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Abstract 

This study aims at first at the synthesis and the UV-visible, the infrared and the 
1
H Nuclear Magnetic 

Resonance spectroscopic characterizations of the 4-(dimethylamino)pyridine)[meso-tetra(para-

chlorophenyl)porphyrinato]magnesium(II) with the formula [Mg(TClPP)(DMAP)].1/2C6H14 (I). The 

fluorescence and cyclic voltammetry studies have also been performed. The molecular structure of (I) 

was determined and described by single crystal X-ray diffraction analysis and Hirshfeld surfaces 

computational method. Complex (I) has a distorted square pyramidal geometry with a Mg
__

N(DMAP) 

distance value of 2.130 (4) Å and the average equatorial distance between the magnesium(II) central 

ion and the nitrogen atoms is 2.082 (3) Å. The crystal packing of our synthetic Mg(II) porphyrinic 

species  is made by layers perpendicular to the [010] direction and the cohesion of the crystal packing 

is stabilized by nonconventional C–H···Cl and by C–H···Cg intermolecular interactions involving the 

pyrrole and phenyl rings of the porphyrin macrocycle. DFT calculations on (I) indicated an agreement 

                  



with both UV-visible and IR experimental data. To gain further insights into the reactivity of (I), a 

density of states (DOS) and a molecular electrostatic potential (MEP) theoretical calculation were 

carried out. Furthermore, the antifungal and the antioxidant activities of the free base H2TClPP 

porphyrin, the [Mg(TClPP)] starting material and [Mg(TClPP)(DMAP)] (I) were also tested. 
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1. Introduction 

Since the 1960s, research investigations involving porphyrins and metalloporphyrins has been 

increasing, especially after the use of the Aller et Longo method, since 1967 [1] for the preparation of 

meso-arylporhyrines with yields close to 20%. In 1975, Colman et al., [2] described a rather simple 

method to prepare the famous staked porphyrin and in 1987, Lindsey et al.,[3] used a new method for 

the synthesis of meso-arylporhyrins with a better yield close to 30% and especially which allows the 

use of aldehydes that do not withstand the high synthesis temperatures (~ 140 °C) required by the 

Adler et Longo method. This eagerness in the use of porphyrins and metalloporphyrins is due to the 

wide range of uses of these aromatic compounds. Until the early 1980s, porphyrin derivatives were 

mainly used as synthetic models for hemoproteins such as myoglobin, hemoglobin, cytochromes c and 

cytochromes P450 [4–7]. Beginning in the early 1980s, metalloporphyrins, especially iron(III), began 

to be used as catalysts in oxidation reactions of a number of organic compounds, including the 

pioneering work of Groves et al. [8]. Over the last three decades, the field of use of porphyrin 

compounds has spanned disciplines ranging from chemistry, biology, physics, electronics, pharmacy, 

and medicine.  Currently, porphyrins and metalloporphyrins are used in many technical applications 

                  



including, catalysts [9], solar cells [10], sensors [11], supramolecular chemistry [12], photosensitizers 

in photodynamic therapy (PDT) [13], photocatalysts[14], semiconductors, [15] and nonlinear optics 

[16]. Moreover, the past decade has witnessed intense research devoted to the antioxidant, antibacterial 

and antifungal activities of porphyrin species [17–22]. It should also be noted that our research group 

has published in recent years a number of works on the use of magnesium(II) porphyrin complexes as 

antibacterial agents [23,24]. 

As a continuation of our investigation of magnesium porphyrin complexes, a new coordination 

compound has been synthesized entitled: (4-(dimethylamino)pyridine)[meso-tetra(para-

chlorophenyl)porphyrinato]magnesium(II) with formula [Mg(TClPP)(DMAP)] (I) where TClPP is the 

meso-tetra(para-chlorophenyl)porphyrinato and DMAP is the 4-(dimethylamino)pyridine axial ligand. 

This Mg(II) porphyrin derivative was characterized by Infrared, UV-visible, 
1
H Nucleus Magnetic 

Resonance and fluorescence spectroscopy. Complex (I) was further investigated by MALDI-TOF 

mass spectrometry and cyclic voltammetry. Furthermore, single crystal X-ray investigation followed 

by Hirshfeld surfaces analysis on complex (I) are reported. In order to better understand the molecular 

structure of the complex (I), theoretical structural analysis was performed, and the chemical reactivity 

behaviors were investigated. The antioxidant and antifungal activities of [Mg(TClPP)(DMAP)] were 

also performed. 

 

2. Experimental Section 

2. 1. Materials and methods 

Fourier-transformed IR spectra were recorded on a PerkinElmer Spectrum Two FT-IR spectrometer. 

UV-visible spectra were recorded with a WinASPECT PLUS (validation for SPECORD PLUS version 

4.2). 
1
H NMR spectra were obtained at room temperature on a Bruker 300 Ultrashield spectrometer. 

Chemical shifts are reported in ppm downfield from internal tetramethylsilane (TMS). 

MALDI-TOF MS: A PerSeptive Voyager DE-STR MALDI-TOF mass spectrometer (PerSeptive 

Biosystems, Framingham, MA, USA), equipped with a 337 nm pulsed nitrogen laser (20 Hz) and an 

Acqiris 2 GHz digitizer board, was used for all experiments. Mass spectra were obtained in the 

positive ion mode with the following settings: accelerating voltage 20 kV, grid voltage 62% of 

accelerating voltage, extraction delay time of 100 ns. The laser intensity was set just above the ion 

generation threshold to obtain peaks with the highest possible signal-to-noise (S/N) ratio without 

                  



significant peak broadening. All data were processed using the Data Explorer software package 

(Applied Biosystems). Trans-2-[3-(4-tert-Butylphenyl)-2-methyl-2propenylidene] malonitrile 

(DCTB), used as the matrix for MALDI-TOF MS, was of the highest grade available and used without 

further purification. It was purchased from Sigma Aldrich Co. The samples were made as 3.10
-3

 M in 

tetrahydrofuran (THF). 

Emission spectra were recorded in dichloromethane at room temperature on a Horiba Scientic 

Fluoromax-4 spectrofluorometer. Samples were placed in 1 cm path length quartz cuvettes. 

Luminescence lifetime measurements were performed after irradiation at  = 420 nm obtained by the 

second harmonic of a titanium: Sapphire laser (picosecond Tsunami laser spectra physics 3950-M1BB 

+ 39868-03 pulse picker doubler) at an 800 kHz rate of repetition. For the decay acquisition, Fluotime 

200 (AMS technologies) was utilized consisting of a GaAsmicro channel 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. Luminescence 

decays were analyzed with FLUOFIT software available from Picoquant. Emission quantum yields 

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

[Zn(TPP)] in air-equilibrated dichloromethane solution was used as quantum yield standard (f = 

0.031) [25]. The instrumental uncertainties are as follows: absorption maxima, 2 nm; molar absorption, 

20%; emission maxima, 5 nm; emission lifetimes, 10%; emission quantum yields, 20%. The 

fluorescence quantum yield (f) was measured using the following equation (Eq. 1) [26]: 

             
        

 

           
   (Eq. 1) 

Where f(std) is the fluorescence quantum standard (in dichloromethane) (f(std) = 0.03), the reference 

used is [Zn(TPP)] as mentioned above. F and Fstd are the areas of the fluorescence emission plots for 

both the sample and the standard. A, n, Astd and n
2

std are the relative absorbance of the sample and the 

refractive indices of the solvents for the sample and standard at the excitation wavelength.  

 

Cyclic voltammetry (CV) experiments were conducted with a CH-660B potentiostat (CH Instruments). 

All analytical experiments were performed at room temperature under an argon atmosphere (argon 

flux) in a standard single compartment, three-electrode electrochemical cell. Th e electrolyte used was 

tetra-n-butylammonium perchlorate (TBAP) (0.2 M) in dichloromethane. 

                  



 

Hirshfeld surfaces (HSs) and 2D fingerprint plots (FPs) were generated using Crystal Explorer 3.15 

[27,28] based on results of single crystal X-ray diffraction studies. The function dnorm is a ratio 

encompassing the distances of any surface point to the nearest interior (di) and exterior (de) atom and  

the van der Waals radii of the atoms [29,30]. 

2.2. Antifungal activity 

Yeasts Strains: three yeasts strains, C. krusei ATCC6258, C. albicans ATCC90028 and C.neoformans 

ATCC14116 were cultured on Sabouraud agar at 37 °C for 48h. 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. 1 mL of yeast suspension was spread over Sabouraud 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 compounds were prepared in DMSO (1 mg/mL) and introduced into the 

respective wells, one of the wells was supplemented with DMSO as control. The plates were placed in 

a 37 °C incubator for 48h to allow yeast growth. After 48h, the diameters of the clear zone of 

inhibition surrounding the sample were measured in millimetres by digital caliper. 

Fungal Strains: two fungi strains, A. brasiliensis ATCC16404 and A. fumigatus ATCC204305 were 

cultured on inclined Sabouraud agar in Falcon tube 15 mL at 25 °C for 7 days. The spore of fungal 

strain was suspended in peptone water and counted to have 106 spores/mL. Then, 1 mL of fungal 

suspension was spread over Sabouraud agar medium plates and incubated for 30 min at 25 °C. After 

that, 6 mm diameters wells were dug in agar medium using sterile glassy borer. The compounds were 

prepared in DMSO (1 mg/mL) and introduced into the respective wells, one of the wells was 

supplemented with DMSO as control. The plates were placed in a 25 °C incubator for five days to 

allow fungal growth. The diameters of the clear zone of inhibition surrounding the sample were 

measured in millimetres by digital 

caliper. 

2.3. Antioxidant activity 

The antioxidant activity of the free porphyrin and their magnesium complexes were evaluated using, 

DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging method. Different concentrations (25, 50, 

75 and 100 μg/mL) of our compounds were taken. 2 mL of the sample was mixed with 2 mL of 0.1 M 

sodium acetate buffer (pH = 5.5). Then, 1 mL of 0.5 M methanol DPPH (2,2-diphenyl-1-

                  



picrylhydrazyl) solution was added. The reaction mixture was shaken vigorously and kept in 

completely dark for 30 min. Then the absorbance was measured at 517 nm in a spectrophotometer. The 

percentage of Radical Scavenging Activity (RSA %) was calculated according to the following 

equation (Eq. 2):  

RSA % =[(AC–AS) /AC] x 100  (Eq. 2) 

where, AC is the absorbance of control and AS is the absorbance of sample. 

2.4. Synthetic methods 

Solvents were appropriately distilled and dried before use and the reagents employed were 

commercially available and were used as received without further purification. The meso-tetra(para-

chlorophenyl)porphyrin (H2TClPP) and the Mg(II)-metallated porphyrin [Mg(TClPP)] starting 

materials were prepared as described in the literature [1,31]. The 
1
H NMR spectra of H2TClPP and 

[Mg(TClPP)] starting materials are reported in the supplementary information (Figures S2 and S3 ).  

2.5. Synthesis of [Mg(TClPP)(DMAP)] 3/2(C6H14) (I) 

A mixture of [Mg(TClPP)] (100 mg, 0.213 mmol), 4-(dimethylamino)pyridine (DMAP) (200 mg, 

1.637 mmol) and dichloromethane (10 mL) was stirred at room temperature for 4 hours. The reaction 

was monitored by UV-visible spectra. The solvent was removed under reduced pressure and the 

Mg(II) – DMAP porphyrin derivative (I) crystalizes by slow diffusion of n-hexane into a 

dichloromethane solution of this complex with a yield of ~80%. C60H55Cl4N6Mg (1026.25): calcd. C 

70.22, H 5.40, N 8.19; found: C 70.61, H 5.29 a, N 8.34; MALDI-TOF (+, {(2E)-2-Methyl-3-[4-(2-

methyl-2-propanyl)phenyl]-2-propen-1-ylidene}malononitrile known as trans-2-[3-(4-tert-

Butylphenyl)-2-methyl-2-propenylidene]malononitrile matrix (DCTB), THF): m/z = 774.80 

[Mg(TCPP)+2H]
+ 

found m/z = 774.50 (Figure S1) ; UV-visible : [max (nm) in CH2Cl2, (logε x]: 432 

(5.70), 570 (4.69), 609 (4.61) ; 
1
H NMR (300 MHz, CDCl3): δ(ppm) 8.88 (Hβ-pyrrol), 8.21 – 7.73 

8.42 (H-phenyl protons), 7.21 (HLo DMAP), 6.49 (HLm DMAP), 2.35 (Ha DMAP). FTR-IR [solid, ̅ 

(cm
-1

)]: 3041 (νCH DMAP) 

2960-2860 (νCH porphyrin), 1087 (CN, DMAP ligand), 995 (δCCH porphyrin). 

2.6. X-ray structure determination 

                  



A dark purple block shaped single crystal of dimensions 0.52 x 0.44 x 0.24 mm of complex (I) was 

chosen for an X-ray diffraction study. The data were collected at 150 K on a D8 VENTURE Bruker 

AXS CCDC diffractometer using MoK radiation of wavelength 0.71073 Å. The reflections were 

scaled and corrected for absorption effects by using SADABS program (Bruker AXS 2008) [32]. The 

structure was solved by direct methods by using SIR-2004 [33] and refined by full-matrix least-squares 

techniques on F
2
 by using the SHELXL-2014 program [34]. Two disorder problems were encountered 

during the refinement of the structure (I): (i) the N(CH2)- group of the DMAP axial ligand presents 

two positions : (C50-N6-C51 and C50A-N6-C51A) where the refined occupancy coefficients of the 

major position converged to 0.874 (13) and (ii) one phenyl group with a chlorine atom of the TClPP 

moiety is disordered in two positions (C334-C34A-C35A-C36A-C37A-C38A-CL3A and C33B-C34B-

C35B-C36B-C37B-C38B-CL3B) with position occupancies of 0.816(5) and 0.184 (5), respectively. 

The anisotropic displacement ellipsoids of some atoms of the porphyrin molecule and the DMAP axial 

ligand in complex (I) were very elongated which indicates static disorder. For fragments involving 

these atoms, the DFIX and SIMU/ISOR restraints commands in the SHELXL-2014 software were 

used [35] (Table 1). 

A n-hexane solvent molecule found to be badly disordered was removed using the PLATON 

SQUEEZE procedure [36]. Therefore, the given chemical formula of (I) and other crystal data of this 

complex do not take into account the removed solvent molecule. The H atoms were placed in 

calculated positions and treated as riding on their parent atoms. The geometrical calculations were 

carried out using the program PLATON [37]. The molecular and packing diagrams were generated 

using the software MERCURY [38]. The crystallographic data and structural refinement details of (I) 

is shown in Table 1. Selected bond lengths and angles for the compound are listed in Table 2. 

 

Table 1. Crystal data and structural refinement for [Mg(TClPP)(DMAP)]1/2C6H14
*
 (I). 

______________________________________________________________________ 

Formula   C54H41Cl4N6Mg  

Crystal System  monoclinic      

Crystal    P21/n       

a (Å)    13.9355(8)       

b (Å)    22.0512(13)        

c (Å)    17.6318(10)         

β (°)    101.941(2)         

V(Å
3
)    5300.9(5)      

Z    4       

ρcalc./ g cm
-3

   1.178         

                  



μ/ mm
-1

   0.275       

F(000)    1948       

Crystal size (mm
3
)  0.520 x 0.440 x 0.224     

Crystal Color   dark purple       

Crystal Shape   block     

T(K)    150 (2)       

min - max (°)   2.192– 24.999      

Limiting indices -16  h  16, -23  k  26, -20  l  20   

R(int)    0.0352      

Reflections collected/unique 35520 / 9263      

Observed data [Io> 2σ(Fo)] 7427       

Parameters/Rest  62 / 90       

S [Goodness of fit]
  

1.046       

R1
a
, wR2

b
 [Fo> 4σ(Fo)] R1 = 0.0789, wR2 = 0.1797  

wR2
b  

[all data]   R1 = 0.0940, wR2 =  0.1897 

Min./max. res. (eÅ
-3

)  0.657 / -0.633     

CCDC    1997737      

__________________________________________________________________________________ 
*: The given chemical formula of (I) and other crystal data of this complex do not take into account the removed 

n-hexane solvent molecule, using PLATON-Squeeze procedure (see details in the text).  
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 coordination polyhedron 

MgN1  2.084(3) N1MgN2 88.53(11)  N3MgN4 88.27(11) 

MgN2  2.083(3) N1MgN3 160.58(14)  N1MgN5 98.34(12) 

MgN3  2.08(3)  N1MgN4 88.59(11)  N2MgN5 101.45(12) 

MgN4  2.079(3) N2MgN3 87.88(11)  N3MgN5 101.08(12) 

MgN5  2.130(4) N2MgN4 159.92(13)  N4MgN5 98.64(12) 

DMAP Axial ligand 

N5C45  1.345(5)  Mg-N5-C48  120.9(3)    

C45-C46  1.359(6)  C45-N5-C48  114.5(3)   

C46-C49  1.397(6)  N5-C45-C46  125.1(4)   

C49-C47  1.397(5)  C45-C46-C49  119.8(3)   

C47-C48  1.363(6)  C47-C49-C46  115.7(4)   

C48-N5  1.337(5)  C48-C47-C49  119.9(4)   

C49-N6  1.357(6)  C47-C48-N5  125.0(4)   

N6-C50  1.463(4)  C47-C49-N6  121.8(4)   

N6-C51  1.466(4)  C46-C49-N6  122.6(4) 

N6-C50A  1.460(2)  C50-N6-C51  118.0(5) 

N6-C51A  1.462(5)  C50A-N6-C51A 121(5)  

Mg-N5-C45  124.6(3)     

                  



______________________________________________________________________________ 

 

 

3. Results and Discussion 

3.1. 
1
H NMR spectroscopy 

The 
1
H NMR spectrum of the H2ClPP free base porphyrin presents NH pyrrole protons very shielded 

and appear at -2.83 ppm as low intensity (Figure S2). The disappearance of this H-pyrrole signal is an 

indication of the metalation of the porphyrin by Mg(II) (Figures S3 and S4). For the H2TClPP and the 

corresponding metaleted porphyrins [Mg(TClPP)] and [Mg(TClPP)(DMAP)2] complexes, the -

pyrrolic protons and the aromatic protons of the meso-phenyl rings of the TClPP moiety resonate in the 

range 8.89 – 8.14 ppm indicating a diamagnetic character for all three species. Notably, the chemical 

shift values of our three synthetic species are very close to the related porphyrin species reported in 

Table 3. Furthermore, the chemical shift values of the N(CH3)2 protons (Ha,), the ortho (HL,o) and the 

meta (HL,m) protons of the DMAP axial ligand of complex (I) are 7.21, 6.49 and 2.35 pm, 

respectively. These values are smaller than those of the free DABCO molecule with values of 8.44, 

6.64 and 2.47 ppm indicating the coordination of DMAP for complex (I). For the two non-porphyrinc 

DMAP complexes reported in Table 3, the chemical shift values of the protons corresponding to this 

molecule are also smaller than those of the free DMAP which confirms the coordination of DMAP in 

the case of complex (I). 

 

Table 3. Chemical shift values for selected free base meso-arylporphyrins and magnesium(II) meso-arylporphyrin 

complexes and several non-porphyrinic DMAP complexes from 
1
H NMR spectra. Spectra recorded in CDCl3, 

exception is indicated*. 

_____________________________________________________________________________________________ 

Compound  H-pyrrolic  H-phenyl   H-pyrrole HL,o; HL,m; Ha
a
  Ref. 

_____________________________________________________________________________________________ 

 

  Meso-arylporphyrins 

 

H2TPP
b
    8.84 8.23; 7.91; 7.67; 7.26 -2.87   -  [39] 

H2TpivPP
c
   8.82 8.70; 7.88; 7.50  -2.86   -  [39] 

                  



H2TMPP
d
   8.86 8.08; 7.27;   -2.89   -  [40] 

H2TBrPP
e
   8.85 8.05; 7.91  -2.86   -  [23] 

H2TClPP    8.89 8.18; 7.74  -2.83   -  [40] 

H2TPBP
f
   8.94 8.42; 8.33; 7.60  -2.80   -  [41] 

  Tetracoordinated Mg(II)-meso-arylporphyrins 

 

[Mg(TBrPP)]
e
   8.88 8.35; 8.08; 7.94  -   -  [23] 

[Mg(TPBP)]
f
   8.96 8.67; 8.36; 7.62  -   -  [41] 

[Mg(TClPP)]   8.85 8.14; 7.72  -   -      this work  

 

  Mg(II)-meso-arylporphyrins 

 

[K(222)][Mg(TPP)(N3)]
b,g

 8.72 8.10; 7,68  -   -  [42] 

[Mg(TBrPP)(Him)]
e
  8.86 8.38; 8.07; 7.90  -   -  [23] 

[Mg(TPBP)(HTMA)2]
f,i

  9.01 8.42; 8.30; 7.73  -   -  [41] 

[Mg(TPBP)(DABCO)2] 
f,j

 9.00 8.45; 8.30; 7.75  -   -  [41] 

[Mg(TClPP)(DMAP)]  8.88 8.21; 8.21; 7.73  -  7.21; 6.49; 2.35      this work  

 

 Non-porphyrinic DMAP complexes 

(BDI)    - -   -  8.76; 5.99; 2.22  [43] 
[Mg(OCMe2COOEt)(DMAP)]

k,*  
[Mg(L)(DMAP)2(1,2-dadhp)]

l,m
 - -   -  7.71;  4.75; 2.93 [44] 

_____________________________________________________________________________________________ 
a
: HL,o; HL,m; Ha=otho, meta and the CH2 protons of the N(CH2)2- protons of the DMAP axial ligand (see Figure S4), 

 
b
: H2TPP = meso-tetraphenylporphyrin, 

c
: H2TpivPP = meso-[,,,-tetrakis(o-pivalamidophenyl)]porphyrin,  

d
: H2TMPP = meso-tetra(para-methoxyphenyl)porphyrin,

e
: H2TBrPP = meso-tetrakis(4-bromophenyl)porphyrin,  

f
:  H2TPBP = meso-tetrakis[4(benzoyloxy)phenyl]porphinato, 

g
: [K(222)]

+
 = (cryptand-222)potassium(+) cation, 

i
: HTMA = Hexamethylenetetramine, 

j
: DABCO = ,4-diazabicyclo[2.2.2]octane, 

k
: (BDI) = 2-[(2,6-

diisopropylphenyl)amino]-4-[(2,6-diisopropylphenyl)imino]pent-2-ene, 
l
: L = (Ph2PNDip)- and Dip = 2,6-

iPr2C6H3), 
m
: 1,2-dadhp = 4-dimethylamino-1,2-dihydropyridide, *: spectrum recorded in toluene. 

 

 

3.2. UV-visible and IR spectroscopy 

Figure 1 illustrates the UV-visible spectra of the free base H2TClPP, the [Mg(TClPP)] starting material 

and the Mg(II)-DMAP derivative [Mg(TClPP)(DMAP)] (I). H2TClPP exhibits a strong absorbance 

band in the near-UV called the Soret (or B) band located at 418 nm corresponding to the allowed 

transition between the S0 ground state.to the second excited state S2 (S0  S2). In the visible region, 

four weaker absorption bands known as the Q bands are located at 515, 550, 549 and 64 nm 

corresponding to the  

S0  S1 transition where S1 is the first excited state. The metallated [Mg(TClPP)] and 

[Mg(TClPP)(DMAP)] (I) present a Soret bands redshifted compared to the H2TClPP free base 

                  



porphyrin with values of 429 and 423 nm, respectively. The change in the symmetry from D2h in free 

base porphyrin to D4h in the two corresponding magnesium metalloporphyrins [Mg(TClPP)] and 

complex (I) leads to only two absorptions of Q(0,0) and Q(1,0) instead of four bands in the case of the 

corresponding free base porphyrin (Table 4). The values of the max of the two Q(0,0) and Q(1,0) 

bands are 567 and 607 for [Mg(TClPP)] and 570 and 609 nm for complex (I). From Table 4, we 

noticed that the Soret and the Q bands max values of our Mg(II) derivative are very close to those of 

the related [Mg(Porph)(L)2] (Porph = meso-arylporphyrinato and L is a N-donor neutral axial ligand). 

Therefore, the UV-visible study indicates that for meso-arylporphyrins type [Mg(Porph)(L)x] (x = 1 or 

2), neither the donor-withdrawing character of the substituent at the para positions of the meso-

arylporphyrin nor the type of the N-donor neutral axial ligand have an important role in the absorption 

proprieties of these Mg(II) metalloporphyrins. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Electronic absorption spectra of free base H2TClPP, the starting material [Mg(TClPP)] and complex 

(I) at ca. 10
–6

 M in dichloromethane. The inset shows enlarged views. 
 

The UV–visible spectrum of (I) was simulated at TD-DFT approach with CAM-B3LYP/6-31G(d)  

level of theory taking into account the chloroform solvent. 

The theoretical spectrum of [Mg(TClPP)(DMAP)] (I) presents an intense absorption band with max 

value of 405 nm corresponding to the Soret band, but the Q bands in the visible region de not appear in 

the spectrum due to their low intensities (Figure 2). 

                  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Theoretical UV-visible spectrum of [Mg(TCPP)(DMAP)] (I) TD/DFT method in chloroform solvent. 

 

Table 4. UV-visible
a
. data of complex (I) and a selection of meso-arylporphyrin compounds. 

__________________________________________________________________________________________ 

Compound  Soret band   Q bands   Ref. 

   -------------------------------------------------------------------------   

      max (nm) (log)  

__________________________________________________________________________________________ 

Meso-arylporphyrins 

H2TPP
b
   418(7.96)          515(6.60) 549(6.30) 591(6.27) 647(6.27)  [45] 

H2TBrPP
c
  419(6.58) 515(5.24) 549 (4.93) 590(4.77) 648(4.68) [23] 

H2TPBP
d
  419(5.90) 514(4.46) 551(4.13)  590(3.94) 646 (3.84) [41] 

H2TClPP  418 (5.49) 515(4.20) 550(4.27)  549(3.78)  647(3.45) this work 

                  



 

   Manganese(II) tetracoordinated meso-arylporphyrins 

[Mg(TPP)]
b  424(5.87)  563(4.52)  603(4.39)   [46] 

[Mg(TBrPP)]
c
  426(6.63) 563(5.23) 603 (5.06)   [23]  

[Mg(TPBP)]
d
  427(5.86) 565(4.42) 605(4.16)   [41] 

[Mg(TClPP)]  429 (5.77) 567(4.60) 607(4.52)   this work 

 

   Manganese(II) hexacoordinate meso-arylporphyrins 

[Mg(TClPP)(DMAP)] 432(5.70) 570(4.69) 609(4.61)   this work 

[Mg(TPBP)(HTMA)2]
d,e

435(5.88)  576(4.33)  617(4.40)   [41] 

[Mg(TPBP)(4,4‟-bpy)2]
f
 430(6.04)  571(5.08)  614(5.00)   [47] 

_________________________________________________________________________________________ 

a
: All data are from spectra recorded in dichloromethane, 

b
: H2TPP = meso-tetraphenylporphyrin, ,

c
: H2TBrPP = 

meso-tetrakis(4-bromophenyl)porphyrin, 
d
:  H2TPBP = meso-tetrakis[4(benzoyloxy)phenyl]porphinato, 

e
: 

HTMA= Hexamethylenetetramine, 
f
: 4,4‟-bpy = 4,4‟-bipyridine. 

 

The IR spectra of the H2TClPP free base porphyrin and the [Mg(TClPP)] starting material are depicted 

in Tables S5 and S6 while the spectrum of our Mg(II)-TClPP-DMAP complex (I) is illustrated by 

Figure 3. The disappearance of the absorption band attributed to the (NH) stretching of the pyrrole 

groups ( ̅= 3314 cm
-1

) (Figures S5 and S6) indicates the metalation of the porphyrin. By the other 

hand, the absorption bands, attributed to the (CCH) bending mode of the TClPP moiety, of the 

metallated porphyrins [Mg(TClPP)] and (I) (with values of 998 and 995 cm
-1

 respectively) are shifted 

toward the high frequencies compared to that of the H2TClPP free base porphyrin ( ̅ = 965 cm
-1

). The 

values of the CH) stretching frequencies of H2TClPP, [Mg(TClPP)] and [Mg(TClPP)(DMAP)] (I) are 

in the [2997 – 2850] cm
-1

 domain.  Complex (I) exhibits an absorption band at 3041 cm
-1

 attributed to 

the CH stretching frequency of the pyridyl group of the DMAP axial ligand. The other absorption 

bands of this axial ligand are superposed with those of the TClPP porphyrinate. 

                  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Solid IR spectrum of [Mg(TClPP)(DMAP)] (I). 

 

The theoretical FT-IR spectrum of (I) was simulated using the B3LYP/LanL2DZ method (Figure 4). 

Comparison of the theoretical and the experimental spectra of (I) reveals a quite hypochromic shift of 

the absorption bands of the theoretical spectrum compared to the experimental spectrum. Nevertheless, 

the characteristic absorption bands of (I) such as the (C-H) of the porphyrin and the DMAP axial 

ligand and the (CCH) of the porphyrin ring are present. 

 

 

 

 

 

 

 

 

 

                  



 

 

 

 

Figure 4. Calculated IR spectra (gas phase) of [Mg (TCPP)(DMAP)] (I) using the B3LYP/LanL2DZ method. 

 

3.3. Steady-state emission spectroscopy 

Porphyrins and metallopophyrins emission spectra show the two emission transitions: S1  S0 and 

S2 S1. The first one is between the first excited state S1 and the S0 ground state, concerns the Q 

bands. The second emission transition which is between the second excited state S2 and the ground 

state concerns the Soret band. We usually neglect the S2 S0 transition because for it‟s very weak 

intensity compared to that of the S1 S0 transition. The fluorescence spectra of the H2TClPP, the 

[Mg(TClPP)] and complex (I) are depicted in Figure 5 and the photoluminescence data of our Mg(II) 

species and a selection of related compounds are reported in Table 5. A close investigation of Table 5 

indicates that: (i) the max values of the Q(0,0) and Q(0,1) emission bands of the free bases meso-

arylporphyrins are ~ 652 nm and 718 nm, respectively and the fluorescence quantum yields f and the 

lifetime of singlet excited state τf values of these non-metallated porphyrin species are in the range 

[0.055 – 0.12] for f and in the range [7.2 – 9.6] ns for the lifetime τf, (ii) the Q(0,0) and Q(0,1) 

emission bands of the [Mg(Porph)] (Porph = meso-arylporphyrins) starting materials are remarkably 

hypochromic shifts of about 40 nm compared to those of the corresponding free base porphyrins which 

is due to the metalation of the porphyrin, (iii) this is also the case of the pentacoordinated and 

hexacoordinated manganese(II) metalloporphyrins, (iv) the fluorescence quantum yields and the 

lifetime of the singlet excited state values of the manganese(II) meso-arylporphyrins are slightly 

smaller than those of the corresponding free base porphyrins and (v) even though the Q bands values 

of the related diamagnetic zinc(II) meso-arylporphyrins are very close to those of the Mg(II)-meso-

arylporphyrins, the f and the τf values of the later species are quite higher than those of the Zn(II) 

meso-arylporphyrins which is also the case of the Q bands values. Representative fluorescence decay 

for complex (I) is shown in Figure S7. 

 

                  



Table 5. Emission parameter values of several meso-porphyrins and a selection of Magnesium(II) meso-

metalloporphyrins. 
______________________________________________________________________________________________________ 

Compound  exci  Q(0,0)  Q(0,1)  Φf τf
c
 (in ns) Ref. 

______________________________________________________________________________________________________ 

 

 Free base meso-arylporphyrin 

  

H2TClPP   418   651   714   0.089  7.42  [40] 

H2TClPP  420  652  714  0.082 7.20  this work 

H2TMPP
a
  424  656  719  0.082 7.20  [40] 

H2TPP
b 

  -  653   722  0.12 9.60  [48] 

H2TBrPP
c
  420  654  720  0.055 -  [23] 

H2TPBP
d
  -  652  719  - -  [41]  

           

  Tetracoordinated Magnesium(II) meso-arylmetalloporhyrins 

 

[Mg(TClPP)]  420  628  679  0.18 6.3  this work 

[Mg(TPP)]
b
  -  608   665   0.15  9.2   [49] 

[Mg(TPBP)]
d
  -  611  665  - -  [23] 

[Mg
II
(TClPP)]  420  615  670  0.18 6.3  this work 

 

Pentacoordinated and hexacoordinated Magnesium(II)meso-arylporphyrins 

 

[Mg(TClPP)(DMAP)] 420  608  659  0.16 5.0  this work 

[Mg(TPP)(THF)2]
b
 -  609  660  0.16 -  [50] 

[Mg(TPP)(NCO)]
-b

 560  609  664   0.18  3.8   [42] 

[Mg(TPP)(NCS)]
-b

 560  608  662  0.19 6.1  [42] 

[Mg(TPBP)(HTMA)2]
d,e

   611  666  0.055 -  [41]   

[Mg(TPBP)(DABCO)2] 
d,f

  612  666  0.065 -  [41]  

[Mg(TPBP)(4,4'-bpy)2]
d,g

  611  665  0.060 -  [51] 

 

  Pentacoordinated and hexacoordinated Zinc(II)meso-arylporphyrins 

 

[Zn(TPP)(N3)]
-b

  560  594   643   0.036 1.7   [52] 

[Zn(TPP)(CN)]
-b

 560  594   643   0.055  1.7  [52] 

[Zn(TPBP)(DABCO)]
d
 540  612  660   0.039  1.3  [53] 

[Zn(TPBP)(pyz)2]
d,i

 540  596   644   0.049 1.6  [53] 

[Zn(TPBP)(4-CNpy)]
d,j

 540  596  645   0.041 1.5  [53] 

  

_____________________________________________________________________________________________ 

a
: H2TMPP = meso-tetra(para-methoxyphenyl)porphyrin,

b
: H2TPP = meso-tetraphenylporphyrin, 

c
: H2TBrPP = meso-

tetrakis(4-bromophenyl)porphyrin,
d
: H2TPBP = meso-tetrakis[4(benzoyloxy)phenyl]porphinato, 

e
: HTMA = 

Hexamethylenetetramine, 
f
: DABCO = ,4-diazabicyclo[2.2.2]octane, 

g
: 4,4‟-bpy = 4,4‟-bipyridine. 

i
: pyz = pyrazine,  

j
: 4-CNpy = 4-cyanopyridine. 

 

                  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Emission spectrum of H2TClPP, [Mg(TClPP)] and [Mg(TClPP)(DMAP)] (I). Concentrations ~10
-6

 M 

in dichloromethane solutions. 

 

 

3.4. X-ray Structures of [Mg(TClPP)(DMAP)]1/2C6H14(I) 

Figure 6 represents the ORTEP view of the [Mg(TClPP)(DMAP)] coordination compound with 

thermal ellipsoids drawn at 30% probability. The asymmetric unit of (I) is made by one 

[Mg(TClPP)(DMAP)] molecule and a half of n-hexane solvent molecule. Another disordered n-hexane 

solvent molecule was removed using the PLATON SQUEEZE method [37]. 

 

 

 

 

 

                  



 

 

 

 

Figure 6. Ortep drawing of [Mg(TClPP)(DMAP)] (I) with thermal ellipsoids drawn at 30% probability. The 

hydrogen atoms are removed for clarity. Only the major positions of (i) the disordered phenyl group of the 

porphyrin is shown and (ii) the N(CH2)- group of the DMAP axial ligand are represented. 

 

The coordination geometry around the Mg(II) center metal ion in (I) is square pyramidal, where the 

four nitrogens of the pyrrole rings of the TClPP moiety occupy the equatorial positions and the N atom 

of the pyridyl group of the DMAP axial ligand occupies the apical position (Figures 6 and 7). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                  



Figure 7. Ortep diagram of [Mg(TClPP)(DMAP)] viewed perpendicular to the mean plane of the porphyrinato 

core showing the  dihedral angle. The hydrogen atoms are removed for clarity and only the major positions of 

the disordered fragments are represented. 

 

 

It is noteworthy that the reported magnesium(II) metalloporphyrins (Table 6) with an ionic axial ligand 

are pentacoordinated species type [Mg(Porph)(X)]
-
 (Porph = meso-arylporphyrinato, X = ionic axial 

ligand) e.g. [Mg(TPP)(OCN)]
-
[42]. The reaction of the [Mg(Porph)] starting material with axial 

neutral ligand (L) leads either to a pentacoordinated complexes type [Mg(Porph)(L)] or a 

hexacoordinated species type [Mg(Porph)(L)2]. Thus, as shown in Table 6, both [Mg(TPP)(H2O)] [54] 

and [Mg(TPP)(H2O)2] [55] structures are reported. Furthermore, the magnesium porphyrin complexes 

with N-donor neutral cyclic axial ligands such as DABCO (1,4-diazabicyclo[2.2.2]octane), pyridine, 4-

Picoline-N (4-Methylpyridine), 4,4‟-bipy (4,4‟-bipyridine), pipz (piperazine) are hexacoordinated 

which is not the case for our Mg-DMAP-porphyrin derivative (I) which is pentacoordinated as 

determined by X-ray molecular structure.  

The Mg
__

N(DMAP) distance value of (I) is 2.130 (4) Å is in the range [2.096 – 2156] Å of the related 

Mg(II)-DMAP non-porphyrinic complexes reported in Table 6. 

A formal diagram of the porphyrinato core of [Mg(TClPP)](DMAP)] showing the displacements of 

each atom from the mean plane of the porphyrin macrocycle (PC) in units of 0.01 Å is depicted by 

Figure 8. This figure shows (i) that (I) exhibits a moderate domed deformation of the C20N4 least 

squares plane as indicated by the values of the displacements of the nitrogens toward the DMAP axial 

ligand, (ii) a moderate saddle S4 distortion of the porphyrin mean plane indicated by the displacement 

of the pyrrole rings alternately above and below the mean porphyrin macrocycle and (iii) a weak 

ruffling as shown by the small displacements of the meso-carbon atoms above and below the porphyrin 

mean plane [56]. 

 

 

 

 

 

 

 

 

                  



 

 

 

 

 

 

Figure 8. Formal diagram of the mean plane of the 24-atom porphyrin core. Positive values of the 

displacements are toward the axial DMAP ligand.  

 

 

The displacement of the metal atom out of the mean-plan porphyrin core (Mg
__

PC) of our Mg(II)-

DMAP derivative (I) with a value of 0.3709 (14) is the smallest among all five-coordinated 

magnesium(II) meso-arylporphyrines reported in Table 6. This may indicates a strong affinity between 

the Mg(II) center ion and the DMAP ligand. The values of the dihedral angles () between the DMAP 

plane and the closest N(pyrrole)-Mg-N(DMAP) plane is 30.41° (Figure 7). This value is quite close to 

the value 45° which leads to a minimum nonbonded interaction between the porphyrin core atoms and 

the planar axial ligand hydrogen atoms [57]. The average equatorial distance between the 

manganese(II) central ion and the nitrogen atoms of the porphyrin ring (Mg
__

Np) of complex (I) is 

2.082 (3) Å which in the [2.066 - 2.094 (2)] Å range of neutral pentacoordinated and hexacoordinated 

Mg(II) complex type [Mg(Porph)(L)x] (Porph = meso-arylporphyrinato,  L = neutral axial ligand and x 

= 1 or 2) (Table 6) but smaller that ion complexes type [Mg(Porph)X]
- 

where is X a anionic axial 

ligand such as N3
- 
(Table 6). 

The crystal packing of (I) is made by layers perpendicular to the [010] direction (Figure 9). Within 

each layer the [Mg(TClPP)(DMAP)] molecules are located up-side-down. The cohesion of the crystal 

packing of (I) is stabilized by nonconventional C–H···Cl and by C–H···Cg intermolecular interactions 

involving the pyrrole and phenyl rings of the porphyrins (Table S1) (Cg = the centroid of a pyrrole a 

phenyl ring). Indeed, as shown by Figure 10, the chloride Cl3 of one TClPP moiety is weakly H-

bonded to the carbon C28 of a nearby [Mg(TClPP)(DMAP)] molecule with a C28
__

H28
…

Cl3 distance 

value of 3.875 (5) Å. The carbon C37 of a phenyl ring of one [Mg(TClPP)(DMAP)] complex is 

weakly linked to the centroid Cg2 of the N2/C6-C9 pyrrole ring of a neighboring 

[Mg(TClPP)(DMAP)] molecule with a C3
__

HC7
…

Cg2 distance value of 3.875 (5) Å. The n-hexane 

solvent molecule is weakly linked to the centroid Cg7 of the pyridyl cycle (of the DMAP axial ligand) 

                  



of a nearby [Mg(TClPP)(DMAP)] molecule via le carbon C52 with a C52
__

H52A
…

Cg7 distance of 

3.843 (7) Å. 

 

 

 

Table 6. Selected bond lengths [Å] and angles [°] for [Mg(TClPP)(DMAP)]1/2C6H14 (I) and several  related 

complexes. 

______________________________________________________________________________________________ 

Complex  M
__

Np
a
    M

__
XL

b
   M

__
PC 

c
    Ref. 

  

______________________________________________________________________________________________ 

Pentacoodinayed Magnesium(II) Metalloporphyrins 

[Mg(TBrPP)(HIm)]
d,e

  2.094 (2) 2.120 (3)  0.52   [23] 

[Bu4N][Mg(TPP)(HCO3)]
f
 2.101 (3) 1.959(2)  0.478   [58] 

[K(222)][Mg(TPP)(N3)]
f,g

 2.1187 (16)  1.997 (2)   0.6629 (7)  [42] 

[K(222)][Mg(TPP)(NCS)]
f,g

 2.0962 (13)  2.0817(15)  0.5797 (6)  [42] 

[Mg(TPP)(H2O)]
f
  2.092 (7) 2.012 (6)  0.460   [54]  

[Mg(TClPP)(DMAP)]  2.082 (3) 2.130 (4)  0.3709 (14)  this work  

 

Hexacoordinnated Magnesium(II) Metalloporphyrins 

[Mg(TPP)(4-picoline-N)2]
f,i

 2.070  2.385   0.000    

{[Mg(TPBP)(4,4‟-bpy)2]}n
j,k

 2.066  2.320   0.000   [51] 

[Mg(TBrPP)(H2O)2]
j
  2.069  2.221   0.000   [59] 

[Mg(TPP)(H2O)2]
f
  2.071  2.213   0.000   [55] 

[Mg(TPP)(HTMA)2]
f,m

  2.067(5) 2.473(2)  0.000   [60] 

[Mg(TPP)(1-MeIm)2]
f,n

  2.079  2.297   0.000   [61] 

[Mg(TPP)(pipz)2]
f,o

  2.073  2.423   0.000   [61] 

[Mg(TPP)(py)2]
f,p

  2.072  2.376   0.000   [62] 

[Mg(TPBP)(HTMA)2]
j,m

 2.074  2.439   0.000   [24] 

[Mg(TPBP)(DABCO)2]
j,r

 2.066  2.487   0.000   [63] 

  

DMAP-Mg(II) non-porphyrinic complexes 

 

[Mg(DMAP)2(L1)2]
s
  -  2.156 (1)/2.154 (2) -   [64] 

[Mg(I)(DMAP)(L2)]
t
  -  2.112 (3)  -   [65] 

[Mg(DMAP)(L3)(L4)]
u,v

  -  2.096   -   [66] 

[Mg(DMAP)(L5)(L6)]
x,y

  -  2.142   -   [67]  

______________________________________________________________________________________________ 
a
: M

__
Np = average equatorial cobalt-nitrogen pyrrole distance, 

b
: M

__
XL = metal-axial ligand distance, 

c
: M

__
PC = 

distance between the metal atom and the mean plane made by the 24-atom core of the porphyrin (PC).
d
: TBrPP = 

meso-tetrakis(4-bromophenyl)porphyrinato, e: Him = imidazole, 
f
: meso-tetraphenylporphyrin, 

g
: [K(222)]

+
 = 

(cryptand-222)potassium(+) cation,
i
: 4-picoline = 4-Methylpyridine, 

j
: TPBP = meso-{tetrakis-[4-

(benzoyloxy)phenyl]porphyrinato, 
m
: HTMA = hexamethylenetetramine,

n
: 1-MeIm = 1-methylimidazole, 

o
: pipz = 

piperazine, 
p
: py = pyridine, 

r
: DABCO = 4-diazabicyclo[2.2.2]octane,

s
: L1 = Isopropyl(trimethylsilyl)amido,

t
: L2 = 

                  



N,N'-bis(2,6-Di-isopropylphenyl)-2,2,6,6-tetramethylheptane-3,5-di-iminato-N,N',
u
: L3 = Benzophenone radical-O,

v
: 

L4 = N,N'-bis(2,6-di-isopropylphenyl)-2,4-diiminopropane,
x
: L5 = (4,4,5,5-tetramethyl-1,3,2-dioxborolan-2-

yl)diphenylmethoxy,
y
: L6 = N,N'-bis(2,6-di-isopropylphenyl)pentane-2,4-di-iminato. 

 

Figure 9. Projection down the [010] direction showing the parallel layers. 

                  



 

 

 

 

 

 

 

 

 

 

Figure 10. Packing diagram of (I) showing the three dimensional arrangement of the [Mg(TClPP)(DMAP)] and 

the n-hexane molecules. 

3.5. Hirshfeld Surface Analysis 

The supramolecular interactions in the title structure have been further investigated and visualized by 

Hirshfeld surface analysis [27,68,69] performed with CrystalExplorer17 [70]. The different normalized 

contact distances “dnorm” were calculated using the following equation (Eq. 3) [30]: 

   dnorm=
     

   

  
    +

     
   

  
     (Eq. 3) 

where “de” is the distance from the point to the nearest nucleus external to the surface, “di” is the 

distance to the nearest nucleus internal to the surface and “vdW” is the van der Waals radii of the 

atom. The dnorm surface is mapped on the Hirshfeld surface with blue, white, or red colors. The dnorm 

value is negative (red) when intermolecular contacts are shorter than the van der Waals radii, and the 

dnorm value is positive (blue) when longer. The dnorm value of the white zones is zero and represents 

contacts equal to the van der Waals radius. 

The Hirshfeld surfaces of synthetic Mg(II)-DMAP species (I), which are  shown as transparent to 

allow visualization of the asymmetric unit of the given crystal structure, are illustrated in Figure 11-a. 

These Hirshfeld surfaces have been mapped over a «dnorm» range of -0.7287 to 1.5763 Å  

                  



 

Figure 11. Hirshfeld surfaces mapped with dnorm (a), shape Index surface (b) and curvedness surfaces(c) for (I). 

 

The shape index that is the most sensitive to very little changes in surface, give the information about 

each donor–acceptor pair. The C
__

H
…

Cg  contacts in the compound represented by the concave red 

triangles above the plane of the [Mg(TClPP)(DMAP)] molecule and the contacts by ring atoms of 

molecule inside these surfaces represent by convex blue triangles (Figure II-b). 

The curvedness is a measure of „how much shape‟, which usually tend to divide the surface into 

patches, which indicating interactions between neighboring molecules. So, sharp curvature regions of 

the surface correspond to high curvedness values, while the flat regions correspond to low curvedness 

values. The relatively large green regions, observed as flat patches in the curvedness mapped surfaces, 

indicate the presence of -π interactions between molecules (Figure 11-c) which is confirmed by the 

PLATON calculations (see crystallographic section) [71]. 

The 2D fingerprint plots (di versus de) (Figure 12) present contacts between two atoms interactions and 

indicate percentage of contributions from different interaction types. Practically all interactions occur 

between two chemically and crystallographically equal molecules. The H···H and C
…

H contacts have 

the most important contribution to the total Hirshfeld surface with 49.9% and 12.7%, respectively. The 

proportions of H
…

Cl and H
…

N contacts comprise 11% and 2.9% of the total map, respectively. 

 

 

 

 

 

                  



 

 

 

 

 

Figure 12. Two-dimensional fingerprint plots for (I). 

3.6. Theoretical Structural study 

Theoretical studies of [Mg(TCPP)(DMAP)] compound have been determined using DFT (Density 

Functional Theory) method implanted in the Gaussian 09 program [72] and their interface Gauss view 

[73]. All the physical or chemical properties of a system can only be determined for stable structures. 

The geometric optimization allows to find the most stable structure associated with the lowest energy. 

Subsequently, this geometry was used as an input file for other calculations such as the calculation of 

the infrared spectrum. It is for this reason that the first step we have taken is the geometric 

optimization.  

The stable structure of [Mg(TCPP)(DMAP)] (I) has been optimized in the ground state at B3LYP 

(Becke‟s three parameter hybrid functional [74] with Lee-Yang-Parr correlation functional LYP [75]) 

theory with LanL2DZ basis sets (as shown in Figure 13). The optimized structure represents the most 

stable structure since it does not contain imaginary frequencies in the vibration frequency calculations. 

In gas phase, the optimized molecular structure has an energy worth -2352.8169 a.u and a dipolar 

moment equal to 9.0255 Debye. While, in the chloroform solvent, the optimized geometry has an 

energy equal to -2352.8346 a.u and a dipole moment equal to 10.6344 Debye (Table 7). Figure S8 is 

the optimized molecular structure of [Mg(TCPP)(DMAP)] shown the label scheme used. The 

experimental and theoretical geometrical parameters such as the bond lengths and the bond angles of 

[Mg(TCPP)(DMAP)] molecule are given in Table S2 in the gas phase and in chloroform solvent. 

These geometrical parameters are discussed in terms of RMSD (Root-Mean-Square Deviation) values, 

which consists in comparing the calculated with the observed values. The calculated values of the 

RMSD are given in Table 7. As clearly seen, the bond lengths and the bond angles values are very 

similar in both phase (in gas and in chloroform solvent). For the bond lengths, the value of the RMSD 

H
…

H (49.9%) H…C/C…H (12.7%) H…Cl /Cl…H (11%) H…N/N…H (2.9%) 

 

                  



in the gas phase is equal to 0.0645, while in the chloroform is equal to 0.0649. For the bond angles, 

RMSD(gas) = 0.6351; RMSD(Chloroform)= 0.6399. From these RMSD values, we can conclude that the 

geometrical molecular parameters are found to be in good agreement with the experimental values.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SE= -64023.43944 eV.  

 

Figure 13. Optimized molecular structure of [Mg(TCPP)(DMAP)] using DFT/B3LYP/LanL2DZ method in gas 

phase. 

 

 

 

 

Table 7. Maximum force, RMS force, RMS Gradient Norm and point group of  

[Mg(TCPP)(DMAP)] calculated at B3LYP/ LanL2DZ levels of theory. 

____________________________________________________________________ 

      B3LYP / LanL2DZ 

Parameters    _____________________________ 

     Gaz   Chloroform 

______________________________________________________________ 

Energy (a.u.)               -2353. 9201  -2353.9355  

Dipole moment (Debye)  9.0341   10.7891 

Maximum force   0.1680   0.1680 

RMS force    0.0734   0.0733 

RMS Gradient Norm (a.u.)  3.01.10
-6

  1.75.10
-6

 

Point group    C1   C1 

                  



_____________________________________________________________ 

 

3.7. Frontier Molecular Orbital study 

TD-DFT (Time-Dependent Density-Functional Theory) calculation is used to determine the electronic 

parameters, such as the excitation energies, absorption wavelength, oscillator strengths and major 

contributions. The calculations are carried out using the B3LYP functional and LanL2DZ basis set. 

The frontier molecular orbitals (FMOs) of [Mg(TCPP)(DMAP)] (I) molecule are illustrated in Figure 

14. These orbitals have the advantage of analysing the reaction and the selectivity of the reaction. 

Among these frontier orbitals, we can cite the highest occupied molecular orbital "HOMO" and the 

lowest unoccupied molecular orbital "LUMO". The molecular reactions are permitted if the HOMO 

orbital and the LUMO orbital are placed in such a way that the lobes of the same sign overlap [76]. 

These two orbitals have the same role as chemical valence orbitals [76].  

Figure 14 shows that for the HOMO molecular orbital of (I), the charge density is mostly localized on 

the meso-carbons and the nitrogens of the TClPP porphyrinate while for the LUMO molecular orbital 

of (I), the charge density is mostly distributed over the meso, -pyrrole and -pyrrole carbons as well 

as the nitrogen atoms of the macrocycle of the TClPP moiety.  

We define, the Gap energy (E-Gap), the ionization potential (I), the electron affinity (A), the chemical 

potential (μ), the chemical hardness (η), the global softness (S) and the global electrophilicity (Ψ) by 

equations (Eq. 4-10): 

                      (Eq.4) 

               (Eq.5) 

               (Eq.6) 

                 (Eq.7) 

               (Eq.8) 

     
 

  
     (Eq.9) 

     
  

  
    (Eq.10) 

These parameters were determined via TD-DFT approach with LanL2DZ basis set. The theoretical gap 

energy (E-Gap) define by equation (Eq. 4) is 2.630 eV. One can deduce whether a complex is hard or 

soft based on the values of the energies of the HOMO and the LUMO molecular orbitals. In general, a 

molecule with low gap energy is more polarizable, this is associated with high chemical reactivity and 

                  



low kinetic stability. The increase in Gap energy implies high stability in the sense of its lower 

reactivity in chemical reactions. The global electrophilicity (Ψ) parameter gives us an estimation on the 

lowering of the Gap energy to the maximal electron flow between the donor and the acceptor and 

therefore the chemical hardness and softness is a good indicator of the chemical stability of our 

complex (I) (Table 8). We notice that the theoretical Gap energy value (E-Gap) is close to that of the 

experimental optical Gap energy which is 2.11 eV (Figure S9). Furthermore, it is known that free base 

porphyrins present energy Gap values ~1.80 eV which are smaller than those of metalloporphyrins 

[53] indicating that free bases meso-arylporphyrins are must more polarizable and therefore more 

reactive than the metallated meso-arylporphyrins. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.  Plot of the frontier molecular orbitals of [Mg(TCPP)(DMAP]  in gas phase by using TD-DFT 

calculations. 

 

                  



 

 

 

 

Table 8. Difference of energies between the frontier molecular orbital, the 

chemical potential, the global hardness, the softness and the electrophilicity 

in the gas phase of complex (I). 

_______________________________________________________ 

DET / B3LYP / Lan2DZ    Gas phase 

_______________________________________________________ 

EHOMO (eV)      -5.101 

ELUMO (eV)      -2.500 

E [EHOMO – ELUMO)]: E-Gap (eV)   2.601 

I (ionization potential) (eV)    5.101 

A (electron affinity) (eV)    2.500 

Chemical potential  (eV)    -3.800 

Global hardness  (eV)    1.300 

Softness S (eV)
-1

     0.384 

Electrophilicity   (eV)    5.553 

______________________________________________________ 

 

 

 

3.8. DOS analysis 

The density of states (DOS) characterizes the energy levels per unit energy increment and its 

composing in energy. The corresponding plots can provide the description of a whole orbitals system 

[77]. For our synthetic Mg(II) derivative (I), the density of states (DOS) plots was obtained by using 

TD-DFT Gaussian output via Gauss-Sum software. The green color of the frontier molecular orbitals 

represents the negative phase and the red color corresponds to the positive phase which is well 

clarified in the density of states (DOS) spectrum (Figure 15). As expected, the energy difference 

between HOMO and LUMO is compatible with the values determined by the DFT calculations. 

                  



 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15. The density of states plots (DOS) of [Mg(TCPP)(DMAP)] using Gauss Sum program. 

 

3.9. Molecular electronic potential analysis 

The molecular electrostatic potential (MEP) technique is usually used to get more insights of chemical 

reactivity of the molecule which related the positive and the negative potential sites in harmony with 

the total electron density surface of this molecule. The MEP contour maps of the electrostatic potential 

of complex (I) was determined using DFT/B3LYP/LanL2DZ process. For a MEP map, the color code 

used is indicative of the potential increase in the order: red < orange < yellow < blue. The red color 

refers to the potential negative values while the blue color refers to the potential positive values. In 

Figure 16, the MEP maps were acquired by mapping electrostatic potential to the total electron density 

using the just mentioned color code. For the this figure, , the color code of the maps is between -1.2.10
-

2 
u.a. (red color) and 1.2.10

-2 
u.a. (blue color). It has been reported that the molecular electrostatic 

potential and the electronic density are related which is a good means for the determination of the 

nucleophilic and electrophilic sites [78]. The nucleophilic reactivity of a molecule which indicates the 

                  



strongest repulsion of electrons, is represents in red color in a MEP map while the blue regions of 

MEP are related to the electrophilic reactivity; they indicate the strongest attraction. Zero potential 

corresponds to the green color of MEP. 

The mapping potentials are produced in the space around a molecule by its nuclei and electrons. 

Figure 16 illustrates three MEP maps for our Mg(II)-(DMAP)-porphyrin species. It is clear from this 

figure that the acidic strength (strength in blue color) is important around the magnesium atom and the 

DMAP axial ligand. Therefore, based on the MEP of (I), we can deduce that a nucleophile axial ligand 

such as an N-donor or an O-donor molecule can easily substitute the DMAP axial ligand of complex 

(I). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16. Molecular Electrostatic Potential (MEP) maps of the [Mg(TClPP)(DMAP)] molecule. 

 

3.10. Cyclic voltammetry 

Figure 17 displays the cyclic voltammogram (CV) of our Mg(II)-DMAP species (I)  with tetra-n-

butylammonium perchlorate (TBAP) as the supporting electrolyte (0.2 M) in the non-coordinating 

solvent dichloromethane under an argon atmosphere. The electrochemical data for 

[Mg(TClPP)(DMAP)] (I) along with those for other related species are given in Table 9. 

 

                  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17. Cyclic voltammogram of (I). The solvent is CH2Cl2, and the concentration is ca. 10
–3

 M in 0.2 M 

TBAP, 50 mV/s, vitreous carbon working electrode (Ø = 3 mm). 

 

 

 

Table 9. Cyclic voltammetry data
a
 for complex (I) and a selection of meso-arylphenylporphyrin species. 

__________________________________________________________________________________________ 

Compound   Ring oxidation     Ring reduction  Ref. 

    --------------------------------------------------- ------------------ 

    First Oxid. Second Oxid. Third oxid. First Red. 

    (O1,R1) (O2,R2) (O3,R3) (R4,O4) 

    ------------ ---------------- -------------- ------------------- 

    E1/2
b
  E1/2  E1/2  E1/2 

__________________________________________________________________________________________ 

 

   Meso-arylporphyrins 

 

H2TPP
c
   1.02   1.26   -  -1.20   [79] 

H2TPBP
d
   0.95   1.36   1.48  -1.12   [53]  

H2TMPP
e
   1.02   1.19   1.67  -1.19  [40]  

H2TClPP    1.00   1.23   1.53   -1.09  [40] 

 

   Magnesium(II)-meso-arylporphyrins 

 

 

[Mg(TPP)(THF)2]
c,f

  0.65  0.94  -  -  [42] 

                  



[Mg(TThP)(THF)2]
g,f

  0.78  0.98  -  -1.42  [50] 

[Mg(TFP)(THF)2]
i,f

  0.68  -  -  -1.40  [80]  

[Mg(TPP)(HMTA)2]
c,j

  0.73   0.99   -  -1.45  [26] 

{[Mg(TPP)(pyz)]}n
c,k

  0.65   0.95   -  -1.65  [81] 

[Mg(TPP)(SCN)]
-c
  0.59  0.93  1.14  -1.50  [42] 

[Mg(TPP)(OCN)]
-c
  0.58  0.90  1.16  -1.50  [42] 

[Mg(TPP)(N3)]
-c
  0.57  0.89  1.15  -152  [42] 

[Mg(TClPP)(DMAP)] (I) 0.63  0.91  1.22  -1.42     this work 

 

   Zinc(II)-meso-arylporphyrins 

 

[Zn(TPP)(N3)]
-c
   0.71  1.15  1.40  –1.53   [52] 

[Zn(TPBP)(DABCO)]
d,l

  0.84  1.12  -  -1.33  [53] 

[Zn(TPBP)(pyz)]
d,k

  0.82  1.12  1.38  -1.34  [53] 

[Zn(TPBP)(4,4‟-diam)]
d,m

 0.81  1.28  -  -1.31  [53] 

[Zn(TPBP)(4-CNpy)]
d,n

  0.81  1.10  1.36  -1.52  [53] 

 

   Cobalt(II)-meso-arylporphyrins 

 

[Co
II
(TMPP)(4-CNpy]

e,n
 0.89  1.25  -  -1.43  [40]  

[Co
II
(TClPP)(4-CNpy)]

n
  1.13   1.31   -  -1.32  [40] 

[Co
II
(TMPP)(HMTA)]

e,j
  0.91   1.21  -  -1.44  [82]  

_____________________________________________________________________________________ 
a
: Potentials reported versus SCE, 

b
: E1/2 = half wave potential,

 c
: H2TPP = meso-tetraphenylporphyrin,

d
: 

H2TPBP = meso-tetrakis[4(benzoyloxy)phenyl]porphyrin, 
e
: H2TMPP = meso-tetra(para-

methoxyphenyl)porphyrin,
f
: THF = tetrahydrofuran, 

g
: TThP = meso-thienylporphyrin, 

i
:  TFP = meso-

furylporphyrin, 
j
: HTMA = Hexamethylenetetramine, 

k
: pyz = pyrazine, 

l
: DABCO = ,4-

diazabicyclo[2.2.2]octane,  
m
: 4,4‟-mda = 4,4‟-diaminodiphenylmethane, 

n
: 4-CNpy = 4-cyanopyridine. 

 

It is noteworthy that metalloporphyrins with non-electroactive divalent metal ions such as Zn(II), 

Cd(II) and Mg(II) undergoes usually two or three reversible one electron oxidations and one or two 

electron reductions of the porphyrin macrocycle [42,54,83]. For electroactive metal ions, such as Fe(II) 

and Co(II) metalloporphyrins, the corresponding cyclic voltammograms exhibit usually, two one-

electron oxidation waves and one one-electron reductive wave of the porphyrin macrocycle in addition 

to the M(II)/M(III) oxidation wave and the M(II)/M(I) reduction wave [40]. 

Inspection of Figure 17 shows that our synthetic [Mg(TClPP)(DMAP)] (I) complex exhibits three one-

electron reversible oxidation waves with half-potential (E1/2) values of 0.61 (O1,R1), 0.91 (O2,R2) and 

1.22 (O3,R3) V, respectively. Complex (I) presents also a one-electron reversible reduction wave with 

E1/2 value of -1.42 V. The main results deduced from this study are as follows: (i) the half-potential 

values of the oxidation waves of the free bases porphyrins are shifted toward the positive potential 

                  



compared to those of the metalloporphyrins indicating that the former species are more difficult to 

oxidized than the porphyrins complexes (Table 9), (ii) the magnesium(II) meso-arylporphyrins present 

E1/2 potential values of the first and the second oxidation waves slightly shifted toward the negative 

potentials compared to those of the zinc(II) metalloporphyrins while the E1/2 value of the first reduction 

wave of the Mg(II) and Zn(II) meso-arylporphyrines are very close and (iii) for the electroactive metal 

porphyrins such as cobaltous metalloporphyrins, the E1/2 values of the first and second ring oxidations 

are higher than those of the non-electroactive Mg(II) and Zn(II) meso-arylporphyrin species while the 

half-potential value of the first cyclic reduction wave for electroactive and non-electroactive metal 

meso-arylporphyrines are quite the same. 

 

3.11. Antifungal activity 

The antifungal activities of the free base porphyrin H2TClPP, the [Mg(TClPP)] and 

[Mg(TClPP)(DMAP)] complexes were quantitatively assessed by the presence, or absence of 

inhibition zones against three yeasts strains (C. krusei ATCC6258, C. albicans ATCC90028 and C. 

neoformans ATCC14116) and two fungal strains (A. brasiliensis ATCC16404 and A. fumigatus 

ATCC204305). The diameters of inhibition zones observed with the well diff fusion method are shown 

in Figure 18. 

 

 

 

Figure 18. In vitro antifungal activity of H2TClPP, [Mg(TClPP)] and [Mg(TClPP)(DMAP)]. 

                  



Overall, the solvent used to prepare the compound solutions (DMSO) did not show inhibition against 

the tested organisms (negative control) and the yeasts strain C. neoformans was the most sensitive. All 

the synthesized compounds showed overall good activity against this antifungal strain up to 28 mm. It 

is concluded that the antifungal activity of the free base porphyrin increased upon coordination to the 

magnesium metal. They inhibited the growth of fungi more than the free base porphyrin under 

identical experimental conditions (Figure 18). The magnesium derivatives show 17 mm in diameter of 

zone inhibition against A. fumigatus and 15 mm in diameter of zone inhibition against A. brasiliensis. 

They also produced 14 mm and 16 in diameter of zone inhibition against C. krusei. These compounds 

exhibit less antifungal activity than the standard drug Nystatin [21], who owns 29 and 19 mm in 

diameter of zone inhibition against C. albicans and A. fumigatus, respectively. The increase in 

biological activity of the magnesium compounds compared to that of free base H2TClPP porphyrin is 

due to faster diffusion of metal compounds through the cell membrane. Such increased activity of the 

metal compounds can be explained on the basis of Overtone‟s concept [84,85] and Tweedy‟s chelation 

theory [86,87]. 

3.12. Antioxidant activity by DPPH radical scavenging method 

Numerous antioxidant methods and modifications have been proposed to evaluate antioxidant activity 

and to explain how antioxidant agents work. Among them, the 1,1-diphenyl-2 picrylhydrazyl (DPPH) 

radical assay is the most common method used to determine the radical scavenging ability of various 

samples. The quite stable DPPH nitrogen centred radical possesses a characteristic absorption which 

decreases when exposed to antioxidants [88]. It reacts with hydrogen donating functions resulting in a 

colour change from purple to yellow. The intensity of this phenomena is related to the number of 

electrons captured [89], i.e., the greater the free radical scavenging capacity of an antioxidant 

compounds, the more reduction of DPPH and the less purple colour of the sample. The ability 

H2TClPP, [Mg(TClPP)] and [Mg(TClPP)(DMAP)] to scavenge in vitro DPPH as evaluated in 

comparison to the vitamin C reference compound [90]. The percentage antioxidant activity results 

(%RSA: percentage of radical scavenging activity) were given in Figure 19. 

 

                  



 

 

Figure 19. Emission DPPH radical scavenging activity of H2TClPP, [Mg(TClPP)] and [Mg(TClPP)(DMAP)]  

at different concentrations. 

 

As shown in Figure 19, the free radical scavenging activity of complex (I) depend on the concentration 

of this species. Hence, with the increasing concentration of our Mg(II)-DMAP complex, the free 

radicals of DPPH decrease and then they stabilize. At high concentrations, the highest antioxidant 

activity was obtained for complex (I) compared to the free base porphyrin H2TClPP and the starting 

material [Mg(TClPP]. For example, for a concentration of 100 µg/mL, the DPPH scavenging activity 

of complex (I) reaches 51% which is significantly higher than those of H2TClPP and [Mg(TClPP)] 

(~30%). It should be noted that our three porphyrin species show lower DPPH activity compared to the 

standard vitamin C [90]. On the other hand, our three porphyrin derivatives, exhibit weaker antioxidant 

activity comparted to the well-known EGCG and BHT antioxidant species (EGCG = Epigallocatechin 

gallate plant, BTH = Butylated hydroxytoluene) which present strong DPPH radical scavenging 

activity (~80%) [91,92]. 

 

 

 

 

                  



 

 

Conclusion 

In conclusion, we have reported the syntheses of the DMAP-meso-tetra(para-

chlorophenyl)porphyrinato]magnesium(II) complex (I) with the formula [Mg(TClPP)(DMAP)]. The 

IR, UV-visible, photoluminescence and the 
1
H NMR data are consistent with a DMAP-manganese(II) 

meso-arylporphyrin coordination compound. The cyclic voltammetry of (I) in dichloromethane 

solution is characteristic of a meso-arylporphyrin complex with a non-electroactive metal. The single 

crystal X-ray investigation shows that the magnesium central metal of the title compound is fivefold 

coordinated by the four nitrogen atoms of the TClPP macrocycle and the nitrogen atom of the pyridyl 

group of the DMAP axial ligand in a slightly distorted square pyramidal polyhedral. The 

supramolecular structure of (I) is made by layers perpendicular to the [010] direction and the crystal 

packing is stabilized by C–H···Cl and by C–H··· intermolecular interactions. Hirshfeld surface 

analyses and two-dimensional fingerprint plots were used to quantify the intermolecular interactions 

present in the crystal, indicating that the most important contributions for the crystal packing are from 

H···H (49%), C
…

H (12.7%), H
…

Cl (11%) and H
…

N (2.9%). A DFT study in conjunction with a DOS 

calculation has been performed on our synthesis compound whose aim is to calculate the energies of 

the HOMO and LUMO orbitals from which several important parameters have been calculated. This is 

notably the case for the Gap energy, the electronegativity, the global hardness, and the softness. These 

parameters inform us, inter alia, about the reactivity of the complex (I). Furthermore, the MEP maps 

show that acidic strength is important around the magnesium atom and the DMAP axial ligand. This 

indicates that nucleophile N-donor type molecules can easily substitute the DMAP axial ligand in 

complex (I). By the other hand, the antifungal and the antioxidant activities of the H2TClPP free base 

porphyrin, the [Mg(TClPP)] starting materials and [Mg(TClPP)(DMAP)] (I) species were examined. 

All three porphyrinic species showed overall good activity against yeasts strain C. neoformans. The 

highest antioxidant activity was obtained for complex (I) compared to the free base porphyrin 

H2TClPP and the starting material [Mg(TClPP]. Nevertheless, our three porphyrin derivatives, exhibit 

weaker antioxidant activity comparted to the well-known EGCG and BHT antioxidants. 
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Figure 1. Electronic absorption spectra of free base H2TClPP, the starting material [Mg(TClPP)] and complex 

(I) at ca. 10
–6

 M in dichloromethane. The inset shows enlarged views. 

 

 

 

 

 

 

 

 

 

 

 

                  



Figure 2. Theoretical UV-visible spectrum of [Mg(TCPP)(DMAP)] (I) TD/DFT method in chloroform solvent. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Solid IR spectrum of [Mg(TClPP)(DMAP)] (I). 

 

 

 

 

 

 

 

 

 

 

 

 

                  



 

 

 

Figure 4. Calculated IR spectra (gas phase) of [Mg (TCPP)(DMAP)] (I) using the B3LYP/LanL2DZ method. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Emission spectrum of H2TClPP, [Mg(TClPP)] and [Mg(TClPP)(DMAP)] (I). Concentrations ~10
-6

 M 

in dichloromethane solutions. 

 

 

 

 

 

 

                  



 

 

Figure 6. Ortep drawing of [Mg(TClPP)(DMAP)] (I) with thermal ellipsoids drawn at 30% probability. The 

hydrogen atoms are removed for clarity. Only the major positions of (i) the disordered phenyl group of the 

porphyrin is shown and (ii) the N(CH2)- group of the DMAP axial ligand are represented. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Ortep diagram of [Mg(TClPP)(DMAP)] viewed perpendicular to the mean plane of the porphyrinato 

core showing the  dihedral angle. The hydrogen atoms are removed for clarity and only the major positions of 

the disordered fragments are represented. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                  



 

 

 

 

 

Figure 8. Formal diagram of the mean plane of the 24-atom porphyrin core. Positive values of the 

displacements are toward the axial DMAP ligand.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Projection 

down the [010] 

direction 

showing the 

parallel 

layers. 

 

 

 

 

                  



 

 

 

 

 

 

 

 

 

 

Figure 10. Packing diagram of (I) showing the three dimensional arrangement of the [Mg(TClPP)(DMAP)] and 

the n-hexane molecules. 

 

 

 

Figure 11. Hirshfeld surfaces mapped with dnorm (a), shape Index surface (b) and curvedness surfaces(c) for (I). 

 

 

 

 

 

                  



 

 

 

 

Figure 12. Two-dimensional fingerprint plots for (I). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SE= -64023.43944 eV.  

 

Figure 13. Optimized molecular structure of [Mg(TCPP)(DMAP)] using DFT/B3LYP/LanL2DZ method in gas 

phase. 

 

                  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.  Plot of the frontier molecular orbitals of [Mg(TCPP)(DMAP]  in gas phase by using TD-DFT 

calculations. 

 

 

 

 

 

 

 

 

 

 

                  



 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 15. The density of states plots (DOS) of [Mg(TCPP)(DMAP)] using Gauss Sum program. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16. Molecular Electrostatic Potential (MEP) maps of the [Mg(TClPP)(DMAP)] molecule. 

                  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17. Cyclic voltammogram of (I). The solvent is CH2Cl2, and the concentration is ca. 10
–3

 M in 0.2 M 

TBAP, 50 mV/s, vitreous carbon working electrode (Ø = 3 mm). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18. In vitro antifungal activity of H2TClPP, [Mg(TClPP)] and [Mg(TClPP)(DMAP)]. 

 

                  



 

 

Figure 19. Emission DPPH radical scavenging activity of H2TClPP, [Mg(TClPP)] and [Mg(TClPP)(DMAP)]  

at different concentrations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                  



 

Tables : 

 

Table 1. Crystal data and structural refinement for [Mg(TClPP)(DMAP)]1/2C6H14
*
 (I). 

______________________________________________________________________ 

Formula   C54H41Cl4N6Mg  

Crystal System  monoclinic      

Crystal    P21/n       

a (Å)    13.9355(8)       

b (Å)    22.0512(13)        

c (Å)    17.6318(10)         

β (°)    101.941(2)         

V(Å
3
)    5300.9(5)      

Z    4       

ρcalc./ g cm
-3

   1.178         

μ/ mm
-1

   0.275       

F(000)    1948       

Crystal size (mm
3
)  0.520 x 0.440 x 0.224     

Crystal Color   dark purple       

Crystal Shape   block     

T(K)    150 (2)       

min - max (°)   2.192– 24.999      

Limiting indices -16  h  16, -23  k  26, -20  l  20   

R(int)    0.0352      

Reflections collected/unique 35520 / 9263      

Observed data [Io> 2σ(Fo)] 7427       

Parameters/Rest  62 / 90       

S [Goodness of fit]
  

1.046       

R1
a
, wR2

b
 [Fo> 4σ(Fo)] R1 = 0.0789, wR2 = 0.1797  

wR2
b  

[all data]   R1 = 0.0940, wR2 =  0.1897 

Min./max. res. (eÅ
-3

)  0.657 / -0.633     

CCDC    1997737      

__________________________________________________________________________________ 
*: The given chemical formula of (I) and other crystal data of this complex do not take into account the removed 

n-hexane solvent molecule, using PLATON-Squeeze procedure (see details in the text).  
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 coordination polyhedron 

MgN1  2.084(3) N1MgN2 88.53(11)  N3MgN4 88.27(11) 

MgN2  2.083(3) N1MgN3 160.58(14)  N1MgN5 98.34(12) 

MgN3  2.08(3)  N1MgN4 88.59(11)  N2MgN5 101.45(12) 

MgN4  2.079(3) N2MgN3 87.88(11)  N3MgN5 101.08(12) 

MgN5  2.130(4) N2MgN4 159.92(13)  N4MgN5 98.64(12) 

DMAP Axial ligand 

N5C45  1.345(5)  Mg-N5-C48  120.9(3)    

C45-C46  1.359(6)  C45-N5-C48  114.5(3)   

C46-C49  1.397(6)  N5-C45-C46  125.1(4)   

C49-C47  1.397(5)  C45-C46-C49  119.8(3)   

C47-C48  1.363(6)  C47-C49-C46  115.7(4)   

C48-N5  1.337(5)  C48-C47-C49  119.9(4)   

C49-N6  1.357(6)  C47-C48-N5  125.0(4)   

N6-C50  1.463(4)  C47-C49-N6  121.8(4)   

N6-C51  1.466(4)  C46-C49-N6  122.6(4) 

N6-C50A  1.460(2)  C50-N6-C51  118.0(5) 

N6-C51A  1.462(5)  C50A-N6-C51A 121(5)  

Mg-N5-C45  124.6(3)     

______________________________________________________________________________ 

 

 

 

 

 

 

 

 

 

 

 

                  



 

Table 3. Chemical shift values for selected free base meso-arylporphyrins and magnesium(II) meso-arylporphyrin 

complexes and several non-porphyrinic DMAP complexes from 
1
H NMR spectra. Spectra recorded in CDCl3, 

exception is indicated*. 

_____________________________________________________________________________________________ 

Compound  H-pyrrolic  H-phenyl   H-pyrrole HL,o; HL,m; Ha
a
  Ref. 

_____________________________________________________________________________________________ 

 

  Meso-arylporphyrins 

 

H2TPP
b
    8.84 8.23; 7.91; 7.67; 7.26 -2.87   -  [39] 

H2TpivPP
c
   8.82 8.70; 7.88; 7.50  -2.86   -  [39] 

H2TMPP
d
   8.86 8.08; 7.27;   -2.89   -  [40] 

H2TBrPP
e
   8.85 8.05; 7.91  -2.86   -  [23] 

H2TClPP    8.89 8.18; 7.74  -2.83   -  [40] 

H2TPBP
f
   8.94 8.42; 8.33; 7.60  -2.80   -  [41] 

  Tetracoordinated Mg(II)-meso-arylporphyrins 

 

[Mg(TBrPP)]
e
   8.88 8.35; 8.08; 7.94  -   -  [23] 

[Mg(TPBP)]
f
   8.96 8.67; 8.36; 7.62  -   -  [41] 

[Mg(TClPP)]   8.85 8.14; 7.72  -   -      this work  

 

  Mg(II)-meso-arylporphyrins 

 

[K(222)][Mg(TPP)(N3)]
b,g

 8.72 8.10; 7,68  -   -  [42] 

[Mg(TBrPP)(Him)]
e
  8.86 8.38; 8.07; 7.90  -   -  [23] 

[Mg(TPBP)(HTMA)2]
f,i

  9.01 8.42; 8.30; 7.73  -   -  [41] 

[Mg(TPBP)(DABCO)2] 
f,j

 9.00 8.45; 8.30; 7.75  -   -  [41] 

[Mg(TClPP)(DMAP)]  8.88 8.21; 8.21; 7.73  -  7.21; 6.49; 2.35      this work  

 

 Non-porphyrinic DMAP complexes 

(BDI)    - -   -  8.76; 5.99; 2.22  [43] 
[Mg(OCMe2COOEt)(DMAP)]

k,*  
[Mg(L)(DMAP)2(1,2-dadhp)]

l,m
 - -   -  7.71;  4.75; 2.93 [44] 

_____________________________________________________________________________________________ 
a
: HL,o; HL,m; Ha=otho, meta and the CH2 protons of the N(CH2)2- protons of the DMAP axial ligand (see Figure S4), 

 
b
: H2TPP = meso-tetraphenylporphyrin, 

c
: H2TpivPP = meso-[,,,-tetrakis(o-pivalamidophenyl)]porphyrin,  

d
: H2TMPP = meso-tetra(para-methoxyphenyl)porphyrin,

e
: H2TBrPP = meso-tetrakis(4-bromophenyl)porphyrin,  

f
:  H2TPBP = meso-tetrakis[4(benzoyloxy)phenyl]porphinato, 

g
: [K(222)]

+
 = (cryptand-222)potassium(+) cation, 

i
: HTMA = Hexamethylenetetramine, 

j
: DABCO = ,4-diazabicyclo[2.2.2]octane, 

k
: (BDI) = 2-[(2,6-

diisopropylphenyl)amino]-4-[(2,6-diisopropylphenyl)imino]pent-2-ene, 
l
: L = (Ph2PNDip)- and Dip = 2,6-

iPr2C6H3), 
m
: 1,2-dadhp = 4-dimethylamino-1,2-dihydropyridide, *: spectrum recorded in toluene. 

 

 

 

                  



Table 4. UV-visible
a
. data of complex (I) and a selection of meso-arylporphyrin compounds. 

__________________________________________________________________________________________ 

Compound  Soret band   Q bands   Ref. 

   -------------------------------------------------------------------------   

      max (nm) (log)  

__________________________________________________________________________________________ 

Meso-arylporphyrins 

H2TPP
b
   418(7.96)          515(6.60) 549(6.30) 591(6.27) 647(6.27)  [45] 

H2TBrPP
c
  419(6.58) 515(5.24) 549 (4.93) 590(4.77) 648(4.68) [23] 

H2TPBP
d
  419(5.90) 514(4.46) 551(4.13)  590(3.94) 646 (3.84) [41] 

H2TClPP  418 (5.49) 515(4.20) 550(4.27)  549(3.78)  647(3.45) this work 

 

   Manganese(II) tetracoordinated meso-arylporphyrins 

 

[Mg(TPP)]
b  424(5.87)  563(4.52)  603(4.39)   [46] 

[Mg(TBrPP)]
c
  426(6.63) 563(5.23) 603 (5.06)   [23]  

[Mg(TPBP)]
d
  427(5.86) 565(4.42) 605(4.16)   [41] 

[Mg(TClPP)]  429 (5.77) 567(4.60) 607(4.52)   this work 

 

   Manganese(II) hexacoordinate meso-arylporphyrins 

 

[Mg(TClPP)(DMAP)] 432(5.70) 570(4.69) 609(4.61)   this work 

[Mg(TPBP)(HTMA)2]
d,e

435(5.88)  576(4.33)  617(4.40)   [41] 

[Mg(TPBP)(4,4‟-bpy)2]
f
 430(6.04)  571(5.08)  614(5.00)   [47] 

_________________________________________________________________________________________ 

a
: All data are from spectra recorded in dichloromethane, 

b
: H2TPP = meso-tetraphenylporphyrin, ,

c
: H2TBrPP = 

meso-tetrakis(4-bromophenyl)porphyrin, 
d
:  H2TPBP = meso-tetrakis[4(benzoyloxy)phenyl]porphinato, 

e
: 

HTMA= Hexamethylenetetramine, 
f
: 4,4‟-bpy = 4,4‟-bipyridine. 

 

 

 

 

 

 

 

 

                  



Table 5. Emission parameter values of several meso-porphyrins and a selection of Magnesium(II) meso-

metalloporphyrins. 
______________________________________________________________________________________________________ 

Compound  exci  Q(0,0)  Q(0,1)  Φf τf
c
 (in ns) Ref. 

______________________________________________________________________________________________________ 

 

 Free base meso-arylporphyrin 

  

H2TClPP   418   651   714   0.089  7.42  [40] 

H2TClPP  420  652  714  0.082 7.20  this work 

H2TMPP
a
  424  656  719  0.082 7.20  [40] 

H2TPP
b 

  -  653   722  0.12 9.60  [48] 

H2TBrPP
c
  420  654  720  0.055 -  [23] 

H2TPBP
d
  -  652  719  - -  [41]  

           

  Tetracoordinated Magnesium(II) meso-arylmetalloporhyrins 

 

[Mg(TClPP)]  420  628  679  0.18 6.3  this work 

[Mg(TPP)]
b
  -  608   665   0.15  9.2   [49] 

[Mg(TPBP)]
d
  -  611  665  - -  [23] 

[Mg
II
(TClPP)]  420  615  670  0.18 6.3  this work 

 

Pentacoordinated and hexacoordinated Magnesium(II)meso-arylporphyrins 

 

[Mg(TClPP)(DMAP)] 420  608  659  0.16 5.0  this work 

[Mg(TPP)(THF)2]
b
 -  609  660  0.16 -  [50] 

[Mg(TPP)(NCO)]
-b

 560  609  664   0.18  3.8   [42] 

[Mg(TPP)(NCS)]
-b

 560  608  662  0.19 6.1  [42] 

[Mg(TPBP)(HTMA)2]
d,e

   611  666  0.055 -  [41]   

[Mg(TPBP)(DABCO)2] 
d,f

  612  666  0.065 -  [41]  

[Mg(TPBP)(4,4'-bpy)2]
d,g

  611  665  0.060 -  [51] 

 

  Pentacoordinated and hexacoordinated Zinc(II)meso-arylporphyrins 

 

[Zn(TPP)(N3)]
-b

  560  594   643   0.036 1.7   [52] 

[Zn(TPP)(CN)]
-b

 560  594   643   0.055  1.7  [52] 

[Zn(TPBP)(DABCO)]
d
 540  612  660   0.039  1.3  [53] 

[Zn(TPBP)(pyz)2]
d,i

 540  596   644   0.049 1.6  [53] 

[Zn(TPBP)(4-CNpy)]
d,j

 540  596  645   0.041 1.5  [53] 

  

_____________________________________________________________________________________________ 

a
: H2TMPP = meso-tetra(para-methoxyphenyl)porphyrin,

b
: H2TPP = meso-tetraphenylporphyrin, 

c
: H2TBrPP = meso-

tetrakis(4-bromophenyl)porphyrin,
d
: H2TPBP = meso-tetrakis[4(benzoyloxy)phenyl]porphinato, 

e
: HTMA = 

Hexamethylenetetramine, 
f
: DABCO = ,4-diazabicyclo[2.2.2]octane, 

g
: 4,4‟-bpy = 4,4‟-bipyridine. 

i
: pyz = pyrazine,  

j
: 4-CNpy = 4-cyanopyridine. 

 

                  



Table 6. Selected bond lengths [Å] and angles [°] for [Mg(TClPP)(DMAP)]1/2C6H14 (I) and several  related 

complexes. 

______________________________________________________________________________________________ 

Complex  M
__

Np
a
    M

__
XL

b
   M

__
PC 

c
    Ref. 

  

______________________________________________________________________________________________ 

Pentacoodinayed Magnesium(II) Metalloporphyrins 

[Mg(TBrPP)(HIm)]
d,e

  2.094 (2) 2.120 (3)  0.52   [23] 

[Bu4N][Mg(TPP)(HCO3)]
f
 2.101 (3) 1.959(2)  0.478   [58] 

[K(222)][Mg(TPP)(N3)]
f,g

 2.1187 (16)  1.997 (2)   0.6629 (7)  [42] 

[K(222)][Mg(TPP)(NCS)]
f,g

 2.0962 (13)  2.0817(15)  0.5797 (6)  [42] 

[Mg(TPP)(H2O)]
f
  2.092 (7) 2.012 (6)  0.460   [54]  

[Mg(TClPP)(DMAP)]  2.082 (3) 2.130 (4)  0.3709 (14)  this work  

 

Hexacoordinnated Magnesium(II) Metalloporphyrins 

[Mg(TPP)(4-picoline-N)2]
f,i

 2.070  2.385   0.000    

{[Mg(TPBP)(4,4‟-bpy)2]}n
j,k

 2.066  2.320   0.000   [51] 

[Mg(TBrPP)(H2O)2]
j
  2.069  2.221   0.000   [59] 

[Mg(TPP)(H2O)2]
f
  2.071  2.213   0.000   [55] 

[Mg(TPP)(HTMA)2]
f,m

  2.067(5) 2.473(2)  0.000   [60] 

[Mg(TPP)(1-MeIm)2]
f,n

  2.079  2.297   0.000   [61] 

[Mg(TPP)(pipz)2]
f,o

  2.073  2.423   0.000   [61] 

[Mg(TPP)(py)2]
f,p

  2.072  2.376   0.000   [62] 

[Mg(TPBP)(HTMA)2]
j,m

 2.074  2.439   0.000   [24] 

[Mg(TPBP)(DABCO)2]
j,r

 2.066  2.487   0.000   [63] 

  

DMAP-Mg(II) non-porphyrinic complexes 

 

[Mg(DMAP)2(L1)2]
s
  -  2.156 (1)/2.154 (2) -   [64] 

[Mg(I)(DMAP)(L2)]
t
  -  2.112 (3)  -   [65] 

[Mg(DMAP)(L3)(L4)]
u,v

  -  2.096   -   [66] 

[Mg(DMAP)(L5)(L6)]
x,y

  -  2.142   -   [67]  

______________________________________________________________________________________________ 
a
: M

__
Np = average equatorial cobalt-nitrogen pyrrole distance, 

b
: M

__
XL = metal-axial ligand distance, 

c
: M

__
PC = 

distance between the metal atom and the mean plane made by the 24-atom core of the porphyrin (PC).
d
: TBrPP = 

meso-tetrakis(4-bromophenyl)porphyrinato, e: Him = imidazole, 
f
: meso-tetraphenylporphyrin, 

g
: [K(222)]

+
 = 

(cryptand-222)potassium(+) cation,
i
: 4-picoline = 4-Methylpyridine, 

j
: TPBP = meso-{tetrakis-[4-

(benzoyloxy)phenyl]porphyrinato, 
m
: HTMA = hexamethylenetetramine,

n
: 1-MeIm = 1-methylimidazole, 

o
: pipz = 

piperazine, 
p
: py = pyridine, 

r
: DABCO = 4-diazabicyclo[2.2.2]octane,

s
: L1 = Isopropyl(trimethylsilyl)amido,

t
: L2 = 

N,N'-bis(2,6-Di-isopropylphenyl)-2,2,6,6-tetramethylheptane-3,5-di-iminato-N,N',
u
: L3 = Benzophenone radical-O,

v
: 

L4 = N,N'-bis(2,6-di-isopropylphenyl)-2,4-diiminopropane,
x
: L5 = (4,4,5,5-tetramethyl-1,3,2-dioxborolan-2-

yl)diphenylmethoxy,
y
: L6 = N,N'-bis(2,6-di-isopropylphenyl)pentane-2,4-di-iminato. 

 

 

                  



Table 7. Maximum force, RMS force, RMS Gradient Norm and point group of [Mg(TCPP)(DMAP)] calculated 

at B3LYP/ LanL2DZ levels of theory. 

_____________________________________________________________________ 

      B3LYP / LanL2DZ 

Parameters    ________________________________ 

     Gaz   Chloroform 

_____________________________________________________________________ 

Energy (a.u.)               -2353. 9201  -2353.9355  

Dipole moment (Debye)  9.0341   10.7891 

Maximum force   0.1680   0.1680 

RMS force    0.0734   0.0733 

RMS Gradient Norm (a.u.)  3.01.10
-6

  1.75.10
-6

 

Point group    C1   C1 

_______________________________________________________________________ 

 

 

 

Table 8. Difference of energies between the frontier molecular orbital, the 

chemical potential, the global hardness, the softness and the electrophilicity 

in the gas phase of complex (I). 

_______________________________________________________ 

DET / B3LYP / Lan2DZ    Gas phase 

_______________________________________________________ 

EHOMO (eV)      -5.101 

ELUMO (eV)      -2.500 

E [EHOMO – ELUMO)]: E-Gap (eV)   2.601 

I (ionization potential) (eV)    5.101 

A (electron affinity) (eV)    2.500 

Chemical potential  (eV)    -3.800 

Global hardness  (eV)    1.300 

Softness S (eV)
-1

     0.384 

Electrophilicity   (eV)    5.553 

______________________________________________________ 
 

 

 

 

 

 

 

                  



 

Table 9. Cyclic voltammetry data
a
 for complex (I) and a selection of meso-arylphenylporphyrin species. 

__________________________________________________________________________________________ 

Compound   Ring oxidation     Ring reduction  Ref. 

    --------------------------------------------------- ------------------ 

    First Oxid. Second Oxid. Third oxid. First Red. 

    (O1,R1) (O2,R2) (O3,R3) (R4,O4) 

    ------------ ---------------- -------------- ------------------- 

    E1/2
b
  E1/2  E1/2  E1/2 

__________________________________________________________________________________________ 

 

   Meso-arylporphyrins 

 

H2TPP
c
   1.02   1.26   -  -1.20   [79] 

H2TPBP
d
   0.95   1.36   1.48  -1.12   [53]  

H2TMPP
e
   1.02   1.19   1.67  -1.19  [40]  

H2TClPP    1.00   1.23   1.53   -1.09  [40] 

   Magnesium(II)-meso-arylporphyrins 

[Mg(TPP)(THF)2]
c,f

  0.65  0.94  -  -  [42] 

[Mg(TThP)(THF)2]
g,f

  0.78  0.98  -  -1.42  [50] 

[Mg(TFP)(THF)2]
i,f

  0.68  -  -  -1.40  [80]  

[Mg(TPP)(HMTA)2]
c,j

  0.73   0.99   -  -1.45  [26] 

{[Mg(TPP)(pyz)]}n
c,k

  0.65   0.95   -  -1.65  [81] 

[Mg(TPP)(SCN)]
-c
  0.59  0.93  1.14  -1.50  [42] 

[Mg(TPP)(OCN)]
-c
  0.58  0.90  1.16  -1.50  [42] 

[Mg(TPP)(N3)]
-c
  0.57  0.89  1.15  -152  [42] 

[Mg(TClPP)(DMAP)] (I) 0.63  0.91  1.22  -1.42     this work 

   Zinc(II)-meso-arylporphyrins 

[Zn(TPP)(N3)]
-c
   0.71  1.15  1.40  –1.53   [52] 

[Zn(TPBP)(DABCO)]
d,l

  0.84  1.12  -  -1.33  [53] 

[Zn(TPBP)(pyz)]
d,k

  0.82  1.12  1.38  -1.34  [53] 

[Zn(TPBP)(4,4‟-diam)]
d,m

 0.81  1.28  -  -1.31  [53] 

[Zn(TPBP)(4-CNpy)]
d,n

  0.81  1.10  1.36  -1.52  [53] 

   Cobalt(II)-meso-arylporphyrins 

[Co
II
(TMPP)(4-CNpy]

e,n
 0.89  1.25  -  -1.43  [40]  

[Co
II
(TClPP)(4-CNpy)]

n
  1.13   1.31   -  -1.32  [40] 

[Co
II
(TMPP)(HMTA)]

e,j
  0.91   1.21  -  -1.44  [82]  

_____________________________________________________________________________________ 
a
: Potentials reported versus SCE, 

b
: E1/2 = half wave potential,

 c
: H2TPP = meso-tetraphenylporphyrin,

d
: 

H2TPBP = meso-tetrakis[4(benzoyloxy)phenyl]porphyrin, 
e
: H2TMPP = meso-tetra(para-

methoxyphenyl)porphyrin,
f
: THF = tetrahydrofuran, 

g
: TThP = meso-thienylporphyrin, 

i
:  TFP = meso-

furylporphyrin, 
j
: HTMA = Hexamethylenetetramine, 

k
: pyz = pyrazine, 

l
: DABCO = ,4-

diazabicyclo[2.2.2]octane,  
m
: 4,4‟-mda = 4,4‟-diaminodiphenylmethane, 

n
: 4-CNpy = 4-cyanopyridine. 

 

 

                  


