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Abstract

Many synthetic porphyrins are modified at the meso-position to achieve target properties in biomedical
applications. The metalloporphyrins; CuTPP, CuTPPCOOMe, CuTPPNH 2, CoTPPOMe and CoTPPCOOH
were synthesized from their free base porphyrins and characterized by spectroscopic techniques. The Uv-
Vis spectra show the decrease in number of Q bands from four to one/ two peaks and a blue shift when
the metal is inserted in to the porphyrin core. They are capable of effecting bacterial and viral pathogens
through the large number of different mechanisms. The antibacterial activity of the metalloporphyrins
and their ligands were evaluated by using two gram positive and two gram negative bacteria by disc
diffusion method. Among the complexes under study, CoTPPCOOH showed highest inhibition zone (15.5-
16.5) vs 25-28 for the famous standard antibacterial drug and therefore, highest antibacterial activities as
compared to other porphyrins. The study also indicates that metalloporphyrins with electron withdrawing
groups have highest inhibition zones than complexes which possess electro donating group at para
position of the meso-phenyl ring.

Introduction

The growth of infectious diseases and resistance of various antibiotics to such sever infectious diseases
is one of the most serious public health concern globally. Taking into account a great number of
infections resulting from different bacterial species, the development of compounds with high
antibacterial activities with novel mechanism of action is an urgent need. As a consequence, researchers
are designing a novel, convenient, robust and inexpensive strategies for combating microorganisms with
minimal invasive consequences.” 2 Natural and synthetic porphyrins are among relatively low toxic
molecules (either in vitro and in vivo) and are capable of effecting microbial and viral pathogens through
the large number of different mechanisms.3 In addition, their ability for numerous chemical modifications
place porphyrins into a group of compounds that present an outstanding source for discovery of novel
procedures, materials and agents active against a wide range of pathogenic microorganisms.3 Moreover,
porphyrins, metalloporphyrins, and related molecules have assumed extraordinary importance in recent
years as the opportunities for using these compounds in photodynamic therapy, optoelectronic devices,
sensors, molecular logic devices, and artificial solar energy harvesting and storage schemes have
become apparent. Studies of the spectroscopy and photophysical dynamics of these compounds and
their multichromophoric derivatives have grown exponentially in number in the last 10 years.* During this
period, increasing attention has been paid to the behavior of higher electronic states accessed by
pumping in the strong Soret absorption band located in the violet region.® Most of the porphyrins show
two sets of distinct region or bands in their electronic absorption spectrum. The range of the first and
second band sets are 350-500 nm and 500-750 nm respectively. The first set of bands (Soret- or B-band)
with molar absorption coefficient of 10° M cm™ and involves the electronic transitions from the ground
state to the second single excited state().The second set of band(the Q-band) with molar absorption
coefficient of 10*M™ cm™ and involves the transition from the ground state to the first singlet excited
state( ). The conjugation of 18-1t electrons gives advantageous spectroscopic features to porphyrins,
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which is supportive to monitoring the binding of diverse hosts to porphyrin by using UV-Visible
spectroscopy. 8] The UV-Visible absorption spectrum is an important spectral phenomenon to
distinguish between the free-base porphyrins and their metalloporphyrin derivatives. The spectrum
changes from four-band to a two-banded spectrum on metallation. This dramatic effect is attributed to

the enhancing of the D,h symmetry of the free-base porphyrin to D,h on metallation. °

Structurally, porphyrins have a planar aromatic structure with extended and conjugated 22 mt-electron
system and a size-limited coordination cavity for binding of different metal ions.’®'" They are the
strongest light-absorbing materials in nature, therefore are called as “the pigments of the life”.61213 The
introductions of suitable substituents at the peripheral positions of the porphyrin core provokes tunable
shape, size and symmetry and are found in material and therapeutic applications.” Many synthetic
porphyrins are modified at the meso-position to achieve target properties in biomedical applications
involving photo diagnosis and cancer therapy, with the most dominant use in photodynamic therapy
(PDT).’® The increase in the mortality rate linked with infectious diseases is directly related to
microorganisms that demonstrate multiple resistances to antibiotics. The lack of effective treatments is
the main cause of this problem. Hence, development of new antibacterial agents with novel and more
efficient mechanisms of action is an urgent medical need. To overcome the alarming problem of
microbial resistance to antibiotics, the discovery of novel active compounds against new targets is a
matter of urgency. Based on this, pharmaceutical industries are looking for synthesizing alternative
compounds to medicinal preparations originating from wild growing plants. However, plant based drugs
have shortened the life span of the source (plants and animals). To alleviate these problems, synthesis
and investigation of different metal complexes have been carried out and promising results are being
found. The actions of these complexes against the microbes were reported to be via non covalent
interactions with the DNA.1%20 |n addition to the non-covalent interactions with the DNA, the enhanced
activity of the complex against the microbes is due to covalent interactions. In this work we, therefore
report synthesis, characterization, photophysical and antibacterial activity study of Cu (ll)-5, 10, 15, 20—
Tetrakis-(para-X phenyl) porphyrins, where X= H, NH2 and COOMe and Co (I1)-5, 10, 15, 20— Tetrakis-(para-
X phenyl) porphyrins, where X= COOH and OMe). Because of teradentate nature of anionic porphyrinato
ligand, in metalloporphyrins the minimum possible coordinatin number of metals is four, a divalent metal
ion giving a neutral complex with square planer geometry. Porphyns as ligands have the ability to

stabilize different metal ions in their unusual oxidation states.2123

Results And Discussions

UV-vis absorpition: It is known that absorption of free-base porphyrins and as synthesized metal
complexes (metalloporphyrins) featured by two characteristic types of bands and are shown in Fig. 9.
The A,.x Values of these species are reported in Table 1 and compared to Co and Cu metalloporphyrins
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Figure 1. UV-Vis absorption spectra of a) H,TPP and CuTPP b) H,TPPCOOMe and
TPPCOOMe C) H,TPPNH, and CuTPPNH,

In all cases the absorption wavelength of copper metalloporphyrin is lower than that of the free base
porphyrins. The number of Q bands decreases from four to a single band when going from the free base
porphyrin to their metal complexes, CuTPP and CuTPPCOOMe, as well as four to two for the metal
complex CuTPPNH,. The decreases in number of Q bands and a shift on wavelength indicate the
insertion of the copper in to the porphyrin cores. The Soret band is blue shifted up to 8 nm for
CoTPPOMe and 7 nm for CoTPPCOOH, as well as 26 and 27 nm Hypsochromic shift for the Q band of
CoTPPOMe and CoTPPCOOH from their free base porphyrins respectively. As the same as to copper
metalloporphyrin, the decreases in the number of Q bands from four to a single band when going from
the free base porphyrin to its cobalt complex indicates the insertion of the cobalt in the porphyrin core of
H,TPPCOOH and H,TPPOMe and forms CoTPPCOOH and CoTPPOMe respectively. The Soret band is
blue shifted up to 8 nm for CoTPPOMe and 7 nm for CoTPPCOOH, as well as 26 and 27 nm
Hypsochromic shift for the Q band of CoTPPOMe and CoTPPCOOH from their free base porphyrins
respectively.

Figure 2.UV-Vis absorption spectra of: a) H,TPPOMe and CoTPPOMe; b) H,TPPCOOH and
CoTPPCOOH

Role of ligand substitution on UV-vis spectra: The absorption band of para-substituted CUTPPNH2
shows red-shift when compared with Cu-TPP and CuTPPCOOMe, suggesting the electronic effects from
the electron releasing group NH,. CuTPPNH, shows higher red-shift than Cu-TPP but CuTPPCOOMe
shows lower blue shift than Cu-TPP due to the steric effect of methoxycarbonyl group in CuUTPPCOOMe.
CoTPPOMe shows a red shift when compared to CoTPPCOOH by 8 nm at the sort band and 12 nm at the
Q band, which was also similar result in the free base porphyrins(shown in appendix A), suggesting the
electronic effects from the electron releasing -OMe (methoxy) group. For clarity the UV-Vis data of
porphyrins and metalloporphyrins are shown in supporting information (Table SI-1).

Figure 3.UV-Vis absorption spectra of: a) Copper complexes, b) Cobalt complexes
Mass spectrometry

The expected structure of all free base porphyrins had been confirmed by using mass spectrometry and
the data is shown in Table SI-2. The H,TPPNH, exhibited the molecular ion peak at m/z 676.54, as a

major peak. The mass spectra of other porphyrin ligands are shown in Appendix. The mass spectra for all
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show very intense molecular ion peak due to a great deal of energy requirement for fragmentation of
porphyrins. Therefore, fragmentation of porphyrin structure was not observed at all and the molecular ion
peak [M+H]* were observed. The ESI-Mass of CoTPPCOOH is displayed in Figure 11 and Appendix. The
strong molecular ion peak [M+H]* at m/z 848.91 is assigned for [CoTPPCOOH+H]*. In similar fashion, the
mass spectra of all metalloporphyrins showed very intense molecular ion peaks due to the high energy
from the delocalized electrons in the molecule. The mass spectra have been successfully received to
confirm the expected corresponding structure of porphyrins as well as metal complexes.

Figure 4. The mass spectrum of cobalt-5,10,15,20-tetrakis(4-carboxyphenyl) porphyrin
Antimicrobial Test Results

The compounds were tested for their in vitro antibacterial activity and were compared with the
commercially available drug, gentamicin. They were tested against two Gram-positive (S. aureus and S.
pyogenes) and two Gram-negative (E. coliandK. pneumoniae) bacteria. All the tasted metalloporphyrins
were found active against all the tested pathogens. The commercial antibiotic drug( gentamicin)
exhibited highest activities with inhibition zones ranging from 25 mm to 28 mm in all the four pathogens.
The results of antimicrobial activities of the study compounds are reported as inhibition zone of diameter
(mm) are showed in Table 1.

Table1. Antibacterial activity of Metalloporphyrins, Metal salt, and reference antibiotic drug gentamicin

Page 5/14



Compounds Antibacterial activity ( mean 1Z diameter(mm) + SD)

S. aureus S.pyogenes E.coli K. pneumonia

CoTPPCOOH 16.5 15 16 16
CoTPPOMe 12 14 10 12
CuTPPCOOMe 16 15 13 13.5
CuTPPNH, 13 13.5 12 12.5
Co acetate 6.5 7 6.5 6.5
CuCl,. 2H,0 6.75 7 6.25 6.5
DMSO 0 0 0 0
Gentamicin 25 27 26 25

The synthesized compounds (metalloporphyrin) showed higher activities than free base porphyrins
(ligands) against all bacteria’s. This indicates that reaction of metal ions with the ligands plays an
important role in antibacterial activity. This increased activity of metal complex can be explained on the
basis of the overtone concept and chelation theory. According to the overtone concept of cell
permeability, the lipid membrane that surrounds the cell favors the passage of only lipid-soluble materials
in which lipo-solubility is an important factor that controls the antimicrobial activity.2* On chelation, the
polarity of the metal ion will be reduced to a greater extent due to overlap of ligand orbital and partial
sharing of the positive charge of the metal ion with donor groups. Furthermore, it increases the
delocalization of m-electrons over the whole chelate ring and enhances the lipophilicity of complexes. It is
likely that the increased lipo solubility of the ligand upon metal complexation may contribute to its facile
transport into the bacterial cell which blocks the metal binding sites in enzymes of microorganisms.
These complexes also disturb the respiration process of the cell and thus block the synthesis of proteins,

which restricts further growth of the organism.2°

Figure 5. Bar graph of CuTPPCOOMe and CuTPPNH, on the same concentrations

Figure 6. Bar graph of CoTPPCOOH and CoTPPOMe on the same concentrations

As we saw in the table and the bar graphs, the antibacterial results shows that the complexes were active
and inhibit bacteria’s even at the lowest concentration (31.25 mg/L).The complex CoTPPCOOH exhibited
the greater antimicrobial activities than other metallporphyrins with inhibition zones 16.5 mm for S.
aureus.

Figure 7. Gram positive Bacteria’s, S. aureus and S. pyogenesin CoTPPCOOH molecule
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Figure 8. Gram negative Bacteria’s, E.coli andK. pneumoniain CoTPPCOOH molecule

Generally, as we saw in the bar graphs the metal complexs containing electro withdrawal group,
CuTPPCOOMe and CoTPPCOOH showed better activities than the metal complex containing electro
donating groups namely CuTPPNH, and CoTPPOMe.

Conclusion

In this report, metalloporphyrins were prepared from free base porphyrins and metal salts. The
synthesized complexes were then purified by column chromatography and characterized by using Uv-Vis
and mass spectrometry. Based on the UV-Vis data the soert and Q bands of metalloporphyrins showed a
blue shift when Cu(ll) and Co(ll) is inserted in to their free base porphyrins. Also when the metal is
inserted in to porphyrin ligand the Q bands are decreased from four to either one or two, which is an
evidence for the formation of metalloporphyrin. Furthermore, the ESI-Ms spectrum indicates
metalloporphyrins showed very intense molecular ion peaks due to delocalized electrons in the molecule.
The antibacterial activity test revealed that the metalloporphyrins which possess electro withdrawing
groups at para-positions have higher antibacterial activity than metalloporphyrins which possess electron
donating group at para positions.
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Figure 1

UV-Vis absorption spectra of a) H2TPP and CuTPP b) H2TPPCOOMe and TPPCOOMe C) H2TPPNH2

and CuTPPNH2
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Figure 4

The mass spectrum of cobalt-5,10,15,20-tetrakis(4-carboxyphenyl) porphyrin
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Figure 5

Bar graph of CuUTPPCOOMe and CuTPPNH2 on the same concentrations
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Figure 6

Bar graph of CoTPPCOOH and CoTPPOMe on the same concentrations

Figure 7

Gram positive Bacteria's, S. aureus and S. pyogenesin CoTPPCOOH molecule

Page 13/14



Figure 8

Gram negative Bacteria’s, E.coli andK. pneumoniain CoTPPCOOH molecule
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