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ABSTRACT

Two imine compounds, 4-[(E)-(2-methoxybenzylidene)amino]phend)l &nd 4-[(E)-(3,4-
dimethoxybenzylidene)amino]phenol 4L were synthesized and characterized by the
analytical and spectroscopic methods. The electrochemical andyshiokescence properties
of the imine compounds'land |* were investigated in different solvents. The compourlds L
and |* show different redox processes at some potentials. The molstuletures of two
Schiff base compounds are broadly similar, differing principally enpibsition, the number of
metoxy(-OCH) groups and dihedral angles between aromatic rings. While the compbund L
has only one metoxy group located on thgosition with respect to the imine bond (C=N),
the L contains two metoxy groups on them-positions with respect to the imine bond. The
imine compounds show two or three emission bands in the 619-832 nm mangganic
solvents. In the 1.0 x TOM concentration, the compounds have the highest excitation a
emission bands. The imine compoundsahd L* were screened for their vitro cytotoxicity

onHela cell lines using the xCELLigence system (Real Tirakk Analyzer).
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1. Introduction

Imine compounds (called also Schiff bases) are synthesized fromedbton of
aliphatic or aromatic primary amines with aldehydes or ketortesy are nitrogen analogue
of an aldehyde or a ketone in which the carbonyl group (CO) has beereceplaan imine
(azomethine -C=N-) group. Schiff bases form an important dafise most widely used as
organic compounds and has a wide variety of applications in many fields pmlogical,
inorganic and analytical chemistry. Some of them are the ba#i in certain dyes and are
also used as liquid crystals. Schiff bases appear to be impmtirmbediates in a number of
enzymatic reactions involving interaction of an enzyme with an amiaccarbonyl group of

a substrate [1].

Imine compounds, obtained frequently from various of the heterocpecinary
amines, were reported to possess a broad spectrum of pharmzalcdagjvities with a wide
range of biological properties, development of a new chemotherapeinie compounds is
now attracting the attention of medicinal chesig]. They are known to exhibit a wide
variety of potent activities. The pharmacologically useful aotisiinclude antibacterial,
anticonvulsant, antiinflammatory, anticancer, anti-hypertensivei-fuaigal, antipyretic,
antimicrobial, anti-HIV, cytotoxic activity, hypnotic and herb&idctivities [3].

Our research group reported a series of imine compounds and theitidrametal
complexesas biocidal against bacteria and fungi species [4-10]. The biologfieects of
these compounds were found to be dose dependent. In our other researchydinetgiel
Schiff base ligands and their Cu(ll) and Cd(ll) complexes werehsgiged [11]. In this
research, the Schiff base complexes of cadmium were founthhibit the intense
chemiluminescence reaction in dimethylsulfoxide (DMSO) solutionvédst luminol and
dioxygen in the presence of a strong base. This effect is sigtlificaorrelated with the
stability constant&cq. of the complexes and the protonation constigtsof the ligands; it
also has no significant association with antibacterial agtiVite investigated the antioxidant
and anticancer properties of the sterically hindered Schiff basgounds [12-14]. Higher
absorbance of the reaction mixture indicated greater reducing pmfwitre Schiff base
ligands.

In this study, two imine compounds from the reaction of the 2-methoxy ldehgde
or 3,4-dimethoxy benzaldehyde with 4-aminophenol in the ethanolic solugom prvepared
and characterized by the analytical and spectroscopic methodscomhpgounds were

structurally characterized by X-ray diffraction studies. Additignaelectrochemical,



luminescence, antioxidant and anticancer properties of the compouresvestigated. The
electrochemical and photoluminescence properties of the imine compoearegwestigated

in different solvents and concentrations.

2. Experimental

2.1 Materials and measurements

All reagents and solvents were of reagent-grade quality and obtaome@dmmercial
suppliers (Aldrich or Merck). Elemental analyses (C,H,N) weeeformed using a LECO
CHNS 932. Infrared spectra were obtained using KBr disc (4000-400 @n-&) Perkin
Elmer Spectrum 100 FT-IR. The electronic spectra in the 200-90&@mge were obtained on
a Perkin ElImer Lambda 45 spectrophotometer. Mass spectra ajahddiwere recorded on a
LC/MS APCI AGILENT 1100 MSD spectrophotometétd and 1*C NMR spectra were
recorded on a Bruker 400 MHz instrument and TMS was used asesnainstandard and
DMSO-6 as solvent. The thermal studies of the compounds were perfamedPerkin
Elmer STA 6000 simultaneous Thermal Analyzer under nitrogen atraspha heating rate
of 10°C/min.

The single-photon fluorescence spectra of the Schiff base compotiadsl I2 were
collected on a Perkin Elmer LS55 luminescence spectrometesailples were prepared in
spectrophotometric grade solvents and analysed in a 1 cm opticajjyzath cuvette. The
solutions of ligands (1.0 x 101.0 x 10" mol L") were prepared in DMF solvent. To
investigate the solvent effect on the photoluminescence spafcttz ligands, the DMF,
DMSO, CHCE, CHsOH and GHsOH solutions (1.0 x Z®mol L™) of the compounds were
used.

A stock solution of concentrations of 1.0 x®1M and 1.0 x 18 M of Schiff base
compounds was prepared in DMF for electrochemical studiesicGyatammograms were
recorded on a lviumstat Electrochemical workstation equipped withwacurrent module
(BAS PA-1) recorder. The electrochemical cell was equippdld aviBAS glassy carbon
working electrode (area 4,6 M a platinum coil auxiliary electrode and a *AagCl
reference electrode filled with tetrabutylammonium tetraflorateoq0.1 M) in DMF and
CH3CN solution and adjusted to 0.00 V vs SCE. Cyclic voltammetsasurements were
performed at room temperature in an undivided cell (BAS model Ch3tead) with a
platinum counter electrode and an*AgCl reference electrode (BAS). All potentials are

reported with respect to AtAgCI. The solutions were deoxygenated by passing dry nitrogen
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through the solution for 30 min prior to the experiments, and during the expesithe flow
was maintained over the solution. Digital simulations wereop@€d using DigiSim 3.0 for
windows (BAS, Inc.). Experimental cyclic voltammograms usedterfitting process had
the background subtracted and were corrected electronically for ohmicMietifer Toledo
MP 220 pH meters was used for the pH measurements using a coral@ogdde (glass
electrode reference electrode) with an accuracy of £0.05 pH.

Data collection for X-ray crystallography was completed usiBguker APEX2 CCD
diffractometer and data reduction was performed using Bruker SKBT SHELXTL was

used to solve and refine the structures [16].

2.2 Synthesis of the Schiff base compounds

The benzaldehyde derivatives (1 mmol; 136 mg 2-methoxy benzaldéhyté or 166 mg
3,4-dimethoxy benzaldehyde for?)Lin ethanol (20‘mL, absolute) and 4-aminophenol
(2 mmol, 109 mg) in ethanol (20 mL, absolute) were mixed andxedl for about 10 h at
80°C. The color of the solution changed to yellow. After cooling that®n, the resulting
precipitate was filtered and washed with cold ethanol. Singistals of the Schiff base
compounds (L and 1% suitable for X-ray diffraction study were obtained by slow
evaporation of the compounds in-ethanol. Physical properties and jp¢lotnoscopic data are

given below.

LY (CrH13NOy). Yield: 90%, color: yellow, m.p.: 16€C. Elemental analyses, found (calcd.
%): C, 74.03 (73.99); H, 5.80 (5.77); N, 6.20 (6.16).NMR (DMSO-g, 8 (ppm)): 8.64 (s,
CH=N, 1H), 7.90-6.30 (m, Ar-H, 8H), 3.80 (s, O&IH).*C NMR (DMSOxg & (ppm)):
164.30 (CH=N), 158.20-106.60 (Ar-C), 57.15 (OgH Mass spectrum (LC/MS
APCI): m/z 228 [M+1] (100%), m/z 229 [M + 2](22%), m/z 213 [M —CH" (5%). FT-IR:
(KBr, cm™): 3200v(0-H), 3010v(C-H)aromatic 2960V(C-H)aiph, 1605v(CH=N).

L2 (CisH1sNOs). Yield: 85%, color: yellow, m.p.: 155C. Elemental analyses, found (calcd.
%): C, 70.05 (70.02); H, 5.90 (5.88); N, 5.40 (5.44) NMR (DMSO-g, 8 (ppm)): 9.42 (s,
OH, 1H), 8.72 (s, CH=N, 1H), 7.95-6.62 (m, Ar-H, 7H), 3.8883(s, OCH, 6H).*C NMR
(DMSO-, & (ppm)): 163.62 (CH=N), 160.87-98.54 (Ar-C), 56.25, 55.93 (QCMass
spectrum (LC/MS APCI): m/z 258 [M+1] (100%), m/z 259 [M + 2](23%), m/z 120
[C7HGNO]* (48%). FT-IR: (KBr, crif): 3077 v(O-H), 3014v(C-H)aromatic 2947 V(C-H)aiph,
1616V(CH=N).



2.3 X-ray structure solution and refinement for the compourtdmd 12

Data for the compounds*land L? were collected at 150(2)K° on a Bruker Apex2 CCD
diffractometer using Md<ka radiation A = 0.71073A). The structures were solved by direct
methods and refined of? using all the reflections [15]. All the non-hydrogen atoms. were
refined using anisotropic atomic displacement parameters and hydroges lzwoded to
carbon atoms were inserted at calculated positions using a ridingl.nkbairogen atoms
bonded to oxygen atoms in were located from difference maps and refthe@mperature

factors riding on the carrier atom. Details of the crydéah and refinement are given Table 1.

2.4 Anticancer activity studies of the Schiff base compounds

2.4.1 Preparation of samples

Stock solutions of the samples were prepared in DMSO and dilutedwibecco’s modified

eagle medium (DMEM). DMSO final concentration is below 1%llriests.

2.4.2 Cell lines and cell culture

HelLa cancer cell lines were grown in Dulbecco’s modified eagledium (DMEM)
supplemented with 10% fetal bovine serum (FBS), 2% penicilin strgptomlThe medium

was changed twice a week.

2.4.3 Cell proliferation assay

The Real Time Cell Analyzer-Single Plate (RTCA-SP, xCHjence) instrument (Roche
Applied Science, Basel, Switzerland) was used to visudizemtiproliferative effects of the
compounds Eand [ on human cervical cancer (HelLa) cells. RTCA-SP is a cortibmaf
four parts: an E-Plate 96, a Single Plate (SP) station tkapisin an incubator and holds the
E-Plate 96, an analyzer and a computer with RTCA softwdre.E-Plate 96 wells have an
inner. volume of 243+5uL and their bottoms are coated with golden electrodes. The
XCELLigence measures impedance differences set by an operatder to derive cell index
values at time points and impedance differences as wdilkeasetl index values depends on
the cell activity at the bottom of the wells. The higher celex value depends on the higher
the cell population growing at the bottom and the greater the spgeaflithe cells. RTCA
allows researchers to analyze cell behavior in a labelegdell-based assay and produces a

real-time profile of the cells.



The HelLa cell line was cultured in DMEM-HG supplemented viil0 mL L heat-
inactivated FBS and 20 mLt penicillin/streptomycin at 37C in a humidified atmosphere
of 5% CQ.

To determine the antiproliferative effects of the synthdsisgines, HelLa cells were first
detached from the tissue culture flask by the treatment withinfgpisylenediaminetetraacetic
acid solution. After detachment, the same volume of cultureumedias added to this cell
suspension and gently mixed. Then the suspension was partitioned licwa R&ges and
centrifuged. Meanwhile, 50L of culture medium was added to each well of the E-Plate 96
and left in the hood for 15 min and in the incubator for 15 min to allowekbetrodes to
equilibrate with the culture medium. After this period, the &d2B6 was inserted into the
RTCA-SP station and a background measurement was performed. Inetyedfterwards,
the E-Plate 96 was ejected from the station and ([lO®f cell suspension adjusted to a
concentration of 2.5 x fMHeLa cells per 10QL ™ was added to each well. Three wells were
left blank to check if there would be an increase due to the cuttegeum. The plate was left
in the hood for another 30 min for the cells to adhere to the badtiben,which the plate was
inserted into the RTCA-SP station and - a measurement lastingn8@amn started. After this
period, the plate was ejected from the station and plant ext(actdimethyl sulfoxide
(DMSO)/culture medium; the final concentration of DMSO in thélsweas less than 10 mL
L™ were added to the wells at three different concentrations §008nd 1Qu,g mL™), and
the final volume of each well was adjusted to 200with culture medium. Then the plate
was connected to the station and a measurement lasting 48 h e dthe measurement

was made in triplicate.

2.4.4 Statistical analysis

All experiments were performed in triplicate. The prolifaratitests were evaluated as
mean+SD of three measurements of cell index values by ANQVI®/asignificance level
and compared by Tukey’s one-way comparison test for differences usiigtdi14 (Minitab
Inc., State College, PA, USA).



3. Results and Discussion

In this manuscript, two imine compoundSdnd L? containing methoxy groups were
prepared. These compounds are stable at room temperature witsontpbsing. They are
soluble in polar organic solvents such as, EtOH, MeOH, gHOMF, DMSO etc and
partially soluble in apolar solvents such as, hexane, heptanen¢éoktc. The compounds
were characterised by the spectroscopic and analytic technigjmestural characterizations
of the synthesised compounds were determined by single crystal XHragtdin technique.
The proposed structures of the imine compounds are shown in Fig. 1. ifkecompounds
were purified by the crystallization method. Because, if theifipation is performed by the
colon technique, the compounds may be decompose as hydrolysis. In &s;htcadetter to
purify the Schiff bases by re-crystallization. A problem in stagyivith the Schiff bases of
the aromatic hydroxycarbonyls derives essentially, even in neutrabsslseveral of species
may be appear. Additionally to enolimines, hemiacetals and thairolysis products,
tautomeric species, may also formed, like keto-amines orcagicimines formed from mono
Schiff bases of diamines. This truth is often omitted, althoughugt be taken account of
when protonation equlibria are analysed [17].

In order to clarify the structures of the Schiff basesghd 1%, their *H(**C)-NMR
spectra were investigated and obtained data are given in theinexpil section. The
'H(**C)-NMR spectra of the imine compound &re given in Figs. 2a-d. In tHél-NMR
spectrum of the imine compouncf, lthe broad band at 9.42 ppm can be attributed to the
hydrogen atom of the OH group. In tH&-NMR spectra of the imine compound$ and 1,
the singlets at 8.64 and 8.72 ppm can be attributed to the protdms afdmethine groups.
The aromatic ring protons are shown in the 7.95-6.30 ppm range aglebulthe signals of
the methoxy groups on the benzene rings are shown in the 3.88-3.80 ppnasasigglet
signals. In their*C-NMR spectra, the signals at 164.30 and 163.62 ppm may be astigne
the carbon atom of the azomethine group. Aromatic carbon atoms ave shthe 160.87-
98.54 ppm range. The signals in the 57.15-55.93 ppm range can be attribtite methoxy
carbon atoms.

The infrared spectral data of the compounds are given in the mepeail section. In
the FT-IR spectra of the imine compounds 4nd L?), the broad bands in the 3200 and 3070
cm™* may be assigned to thO-H) vibrations. The vibration signals at 3010 and 3014 cm
can be attributed to the aromatic C-H strechings. The bands ata®@6p947 cm may be
assigned to the(C-H)ajpn vibrations. The azomethine groufCH=N)] vibrations are shown
at 1605 and 1616 cfn



The most useful techniques for investigating the tautomeric f¢Figs 3) of the
ligands are UV and NMR spectroscopies, whereas IR seems b Ibwited value here
because the locations of th¢C-O) andv(C=0) stretching frequencies in the spectra are
obscured by the abundance of aromatic skeletal modes. The CH=NHFamggloups of the
enolimine—ketoamine tautomers are capable of forming hydrogen borills suitable
solvents. Due to the stronger hydrogen bond donor ability of the OH groopgsaced with
that of the CH=N group, the formation of hydrogen bonds mainly with chlorofomth
ethanol solvents should stabilize the enol-imine form, whetieasbasic ketoamine form
should be more stabilized in solvents such as toluene and heptéias. been shown by
electronic spectroscopy that the equilibrium in less polar and non-gall&ents is shifted
towards the ketoamine form. On the other hand, hydrogen bond acceptorsstavent the
enolimine form due to hydrogen bonding [18]. In order to investigate the sdffent, the
spectra of the compounds were taken in the polar and apolar orgaeittsoThese solvents
are MeOH, EtOH, DMF, DMSO Cj€l,, CHCkL, n-hexane, n-heptane, cyclohexane and
toliiene solutions. The electronic spectra of the compoundantl 1 in the 1 x 1G M
concentration and in the different solvents are shown in Figd. #haaddition, the obtained
data from the electronic absorption studies are given in th& Ta The imine compounds
show different tautomeric forms depending on the solvent polanitgollar organic solvents,
the imine compounds show the bands in the 371-291 nm range and this bantte ma
attributed to the m¥ transitions [19]. In this region, the compounds have the bands with
maximum intensity in the methanol solution. The bands with maxinmi@msity in the 208-
273 nm range can be assigned to the benzenoid transitiarisagd 6-6*). In the non-polar
organic solvents, the T transitions of the imine compounds are shown in the 515-292 nm
range. The m transition of the imine compound*Ishifted to the longer wavelength in the
n-heptane solution. Thet* and d-0* transitions were shown in the 289-212 nm range.

Single crystals suitable for single crystal X-ray diffractioimdg were obtained from
slow evaporation of the ethanol solution of the imine compourldand 1. Molecular
structures of the imines*land L2 are shown in Figs. 5 and 6. The molecular structures of two
imine compounds are broadly similar, differing principally in theitgms the number of
methoxy (-OCH) groups and dihedral angles between aromatic rings. While the compound
L' has only one methoxy group located on ¢hgosition with respect to the imine bond
(C=N), the compound 4.contains two methoxy groups on tirep-positions with respect to

the imine bond. For the imine compoundsaind 1, all bond lengths and angles in the phenyl



rings have normaCsp2—-Csp2alues and are in the expected ranges. The crystallograhic data
for the imine compounds'Land |? are given in Table 2. The C=N distances in both
compounds are within a typical C=N double bond character. The compounds show
intermolecular phenol-imine hydrogen bonds. Hydrogen bond parameters for ties ihi

and ? are given in Tables 3 and 4, respectively.

In the structure of the imine!Lthe asymmetric unit contains two independent Schiff
base molecules (molecule A and B) differing in the dihedral ariggéseen two aromatic
rings. The dihedral angles between two aromatic rings are 46.74(%)22{8)° for molecules
A and B, respectively. In the structure of the imine four molecules are assembled by
intermolecular hydrogen bonds forming a supramolecular 28-membered Figg 7).
Molecular packing of the imine !Lis determined by OH---“N and C-H----O hydrogen
bondings (Table 3). Packing diagram dfi& shown in Fig. 8.

The asymmetric unit of1.contains four independent imine molecules (A-D). All four
molecules exhibit similar bond length and angles, however, the ditadrk between two
aromatic rings in each molecule is different from each othiee. dihedral angles between
aromatic rings in four molecules (A-D) of the imin& dre 21.34(9), 10.03(9), 71.94(6) and
38.04(8)° for molecules (A-D), respectively. Overlay of four d#fer conformers
emphasising the twist in the phenol ring is shown in Fig. 9. Theculas of the imineiare
connectedvia phenol-imine (OH-:---N) intermolecular hydrogen bonding resulting in a

hydrogen bonded chain Fig. 10.

3.1 The effect of different solvent and concentration on the photoluminespeperties of

the imine compounds' land 12

In order to determine the effect of the solvent polarity, the ghlnminescence
properties of the imine compounds &nd ? were investigated in the DMF, DMSO, CHCI
CH;OH and GHsOH solvents. The emission and excitation spectra of the Sch#é b
compounds £ and 12 in the CHC} and GHsOH solvents are shown in Figs. 11a-d and the
obtained data are given in Tables 5 and 6. Dielectric aunstader of the solvents is
DMSO>DMF>CH3;OH>C,HsOH>CHCI;. In the excitation spectra of the imine compouﬁd L
in the DMF and DMSO solvents, two bands were shown in the 320-476 n&. @nghe
other hand, in the CHgICH;OH and GHsOH solvents, only one band was shown in the
395-431 nm range. While the excitation band shifted to the shorter wgielsn DMSO
solution, the band shifted to the longer wavelenght value in DMRiso! In the excitation

spectra of the imine compound, lthe compund has two excitation bands in the 245-400 nm
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range in the CHGland CHOH solvents. In the £s0H solvent, the compound lhas three
excitation bands in the 239-363 nm range. In the DMF and DMSO solutiogsprmalband
was shown in the 407-417 nm range. The excitation bands of the inmmmuond L' shifted
to the longer wavelenghts compared to the imine compotind L

The emission spectra of the compoundsihd 1 show two or three emission bands
in the 619-832 nm range in the DMF, DMSO, CEH@H;OH and GHsOH solutions. The
emission peaks of the compound® Lshifted to the longer wavelengths. The
photoluminescence emission peaks of the imine compounds apparently pratisicet neith
the introduction of the electron donating groups. The introduction of theagledbnating
groups by mesomeric and inductive effects causes the fluorescemaetetstic emission
peaks of the imine compounds to the slightly red shift. The readbatithe electron density
of the phenyl ring is increased with ther hyper conjugation effect. The Schiff bases with
methoxy substituents possesst onjugation that can increase their photoluminescence
emission intensity. As the imine compountlHave p-methoxy substitute group, it shows a
good conjugation and rigid planar structure. It may be that the extercmgugation would
induce an excited state resonance contribution of the methoxy groups tmzeadengs in
the increased polarity.

In order to investigate the effects of the concentration onptieoluminescence
properties of the imine compound$ &nd 1%, the solutions in 1.0x191.0x10" M range in
DMF, DMSO, CHC}, CHOH and GHsOH solutions were used. In the spectra of the
compounds, the emission peaks did not shift to the shorter or longelewghts (SW) from
1.0x10° M to 1.0x10" M concentration. However, the intensity of the absorption bands were
decreased towards to lower concentrations. This situatiaur ate to the lesser substance

guantity in lower concentrations. Similar properties were s®wn for the excitation peaks.

3.2 The electrochemical properties of the compourtdsnd

Electrochemical properties of the imine compounds ghd %) were studied in
CH:CN and DMF - 0.1 M NByBF, as supporting electrolyte at 298 K. In order to study the
effects of the solution concentration and the scan ratesdifferent concentrations (1.0x30
and 1.0x1d M) and the scan rates (100, 250, 500, 750 and 1000 mV/s) were asest ag
internal ferrocence-ferrocenium standard. The obtained datagigen in Table 7. The
electrochemical curves of the compoundshd 1 in DMF and CHCN solutions are shown
in Figs. 12a-d.

10



In the 1.0x1G M CHsCN solution, the imine compound' Ishows three anodic peak
potentials in the -0.79-1.13 V range at all scan rates. Inatime solution, the compound has
two cathodic peaks in the -0.09-0.74 V range. In DMF solution, wihdecompound has two
anodic peaks in the -0.85-0.65 V range, the compound has three catbakicin the -0.94-
0.89 V range. The anodic peaks in the 1.09-1.13 V range in th€NCHolution of the
compound £ were disappeared in DMF solution. On the other hand, the cathadis ipethe
-0.90-0.94 V range were determined. In the TXM)CH:sCN solution, the compound‘lhas
two anodic peaks in the -0.49-1.15 V range. But, this compound has thredicaieaks in
the -1.06-0.61 V range. In DMF solution, the compouhtids two anodicand cathodic peaks
in the -0.58-0.30 and -0.79-0.18 V range, respectively. Froroliteened data for the imine
compound, the scanning rate, solvent polarity and solution concentraterfiective on the
redox processes. At all scan rates, the redox processes fatitieecompound t.are either
guasi-reversible or irreversible events (Fig. 13a).

In the 1.0x1G M CHsCN solution, the imine compound’ Ishows three irreversible
anodic peak potentials in the -0.64-1.15 V range at all scan Bagsthe imine has two
irreversible cathodic redox processes in the -1.16-0.55 V range. kb $alMition, the imine
L? has three piece anodic and cathodic peaks in the -0.76-0.67 and 878-Gange,
respectively. At all scan rates, the redox processesessgsible (Fig. 13b). On the other
hand, in the 1x16M CHsCN solution, the imine compound has three irreversible anodic
and two cathodic peaks in the -0.56-1.09 and -0.15-0.51 V range, redyedwalistinct
from this, in DMF solution, the imine compound has reversible three anodic and cathodic
redox potentials in the -0.49-1.27 and -0.69-1.0 V range, respectinahe reversible redox
process, the Schiff base compounds have been converted to thenketdams [20]. In this
process, the oxygen atoms of the methoxy groups of the organic compounds tfansfe
electrons to the benzenoid rings and then to the nitrogen atoms by then@sdrhis process
oceurs as the reversible. While the compouhéids only one methoxy grouprtho position
on the benzene ring), the other compouridhave two methoxy groupsnéta and para
positions on the benzene ring). Although the methoxy groups decrease ttenaleasity of
the benzenoid rings by the inductive effect, the electron densityase by the mesomeric
effect. Electron donating groups to the benzene rings shift the ptadndia the positive to
negative regions. As a result, the obtained anodic and cathodimmdhtaCHCN shifted to

the more negative regions than in DMF solution.
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3.3 The antiproliferative activities of compoundsand *

Figure 1la-b shows the results of xCELLigence real-time monitoririgeoproliferation of
Hela cells treated with'Land L. The cell index measurements indicated that the anticancer
activities of synthesised imine derivatives are similarggFil4a,b) except for slight
differences in concentrations 50 and 100 uM which are higher agivithe antiproliferative
activities of the compounds'land L were very weak to compare with concentrations of 10
MM with 50 and 100 pM. However, these compounds have remarkabléestganist HeLa

cell line in between 10 and 50 uM. According to the recent studgre a new Schiff base
(N-3,4-dihydroxybenzylidene) ferroceneamine showed an excellent biolaginaty against

the HelLa cancer cell line [21], the hydroxy groups play an_importantimobmticancer
activitiy [22]. The hydroxy and methoxy-substituted Schiff bases heseived considerable
attention due to their potential anticancer activity. Whike ¢bompound t has one methoxy
group on theortho position of the benzenoid ring, the other compouhdids two methoxy
groups on thenetaand para position of the benzenoid ring. The methoxy groups give the
electron to the aromatic rings by the mesomeric effect. tBatcompound t.has the higher
antiproliferative activity than the?LOn the ‘other hand, the compounds have only one imine
group and this group has an impact on anticancer activity. This dhtve¢ different
structural requirements exhibit selectivity against differenceacell lines. In addition, the
activity of the compounds’Land I? have increased in dose-depended manner from 10 to 50
UM. The antiproliferative activity of compound as more effective than the compourfd L

at 100 and 50 uM aganist HeLa cell line. In the light of the t®stican be suggested that the

compounds Land 1% could be developed as an anticancer drug.

Conclusion

In this work, we synthesized two imine compoundshd L? containing methoxy groups and
characterized by the analytical, spectroscopic and X-ray technifihegphotoluminescence
and electrochemical properties of the compounds were investigite compoundsLand

L2 show the emission bands at the higher wavelenghts. In addit®rompounds indicate
three emission bands. In the electrochemical studies, the comphowled reversible redox
processes at the some scan rates. The molecular struofure@s imine compounds are
broadly similar, differing principally in the position, the numbenathoxy (-OCH) groups

and dihedral angles between aromatic rings. While the compouhesLonly one methoxy

group located on the-position with respect to the imine bond (C=N), the compouhd L

12



contains two methoxy groups on tine-p-positions with respect to the imine bond. The
compounds £ and L* showed higher anticancer activities at higher concentrations. This

situation may be due to methoxy groups on the benzenoid ringsiofitteecompounds.

Supplementary Information
CCDC numbers 1034582 and 1034583 contain the supplementary crystallographic tata

and L% respectively. Bond lenghts and angles of the compounds were givepgle@entary
Information. These data can be obtained free of chargeia
www.ccdc.cam.ac.uk/data_request/cif, by e-mailing data_re@uesic.cam.ac.uk, or by
contacting The Cambridge Crystallographic Data Centre 12 Union Roatbricige CB2
1EZ, UK Fax: +44(0)1223-336033.
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Figure captions
Fig. 1. Proposed structures of the synthesized imine compounds.

Fig. 2a-d.*H(**C)-NMR (a) , HMBC (b), HETCOR (c) and TOSCY (d) spedaifahe imine
compound £
Fig. 3. Tautomeric forms of the imine compounds(a) and E (b) in the polar and non-polar

organic solvents.

Figs. 4a-d.Absorption spectra of the imine compoundsahd I? in the polar and non-polar
organic solvents.
Fig. 5. Molecular structure of the compound lith atom numbering. Intra-molecular

hydrogen bonding (OH- - - -N) is shown as dashed lines.

Fig. 6. Molecular structure of the compound. lHydrogen atoms_are omitted for clarity.
Intra-molecular hydrogen bonds (OH- - --N) are shown as dashed lines

Fig. 7. Hydrogen bonded 28 membered macrocyclic in the iminéydrogen atoms bonded
to carbon atoms are not shown for clarity.

Fig. 8. Packing plot of the imine'Lviewing down c axis, hydrogen bonds are shown as dash
lines and hydrogen atoms are omitted for clarity.

Fig. 9. Overlay of four independent molecules in the imifedmphasising the twist in the
phenol ring. Hydrogen atoms are omitted for clarity.

Fig. 10. Packing diagram of the iminé showing hydrogen bond chain. Hydrogen atoms are
omitted for clarity.

Figs. 11a-d.Photoluminescence (excitation and emission) spectra of the itompounds L
and L2 in different concentration and solvents.

Figs. 12a-d.CV-curves of the imine compounds &nd L? in different concentrations and
solvents in the 100-1000 mV/s range.

Figs. 13a,b.The proposed redox mechanism for the imine compouh¢g)land £ (b) in the

solution media.

Figs: 14a,b Anticancer activities of the imine compoundsand L.
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Fig. 1. The proposed structures of the synthesized imi@uunds L'and L2
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Fig. 3. Tautomeric forms of the imine compounds L* (a) and L? (b) in the polar and non-polar

organic solvents.
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Figs. 4a-d. Absorption spectra of the imine compounds L and L? in the polar and non-polar organic solvents.
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Figure(s)

Molecule B

Molecule A

Fig. 5. Molecular structure of the compound L' with atom numbering. Intra-molecular

hydrogen bonding (OH----N) is shown as dashed lines.
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Fig. 6. Molecular structure of the compound L2 Hydrogen atoms are omitted for clarity.

Intra-molecular hydrogen bonds (OH--+-N) are shown as dashed lines.
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Figure(s)

R%,(28)

Fig. 7. Hydrogen bonded 28 membered macrocyclic in the imine L', hydrogen atoms bonded

to carbon atoms are not shown for clarity.
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Figure(s)
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Fig. 8. Packing plot of the imine L*viewing down c axis, hydrogen bonds are shown as dash

lines and hydrogen atoms are omitted for clarity.
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Figure(s)

Fig. 9. Overlay of four independent molecules in the imine L? emphasising the twist in the

phenol ring. Hydrogen atoms are omitted for clarity.
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Figure(s)

Fig. 10. Packing diagram of the imine L? showing hydrogen bond chain. Hydrogen atoms are
omitted for clarity.

39



Figure(s)

20
Emission
3
Excitation 1x10° M
60 1 1x104M
3 -' \ ¥ 1x10°M
. \\ _» 1x10M
g 30 \ 1x107M
E i
0 3
200 400 600 800
Wavelenght (nm)
a) L' (CHCI,)
150
Emission
o 1x10°M
Excitation /
1001 1x10#4M
=: =
£ y 1X105M
g 1x10M
i 50
=
0
200 400 600 800

Wavelenght (nm)

b) L2 (CHCIs)

40



Emission

150
Excitation 1x10°M
100 | 1x10+M
3 ___—¥ 1x10°M
=
~ . Ix10°M
‘E' - v
5 so0 1x10"M
]
0
200 400 600 800
Wavelenght (nm)
C) |_1 (C2H5OH)
150 -
Emission
o 1x103M
Excitation
100 - 1x104M
=5 54
2 _» 1x10°M
z :
z 1Xx10°M
g 50 o
g 1x10°M
0
200 400 600 800
Wavelenght (nm)
d) L? (C,HsOH)

Figs. 11a-d. Photoluminescence (excitation and emission) spectra of the imine compounds L*

and L? in the different concentration and solvents.
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Table(s)

Table 1
UV-vis absorption spectral data of the imine compounds L* and L? in the different solvents.

Mnax (Emax)

Methanol Ethanol CHCl, DMSO DMF n-hexane n-heptane Cyclohexane Toluen Dichloromethane

L 242(1.10x10%, 240(0.98x10%, 265(0.95x10%), 236(1.66x10%), 235(2.30x10%, 212(3.80x10%), 209(2.90x10%), 210(3.10x10%), -240(2.55x10%), 208(2.60x10%),
272(1.00x10%, 273(0.50x10%, 350(1.10x10%)  343(0.66x10%)  335(1.25x10%)  250(1.40x10%), 256(0.80x10%), 255(1.00x10%), 350(2.00x10%)  256(1.30x10%,
345(1.06x10%)  342(0.72x10% 278(1.25x10%),  357(0.60x10%)  358(0.80x10% 345(2.50x10%)

415(1.40x10%)

L? 223(2.25x10%, 234(1.00x10%), 220(1.95x10%), 275(0.75x10%), 277(0.30x10%, 219(3.50x10%), 214(2.95x10%), 229(1.30x10%), 227(1.75x10%), 225(1.55x10%),
265(1.66x10%), 267(1.30x10%, 266(1.33x10%), 310(0.90x10%)  317(0.25x10%)  283(1.20x10%), 289(0.95x10%);  292(0.30x10%), 300(0.65x10%), 289(0.40x10%),
291(1.70x10%), 322(1.50x10%)  319(1.70x10% 350(1.00x10%)  370(0.50x10%)  355(0.10x10%)  375(0.30x10%)  380(0.10x10%)
315(1.90x10%)
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Table(s)

Table 2
Crystallographic data for the imine compounds L* and L2
Identification code L' L®
Empirical formula C14H13NO; C1sH1sNO3
Formula weight 227.25 257.28
Crystal size (mm?®) 0.55x0.25x0.22 0.80x0.25x0.10
Crystal color Yellow Yellow
Crystal system Monoclinic Orthorhombic
Space group P2(1)/c Pna2(1)
Unit cell a(A) 11.1980(7) 23.1187(13)
b (A) 17.2131(10) 12.4024(7)
c(A) 12.3101(7) 17.9426(10)
a(°) 90 90
B(°) 98.7710(10)° 90
7(°) 90 90
Volume (A3) 2345.1(2) 5144.6(5)
z 8 16
Abs. coeff. (mm™) 0.087 0.093
Refl. collected 20498 44658
Completeness to 6 = 26.43°. < 99.7 % 99.9 %

Ind. Refl. [Ring]
R1, wR2 [I>20 (1]
R1, wR2 (all data)
CCDC number

4809 [0.0164]

0.0334, 0.0834
0.0384, 0.0875
1034582

10554 [ 0.0455]
0.0365, 0.0761
0.0507, 0.0823
1034583

17


file:///C:/Users/AppData/Local/Documents%20and%20Settings/cmvm/Local%20Settings/Temporary%20Internet%20Files/Content.Outlook/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Low/Content.IE5/Downloads/nxipa%20_cell_formula_units_Z

Table(s)

Table 3
Hydrogen bonds for the imine compound L' [A and °].

D-H----A d(D-H) d(H----A) d(D----A) <(DHA)
0(2)-H(2A)----N(2)'  0.870(17)  1.951(17) 2.8013(12) 165.3(15)
O(4)-H(4A)----N(1)  0.896(16) 1.861(17) 2.7480(12) 169.9(15)
C()-H(E)--0(4) 095 2.56 3.4496(15) 155.7
C(24)-H(24)----0(2" 0.95 2.56 3.4118(13) 149.2
C(19)-H(19)----0(2)' 0.95 2.55 3.1566(14) 121.9
Symmetry transformations used to generate equivalent atoms: i: -x+1,-y+2,-z+1 ii: x,y,z+1
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Table(s)

Table 4

Hydrogen bond parameters for the imine compound L? [A and °].

D-H----A dD-H)  d(H---A) d(D----A) <(DHA)
O(6)-H(6)----N(1) 0.91(2) 1.97(2) 2.858(2) 165(2)
O(12)-H(12A)----N(3)  0.95(2)  1.80(2) 2.718(2) 161(2)
O(3)-H(3)----N(2)' 0.91(2) 1.88(2) 2.775(2) 168(2)
0(9)-H(9A)----N(4)"  0.96(2) 1.84(2) 2.792(2) 169(2)
C(26)-H(26)----0(9)"  0.95 2.68 3.542(2) 151.2
C(60)-H(60)----0(9)"  0.95 2.45 3.221(2) 138.0
C(5)-H(5)----O(6) 0.95 2.70 3.566(2) 151.2
C(15)-H(15)----O(6)  0.95 2.53 3.299(2) 138.4

Symmetry transformations used to generate equivalent atoms: i: x+1/2,-y+1/2,z ii: x+1/2,-y+3/2,z iii: x-1/2,-y+1/2,z iv: x-1/2,-y+3/2,2

19



Table(s)

Table 5
Excitation and emission spectral data of the imine compound L in both different concentration and solvents.
(}\'maX)
DMF DMSO CHCl3 Methanol Ethanol
Excitation Emission  Excitation Emission  Excitation Emission  Excitation Emission”  Excitation Emission
1x10° 400, 475 620,720 320, 395 660, 757, 405 660, 750, 395 665,745, 430 660, 734,
825 830 805 813
1x10™* 400, 475 619,720 321, 396 660, 757, 405 660, 750, 430 660, 734, 430 660, 734,
825 830 813 813
1x10° 401, 476 619,719 660, 757, 322,396 404 661, 751, 396 664, 744, 430 619, 735,
825 831 804 813
1x10® 401, 476 618,719 322,396 659, 756, 404 661, 751, = 396 663, 743, 431 619, 735,
831 803 812
1x107 402, 476 618,719 323,397 658, 755, 403 662, 752, 397 663, 743, 431 619, 735,
823 832 803 812
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Table(s)

Table 6
Excitation and emission spectral data of the imine compound L? in both different concentration and solvents.
(Amax)
DMF DMSO CHCl; Methanol Ethanol
Excitation Emission Excitation Emission Excitation Emission  Excitation Emission’  Excitation Emission
1x10° 407 620, 690, 823 415 655, 760, 245,400 635,710, 245,385 657,745 240,383, 665,775
825 777 363
1x10™ 407 620, 690, 823 416 655, 760, 245,400 633,710, 245,285 657,745 240,283, 665,775
825 777 363
1x10° 408 619, 689, 822 416 655, 761, 245,400 635,710, 245,385 657,745 665,775 240, 283,
826 777 363
1x10° 408 619, 689, 822 417 654, 761, 245,400 635,709, 246,386 656,744 239,282, 664,774
826 778 362
1x107 409 618, 688,821 417 654, 762, 245,400 633,709, 246,386 656,744 239,282, 664,774
827 778 362

21



Table(s)

Table 7

The electrochemical data of the imine compounds L* and L? in both different concentration and solvents.

Compound Solvent  Concentration (M) Scan rate (mV/s) Epa(V) Epc(V) lpal I E1n(V) AEy(V)
100 -0.75, -0.23, 1.09 0.70, -0.06 1.55 - 0.05
250 -0.76, -0.24, 1.10 0.71,-0.07 1.54 - 0.05
500 -0.77,-0.25,1.11 0.72,-0.08 1.54 - 0.05
ACN 750 -0.78, -0.26, 1.12 0.73,-0.09 1.52 - 0.05
1x107® 1000 -0.79, -0.27,1.13 0.74,-0.10 1.52 - 0.05
100 -0.80, 0.61 0.85, 0.05, -0.90 0.88 - 0.56
250 -0.81, 0.62 0.86, 0.04, -0.91 0.89 - 0.58
DME 500 -0.82, 0.63 0.87, 0.03, -0.92 0.89 - 0.60
750 -0.83, 0.64 0.88, 0.02, -0.93 0.89 - 0.62
L1 1000 -0.85, 0.65 0.89, 0.01, -0.94 0.90 - 0.64
100 -0.49,1.11 0.61, 0.20, -1.00 1.81 - 0.50
250 -0.48, 1.12 0.60,0.21,-1.01 1.86 - 0.52
500 -0.47,1.13 0.59, 0.22, -1.03 1.91 - 0.54
ACN 750 -0.46, 1.14 0.58,0.23, -1.04 1.96 - 0.56
1x10° 1000 -0.45, 1.15 0.57,0.24, -1.06 2.01 - 0.58
100 -0.58, 0.26 0.18,-0.75 1.44 - 0.08
250 -0.56, 0.27 0.16, -0.76 1.68 - 0.11
DMEF 500 -0.54, 0.28 0.15, -0.77 1.86 - 0.13
750 -0.53,0.29 0.13,-0.78 1.93 - 0.16
1000 -0.51, 0.30 0.11,-0.79 2.30 - 0.19
L2 100 -0.60,0.37, 1.10 0.50, -1.12 0.74 - 0.60
250 -0.61,0.38, 1.11 0.51,-1.13 0.74 - 0.60
500 -0.62, 0.39, 1.13 0.52,-1.14 0.75 - 0.61
ACN 750 -0.63,0.40,1.14 0.53,-1.15 0.75 - 0.61
1x10° 1000 -0.64, 0.41,1.15 0.55,-1.16 0.74 - 0.60
100 -0.71, -0.25, 0.62 0,76, 0.30, -0.71 1.00 0.71 0.32
250 -0.72, -0.26, 0.63 0.77,0.31, -0.72 1.00 0.72 0.32
DME 500 -0.73, -0.27, 0.64 0.78, 0.32,-0.73 1.00 0.73 0.32
750 -0.75, -0.28, 0.65 0.79, 0.33, -0.75 1.00 0.75 0.32
1000 -0.76, -0.28, 0.67 0.80, 0.35, -0.76 1.00 0.76 0.32
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L2

ACN

DMF

1x10™

100
250
500
750
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750
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-0.50, 0.20, 1.06
-0.52, 0.19, 1.07
-0.54, 0.19, 1.07
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-0.56, 0.17, 1.09
-0.45,0.47, 1.23
-0.46, 0.48, 1.24
-0.47,0.49, 1.25
-0.48, 0.49, 1.26
-0.49, 0.50, 1.27

0.46, -0.11
0.47,-0.12
0.48,-0.14
0.50, -0.15
0.51, -0.16
0.90, 0.46, -0.60
0.93,0.47, -0.62
0.96, 0.48, -0.64
0.99, 0.49, -0.68
1.00, 0.49, -0.69

0.43
0.40
0.39
0.36
0.33
1.00
1.00
1.00
1.00
1.00

0.46
0.47
0.48
0.49
0.49

0.60
0.60
0.59
0.58
0.58
0.38
0.31
0.29
0.27
0.27

Al the potentials are referenced to Ag*/AgCl; where Ep, and Ej are anodic and cathodic potentials, respectively. 4Ep = Epa—Epc. E1/2 = 0.5 X (Epa
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Molecule B

Molecule A

Fig. Molecular structure of the compound L' with atom numbering. Intra-molecular

hydrogen bonding (OH----N) is shown as dashed lines.
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