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Abstract

In this study, the crystal and molecular structwk the compound 2-phenyl-4-[4-
(1,4,7,10-tetraoxa-13-azacyclopentadecyl)benzygfidroxazolonevas determined by
the single-crystal X-ray diffraction method. Thelecalar structure of the compound
consists of aN-phenyl-(aza-15-crown-5) moiegpnnected to the oxazol-5-one ring. A
phenyl group is also linked to the oxazol-5-ongant. Crystal structure is stabilized
by C-H-O type intermolecular hydrogen bonds, C-® type intramolecular
interaction and pi---pi interactions. Theoreticalidies such as molecular geometry,
frontier molecular orbitals and molecular electrast potential were performed using
the Density Functional Theory (DFT) method B3LY®168:G(d,p) basis set. Geometric
parameters were compared with the experimental datd the compatibility was
observed.

Keywords:Oxazole-5-one, crown ether, crystal structure, Diib)ecular orbitals.

Yuksek disordera sahip 2-fenil-4-[4-(1,4,7,10-teksa-13-
azasiklopentadesil)benziliden]-5-oksazolon Biein
Yapisal Karakterizasyonu ve DFT gahalari

Ozet

Bu calsmada, 2-fenil-4-[4-(1,4,7,10-tetraoksa-13-azasildofadesil)benziliden]-5-
oksazolon bilgginin molekuler ve kristal yapisi tek-kristal a1 kirilnimi yontemiyle
belirlendi. Bilesigin molekuler yapisi, bir oksazol-5-on grubunasbha-fenil sibstitie
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aza-ta¢ eter yapidan olmaktadir. Bir fenil grubu da oksazol-5-on fragmasti
baglidir. Kristal yapi, C—H-O tipi molekullerarasi hidrojen kgar ile C-H--O tipi
molekdl ici zayif etkilaneler ve pi---pi etkijeneleri ile kararli haldedir. Teorik
calismalar (molekiler geometri, frontier molekiler oddier ve molekuler elektrostatik
potansiyel) Ygunluk Fonsiyonu Teorisi (YFT) metodu ile ve B3LYBI&G(d,p) baz
seti kullanilarak gercekbgirilmistir. Geometrik parametreler deneysel verilerle
karsilastirilarak uyumlu olduklar gbzlentir.

Anahtar kelimeler:Oksazol-5-on, tac eter, kristal yapi, YFT, molekokbitaller.

1. Introduction

Oxazolone derivatives make a class of five-membhegdrocycles, having two oxygen
and one nitrogen atom. They have very importang ol the medicinal chemistry,
biology and physics. They are used as intermedifdesthe synthesis of several
biologically active molecules. They exhibit a widgectrum of pharmacological
activities such as anticancer [1], antitumor [Z}timicrobial [3], analgesic [4], anti-
inflammatory [5], antidepressant [6], anti-HIV [],8sedative [9,10], cardiotonic
activity [11], antidiabetic and antiobesity [12,18)xazolones are also involved in the
synthesis of several organic molecules includinghamacids, amino alcohols, thiamine,
peptides and polyfunctional compounds [14,15]. yTaee also used in semiconductor
devices such as electro photographic photoreceptw$n nonlinear optical materials.

In this study, we characterized an oxazol-5-onévdeve containingN-phenyl-(aza-15-
crown-5) moiety.The structural analysis of the compound was peréar by single-
crystal X-ray diffraction method. Theoretical steslisuch as molecular geometry,
frontier molecular orbitals and moleculalectrostatic potential were carried out using
the Density Functional Theory (DFT) method B3LYR/MBLG(d,p) basis set. The
theoretical and experimental results were companeddiscussed.

1. Material and method

1.1Synthesis

The synthesis of the 2-phenyl-4-[4-(1,4,7,10-tetraoxa-13-azacyclopentgtje
benzylidene]-5-oxazolone was performed Ibj et al. and described in the literature
[16].

1.2 X-ray crystallography

Single-crystal X-ray diffraction data of 2-phenyl4+(1,4,7,10-tetraoxa-13-
azacyclopentadecyl)benzylidene]-5-oxazolone wakded at 293(2) K on a Rigaku-
Oxford Xcalibur diffractometer with an EOS-CCD ddtg using graphite-
monochromated Mok radiation = 0.71073 A) with CrysAli¥° software [17]. Data
reduction and analytical absorption correction wagormed by CrysAlf$° program
[18]. Utilizing OLEX2 [19], the structure was selt byIntrinsic Phasemethod with
SHELXT [20] and refined by full-matrix least squaren F? in SHELXL [21].
Anisotropic thermal parameters were applied tonalh-hydrogen atoms. Hydrogen
atoms were placed using standard geometric modelsvih their thermal parameters
riding on those of their parent atoms (C-H = 0.9870R). During the initial refinement
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cycles, some atoms of the crown ether moiety etdulhighly anisotropic displacement
ellipsoids, which were consistent with positionasadder. PART 1 and PART 2
instructions were used to separate the two positadnatoms C4A and C4B with the
40:60 (C4A:C4B) population distribution. A numbdr@ADI/RIGU restrains and equal
Uj constraints (EADP) were also applied to refine eomoieties of the molecular
structure. The details of the crystal data andctire refinement of the title compound
are given in Table 1.

1.3Computational details

In this study, the computational studies were edrrout on the basis dDensity
Functional Theory (DFT), with the Gaussian 09W and Gauss View madécu
visualization program [22,23]. The molecular stane of the compound was optimized
at B3LYP/6-311G(d,p) level of the theory in the gnd state [24,25]. Highest occupied
molecular orbital (HOMO), lowest unoccupied molegubrbital (LUMO) and MEP
have also been calculated from optimized geomédttiyeomolecules.

Table 1. Crystallographic data and structure refieret parameters for the title

compound.
Empirical formula GeH27N,Og
Formula weight (g/mol) 466.52
Crystal system, space group Orthorhombic, Pbca
a, b, c(A) 17.7637(19), 8.9032(7), 30.280(3)
V (A% 4788.9(8)
z 8
Densityc (g/cnt) 1.294
Absorption coefficient (mmm) 0.092
F(000) 1984
Crystal size (mn) 0.684x 0.446x 0.215
Reflections collected / independent 12223 /2107
Parameters 293
Goodness-of-fit o 1.358
FinalRindices | > 24(1)] R; =0.120wR, = 0.192
Rindices (all data) R; = 0.336 wR, = 0.402

2. Result and discussion

2.1 Crystal structure determination

The molecular structure of the title compounddepicted in Fig.1 The molecule
consists of aN-phenyl-(aza-15-crown-5) moietgonnected to the oxazol-5-one ring
bridged by the methine C17 atom and a phenyl grmied to the oxazol-5-one
fragment. The crown ether group is tilted [torsamgles N11-C1-N1-C2 = -80.7(6)°,
C11-N1-C10-C9 = 81.5(6)°] relative to the plane taiming N-phenyl, oxazol-5-one
and phenyl moieties. The rest of the complex isoalncoplanar with the dihedral angles
between the oxazole and N-phenyl rings of 2.5@&}&zole and phenyl rings of 9.2(4)°,
N-phenyl and phenyl rings of 10.2(3)°. Torsion a&sglwhich are listed in Table 3, are
also prove this planarity.
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The nitrogen atom of the N-phenyl-(aza-15-crownisbkimilarly close to a trigonal

planar geometry with angles of 118.3(4)° (C1-N1-£1®1.2(4)° (C1-N11-C11) and

120.5(4)° (C10-N1-C11). C3-C4B bond length is dlighonger than the other C-C

bond lengths in the crown ether due to the postiaisorder. All other bond lengths,

bond angles and torsion angles are within normabes, and are close to those
observed for a very similar structures in the #tare [26-29].

Figure 1. The molecular structure of the title cannpd, showing the atom labeling,
Displacement ellipsoids are drawn at the 25% pritibatevel.

Crystal structure of the compound is stabilizedany intermolecular C23-H23.--05
hydrogen bond and three intramolecular interactiarigch are shown in Table Zhe
compound consists of a dimeric arrangenenmolecules around an inversion centre
formed via the C23-H23-05 intermolecular hydrogen bond linking the molecules
This centrosymmetric hydrogen-bonded dimers arméakr with anR2(16) ring motif
[30]. Also, there is a S(6) motif forms through tinéramolecular C15-H15N2 weak
interaction. The cavity of the crown moiety does not contain @owent or guests
molecules. To get around this, the crown forms weak C-H---O typetramolecular
hydrogen bonds, which further stabilize the confation observed. The distances
between the hydrogen and the oxygen atoms aref2(6@) and 2.44 A (03), while the
distances between the carbon and oxygen atoms.a8d#(8) A and 3.064(14)A.
Comparing with the similar studies, these distararesslightly short for the expected
weak hydrogen bond interactions [26)}. addition, there is a strong--n interactions
with 3.472(4) A distance between the centroids-@0d1 [Cgl = N2/C18/C19/06/C20;
Cgl--Cgl symmetry code (ii) 1-x,1-y,1-z].

Table 2. Hydrogen-bonding interactions [A,°] fhettitle compound.

D-H--A D-H H--A D-A D-H--A
C23-H23--05 0.93 2.58 3.504(8) 176
C2-H2A--04 0.97 2.60 3.344(8) 134
C4B-H4BA O3 0.97 2.44 3.064(14) 122
C15-H15--N2 0.93 2.36 3.037(7) 130

symmetry code: (i) 1-x, -y, 1-z
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Figure 2. Centrosymmetric hydrogen-bonded dimeicsire by intermolecular C-HO
hydrogen bonds around an inversion centre, andnmdfecular C-H-O and C-H-N
interactions. Dashed lines showed intra- and inbégoular hydrogen bonds. Hydrogen
atoms not involved in the bonding, are omitteddiarity.

Figure 3. Part of the packing view ot the title gmund along the axis.
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2.2DFT studies

Figure 4 shows the optimized structure of the tidenpound. The optimized structure
parameters such as bond lengths, bond angles asidntaangles are calculated by
B3LYP/6-311G(d,p), compared with those of the ekpental data and are presented in
Table 3. Local minimum energy was found approxityatd2722.75 eV after the
geometry optimization. The dipole moment is eqaal.8822 Debye. Comparing with
the experimental data, some optimized parametersliffierent, attributed to the fact
that the theoretical calculations are performed dorisolated molecule in gaseous
phase, whereas experimental results are of thecmleke in solid state. The biggest
difference between the experimental and calculatedi lengths is 0.072 A at O2-C4B.

Table 3. Interatomic distances (A), bond anglestarglon angles (°) for the title
compound as observed experimentally and as caéculeting DFT/B3LYP/6-
311G(d,p) method.

Atoms Exp. Calc. Atoms Exp. Calc.
N1-C1 1.433(7) 1.4618 N1-C10 1.454(7) 1.4595
N1-C11 1.370(6) 1.3791 01-C2 1.373(7) 1.4263
01-C3 1.420(8) 1.4164 02-C4A 1.367(2) 1.4215
02-C4B 1.350(2) 1.4215 02-C5 1.430(2) 1.4181
03-C6 1.374(2) 1.4201 03-C7 1.361(2) 1.4224
04-C8 1.370(2) 1.4199 04-C9 1.399(8) 1.4144
N2-C18 1.438(8) 1.3957 N2-C20 1.259(8) 1.2914
05-C19 1.1749) 1.1964 06-C19 1.382(8) 1.4133
06-C20 1.363(7) 1.3731

05-C19-06 123.6(6) 122.095 (05-C19-C18 132.4(6) 134.095
06-C20-C21 117.6(5) 117.099 C1-N1-C11 121.2(4) a19.
N2-C18-C17 128.4(5) 129.158 N2-C20-C21 125.6(6) 105
C10-N1-C11 120.5(4) 121.014 C13-Cl14-C17 119.3(5) 9.132
C14-C17-C18 127.3(5) 130.264 C15-C14-C17 124.7(5) 124.226
N2-C20-C21-C26 -10.6(10) -0.622 06-C20-C21-C22 -8.0(9) -0.656

N2-C18-C17-C14  -1.3(10) -0.185  C18-C17-C14-C15 (@5  -1.108
C18-C17-C14-C13 178.6(5) 179.269 C12-C11-N1-C1  A(®  178.892
C12-C11-N1-C10  5.6(8) 5980  C16-CI11-N1-C10  -17/.4( 173.520
C11-C1-N1-C2 -80.7(6) -79.787  C11-N1-C10-C9 81.5(6) 87.373
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Figure 4. Optimized geometry for the B3LYP/6-311@Jdf the title molecule.

2.3 Frontier molecular orbitals and molecular elecistatic potential

FMO analysis is important in providing informatiabout the electronic properties and
molecular reactivity of a compound. HOMO orbitaldighest occupied molecular
orbital) act as electron donors, and LUMO (lowesbacupied molecular orbital)
orbitals are largely act as electron acceptorsnémy works, the energy gap between
HOMO and LUMO reflects mostly chemical reactivitiytbe molecule [31-33Frontier
molecular orbital (FMO) analysis was performed & same level of theory. In the
HOMO, electrons are mainly located on tNephenyl and oxazol-5-one fragments,
whereas LUMO is distributed on the whole molecueept the crown ether moiety
(Fig. 5a). The HOMO energy level is calculated at -5.25 eVd @he LUMO s
calculated at -2.25 eV. The energy gaps of HOMO adMO could be determined
about 3.00 eV which indicates the molecule becdesssstability and more reactivity.

The molecular electrostatic potential of the tatenpound has also been calculated. The
MEP is related to the electronic density and iseaywseful descriptor to have a
knowledge for electrophilic attack and nucleophikeactions [34,35]. To predict
reactive sites for electrophilic attack, the elestatic potential surface maps have been
plotted for the title compounds with B3LYP/6-311Gxdlevel. In the MEP profile, the
areas with major positive potential are specifigdolue color, which demonstrates the
strongest attraction, whereas the maximum neggbetential sections have been
presented red color, indicates the repulsion. As lma seen in Fig. 5b, the negative
potential regions are over the electronegative @nabf the oxazole-5-one, which is
responsible for the intermolecular hydrogen bondiagd the regions having the
positive potential are over the part of thephenyl-(aza-15-crown-5) moiety. The
yellow color proves the intramolecul@H:--O and C-H-N interactions.
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LUMO (-2.25 eV)

A

Egap = 3.00 eV

v

HOMO (-5.25 eV)

Figure 5. (a) Molecular orbital surfaces and endeggls for the HOMO and LUMO of
the studied molecule at B3LYP/6-311G(d,p) (b) Malec electrostatic potential
surface (MEP) of the title compound.

3. Conclusion

Herein, the structural characterization of the 2ph-4-[4-(1,4,7,10-tetraoxa-13-
azacyclopentadecyl)benzylidene]-5-oxazolone comgowas carried on with single
crystal X-ray diffraction study. Structural studyosvs that the molecule consists of an
oxazol-5-one ring connected to thephenyl-(aza-15-crown-5) moietgnd a phenyl
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ring linked to the oxazol-5-one fragment. The crosther is found to be tilted relative
to the plane containiniy-phenyl, oxazol-5-one and phenyl moieties. Crystal struectur
of the compound is stabilized by intermolecular G-hydrogen bond, resulting in a
R3(16) ring motif and three intramolecular interaoto Geometry of the molecule was
optimized using DFT/B3LYP/6-311G(d,p), and the o#dted values were compared
with the experimental data. In general, the stmattparameters match well with the
experimental one, with few exceptions caused dueh#o constraints imposed by
isolated molecule model. The HOMO-LUMO patterns amdlecular electrostatic

potential surface analyses was also performedhiertitte molecule and the hydrogen
bonds and other interactiongre consistent with those of the experimentalltesu

Acknowledgement

The author acknowledge Muhittin Aygln for the usi@gussian 09W program and
Dokuz Eylul University for the use of the Oxfordgdku Xcalibur Eos Diffractometer
(purchased under University Research Grant No: XB.GEN.13).

Supplementary

CCDC 1832558 contains the supplementary crystaljdgc data for the compound.
Copies of the data can be obtained free of <charge a
http://www.ccdc.cam.ac.uk/conts/retrieving.html or from the Cambridge
Crystallographic Data Center, 12, Union Road, Caalgler CB2 1EZ, UK. fax: (+44)
1223-336-033, email: deposit@ccdc.cam.ac.uk.

References

[1] Benedlt, D. and Daniel, V., Synthesis of 2-metB)-4-
(phenylimino)naphth[2,3-d]oxazol-9-one, a monoimim@none with selective
cytotoxicity toward cancer cellgournal of Medicinal Chemistry, 37, 710—
712, (1994).

[2] Gelmi, M. L., Clerici, F. and Melis, A., 5(4H)-oxalones. Part X. Acid and base
effects on the translactonization reaction of 4(a-alkylidene)-5(4H)-
oxazolones: New synthesis of 5-alkylidene-3-berammyho-2(5H)-furanones,
Tetrahedron, 53, 1843-1854, (1997).

[3] Martinez, A. P., Lee, W. W. and Goodman, L., Som#u@roethylamines
derived from hydrocinnamic acid, phenylpyruvic a@dd DL-phenylalanine,
Tetrahedron, 20, 2763-2771, (1964).

[4] Lesieur, S. and Aichaw, H., Eur PAT 1990, 390, 6@3, OCT,; Chemical
Abstracts, 114, 143, (1991).

[5] Ando, K. and Asai, N., EUR PAT, 385, 664, 05 SEPJ99Q; Chemical
Abstracts, 114, 143, (1991).

[6] Descas, P. and Jarry, C. EUR PAT, 392, 929, 17 QGY0; Chemical
Abstracts, 114, 143, (1991).

[7] Abdel-Aty, A. S., Pesticidal effects of some imidddine and oxazolone
derivativesWorld Journal of Agricultural Science, 5, 105-13, (2009).

262



[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]

[19]

[20]
[21]

[22]

BARUT CELEPU D.

Witvrouw, M., Pannecouque, C, Clercq, E. D., FedwmmAlvarez, E. and
Marco, J. L., Inhibition of human immunodeficienayrus type (HIV-1)
replication by some diversely functionalized spycopropyl derivatives,
Archiv der Pharmazie, 332, 163-6, (1999).

Khan, K. M., Mughal, U. R., Khan, M. T. H., Ullalz., Perveen, S. and
Choudhary, M. I., Oxazolones: new tyrosinase irtbilsi synthesis and their
structure—activity relationshipBjoorganic & Medicinal Chemistry, 14, 6027—
33, (2006).

Pashas, M. A., Jayashankara, V. P., Venugopaldy.kand Rao, G. K., Zinc
Oxide (ZnO): an efficient catalyst for the syntlsesif 4- arylmethylidene-2-
phenyl-5-(4H)-oxazolones having antimicrobial aidyiv Journal of
Pharmacological and Toxicological Methods2, 264-70, (2007).,

Schnettler, R. A., Jones Jr., W. D. and ClaxtonPG.Cardiotonic heterocyclic
oxazolonesMerrell Dow Pharmaceuticals Inc., United States, Patent No.: US
4698353 (1987).

Pereira, E. R., Sancelme, M., Voldoire, A. and Rardme, M., Synthesis and
antimicrobial activities of 3-N-substituted-4,5-#sndolyl)oxazol-2-ones,
Bioorganic & Medicinal Chemistry Letters, 7(190), 2503, (1997).

Viti, G., Namnicine, R., Ricci, R., Pestelline, Vbeli, L. and Funo, M., New
antagonists of platelet-activating factor contagni2-oxazolidinone or 2-
morpholinone, European Journal of Medicinal Chemistry, 29, 401-406,
(1994).

Ismail, M. I., Physical characteristics and polaegdnic reduction mechanism of
some oxazoloneg anadian Journal of Chemistry,69, 1886-92, (1991).
Matsunaga, H., Ishizuka, T. and Kunieda, T., Syinthaility of fvemembered
heterocycles-chiral functionalization and appliocasi, Tetrahedron Letters, 61,
8073-94, (2005).

Icli, S., Icil, H., Alp, S., Koc, H. and McKillopA., NMR, absorption and
fluorescence parameters of azlacton@gectroscopy Letters 27 (9), 1115-
1128, (1994).

CrysAlisPro Software System, Version 1.171.38.&3gaku Corporation,
Oxford, UK, (2015).

Clark, R. C. and Reid, J. S., The analytical catoh of absorption in
multifaceted crystalsicta Crystallographica A51, 887-897, (1995).
Dolomanov, O. V., Bourhis, L. J., Gildea, R. J.,w#od, J. A. K. and
Puschmann, H., OLEX2: A complete structure solytrefinement and analysis
programJournal of Applied Crystallography, 42, 339-341, (2009).
Sheldrick, G. M., SHELXT-Integrated space-group andystal-structure
determinationActa Crystallographica, A71, 3-8, (2015).

Sheldrick, G. M., Crystal structure refinement witBHELXL, Acta
Crystallographica, C71, 3-8, (2015).

Frisch, M. J., Trucks, G. W., Schlegel, H. B., Saiss G. E., Robb, M. A,,
Cheeseman, J. R., Scalmani, G., Barone, V., MemnBcc Petersson, G. A.,
Nakatsuiji, H., Caricato, M., Li, X., Hratchian, R., Izmaylov, A. F., Bloino, J.,
Zheng, G., Sonnenberg, J. L., Hada, M., Ehara, dyota, K., Fukuda, R.,
Hasegawa, J., Ishida, M., Nakajima, T., HondaKttao, O., Nakai, H., Vreven,
T., Montgomery Jr. J. A., Peralta, J. E., Oglidfq, Bearpark, M., Heyd, J. J.,
Brothers, E., Kudin, K. N., Staroverov, V. N., KeitT., Kobayashi, R.,
Normand, J., Raghavachari, K., Rendell, A., Burant,C., lyengar, S. S.,
Tomasi, J., Cossi, M., Rega, N., Millam, J. M., ikée M., Knox, J. E., Cross, J.

263



[23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

BAUN Fen Bil. Enst. Dergisi, 21(1, 254-264, (2019)

B., Bakken, V., Adamo, C., Jaramillo, J., GompeRs, Stratmann, R. E.,
Yazyev, O., Austin, A. J., Cammi, R., Pomelli, Oghterski, J. W., Martin, R.
L., Morokuma, K., Zakrzewski, V. G., Voth, G. A.alBador, P., Dannenberg, J.
J., Dapprich, S., Daniels, A. D., Farkas, O., Foras, J. B., Ortiz, J. V.,
Cioslowski, J. and Fox, D. J., Gaussian 09, Remid#001, Gaussian, Inc,
Wallingford CT, (2010).

Dennington, R., Keith, T. and Millam, J., GaussVjeversion 5,Semichem
Inc., Shawnee Mission, KS, (2009).

Becke, A. D., Densityunctional thermochemistry. Ill. The role of exact
exchangeThe Journal of Chemical Physics98, 5648, (1993).

Ditchfield, R., Hehre, W. J. and Pople, J. A., Sslhsistent moleculaorbital
methods. IX. An extended gaussigpe basis for moleculaorbital studies of
organic moleculesThe Journal of Chemical Physics54, 724-728, (1971).
loannidis, M., Gentleman, A. S., Ho, L., Lincoln, B. and Sumby, C. J.,
Complexation and structural studies of a sulfonanaiga-15-crown-5 derivative,
Inorganic Chemistry Communications 13, 59-598, (2010).

Alfimov, M. V., Churakov, A. V., Fedorgw. V., Fedorova, O. A., Gromov, S.
P.,Hester, R. E.,Howard, J. A. K., Kuz’'mina, L. G., Ledneyv, I. K. &Moore,
J. N., Structure and ion-complexing properties mfaza-15-crown-5 ether dye:
synthesis, crystallography, NMR spectroscopy, sppbbtometry and
potentiometry,Journal of the Chemical Society, Perkin Transactios, 2, 2249
— 2256, (1997).

Ho, M. L., Hwang, F. M.,Chen, P. N.Hu, Y. H.,Cheng,Y. M., Chen,K. S.,
Lee, G. H., ChiY. and Chou, P. T., Design and synthesis of iridiliin
azacrown complex: application as a highly sensitiveetal cation
phosphorescence sens@rganic & Biomolecular Chemistry, 4, 98-103,

(2006).
Casellato, U. and Graziani R., Crystal structure lo$(aza-15-crown-5-
dithiocarbamato) platinum(ll) dichloromethane (1/2)

((CH.CH,OCH,CH,OCH,CH,OCH,CH,OCH,CH,)NC$S,),Pt- 2CHCl;,,

Zeitschrift fur Kristallographie - New Crystal Structures, 214, 495-496,
(1999).

Bernstein, J., Davis, R. E., Shimoni, L. and Chaxgl.., Patterns in hydrogen
bonding: functionality and graph set analysis igstals,Angewandte Chemie
International Edition in English, 34, 1555-1573, (1995).

Fukui, K., Role of frontier orbitals in chemical&ions,Science 218, 747-754,
(1982).

Gunasekaran, S., Balaji, R. A., Kumeresan, S., An& and Srinivasan, S.,
Canadian Journal of Analytical Sciences and Spectszopy, 53, 149-160,
(2008).

Cicek, B., Cakir, U. And Azizoglu, A., The assomat of macrocyclic ethers
with cations in 1,4-dioxane/water mixtures; potentetric Nd and K binding
measurements and computational studtyirnal of Inclusion Phenomena
and Macrocyclic Chemistry, 72, 121-125, (2012).

Scrocco, E. and Tomasi, J., Electronic moleculaucsire, reactivity and
Intermolecular forces: an euristic Interpretatiop Immeans of electrostatic
molecular potentialsAdvances in Quantum Chemistry 103, 115-193, (1978).
Yildiz, C. B., Sagir, Z. O., Kilic, T. and Azizogl&., Computational and
experimental study on 7-epicandicandiol isolatenfrsideritis niveotomentosa
Huber—Morathii,Studia UBB Chemiag 59 LIX (2), 17-32, (2014).

264



