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Abstract 
A novel magnesium(II) metalloporphyrin namely the bis(4-pyrrolidinopyridine)[meso-tetra(p-

tolyl)porphyrinato)]magnesium(II) dichloromethane desolate complex with the formula 

[Mg(TTP)(4-pypo)2]•CH2Cl2 (I) has been synthetized and fully characterized by UV-Vis, 

fluorescence, IR, 1H NMR spectroscopy and mass spectrometry. The X-ray molecular structure 

shows that I presents two molecules (1 and 2) [Mg1(TTP)(4-pypo)2] and [Mg2(TTP)(4-pypo)2] in 

the asymmetric unit while the Hirshfeld surface analysis on this hexacoordinated Mg(II) porphyrin 

species indicates that the crystal lattice is mainly sustained by C__H…C, C__H…Cg (Cg is the 

centroid of a phenyl ring) and C__H…Cl intermolecular interactions. The cyclic voltammetry data 

of I is also reported. The bioactivity of the H2TTP, the [Mg(TTP)] starting material and 

[Mg(TTP)(4-pypo)2]•CH2Cl2 (I) was evaluated in vitro, by examining their inhibitory effect against 

three strains of Candida viz. C. albicans, C. glabrata and C. tropicalis with MIC values in the 

range 2.5 to 10 μg.mL−1. The screening of the susceptibility of M. canis and T. rubrum clinical 

strains on the three porphyrinic derivatives is also reported.  
______________________________________ 
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1. Introduction 

Divalent metals porphyrin complexes could be divided in two classes. The first one made by open-

shell paramagnetic metal ions such as Mn(II), Fe(II) and Co(II) and the second class is made by 

diamagnetic metal ions such as Zn(II), Cd(II) and Mg(II). The first class of divalent 

metalloporphyrins were intensively studied because they are paramagnetic and have the ability to 

change their oxidation state. These porphyrin complexes were first used as models for 

hemoproteins and then in many other fields especially as catalysis [1,2], chemical sensors, [3,4] 

semiconductors [5], and in nonlinear optic devices [6]. The diamagnetic M(II) metalloporphyrins 

except those of Zn(II), which were very studied, Cd(II) and Mg(II) porphyrin complexes were 

much less investigated. Thus, Cambridge Structural Database (CSD Version 5.42, update of 

September 2021) [7] contains the molecular structures of 1461 Zn–porphyrin complexes and only 

49 and 80 Cd and Mg metalloporphyrins, respectively. Notably, M(II) diamagnetic porphyrins 

provide simpler systems than those of Co(II) and Fe(II) or other d transition metals to evaluate the 

influence of axial ligands on the structural and photophysical properties of metalloporphyrins. 

Magnesium(II) metalloporphyrins were investigated first as models for chlorophyll in which the 

Mg(II) center metal is coordinated to a reduced porphyrin. Over the past decade, our research 

group reported several investigations concerning new magnesium meso-arylporphyrin 

coordination compounds [8-13].  

Invasive fungal infections are a growing threat with high morbidity and mortality. The discovery 

of new drug candidates against human pathogenic fungi has become a necessity for many 

researchers [14]. In recent years a great deal of research has been devoted to the preparation of 

entities capable of inhibiting the activities of fungi [15-17]. Notably, the past decade has 

witnessed intense research devoted to the antifungal activities of porphyrin species [18-20]. 

In order to get more insight into the photophysical, electrochemical and structural properties of 

magnesium(II) metalloporphyrins as well as the antifungal performance of these coordination 

compounds, a new Mg(II) porphyrin derivative was prepared namely the bis(4-

pyrrolidinopyridine)[meso-tetra(p-tolyl)porphyrinato)]magnesium(II) dichloromethane desolate 

complex with the formula [Mg(TTP)(4-pypo)2]•CH2Cl2 (I). 

 

2. Experimental Section 

2.1. Materials and methods 
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IR and UV-vis spectroscopy: Solid IR spectra were obtained with a PerkinElmer Spectrum Two 

FTIR 

spectrometer. The UV/Vis spectra were recorded with a WinASPECT PLUS (validation for 

SPECORD PLUS version 4.2) scanning spectrophotometer. 

MS spectrometry: Electrospray (ESI) spectra were carried out using an amaZon speed ion trap 

instrument and the ESI-HRMS spectra were recorded in an using LTQ Orbitrap XL apparatus 

(Thermo Scientific) equipped with an electrospray ionization (ESI) source. Solutions in 

dichloromethane were used for the analysis. 

Emission spectroscopy: The emission spectra were recorded at room temperature with a Horiba 

Scientific Fluoromax-4 spectrofluorometer. The luminescence lifetime measurements were 

performed for excitation at λ = 450 nm using the second harmonic of a titanium–sapphire laser 

(picosecond Tsunami laser spectra physics 3950-M1BB and 39868- 03 pulse picker doubler) at an 

800 kHz repetition rate. Fluotime 200 from AMS technologies was used for the decay acquisition. 

It consists of a GaAs microchannel plate photomultiplier tube (Hamamatsu model R3809U-50) 

followed by a time-correlated single photon counting system from Picoquant (PicoHarp300). The 

ultimate time resolution of the system is close to 30 ps. The luminescence decays were analyzed 

with the FLUOFIT software available from Picoquant. The mission quantum yields were 

determined at room temperature in dichloromethane solutions by using the optically dilute method 

[21]. [Zn(TPP)] in air-equilibrated dichloromethane solution was used as a quantum yield standard 

(φf = 0.031) [22]. 

Electrochemistry: Cyclic voltammetry (CV) experiments were performed with CH-660B 

potentiostat (CH Instruments). All analytical experiments were conducted at room temperature 

under an argon atmosphere (argon stream) in a standard one compartment, three-electrode 

electrochemical cell. Tetra-nbutylammonium perchlorate (TBAP) was used as a supporting 

electrolyte (0.2 M) in dichloromethane previously distilled over calcium hydride under argon. An 

automatic ohmic drop compensation procedure was systematically implemented before the CV data 

were recorded with electrolytic solutions containing the studied compounds at concentrations of ca. 

10–3 M. CH Instruments vitreous carbon (φ = 3 mm) working electrodes were polished with 1 mm 

diamond paste before each recording. The Ag/AgNO3 0.01 M (TBAP 0.2 in CH2Cl2) redox couple 

was used as the reference electrode. The potential of the ferrocene/ferrocenium redox couple was 

used as an internal reference (86 mV vs. Ag/AgNO3 under our experimental conditions). For 

comparison with previously published data, all potentials given in the text and in Table 5 have been 

converted to values relative to the saturated calomel electrode (SCE) according to the following 

relationship: E(SCE) = E(Ag/AgNO3) + 298 mV. 
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2.2. Synthesis  

2.2.1. Synthesis of 4-pyrrolidinopyridine 

 4-pyrrolidinopyridine (pypo) was prepared by using a modified reported literature method [23]. 

9.4 g (0.1 mol) of 4-aminopyridine was dissolved in 100 mL of dimethylformamide then 27.6 g 

(0.2 mol) of potassium carbonate was added. This mixture was cooled with ice and 14.1 g (0.1 

mol) of 4-chlorobutyrate chloride was added and left for 30 more min. The mixture was then heated 

to 120 °C and stirred for 1 hour. 200 mL of ice water were poured into the reaction mixture and 

then extracted with chloroform. The chloroform phase was concentrated under reduced pressure 

to obtain crude crystals. The obtained solid was recrystallized with hexane and ethyl acetate to 

yield the 4-pyrrolidinopyridine (pypo) final product. Amount 10.5 g, Yield: 64%.H-NMR 

(CDCl3), 5: 8.52 (d, 2H), 7.59 (d, 2H), 3.85 (t, 2H), 2.64 (t, 2H), 2.19 (m, 2H). 

 

2.2.2. Synthesis of [Mg(TTP)] 

The meso-tetratolylporphyrin (H2TTP) was prepared by using the Alder and Longo method [24]. 

The (meso-tetratolylporphyinato)magnesium(II) with the formula [Mg(TTP)] was prepared 

following a modified reported literature method [25]. 0.5 g (0.74 mmol) of H2TTP was dissolved 

in 40 mL of dichloromethane. Then 1.35 g (5.25 mmol) MgBr2
.O(Et)2 were added and 2 mL (14 

mmol) of triethylamine were added. The mixture was stirred under argon at room temperature for 

1 hour. The [Mg(TTP)] complex precipitated after the addition of 40 mL of dichloromethane then 

the mixture was washed with distilled water. After decantation, 100 g of Na2SO4 was added to the 

organic phase then stirred for 1 hour. The solvent was removed and a solid of [Mg(TTP)] was 

obtained by precipitation in a  

dichloromethane–n-hexane mixture (470 mg, 94%).  

2.2.3. Synthesis of [Mg(TTP)(4-pypo)2]•2CH2Cl2 (I) 

[Mg(TTP)] (30 mg, 0.043 mmol) and 4-pyrrolidinopyridine (4-pypo) (90 mg, 0.608 mmol) were 

dissolved in 15 mL of dichloromethane and stirred at room temperature overnight. The color of 

the solution changed to green blue. The obtained compound crystallizes by slow diffusion of n-

hexane through the dichloromethane solution to give after one week dark-blue crystals (43 mg, 86 

%). 

Elemental analysis calcd (%) for C68H60Cl4MgN8O2, C 68.78, H 5.09, N 9.44; found: C 69.02, H 

5.21, N 9.53; HRMS (ESI) (dichloromethane): m/z [Mg(TTP)]+ calcd for C48H36MgN4: 692.2796; 

found: 692.2789 ; m/z [Mg(TTP)(L’)]+  (L’ = 4-pyrrolidin-1-yl-pyridine, C9H12N2) calcd for 
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C57H48MgN6:   840.3802; found 840.3793; m/z [Mg(TTP)(4-pypo)]+  calcd for C57H46MgN6O:   

854.3594; found 854.3583; UV–vis:   λmax (nm) in CH2Cl2: 427, 565, 606 ; FT-IR (solid neat):  ν� 

(cm-1) =  2981–2835 [CH Porph], 1738/1717 1600 cm-1  [ν(C=O) and [ν(C=N)  porph)],1738 and 

1717  [ν(C=O) 4-pypo ligand]; 1H NMR (300 MHz, CDCl3 δ (ppm): 8.84 (Hβ-pyrrol), 7.82 (Ho,o 

Porph), 7.33 (Hm,m’ Porph), 8.06 (HL 4- 

pypo), 7.50 (HL’ 4-pypo), 2.52 (Hg 4-pypo), 3.58 (He 4-pypo) and 2.09 (Hf 4-pypo). 

2.3. X-ray structure determination    

X-ray quality crystal of [Mg(TTP)(4-pypo)2]•2CH2Cl2 (I) were obtained by slow diffusion of n-

hexane into a dichloromethane solution of complex I. Crystal evaluation and data collection were 

performed on a D8 VENTURE Bruker AXS diffractometer equipped with a CCD area detector 

with Mo Ka radiation (λ =  0.71073 Å). The crystals were kept at 150 (2) K during data collection. 

The data were scaled and corrected for absorption correction using SADABS-2004/1 (Bruker, 

2004) [26]. The structure was solved by direct methods by using SIR-2004 [27] and refined by 

full-matrix least-squares techniques on F2 by using the SHELXL-2014 program [28]. During the 

refinements of the structure of I, several disordered problems were encountered: (i) one phenyl 

group of “molecule 2” ([Mg2(TTP)(4-pypo)2]) is disordered in two positions (C77-C78A-C79A-

C80-C81A-C82A and C77-C78B-C79B-C80-C81B-C82B) with refine occupancy factor of the 

major position of 0.593 (0.007), (ii) a first disordered dichloromethane solvent molecule presents 

three positions with occupancies being:  0.710 (0.003): 0.18731 (0.003): 0.102 (0.002) for C101-

Cl3-Cl4, C102-Cl5-Cl6 and C103-Cl7-Cl8, respectively and (iii) a second dichloromethane is 

disordered in three positions (C104-Cl9-Cl10, C105-Cl11-Cl12 and C106-Cl13-Cl14) with refine 

occupancy factors of  0.561 (0.003): 0.336 (0.002): 0.103 (0.002), respectively. For the three 

disordered moieties, the anisotropic displacement ellipsoids of the disordered atoms are very 

elongated, which indicate that they are statistically disordered. Consequently, the SIMU and PLAT 

(for the disordered phenyl) restraints commands in the SHELXL-2014 software were used [29]. 

The DFIX and DANG constraint commands were also used to correct the geometry of these 

moieties [30]. For I non-hydrogen atoms were refined with anisotropic thermal parameters 

whereas H-atoms were included at estimated positions using a riding model. Drawings were made 

using ORTEP3 for windows [31] and MERCURY [32]. The crystallographic data and structural 

refinement details of I are shown in Table 1. Selected bond lengths and angles for this compound 

are listed in Table 2. 
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Table 1. Crystal data and structural refinement for [MgII(TTP)(4-pypo)2]•2CH2Cl2 (I). 
_____________________________________________________________________________ 

Formula    C68H60Cl4MgN8O2  
M.W.     1187.40  
Crystal System    triclinic      
Crystal     P-1       
a (Å)     13.099 (14)     
b (Å)     19.5265 (19)      
c (Å)     20.539 (2) 
α (°)     62.193 (3) 
β (°)     77.475 (4) 
γ (°)     76.899 (4)    
V (Å3)     4487.9 (8)      
  
Z     3       
ρcalc./ g.cm-3    1.318       
μ/ mm-1     0.262       
F(000)     1860       
Crystal size (mm3)   0.60 x 0.48 x 0.35     
Crystal Color    purple       
Crystal Shape    prism     
T(K)     150 (2)       
θmin - θmax (°)    2.940 – 26.000      
Limiting indices  -16 ≤ h ≤ 16, -23 ≤ k ≤ 24, -25 ≤ l ≤ 25   
R(int)     0.0434    
Total/Unique data   92850/17621       
Observed data [Io> 2σ(Fo)]  13088      
Parameters/Rest   1265/351       
S [Goodness of fit]   1.066       
R1

a, wR2
b [Fo> 4σ(Fo)]  R1 = 0.0837, wR2 = 0.2110  

wR2
b [all data]    R1 = 0.1113, wR2 = 0.2328 

Min./max. res. (eÅ-3)   1.149 /-0.716     
CCDC     2123511      
_____________________________________________________________________________ 
a :R1 =Σ||Fo|–|Fc||/Σ|Fo|,b :wR2 ={Σ[w(|Fo|2–|Fc|2)2]/Σ[w(|Fo|2)2]}1/2. 
 
 
Table 2. Selected bond lengths (Å) and angles (°) of I. 
_______________________________________________________________ 

Magnesium Mg1 coordination polyhedron (molecule 1) 

Mg1-N1  2.069(3) N3-Mg1-N4  90.71(10)    
Mg1-N2  2.068(3) N5-Mg1-N1  91.39(10) 
Mg1-N3  2.073(3) N5-Mg1-N2  89.83(11) 
Mg1-N4  2.069(3) N5-Mg1-N3  88.20(10) 
Mg1-N5  2.310(3) N5-Mg1-N4  90.11(11) 
Mg1-N7  2.292(3) N7-Mg1-N1  89.01(10) 
N1-Mg1-N2  90.83(10) N7-Mg1-N2  89.47(11) 
N1-Mg1-N3  179.53(11) N7-Mg1-N3  91.40(11) 
N1-Mg1-N4  89.05(10) N7-Mg1-N4  90.59(11) 
N2-Mg1-N3  89.40(11) N7-Mg1-N5  179.20(11) 
N2-Mg1-N4  179.86(11) 
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 Magnesium Mg2 coordination polyhedron (molecule 2) 

Mg2-N9  2.076(3) N9-Mg2-N10  90.93(12) 
Mg2-N10  2.077(3) N9-Mg2-N11  92.49(11) 
Mg2-N11  2.302(3) N10-Mg2-N11 90.42(11) 
 

1-(pyridinyl)pyrrolidin-2-one (4-pypo) Axial ligand (molecule 1) 

N5-C49  1.336(4) N7-C58  1.342(4)   
N5-C53  1.336(4) N7-C62  1.331(5)  
C49-N5-C53  115.7(3) C58-N7-C62  115.4(3)   
C49-N5-Mg1  124.2(2) C58-N7-Mg1  120.1(2)   
C53-N5-Mg1  119.5(2) C62-N7-Mg1  124.2(2)    
C51-N6  1.402(4) C60-N8  1.396(5)    
N6-C54  1.453(5) N8-C63  1.449(6) 
N6-C57  1.397(5) N8-C66  1.405(6)  
C54-N6-C57  112.3(3) C63-N8-C66  112.2(4) 
C50-C51-N6  121.2(3) C63-N8-C60  121.9(4) 
C52-C51-N6  121.2(3) C66-N8-C60  125.4(4) 
C57-O2  1.224(5) C66-O1  1.235(6)   
N6-C57-O2  126.3(4) N8-C66-O1  125.8(4) 
C56-C57-O2  126.6(4) C65-C66-O1  126.6(4) 
 

 1-(pyridinyl)pyrrolidin-2-one (4-pypo) Axial ligand (molecule 2) 

N11-C91  1.341(5) N12-C99  1.350(7) 
N11-C95  1.345(5) C96-N12-C93  120.6(4) 
C91-N11-C95  115.6(3) C99-N12-C93  128.1(4) 
C91-N11-Mg1  123.1(3) C99-O3  1.168(8) 
C95-N11-Mg2  120.9(2) O3-C99-N12  124.9(5) 
C93-N12  1.390(5) O3-C99-C98  126.8(6) 
N12-C96  1.481(6) 
____________________________________________________________________ 
 

2.4.Antifungal activity  

2.4.1 Fungal strain and culture conditions 

The antifungal effect of our three porphyrin derivatives was explored against yeasts from Candida 

genus from the American Type Culture Collection : Candida albicans (ATCC 90028), Candida 

glabrata (ATCC 64677) and Candida tropicalis (ATCC 66029) and two genus of dermatophytes : 

Trichophyton rubrum (MS 7793.1) and Microsporum canis (MS 8972), identified from  clinical 

isolates  by the professional team in the laboratory of parasitology and mycology of the teaching 

hospital Fattouma Bourguiba (Monastir-Tunisia). Before each antifungal assay, mycosic strains 

were maintained in culture on Sabouraud dextrose agar (Biolife) plates, at 30°C during 48 hours 

for Candida spp. and seven days for the dermatophytes.  

2.4.2. Anticandidal activity  
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2.4.2.1. Determination of minimum inhibitory concentration (MIC) on Candida spp. 

The determination of Minimum Inhibitory Concentration (MIC) of the porphyrins on the fungal 

strains was processed as described by Hrichi et al. [33], using the microdilution method on flat 

bottom 96-well plates in the presence of Resazurin viability indicator. Briefly, the porphyrins were 

solubilized in dimethyl sulfoxide (DMSO) (m/v), and then adjusted in RPMI 1640 (PAN), 

supplemented by 2% glucose. Two hundred microliters of the porphyrin solution were added into 

the first well of each line of the 96-well plate, then 100 μL of RPMI 1640-2% glucose were 

dispensed in the remaining wells.  A two fold serial dilution was applied from the first into tenth 

consecutive wells to obtain concentrations ranging from 10 to 78.10-2 mg.mL-1. Thereafter, each 

well was inoculated with 90 μL of inoculum adjusted to 1-2.5.105 UFC mL-1. Then, 10 μL of 

resazurin indicator solution was added to a final volume of 200 μL per well. Positive (RPMI 1640-

2% glucose with inoculum) and negative (RPMI 1640-2% glucose) control growth were included 

in all trials. Plates were then incubated at 37°C for 24 hours. Each experiment was run in triplicate. 

After incubation, the blue color indicates inhibition of growth, pink color indicates reduction of  

resorufin, and then persistence of strains. The lowest concentration which inhibited the visual  

growth was recorded as MIC. 

2.4.2.2. Determination of minimum fungicide concentration (MFC) on Candida spp. 

To determine the minimum fungicide concentration (MFC), 10 µL of each blue-stained well was 

loop spread onto Sabouraud Dextrose Agar (SDA) plates and incubated at the corresponding 

temperature. The concentration that induces no visible colonies or revealed three colonies or less 

to obtain approximately  

99 to 99.5% killing growth after subsequent 7 days incubation was accepted as MFC. 

2.4.3. Anti-dermatophytic activity 

2.4.3.1. Anti-dermatophytic potential Screening  

The in vitro anti-dermatophytic activity of porphyrins was screened by the agar incorporation 

technique in 24-well plates [33]. After a primer dissolution in DMSO (m/v), each porphyrin 

candidate was dissolved in 1 mL of SDA medium to obtain a final concentration of 10 mg. mL−1.  

Well without substance was used as a negative control to monitor the growth of dermatophytes 

under normal conditions. Mycelial agar discs (2 mm) cut from an actively 7 days old growing 

culture of dermatophytes, were bored in the center of each petri dish. Each treatment consisted of 

triplicates. The percentage of growth inhibition of porphyrin was calculated by the formula :  

% I inhibition = [growth in control - growth in sample/ growth in control] × 100.  
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2.4.3.2. Evaluation of the mycelial radial growth of dermatophytes  

Three concentrations (5 mg.mL−1, 2.5 mg.mL−1 and 1.25 mg.mL−1) of porphyrins with proven 

antifungal potential were incorporated in a final volume of 3 mL of SDA medium. A petri dish 

without substance was used as a negative control to monitor the growth of dermatophytes under 

normal conditions. Mycelial agar discs (2 mm) cut from the actively growing culture of 7 days old, 

were bored in the center of each petri dish. Each treatment consisted of triplicates. Petri dishes 

were sealed with Parafilm to avoid dehydration. In that method radical growth was three-time 

interval measured for each concentration.  

The percentage of growth inhibition of porphyrin was calculated by the formula:  

% I inhibition = [growth in control - growth in sample/ growth in control] × 100. 

3. Results and Discussion 

3.1. Synthesis of [Mg(TTP)(pypo)2]•2CH2Cl2 (I) 

Complex I was prepared by reacting the [Mg(TTP)] starting material with an excess of 1-

(pyridinyl)pyrrolidin-2-one (4-pypo) in dichloromethane at room temperature (Scheme 1). Our 

Magnesium(II)-TTP-bis(pypo) derivative was isolated in a 87% yield using a slow diffusion of n-

hexane in the dichloromethane solution. According to the elementary analysis the formula of I is 

[Mg(TTP)(pypo)2]•2CH2Cl2. 

 

 

Scheme 1. Scheme of the synthesis of [Mg(TTP)(4-pypo)2]•2CH2Cl2 (I). 
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3.2. 1H NMR and IR spectroscopy 

The 1H NMR data of the H2TTP free base porphyrin, the [Mg(TTP)] starting material are depicted 

in Figures S1 and S2 and that of corresponding to compound I is shown in Figure 1. The chemical 

shift of the β-pyrrole protons (Hβ), the phenylic protons (Ho,o’, Hm,m’) values are 8.84, 7.82 and 

7.33 ppm are characteristic for diamagnetic meso-arylmetalloporphyrins with zinc(II), 

magnesium(II) and cadmium(II) as center ions [34-36]. As illustrated by Figure 1, the 1-

(pyridinyl)pyrrolidin-2-one (4-pypo) axial ligand presents pyridyl protons (HL and H’
L) and 

pyrrolidine-2-one protons (Hg, He and Hf) signals at 8.06, 7.50, 2.52, 3.58 and 2.09 ppm, 

respectively. The reported non-coordinated 1-(pyridinyl)pyrrolidin-2-one (4-pypo) HL , H’
L, Hg, 

He and Hf protons resonate at 8.52, 7.59, 2.62, 3.85 and 2.19 ppm which slightly different from 

those of the coordinated 4-pypo axial ligand. Therefore the 1H NMR investigation confirms the 

coordination of the 4-pypo ligand to the magnesium(II) of I in solution. 

 

Figure 1. 1H NMR spectrum of [Mg(TTP)(4-pypo)2]•2CH2Cl2 (I) recorded in CHCl3 at room temperature 
with concentration C ~10-3 M. 
 

Figure S3 illustrates the IR spectrum of the H2TTP free base porphyrin while Figure 2 presents 

both spectra of the [Mg(TTP)] starting material and I. In the IR spectrum of [Mg(TTP)] we noticed 



ACCEPTED MANUSCRIPT - CLEAN COPY

the disappearance of the weak absorption band at 3310 cm-1, attributed to the ν(NH) stretching of 

the pyrrole rings of the TTP porphyrinate, and the shift toward the high frequencies of the δ(CCH) 

band from 968 (free base porphyrin) to 995 cm-1 ([Mg(TTP)] indicating the metalation of the 

H2TTP porphyrin. The coordination of the 1-(pyridinyl)pyrrolidin-2-one (4-pypo) to [Mg(TTP)] 

leading to complex I is confirmed by two strong absorption bands at 1738/1717 1600 cm-1 

attributed to the ν(C=O) and ν(C=N) stretching frequencies (Figure 2). The presence of two 

absorption bands at 1738 and 1717 cm-1 attributed to the ν(C=O) of the 4-pypo axial ligand is a 

consequence of the coordination of this ligand to Mg1 and Mg2 center metals in molecules 1 and 

2 respectively (see crystallographic section). 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Neat IR spectrum of [Mg(TTP)] staring material (red color) and [Mg(TTP)(4-pypo)2]•2CH2Cl2 (I) 
(blue color). 
 
 
3.3. ESI-HRMS mass study on [Mg(TTP)(4-pypo)2]•2CH2Cl2 (I) 

Figure 3 represents the ESI-HRMS mass spectrum solution of I in positive ion mode recorded in a 

dichloromethane which shows the presence of the three following fragments: (i) fragment (a) 
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corresponding to [Mg(TTP)]+ with experiment ant theoretical m/z values of 692.2789 and 

692.2796, respectively, (ii) fragment (b) attributed to [Mg(TTP)(L’)]+ for which L’ is the 4-pypo 

ligand without the oxygen atom (L’ = 4-pyrrolidin-1-yl-pyridine, C9H12N2) with experimental and 

theoretical m/z values are 840.3793 and 840.3802, respectively, and (iii) fragment (c) 

corresponding to [Mg(TTP)(4-pypo)] with experimental and theoretical m/z values 854.3583 and 

854.3595, respectively. Therefore, this technique shows that in solution, at least, one 4-pypo axial 

ligand is coordinated to Mn(II) in compound I. Experimental and simulated isotopic pattern of I in 

the m/z region attributed to the [Mg(TPP)(4-pypo)]+ is shown in Figure S4. 

 
 
Fig. 3. ESI-HRMS spectrum of [Mg(TTP)(4-pypo)2].CH2Cl2 (I). Spectrum recorded in dichloromethane 
with a concentration of 5.10–3 M.  
 

3.4. Photophysical properties  

In Figure 4 are shown the electronic absorption spectra of H2TTP, [Mg(TTP)] and I. The H2TTP 

free base porphyrin presents a Soret band at 420 nm and four Q bands at 518, 554, 593 and 649 

nm. The metalation of the porphyrin leads to a redshift of the Soret band with λmax values of 428 

and 427 nm for [Mg(TTP)] and complex I, respectively and the number of the Q bands is reduced 

from four to two due to the change of the symmetry from D4h to D2h. The λmax values of these Q 

bands are 566, 607 nm and 565 and 606 nm for [Mg(TTP)] and I, respectively. These data show 



ACCEPTED MANUSCRIPT - CLEAN COPY

that the coordination of 4-pypo to the Mg(II) center metal didn’t lead to a noticeable change of the 

UV-Vis spectrum of the [Mg(TTP)] starting material. This has been also seen for related 

pentacoordinated and hexacoordinated and Mg(II) meso-aryporphyrins such as 

[Mg(TClPP)(DMAP)] (TClPP = meso-tetra(para-chlorophenyl)porphyrinate and DMAP = 4-

(dimethylamino)pyridine [12] and [Mg(TPBP)(HTMA)2] (TPBP = meso-

tetrakis[4(benzoyloxy)phenyl]porphinate and HMTA = hexamethylenetetramine) [10]. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. UV-Vis spectra of H2TTP, [Mg(TTP)] and [Mg(TTP)(4-pypo)2]•CH2Cl2 (I) recorded in 
dichloromethane with concentration ~ 10-6 M.  
 

The emission spectra of porphyrins and metalloporphyrins exhibit two emission transitions: S1 → 

S0 and S2 → S0 allocated as the Q(0,0) and Q(0,1) transitions where S0, S1 and S2 are the ground 

state, the first and the second excited states, respectively. The S2 → S0 transition concerns the Soret 

band is usually neglected because for of its very weak intensity compared to that of the S1 → S0 

transition. In Figure 5, is depicted the emission spectra of our three porphyrinic species: H2TTP, 

[Mg(TTP)] and [Mg(TTP)(4-pypo)2]•2CH2Cl2 (I). These spectra were recorded at room 

temperature in dichloromethane with concentrations ~10-6 M under an excitation wavelength of 

450 nm. The λmax values of the the Q(0,0) and Q(0,1) fluorescence bands, the fluorescence 

quantum yields (φf) and the fluorescence lifetimes (τf) of our three porphyrin compounds and a 

selection of meso-arylporphyrins and metalloporphyrins are summarized in Table 3. The λmax 

values of the O(0,0) and Q(0,1) emission bands of the H2TTP free base are 657 and 721 nm which 

are in the range 652 – 720 nm of free base meso-arylporphyrins (Table 3). The metalation of the 

H2TTP porphyrin par Mg(II) leads to an important blue-shift of the Q(0,0) (46 nm) and the Q(0,1) 
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(66 nm) bands compared to those of the free base porphyrin. The coordination of the 4-pypo ligand 

to the magnesium(II) center metal of [Mg(TTP)] has a minor effect on the positions of the Q bands 

(Figure 5, Table 3).           

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
Fig. 5. Fluorescence spectra of H2TTP, [Mg(TTP)] and [Mg(TTP)(4-pypo)2]•CH2Cl2 (I) recorded in 
dichloromethane with concentration ~ 10-6 M. λmax of the excitation wavelength is 450 nm. 
 

Noteworthy, the λmax values of Q(0,0) and Q(0,1) of the three divalent center metals Mg(II), Zn(II) 

and Cd(II) metalloporphyrins, which are diamagnetic, are close and in the domain 694 – 625 nm 

for the Q(0,0) band and 643 – 670 nm for the Q(0,1) band (Table 3).  The fluorescence quantum 

yields (Φf) and the fluorescence lifetimes (τf) values of the free base H2TTP porphyrin are ~10% 

and 7.90 ns, respectively which are in the normal range of meso-porphyrins. These values increase 

after metalation of H2TTP by Mg(II) ([Mg(TTP)]) and addition of the 4-pypo axial ligand (I) with 

Φf and τf values of 15%/13% and 9.10/4.6 nm, respectively. It is noteworthy that (i) for zinc(II) 

meso-arylporphyrins the Φf  are in the range 1% - 4.6% and the τf values range between 1.5 and 

4.2, (ii) cadmium(II) meso-arylporphyrins exhibit fluorescence quantum yields fluorescence 

lifetimes values much smaller than those of both zinc(II) and Mg(II) porphyrin species. This is 

mainly due to the high molar mass of Zn(II) and especially Cd(II) center ions leading to a 

quenching effect, resulting in the very low Φf values [37]. 
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Table 3. Emission data for H2TTP, [Mg(TTP)], [Mg (TTP)(4-pypo)2] •2CH2Cl2 (I) and a selection of meso-
tetraarylporphyrins comlpounds. 

________________________________________________________________________________ 

Compound    λmax (nm)   Φf            τf (ns) Ref. 
  
     ----------------------------- 
     Q(0,0)  Q(0,1) 
__________________________________________________________________________________ 

   Meso-arylporphyrins  

H2TPPa     653   722    0.12   9.60 [38]  

H2TClPPb   652  714   0.089  7.72 [12] 

H2TMPPc   656  719   0.082  7.20  [39] 

H2TTP    657  721   0.098  7.90 t.w. 

   Mangnesium(II) meso-arylporphyrins 

[Mg(TPP)]a   608  661   0.15  9.2 [38] 

[Mg(TClPP)]b   615  670   0.18  6.3  [12] 

[Mg(TTP)]   611  655   0.15  9.1 t.w. 

[Mg(TTP)(NCO]-   609  664   0.18  3.8 [8] 

[Mg(TPP)(THF)2]a,d  609  660   0.16  8.9 [40] 

[Mg(TClPP)(DMAP)]b,e  608  659   0.16  5.0 [12] 

[Mg(TPP)(4,4’-dipy)2]b,f  613  668   0.13  4.9 [41] 

[Mg(TPP)(HMTA)2]a,g  620   665    0.14   4.7   [42] 

[Mg(TTP)(4-pypo)2] (I)  611  663   0.13  4.6 t.w.  

    Zinc(II) meso-arylporphyrins 

[Zn(TPP)(N3)]- a   594  643   0.036  1.7 [12] 

[Zn(TTP)(mbpy)~py)]i  611   652    0.021   –   [43] 

[Zn(TPP)(IQNO)]a,j  602   656    –   1.9   [44] 

[Zn(TPP)(1,4-dioxane)2]a  604   655    –   1.8  [45]  

    Cadmium(II) meso-arylporphyrins 

[Cd(TBPP)(2-MeIm)]k,l  612  657   0.02  1.7 [36] 

[Cd(TMPP)(DABCO)]c,m  625  652   0.01  1.2 [46] 

[Cd(TClPP)(2-NH2Py)]b,n  618  653   0.04  4.2 [47] 
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[Cd(TClPP)(morph)]b,o  619  654   0.046  1.5  [48] 
___________________________________________________________________________________ 
a: H2TPP = meso-tetraphenylporpyrin, b: H2TClPP = meso-tetra(4-chlorophenyl)porphyrin, c: H2TMPP = meso-
tetra(4-methoxyphenyl)porphyrinate, d: THF = tetrahydrofuran, e: DMAP = 4-dimethylaminopyridine, f:4,4’-
dipy = 4,4-bipyridine, g: HMTA = hexamethylenetetramine, i: mbpy)~py = 4-methyl-4-[2-(4-pyridyl)ethenyl]-
2,2-bipyridine,           j: IQNO = isoquinoline N-oxide, k: 1,4-dioxane = TBPP = meso-tetrakis(4-tert-
butylphenyl)porphyrinate, l: 2-MeIm      = 2-methylimidazole, m: DABCO = 1,4-diazabicyclo[2.2.2]octane, n: 2-
NH2Py = 4,4’-diaminodiphenylmethane. o: morph = morpholine.  
 

3.5. X-ray Structure of I 

In Table 1 are summarized the crystal data and structure refinement parameters of I while in Table 

2 is reported a selection of the coordination polyhedral of magnesium center metal. This Mg(II) 

porphyrinic complex crystallizes in the triclinic group system with P-1 space group. The 

asymmetric unit of I is made by one and half [Mg(TTP)(pypo)2] molecules and three disordered 

dichloromethane solvent molecule (Figure S5) indicating that the formula of complex I is 

[Mg(TTP)(pypo)2]•2CH2Cl2. Figure 6 is an ORTEP drawing of molecule 1 ([Mg1(TTP)(4-pypo)2]) 

and molecule 2 ([Mg2(TTP)(4-pypo)2]).  

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6. Ortep drawing of molecules 1 and 2 of I with thermal ellipsoids drawn at 40% probability. The 
hydrogen atoms are omitted for clarity. Atoms label with i indices are the inversion center symmetry related 
atoms.     

The average equatorial distance between the magnesium(II) center atom and the nitrogen atoms of 

the porphyrin ring (Mg__Np) is 2.070 (3) Å for molecule 1 and 2.076 (3) Å for molecule 2. These 

values are very close to the related pentacoordinate magnesium(II) meso-arylporphyrins type 

[Mg(Porph)(L)] (Porph = meso-arylporphyrinate and L is a neutral unidentate axial ligand)  with 
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a Mg__Np distance ~ 2.070 Å. For hexacoordinated magnesium porphyrin complexes type 

[Mg(Porph)(L)2], the Mg—Np distances are higher than those of the related pentacoordinated 

species (Mg__Np ~ 2.090 Å) which is explain by the fact that the porphyrin macrocycles of the 

pentcoordinated [Mg(Porph)(L)] coordination compounds exhibit usually a dome deformation 

leading to a lengthening of the Mg__Np distance (Table 4) [49].  

The Mg(II)__N(4-pypo) bond lengths are 2.310 (3) and 2.292 (3) for molecule 1 and 2.302 (3) Å 

for molecule 2. These values are close to the magnesium-substituted pyridines metalloporphyrins 

distances (Mg__N(py) and Mg__N(4-Mepy) of complexes [Mg(TPP)(py)2] and [Mg(TPP)(4-

Mepy)2], respectively [49,50]. 

The coordination polyhedral of the magnesium center atom of molecules 1 and 2 of I (Figure 7) 

show inter alia, that both two porphyrin cores are practically planar and that the pyridyl groups of 

the two 4-pipo axial ligands are parallel. 
  

Table 4. Selected bond lengths [Å] and angles [°] for [Mg(TTP)(4-pypo)2]•2CH2Cl2 (I) and a selection of 
related Mg(II) meso-arylporphyrins.  
__________________________________________________________________________________ 

Complex    Mg__XL
a  Mg__Np

b  Ref. 

__________________________________________________________________________________ 

  Pentacoordinated magnesium(II) meso-arylporphyrins 

[Mg(TClPP)(DMAP)]c,d   2.130 (4)  2.082 (3)  [12]  

[Mg(TBrPP)(HIm)]e,f   2.120 (3)  2.094 (2)  [9] 

[Mg(TPP)(H2O)]g   2.012 (6)  2.092 (7)  [51] 

[K(222)][Mg(TPP)(N3)]g,h  1.997 (2)  2.1187 (16)  [8] 

  Hexacoordinated magnesium(II) meso-arylporphyrins 

[Mg(TPP)(pipz)2]g,i   2.423   2.073   [49] 

[Mg(TPP)(py)2]g,j   2.376   2.072   [50] 

[Mg(TPP)(1-MeIm)2]g,k   2.297   2.079   [49] 

[Mg(TPP)(H2O)2]g   2.213   2.071    [52] 

[Mg(TPP)(4-Mepy)2]l   2.385   2.070    [49] 

[Mg(TTP)(4-pypo)2] (I)   2.310 (3) / 2.292 (3)* 2.070 (3)*  this work 

     2.302 (3)**  2.076 (3)**    

__________________________________________________________________________________ 
a: M__Np = average equatorial cobalt-nitrogen pyrrole distance, b: M__XL = metal-axial ligand distance, c: TClPP = 
meso- tetra(para-chlorophenyl)porphyrinate, d: DMAP = 4-(dimethylamino)pyridine, e: TBrPP = meso-tetrakis(4-
bromophenyl) porphyrinato, f: Him = imidazole, h: [K(222] = (cryptand-222)potassium(+), i: pipz = piperazine, j: py 
= pyridine, k:  1-MeIm = 1-methylimidazole, l:  4-Mepy = 4-methylpyridine or 4-picoline-N. 
*: for the full molecule 1, **: for the half molecule 2.  
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Fig. 7. Drawings showing the “porphyrin core – trans pypo ligands” moiety of molecules 1 and 2. 

 

Figure 8 illustrates a part of the packing diagram of I down the a axis. The two complexes 

[Mg1(TTP)(4-pypo)2] (molecule 1) and [Mg2(TPP)(4-pypo)2] (molecule 2) and the 

dichloromethane solvent molecules of I are linked together via weak intermolecular interactions 

as follows (Table S1, Figure 9, S6 and S7): (i) the three parts discorded solvent molecule (C101-

Cl4-Cl5, C102-Cl5-Cl6, C103-Cl7-Cl8)) is H-bonded to the neighboring [Mg(TTP)(4-pypo)2] 

molecules with C102-H10C-O2, C101-H10C-O2 and C103-H10-Cg3 (Cg3 is the centroid of C77-

C78A-C79A-C80-C81A-C82A phenyl ring) and the oxygen O1 of the 4-pypo axial of a nearby 

[Mg(TTP)(4-pypo)2] molecule are weakly H-bonded together with a C100-H100-O1 distance of 

3.231 (6) Å, (iii) the other three parts disordered dichloromethane molecule (C104-Cl9-Cl10, 

C105-Cl11-Cl12, C106-Cl13-Cl14) is linked to the oxygen atom O3 of a 4-pypo axial ligand of a 

close by [Mg(TTP)(4-pypo)2] and  Cg12 centroid of the  C35-C36-C37-C38-C39-C40 phenyl ring 

for a nearby TTP porphyrin (Table S1) and (iv) the carbon atoms C56 and C65 of two [Mg(TTP)(4-

pypo)2] molecules are weakly H-bonded to the Cg17 and C19 centroids of the N5/C49-C53 pyrrole 

ring and the N11/C91-C95 pyridyl ring of the 4-pypo axial ligand, respectively (Table S1). 
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Fig. 8. Projection down the a axis of the crystal packing of I. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. The crystal structure of I showing the C__H…C, C__H…Cl and C__H…Cg intermolecular interactions. 
 

3.6. Hirshfeld Surface Analysis 

To further investigate the intermolecular interactions present in I, we performed a Hirshfeld 

surface analysis and the two-dimensional fingerprint plots were generated with Crystal Explorer17 

[53].  
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The red spots on the Hirshfeld surface indicate the presence of close contacts, whereas areas 

without close contacts are shown as blue spots. In Figure 10 is depicted the Hirshfeld surface of I 

mapped over the dnorm range from –0.7349 to 1.4964 Å. The 2D fingerprints plots (di versus de) 

along with the corresponding Hirshfeld surface of I (Figure 11) present intermolecular contacts 

between atom interactions and show percentage of contributions from different interaction types. 

The H…H, H…C/C…H, H…Cl/Cl…H have the most important contribution to the total Hirshfeld 

surface with 59.2% and 17.1%, respectively. For the O…H/O…H and Cl…C/C…Cl interactions 

present 4.9% and 2.3% of the total map, respectively. 

 

 

 

 

 

 

 

 

 

Fig. 10. Hirshfeld surfaces of complex I mapped over dnorm
. 

   

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 11. Hirshfeld surface mapped over dnorm and decomposed fingerprint plots for the dominant interactions 
in I. 
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3.7. Cyclic voltammetry 

Il is known that cyclic voltammograms of porphyrin complexes with non-electroactive divalent 

metal center ions such as Mg(II), Zn(II) and Cd(II) present usually two or three reversible one-

electron oxidation waves and one or two one-electron reversible (or irreversible) reduction waves 

attributed to the porphyrin macrocycle [8,35,12]. The cyclic voltammogram of I (Figure 12, 

Scheme 2, Table 5) presents one one-electron reversible reduction wave with half potential value 

(E1/2) (R4/O4) of -1.60 V and three reversible one-electron oxidations waves with E1/2 values of 

0.62 (O1,R1), 1.04 (O2,R2) and 1.26 V (O3,R3). We notice that the E1/2 values of the three 

oxidation waves of I are very close to those of the related Mg(II) porphyrins reported in Table 5 

while the E1/2 value of the reduction wave of our Mg-TTP-bis(4-pypo) derivative is slightly shifted 

toward the negative potentials compared to the other related Mg(II) species. This indicates that I 

is harder to reduce. This cyclic voltammetry investigation shows that the electrochemical data of 

Mg(II) porphyrins did not depends to either the nature of the group present in the para position of 

the meso-arylporphin (H for TPP, CH3 for TPP and Cl for TClPP) nor the type of the N-donor 

axial ligand [N3-: azido, HMAT: hexamethylenetetramine of 4-pypo: 1-(pyridinyl)pyrrolidin-2-

one).  

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
Fig.12. Cyclic voltammogram of [Mg(TTP)(4-pypo)2]•2CH2Cl2 (I). The solvent used is dichloromethane, 
and the concentration is ca. 10–3 M in 0.2 M TBAP, 50 mV/s, vitreous carbon working electrode (Ø = 3 
mm). 
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Scheme 2 
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Table 5. Potentials (in V vs SCE) of investigated I and a selection of related manganese(II) meso-arylmetalloporphyrins. 
 
______________________________________________________________________________________________________________ 

Compound     Oxidation      Reduction   Ref. 
    Metal Oxid.  1st Porph. Oxid.  2nd Porph. Oxid. 1st Porph. Red.  
    (O1,R1)  (O2,R2)  (O3,R3)  (R4,O4)     
    ------------------  -----------------  ------------------  ----------------  
    E1/2

a   E1/2
a
   E1/2

a
   E1/2

a    
_____________________________________________________________________________________________________________ 
 
[Mg(TPP)(N3)]-,b   0.57   0.89   1.15   –1.52   [8]  
{[Mg(TPP)(pyz)]}b,c

n  0.65   0.95   -   –1.65   [11] 
[Mg(TPP)(HMTA)2]a,d  0.73   0.99   -   –1.45   [42] 
[Mg(TClPP)(DMAP)]e,f  0.63   0.91   1.22   –1.42   [12] 
[Mg(TTP)(4-pypo)2] (I)  0.62   1.04   1.26   -1.60   t.w.    
_____________________________________________________________________________________________________________ 
a: E1/2 = half-wave potential, b: TPP = meso-tetraphenylporpyrinte, c: pyz = pyrazine, d: HTMA = hexamethylenetetramine, e: TClPP =  
meso-tetra(4-chlorophenyl)porphyrinate, f: DMAP = 4-dimethylaminopyridine. 
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3.8. Antifungal activity  

3.8.1. Antidermatophyte activity  

The free base porphyrin H2TTP and complexes [Mg(TTP)] and [Mg(TTP)(4-pypo)2]•2Cl2Cl2 (I) 

were evaluated for their in vitro antifungal activity against five pathogenic fungi : three yeasts strains  

(C. albicans ATCC90028, C. glabrata (ATCC 64677) and C. tropicalis (ATCC 66029) and two 

dermatophytes’ strains (trichophyton rubrum (MS 7793.1 and Microsporum canis (MS 8972)). We 

first tested our porphyrin derivatives against Candida spp. Anticandidal activities of the porphyrin 

species were determined by microdilution method by determining MIC and MFC values. MIC and 

MFC values were presented in the Table 6.  

[Mg(TTP)(4-pypo)2]•2CH2Cl2 (I) shows the best activity against all the three strains of Candida 

spp. C. albicans, C. glabrata and C. tropicalis with MIC values in the range of 2.5 mg.mL−1 to 10 

μg.mL−1. This species presents a fungicidal potential with MIF values ranging from 5 to >10 mg.mL-

1.  

A lower antifungal potential was observed for H2TTP free porphyrin and [Mg(TTP)], which present 

fungistatic  concentrations  (MIC) values starting from 5 mg mL-1 and  fungicidal yields (MFC) 

almost higher than 10 mg.L-1 against the three Candida species. 

 
Table 6. Minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC) of the three 
3 porphyrin derivatives against yeasts strains.  
  
Porphyrin compound Candida albicans 

(ATCC 90028) 
Candida glabrata (ATCC 
64677) 

Candida tropicalis (ATCC 
66029) 

MIC 
(mg.L-1) 

MFC 
(mg.L-1) 

MIC 
(mg.L-1) 

MFC 
(mg.L-1) 

MIC  
(mg.L-1) 

MFC (mg.L-

1) 
H2TTP >10 >10 5 >10 5 5 

[Mg(TTP)] >10 >10 >10 >10 >10 >10 

[Mg(TTP)(4-pypo)2] (I) 10 >10 2.5 5 5 5 

 

The screening of the susceptibility of M. canis and T. rubrum clinical strains to H2TTP, [Mg(TTP)] 

and I showed different results (Figure 13). The results of the screening indicate that [Mg(TTP)] and 

I have significant increasing inhibitory potentials for both M. canis and T. rubrum, with percentages 

of inhibition 74.07 % and 42% , respectively, and this with an initial concentration of 10 mg.mL-1. 

In contrast, both [Mg(TTP)] and the free porphyrin exhibit weaker antidermatophytic effects, with 

percentage of inhibition values ranging from 11.11% to 16%.  The negative control (10% DMSO) 
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showed no antidermatophytic activity. As a consequence of these promising results, the [Mg(TTP)] 

and [Mg(TTP)(4-pypo)2]•2CH2Cl2 (I) complexes were selected for further experiment to determine 

the corresponding MIC. 

 

 

 

 

 

 

 

 

 

Fig. 13. Screening anti-dermatophyte activities of the different complexes  

In an attempt to estimate MIC values, increasing concentrations of (1.25 mg.mL-1, 2.5 mg.mL-1 and 

5 mg.mL-1) were tested. The percentages of inhibition of the tested strains by [Mg(TTP)] and 

[Mg(TTP)(4-pypo)2]•2CH2Cl2 (I) are presented in Figure 14. We noticed that these two porphyrinic 

complexes inhibited the growth of dermatophytes mycelia in a dose-dependent manner. Indeed, 

each increase in porphyrin concentrations increased the inhibition of the fungal strains. At a 

concentration of 5 mg.mL-1 , [Mg(TTP)] and [Mg(TTP)(4-pypo)2]•2CH2Cl2 (I) inhibited the 

mycelial growth of M. canis (71.42%), and T. rubrum (58.33%).  The inhibition decreased over the 

days until it reached the percentage of 43.75% (M. canis) and 33.33% (T. rubrum) at the 5 mg 

concentration, 31.81% (M. canis) and 15.38% (T. rubrum) at the 2.5 mg.mL-1 concentration and 

6.25 %  (M. canis) and 5.56 % (T. rubrum) for the 1.25 mg.mL-1 concentration. According to these 

results, increasing the concentration of [Mg(TTP)] and [Mg(TTP)(4-pypo)2]•2CH2Cl2 (I) 

remarkably increases the inhibition (Figure 14). 
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Fig 14. Anti-dermatophytes activity of [Mg(TTP)] and [Mg(TTP)(4-pypo)2]•2CH2Cl2 (I) 

 
 

4. Conclusion 

The preparation of a novel magnesium(II) porphyrin coordination compound [Mg(TTP)(4-pypo)2] 

(I) with  4-pyrrolidinopyridine (4-pypo, C9H10N2O) as axial ligand was successfully carried out. 

The single crystal X-ray molecular structure shows that I crystals in the triclinic crystal system with 

P-1 space group and in solid state this species presents two independent molecules [Mg1(TTP)(4-

pypo)2] and [Mg2(TTP)(4-pypo)2] (1-2). The Hirshfeld surface analysis indicates that the crystal 

lattice of I is sustained by weak intermolecular interaction types C__H…C, C__H…Cg and C__H…Cl 

implicating molecules 1 and 2 and the dichloromethane solvent molecules. The H2TTP free base 

porphyrin, the [Mg(TTP)] starting material and our Mg(II)-TTP-4-pypo (I) derivative  were tested 

for their in vitro antifungal efficiency by microdilution method by determining the MIC and the 

MFC values. Complex I exhibits better activity against all the three strains of Candida viz. C. 

albicans, C. glabrata and C. tropicalis with MIC values in the range 2.5 to 10 μg.mL−1. The results 

of the screening indicated that I have an important inhibitory potential for both M. canis and T. 

rubrum, with percentages of inhibition 74.07 % and 42%. 
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