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Abstract: Azine compounds has recently gained significant attention due to the interesting proper-
ties that they display which could be relevant in fields such as Pharmacology and Material Sciences.
These types of ligands stand out in Coordination Chemistry because of the facilities that exhibit to
easy coordinate to transition and post-transition metal ions. Besides to the azine skeleton (C=N-
N=C), the addition of other donor atoms such as sulphur, oxygen or phosphorus in the ligand in-
creases the coordination possibilities. In this sense, we are interested in azine ligands as precursors
of novel metallosupramolecular architectures. The research herein reported is focused on the syn-
thesis and characterization of a potentially tetradentate [P20:] organic phosphine-azine ligand (LP).
The addition of the phosphine group to the azine skeleton allows the stabilization of soft metal ions
and the assembly of functional structures. The azine ligand LP® has been prepared by a condensation
reaction between two equivalents of (diphenylphosphino)benzaldehyde and one equivalent of azine
monohydrate and was fully characterized by using several techniques such as elemental analysis,
mass spectrometry, infrared spectroscopy, 'H NMR spectroscopy and X-ray diffraction.
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1. Introduction

From the last years, azines has been attracted Schiff bases compounds due to their
potential applications in fields such as Material Sciences [1,2] and Pharmacology [3-5].
Moreover, these compounds are being widely used in Coordination Chemistry because
of their capacity to coordinate different transitional and post-transitional ions thus gener-
ating diverse metallosupramolecular architectures. The derived complexes are particu-
larly interesting as a result of their magnetic [6], antimicrobial [7] and catalytic [8] prop-
erties.

Our research group has a broad experience using multiple Schiff bases functionalized
with phosphine groups to obtain different metallosupramolecular architectures [9,10].
With the final aim of achieving helicate and mesocate architectures, here we report the
design, synthesis and structural characterization of a new azine ligand named LP and
functionalized with two triphenylphosphine groups (Figure 1).
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Figure 1. Phosphine-azine ligand LP.

2. Experimental Section
2.1. Reactants and Solvents

All solvents, hydrazine monohydrate and 2-difenilphosphinebenzaldehyde are com-
mercially available ant they were used without further purification.

2.2. Synthesis and Characterization of the Bisthiosemicarbazone Ligand LP

The phosphine-azine ligand LP has been prepared by a condensation reaction in inert
atmosphere between one equivalent of hydrazine monohydrate and two equivalents of 2-
diphenilphosphinebenzaldehyde (Scheme 1). First, 1.007 g (3.47 mmol) of 2-diphenil-
phosphinebenzaldehyde were solved in absolute ethanol (ca. 50 mL). Once the aldehyde
is solved, 0.0868 g (1.73 mmol) of azine monohydrate were added. The solution was re-
fluxed under magnetic stirring and argon atmosphere for 6 h. The yellow solid that pre-
cipitated was filtered off and then washed with diethyl ether. Yield: 0.8632 g, (86%).
Elemental analyse, %theoretical (CssHsoN:2P2): C, 79.15; H, 5.24; N, 4.86; %experimental C,
78.26; H, 5.62; N, 4.86; IR spectrometry (KBr, cm™): v(C=N) 1616 (f). Mass Spectrometry
(ESI+, m/z): 609.2 [LPO2+H]*, 539.40 [LP+H]*; 'H NMR [DMSO-ds]: 9.05 (s, 2H, Ha1), 7.51-
6.87 (m, 31H, Ar). *C NRM [CDCls]: 159.3 (C=N), 137.4-126.9 (C-Ar). 3'P NRM [CDCls-ds]:

-14,64.
CH3CH,OH- 6h, /©
0 P
Ar(g)
2 H + H,N—NH, /N\N/
-H,0
@PQ

Scheme 1. Synthesis of the phosphine-azine ligand LP.

2.3. Crystallographic Data of LPO22CH30H

LPO22CH30H: CssH30N202P2-2(CH4O); MW: 672.66 g-mol; crystal dimensions 0.10
% 0.08 x 0.05 mm; monoclinic; P21« a = 15.822 (2), b = 12.4488 (12), ¢ = 8.8980 (12) A; B=
101.290 (5) 9 V = 1718.7 (4) A3 7 =2; p = 0.17 mm™; measured reflections= 24408;
independent reflections [Rint] = 4236 [0.089]; R = 0.048; wR = 0.121.

Table 1. Selected bond length and angles for ligand HoL.

Main Bond Distances (A)
P1-0O1 1.4946 (14) P1-C8 1.806 (2)
P1-C14 1.795 (2) N1-N1' 1.413 (3)
Angles (°)




Chem. Proc. 2024, 4, x FOR PEER REVIEW 3 0of 5

C7-N1-N1' 111.10 (2) 01-P1-Cl14 112.62 (9)
01-P1-C8 110.97 (8) 01-P1-C14 113.31 (8)

3. Results and Discussion

The azine LP compound is a potentially dianionic and tetradentate [N2P:] ligand (Fig-
ure 1).

The phosphino-azine ligand LP was successfully isolated and characterized. The lig-
and is a yellow powdery compound and the elemental analyse of C, H and N shows that
the compound was obtained in a high purity grade. Infrared spectroscopy of the obtained
solid presents a peak at 1616 which corresponds to the imine (C=N) vibration frequency
and a peak at 756 that corresponds to the N-N bond. Furthermore, the infrared spectra
stand out for the disappearance of a peak over 1700 of the precursor aldehyde and a wide
peak at 3438 that confirm the presence of solvation molecules. Additionally, in the mass
spectra there are two peaks: one at 609.2 which corresponds to the dioxidized ligand
[LPO2+H]* and one at 539.40 that correspond to the molecular ion [LP+H]*. Recrystalliza-
tion of LP azine ligand in methanol allowed us to obtain good-quality crystals for mono-
crystal X-ray studies. Nevertheless, the obtained structure shows that during the long
crystallization process the phosphine groups of the azine ligand suffered oxidation.

The crystal structure of the oxidised ligand LPO: consists of discrete molecule, solv-
ated by methanol that crystallize in the monoclinic P21/ system (Figure 2).

Figure 2. Crystal structure of LPO2-2CH3OH.

Each phosphine branch adopts an E conformation in relation to the imine bond and
anti-configuration with both branches directed to opposite sides. This conformation min-
imized steric interactions and favors the stablishing of weak intermolecular hydrogen
bonds interactions between the oxygen of the oxidized phosphorous and the hydroxyl
groups of the methanol solvent molecules (02-H20-- O1: 1.787 A) (Figure 3).
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Figure 3. Intermolecular H-bonds in LPO2. 2CH30H with methanol molecules.

We must point out that the solid ligand LP or its freshly prepared solutions remain
without oxidation which will allow that this ligand could act as tetradentate precursor of
metal complexes.

4. Conclusions

The azine ligand LP has been successfully synthesized with high purity and yield.
The crystal structure shows that after a long crystallization time the phosphine ligand ex-
periences an oxidation process leading to the di-oxidized form of the ligand.

Author Contributions: All authors have contributed to the conceptualization, methodology, formal
analysis, investigation, resources, data curation, writing —original draft preparation, writing —re-
view and editing, supervision, project administration and funding acquisition, All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by the following FEDER co-funded grants. From Conselleria de
Cultura, Educacién e Ordenaciéon Universitaria, Xunta de Galicia, 2018GRCGI-1584
(ED431C2018/13), MetalBIONetwork (ED431D2017/01). From Ministerio de Ciencia e Innovacion,
Project PID2021-127531NB-I00 (AEI/10.13039/501100011033/ FEDER, UE) and METALBIO
(RED2022-134091-T).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Nalwa, H.S,; Kakuta, A.; Mukoh, A. Third-order nonlinear optical properties of processable polyazine thin films. ]. Appl. Phys.
1993, 73, 4743-4745.

2. Euler, W.B,; Cheng, M.; Zhao, C. End-group effects on the structure and spectroscopy of oligoazines. Chem. Mater. 1999, 11,
3702-3708.

3.  Haggerty, W], Jr.; Cheng, C.C. Antitumor activity of some azine and hydrazone derivatives of 1,4-dimethoxy-2-butanone. J.
Med. Chem. 1970, 13, 574-575.

4. Khodair, A.L; Bertrand, P. A new approach to the synthesis of substituted 4 imidazolidinones as potential antiviral and anti-
tumor agents. Tetrahedron 1998, 54, 4859-4872.



Chem. Proc. 2024, 4, x FOR PEER REVIEW 5 of 5

10.

Yousaf, M.; Pervaiz, M.; Sagir, M.; Uz-Zaman, A.; Mushtaq, M.; Naz, M.Y. Synthesis of tetradentate schiff base derivatives of
transition bimetallic complexes as antimicrobial agents. J. Chin. Chem. Soc. 2013, 60, 1150-1155.

Nemytov, A.L; Utepova, I.A.; Kiskin, M.A.; Efimov, N.N.; Fedin, M.V.; Eremenko, I.L.; Musikhina, A.A.; Slepukhin; P.A.;
Chupakhin, O.N. Synthesis, structure and magnetic properties of binuclear 3d-metal complexes of new 3-(2-pyridyl)-6-phenyl-
1,2,4-triazine derivative. Polyhedron 2021, 193, 114901.

Noshiranzadeh, N.; Bikas, R.; Emami, M.; Siczek, M.; Lis, T. Oxidative coupling of 2-naphthol catalyzed by a new methoxido
bridged dinuclear oxidovanadium(V) complex. Polyhedron 2016, 111, 167-172.

Kuzniarska-Biernacka, I.; Raposo, M.M.M.; Batista, R ML.F.; Soares, O.S.G.P.; Pereira, M.F.R.; Parpot, P.; Oliveira, C.; Skiba, E.;
Jartych, E.; Fonseca, A.M. Binuclear furanyl-azine metal complexes encapsulated in NaY zeolite as efficiently heterogeneous
catalysts for phenol hydroxylation. J. Mol. Struct. 2020, 1206, 127687.

Fernandez-Farifia, S.; Gonzalez-Barcia, L.M.; Romero, M.].; Garcia-Tojal, J.; Marcelino, M.; Seco, ].M.; Zaragoza, G.; Martinez-
Calvo, M.; Gonzalez-Noya, A.M.; Pedrido, R. Conversion of double-tetranuclear cluster silver helicate into a dihelicate via a
rare desulfurization process. Org. Chem. Front. 2022, 9, 531.

Gonzalez-Barcia, L.M.; Fernandez-Farifia, S.; Rodriguez-Silva, L.; Bermejo, M.R.; Gonzalez-Noya, A.M.; Pedrido, R. Compara-
tive study of the antitumoral activity of phosphine-thisemicarbazone gold(I) complexes obtained by different methodologies. J.
Inorg. Biochem. 2020, 203, 110931.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



