Accepted Manuscript g,

MOLECULAR
STRUCTURE

A novel porphyrin derivative and its metal complexes: Electrochemical,
photoluminescence, thermal, DNA-binding and superoxide dismutase activity studies

Savas Purtas, Muhammet Kése, Ferhan Timer, Mehmet Timer, Aysegul Gdlcd,
Gokhan Ceyhan

Pl S0022-2860(15)30313-6
DOI: 10.1016/j.molstruc.2015.10.013
Reference: MOLSTR 21858

To appear in:  Journal of Molecular Structure

Received Date: 19 August 2015
Revised Date: 8 October 2015
Accepted Date: 19 October 2015

Please cite this article as: S. Purtas, M. Kése, F. Timer, M. Timer, A. Gélcl, G. Ceyhan, A novel
porphyrin derivative and its metal complexes: Electrochemical, photoluminescence, thermal, DNA-
binding and superoxide dismutase activity studies, Journal of Molecular Structure (2015), doi: 10.1016/
j-molstruc.2015.10.013.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.molstruc.2015.10.013

In this study, in order to synthesize the novel porphyrin Schiff base ligand, we prepared both
4-ethyl-2,6-bis(hydroxymethyl)phenol and 4-ethyl-2,6-diformylphenol compounds. The
porphyrin Schiff base ligand is a novel compound. The compounds (A) and (B) were
characterized by the analytica and spectroscopic methods. Single crystals of these
compounds were obtained from the CHCI3-EtOH solution by the slow evaporation and their

structural characterizations were, first time, done by X-ray crystallography technique.
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Abstract

In this study, a new porphyrin-Schiff base ligahyl §nd its metal complexes (Cu(ll), Fe(lll),
Mn(lll), Pt(ll) and Zn(ll)) were synthesized. Thetading material 4-ethyl-2,6-
bis(hydroxymethyl)phenol (A) was synthesized frormethylphenol and formaldehyde in the
alkaline media. The compound (A) was then oxidiethe 4-ethyl-2,6-diformylphenol (B).
The starting compounds (A) and (B) were obtainedsiagle crystals. Structures of the
compounds (A) and (B) were determined by the X-raytallography technique. The
porphyrin ligand (L) and its metal complexes weltwracterized by the analytical and
spectroscopic methods. Electronic, electrochendndl thermal properties of the synthesised
compounds were investigated. Superoxide dismutetsati@s (SOD) of the porphyrin Schiff
base complexes were investigated and results wisoeissed. Additionally,the DNA (fish
sperm FSdsDNA) binding studies of the complexesewgerformed using UV-vis
spectroscopy. Competitive studies with ethidiumnticee (EB) show that the compounds

interact efficiently with DNA through an intercalag way.
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1. Introduction

Porphyrin compounds are the heterocyclic organiteoudes and composed of four
modified pyrrole subunits inter-connected at thewcarbon atomsvia methine bridges
(=CH-). Porphyrins are probably the most significand common class of natural pigments
[1-3]. With their considerable chromophore struetuand molecular symmetry metal
porphyrins have a noteable interest in their owghtrito physicists and chemists [4].
Tetraphenyl porphyrins have assumed a privilege iroivarious areas of disciplines, ranging
from molecular semiconductors [5] to non-lineariop{6]: in particular several features, such
as chemical and thermal stability, make porphyselgectable as encouraging materials for gas
sensing applications. Unsymmetrical porphyrin, ipalarly tetraphenyl porphyrin derivatives
substituted having an expandedonjugated system at tineeseposition, are very interesting
compopunds. There are some reports about porpBytiiff base ligands and their metal
complexes [7,8].

DNA intercalators are generally small planar moles including coherent aromatic
rings [9]. Nevertheless, the porphyrins are alsowkm to bind and intercalate within DNA
[10]. The porphyrin ring system is larger and mamplex than that of other known
intercalators and poses some fascinating question®©NA-ligand interactions [11-14].
Mn(IIl), Fe(lll) and Zr(11) complexes bind only bg non-intercalative mechanism to AT-rich
regions of DNA, however the metal-free ligand atsd Cu(ll) and Ni(ll) complexes bind
intercalatively to GC-rich sequences and with [dssice at TA sequences.

Copper and zinc containing Cu/ZnSOD enzyme isntiagimum influential catalytic
diversity found in the mammalian cell plasma andraoellular spaces. This SOD enzym
catalyzes the dismutation of superoxide radical)(dto molecular oxygen and hydrogen
peroxidevia one electron redox cycle. With respect to norngdlisc cancer cells have been
considered to cause large amount ef Qoroduction in the cell [15] and the SOD activity i
cancer cell was found to be lower than the norrell[&6-17]. Thus, synthetic SOD mimics
can be taken account of as an excellent deviceentiating apoptosis by mentioning oxidative
stress caused by Olrhdical.

In this work, a novel porphyrin-Schiff base ligasethyl-2,6-bis[5-(4-iminophenyl)-
10,15,20-triphenylporphyrin]phenol (L) and its Ayu(lFe(lll), Mn(lll), Pt(ll) and Zn(ll)
complexes were synthesized (Scheme) and charaddriz the elemental analyses, MALDI-
TOF massH(**C)NMR spectra, FT-IR and UV-vis spectra. Singlestajs of both 4-ethyl-
2,6-bis(hydroxymethyl)phenol and 4-ethyl-2,6-difgiphenol compounds were obtained.
Their molecular structures were, first time, chégazed by single crystal X-ray diffraction
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technique. Electrochemical, photoluminescence hedal properties of the porphyrin Schiff
base ligand (L) and its metal complexes were ingattd. SOD activities and DNA binding
properties of the porphyrin Schiff base ligand @adnetal complexes were investigated.

2. Experimental
2.1. Materials and measurements

All reagents and solvents were of reagent-gradétg@ad obtained from commercial
suppliers (Aldrich or Merck). Elemental analysesH®I) were performed using a LECO
CHNS 932. Infrared spectra were obtained using #{Bc (4000-400 ci) on a Perkin Elmer
Spectrum 100 FT-IR. The electronic spectra in tB6-800 nm range were obtained on a
Perkin Elmer Lambda 45 spectrophotometetr.and*C NMR spectra were recorded on a
Bruker 400 MHz instrument and TMS was used as @nal standard and CD{CAs solvent.
The thermal studies of the compounds were performeda Perkin Elmer STA 6000
simultaneous Thermal Analyzer under nitrogen atrhesp at a heating rate of 2@/min.
The mass spectra of complexes were obtained indohitybenzoic acid as MALDI Matrix
using nitrogen laser accumulating 50 laser shoitsguBruker Microflex LT MALDI TOF
mass spectrometer.

The single-photon fluorescence spectra of the ponptSchiff base compound ¢H)
and its metal complexes were collected on a Pdtkimer LS55 luminescence spectrometer.
All samples were prepared in spectrophotometridgrsolvents and analysed in a 1 cm
optical path quartz cuvette.

Cyclic voltammograms were recorded on a Ilviumstkecttochemical workstation
equipped with a low current module (BAS PA-1) releor The electrochemical cell was
equipped with a BAS glassy carbon working electr¢gdeea 4.6 mR), a platinum coil
auxiliary electrode and a ABAgCI reference electrode filled with tetrabutylammium
tetrafloroborate (0.1 M) in DMF and GBN solution and adjusted to 0.00 V vs SCE. Cyclic
voltammetric measurements were performed at roonpeéeature in an undivided cell (BAS
model C-3 cell stand) with a platinum counter ets® and an AgAgCI reference electrode
(BAS). All potentials are reported with respect #f&g*/AgCl. The solutions were
deoxygenated by passing dry nitrogen through thieitiea for 30 min prior to the
experiments, and during the experiments the flow waintained over the solution. Digital
simulations were performed using DigiSim 3.0 fondows (BAS, Inc.). Experimental cyclic
voltammograms used for the fitting process hadtekground subtracted and were corrected

electronically for ohmic drop. Mettler Toledo MP ®2H meters was used for the pH
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measurements using a combined electrode (glassraglecreference electrode) with an
accuracy of £0.05 pH.

Data collection for X-ray crystallography was coetpld using a Bruker APEX2 CCD
diffractometer and data reduction was performedgu8iruker SAINT [18]. SHELXS97 and
SHELXL2014/6 were used to solve and refine striggurespectively [19].

2.2. Preparation of the 4-ethyl-2,6-bis(hydroxyny8thenol (A)

4-Ethylphenol (25.0 g, 0.17 mol) was added to eestiwarm (70 °C) solution of
NaOH (10.60 g, 0.27 mol) in THF (200 mL). To thergig mixture p-formaldehyde (45.0 g,
0.61 mol) was added and the mixture was stirredd®h at room temperature. THF was
removed on a rotary evaporator. The resulting seéd dissolved in distilled water (100 mL),
acidified with HCI (0.5 M) and extracted with digtether. The diethylether solution was
dried over NaSQO, and the solvent was removed on a rotary evaporéta white crystalline
product was collected and dried in vacuo. (29.567§5).'HNMR (CDCl, TMS): § 6.90 (s,
2H, Ar-H), 4.80 (s, 4H, -ChDH), 2.60-2.55 (q, 2H, -CH), 1.19-1.23 (t, 3H, CH. *CNMR
(CDCls, TMS): & 125.94-152.60 (Ar-C), 63.70 (-GB), 27.94 (-CH), 15.80 (-CH).
FTIR(KBr)/cm™: 3407 (CHOH), 3325 (Ph-OH), 2973 (aryl CH), 1635, 1506 (&yC).

2.2. Preparation of the 4-ethyl-2,6-diformylphefB)

Activated MnQ (40 g) was added to CH{[200 mL) in a 500 mL round bottom flask
equipped with an overhead stirrer and a water-cbotsndenser. The mixture was heated to
reflux with stirring about 15 min, then the powdeof the 4-ethyl-2,6-
bis(hydroxymethyl)phenol (5 g) was added. Aftemigekept refluxing for 24 h, the reaction
was cooled to room temperature and filtered. THiel seas washed by CHE(40 mL x 5)
thoroughly until the filtrate was colorless. Thdre tfiltrate was concentrated on a rotary
evaporator yielding a yellow solid. (2.62 g, 53%)

'HNMR (CDClk, TMS): § 9.10 (s, 2H, carbonyl-H), 7.70 (s, 2H, Ar-H), 2358 (q, 2H, -
CHy-), 1.20-1.23 (t, 3H, Ch. *CNMR (CDCk, TMS): & 190.45 (carbonyl-C), 125.30-
151.55 (Ar-C), 27.92 (-Ch), 15.83 (-CH). FTIR(KBr)/cmi’: 3345 (Ph-OH), 2965 (aryl CH),
1660 (C=0), 1603, 1596 (aryl C-C).

2.3. Preparation of the 5,10,15,20-tetraphenylpgmah(TPP)
TPP was synthesized by the known methods [20]. iMelpoint: > 200°C. 64
(CDClg)/ppm: 8.85 (s, 8H, pyr-CH), 8.29 (m, 8H, 4 ¥Hg), 7.77 (m, 12H, 4 x £Hs), -2.71
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(s, 2H, pyrrole internal NH). FTIR (KBry, cm®): 3311 (NH), 3021 (aryl C-H), 1594
(CH=N)porphyrin 1553 ( C-Clyi, 1347 (C=C). UV-Vis [Toluenelma{Nm), €max (Mcm™)]:
416 nm (4.30 x 19, 515 ( 1.30 x 1%), 550 ( 4.23 x 1%), 592 (1.71 x 1Y), 648 (0.55 x 1%).

2.4. Preparation of the 5-(4-Nitrophenyl)-10,15 2iphenylporphyrin(TPP-NQ)

TPP-NQ was obtained by the reaction of TPP and sodiumiteniin trifluoroacetic
acid according to the known method [21]. Meltingoint > 200 °C. 'H-NMR: &
(CDCl3)/ppm: 8.87 (m, 6H, pyr-CH), 8.77 (d, 2H, pyr-CH®)69 (m, 2H, @H,), 8.40 (m,
2H, GH,), 8.24 (m, 6H, 3 x 6Hs), 7.75 (m, 9H, 3 x €Hs), -2.72 (s, 2H, pyrrole internal
NH). FTIR (KBr, v, cni?): 3315 (NH), 2988 (C-H), 1594 (CH=PN)onyrin 1557 (C-Cly,
1515, 1344 (NG, 1344 (C=C). UV-Vis [Toluenekma(nm), Emax (Mcmi)]: 418 (4.10 x
10°), 514 (3.11 x 1%), 549 ( 0.95 x 1t), 589 ( 0.88 x 1t), 646 ( 0.75 x 1?).

2.5. Synthesis of 5-(4-aminophenyl)-10,15,20-tnipt@orphyrin (TPP-NH)

TPP-NH, was obtained by the reduction of TPP-N@Ging SnCGl.2H,O as a reducing
agent in concentrated hydrochloric af22]. '"HNMR (CDCk) &: 8.93 (d, 2HB-pyrrole), 8.86 (d,
2H, B-pyrrole), 8.85 (s, 4H,p-pyrrole), 8.20 (m, 6H,o-triphenyl), 8.01 (d, 2H, 4-
aminophenyl), 7.76 (m, 9Hm-/p-triphenyl), 7.09 (d, 2H, 4-aminophenyl), 4.04 @&H,
amino), -2.72 (s, 2H, pyrrole internal NH). FTIREK v, cn™): 3318 (NH), 2973 ( C-H),
1615 (CH=N}yrrole, 1506 (C-C)ry, 1349 (C=C).

2.6. Preparation of 4-ethyl-2,6-bis[5-(4-iminoph&n}0,15,20-triphenylporphyrin]phenol (L)
The porphyrin Schiff base ligand was synthesizedoisws: TPP-NH (0.2 mmaol,
126 mg) and the 4-ethyl-2,6-diformylphenol aldehyaenpound (0.1 mmol, 178 mg) was
dissolved in 100 ml of dry toluene containing&4molecular sieves. The resulting solution
was refluxed until the disappearance of the TPR;M#bnitored by TLC (30 h). The solvent
was removed under reduced pressure and the crudeiqirwas dissolved in GBI, and
filtered. Evaporation of the solvent gave purpledsd he obtained product was purified from
CHCls-hexane (v/v, 1/3) solvent mixturegdBlssN100, yield: 68%, Melting: point > 200C.
Color: purple. Elemental analyses: Found (calcd(®084.02 (83.98), H, 4.85 (4.89), 10.95
(9.99)."HNMR (CDCk) & (ppm): 8.93 (d, 2HB-pyrrole), 8.88 (s, 4H3-pyrrole), 8.71 (d, 2H,
B-pyrrole), 8.68 (s, H, CH=N (imine)), 8.45 (m, 6é&tiriphenyl-H), 8.02-7.80 (m, 9H+2H,
(m-phenyl-H) + p-phenyl-H) + aminophenyl), 7.65 (s, 2H, diformyl;H.61-2.59 (q, 2H, -
CHg-part of ethyl group), 1.25-1.22 (t, 3H, @Hart of ethyl group), -2.70 (s, 2H, pyrrole
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internal NH). **C-NMR (CDCk) & (ppm): 15.80, 27.88, 107.55, 110.30, 117.14, 15,9.6
121.92, 126.85, 128.06, 134.54, 135.10, 141.65,2646.50.26, 154.27, 164.90. FTIR (KBr,
v, cni): 3324 (NH), 2973 (CH)phatio 1617 (CH=N), 1575 (C-GY), 1492 (CH=N)yrole
1349 (C=C). MALDI-TOF-MS, (m/z): Calculated: 140%;6~ound: 1402 [6HssN100]".

2.7. Preparation of theu(ll), Fe(lll), Mn(lll), Pt(ll) and Zn(Il) metal complexes of the 4-
ethyl-2,6-bis[5-(4-iminophenyl)-10,15,20-triphengtphyrin]phenol (L)

The porphyrin Schiff base ligand (0.5 mmol, 0.%)0was dissolved in Ci&l, (20
mL) solution and followed by addition metal sal fhmol, 0.273 g for ZnG] 0.342 for
CuCh.2H,0; 0.542 for FeGl6H,O; 0.830 g for K[Pt(Cl)]; 0.464 g for Mn(AcOj] in
CH3OH (20 mL). The reaction solution was refluxed &wout 1 h. The extent of the reaction
was monitored by measuring the UV-Vis spectrumhef teaction solution every 10 min.
After cooling to room temperature, 200 mL distilledter was added to the reaction mixture

and extracted three times. Purity of the complexe® checked by t.l.c. studies.

LCu4Cl3: Yield: 87.6%, green solid. M.p. > 300 °C. Anal.l&€h For [GgHesN100ClsCuy]:
C, 66.99; H, 3.61; N, 7.97 %:; found: C, 67.06; 6§73 N, 7.92 %. FTIR (KBry, cniY): 3021
(C-H)aromatic 2922, 2840 (C—H)phatic 1619 (CH=Njnine, 1530 (C-Cdromatic 1281 (C—~COphenoiio
1002 (Cu-N)orphyin565 (M-O), 462 (M-N). MALDI-TOF-MS, (m/z): Calculed: 1757.15;
Found: 1757.15 [6HsaN100CLCw]".

LPt,Cls: Yield: 83.2 %, purple red solid. M.p. > 300 °C; &n Calcd. For
[CogHs3N100CLPY]: C, 51.55; H, 2.78; N, 6.13 %; found: C, 51.6Q;2484; N, 6.17. FTIR
(KBr, v, cni™): 3015 (C-H)romatc 2918, 2850 (C—H)phatc 1610 (CH=Njnine, 1518 (C-
C)aromatic 1250 (C—Obhenolic 1007 (Pt-Ndorphyrin 558 (M-0), 450 (M-N). MALDI-TOF-MS,
(m/z): Calculated: 2283.31; Found: 2284.5%gf63N100CLPY]".

LZn,Cls: Yield: 65.4%, purple red solid. M.p. > 300 °C. AnaCalcd. For
[CogHe3N100ClsZny]: C, 66.70; H, 3.60; N, 7.94 %, found: C, 66.75; 355; N, 7.88 %.
FTIR (KBr, v, cni™): 3021 (C-H)romatio 2935, 2844 (C—H)phatio 1621 (CH=N}nine, 1520 (C-
Caromatio 1227 (C—Obhenotic 1005 (ZN-N)orphyrin 580 (M-0), 456 (M-N). MALDI-TOF-MS,
(m/z): Calculated: 1764.61; Found: 1765.08g[3N100ClZn,]".

LFesCl4(H20): Yield: 81.3%, purple red solid. M.p. > 300 °C. An&alcd. For
[CosHesN100:ClsFes]: C, 68.28; H, 3.80; N, 8.12 %; found: C, 68.34; 386; N, 8.17 %.
FTIR (KBr, v, cni™): 3023 (C-H)romatio 2930, 2845 (C—H)phatic 1615 (CH=N}nine, 1544 (C-



Caromatic 1230 (C~Ophenolic 1002 (F€-Njorphyrin 530 (M-O), 450 (M-N). MALDI-TOF-MS,
(m/z): Calculated: 1723.97; Found: 1724.54gfGsN100-ClsFes]”.

LMn 3(AcO)4(H20): Yield: 80.1%, purple black solid. M.p. > 300 °Cn#. Calcd. for
[C10eH77N10010Mng): C, 70.12; H, 4.27; N, 7.71 %; Found: C, 70.18,44832; N, 7.77 %.
FTIR (KBr, v, cmi™): 3024 (C-Hromatic 2925, 2850 (C—H)phatic 1680 (C=O)cetic acia 1610
(CH=N)mines 1547 (C-Clromatic 1240 (C—Ophenolioc 1011 (Mn-Njorphyrin 570 (M-O), 460 (M-
N). MALDI-TOF-MS, (m/z): Calculated: 1815.62; Found625.5 [GogH77N10010MnN3-

Mn(AcO),(H.0)]".

2.8. X-ray Structural Determination

The structural properties of the starting compasuff) and (B) were determined by
X-ray diffraction technique. Data for the startingmpounds (A) and (B) were collected at
150(2)K° on a Bruker Apexll CCD diffractometer using MaxKradiation A= 0.71073A).
The structures were solved by direct methods afiee onF? using all the reflections [19].
All the non-hydrogen atoms were refined using anigic atomic displacement parameters
and hydrogen atoms bonded to the carbon atomsingrged at calculated positions using a
riding model. Hydrogen atom bonded to oxygen atovese located from difference maps
and allowed to refine with temperature factors.dbetof the crystal data and refinement are
given in Table 1. All the bond lengths and angles w&ithin the normal ranges. All bond
lengths and angles in the phenyl ring have nornsgl2CCsp2values with small distortions.
Bond lengths and angles for the starting compou(dl)s and (B) are given in the

supplementary file.

2.9. Superoxide dismutase (SOD) activity studigseofransition metal complexes

SOD assay kit-WST was used to evaluate SOD aesvitif the complexes. In this
method, xanthine oxidase aerobically oxidases xa@tiio urate, producing O in the
process. 2-(4-lodophenyl)-5-(2,4-disulfophenylj-&trazolium, monosodium salt (WST-1)
scavenges the Oformed in the reaction, which causes the reductiahe colourless WST-1
to the yellow WST-1 formazan. WST-1 formazan hasharacteristic absorbance peak at
440 nm, therefore, quantitative reduction of WSTedl WST-1 formazan by £ was
monitored spectrophotometrically at pH 7.8 on a BOA UV-Vis. Spectrophotometer,
Shimadzu (Japan) at 440 nm and 25 °C for 20 mirihé presence of the complex being
tested, the absorbance values (at 440 nm) of thé-Wfermazan decrease. This is due to the

complex competes with the WST-1 to scavenge the The rate of absorption changes was



determined and the percent inhibition {flCof WST reduction to WST-1 formazan was
calculated. The WST-1 assay is an indirect methbdnalysis because the extent of the
reduction of the appearance of the yellow WST-Infaran in the presence of a SOD mimic
is taken as a measure of SOD activity [23]. Allgeats were obtained from Sigma—Aldrich

Chemical Co. Ltd. and assays were run in 1 mL ftgm.

2.10. DNA binding studies of the ligand and itsahebmplexes

Double-strand FSdsDNA (Sigma) was used as receiVbd. stock solution of DNA was
prepared by dissolving appropriate amount of DNAiis-HCI buffer (20 mM Tris—HCI, 20
mM NacCl, pH 7.0) by gentle stirring at room tempera and stored at 4 °C for no longer
than a week. The ratio of the UV absorbance ate2@D280 nm (Aso/A2s0) Was checked to be
ca. 1.86, indicating that the DNA is sufficientiyeé from protein contamination. The DNA
concentration per nucleotide phosphate [NP] wasrdehed by the UV absorbance [24] at

260 nm after 1:20 dilutions using the knowwalue of 6600 M'cm ™.

3. Results and Discussion

3.1 Characterization of starting materials

In this study, in order to obtain a novel porphy8ohiff base ligand (L), the 4-ethyl-
2,6-bis(hydroxymethyl)phenol (A) and 4-ethyl-2,6edimylphenol (B) compounds were
synthesized and characterized by the analyticalspedtroscopic methods. Single crystals of
these compounds were obtained from the GHEBDH solution by slow evaporation and their
structural characterizations were, first time, deiaed by X-ray crystallography technique.
Analytical and spectroscopic data of the compoyAdsnd (B) are given in the experimental
section. In theH NMR spectrum of the starting compound (A), thgnsil at the 6.90 ppm
may be assigned to the two protons of the aromiatic The methylene protons of the -&M
groups are shown at the 4.80 ppm. The;@Hd CH protons of the ethyl group on the
aromatic ring were shown as multiplets in the 11128 and 2.55-2.60 ppm range,
respectively. In thé*C NMR spectrum, the signals in the 125.94-152.66 pange can be
attributed to the aromatic ring carbon atoms. Tigaads at the 63.70, 27.94 and 15.80 ppm
may be assigned to the carbon atoms of theGQCHCH, and -CH groups, respectively. In the
FTIR spectrum of the (A), the OH vibrations of thgphatic CHOH and phenolic Ph-OH
groups were shown at the 3407 and 3325, craspectively. In théH NMR spectrum of the
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dicarbonyl compound (B), the signal at 9.10 ppm rbayassigned to the protons of the
carbonyl groups. The aromatic ring protons wereanshat the 7.70 ppm. The Gkand CH
protons were shown as multiplets in the 1.20-1128 257-2.58 ppm range, respectively. In
the ®*C NMR spectrum, the carbon atoms of the carbongups were shown at the 190.45
ppm. The signals in the 125.30-151.55 ppm rangebeaattributed to the aromatic carbon
atoms. The aliphatic carbon atoms were shown a27@? (-CH) and 15.83 ppm (-C#). In
the FTIR spectrum of the compound (B), the vibratiand at the 3345 chran be attributed
to the phenolic OH group. The vibration of the cand group were shown at the 1660tm

3.2 X-ray structures of 4-ethyl-2,6-bis(hydroxyngtthenol(A) and 4-ethyl-2,6-
diformylphenol (B)

The structure of the (A) was solved monoclinic crystal systempP2(1)/c space
group with Rina value of 0.0408. Molecular structure of the commpb(B) is shown in Fig. 1.
The asymmetric unit contains two independent mdéscdiffering in the conformation of
alcohol arms and hydrogen bonding interactionsiwithe structure. The€D bond distances
in the structure are in well agreement with simgauctures with different substitute groups
on thep- position [25-27]. The molecules form centrosymneetlimers held together by two
complementary hydrogen bonds (Fig. 2). The streciarstabilised by intermolecular-O
H----O hydrogen bonds resulting in a 2D hydrogerd bwtwork and the compound does not
show intra-molecular hydrogen bonding within theusture. There are also-n stacking
interactions between the two adjacent aromaticsriwgh a centroid—centroid separation of
4.100 A°. Packing diagram of the starting compo(Bidare shown in Fig. 2.

Perspective view of the compound (A) is shown ig. 3. The compound (A)
crystallizes intriclinic crystal system,P 1 space group with unit cell parameters a=
7.6563(6), b= 7.8598(7), c= 8.4085(7) ds 73.2310(10)B= 71.0790(10)y= 66.6050(10)°,
V=431.81(6) & and Z=2. The aldehyde (C1=01 and C10=03) distanoed.211(14) and
1.2253(14) A respectively, which are in the ran§€=0 double bond character and in good
agreement with literature values of similar compsif28,29]. The phenolic group (Ph-OH)
involves in intra-molecular hydrogen bonding witheoof the aldehyde groups (O2----03=
2.6508(12) A) forming a S(6) hydrogen bonding mdfiio aldehyde molecules are linked by
two inter-molecular complementary hydrogen bondski2 - - - O3 {x+1,-y,—z+2] resulting
in a D4) hydrogen bonding motif (Fig. 3). Weaker hydmgbond type CH----O
interactions were also observed in the structusglrében bonded dimers are linked Byt



interactions within the structure. Crystal packiofythe compound is determined byt

interactions (Fig. 4).
3.3 Characterization of the porphyrin-Schiff baggmhd (L) and its complexes

5-(4-Aminophenyl)-10,15,20-triphenylporphyrin (THM,) was prepepared by the
reduction of nitro analogue 5-(4-nitrophenyl)-1Q2®triphenylporphyrin (TPP-N£). TPP-
NH, was then used to prepare the porphyrin Schiff bégend 4-ethyl-2,6-bis[5-(4-
iminophenyl)-10,15,20-triphenylporphyrin]phenol (1Although the TPP-NEcompound has
the assymmetric nature, synthesized porphyrin Sdf@ise ligand (L) has the symmetric
structure. Purification of the porphyrin based coonmds is considerably hard and therefore,
the yields of these compounds are very low. Crlyatdion technique is not suitable in the
purification of TPP, TPP-NOand TPP-NH because these compounds are soluble in same
solvents. Therefore, the column chromatography otetwas used for this purpose. The
ligand (L) is soluble in THF, DMF, DMSO, tolueneHgCl,, etc The ligand and its metal
complexes are very stable compounds at room terypenaithout decomposing. There are a
few reports about porphyrin Schiff base ligand #adnetal complexes obtained from the 5-
(4-aminophenyl)-10,15,20-tris(4-nitrophenyl)porphyand 4-formylphenol derivative [30].
These compounds are called as “Push-Pull Porphiyrins

All porphyrine derivatives were characterized b thAnalytical and spectroscopic
methods. Proposed structures of the porphyrin Stiaie ligand and its complexes were
given in Scheme. In order to determine the stmectii the porphyrin Schiff base ligand (L),
'H(**C) NMR spectra have been carried out and obtair¢a are given in the experimental
section.'H NMR spectrum of the ligand was measured in datgerchloroform (CDG) as a
solvent. In the spectrum of the porphyrin Schifsddigand, the eight protons pipyrrole
separated into two groups, which exhibited the fwayrrolic protons near C=N groups were
in a different chemical environment to the anotsigrprotons. The signals at 8.93, 8.88 and
8.71 ppm can be attributed to thgyrrole protons. This signal is located at a Very field
as the delocalization of electron on the pyrrolegri The unsymmetrical chemical
environment of these protons exhibited the inflgeatthe extended structure or the strong
electron donating effect of the ethoxy and hydrgxgups. A singlet at 8.68 ppm may be
assigned to the proton of the CH=N group of theppwrin Schiff base ligand (L). The
protons of the phenyl rings bonded on the porphymig were shown as multiplet in the 8.45-
7.80 ppm range. The protons of the diformyl ringevehown as a singlet signal at 7.65 ppm.
The signals in the 2.61-2.59 ppm range can bebatéd to the protons of the —gHyroup.
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The triplets in the 1.25-1.22 ppm range may begassi to -CH protons. The singlet of the
NH peak (due to rapid exchange of N-H protonspisfl to be very high field (-2.70 ppm),
since they are located within the shielded corthefporphyrin ring.

13C NMR spectrum of the ligand (L) shows six shagnals (121.92 (fesd, 126.85
(Cmum), 128.06 (G), 134.54 (@), 135.10 (Go), 141.65 (G) ppm) and a very broad signal
(146.25 ppm) fom-carbon atoms. The carbon atom of the azomethioepgwas shown at
164.90 ppm. The signals at 15.80 and 27.88 ppnbeaattributed to the carbon atoms of the
ethyl group on the diformyl ring.

In order to investigate the mass spectral properté the ligand and its metal
complexes, MALDI-TOF-MS studies were performed. TMALDI-TOF spectrum of the
ligand (L) is shown in Fig. 5 and obtained data @ireen in the experimental section. The
spectra of the Cu(ll) and Mn(lll) complexes areegivn the supplemantary material. As seen
from the obtained data, the MALDI-MS spectra reswaonfirm the proposed structures for
the compounds. In the spectrum of the porphyrinifSblase ligand (L), the molecular ion
peak [M+H] was shown at m/z= 1402.66 as a main peak. On tther diand, the Cu(ll),
Fe(lll) and Zn(ll) complexes show the molecular j@aks at m/z= 1757.15, 1724.54 and
1765.08, respectively. In the MALDI-MS spectrumtbé Pt(Il) complex, the peak at m/z=
2284.57 may be assigned to the molecular ion [M+Hj the spectrum of the Mn(lll)
complex, the molecular ion peak was not obsrvestead, the peak at m/z= 1625.5 can be
attributed to the [@H7o0Mn2N1gOs]” ion. In the course of formation of this ion, the
[Mn(AcO)2(H20] group from the main complex was seperated. Tlaénnpeak at m/z=
1398.42 can be attributed to the free ligand'[ih.

Infrared spectral data of the TPP, TPP-NOPP-NH, L and transition metal
complexes are given in the experimental sectigks shown also from the spectral data, the
FTIR absorption frequencies were different fromefigorphyrin Schiff base ligand and its
metal complexes. It was found that the N-H bondtshing and bending frequencies of the
TPP, TPP-N@ TPP-NH and L located in the 3324-3311 ¢mange and at ~964 ¢hin the
spectra of the TPP, TPP-N@nd TPP-NHcompounds, the bands in the 2988-3021" cnay
be assigned to the C-H bond of the benzene andlpyings. The bands in the 1494-1480
and 1344-1349 cthrange can be attributed to the C=C stretching maai the C=N
stretching vibration, respectively. In the spectmithe free porphyrin Schiff base ligand, the
stretching band at 1618 €ntan be attributed to the azomethine group. Insgieetra of the
complexes, the CH=N vibration were shown in the1t6810 cn range and this situation

shows that the nitrogen atom of the azomethinegyomordinated to the metal ions. When the
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metal ions were inserted into the porphyrin rifgg N-H bond vibration frequency (Fig. 6) of
free base porphyrins disappeared and the chamstateie-N bond formed in the range of
1011-1002 cnf, which indicated the formation of iron porphyrianspounds [31]. The M-O
and M-N band vibrations were shown in the 580-586 462-450 cni range. The FAR
characterization of M-Cl bond vibration (M: Cu(Ige(lll), Pt(ll) and Zn(ll)) located at 357-
374 cni,

3.4 UV-Vis spectral properties

In order to determine the solvent effect, the etest properties of the synthesized
porphyrin based compounds were investigated inODMSO, DMF, CHCI, and toluene
solutions. Obtained Uv-vis absorption spectral adtthe TPP and TPP-N@ompounds are
given in the experimental section. The electrorbdsaaption spectral data and the molar
extinction coefficients of the TPP-NHporphyrin Schiff base ligand (L) and its trarmiti
metal complexes are given in Table 2. The UV-viscs@a of the TPP-NK porphyrin Schiff
base ligand and its transition metal complexeshenDMF solution are given in Fig. 7. As
shown also from obtained data, the UV-vis spedtiBR% and TPP-N©compounds showed
the bands centered at 416, 418 nm (Soret band¥oand bands absorptions in the 515- 648
and 514-646 nm range, respectively. It could als@lserved that the absorption band in the
UV-vis region of free porphyrin compound with —p@roup at 418 nm, which revealed the
red shift compared to free TPP compound (2 nm). fideson might be that the strong
electron-withdrawing —N@ group decreased the electronic density of the lponp ring.
Thus, the energy levels of andnr, orbits were increased and the energy gap betw&vi®i
and LUMO of the porphyrin ring became smaller. Tha* electron excitation of the
porphyrin ring required absorbing the light of shkealenergy (longer wavelength),
accordingly the absorption band (Soret band) oedumed shift and located in the long
wavelength region. In the spectra of the TPP;NMbimpound in different solutions, the Soret
band were highly red shifted to 480 na®Q nm). Q bands of this compound are four pieces
and these bands were observed in the 517-652 nge.r&m the spectrum of the porphyrin
Schiff base ligand, one Soret band and four wedla@ds were observed. The ligand, aside
from Soret and Q bands, a new absorption band@anhB8vappeared can be attributed toithe
n* transitions of the azomethine group. The absomsipectra of the porphyrins do not show
n- * transitions owing to the symmetry of the n-ortstand asymmetry of the-orbitals in

point of the plane of the porphyrin compound.
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Soret bands shifted to the lower wavenumbers indif#&483 nm range in DMSO,
DMF, CH,CI, and toluene solutions. This red shift is owinghe hyperconjugation on the
porphyrin Schiff base molecule by theelectron delocalization. On the other hand, Q band
were shown in the 514-649 nm range. The relatitensities of Q bands are in order of IV >
[l > 11 > I. This situation is consistent with thigerature data [32].

The interference of Cu(ll), Fe(lll), Mn(lll), Ptjlland Zn(ll) metal ions into the
porphyrin ring caused blue- or red-shift [@-5 nm of the related Soret band as well as a
decreasing number of Q bands in their UV-vis specthis is because when the hydrogen
ions of N-H was replaced by the metal ions, theragtny of the porphyrin ring increases. In
the UV-vis spectra of the LGGl; complex in the different solvents, Q band[&tl6 nm
disappeared and other three bands at 539, 540 &had shifted to shorter wavelenghts
compared to the ligand (L). Soret bands of the dergs shifted to the shorter wavenumbers
(413-483 nm range). Q bands of the complexes wkosvis in the 503-684 nm range.
Quantity of the Q bands were determined as twcgethor four in the transition metal

complexes and this situation is agreed with tiegdiure data [33-36].

3.5 Photoluminescence properties

The photoluminescence properties of the ligand ghdl its metal complexes were
investigated in DMF solution and different concations (1.0x10-1.0x10" M) at room
temperature. The obtained data are given in Tahlke 3Fhe emission and excitation spectra of
the compounds L and LGQl; were shown in Fig. 8. The excitation spectrum had free
ligand (L) shows one peak at 383 nm. Depending ugemreasing of the concentration, the
intensity of the excitation peak decreases andsstufthe lower wavelenghts. The emission of
the free porphyrin Schiff base ligand shows onergfrpeak at 659 nm, seems to be free
porphyrin compound in different solvents [37]. Qofehem is $ (B band) and the other is S
(Q band). The fluorescence emission of the B ($dxand is attributed to the transition from
the second excited singlet statet® the ground state,SS, — S. The Soret emission band
was about two orders of magnitude weaker than the->SS, transition of the Q band
emission.

In the excitation spectra of the transition metainplexes, the Cu(ll) and Fe(lll)
complexes showed one band at 356 nm in 1.8x#0concentration. Against to the lower
concentrations, the band at 356 nm shifted to ehgdr wavenumbers at 376 and 372 nm,

respectively [38]. The Zn(Il) complex indicates tiecitation band. The band at 350 nm in
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1.0x10° M concentration shifted to 366 nm in the lower @amirations. In the excitation
spectra of the Mn(lll) and Pt(ll) complexes, onlyeoband at 352 and 397 nm was observed,
respectively. In the lower concentrations, the bastdfted to lower wavenumbers.
Concentration differences have effect on the eticitaspectra of the porphyrin Schiff base
ligand and its transition metal complexes. On ttteeohand, ethyl group on the benzenoid
ring has the electron donating property to the atonring by the mesomeric and inductive
effects. Electron-donating effect falled the enedifyerence between HOMO and LUMO,
and causa shift to red direction.

In the emission spectrum of the Pt(ll) complex1i@x10° M solution, the a band with
the high intensity at 641 nm was shown, and thisdlkshifted to the lower wavenumber (650
nm) in the 1.0x18 M solution. While the Mn(lIl) complex showed thmission band at 673
nm in 1.0x1G° M concentration, the Cu(ll), Zn(ll) and Fe(lll) mplexes indicated the bands
at 704, 667 and 617 nm, respectively. The emisbamd of the Cu(ll) complex shifted to
lower wavelenght than the other complexes. Othesson bands show blue shift to 617 nm.

On the other hand, the emission band of the Fefdithplex also shifted to the blue region.

3.6 Thermal properties

Thermal stabilities of the ligand and its metal pdemes were studied in the 20-1000
°C temperature range undep Btmosphere. The Cu(ll) complex begins to decompbgd
°C, and this mass loss may be attributed to therbddovater molecules. About 3.93% of the
mass has been lost. In the first decomposition ggicthe Fe(lll) and Mn(lll) complexes
showed the mass lost at about TZD and this can be attributed to the coordinatecemvat
molecules. In the 200-300C temperature range, coordinated chloride ionsgemxthe
Mn(lIl) complex, move away from the structures [3B] this step, about 8.50% of the mass
of the complexes was lost. In the Mn(lll) complerprdinated acetate ions were removed at
about 280°C temperature. At this temperature, the mass lbsiseocomplex corresponds to
13.76% of total mass. The subsequent decomposdfothe Pt(Il), Fe(lll) and Mn(lll)
complexes start at about 40&, and continue up to 85T. On the other hand, the last
decomposition of the Cu(ll) and Zn(Il) complexegips at 470°C and continues up to 1000
°C. After the organic moiety (L) of the complexesamposed, the metal oxides (CuO, ZnO,
Fe03, PtO and MpO3) formed at higher temperatures. The Cu(ll) andIXepmplexes have
the higher thermal stability than the other comptex Order of thermal stability is
Cu(Il) > zn(11) > Pt(ll) > Fe(lll) > Mn(lII).
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3.7 Electrochemical properties

Electrochemical properties of the porphyrin Schédfe ligand and its metal complexes
were investigated in DMF-0.1 M BNBF, as supporting electrolyte at 293 K. All potentials
quoted refer to measurements run at a scan rathe ih00—1000 mV5range and against an
internal ferrocene—ferrocenium standard, unlessraiise stated. The electrochemical studies
were studied in the 1 x Toand 1 x 1d M DMF solutions and obtained data are given in
supplementray file. The cyclic voltammograms of ligand L(a) and its Pt(ll) (b) complex
are shown in Fig. 9. The voltammograms were reabrdehe range from -2.0 to 2.0 V vs
Ag'/AgCl. In 1x10® M DMF solution, the free porphyrin Schiff basediwl (L) has the two
anodic peak potentials in the -0.74-0.54 V range0& 1000 mV/s scan rates. In addition, the
ligand has one anodic peak in the -0.11-(-0.15e. On the other hand, in 1161 DMF
solution, the ligand has two anodic and cathodakpen the -054-0.39 V and -1.24-(-0.29) V
range, respectively, at all scan rates. In thesecamrations, all redox processes are
irreversible for free ligand. In 1xTOM DMF solution, the Cu(ll) complex shows the
reversible redox processes at 0.27/0.28 V, 0.28/0/2 0.29/0.30 V, 0.30/0.31 V and
0.31/0.32 V couples, respectively. But, in 1.0%1d DMF solution, the complex has two
anodic and cathodic peaks in the -0.54-0.39 ar#l-¢£0.29) V, respectively, and these redox
processes are irreversible. In 1X1 DMF solution, the Pt(Il) complex has quasi-resible
redox processes in the 0.55-0.74 B4fE,c) range. In 1x19 M DMF solution, the Pt(ll)
complex has irreversible redox processes in th@-0.719 V range. The Zn(Il) complex shows
irreversible redox processes in the 1.0%1M@ solution, however these redox processes
became reversible in the 1.0l solution at all scan rates. The Fe(lll) and Miy(l
complexes indicate one or two anodic and cathodakpotentials in the -0.60-0.67 and -
1.04-0.79 V, respectively and these processesriaeersible. By the increasing of the scan
rate, while the cathodic peak potentials shifteth®negative regions, the anodic peaks were
shifted to the more possitive regions. When theceatration of the solution of the ligands
decreases to 1xT0M, the anodic and cathodic peak potentials dataweth reduced and

increased.

3.8 SOD Activity studies

Measuring SOD activity is rather difficult, sindeetQ " free radical has a short half-

life in neutral aqueous solution. There are mamgdliand indirect methods reported for
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measuring the SOD activity. The direct measuremantSOD activity falls into two
categories: stopped-flow kinetic analysis and puiadiolysis [40]. Cyctochrome c¢ and
nitrobluetetrazolium (NBT) are the most commonlyedisredox indicators due to their
convenience and ease of use [41,42]. In these m&tlxanthine/xanthine oxidase generates
steady-state low levels of superoxide. On the oftfaexd, NBT has some disadvantages such
as poor water solubility of the formazan dye ane ititeraction with the reduced form of
xanthine oxidase.

The SOD activity of porphyrine Schiff base metahgdexes were evaluated by a
modified indirect chemical method [43]. The resuwfsour complexes and some literature
data are shown in Table 4. The SOD test resultsatetl that these compounds could be
considered as good SOD-mimics, as compared wittvendbbvine Cu, Zn-SOD and some
related complexes listed in Table 4. The SOD agtiof the Mr**, F€*, zn** and Pt are
similar 1G5, values and slightly higher than that of Zwcomplex. The dismutation of
superoxide to molecular oxygen and hydrogen peeokid the complexes is shown in the
equation below.

) . Complex
20,°+2H" —> 0, + H0;

Direct comparisons of SOD activity of complexeghwiother related complexes are
somewhat complicated due to diverse methodologyl diee the formation of superoxide.
Acoording to IC50 values, the complexes exhibit dovactivity than Cu/ZnSOD (native
bovine) [43] and manganese porphyrine complex [MAdHRyP]Ck [44]. However, the
manganese salen complex (EUK-8) [45,46] shows amh@50 value to the complexes tested

in this study.

3.9 DNA binding properties

The porphyrins and their metal complexes are knawrbind to DNA via both
covalent and/or non-covalent interactions [47]cavalent binding, the labile porphyrin part
of the complexes is replaced by a nitrogen badeMA such as guanine NNMoreover, the
non-covalent DNA interactions include intercalativelectrostatic and groove (surface)
binding of compounds along outside of DNA helixgrad major or minor groove. It has been
reported that FSdsDNA can provide three distindtiveling sites for all compounds; namely,
groove binding, electrostatic binding to phospliataup and intercalation [48]. This behavior
is of great importance with regard to the relevaiotogical role of porphyrins and metallo
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porphyrins in the body. The interaction can be istidvith UV spectroscopy in order to
investigate the possible binding modes to FSdsDN# changes observed in the UV spectra
upon titration may give the evidence of the exgiimeraction mode, since a hypochromism,
due toreTt* stacking interactions, may appear in the casthefintercalative binding mode,
while red-shift may be observed when the DNA dupisxstabilized. In UV titration
experiments, the spectra of FSdsDNA in the preseheach compounds have been recorded
for a constant compounds concentration in diveligarjd or complex]/[FSDSDNA] mixing
ratios (r). Fig. 10 shows the spectral changesmedin 1x1¢ M methanolic solution of the
ligand (L) upon addition of increasing amounts &JSDNA. Even though no appreciable
change in the position of the intraligand bandha ligand (L) and its metal complexes are
observed by addition of different initial concetitva of FSAsDNA (0.4 ppm for L, 0.5 ppm
for LCu,Clz and LZnClsand 1 ppm for LRCI3). The intensity of the band centred at 415.7
nm for the ligand (L) (from 415.7 to 421.6 for L {4, from 0.63 to 0.24), from 413.2 to
419.9 for LCyCl3 (Amax from 1.29 to 0.52), from 432.05 to 434.1 for LZH4 (Amax from

0.3 to 0.25) and from 416.1 to 422.5 for A&l (Amax from 0.43 to 0.19) decreased in the
presence of DNA. Upon increasing DNA concentratithe, absortion intensity is increased
for the ligand (L) over again. In general, the hgbeomism and hypochromism shifts are the
spectral features of DNA concerning changes of disuble helix structure. The
hyperchromism means the breakage of the secontfaistise of DNA. The hypochromism
shows that binding of complex to DNA can be duetetestatic effect or intercalation which
may stabilize the DNA duplex. Additionally, the stance of a red-shift is indicative of
stabilization of DNA duplex [48]. On the other harddition of FSASDNA to the ligand (L)
results in slight hypochromism of the band\at,= 415.7 nm, which is accompanied by a
red-shift of 5.9 nm (up to 421.6 nm). These spéctianges may be evidence of a possible
intercalation, which could subsequently stabilize DNA duplex [49]. For all complexes, the
band centered at 413.2, 432.05 and 416.1 nm eglabéss pronounced chromism of 40.31 %
for copper complex, 83.33 % for zinc complex and28% for the platinium complex upon
addition of FSdsDNA accompanied with a red-shifig(R.1). The binding strength of the
ligand (L) and its complexes with FSdsDNA is migdrin the intrinsic binding constalt,
which represents the binding constant per DNA lpaseand can be obtained by monitoring
the changes in the absorbance at different waveten@or all compounds) with increasing
concentrations of FSdsDNA, according to the follogvequation (Eq. 1) [50,51]:

[DNA] / (€a-€r) = [DNA] / (€5-€) + 1 /Kp(€a-€r) (Eq. 1)
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where g, = Agps/ [Complex], €5 = extinction coefficient for the free complex apg =
extinction coefficient for compound in the fully bwiform, respectively. In plots [DNA] £
-&) versus [DNA],Kypis given by the ratio of slope to the y intercapséts in Figs. 10&11).
The determine®y, values for the ligand (L) and its metal compleassgiven in Table 5. The
high value ofK, obtained for LPCl3;, LCwCls or ligand (L), and LZgCl; suggest a strong
binding of complexes to FSdsDNA. Indeed, it is mbhafher tharK,, calculated for the ligand
(L), indicating that the coordination of porphyfigand (L) to M(Il) ion enhance significantly
the ability to bind to FSdsDNA. This is an impottgooint. TheK, values of the porphyrin
Schiff base ligand (L) and its metal complexes lagher than the EB binding affinity for
DNA (Kp = 1.23 + 0.07 x 13). For the reason that, the intercalative intecactnay affect EB
displacement [52,53]. In addition, a distinct isesiic point appears at about 425.1 nm upon
addition of FSdsDNA. The behavior of complexes upmadition of FSdsDNA is quite

similar.

Conclusion

In this study, a new symmetric porphyrine-Schiféédigand and its transition metal
complexes were synthesized and chracterized bytrsgeopic and analytical methods.
Starting compounds 4-ethyl-2,6-bis(hydroxymethy®pbl and 4-ethyl-2,6-diformylphenol
were obtained as single crystals and their strasturere identified by X-ray crystallography
method. Uv-Vis, emission, excitation, electrocheahiand thermal properties of the ligand
and its metal complexes were investigated in defiperoxide dismutase activities of the
porphyrin Schiff base metal complexes were investid. In addition, the study of the
porphyrin and metalloporphyrin interaction with BBINA has been performed with UV
spectroscopy and it reveals that the complexesbaoath to DNA. The UV spectroscopic
titrations were used in order to calculate the inigdstrength of the complexes with
FSdsDNA which is mirrored in the intrinsic bindirgpnstantK,. The LPyCl; complex
exhibits much higher intrinsic binding constant ESdsDNA than the other complexes,
porphyrin ligand and EB.

SupplementaryInformation

CCDC numbers 1038663 and 1038664 contain the suapliary crystallographic data for
(A) and (B), respectively. Bond lenghts and angtésthe compounds were given in

Supplementary Information. These data can be obtained free of rgehavia
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www.ccdc.cam.ac.uk/data_request/cif, by e-mailingtadrequest@ccdc.cam.ac.uk, or by
contacting The Cambridge Crystallographic Data @ed? Union Road Cambridge CB2
1EZ, UK Fax: +44(0)1223-336033.
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Tablel

Crystallographic data for the starting materialarns B.

Identification code A B
Empirical formula GoH1403 C10H1003
Formula weight 182.21 178.18
Crystal size (mr) 0.41x0.36 x 0.08 0.31x 0.23x 0.10
Crystal color colourless Yellow
Crystal system Monoclinic Triclinic
Space group P2(1)/c P1
Unit cell a (A) 16.3457(16) 7.6563(6)
b (A) 13.3873(13) 7.86D8
c (A 8.3694(8) 8.408p(7
a (%) 90 73.2310(10)
B (°) 94.5084(15) 71.0790(10)
y () 90 66.6050(10)
Volume (A3) 1825.8(3) 431.81(6)
z 8 2
Abs. coeff. (mrt) 0.097 0.101
Refl. Collected 18678 5837
Completeness t6 = 28.10° 100% 99.6%

Ind. Refl. [Rn]

R1, wR2 [I>2 (1)]
R1, wR2 (all data)
CCDC number

4535 [0.0330]

0.0408, 0.0981
0.0534, 0.1076
1038663

2105 [0.0201]

0.0383, 0.1059

0.0468, 0.1127
1038664
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Table?2
Hydrogen-bond geometry (A, °) for the starting cammpd (A).

D—H--A D—H H-- A D-- A D—H--A

O2—H1A---O3 0.878 (19) 1.878 (19) 2.6508 (12) 145.8 (16)
O2—H1A---O8 0.878 (19) 2.400 (18) 2.9764 (12) 123.5 (15)
C7—H7---01  0.95 2.65 3.5230 (14) 153.0

C10—H10---O1 0.95 2.60 3.4834 (15) 154.5

Symmetry codes: (—x+1, -y, —z+2; (1) x+1,y-1,z.
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Table3
Hydrogen bonds for the starting compound (B) [A &h

D—H--A D—H H-- A D-- A D—H--A

O(1)-H(1)...0(3) 0.824(18) 2.000(19) 2.8179(14) 171.5(17)
0(2)-H(2)...0(1) 0.831(18) 1.905(18) 2.7043(13) 160.9(16)
O(3)-H(3A)...0(2)  0.836(19) 2.025(19) 2.8610(14) 177.6(17)
O(4)-H(4)..0(5Y  0.90(2) 1.92(2) 2.7609(14) 156.4(18)
O(5)-H(5)...0(6} 0.901(19) 1.747(19) 2.6277(14) 165.0(17)
O(6)-H(6)...0(4y  0.882(19) 1.821(19) 2.6907(14) 168.4(17)

Symmetry codes(i) -x+1-y+2-z (i) -x+1-y+2-z+1 (i) X;y+3/2,zz1/2 (\v)-X,-y+1-z+1 (V) X-y+1/2,z+1/2  (Vi-X,-y+1-z
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Table4

UV-vis absorption spectral data of ATTP-NH,, the porphyrin Schiff base ligand (L) and its
metal complexes in the different solvents (Amax (NM) (max, M cm™)).

Compounds DMSO DMF Toluene CH.Cl;

ATTP-NH, 479(1.28x10%), 481(0.47x10%), 425(3.34x10%), 481(0.58x10%),
558(0.89x10%),  518(1.29x10%), 524(0.40x10%), 517(1.75x10%,
592(1.01x10%), 557(0.93x10%), 560(0.30x10%),  554(1.01x10%,
591(0.52x10%), 592(0.50x10%), 587(0.20x10%), 591(0.57x10%,
652(0.50x10")  651(0.51x10%)  650(0.10x10%)  649(0.58x10%

L 478(0.90x10%),  379(0.50x10%), 483(0.77x10%), 482(0.84x10%,
517(2.90x10%),  483(0.76x10%), 515(3.03x10%),  516(3.14x10%,
546(1.89x10%), 514(2.28x10%), 553(1.71x10%), 552(1.76x10%,
571(1.20x10%), 552(1.36x10%), 593(0.93x10%), 592(0.99x10%,
641(1.03x10%)  592(0.74x10%), 649(0.76x10%)  645(0.86x10%

648(0.70x10%
543(2.08x10%), 540(2.03x10%), 541(2.04x10%), 539(1.90x10%,
585(0.69x10%), 585(0.50x10%), 580(0.37x10%), 578(0.43x10%,

LCu,Cl 587(0.68x10%),  700(0.18x10%)  650(0.15x10%), 676(0.22x10%
659(0.12x10%

L FesCl4(H20) 521(1.95x10%), 516(2.17x10%), 516(1.42x10%), 503(3.02x10%,
547(1.46x10%), 554(1.28x10%), 551(0.88x10%), 684(2.52x10%
588(0.72x10%)  653(0.65x10%)  590(0.67x10%

LMng(ACO)4(H20) 516(2.42x10%),  463(3.22x10%),  475(3.52x10%),  476(3.30x10%),
556(1.62x10%), 516(1.94x10%), 516(1.94x10%), 516(1.80x10%,
592(1.19x10%)  554(1.12x10%), 552(1.19x10%, 552(1.11x10%,

590(0.80x10%)  592(0.85x10%)  592(0.81x10%

LPt,Cls 516(2.42x10%), 463(3.22x10%), 475(3.52x10%),  476(3.30x10%,
556(1.62x10%), 516(1.94x10%), 516(1.94x10%), 516(1.80x10%,
592(1.19x10%)  554(1.12x10%), 552(1.19x10%), 552(1.11x10%,

590(0.80x10%)  592(0.85x10%)  592(0.81x10%

LZn,Cl3 518(1.85x10%), 478(1.71x10%), 484(0.52x10%), 549(1.92x10%,
561(2.68x10%), 516(1.83x10%), 516(1.70x10%), 589(0.69x10%,
602(1.61x10%)  559(2.68x10%), 556(2.07x10%),  680(0.78x10%

600(1.52x10%)  602(1.13x10%
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Tables5a,b.

Excitation (a) and emission (b) spectral data of the porphyrin Schiff base ligand and its transition metal complexes in the different concentrations.

a) Amax (NM) Excitation

Compounds 1x10°° (M) 1x10™ (M) 1x10™ (M) 1x10° (M) 1x10" (M)
L 383 381 330 379 377
LCu,Cls 356 360 367 373 376
LZn,Cl3 350 353 357 360 366
LPt,Cl3 397 390 384 377 371
LMn3(AcO)4(H20) 352 350 347 343 340

L FesCl4(H,0) 356 362 365 369 372

b) Amax (NM) Emission

Compounds 1x107° (M) 1x10™ (M) 1x10” (M) 1x10° (M) 1x10" (M)
L 659 655 648 642 638

L Cu,Cl3 704 698 693 695 698
LZn,Cls 667 665 663 661 659
LPt,Cl3 641 643 646 648 650
LMnz(AcO)4(H20) 673 670 665 661 657

L FesCl4(H20) 617 613 611 605 602
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Fig. 1. Crystal structure of the starting compound (A) (left) and hydrogen bonded dimer
(right).
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Fig. 2. Unit cell packing of the compound, Tt..TT interactions shown as dashed lines, hydrogen

atoms are omitted for clarity.
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Fig. 3. The asymmetric unit of the starting compound (B) with atom numbering.
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Fig. 4. Packing diagram of the starting compound (B) showing hydrogen bond network.
Hydrogen atoms are omitted for clarity. Atom labels show centrosymmetric dimers held by
two complementary hydrogen bonds. Symmetry codes. *:-x+1,-y+2,-z+1 **: -x+1,-y+2,-z
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M: Fe(l11) and Mn(111)

X: CI', CH3COO

Fig. 5. Proposed structures of the synthesized porphyrin Schiff base ligand and its complexes.
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Fig. 7. FTIR spectraof the porphyrin Schiff base ligand (L) and its metal complexes.
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HIGHLIGHTS

* 4-Ethyl-2,6-bis(hydroxymethyl)phenol and 4-ethyl-2,6-diformylphenol compounds have
been synthesized and the compounds were, First time, characterized by X-ray single
crystallography.

* A new porphyrin Schiff base ligand and its transition metal complexes have been

synthesized.

* First time, superoxide dismutase activity and DNA-binding properties of thistype
compounds were investigated.



