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Abstract

Two coumarin-indole conjugate fluorescent dyes mgndonor-acceptor-donor (D-A-DL(-

1 andCI-2) were synthesized, and characterized using'##-°C NMR and HRMS. The
absorption and emission properties of the dyes wletermined in different solvents. The
anion sensivity and selectivity of the dyes wenradstd with some anions (CNF, AcO,
ClY, Br, I, HSQy and BPQO,) in DMSO, and their interaction mechanisms weral@ated
by spectrophotometric antH NMR titration techniques. In addition, the molsuand
electronic structures dfl-1, as well as the molecular complexes@itl, formed with the
anions (F and AcO), were obtained theoretically and confirmed by D&id TD-DFT
calculationsCI-1 behaves as a colorimetric chemosensor for seéeatid sensitive detection

of CN" in DMSO/H0O (9:1) over other competing anions such asaid AcO. However,



only CN interacts with chromophor€l-2 via Michael addition and the main absorption
maxima shifts hypsochromically with an observedinigive color change from orange to
yellow. For using as a optic dye, the thermal $tglproperties of the dyes was determined
by TGA (Thermal Gravimetric Analysis). Antimicrolhjiaantifungal and DNA-ligand
interaction studies of the dyes were also examiiiéé. dyes cause conformational changes

on DNA and selectively bind to nucleotides of A/AdaG/G.

Keywords: Coumarin-indole conjugate, push-pull dye, selectCN detection, NLO, DFT,

TD-DFT, Biological activity.
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1. Introduction

Compounds containing coumarin core represent otteeainost important chemical classes of
organic fluorescent materials [1]. Many dyes, basadcoumarin ring system, have been
particularly used in the field of medical diagnos{2], optoelectronics [3-5], optical
whitening [6], cellular imaging [7], fluorescentqgtres for proteins, amino acids, and for
sensing anions/cations [8-14].

Recently, many organic dyes having absorption amésson in the near infrared (NIR)
region have attracted continuous attention dueh#r tvarious applications in biological
system, advanced materials and their related f{@/8lsl9]. Some of their advantages include
minimal interfering absorption and fluorescencebiological samples, inexpensive laser

diode excitation, reduced scattering and enharnsedet penetration depth. Electron donating



and accepting groups attached in a fluorophorenaynsophore can affect optical responses,
corresponding shifts of absorption and emissionimaxor fluorescence guantum vyields.
Generally, the some of fluorescent coumarin dereatshow absorption in the UV region
and emit blue light however, the coumarin derivegibearing donor-acceptor substitutents or
rings are yellow dyes emitting a green fluorescerineaddition, the most widely used
commercial coumarin dyes are fluorescence dyeshwmtomtain an electron releasing group
such afN,N-diethylamino group in the 7-position of the coumaing, and in the 3-position,

a heterocyclic electron-acceptor residue [20,2d].shift maximum absorption and emission
wavelength of coumarin dyes from UV region to nédr some researchers synthesized
coumarin dyes containing cyano group, dicyanomethidicyanomethine vinyl moiety,
carbonylvinyl or heterocyclic ring such as benzmtez bezothiazole, benzimidazole as
electron acceptor in 3- or 4-position, rigid orefmetated alkylamino substituent at 7-position
of the main core [22-25]. Moreover, fluorescent-tmsimarin analogues were synthesized
having donor-acceptor-donor (D-A-D) system as nedl l[dIR emitting dyes [26]. These types
of coumarin derivatives can be applied in manydBekuch as biolabeling, chemosensor,
NLO, etc. Furthermore, coumarins are also of carsiole biological and medical interest
heterocyclic ring [27-38].

On the other hand, The anion/cation and biologiegdortant molecules such as enzymes,
proteins, amino acids etc. play a critical role nrany metabolic processes. Therefore,
determination of anion/cation or biological impartaanalytes with dyes have become a
highly hot topic of interest to Organic and Supr&mualar chemists [39-61].

The determination of anions can be achieved byrakwveethods including spectroscopic,
chromatographic, electrochemical and analyticalhneques. However, for practical
applications need to simpler methods with mininmakiumental assistance. Colorimetric and

fluorimetric chemosensors can be alternative imstd#athe traditional methods for practical



application in real sample. Therefore, the develepimof chromogenic chemosensors for
anions and cations recognition has become an &gaesearch field and synthesis of new
additional chemosensor is still required.

In view of the above mentioned findings, in thiseggnt work, we report synthesis,
photophysical, NLO, anion sensing ability, therrstdbility, and biological activity of two
novel coumarin-indole conjugate donor-acceptor-dgieA-D) compoundgCI-1 and CI-

2), in which a 7-diethylaminocoumarin donating grodigyanomethylene moiety, as electron
acceptors, linked by an electron donor indole nypieia vinylene (dimethine) bridge. The
photophysical properties and anion sensing alslbiethe dyes were evaluated with DFT and

TD-DFT.

2. Experimental

2.1. Materials and instrumentation

All the chemicals used in the synthesis of the coumgls were procured from the Aldrich
Chemical Company and used without further puriferat The solvents used were of
spectroscopic grade. FT-IR (ATR) spectra were ion Perkin-Elmer Spectrum 100 FT-
IR spectrophotometew( are in crit). NMR spectra were recorded on a Bruker Avance 300
Ultra-Shield in DMSOds. Chemical shifts are expressedimnits (ppm). Ultraviolet-visible
(UV-vis) absorption spectra were recorded on Shzuadorporation, Kyoto Japan UV-1800
240V spectrophotometer (Gazi University Departmefit Chemistry, Turkey) at the
wavelength of maximum absorptiok{x in Nm) in the range of the dielectric constanthaf
solvents, i.e. Dimethylsulfoxide (DMSCg, 46.45), N,N-Dimethylformamide (DMF,¢,

36.71), Dichloromethane (GBI,, €, 8.93), Tetrahydrofurane (THE, 7.58), Dioksan ¢



2.21). Flourescence spectra were also recorded onHIRACHI F-7000 FL
Spectrofluorophotometer, in the same range of éineessolvents. The slit width was 5 nm for
excitation and 5 nm emission. The PMT voltage w@8 Y for each measurement. Mass
spectra were recorded on Waters-LCT-Premier-XE-LTOBF-MS) instruments; in m/z (rel.
%) (Gazi University Laboratories, Department of iphacological Sciences). Chemical shifts
are expressed i units (ppm) with tetramethylsilane (TMS) as thdeinal reference.
Coupling constantJj is given in hertz (Hz). Signals are abbreviatedf@lows: singlet, s;
doublet, d; triplet, t, and multiplet, m. Meltingoipts were measured on Electrothermal
IA9200 apparatus and uncorrected. Thermal analyses performed with a Shimadzu DTG-
60H system, up to 600 °C (10 °C mipunder a dynamic nitrogen atmosphere (15 mL Hin
Typically, aliquots of a freshly prepared standaotution of the alkylammonium salt of the
anions (F, CI, Br, I', AcO, CN, HSQ, and HPQO, ) were added, and their various UV-

vis spectra were recordetH NMR titrations were carried out in DMS@-solution.

2.2. Synthesis and characterization

2.2.1. Synthesis of (2)

3.40 mmol of indole-3-carbaldehyde was dissolvef mL of distilled DMF. Then, 3.4 mmol
of K.CO; and 1 mL CHI were added over it and stirred thoughly. The ome&twas boiled
under nitrogen at 100 °C for 5 hours under refllixe solution obtained after 5 hours was
cooled, precipitated with ice-water, and filtergdhite solid, yield: 61% (0.33 g), m.p: 62,

'H NMR (DMSO-ds, 300 MHz): 9.9 (s, 1H), 8.29 (s,1H), 8.1 (d, 1H7.24 ), 7.57(d, 1H,

J=8.014), 7.3 (ddJ=7.09, 1.15), 7.4 (dd=5.82, 4.61).



2.2.2. Synthesis of 3-acetyl-7-(diethylamino)-2H-chromen-2-one (3) and 2-1-(7-

(diethylamino-2-oxo-2H-chromen-3-yl)ethylidene)mal ononitrile (4)

Compounds and4 were synthesized by our previously reported procesl[62].

2.2.2. General procedure for the preparation of (E)-2-(1-(7-(diethylamino)-2-oxo-2H-
chromen-3-yl)-3-(1H-indol-3-yl)allylidene)mal ononitrile (CI-1), and (E)-2-(1-(7-
(diethylamino)-2-oxo-2H-chromen-3-yl1)-3-(1-methyl-1H-indol-3-yl)allylidene)mal ononitrile

(CI-2)

A mixture of 2-(1-(7-(diethylamino)-2-oxok2chromen-3-yl)ethylidene)malononitri(&) (10
mmol), piperidine (1 mmol), and indole-3-carbaldédy or 1-Methyl-H-indole-3-
carbaldehyde (10 mmol), in ethanol (20 mL) wasuwedd for 18 hours. After cooling to room
temperature, the precipitate was filtered and dridae crude product was recrystallized from
ethylacetate to obtain the pure compound, in bafies, as fine red powder.

(CI-1): Yield 50% (0.22 g); mp: 282-28%. FT-IR (ATR, vmax, CM'): 3256 (N-H) 2979,
2925 (aliphatic C-H), 2212 &N), 1705 (C=0), 1569 (aromatic C=C), 1331 (arom&tibl),
1236 aliphatic C-N)H NMR (DMSO-ds, 300 MHz): 12.25 (brs, N-H), 8.14 (s, 1H), 8.08 (s
1H), 7.83 (dd, 1HJ = 6.36, 2.63 Hz), 7.68 (d, 1H,= 15.17 ), 7.51 (m, 1H), 7.35 (d, 18i=
7.05 Hz), 7.28 (m, 3H), 6.80 (dd, 1Bi= 8.74, 2.35), 6.64 (d, 1H,= 2.19), 3.50 (q, 4H] =
7.15) 1.27 (t, 6HJ = 7.14) ppm;“C NMR (DMSO+g, 75 MHz): 194.5, 185.6, 184.2, 179.0,
165.2, 151.8, 142.1, 141.5, 139.3, 134.5, 101.5,Md7.6, 67.30, 66.9, 66.3, 66.0; HRMS
(ESI, CHCN) (G7H22N40,) found: 435.1831, calcd.: 435.1821.

(CI-2): Yield 60% (0.27 g); mp: 271-27Z, FT-IR (ATR,vmax, CM'): 2971 (aliphatic C-H),

2210 (&N), 1705 (C=0), 1566 (aromatic C=C), 1329 (arom&tbl), 1235 aliphatic C-N),



'H NMR (DMSO-ds, 300 MHz): 8.14 (s, 1H), 8.08 (s, 1H), 7.83 (dHi, 1 = 5.64, 2.20 Hz),
7.68 (d, 1HJ = 15.19), 7.51 (m, 1H), 7.35 (d, 18z 8.95 Hz), 7.28 (m, 3H), 6.80 (dd, 1H,
= 8.98, 2.24), 6.64 (d, 1H,= 2.16), 3.89 (s, 3H), 3.50 (q, 4Bi= 7.15) 1.27 (t, 6H) = 7.14)
ppm; *C NMR (DMSOdg, 75 MHz): 194.5, 185.6, 184.2, 179.0, 165.2, 15142.1, 141.5,
139.3, 134.5, 101.2, 71.5, 67.6, 67.30, 66.9, 683); HRMS (ESI, CECN) (Co7H22N40,)

found: 449.1962, calcd.: 449.1978.

Scheme 1 is here

3. Results and discussion

3.1. Synthetic strategy and structural characterization

The syntheses ofl-1 and CI-2 were performed by stepwise procedure demonstrated
Scheme 1 The reaction of 2-(1-(7-(diethylamino)-2-oxétZhromen-3-
yhethylidene)malononitrile 4) with indole-3-carbaldehyde 1Y and 1-methylindole-3-
carbaldehyde 2) in the presence of piperidine ga¥#-2-(1-(7-(diethylamino)-2-oxo4a-
chromen-3-yl)-3-(H-indol-3-yl)allylidene)malononitrile  (CI-1), and E)-2-(1-(7-
(diethylamino)-2-oxo-Bi-chromen-3-yl)-3-(1-methylH-indol-3-yl)allylidene)malononitrile,
respectively. The structures of both compounds werdirmed by FT-IR, UV-vis’H NMR,
3¢ NMR and HRMS techniques. The spectral data wemsistent with the proposed
structures $upplementary material Figs. S1-R

The FT-IR spectra of the prepared dgel showed two characteristic bands at 3256 and
1705 cm', corresponding to amine (N-H, belong to indole etgi and carbonyl (C=0,

belong to coumarin moiety), respectively. Dg&2 showed carbonyl (C=0) band at 1705



cm*. Donors-acceptor compounds bearing vinyl bridge can shisetrans E/Z) isomer in
solution. The determination of more stable isonselquite important for evaluating their
photophysical properties'tH NMR spectroscopy is useful in the measurementthef
configuration of the vinylic double bond. The canfration of theE-isomer could be noticed
by NMR spectroscopic analysis. The assignment@®Ethonfiguration of the vinylic double-
bond was based on the analysis of the vicinal ¢ogptonstants of the olefinic protons,
because the latter exhibit the characteristic aogptonstant ofl~15-16 Hz. This coupling
constant for the vinylic protons &@l-1 andCI-2 clearly supports the selective formation of
E-configuration of the vinylic double-bond. In addit, in the'H NMR spectra ofCI-1, the

NH peak was observed at 12.25 ppm in DM&O-

3.2. Photophysical properties

Recently, many push-pull chromophores have alsam hesed extensively as fluorescent
emitters because of their good absorption and dkmance properties. For examples,
Dicyanomethylene#-pyran (DCM) in particular, is a very well-known dreemitter for
OLED application [63]. Therefore, in this study D&Me new chromogenic dye€£(-1 and
CI-2) bearing well-known fluorescent core coumarin, evdesigned and synthesized as-D-
A type push-pull system. The synthesized dyes sbo$i7-diethylaminocoumarin and indole
moiety as a donor part and dicyanomethylene at3tpesition of coumarin moiety as an
acceptor part in the structure. Generally, the niglaf solvents strongly affects the excited
state of the donor-acceptor compounds via stabdipele-dipole, hydrogen bonding, and
solvation interactions. Therefore, in the presdnty the solvent dependent absorption as
well as emission behavior of these compounds weakiated in solvents of various dielectric

constants. The effect of solvent polarity on absorpand photoluminescence (PL) properties



of the dyes was studied in five aprotic solventM@D, DMF, CHCl,, THF and Dioxan in
3x10° M) of various polarity. The UV-vis and photolumimesce (PL) spectroscopic data of
compound<Cl-1 andCI-2 measured in studied solvents at room temperaterprasented in
Table 1 Effects of solvent polarity on absorption and &sion spectra of the dyes, and the
color changes observed in day light, upon UV im#dn (365 nm) of compounds diverse
solvents, are shown fg.1. andFig.2.

Dyes CI-1 and CI-2 displayed solvatochromic properties in all theveats. They also
showed red shifted absorption with increase inesttipolarity that is for CECl, (Aapsis 446
nm and 461 nm, fa€l-1 and CI-2, respectively), for DMSOMpsis 470 nm and 477 nrfgr
Cl-1 and CI-2, respectively) Kig. 1, Table 1). One dominant absorption band at a long
wavelength with a shoulder at short wavelength wlaserved in all solvents used for both
dyes. Any of the dyes which has one absorption baitd shoulder, may exhibiE-Z
isomerization. In additionCl-1 showed one additional absorption maximum at long
wavelengt in DMF. This maximum absorption waveléngan be attributed to anionic form
of the dye.

In push-pull dipolar molecules have been seen pmticed charge transfer with
characteristic absorption band. In this study, @&swound that the maximum absorption
shifted from 446 nm to 461 nm when €l4 attached to the indole ring as electron-dogatin
substituent, in CBCl,. This result is in agreement with the assumptibnntramolecular
charge transfer (ICT), and an ICT enhancement tsesnl the bathochromic shift of the
absorption bands. The same behaviour was obsevvélkf rest of the solvents used.

The emission spectra were obtained using 5 nmvglith, and 10 mM stock solute
concentration, by exciting the samples at its watvgth of emission maxima and the results
obtained are summarized Trable 1 There was no regular correlation between the giarh

solvent polarity and emission maxima. It was obsérthat the change in solvent polarity did



not have significant influence on emission curvgy(1, Table 1). However, the fluorescence
intensity of the compounds decreased with the asing polarity of the solvents, which is
different from the common results in the emissiaensity of ICT compounds such as styryl
dyes [64]. It may be due to the stabilization o t#xcited state in polar solvent environment
leading to quenching of fluorescence intensity Wwhisuggests that there is positive
solvatochromism with negative solvatofluorism [6bhe largest Stokes shifts were observed

in CH.CI, (151 nm) for the chromophores.

Table 1 is here

Figures 1la and 1b are here

3.2. UV-vis absorption titration of Cl-1 and CI-2 with various anions

The anion binding and the sensing ability of the@etqush-pull dye<I-1 andCI-2 were
performed in DMSO using spectrophotometric and sp#gorimetric titration techniques.
Aprotic, polar and water miscible DMSO was chosentte solvent for anion titrations to
avoid anion-solvent interactions. The anion titat were performed with different molar
equiv of TBA salts of aniongrig.3 shows the changes in the absorption spectrul-df
(2x10° M) in DMSO in the absence and the presence pfAEO” and CN anions at room
temperature. The main band Gf-1 dye observed at 466 nm decreased gradually, anal upo
adding F anion, an increased and a new absorption maximasabliserved at 530 nm. The
color change of the dye was also observed by thechaye, simultaneously, from yellow to
red in the presence of EseeFig. 4). An isosbestic point was observed at 497 nm duitte
titration process, indicating that a stable bindoognplex was formed between recepfirl

and fluoride anion. As shown Hig.3, titration profile ofCI-1 with F found to be 40 equiv

10



of F reacting withCI-1 could reach equilibrium. Which indicated that thee interact with
F by hydrogen bonding at solution phase and depatéohduring addition of fluoride ion.
This result shows that a ground-state equilibritetwieen neutraCl-1 and deprotonate@I -

H* has been formed, which can be attributed to aolénchoiety Scheme 2. In this form, the
negative charge on the indole nitrogen is completdkelocalized, leading to the
experimentally observed bathochromic shift at 580 as compared to the neutral form. The
optical response on interaction withdan be explained by the fact that ICT process oedur
between the indole nitrogen and the electron-wahaing dicyanomethylene with the
formation of a hydrogen bonded complex betweenRhef chemosensor and the anion
added. The same spectral response towards Ao® CN anions was observed as shown in

Fig. 3.

Figure 4 is here

We investigated the reversibility of the anionssseg upon addition of trifluoroacetic acid
(TFA) in fluoride titratedCl-1 solution The absorption spectral changeQit1-H" with the
addition of TFA in DMSO solution is shown kig. 5 andScheme 2 Addition of 40 equiv of
TFA to t solution ofCI-1-H", resulted in the disappearance of the absorptiomid at 533
nm. Again, a new absorption maximum was observed sitorter wavelength with the same

absorption maximum at 466 nm of the neutral forpgruaddition of 40 equiv of TFA.

Figure 5 is here

Scheme 2 is here
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The addition of Fand CN resulted in a yellow-to-pink colour change, wheraayellow-to-
orange colour change was observed in the case Of AEig.4). No considerable color
changes were seen when CBr, I', HSQ, and HPO, ions were added, which was
consistent with the results observed from spetitrations Supplementary material Figs.
S10-12.

We carried out the sensing test @1 to test for anions in the water. Because the anion
affinity may be changed if the same experimentaisied out in aqueous medium due to the
hydration of the anions by water. The detectiommibns in real samples was also simulated
by using DMSO/HO binary solution. Indeed, when chemoserGbi. was treated with the
some selected anions;,FAcO and CN (25 equiv of each) in DMSOH® (9:1) binary
solution, there was a distinctive absorption maximchange with CNonly (Fig.6). Upon
addition of CN to the receptor, the absorption maximumGCdfl shifted bathochromically.
This phenomenon was observed upon addition of @Ny. However, the new color changes,
which can be observed by the naked-eye, are naame as the previous ones because of the
differences in the solution environment. The chesngsrCI-1 displayed a color change from
yellow to red. However, no significant color changas observed upon addition of &nd

AcO (Fig.7).

Figures 6 and 7 are here

CI-2 has no acidic hydrogen and is composed of a Trdanhinocoumarin fluorophore, and
a dicyanomethylene moiety, as strong electron d@ocdmked to the indole moiety via
dimethine, and for activating the Michael acceforcyanide anion. Such a molecular design
makes probeCl-2 possess the expandeeconjugation as well as the strong ICT from the

indole to the conjugated dicyanomethylene moietlijctv will lead to the red absorption

12



maximum. Upon addition of CNthe absorbance at 476 nm gradually decreasedamntw
peak appearing at 391 nm. 20 equiv of cyanide wdBcient to drive the reaction to
completion. It is expected that cyanide anion adohta thes-position of an activated Michael
acceptor to generate the stabilized anionic speciesCN . Apparently, after addition of
CN, it leads to the collapse of the donor—accept@tesy, and a hypsochromic shift of
absorption maxima was observedrig(8). As a result, therm-conjugation between
indole/coumarin and dicyanomethylene was blocked #en obvious spectra and color
changes were observed. The same hypsochromic stefts also observed for coumarin
based donor-acceptor dyes [66,67]. In additionnugmtdition of CN to a solution ofCI-2, an
obvious color change from orange to yellow was rtyeabserved Fig.9). No considerable
color changes were seen whenalRd AcO ions were ratiometrically added to the solution of
Cl-2. As a result, a ratiometric colorimetric responag,well as an obvious color change

could be expected. Therefof@l-2 can serve as cyanide sensor.

Figures 8 and 9 are here

3.3. 'H NMRtitrations study

The results from spectrophotometric titration dgahowed that prob€l-1 associates with
AcO and F via a hydrogen bonding interaction between thelincacidic NH proton ofCI
and AcO and F. The interaction between the probe with GXowed that there is a diffirent
mechanism beside deprotanation. To gain an ingnghtthe nature of the ground interaction
betweenCl-1 and F, we recorded théH NMR spectra of the probe in DMSO solution
without, and with added TBAF in DMS@s. As shown inFig. 10, addition of just 1 equiv of

TBAF resulted in the complete disappearance ofNResignal of the probe at 12.25 ppm,

13



while a new broad signal, attributable to the faioraof HF,” complex, was observed &t
16.0 ppm after addition of 8 equiv because of proton transfer from N-H to. RAfter
deprotonation of indol NH, electron density on ihdwiety and ICT from indol donor to
dicyanomethylene acceptor increase and thus soatengr can shift upfield. The shielding
effect of the negatively charged indole ring isesdent of the upfield shifts of the aromatic
proton at the 2-position of the indol ring (Hbopon the addition of 8 equiv of Ro the
solution of CI-1. In addition, the negative charge shift also prtemoupfield shift of the
vinylic CH protons (i.e. Hc and Hd) which shiftetightly upfield, upon addition of same
amount of F to the solution oCI-1.

The AcO ion is basically a competing anion with n. However, the same behavior was
observed in AcOion when it was interacted with the probe in DMS@ution. With the
addition of 9 equiv of AcOto the solution ofCI-1, deprotonation probably occurred, which
led to an increase in the electron density on tamle heterocyclic ringSupplementary

material Fig. S13.

Figure 10 is here

CN' is different from F and AcO when the receptor affinity is taken into accoditerefore,
we evaluated its interaction mechanism with the ponmds, andCl-2 has been choosen as
the model compound instead Gf-1. This is becaus€l-2 has no any acidic hydrogen and
only nucleophilic addition with CNwill be observed. To further understand the meismas
between CNandCl-1, and also CNandCI-2, both compounds were titrated with CNJpon
addition of 6 equiv of CNto the solution oCI-1, Ha and Hb signals which were at 8.14 and
12.25 ppm respectively, disappeared. While Ha s$igti@appearance indicates the

deprotanation of NH proton, Hb signals suggest idgaddition to carbon at 2-position of

14



the indole ring. For confirmation of this mechaniam did the same witG1-2 which doesn’t
have acidic NH proton for deprotonation. Within thddition of 2 equiv of CNto the
solution of CI-2, Hb proton as was expected disappeared, and thatHposition of
coumarin ring at 8.08 ppm, also disappeared. Howdwee Hg and Hh at 6 and 8-position
respectively, of the coumarin ring, their signalergv shifted upfield. This results indicates
that, beside the addition of cynide to 2-positibthe indol ring, there is also an addition to 4-
position of cumarin ring.

All the observed differences on the proton sigr&#lsCIl-1-CN adduct suggest that, two
different mechanisms (deprotonation and additioojuo at the same time iftH NMR
titration for CI-1, but at the end of the titration, the major prddwas produced by the
deprotonation reactiorFig. 11). In addition,*H NMR of CI-2-CN adduct showed that, CN
was added at the 4-position of the coumarin, apdsttion of the indol ring, via nucleophilic
addition reactionKig. 12).

Figures 11 and 12 are here

The ground state geometry of the synthesized dyes aptimized within a framework of
Gaussian 09 [68] using the density functional thg@FT) method. The calculations were
performed using the Becke’s three-parameter exehduagction with the Lee—Yang—Parr
correlation function (B3LYP) [69-71] applying the-38+G(d,p) basis set without any
symmetry restrictions in the gas phase. The harenahrational frequency calculations using
the same methods, as that of the geometry optilmiEatwere used to ascertain the presence
of a local minimum. The vertical excitation enegiand oscillator strengths were obtained
for the lowest 10 singlet-singlet transitions ae tbptimized ground state equilibrium
geometries, by using TD-DFT at the same hybrid tional and basis, set in GElI,, dioxan,

DMF, DMSO, THF solutions using the polarizable ¢ontim model (PCM) [72]. Besides,

15



detailed information about absorption changes, uperreactions of Fand AcO with CI-1,
were obtained using DFT and TD-DFT calculations arete parallel to the experimental
results. In addition, nonlinear optical propertig® electric dipole moment (u), polarizability
(o), anisotropy of polarizability o) and molecular first hyperpolarizabilityB)( of the

molecules were evaluated in the gas phase.

3.4.1. Electronic properties

The calculated vertical excitation energies andllasar strengths obtained for the lowest
energy transition with transitions with highest itabcontributions forCl-1 andCI-2 (Fig.
13) are presented ifTable 2 As seen in the Table, the calculated values argood
agreement with the experimental ones. In all sdk/ethe absorption bands of bdiih-1 and
Cl-2 molecules consist of two peaksnf{= 439, 378 nm in ChCly, Ana= 434, 368 nm in
dioxan,Ama= 441, 380 nm in DMPFknac 441, 380 nm in DMSQyma= 438, 377 nm in THF
for CI-1, Amax= 447, 377 nm in CkCly, Ama= 431, 368 nm in dioxammac= 449, 380 nm in
DMF, Amac= 448, 380 nm in DMSOJma= 446, 376 nm in THF foCl-2). When we
compared the calculated values with the experinwerds, it was seen that the largest
difference in\na between each of the two peaks, was 29 nm in DNM8®othClI-1 andCl-

2. On the other hand, the absorption maxim&Ie? is slighly red shifted as compared to that
of CI-1 because of the addition of electron-donating gr{iigs) at the 1-position of indole.
In addition, the TD-DFT calculations showed thate tmain transition at high wavelength
correponds to HOMO-bLUMO transition, and the other at low wavelengthresponds to

HOMO—LUMO+1 for CI-1 andClI-2.

Figure 13 and Table 2 are here
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3.4.2. Sensing mechanism of Cl-1

In parallel to experimental study, to get furthedarstanding on the interaction©f-1 with

F and AcO anions, we optimized the structure@f1 complexes with Fand AcO in gas
phase as shown iRig. 13 The optimized structures @fl-1 and its complexes with and
AcO anions CI-1+F-, CI-1+AcO") in gas phase are shownHig. 13 It was observed that,
the amide NH bond lenght @l-1 increased from 1.008 A to 1.507 A, and then t@8a.A
upon its interaction with fand AcO anions, respectively, through hydrogen bondingciwvh
was followed by deprotonation process. The compared the Mulliken’s atomic charges on
nitrogen atom of indole for the optimized structurghowed the change from —-0.275 to
—0.354, and-0.285 after the formation@f1+F andCIl-1+AcO™ complexes, respectively.
The increased negative charge caused an enhandediidn the molecule and decreasing
the energy gap between HOMO and LUMO (HOMO for thighest occupied molecular
orbitals, LUMO for the lowest unoccupied molecubabitals) resulting in red shift, which is

in accordance with the observed absorbance spectra.

To get detailed information about the absoptiorcspeof Cl-1, Cl-1+F ", andCI-1+AcO,
the TD-DFT (time-dependent density functional tly¢ocalculations were carried out at
B3LYP/6-31+G(d,p) level in DMSO at the optimizedogeetries. ForCl-1, the TD-DFT
calculations showed main transition at 441 nm ithoscillator strength of f = 0.7430 which
corresponds to HOMO-2LUMO transition, and the other at 380 nm with f 5863 which
corresponds to HOMO-2LUMO+1 (6.6%) and HOMG-LUMO+1 (89.7%) transitions.
WhenClI-1 formed a complex with F the absorption peak appeared at 518 nm, recedhift
by 77 nm, which is in good agreement with the expental absorption change of 67 nm. The
AcO' interaction withCI-1 resulted in similar behavior as seenGit1+F and the peak

appeared at 520 nm, red-shifted by 79 nm compaigd®-1. These observed absorption
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maxima of CI-1+F~ and CI-1+AcO" were found to correspond to HOM&LUMO
(contribution is 92.5% foCl-1+F", 71.6% forCI-1+AcO") and HOMO-1-LUMO (5.6%

for CI-1+F", 27.8% for CI-1+AcO"). The molecular orbitals that are relevant to the
excitations forCl-1 andClI-1+F andCI-1+AcO are given inFig. 14 It is seen that HOMO
and LUMO orbitals ofCI-1+F~ and CI-1+AcO™ are mainly delocalized on the donor indole
moiety and acceptor dicyanomethylene throughond conjugation. After excitation from
HOMO to LUMO, ICT occurs from indole moiety on tdenor to the acceptor end, resulting
in the fluorescence quenching. The results obtaireed calculations were in good agreement

with the experimental results.

Figure 14 is here

3.4.3. Molecular Electrostatic Maps (MEP)

MEP is highly useful in predicting the reactive heior of molecules. To predict reactive
sites for the electrophilic and nucleophilic pracder Cl-1 and CI-2, MEP surface was
obtained at the B3LYP/6-31+G(d,p) optimized geosnstrown inFig.15. The negative (red
and yellow) regions of MEP were related to eledtibp reactivity and the positive (blue)
ones to nucleophilic reactivity. As seen in MEP no&l-1 in Fig.15 N-H bond indicates a
possible site for attack of anions. It gives aminfation about the region where the molecule

can have intermolecular interactions.

18



3.4.4. Nonlinear Optical Properties (NLO)

Nonlinear optics (NLO) deals with the interactiook applied electromagnetic fields in
various materials to generate new electromagnetldsf altered in frequency, phase and
other physical properties [73]. It is known thag thvestigations of NLO materials have been
the subject of intense research because of thasilgle applications in a wide range of
technologies, such as optical communication, opticenputing and data storage [72-75].

In this study, the electric dipole moment (u), piaiability (o) and molecular first
hyperpolarizability ;) of CI-1 andCI-2 were calculated at B3LYP/6-31+G(d,p) level in gas
phase. The obtained results are giveffable 3. As seen inrable 3, the values oty and
Biot Were obtained as 65.6 xibesu and 57x1¥ esu forCI-1, 68.2x10°* esu and 59.2x1Y
esu forCl-2. As expectedg: and Byt for ClI-2 are larger than those f@i-1 because of the
addition of electron-donating group (@Hat the 1-position of the indole. On the otherdyan
the values ofy and Py for Cl-1 andClI-2 were found to be greater than those of usga (
and P of urea are 4.9xI¥ esu and 0.49x1¥ esu obtained by B3LYP/6-31+G(d,p)
method) which is one of the prototypical moleculesd in the study of the NLO properties of
molecular systems. The results show that the vafuée first hyperpolarizability ;) are
more than ~120 times larger than the magnituder@d.uAccording to the magnitute of the
first hyperpolarizability, the studied compounds ymbe potential applicants in the

development of NLO materials.

3.5. Thermal analysis

The thermal stability of the dyeSI-1 and CI-2 has a fundamental characteristic deciding

their suitability for applications as functionaledyin many fields such as chemosensors and
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as optic dyes. Dye€l-1 and CI-2 were used to carry out thermal gravimetric techeg)
(TGA). The thermo gravimetric studies were conddicie 30-600°C under nitrogen gas at a
heating rate of 10°C min'. The TGA result indicated tha€l-1 has two thermal
decomposition temperaturesgTL60 °C and 299°C. CI-1 is stable up to 160C, and lost
88% weight at that temperature, as showkig 16. TGA revealed the onset decomposition
temperature (J) at 299°C for CI-1 whose thermogravimetric curve showed a major loss i
weight. However,CI-2 was found to be more stable th&i-1, and there was no
decomposition band till at 325 °C. As a resultg ttyes showed good thermal stabilities
approximately up to 300 °C, which is high enough ifaustrial applications when use as

chemosensors or optic dyes.

Figure 16 is here

3.6. Invitro antimicrobial activity

The antimicrobial activity of the compound€I{1 and CI-2) were tested against both types
of Gram-positive Bacillus cereus NRRL B-3711, Bacillus subtilis ATCC 6633,
Saphylococcus aureus ATCC 25923, Enterococcus faecalis ATCC 29212) and Gram-
negative bacteria Escherichia coli ATCC 35218, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853,Klebsiella pneumaniae ATCC 13883,Salmonella
typhimurium ATCC 14028) and fungiGandida albicans ATCC 10231, Candida krusei
ATCC 6258,Candida tropicalis Y-12968). Microorganism strains used were obtaifieth
the collections of Gazi University Molecular BiolpgCulture Collection, Turkey. For
comparison, ampicillin (10 pg), chloramphenicol (30), (antibacterial) and ketoconazole

(50 ng), (antifungal) were used as the standard antohial agents. Test strains were
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incubated on nutrient agar plates at 37 °C for 2drtbacteria. The yeast cells were cultured
on Sabouraud dextrose agar medium and incubat& &C for 48 h. After incubation,
bacterial suspensions were adjusted to a turbadi.5 McFarland. Mueller Hinton agar (for
bacterial strains) and sabouraud dextrose agarffogal strains) mixed with 1% culture
suspension and poured into the plates. Wells wezpaped with a 6.0 mm diameter and the
solution (50 pL) of the 5000 uM test compound wasrpd into the well. The diameter of the
inhibition zone was measured in millimeters.

The antimicrobial activity of the compoundd-1 and CI-2 were evaluated against nine
bacterial and three fungal test straif@alfle 4). CompoundClI-1 had silightly inhibitory
effect on E. coli, P. aeruginosa, K. pneumaniae, S. typhimurium bacterial species, and
moderate effect of. albicans yeast species. On the other hand, compdtiag, had quite
strong antifungal activity against pathogenic cdadipecies of. krusel, C. albicans andC.
tropicalis. Minimal Inhibitory Concentrations and Minimal Fginidal Concentrations are
the lowest concentration of a chemical that prevergible growth of a microorganism and is
the lowest concentration of an antifungal agerkittgparticular fungi, respectively. The MIC
and MFC values of the compounds are givemable 5 MIC values ranged from 10-80 puM,

whereas MFC ranged from 20-80 uM.

Tables 4 and 5 are here
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3.7. The DNA interaction with the compounds (Cl -1 and CI -2)

The interaction of the synthesized compounds wiismid DNA was studied by agarose gel
electrophoresis. Stock solutions of the compoumdsDMSO were prepared and used
immediately. The aliquots of decreasing concermnatiof the compounds, ranging from 150
to 3.125 pM, were incubated with plasmid DNA in therk at 37 °C for 24 h. The loading
buffer (0.1 % bromophenol blue, 0.1 % sucrose) added to the mixtures and loaded onto
the 1% agarose gel. Electrophoresis was carriedrodgr TAE buffer (0.05 M Tris base, 0.05
M glacial acetic acid and 1 mM EDTA, pH=8.0) foih3at 70 V. The gel was stained with
ethidium bromide (0.5 pg/mL), visualized under Ught using a transilluminator (BioDoc
Analyzer, Biometra) and the image was captured witvideo camera as a TIFF file. The
experiments were repeated three times, and the vadaes were presented.

The plasmid DNA was treated with compourieisl andCl-2 in the dark at 37 °C for 24 h,
and then the mobilities of the DNA forms were séadin an agarose gel electrophoreBig.

17 shows the electrophoretograms applied to the &b mixtures of DNA at various
concentrations (150 puM-3.125 uM) of the compouridme P applies to the untreated
plasmid DNA (control DNA), showing the major supated circular (form [) and minor
singly nicked relaxed circular (form II) forms ofieg plasmid DNA. Lanes 1-7 apply to
plasmid DNA incubated with compounds ranging frod0 M to 3.125 puM.

When the plasmid DNA was incubated with decreasmcentrations of the compoun@s

1 and CI-2, the mobility of form | DNA decreased at three thigoncentrations, and then
increased slightly, In case of form Il, the intépsiecreased at the first high concentration,

then increased slightly with the decreasing onegiotn of the compounds.

Figure 17 is here
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3.8. Determination of nucleotides interacted with the nucleotides

The compounds/plasmid DNA mixtures were incuba@d24 h, and then restricted with
BamHI or Hindlll enzyme at 37 °C in order to determine the nottes to which the
compound binds. The restricted DNA was run in 1%rage gel electrophoresis in TAE
buffer. The gel was stained with ethidium bromif@ié&(ug/mL), and the gel was then viewed
with a transilluminator, while the image was phaotghed with a video-camera and saved as
a TIFF file. Fig. 18 illustrates the electrophoretogram for tBamHIl and Hindlll digested
mixtures of plasmid DNA after their treatment witlte compounds. Untreated plasmid DNA
was applied to lane 1. Lane 2 applies to plasmidiRiyested withBamHI. Lanes 3-5 apply
to plasmid DNA interacted with the compound BT1d danes 6-8 apply to plasmid DNA
interacted with the compound BT1 followed by théigestions withrBamHI and Hindlll. In
case of digestions of the compouii@isl andClI-2 with BamHI andHindlll, Form I, Form II,

and Form lIl were observed, showing that the compsibind to A/A and G/G nucleotides.

Figure 18 is here

4. Conclusions

In conclusion, a novel coumarin-indole conjugatshpiypull chromophore<C(-1 and CI-2)
have been synthesized by Knoevenagel condensatiwh,characterization by IRH/*C
NMR and HRMS. Both dyes are stalildsomers that is confirmed Bj#f NMR spectra. The
effect of solvent polarity on absorption and enuesinaxima of the dyes was studied in five
aprotic solvents of various polarities was investiggl. The dyes displayed solvatochromic

properties in all the solvents used.
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Cl-1 behaved as a colorimetric probe for selective sakitive detection of FAcO and
CN in a biologically competing solvent like DMSO. Howver, it showed selective
determination of CNin DMSO/H,0 (9:1) over other competing anions such aarkd AcO.
This result indicated th&tl-1 could be used as a highly selective colorimetritsee for CN

in DMSO/H,0 (9:1). In addition, whel€l-2 was treated with some selected anions, such as
F, AcO and CN, only CN reacted with chromopho€l-2 via Michael addition, and the
main absorption maxima shifted hypsochromicallyd amn distinctive color change was
observed from orange to yellow. The TGA result shidwat the dyes have an enough thermal
stability for applications. Also, this study showttht CI-2 has potential uses, and can act
against the tested fungal strains. In additionhbocdmpoundsCIl-1 and CI-2 exhibited
conformational alterations in DNA. It is generalgcepted that, DNA is an important and
major pharmacological target for drug design. Sibd¢A is able to adopt a variety of
different conformations according to the environtaéfactors, as well as naturally occurring
in different forms, DNA as the plasmid is poteritialsed to test for antitumor drugs. For
example, cisplatin is a well-known antitumor drugdaits main target is DNA. It is
responsible for the cure of over 90% of testicwancer [76]. DNA-compound interactions
studies are based on mobility and conformationsgés of plasmid DNA. Hence, we tried to
find out DNA binding mode and the types of nucldes binding. We concluded that, both
compoundsCI-1 andCI-2 can cause conformational changes on DNA and clectsely

bind to nucleotides of A/A and G/G.
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Tables Captions

Table 1. Photophysical properties of the push-pull fludroges CI-1 andClI-2) in various
solvent.

Table 2. The computed absorption spectra at B3LYP/6-31+48(tbr CI-1 and CI-2 in
different solvents. H and L referred to HOMO andMO.

Table 3. Electric dipole moment (u), polarizability.4), molecular first hyperpolarizability
(Bwor) and their componenets calculated at the B3LYR/6g8d,p) level forCl-1 and Cl-2.
The components are in a.u.

Table 4. Antimicrobial activity of the compounds expressesdnhibition zones (mm).

Table 5.MIC and MFK values of the compounds (LM).

Scheme Captions

Scheme 1Synthetic pathway ofl-1 andCI-2.

Scheme 2Proposed binding mode @fi-1 with F in DMSO solution

Figure Captions

Fig. 1. Absorption (top,CI-1, left CI-2, right, c=3x10° M) and emission (bottonGI-1, left
Cl-2, right, c=3x10" M) spectra of the dyeBl-1 andCl-2 in DMSO.

Fig. 2. Color changesn day light (top,CI-1, left CI-2, right, c=3x10° M) and upon UV
irradiation (365 nm) (bottonGI-1, left CI-2, right, c=3x10° M).

Fig. 3. The absorption spectra @l-1 (c=2x10° M) upon addition of F AcO" and CN

(c=1x10° M) in DMSO.
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Fig. 4. Photographs ofl-1 (c=2x10° M in DMSO) upon addition of 20 equiv studied arson
(c=1x10% M in DMSO) under ambient light.
Fig.5. Absorption spectra dEl-1 (c=2x10°M) in the presence of K40 equiv) upon addition

of increasing amount of TFA (40 equiv) in DMSO.

Fig. 6. The absorption spectra @l-1 (c=2x10° M) upon addition of F, AcO" and CN
(c=1x10% M) in DMSO/H,0 (9:1).

Fig. 7. Photographs o€T-1 (c=2x10°M in DMSO/H,0 (9:1)) upon addition of 20 equiv of
F~, AcO and CN (c=1x10° M in DMSO) under ambient light.

Fig. 8. The absorption spectra 6fl-2 (c=2x10° M) upon addition of CN (c=1x10% M) in
DMSO.

Fig. 9. Photographs o€l-2 (c=2x10° M in DMSO) upon addition of 20 equiv of FAcCO"
and CN (c=1x10° M in DMSO) under ambient light.

Fig.10. 'H-NMR (300 MHz) spectra taken over the course @ titration of a DMSCds

solution ofCI-1 (c=1x10% M) with a standard DMSO solutiori .F

Fig.11. 'H-NMR (300 MHz) spectra taken over the course @ titration of a DMSCds

solution ofCI-1 (c=1x10°M) with a standard DMSO solution CN

Fig.12. '"H-NMR (300 MHz) spectra taken over the course @ titration of a DMSCds

solution ofCI-2 (c=1x10°M) with a standard DMSO solution CN
Fig.13. The optimized structures aj CI-1, b) CI-2, c¢) CI-1+F, d) CI-1+AcO".

Fig.14.Molecular orbitals of the relevant excitations &ir1, CI-1+F andCI-1+AcO .
Fig. 15. Molecular electrostatic potential map 6t-1 andClI-2 calculated at the B3LYP/6-
31+G(d,p) level.

Fig.16.TGA curves ofCI-1 andCI-2.
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Fig. 17. The electrophoretograms applied to the incubatextumds of DNA at various
concentrations (lane £=150x10° M, lane 2:c=75x10° M, lane 3:c=37.5x10° M, lane 4:
c=18.75x10° M, lane 5:c=9.37x10° M, lane 6:c=4.69x10° M) of the compound€I-1 (1-6)
andCl-2 (1-6).

Fig. 18. The electrophoretogram for tigamHI and Hindlll digested mixtures of plasmid

DNA after the treatment with the compour@lsl (Lanes 1-3) an€lI-2 (Lanes 4-6).
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Table 1. Photophysical properties of the push-pull fluoro@soCl -1 andClI-2) in various
solvent.

Cl-1 Cl-2

Solvents A abs.max loge Aemmax  Stokes Solvents A abs.max loge Aemmax  Stokes

(nm) (cm*M™) (nm)  shifts (nm) (en*™M) (nm)  shifts

(nm) (nm)

CH,.Cl, 446,391(s) 4.69 587 141 L£H 461,385(s) 4.72 583 122
Dioxan 444 4.59 556 112 Dioxan 852(s) 4.66 568 116
DMF 387(s),466,528(s) 458 545 79 | M 471,389(s) 479 539 68
DMSO 470,397(s) 4.68 547 77 DMSO 7,401(s) 4.69 555 78
THF 447,380(s) 4.60 576 129 THF ,838(s) 4.73 584 129

Table 2. The computed absorption spectra at B3LYP/6-31+48(tbr CI-1 and CI-2 in
different solvents. H and L referred to HOMO andMO.

Cl-1 Cl-2

Amax Oscillator Orbital Amax  Oscillator Orbital
(nm) strengthf  contributions (M)  strengthf  contributions
CH,Cl, 439 0.7250 H-1-L (96%) 447 0.7584  H-1-L (96%)
378 0.5842 H—oL+1(73%) 377 0.5294 H—L+1 (95%)
Dioxan 434 0.6614  H-1-L (95%) 441 0.6657  H-1—L (76%)
368 04849  HL+1(93%) 368 0.5507  H—L+1 (63%)
DMF 441 0.7449  H-1-L (96%) 449 0.7847  H-1-L (96%)
380 05889  H—L+1(90%) 380 05110 HL+1 (95%)
DMSO 441 0.7430 H-1-L (96%) 448 0.7833  H-1-L (96%)
380 0.5863 H—L+1(90%) 380 0.5067 H—L+1 (95%)
THF 438 0.7156  H-1-L (96%) 446 0.7473  H-1-L (96%)

377 0.5541 H—-L+1(61%) 376 0.5287 H—L+1 (94%)




Table 3. Electric dipole moment (u), polarizability.4), molecular first hyperpolarizability
(o) @and their componenets calculated at the B3LYR/6g8d,p) level forCl-1 and Cl-2.
The components are in a.u.

Cl-1 Cl-2 Cl-1 Cl-2
Ol 653.69 673.28 By 3898.10 2536.96
Oy -19.65 -23.96 Py 5460.58 6191.06
Oy 439.79 471.82 Byy -1687.70 -1663.43
Oz 15.02 15.45 Py 961.30  794.53
ayz -2.60 418 By 212.84  216.44
Oz 233.13 242.24 By, -221.13  -225.22
oot (10%%) (esu) 65.60 68.50 Pyyz 201.83  183.26
Hy -2.26 1.85 Pz -296.92  -258.23
Hy -4.51 492 PByz -109.12  -161.89
Hs -1.81 176 B -146.53  -153.76
(D) 13.6 14.10 B (103 (esu) 57.0 59.20

Table 4. Antimicrobial activity of the compounds expresseadnhibition zones (mm).

Compounds Positive control
Test microorganisms Cl-1  CI-2 Amp C Keto
E. coli ATCC 35218 10+1 - - 8x0 NS
E. coli ATCC 25922 8+2 - 18+0 25%0 NS
B. cereus NRRL B-3711 - - - - NS
B. subtilis ATCC 6633 - - 231 21+0 NS
S aureus ATCC 25923 - - 44+1 24=+1 NS
E. faecalis ATCC 29212 - - 270 200 NS
P. aeruginosa ATCC 27853 8+l - 600 34z0 NS
K. pneumaniae ATCC 13883 9+1 - - 31+1 NS
S typhimurium ATCC 14028 102  8#1 19+1 381 NS
E. hirae ATCC 9790 - - 9+1 221 NS
P. wulgaris RSKK 96029 - - - 32+1 NS
C. albicans ATCC 10231 16+7 14+1 NS NS 11+1
C. krusei ATCC 6258 - 20+1 NS NS 18+1
C. tropicalis Y-12968 - 14+1 NS NS 34+£2

Amp: Ampicillin, C: Chloramphenicol, Keto: Ketokanal (NS: Not studied)



Table5. MIC and MFK values of the compounds (LM).

MIC MFC
Test microorganisms CT-1 CT-2 CT-1 CT-2
C. albicans ATCC 10231 10pM 20 uM 80 uM 80 uM
C. krusei ATCC 6258 20uM  20pM 20uM  20pM

C. tropicalis Y-12968 20uM  20uM 20uM  20uM
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Fig. 1. Absorption (top,CI-1, left CI-2, right, c=3x10° M) and emission (bottonGI-1, left



Fig. 2. Color changesn day light (top,ClI-1, left CI-2, right, c=3x10°> M) and upon UV

irradiation (365 nm) (bottonGI-1, left CI-2, right, c=3x10° M).
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Fig. 3. The absorption spectra @l-1 (c=2x10° M) upon addition of F, AcO" and CN

(c=1x10% M) in DMSO.

Fig. 4. Photographs ofl-1 (c=2x10° M in DMSO) upon addition of 20 equiv studied arson

(c=1x10? M in DMSO) under ambient light.
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Fig.5. Absorption spectra dEl-1 (c=2x10°M) in the presence of K40 equiv) upon addition

of increasing amount of TFA (40 equiv) in DMSO.
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Fig. 6. The absorption spectra @l-1 (c=2x10° M) upon addition of F, AcO" and CN

(c=1x10% M) in DMSO/H,0 (9:1).

Fig. 7. Photographs o€T-1 (c=2x10°M in DMSO/H,O (9:1)) upon addition of 20 equiv of

F~, AcO and CN (c=1x10° M in DMSO) under ambient light.
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Fig. 8. The absorption spectra @l-2 (c=2x10° M) upon addition of 20 equiv of CN

(c=1x10% M) in DMSO.

Fig. 9. Photographs o€l1-2 (c=2x10° M in DMSO) upon addition of 20 equiv of FACO™

and CN (c=1x10° M in DMSO) under ambient light.
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Fig. 15. Molecular electrostatic potential map 16r-1 andClI-2 calculated at the B3LYP/6-

31+G(d,p) level.
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Fig.16. TGA curves ofCI-1 andCI-2.
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Fig. 17. The electrophoretograms applied to the incubatextumds of DNA at various
concentrations (lane £=150uM, lane 2:c=75 uM, lane 3c=37.5 pM, lane 4c=18.75 uM,

lane 5:c=9.37 uM, lane 6¢=4.69 uM) of the compound3l-1 (1-6) andCI-2 (1-6).

Form Il
Form 1l
Form |

Fig. 18. The electrophoretogram for tigamHI and Hindlll digested mixtures of plasmid

DNA after the treatment with the compour@isl (Lanes 1-3) an€l-2 (Lanes 4-6).
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Scheme 2. Proposed binding mode @fi -1 with F in DMSO solution
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Scheme 3. Proposed binding mode €fi-1 (top) andClI-2 (bottom) with CN via addition and

deprotonation mechanisms in DMSO solution



Highlights

* Two new coumarin-indole conjugate fluorescent di&is1 andClI-2) having donor-

acceptor-donor (D-A-D) were synthesized and charad.

e CI-1 andCl-2 behave as a colorimetric probe for selective amdigee detection of

CN in DMSO/H0 (9:1) and DMSO, respectively.

« They showed good thermal stability for practicgblagations as functional dye.

« The both dyes cause conformational changes on DNA lind to selectively

nucleotides of A/A and G/G.



