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Abstract

:

We have previously published on a new triazolic phosphonic α-amino ester in position 4 on the triazole ring of a naphthalene ester. The aim of the present paper was to describe its crystallographic study by XRD. The crystal structure of naphthalen-2-yl 1-(benzamido(diethoxyphosphoryl)methyl)-1H-1,2,3-triazole-4-carboxylate was determined by single-crystal X-ray diffraction. This compound crystallizes in the monoclinic system, space group P21/c. The naphthalene system is almost planar and makes dihedral angles of 67.1(2)° and 63.9(2)° with the triazole ring and the phenyl cycle, respectively. The phosphorus atom is surrounded by three oxygen atoms and one carbon atom building a distorted tetrahedron. It is also noted, that one of the two ethyl groups is disordered. In the crystal, the molecules are connected through C-H…O and N-H…O hydrogen bonds to build dimers that are linked together by C-H…O hydrogen bonds, in addition to C-H…π interactions. The presence of an intramolecular hydrogen bond contributes to the stability of the molecular conformation by completing the S(5) cycle.
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1. Introduction


Organophosphorus compounds, especially α-aminophosphonates and their ester derivatives present a great research focus due to their wide range of pharmacological and environmental applications [1]. Being recognized as bioisosteres [2] of amino acids, α-aminophosphonates can be inhibitory agents of enzymes or receptor ligands due to the tetrahedral arrangement of these substituents around the phosphorus atom, which allows them to mimic the energetic transition state of peptide bond hydrolysis during metabolic processes [3,4]. These compounds have been shown to have excellent properties as inhibitors of GABA receptors, various proteolytic enzymes, dialkylglycine decarboxylase and peptide mimetics [5]. It is with this in mind that organic chemists are now focusing their attention on the synthesis of new models of heterocyclic aminophosphonates. These last ones, according to our research, have been evaluated and given very interesting biological activities as anticancer [6,7], antimicrobial [8], antioxidant [9] agents (Figure 1).



In contrast to the multi-component Kabachnick-fields method, which is the most common one for the synthesis of heterocyclic aminophosphonate derivatives [10,11,12], we recently reported the synthesis of two new bi-heterocyclic α-aminophosphonate compounds based on the 1,3-dipolar cycloaddition method by click chemistry [13,14]. This method invites interest for its use as a less toxic reagent and solvent but especially for its regioselectivity by giving the 1,4-regioisomer.



After having reported the characterization by 1D and 2D-NMR spectroscopic techniques and high-resolution mass spectrometry of the title compound, naphthalen-2-yl 1-(benzamido(diethoxyphosphoryl)methyl)-1H-1,2,3-triazole-4-carboxylate (1) [14] (Figure 2), we show in this paper its crystallographic study by XRD.




2. Results and Discussion


The triazolic phosphonic α-amino ester product (1) is resynthesized with an excellent yield of about 95% and high regioselectivity via the copper I-catalyzed alkyne-azide cycloaddition reaction (CuAAC), using diethyl (-azido(benzamido)methyl)phosphonate as the dipole and 2- naphthyl propiolate as the dipolarophile [14]. A single crystal of the title compound was obtained by recrystallization from ethanol. The title compound, C25H25N4O6P, crystallizes in the monoclinic system, space group P21/c. The structure is built from two fused six-member rings linked through a carboxylate group to the triazole ring, which is connected to a benzamido ring and to diethoxyphosphoryl methyl as shown in Figure 3. In the structure of this molecule, the naphthalene system is quasiplanar with a maximum deviation from the mean plan of −0.010(3) at the C8 atom. The plane through the triazole ring makes dihedral angles of 67.1(2)° and 56.0(2)° with the naphthalene system and the phenyl ring, respectively. Moreover, the dihedral angle between the naphthalene plan and the phenyl cycle is 63.9(2)°. The phosphorous cation is connected to three oxygen atoms with P–O distances between 1.453 (2) Å and 1.551 (2) Å, in addition to one carbon atom at 1.824(3) Å. The three oxygen atoms and the carbon build a distorted tetrahedron surrounding the phosphorous atom. Furthermore, the structure is characterized by disorder in the ethyl group connected to the O5 atom, which is distributed over two positions. The refinement of the occupancy rate of the two ethyl groups leads to the present model.



In the crystal, the molecules are interconnected through C17–H17…O4 and N4–H4A…O4 bifurcated hydrogen bonds that build dimers (Figure 4). The dimers are linked together by the C25–H25…O3 hydrogen bond, in addition to C1–H1…π and C19–H19…π interactions (See Supplementary Materials Table S2). Moreover, the molecular conformation is stabilized by a stark intramolecular hydrogen bond (C14–H14…O3) completing the S(5) ring (see Table S2).




3. Materials and Methods


An appropriate single crystal was carefully selected using a polarizing microscope for X-ray data collection at room temperature using Bruker D8 Venture Super DUO diffractometer with PHOTON100 CMOS area-detector and monochromatic MoKα radiation (λ = 0.71073 Å). APEX3 [15] software was used for data collection, and the absorption correction was performed by a multi-scan, semi-empirical method using SADABS [16]. The crystal structure was solved by the direct method and refined by a weighted full matrix least-square on F2 techniques using the programs SHELXT 2014 [17] and SHELXL 2018 [18] incorporated in the WinGX program [19]. For the structural drawing, MERCURY software was used [20]. Non-hydrogen atoms were refined with anisotropic thermal parameters. The C-bound H atoms were geometrically placed (C–H = 0.93–0.98 Å) and refined as riding with Uiso(H) = 1.2–1.5 Ueq(C). The O-bound H atom was located in a different Fourier map and refined freely.



Crystal Data for C25H25N4O6P (M = 508.46 g/mol): monoclinic, space group P21/c, a = 10.6281(8), b = 14.2828 (10), c = 16.5913 (12) Å, β = 91.946 (3)°, V = 2517.1 (3) Å3, Z = 4, T = 296 K, µ(MoKα) = 0.16 mm−1, Crystal size (mm3) = 0.32 × 0.28 × 0.19, Index ranges: −13 ≤ h ≤ 13, −18 ≤ k ≤ 18, −18 ≤ l ≤ 21, 61,924 reflections measured, Ө range for data collection (°): 2.4 to 27.1. Full crystallographic information (as CIF file) along with CheckCIF report are given in the Supplementary Materials.




4. Conclusions


In summary, we obtained the X-ray crystal structure of the product described previsouly, the naphthalen-2-yl 1-(benzamido(diethoxyphosphoryl)methyl)-1H-1,2,3-triazole -4-carboxylate and found its structure to be characterized by disorder in the methyl linked to an ethyl attached to the phosphorus group. The three oxygen atoms and the carbon build a distorted tetrahedron surrounding the phosphorous atom. Furthermore, the naphthalene system is almost planar and makes dihedral angles.








Supplementary Materials


The following supporting information can be downloaded at website. Figure S1: Crystallography data for title compound (1); Table S1: Crystal data and structure refinement for title compound (1); Table S2: Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2); Table S3: Atomic displacement parameters (Å2); Table S4: Geometric parameters (Å,°); Table S5: Geometric parameters (Å,°) for (shelx).
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Figure 1. Biological activity of some heterocyclic α-aminophosphonates. 
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Figure 2. Chemical diagram for the title compound (1). 
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Figure 3. Plot of the molecule of the title compound with the atom-labelling scheme. The ethyl group connected to O5 is split. Displacement ellipsoids are drawn at the 50% probability level. H atoms are represented as small circles. 
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Figure 4. Crystal packing for the title compound showing hydrogen bonds as dashed blue lines and C–H…π interactions as dashed green lines. 
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