemistry at Texas A&M University. The UV-vis spectroscopy was measured in a Jasco V-
770 spectrophotometer.
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2.2. Synthetic procedures

The BHN was prepared by the reaction of 0.00135 moles of Nickle acetate tetrahydrate (0.34 g) with a solution
of 0.0027 moles of L-histidine (0.42 g dissolved in 20 mL water), the procedure took place using two different
methods, a) in a microwave synthesizer and b) by reflux in water.

2.2.1. Crystal Structure determination and refinement

Single crystals of C12H1sNsNiOs [BHN] were grown in water solution by deposition. After two days a purple
needle plate shaped crystal of 0.4, 0.165, 0.13 mm suitable was selected and mounted on a Bruker Photon 3 area
detector diffractometer. The crystal was kept at 110.0 K during data collection. Using Olex2 [35], the structure
was solved with the XT [36] structure solution program using Intrinsic Phasing and refined with the XL [37]
refinement package using Least Squares minimization. This compound crystallized in the monoclinic space group
C2 (C121).

Crystallographic data for BHN has been deposited with the Cambridge Crystallographic Data Centre, CCDC
reference number 2288361, DOI: 10.5517/ccdc.csd.cc2gt73n. Copies of the data can be obtained free of charge
on application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax: (44) 1223 336-033; e-mail:
deposit@ccdc.cam.ac.uk).

2.2.2. Luminescence measurements

The luminescence spectra of BHN at pH 7 and 10, and L-histidine, were recorded using a Jasco FP- 8300(ST)
spectrofluorometer with Spectra Manager Il in water solution with the following specifications, for L-histidine
the measurement range was from 250 to 600 nm, with the excitation wavelength at 230 nm; in both BHN
experiments the measurements were perform in the range of 300 to 600 nm, with the excitation wavelength at 350
nm; in all experiments the scan speed was 1000 nm/min

1. Results and discussion
3.1. Preparation and crystallization

The preparation of BHN is carried out by adding nickel acetate to a solution of L-histidine in a sealed
tube and microwaving it at 1 atmosphere and 40°C for 20 minutes; when the reaction finished, the reacting mixture
changed into a faded purple color soluble in water. Drops of 1 M potassium hydroxide solution are added to 20
mL of the reaction mixture (until it reaches pH 10). A similar result occurs by refluxing the same reactants in
water for two to three days. Once the reaction ended, the solid was filtered to remove the excess unreacted amino
acid and metal salt, washed with 5 mL of cold water three times and dried at room temperature. In both cases the
resulting mixtures contained pink-purple solids.

Comparison of the microwave-assisted technique with the traditional refluxing procedure underlined the
advantage of a microwave synthesis not only for the speed of the reaction (20 minutes against the 70 hours in the
last one) but also because the microwave-assisted technigue is energy-saving and environmental safety, which
avoids possible spills and vapor gases usually produced during the refluxing procedure.

In both procedures, the pH was raised to 10 by adding a 1.0 molar concentration of potassium hydroxide
to accelerate the formation of crystals. The yield of the preparation using a microwave synthesizer was 90%. The
recorded crystal structure is shown in Fig 2. Although the crystal structure of BHN is already published, the
published crystal data was with a lower sensitivity. However, better quality crystal structure is needed in order to
seek the spectroscopic and electrochemical properties of BHN. Single purple crystals grew by settling down a
concentrated agueous solution from the filtrate in a vial for almost two days at pH 10. An alternative method was
the crystallization by vapor diffusion of a water-solution of the compound with methanol. Crystal Data for
C12H1sNsNiOs (M = 385.03 g/mol): monoclinic, space group C2 (no. 5), a=29.3180(12) A, b =8.2185(3) A, c =
6.2729(3) A, B = 90.0630(10)°, V = 1511.45(11) A%, Z = 4, T = 110.0 K, w(MoKa) = 1.323 mm, pcalc = 1.692
g/cm3, 23159 reflections measured (6.478 ° <20 < 54.972 °), 3369 unique (Rint = 0.0262, Rsigma = 0.0203) which
were used in all calculations. The final R1 was 0.0155 (I > 2¢(I)) and wR2 was 0.0410 (all data)

The asymmetric unit consists of one molecule of BHN hydrogen bonding to a molecule of water. Crystal
structure refinement and final information are presented in Table 1.
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Figure 2 Crystal structure of BHN showing thermal ellipsoids at 50% (OLEX2)

Table 1: Crystal structure information of BHN

Empirical Formula C1,H1sNgNiOs
Molar mass 385.03 g/mol
Crystal system monoclinic
Space group C2

Z 4

a/A 29.3180(12)

b/ A 8.2185(3)

c/ A 6.2729(3)

B 00.0630(10)°
Cell volume 1511.45(11) A
Final R index (all data) R1=0.0155, wR2 = 0.0410
Goodness-of-fit on F? 1.050

3.2 Structures at Nickel center

From the crystal structure shown in Figure 2, one can see that the nickel center displays an octahedral-
distorted geometry that binds one oxygen atom from the carboxylic group, the nitrogen 1 (and 4 from the other
histidine) from the amino group, and the nitrogen delta (2) (and 5 from the other histidine) from the imidazole
rings. Due to the presence of water molecules in the structure and the highly electronegative atoms such as oxygen
and nitrogen, the crystal structure shows several hydrogen bonds and short contacts. Each water molecule in the
structure forms three hydrogen bonds with BHN units, two of them through the hydrogen atoms of the water with
a carboxylic oxygen atom attached to the nickel (I1) center and with the free oxygen atom of another BHN unit;
the third hydrogen bond is between the oxygen atom from the water and the hydrogen attached to the nitrogen-
epsilon atom (N3 in one histidine an N6 in the other one), of the imidazole group. There are other hydrogen bonds
between carboxylic and amino groups of adjacent molecules.

In the b axes of the crystallographic cell, the angle between imidazole rings of two adjacent molecules is
75.74°, and the distance between those rings is 4.830 A. The distance between imidazole rings in two parallel
molecules is 6.488A. In the ¢ axes, the angle between two imidazole rings in two adjacent molecules is closely
0°; these rings are located in a parallel displacement array and at the distance of 3.451A, which is considered a
stable configuration for a rt-x staking interaction [38,39]. The perfectly closest distance between parallel imidazole
rings is at 6.260A in a sandwich array; in this case, the distance between rings and the arrangement does not fit
the requirement for w-rt staking interaction.
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3.3 Luminescence

Comparing the spectra of the BHN complex with the free L-histidine, the luminescence emissions appear
at different wavelengths. As shown in Figure 3, the luminescence of L-histidine (Fig. 3A) in water at 312 nm
(with excitation wavelength at 230 nm), while the BHN complex emits at 422 nm at pH 7 (Fig. 3B) and 425 nm
at pH 10 (Fig. 3C). The compound did not present luminescence at 550 nm at any pH measured. In his work about
luminescence of L-histidine, Iwunze [40] reported the fluorescence emission of L-histidine at 360 nm; he
experimented with simulated body fluid at an excitation wavelength of 220 nm. Though the peak was not highly
intense, it was strong enough to study the interaction of L-histidine with hydrogen peroxide. Iwunze's report is
close to the measurements of the L-histidine in this work; the difference is that this work use water as the solvent
and the excitation wavelength of 230 nm. Other the other hand, Wegeberg and Wenger [41] indicated that
nickel(Il) is among the first-row transition metals able to display luminescence, especially in square planar
compounds, the luminescence in these cases is strong at low temperatures, but at room temperature luminescence
emissions are rare. Luminescence behavior in Nickel(1) occurs in macrocyclic compounds [42], supramolecular
assembly units containing this ion [43], in layered organic-inorganic oligophenylenevinylene nickel(ll)
compounds [44].
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Figure 3 Luminescence spectra in water solution, A) in black luminescence spectrum of L-histidine, B) in
blue luminescence spectrum of BHN at pH 7, C) in red, luminescence spectrum of BHN at pH 10

As in most luminescent materials, this optical property arises from aromatic groups and n-delocalized
electronic systems present in the structure, which are listed as fluorophore moieties of fluorescent species.
Biomolecules with luminescent properties are of great interest in biological markers manufacturing, molecular
recognition uses, separation of biomolecules, and biological and non-biological sensors preparation [45,46]. Due
to this property, L-histidine is also used to prepare bio-conjugated quantum dots and reagents for immunoassays
[47] when combined with metal-sulfur or selenium core-shell quantum dots. The source of the L-histidine
luminescence property is the presence of the imidazole ring in the side chain of this amino acid [48, 49].
Experiments executed on free L-histidine reported a weak intensity of the emission spectrum [Error! Bookmark
not defined.] enhanced by the addition of strong fluorophore inductors as o-Phthalaldehyde (OPT) [50] or 4'-
phenylspiro[2-benzofuran-3,2'-furan]-1,3'-dione (fluorescamine) [56] and more recently by the addition of doped
metalorganic frameworks as luminescence turn-on sensor for L-histidine detection [48, 51, 52], or by acid
hydrolysis [53].

In this work, the crystal structure of BHN shows n—r stacking interactions between imidazole rings of
neighboring molecules favored by the presence of hydrogen bonds. Several histidine derivatives exhibit enhanced
luminescence, as is reported in cases of histidine-containing peptides [54, 55]. However, most of these compounds
undergo a decrease in the intensity of the emitted light or completely quenched luminescence due to the presence
of paramagnetic species. Those cases comprise a variety of situations going from the binding of paramagnetic
metal ions to the amino acid to the presence of oxygen molecules in the testing solution, a property used in the
preparation of probes for L- Histidine detection [56]. Most of these probes contain paramagnetic ions in their
structures.
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According to the Yang et. al. theory on fluorescence regulation mechanism for paramagnetic ions [57],
the source for quenching of fluorescence emission is the competition of non-radiative decay transitions when the
mixed fluorophore-metal ®zz*/dd state has a similar energy to the fluorophore-localized 'zz* state. However, if
the exited energy level of the paramagnetic metal has lower energy than the excited state energy of the fluorophore,
the quenching would not occur. For example, in a paper on luminescence of L-histidine, Loewenthal and
coworkers 54 found changes in the luminescence spectra of L-histidine derivatives by the effect of the pH of the
tested sample; this work explored the possibility of pH effect in the luminescence emission of this metal complex,
which showed a slight shift from 422 to 425 nm when the pH increases from 7 to 10.

Iv. Conclusion

The pursuit of ecologically friendly catalysts and luminescent compounds is an urgent need to face the
nowadays environmental challenge. This study employed microwave-assisted synthesis technique to synthesize
and crystalize a quality bis-L-histidine Nickel(11) (BHN) complex, a far better quality data than previous published
data. Crystal Data for C12H1sNsNiOs (M = 385.03 g/mol): monoclinic, space group C2 (no. 5), a = 29.3180(12)
A b =82185(3) A, c =6.2729(3) A, B = 90.0630(10)°, V = 1511.45(11) A3, Z = 4, T = 110.0 K, p(MoKa) =
1.323 mm, pcalc = 1.692 g/cm?, 23159 reflections measured (6.478 ° < 20 < 54.972 °), 3369 unique (Rint =
0.0262, Rsigma = 0.0203) which were used in all calculations. The final R1 was 0.0155 (I > 2¢6(1)) and wR2 was
0.0410 (all data). The luminescence spectra of BNH suggested that n—n stacking interactions between imidazole
rings of neighboring molecules favored by the presence of hydrogen bonds.
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