N

N

Two novel magnesium(II)
meso-tetraphenylporphyrin-based coordination
complexes: Syntheses, combined experimental and
theoretical structures elucidation, spectroscopy,
photophysical properties and antibacterial activity
N. Amiri, M. Hajji, F.B. Taheur, S. Chevreux, T. Roisnel, G. Lemercier, H.

Nasri

» To cite this version:

N. Amiri, M. Hajji, F.B. Taheur, S. Chevreux, T. Roisnel, et al.. Two novel magnesium(II) meso-
tetraphenylporphyrin-based coordination complexes: Syntheses, combined experimental and theoret-
ical structures elucidation, spectroscopy, photophysical properties and antibacterial activity. Journal
of Solid State Chemistry, 2018, 258, pp.477-484. 10.1016/j.jssc.2017.11.018 . hal-01671628

HAL Id: hal-01671628
https://univ-rennes.hal.science/hal-01671628
Submitted on 2 Mar 2018

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est

archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://univ-rennes.hal.science/hal-01671628
https://hal.archives-ouvertes.fr

Two  novel magnesium(l1) meso-tetraphenylporphyrin-based
coordination complexes: syntheses, combined experimental and
theoretical structures elucidation, spectroscopy, photophysical
properties and antibacterial activity.

Nesrine Amiri®, Melek Hajji > Fadia Ben Taheur ¢, Sylviane Chevreux ¢, Thierry Roisnel ¢,

Gilles Lemercier ¢ and Habib Nasri

# Laboratory of Physical Chemistry of Materials, University of Monastir, Avenue of the Environment,
5019 Monastir, Tunisia.
b Research Unit: Electrochemistry, Materials and Environment, University of Kairouan, 3100
Kairouan, Tunisia.
¢ Laboratory of Analysis, Treatment and Valorisation of Environmental Pollutants and Products,
Faculty of Pharmacy, Monastir University, Tunisia.
d University of Reims Champagne-Ardenne, ICMR UMR CNRS n ° 7312, BP 1039-51687, Reims
Cedex 2, France.
¢ University of Rennes 1, CNRS, Institute of Chemical Sciences of Rennes, UMR 6226, F-35042
Rennes Cedex, France.

“ Corresponding author: E-mail address: melekhajjil989@gmail.com T: (+216) 55 36 72 81.



Abstract Two novel magnesium(ll) tetraphenylporphyrin-based six-coordinate complexes;
bis(hexamethylenetetramine)(5,10,15,20 tetrakis[4(benzoyloxy)phenyl]porphinato)
magnesuim(ll) (1) and  bis(1,4-diazabicyclo(2.2.2)octane)  (5,10,15,20-tetrakis[4-
(benzoyloxy)phenyl]porphinato )magnesium(ll) (2) have been synthesised and confirmed by
proton nuclear magnetic resonance, mass spectrometry, elemental analysis and IR
spectroscopy. Both crystal structures were determined and described by single crystal X-ray
diffraction analysis and Hirshfeld surfaces computational method. All Mg(ll) atoms are
surrounded by four porphyrin nitrogen atoms and two axial ligands coordinated to the metal
ion through one nitrogen atom, forming a regular octahedron. In both complexes, molecular
structures and three-dimensional framework are stabilised by inter-and intramolecular C—
H---O and C—H---N hydrogen bonds, and by weak C—H---Cg # interactions. UV-visible and
Fluorescence investigations, respectively, show that studied complexes have a strong
absorption in red part and exhibit an emission in the blue region. The HOMO-LUMO energy
gap values, modelled using the DFT approach, indicates that both studied compounds can be
classified as semiconductors. The role of these complexes as novel antibacterial agents was

also performed.

Keywords: magnesium(ll) tetraporphyrin coordination complexes, X-ray diffraction,
Hirshfeld surfaces, DFT approach, Fluorescence, antibacterial activity.



1. Introduction

The design and synthesis of supramolecular coordination assemblies of porphyrin-based
ligands complexes have received considerable attention due to their advantageous
applications such as oxidation catalysts for hydroxylation of alkanes and epoxidation of
alkenes [1-4], chemical sensors [5], and semi-conductors [6]... Several derivatives of
porphyrin have been developed as photosensibilizating agents (PS) for photodynamic therapy
(PDT) [7-9]. Recent in vitro studies demonstrated that porphyrins are also effective against
viruses and yeasts [10,11]. In addition to these important roles, the porphyrinic nucleus
presents an efficient source for the synthesis of a large number of active agents in the
antibacterial and antimicrobial activities [12,13]. In this context, it has to be pointed out that
Zn(11), Cu(l1), Co(lll) and Zr(IV) metalled porphyrins [14-16] possess interesting activities
against several bacterial species. Ever since the metalloporphyrins were discovered, a great
deal of research has been devoted to the exploration of their axial coordination and its
specifications in organometallic chemistry. The interaction of metalloporphyrins with donor
molecules via axial coordination either can strongly influence the photophysical properties
and the efficiency of energy or electron transfer processes [17]. For a better understanding of
the principles governing the structural properties of this type coordination complexes,
hydrogen bonding, n—n stacking and intermolecular C—H...Cg interactions have been studied
[18-20]. In continuation of our work on functionalization of meso-tetraarylporphyrins, we
combined the porphyrin framework with two nitrogen based ligands (HTMA and DABCO) to
design two new six-coordinated Mg(ll) porphyrins complexes: bis(HTMA)(5,10,15,20-
tetrakis[4-(benzoyloxy)phenyl] porphyrinato) magnesuim(ll), with formula
[Mg"(TPBP)(HTMA),] (1), and bis(DABCO)(5,10,15,20-tetrakis[4 (benzoyloxy)phenyl]
porphyrinato)magnesuim(ll), with formula [Mg'"(TPBP)(DABCO),] (2). Both prepared
complexes were characterised by X-ray diffraction, infrared, proton nuclear magnetic
resonance spectroscopies, mass spectrometry, and elemental analysis. Their photophysical
studies revealed S2 emission along with a characteristic S1 emission band in the case of
newly prepared free-base, and magnesium porphyrins. In the light of 3D Hirshfeld surfaces
[21-30] and the associated 2D fingerprint plots [31-34], a quantitative crystal structure
analysis was made. The biological activity of the H,TPBP porphyrin Mg(TPBP), free
porphyrin TPBP, complexes 1 and 2 were tested against some Gram (+) (Staphylococcus
aureus, Enterococcus faecalis) and Gram (-) (Pseudomonas aeruginosa, Escherichia coli)

bacteria.



2. Experimental
2.1 Syntheses

All chemicals and reagents were purchased from SIGMA ALDRICH or ACROS
ORGANICS. Used solvents were purified using the available literature methods [35].
Macrocycles of meso-tetrakis[4-(benzoyloxy)phenyl]porphyrin (H,TPBP) and meso-
tetrakis[4-(benzoyloxy)phenyl] porphyrinato)magnesuim(ll) complex (Mg(TPBP))
were prepared as previously described [36-37]. Scheme S1 gives the main steps of the

preparation of (1) and (2).

Synthesis of the meso-tetrakis[4-(benzoyloxy) phenyl] porphyrin (H,TPBP): 4-
formylphenylbenzoate (500 mg, 2.21 mmol), and pyrrole (153 pL, 2.21 mmol) were added to
distilled chloroform (300 mL) in a double necked round bottom flask under argon and
shielded from light. Boron trifluoride diethyl etherate, BF3;.OEt, (192.4 pL) was added, and
the reaction was kept at room temperature for two hours. Two pipettes of triethylamine and
0.75 equivalents of p-chloranil (179.2 mg, 1.66 mmol) were added and the solution was
heated to reflux (light protection was removed). After 1 hour, obtained solution was cooled to
room temperature. Solvent was evaporated and the residue was filtered over silica with
CHCls/hexane/ (1 : 9). Expected compound was obtained as a purple solid (yield 57%). *H
NMR [300 MHz, CDCl3] 6(ppm) 8.94 (s, 8H, Hp-pyrrol), 8.42 (d, 8H, J=7.5 Hz), 8.33 (d, 8H,
J=7.6 Hz), 7.71 (d, 8H, J=7.5 Hz), 7.62 (m, 12H), -2.80 (s, 2H, Hpyrrol). UV/Vis [Amax (nM) in
CH,Cl,, (log ¢)]: 419 (5.90), 514 (4.46), 551 (4.13), 590 (3.94), 646 (3.84). MS [ESI]: m/z
calcd for C7oHasN4Og: 1095.16 found: 1095.17. Anal. Calcd. For C7oHsgN4Og: C 78.96 H
4.23, N 5.12 %; found: C 78.72, H 4.22, N 5.20 %. FTR-IR cm™: 3319 (vny porphyrin),
29642861 (vcy porphyrin), 1735 (vc=o ester), 1267 (vc-o ester), 969 (dcch porphyrin).

Synthesis of the (meso-tetrakis[4 (benzoyloxy)phenyl] porphyrinato)magnesuim(ll)
complex [Mg(TPBP)]: H,TPBP (0.6 g, 0.54 mmol) was dissolved in DMF (150 mL). The
solution was heated under reflux with magnetic stirring. Upon dissolution of the H,TPBP,
MgCl, (1 g, 10.8 mmol) was added. The reaction mixture was stirred for 6 hours. thin-layer
chromatography (alumina, using CH,Cl, as eluant) indicated no free base porphyrins at this
point. After that, the solution was cooled to 50-60 °C and H,O (50 mL) was added into it.
Obtained solid was filtrated and washed with hexane. The resulting was vacuum-dried to
afford 66 % yield of MgTPBP. *H NMR (300 MHz, CDCls) d(ppm) 8.96 (s, 8H, Hp-pyrrol),
8.67 (d, 8H, J=6.4 Hz), 8.36 (d, 8H, J=8.33 Hz), 7.2 (d, 8H, J=8.8 Hz), 7.62 (m, 12H). UV/vis
[Amax (nm) in CH,CIy, (log ¢)]: 427 (5.86), 565 (4.42), 605 (4.16). MS [ESI]: m/z calcd for



C72H44sMgN4Og: 1117, 3082, found: 1117, 3848. Anal. Calcd. For C;;H44N4Og: C 77.39 H
3.97, N 5.01 %; found: C 75.22, H 3.22, N 5.20 %. FTR-IR cm™: 2926 (vcH porphyrin), 1757
(ve=o ester), 1267 (vc-oester), 1030 (dccn porphyrin).

Synthesis and crystallization of [Mg'"(TPBP)(HTMA),] (1): MgTPBP (20 mg, 0.017 mmol)
was mixed with the bidentate ligand hexamethylenetetramine (HTMA) (90 mg, 0.80 mmol) in
5 mL of DCM solvent. The mixture was stirred at room temperature for 3 hours. Crystals of
the desired complex were obtained by slow diffusion of n-hexane through the
dichloromethane solution. *H NMR (300 MHz, CDCls) d(ppm) 9.01 (s, 8H, Hp-pyrrol), 8.42
(d, 8H, J=8.4 Hz), 8.30 (d, 8H, J=8.7 Hz), 7.73 (d, 8H, J=8.2 Hz), 7.64 (m, 16H), 3.03 (s, H-
ligand). UV/Vis [Amax (nm) in CH,Cly, (log €)]: 435 (5.88), 576 (4.33), 617 (4.40), 591 (5). MS
[ESI]: m/z calcd for CsgHs6MgNgOg: 1257.63, found: 1258, 38. Anal. Calcd. For
CasHesMgN1,04.C; 72.17; H; 4.89; N; 12.02. Found: C; 68.19; H; 4.79; N; 12.02. FTR-IR cm’
1. 2924-2863 (vcy porphyrin), 1740 (ve=o ester), 1267 (vc.o ester), 1241 (ve ligand), 1018
(dcch porphyrin), 994 (dncw ligand).

Synthesis and crystallization of [Mg'"(TPBP)(DABCO),] (2): [Mg(TPBP)] (20 mg, 0.017
mmol) and DABCO (90 mg, 0.80 mmol) in 5 mL of DCM were stirred of 3 hours at room
temperature. The colour of the reaction mixture changed from purple to green-blue. Crystals
of [Mg"(TPBP)(DABCO),] (2) were prepared by slow diffusion of hexanes into the
dichlorometane solution. *H NMR (300 MHz, CDCls) d(ppm) 9.00 (s, 8H, HA-pyrrol), 8.45
(d, 8H, J=8.2 Hz), 8.30 (d, 8H, J=8.7 Hz), 7.75 (t, 4H, J=8.8 Hz), 7.67 (m, 16H), 7.30 (s,
12H). UVVis [Amax (hM) in CHaCly, (log ¢)]: 429 (5.88), 565 (4.44), 605 (4.20). MS [ESI]:
m/z calcd for C7gHssMgNgOg: 1228.40 found: 1229.40. Anal. Calcd. for CgsHgsMgNgOs.C;
75.19; H; 5.10; N; 8.35. Found: C; 72.82; H; 5.00; N; 7.91. FTR-IR cm™: 3032 (ven
DABCO), 2930-2856 (vcy porphyrin), 1736 (vc=o ester), 1058 (dccu porphyrin), 700 (dnch
ligand).

2.2. X-ray diffraction study

Crystals of (1) and (2) complexes suitable for single crystal X-ray diffraction were
obtained by the method described below: Purple-Blue crystals with 0.22 mm x 0.14 mm x
0.25 mm approximate dimensions were selected for the X-ray diffraction experiment. Data
collections for (1) and (2) were performed on a Bruker APEX-II diffractometer and a Bruker
D8 venture diffractometer, respectively. All diffractometers were equipped with graphite
monochromated Mo Ka radiation (4 = 0.71073 A) and intensity data for all compounds were

collected by the narrow frame method at room temperature. All structures were solved by



direct method using SIR-2004 [38] and refined by full-matrix least-squares on F, using the
SHELXL-97 program [39]. Data were corrected for absorption effects by the Multi-Scan
method [40].

2.3. Spectroscopy and photophysical measurements

Absorption spectral measurements were carried out using a Varian Cary 5000
spectrophotometer. *H NMR spectra were recorded on a Bruker Avance 300 MHz
spectrometer. Infrared spectra were measured on a Nicolet Impact 410 spectrophotometer and
the Thermo Scientific “Q Exactive” mass spectrometer was operated under electrospray
ionization (ESI) in positive mode. The elemental analyses were recorded on a Flash EA 1112
Series Thermo Electron fitted with a Porapak column PTFE + MX5 microbalance Mettler
Toledo. Fluorescence spectra and quantum yield measurements were performed using a

Varian Cary Eclipse luminescence spectrofluorimeter.
2.4. Antibacterial screening

Pathogenic strains were cultured on nutrient agar at 37 °C for 24h. Then, pure colonies
were suspended in 10 ml of physiological medium, mixed well for 5 min and suspensions
were adjusted to 0.5 McFarland standard turbidity. One milliliter of bacterial suspension was
spread over Muller Hinton Agar medium plates and incubated for 30 min at 37 °C. After that,
6 mm diameters wells were dug in agar medium using sterile glassy borer. The Mg(ll)
complexes were prepared in DMSO (1 mg/mL) and introduced into the respective wells, one
of the wells was supplemented with DMSO as control. These plates were placed in a 37 °C
incubator for 24h to allow bacterial growth. After 24h, the diameters of the clear zone of

inhibition surrounding the sample were measured in millimeters by digital caliper.
2.5. Computational details

3D Hirshfeld surfaces and associated 2D fingerprint plots were performed using the
CrystalExplorer 3.1 software [30] and TONTO [33-34] system. In order to explain the activity
and the semi-conductive behaviour of our compounds, we modelled the energy gap from
HOMO to LUMO using Gaussian 09W [41] and GaussView 5.0.8 [42] programs. The DFT
approach and effective core potentials (ECPs) (LANL2DZ basis and ECP built-in) have been
utilised in order to representing the metal. The B3LYP method with 6-31+G(d,p) basis set
was used for all atoms except for the magnesium [43-44]. The electron- density distribution

of HOMO and LUMO is plotted and visualising using GaussView.



3. Results and discussion

3.1. Crystal structure description of (1) and (2)

Crystallographic data and structural refinement details of (1) and (2) are shown in Table 1.
Complex (1) crystallizes in the monoclinic system with P 2;/n space group. The unit cell
parameters are: a=17.391(1) A, b=11.559(7) A, ¢ =19.408(1) A; p=113.2 (2)°; Z=2. The
complex (2) crystallizes in the triclinic system with P -1 space group; a = 10.278(5) A, b =
10.443(5) A, ¢ = 16.360(5) A, o = 81.87(5)°, B = 83.6(5)°, y = 78.041(5)°, Z = 2. Selected
bond lengths and angles for both complexes are listed in Table S1.



Table 1. Crystal data and structure refinement of (1) and (2) complexes.

Complex (1)

Complex (2)

Chemical formula

Formula weight

Cas Heg Mg N12 Og
1397.81

Cas Hes Mg Ng Og
1341.77

Crystal system monoclinic triclinic

Space group P 24/n P1

a[A] 17.3912(9) 10.278(5)

b [A] 11.5588(7) 10.443(5)

¢ [A] 19.4079(11) 16.360(5)

a[A] 90 81.867(5)

B IA] 113.230(2) 83.561(5)

0 [A] 90 78.041(5)

V[AY] 3585.1(4) 1694.4(13)

Z 2 2

Dcalcd. [g/cm?] 1.295 1.315

u [mm™] 0.093 0.769

Max./min. transmission 0.809 / 0.996 0.857/0.898

F(000) 732 704

Crystal size [mm] 045/0.16/0.04 0.2/0.18/0.14

T (K) 150 100

Unique data 8053 6891

Unique obsd data 3954 5967

Final R indices R, =0.0761, R, =0.0424,
WR; = 0.2291 WR; = 0.1030

The asymmetric units of both complexes present one half [Mg(TPBP)(L)] (L = HTMA or
DBCO) complex. The coordination geometry around the Mg(ll) cation in (1) and (2) is
octahedral (Fig.s 1 and 2), where the four donor N atoms of pyrrole rings of the TPBP
porphyrin occupy the equatorial positions. The donor N atoms of axial ligands, the HTMA
(for 1) and of the DABCO (for 2), occupy the apical positions.



Fig. 2. Molecular structure of (2). (2-column figure).

As can be seen from Table S2, Mg-Nax distances range between 2.438 and 2.437 A
indicate the strong coordination of two ligands HTMA and DABCO to metalloporphyrin
which seems in agreement with Mg—Nax bond length (2.473 A) observed in previously
studied similar complex [Mg(TPP)-(HTMA),;] [45]. For [Mg(TPP)(4-pic);] and
[Mg(OEP)(py)2], the Mg—Nax bonds are 2.386 and 2.389 A, respectively [46,47], which
seem to be little shorter than those in title complexes. However, the Mg—Nax distance for
[Mg(tn-OEP)(4,4’-bpy),] is found to be shorter with 2.259 and 2.272 A values [48]. In
comparison with their analogues of the complexes, The Mg—Nax (HTMA) distance is shorter
than those of six-coordinated (HTMH)-zinc porphyrins [49]. For the DABCO magnesium
porphyrin derivative (2) the Mg—N(DABCO) distance is very close to the related DABCO-
Cobalt porphyrin (Co—N(DABCO = 2.457 A), but very shorter than those of related
manganese porphyrin [50]. The four Mg—Np bonds consist of two sets of equal length 2.074



and 2.066 A as exists in the opposite pairs and fall on the range [2.063 — 2.100 A] of other
reported Mg(ll)-porphyrins (Table S2).

Additional quantitative information of two structures are given in Fig. 3, which displays the
detailed displacements of each porphyrin core atom (in units of 0.01 A) from the 24-atom
mean planes. The top panels show that porphyrin cores of [Mg"(TPBP)(HTMA),] (1) and
[Mg"(TPBP)(DABCO),] (2) have a near-planar porphyrin macrocycle conformation. The
displacement of meso and beta-carbons from the least-squares plane of CyoN4 pophyrinato
core are = 0,033 and + 0,027 A respectively, these displacements are very close to those found

in analogous compounds [48].

pn
< 1

\\,\ meso-carhon
—& *.  @pyrrolcarhon

f-pyrolcarbon

«—e
m

Fig. 3. A formal diagrams of complexes (1) and (2) core showing the perpendicular displacement of
each atom, in units of 0.01 A, from the mean plane of the 24-atom core. (2-column figure).

The supramolecular assemblies for both complexes are shown in Fig. 4 and 5. The stability
and cohesion of crystal packing for complex (1) are assured by intramolecular C54-H54---N2
hydrogen bond, and by weak C—H---Cg & interactions involving carbon atoms (C53 and C54)
from hexamethylenetetramine coordinated and the centroids of the pyrrole of the meso-
porphyrin. On the other hand, neighboring molecules are linked one to the other by
intermolecular C-H---O and C-H---N hydrogen bonds, and by weak C45-H45.--Cg8 =«
interaction involving a carbon atom (C45) of phenyl ester and the centroid of the same

function of neighbouring molecule (C---Cg distance range 3.710 A) (table 2).
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Fig. 4. Supramolecular atomic arrangement along the c-axis of (1). (2-column figure)

Similarly, molecular structure and crystal packing for complex (2) are stabilised by inter-and

intramolecular C—H---O hydrogen bonds, and by weak C-H---Cg = interactions involving

several centroids (Cg) of the pyrrole and meso-porphyrin phenyl groups such as the C-H---O

interactions which range between 3.447(2) and 2.732(2) A and the C—H---Cg x interactions

which vary between 3.521(2) and 3.823(2) A (Table 2).

-
-
9

Fig. 5. Supramolecular atomic arrangement of along the c-axis of (2). (2-column figure).



Table 2. Inter-and intramolecular interactions for (1) and (2).

D-H...A® Symmetry of A D-H...A D...A
Complex 1
C15-H15...039  1/2+x,3/2-y,-1/2+z 148 3.429(6)
C24-H24...019  3/2-x,1/2+y,-1/2-z 152 3.280(2)
C32-H32...019  1-x,2-y,-Z 136 3.250(5)
C42-H42..N59  -1+X,y,z 146 3.437(6)
C54-H54A..N2  -1+X,y,z 113 3.152(5)
C45-H45...Cg8  1/2-x,-1/2+y,-1/2-z 158 3.710(7)
C53-H53A...Cgl  1-x,1-y,-z 109 3.352(5)
C53-H53B...Cgl  1-x,1-y,-Z 104 3.352(5)
C54-H54A...Cg2 XY,z 136 3.608(4)
Complex 2
C15-H15...039  1-X,-y,Z 152 3.447(2)
C45-H45...037  1-X,-y,-Z 100 2.732(2)
C22-H22...Cg6  2-X,1-y,-z 158 3.823(2)
C35-H35...Cg7  1-X,-y,-z 163 3.521(2)
C53-H53A...Cg2 XY,z 123 3.559(2)
C55-H55A...Cg8  1-X,-1-y,1-z 157 3.782(2)

4D = donor atom and A = acceptor atom.

Complex (1): Cg1l is the centroid of the N1-C1-C2-C3-C4 five membered ring, Cg2 is the centroid of the N2-C6-
C7-C8-C9 five membered ring, Cg8 is the centroid of the C20-C21-C22-C23-C24-C25 six membered ring.
Complex (2): Cgl is the centroid of the N1-C6-C7-C8-C9 five membered ring, Cg6 is the centroid of the C11-
C12-C13-C14-C15-C16 six membered ring, Cg7 is the centroid of the C20-C21-C22-C23-C24-C25 six
membered ring, Cg8 is the centroid of the C31-C32-C33-C34-C35-C36 six membered ring.



3.2. Hirshfeld surfaces analysis

Intermolecular interactions are receiving extensive attention in the area of crystal
engineering owing to their potential role in preparation of novel compounds of desirable
properties. They can be characterised by X- ray diffraction technique likewise in the light of
several computational methods. In this work, Hirshfeld surface analysis was performed to
more understand and identify individual types of non-covalent intermolecular contacts and

their contribution on crystal packing.

The 3D Hirshfeld surfaces [21-24] and 2D fingerprint plots [31-32] of our complexes are
illustrated in Fig. S1 and S2, which showing surfaces that have been mapped with dnorm, Shape
index and curvedness. The generated surfaces for both structures have almost similar shapes.
The dnorm surfaces were mapped over a fixed colour scale of -0.241 (red) to 2.001 (blue) for
(1) and -0.247 (red) to 1.706 (blue) for (2).

Mainly two categories of non-covalent intermolecular interactions are presented in both (1)
and (2) crystal structures: isotropic or directional (C---C, C---H, H-~-H ...) and anisotropic or

non- directional (especially C-H---O and C-H---N hydrogen bonds).

Fig. 6 report a Molecular Hirshfeld surface mapped with dpom, showing the C—H---O
intermolecular hydrogen bonds in the crystal packing of (1). The surface is drawn as
transparent to show the molecular moieties. Here we provide a discussion only for complex
(1), just as an example to better explain the principle of our analysis (complete information is

provided in Fig. S1 and S2 given as supplementary material).

As indicated in equation 1, The dnom property is a sum of two quantities, d; and de. which are
normalised by the van der Waals radius of the atom involved. d; is the closest internal distance

from a given point on the surface and d. is the closest external contact.

d
di-r{? | de-rg™"

dnorm = r};dw + rgdw (Eq l)

In the colour scale, negative values of d..m are visualized by the red colour, indicating
contacts shorter than the sum of Van Der Waals radii. The white colour designates
intermolecular distances close to vdW contacts with dnom equal to zero. However, contacts

longer than the sum of r'™

Hirshfeld surface, H---O contacts ( C15-H15...039 and C24-H24...019) are observed as

with positive dnorm Values are indicated in blue. As seen on the

intense red spot. This shows that its distances are significantly shorter than the corresponding

sum of vdW radii, indicating its important role in crystal packing.



The 2D fingerprint (d; versus de) plots, illustrated in Fig. S1 and S2, highlight a particular
atom pair close contacts. This decomposition enables the separation of contributions from
different non-covalent interaction types which overlap in the full fingerprint. Fig. 7
summarise the distribution of individual intermolecular interactions on the basis of fingerprint
maps of (1) and (2). For both complexes, crystal structures are dominated by H---H and C---H
contacts, comprising respectively 55.6 and 27.1 % for (1) and 53.6 and 25.3 % for (2). The

H---O intermolecular interactions appear as two spikes pointing toward the lower left of the

plot (Fig. S1 and S2) . The proportion of H---O contacts comprises 14% and 12.3% of the

total surface, respectively, for (1) and (2).

== C24-H24--019
C15-H15---039

Fig. 6. Molecular Hirshfeld surface mapped with d..m about a reference molecule , highlighting the
C—H---O intermolecular hydrogen bonds in the crystal packing of (1). (single-column figure)
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Fig. 7. Distribution of individual intermolecular interactions on the basis of Hirshfeld surface of (1)
and (2). (single-column figure)

In addition and by comparing the sky blue and grey colour in Fig. 7, it is seen that the
relative contribution of C---C and C-.--O contacts are comparable for both complexes.
However, the fourth main contribution ,arises from N---H contacts, comprises two slightly
different proportions of 4.3 % for (1) and 1.4 %for (2). Moreover, The structures are also
described by N---N and N---O contacts, even with negligible contributions

From generated Hirshfeld surfaces, the globularity (G) [25] and asphericity [26-27] (Q)
quantitative measures were also performed in order to determine the molecular surface nature

and the anisotropy of studied molecules. The globularity concept gives the degree to which

the surface area varies in value for a sphere of the same volume. It is expressed as following:

S sphere (36m) 1/3 V:I/S
G = Lot = 5 (Eq. 2)

where Sy (1272,82 A? for(1), 1282,47 A? for (2)) and Vy (1772,21 A3 for(1), 1741,12 A3 for

(2) ) are the surface area and volume of the Hirshfeld surfaces respectively.

Asphericity is a measure of the anisotropy of an object. Each point of the surface is treated as

an object. when applied on the atomic positions, (£2) is defined by the equation:
2
2= -2 @@ €y

where 4; are the principle moments of inertia of the molecule.



Computed values of globularity are 0,556 and 0,546 for (1) and (2) respectively which
demonstrating that both molecular surfaces are more structured as they differ to a sphere (<
1). The asphericity is found to be 0,146 for (1) and 0,179 for (2).

In order to elucidate the packing arrangement modes and provide some chemical insight
through the manner in which molecules contact with its surrounding crystalline environment,
Shape Index and Curvedness surfaces properties have been also generated [28-29] (Fig. 8).

The shape index S and curvedness C are defined as following (Eq. 3 and 4):

_2 K1tKy _ 2, [KitK;
S = —arctan XK, (Eg.4)and C = ”ln > (Eq. 5)

Where k3 and «; are principal curvatures calculated at a point on the surface.

Shape index

Curvedness

Fig. 8. Shape index and Curvedness surfaces for (1) and (2) molecules. (2-column figure)

For both complexes, the red circles and triangles appeared in the Shape Index as concave
regions indicate hydrogen acceptor centres, while blue convex regions designate the H donor
atoms. The relatively large green regions, observed as flat patches in the curvedness mapped

surfaces, indicate the presence of C—H---Cg = interactions between molecules (Fig. 8).

3.3. IR spectroscopy



FT-IR spectra were recorded and examined for both complexes (Fig. S3 and Fig. S4).
Since (1) and (2) have almost the same functional and skeletal groups (CH, C=0, C-O, CCH,
CNH...), the assignment of its vibration modes are relatively easy because they were
observed at very similar wavenumber in both complexes The bands located at 2964-2863 cm™
and 2856-3032 cm™ domains are respectively assigned to CH stretching mode for complex (1)
and (2). The v(C=0) ester group band are observed at 1740 cm™ for (1) and 1736 cm™ for (2).
The 6(CCH) bands appeared at 1018 and 1058 cm™. The IR spectra confirm the presence of
the axial ligands. The IR spectrum of the HTMA-magnesium derivative (1) shows two
characteristic bands at 994 cm™ S(NCH) and 1241 cm™ v(CN) which attributed to the
coordinated HTMA ligand (Fig. S3). For the DABCO-magnesium derivative (2) the IR
spectrum exhibits band at 3032 cm™ attributed to v(CH) of the methylene group (Fig. S4).

3.4. Photophysical properties

The absorption spectra of the H,TPBP and [Mg(TPBP)] starting materials, as well as those
of complexes (1) and (2), are illustrated in Fig. 9. The free base meso-porphyrin H,TPBP
shows the Amax Values of the Soret band at 419 nm and Q bands at 515, 551, 590 and 646 nm.
The [Mg(TPBP)], exhibit electronic spectra, which are slightly red shifted compared to those
of the free base, with Soret bands at ca. 427 nm and Q(1,0) and Q(0,0) bands at ca. 565 and
605 nm respectively. On the other hand, the neuters complexes spectra [Mg(TPBP)(L)] (L =
HTMA or DABCO) exhibit larger redshifts of the Soret and Q bands (up to 11 nm for (1) and
5 nm for (2)) than those of the anionic complexes of the type [Mg(TPP)(X)], in which X is a
pseudohalide (N3, NCO", NCS", NCO)) [561-52] ligand (Table S3).

The optical band gap (Eg-op), which corresponds to the energy difference between the
levels of the HOMO and LUMO, is obtained from the UV-visible spectra. This energy is
calculated from the value of the tangent to the Q(0,0) absorption band (4sp). The Eg-op values
are 2.002 eV for (1) and 2.041 for (2), which are in the normal range of magnesium porphyrin

complexes [53]
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Fig. 9. UV/Vis absorption spectra of H,TPBP, [Mg(TPBP)], [Mg"(TPBP)(HTMA),] (1) and
[Mg"(TPBP)(DABCO),] (2) in CH,ClI, solution at concentrations of ca. 10° M. (2-column figure)

The emission and excitation spectra of the free porphyrin, metalloporphyrin and complexes
(1) and (2) are shown in Fig. S5. The emission spectra data and the fluorescence quantum
yields (@x ) of these complexes are given in Table S4. Excitation of the Soret band of H,TPBP
porphyrin (Fig. S5a) results in two emission bands S2 S0 centered at 652 nm (S2 [Q(0,0)]
—>3S0) and 719 nm (S2 [Q(0,1)] =S0). In the case of metalloporphyrin [Mg(TPBP)] (Fig.
S5b), excitation of the Soret bands results in two emission bands S2->S0 centered at 611 (S2
[Q (0.0)] =S0) and at 665 nm (S2 [Q (0,1)] >S0). Compared with the fluorescent bands at
652 and 719 nm of TPBP, the emission peaks of porphyrin ligand were red-shifted by 41 nm.
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Fig. 10. Emission spectrum of the starting material H,TPBP, [Mg(TPBP)], complex (1) and complex
(2). (2-column figure)



The fluorescence bands of the complexes (1) and (2) were between 611 and 666 nm, which
are in the same range as MgTPBP (611 and 665 nm) (Fig. 10). However, the Anax values of
the Q(0,0) and Q(0,1) bands of (1) and (2) are close to those of the related Mg porphyrin
derivatives (Table S4). The fluorescence quantum yields of H,TPBP, (1) and (2) are in the

range of [0.050 - 0.065] which are close to the related magnesium metalloporphyrins.
3.5. Frontier molecular orbital analysis

In the present work, we modelled and highlight the contour surfaces of the frontier
molecular orbitals for both complexes (1) and (2) using the DFT approach with B3LYP/ 6-
31+G(d,p) and LANL2DZ basis sets. The LUMO and HOMO orbitals represent the ability to
obtain or to donate an electron, respectively. HOMO-LUMO energy gap, was used to provide
insights into the stability and chemical reactivity of molecules. A molecule with a small
frontier orbital gap termed as soft molecule is more polarizable and is generally associated
with a high chemical reactivity and a low kinetic stability [54-57]. Furthermore, compounds
with smaller band gaps (<3eV) behave as semiconductors [57]. As shown in Fig. 11, the
HOMO and LUMO electron density are mainly distributed on the pyrrole rings and phenyl
atoms of the(H,TPBP) porphyrin groups. The computed energy gap (ELumo-Enomo) Vvalues
are found to be 1.86648 and 1.90973 eV, respectively for (1) and (2), Which seem to be in
good agreement with corresponding experimental values obtained from UV-visible spectra.
Consequently, these relatively large HOMO-LUMO gap means high excitation energies for
many of the excited states, a good stability and a high chemical hardness for our studied

complexes. This also reveals that both (1) and (2) can be classified as semiconductors [59-61].
(1 <3 (2)

| ELumo= 0.80479 eV

\E= 1.86648 eV = AE= 1.90973 eV
™, y A
L X =
Enomo= -1.06169 eV : ijtg.: Enowo= -1.04194 eV

Fig. 11. Frontier molecular orbitals (HOMO and LUMO) plots of (1) and (2). Contour surfaces of
orbital amplitude 0.02 (red) and —0.02 (green) are shown. (single-column figure)

3.6. Antibacterial activity tests

E umo= 0.86779 eV



A variety of biological activities exhibited by porphyrins are due to the fact that natural and
synthetic porphyrins have relatively low toxicity in vitro and in vivo and they possess
antitumor [62-63] and antioxidant effects [64]. In the present work, the in vitro antibacterial
activity of the free porphyrin base H,TPBP, Mg(TPBP), [Mg"(TPBP)(HTMA),] (1) and
[Mg'(TPBP)(DABCO),] (2) against two Gram-positive bacteria (Staphylococcus aureus
(ATCC 25923) and Enterococcus faecalis (ATCC 29212)) and two Gram-negative bacteria
(Pseudomonas aeruginosa (ATCC 27853) and Escherichia coli (ATCC 35218)) was assessed
using well agar diffusion assay as described by Abdelkarim Mahdhi et al (2012) [65]. In vitro
antibacterial activity of synthesised compounds was evaluated against certain pathogenic
bacteria and compared by standard drug tetracycline [66]. The diameters of inhibition zones
observed with the well diffusion method are shown in Fig. 12. Based on zones of inhibition
results, the lowest activity is observed for the free porphyrin base H,TPBP. Contrariwise, the
Mg(TPBP), starting material and the complexes 1 and 2 show better anti-bacterial activity
against the three strains (P. aeruginosa, E. faecalis and E. coli). These values are higher than
the standard drug tetracycline [66]. these magnesium derivatives show 20 mm, 18 mm and 12
mm in diameter of zone inhibition against P. aeruginosa and 13 mm, 13 mm and 16 mm in
diameter of zone inhibition against E. faecalis. They also produced 18 mm, 17 mm and 15
mm in diameter of zone inhibition against E. coli. Tetracycline shows ~12 mm in diameter of
zone inhibition against P. aeruginosa and E. coli [66]. In comparison with their analogues,
our studied complexes possess diameters of zones of inhibition higher than these obtained
with meso-tetrakis(40-trifluoromethylphenyl) porphyrin metallated by Ni (11), Cu (I1), and Zn
(1), especially on the microbial strain E. coli (between 15 and 19 mm) [67]. However, they
are less active than the Co(lll) porphyrins (S. Aureus ~ 24 mm) [68].
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Fig. 12. in vitro antimicrobial activity of (1) and (2). (single-column figure)

4. Conclusions

In the present work, we have synthesised, two novel six-coordinate magnesium
porphyrin complexes. This is significant since the starting material, meso-porphyrin:
tetrakis[4-(benzoyloxy)phenyl]porphyrin (H,TPBP) was prepared for the first time.
The most important conclusions, obtained in this work, can be summarized as follows:
the coordination geometry of Mg(ll) cations is octahedral; the supramolecular
assemblies are assured by both hydrogen bonding and weak C—H---Cg # interactions;
Despite the differences observed in energy gap values, the general agreement between
experimental and computational results is good; antibacterial activities of both
complexes were evaluated and confirmed. As Metal-organic frameworks (MOFs) and
due to its size, shape, crystal packing nature, and its organic ligand functional groups,

prepared complexes can have many practical uses such as gas storage and catalysis.
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Two novel magnesium(I)tetraphenylporphyrin-based six-coordinate complexes were
synthesized.

Structures were determined by X-Ray diffraction technique and quantitatively
elucidated using Hirshfeld surface approach.

UV-visible and Fluorescence investigations were made.

HOMO-LUMO energy gap was modelled using DFT approach.

Role of our complexes as novel antibacterial agents was also performed.





