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Abstract

A stable diaqudis(N-benzoylanthranilategthylatecopper(ll) complex was synthesized by the reaction of
N-benzoylanthranilic acid (WaaH) and CuS4D 5.8 in 1:1 molar ratio in ethanol. Its crystals were structurally
characterized by single crystatrdy analysis. The complex has a distorted square planar CuO5 geometry. In the
crystal, molecules are linked in inversioglated mode, forming dimers, whiclererate alternat&’ (12) ring
motifs in a linked chain that runs along (100) plane. These chains are stacking via van der Waals interactions
forming a twedimensional supramolecular network.

Keywords: X-ray analysis, Noenzoylanthranilic acid, copper)itcomplex, hydrogen bonds.

1. Introduction a bioessential elemérresponsible for numerous bio-
Anthranilic acid derivatives have been known asctivities in living organisms [7]. Moreover, it is well
good inhibitors of AKR1C isoenzymes, wilti values known that Cu(ll) complexation plays an important
in low micromolar or nanomolar range. Almost 30role in the pharmacological profit# the antimicrobial
years ago, Penning and Talalay showed that indometigents [89].
acin and mefenamic acid, nonselective NSAIDs, Here we present the synthesis and structuial-ch
strongly inhibit rat liver hydroxysteroid dehydrogenasecterization of the new pentaordinated copper(ll)
AKR1C9, a model for human AKR1C isoenzymé&s [ complex GoH2909N2Cu, obtained by quantitatively
Other nonselective NSAIDs and selective G@Xn-  vield of the title compound.
hibitors also proved to be potent inhibitors of AKR1C 2. Results and Discussion
isoenzymes [2, 3]. For this purpose, a series-beN- The displacement ellipsoid representation and the-
zoyl anthranilic acid derivatives were synthesized as itoretical geometry structure with tregomnumbering
hibitors of penicillin binding protein4]. Due to their view for diaquabis(N-benzoylanthranilategthylatoe
structural similarities to several known inhibitors ofcopper(ll) () is shown in Fig. 1. Carbon C29 and C30
AKR1C enzymes, their inhibitory activity on given en-atoms are disordered, and their ellipsoid probability
zymes was tested [5, 6]. In addition, copper complexdsvel not shown owing to disordered shift.
have been much explored due to the fact that copper is
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Figure 1. Molecular structure of Cu(Maap(H-0),EtOH showing the atomumbering. Displacement ellipsoids
for the nonH atoms are drawn at the 50 % probability level (except C29 and C30). The H atoms are presented
with balls with arbitrary radii.

The benzene (GC6 and C15C20) rings planes similar derivatives [10]. The GuO2 bond distace
are not parallel to each other and its adjacent CO@ . 085 0 CdndboCud di stance aver e
groups forming a 5. 455 AwhicBare3aBdifslightly great3ang@ BLPLA, r espec -
tively. The metal atom of CuO4 basis is elevated from  The hydrogen bond geometry for copper(ll) com-
basal position no mor e- tpeais prdsented ih Aable X Ahelmelecaleis dinmedgcl e s O
CuO7 and OCuO7 (83. 978A and ar@ 4s.staiflized py ah mteanholecumr NH1 L L L O2
displaced vertex of pyramid (O7). The overall geomeand N H 2L O4 and i ntikSMmMahdex ul ar
try around the penteoordinated copper is described aO5/H 5 L. LHydBogen bonds; the latter generate alter-
a distorted square planar geometry. The bond distangeste’Y (12) ring motifs in a linked chain that runs along
CwOl,CBdO3 are 1.933( 4)ich;j (100) gapep Enest chairs arg stackindralonepjjdia
slightly deviate from those found in literature for metalan der Waals interactions (Ci4429 and HB H30)
complex having MNbenzoylanthranilic acid; whereasforming a twedimensional supramolecular network
angles C 010 C7 and CA 018 C2 1  ( 1 2 JTalellgrd Fig. 2).
and 115.718A) deviate greatly to the reported values

[ I
.( u
[
Qo0

Figure 2. View of twedimensional supramolecular network. For better viewing, the terminal intramolecular
and intermolecular atoms are assigned. For clariyatoms have been omitted.
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Table 1.
Hydrogenbond geometry (j, A) of the compl ex
DIHLL LA Di H d( HL L L d(DLLL <(DHA)
NIIHL1LLLO?2 0.860 1.913 2.624 139.150
N2iIH2 L L L O4 0.660 1.893 2.605 139.232
OS5 H5LLLO2 0.701 1.980 2.673 169.720
OS5 H5 L L O4 0.670 2.016 2.677 168.901
O6iH6L L I 09 0.670 2.036 2.694 167.637
O6iH6L L 'O 8 0.856 1.919 2.775 178.253

Symmetry code: (i), -y + 1,-z + 1; (i) x,- y + 3/2, z- 1/2; (iii) X, -y + 1/2, z- 1/2; (iv) x + 1, ¥, Z; (V}IX + 1,y
+ 1/2,-z + 3/2;(vi) x + 1,-y + 3/2, z- 1/2; (vii) -x + 1,-y + 1,-z + 1; (viii) -x + 1, yT 1/2,-z + 3/2;

3. Material and Methods CuSO4l: 528 (0,014 mg, 0.059 mmol) in ethanol (10

3.1. Synthesis mL) was sonicated for 15 min

The title compound 1 was obtained according tone hour. The precipitated copper(ll) compound was
the reaction scheme 1. The crystals were grown accofitered of and recrystallized from ethanol. The crystals
ing laboratory procedure and used lowst standard were isolated as a bluish solid stable inaaid suitable
materials for this purpose. Briefly, a mixture otddn- forX-r ay di ffraction study at
zoylanthranilic acid (0.02 g, 0.083 mmol) and% vyield.

20

H,O OEt
OOH O—-=Cu 0—C

% o

OH,

2 + CuS0, 5H,0 B>

Ph

Scheme 1Synthesis of diaqubis(N-benzoylanthranilatogthylatecopper(ll).

3.2. X-ray Analysis software [12]. The structure was solved by direct meth-

A crystal of the title compleXd having approxi- ods using SHELXS®7 implemented in Olexgrogram
mate di mensi on @OuasImbuntdd od Zsuit [13]. The refinement was carried out by-fuétrix
a glass needle using lab adhesive. All measuremelleastsquare m#hod on the positional and anisotropic
were made on an Oxford Diffraction Xcalibur singletemperature parameters of the Agrdrogen atoms, us-
crystal Xray diffractometer using graphite marfwo- ing SHELXL-97 [14, 15]. All the H atoms were posi-
mated Culkl(e=1. 5418 ) radi attioned geometrically and constrained to ride on their
generation detector. Diffraction data were collected parent atomwith&@ H=0930. 978 H, = NO. 86 |
20 A @y thex-scan technique. Accurate unit cell pa-and G H = 0.67-0. 85 () =wli2t h U
rameters and orientation matrix were obtained by Ueqfor ethyl H atoms and 1.54(H,H,H) for methyl H
leastsquares fit of several high angle refiens in the atoms. Theyeneralpurpose crystallography tool
ranges3 . 7 3 A < fdr the titlZ GSompoind The PLATON, ORTEPand MERCURYwere used for
intensity data were collected with an averagefold  structure analysis and presentation of the results [16
redundancy per reflection and optimum resolutiol8]. Details of the dataollection, crystal parameters
(0.83 (). The intensity andrefinementprocessofcompoundl are givdrains i
tion, Lorentzpolarization orrection and decay correc- ble 2.
tion were done usin@rysAlig™ (version 1.171.37.34

nt eog
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Table 2.
Experimental details
Crystal data
Empirical formula CsoH29009N2Cu
M 625.09
Crystal system, space group Monoclinic,P2;/c
Temperature (K) 293
a b, c( i) 13.0395(5), 16.3395(3), 14.4133(5)
b( A) 114.689(5)
vV B 2790.17(19)
Z 4
Radiation type CukKU
Crystal size (mm) 0.1510.2210. 12
Calculated density (Mg/fh no measured
Absorption coefficient (mn) 1.615
F(000) 1296
Data collection
Absorption correction no
Tmin, Tmax 0689, 0.834
No. of measured, |ndepe1272915703,4:,):,)1
reflections
Rint 0.0208
Theta range for data col373t075.75
Refinement
Index ranges -16<=h<=14, 0<=k<=20, 0<=I<=17
RIF2> 23%],WRF?),S 0.0442, 0.1402, 1.058
No. of reflections / restraints / parameters 5703/0/ 397
Goodnesf-fit on P 1.058
Completeness, [gh-Omad (%) 98.04
H-atom treatment H-atom parameters constrained
P Jnax, Piin ( €7) 0.47,-0.55
Final R indices [ 1 >20(! |R1=0.0442, wR2=0.1402
R indices (all data) R1=0.0579, wR2=0.1313
CCDC reference 2033596
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Abstract

Recently it wasynthesized an organic saff diclofenac with ethylenediamine and complex compounds of
these two ligands and metal cationg*NCW* and Zri#*, the structures of which were confirmed by theax
analyses. Investigation on cytotoxicity of the complexes agaimétit@acells showed 2:3.4 times efficacy then

parent diclofenac. Once again proven that complexation with metals leads to an enhancement of the activity of the

pharmaceutical drug.
Keywords: diclofenac, metal complex, organic salt, cytotoxidiiz*, CL?*, Zn?* cations.

Introduction . DCF has already been documented (8§ and later re-
The nonsteroidal antinflammatory drug of di- vealal that preservativéree DCF exhibit considerable
clofenac (DCF) is widely used in medicine since 1978&xicity [11].
[1]. This drug is gradually becoming promising in the  Herein, we describe the-May structural analysis
treatment of different types of cancer .[2} was and cytotoxicity assessment agaidsiacells of DCF
summarised the evidence for an amancer effect of compl exes with ethyl enedi
DCF treatment drawing om vitro, in vivoand human [M(DCF);], and mixed ligand complexes-
data. The established pharmacokinetics and knowkl(EDA)(H20),J(DCF)., where M= Nf*, C** and
toxicity profile make DCF a strong candidate for Zn?*, EDA’ ethylendiamine.
repurposing as an oncological treatmentthbdn Materials and methods
combination with existing standard of care treatments  In order to obtain DCF complexes with biometals,
or in a cocktail with other repurposed dri8 Some- aqueous ethanol solutions of acetatehliéf, Cu#* and
times synergism is observed when DCF is used in cor@n?* were vigoroust stirred with DCF and ethylenedi-
bination with other drugs, as well as in their conjugateamine (EDA) in 1:1:1 molar ratio, respectively. After
Compounctis-[Pt(DCF)(NHs),], in which DCF mole- two hours of refluxing the reaction mixture, hot filtra-
cules are coordinated to Pt(Il) through their carboxylition was carried out. Then the mother liquor was left at
group, is more potent than parental conventional Pt(Ilpom temperature for two weeks. The growths of single
drug cisplatin, free DCF and the congeners of it igrystals were further observed, which were filtered of
which diclofenac ligands are conjugated to Pt(Il) via and driedThe molecular and crystal structudghese
diamine. The pancy ofcis-[Pt(DCF:(NHs),] is due to single crystals have been studied byay diffraction
several factors including enhanced internalization thainalysis.Thus, we have synthesized complexes -of d
correlates with enhanced DNA binding and cytotoximetals such as Rfi Cl.Z* and Zri#* with the antiinflam-
city [4]. matory drug DCF. Ethylenediamine was used as an ad
The released parental DCF molecules shdndd ditional ligand. The metal complexes synthesized by us
able to carry out their biological functions and theare characterized by chelation of a metal ion with both
[Pt(NH3)2(H2f )2]** moiety should be able to interacttwo molecules of EDA and water, and DCF anions sit-
with its key target (nuclear DNA) uated on the external coordiimat sphere. The cytotox-
DCF shows antproliferative effects against L929 icity againstHeLacells of synthesized complexes were
cells [5]. Furthermore, topical DCF in 2.5% hyaluronarstudied by MTT method.
shows the inhibition of cole26 Adenocarcinoma de- Results and discussion
velopment andangiogenesis [6]Upon obtaining of The structures of the synthesized compounds.
complexes of a known preparation with metals, solubilFhe synthesis of biometal complexes with DCF and
ity and bioavailability is usually increased [The cor- EDA was carried out and their sttuces were deter-
neal toxicity of preservativeontaining solutions of mined by Xray diffraction method. Organic salt of
DCF with EDA characterized by molar ratio of 1.2,
each protonated on N atoms EDA molecukbdhded
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with two deprotonated on carboxylic acid moiety DCHCu(EDA)2(H20),](DCF), (3) are also isostructural. In
molecules. All synthesized metamplexes are similar all structures, the central metal ion lies on a symmetry
by their molecular and crystal structuies. they are center. The coordination geometry is elongated octahe-
isostructuralThe metal cation is coordinated with twodron with two aqua ligands occupying the apjoasi-
molecules of EDA and two water molecules in comtions. The DCF anionic moieties are located outside of

plexes of diclofenac with Ri, Ci?* and Zi3*. the first coordination sphere. Due to the aforemen-
Complexes [Ni(EDAY(H20)](DCF), (1), tioned structural similarity, complexds3 exhibit also

[Cu(EDA)2(H20),](DCF). (2 and a very similar packing pattern (Fig. 1).

Qoece
Q

Fig. 1. Packing ofhe cations [M(EDA)H.0);] ?>* and anions DCF in the isostructural crystal structyrefere
M=Ni?*, Ci* and Zi?*.

The cytotoxicity. The cytotoxic activity of new with 10% serum of calf embryo and cultured at a tem-
DCF complexes in comparison with the original DCFpera ur e o f 3 ihdulaton. After a dag, Gub-
was studied. Theytotoxic effect of substances onstances were introduced at concentrations of 10 and 1
Hela cell culture was evaluated by the biochemicatg/mL, cells were cultured for 24 hours, and then MTT
MTT method. It was revealed that metal complexes ef3-(4,5-dimethylthiazol2-yl)-2,5-diphenyt2H-te-
hibit cytotoxic activity 2.64.4 times higher than DCF trazolium bromide] was introduced into cells to detect
itself. living cells [12]. After 3 hours of incubation, the me-

The efficacy of substances on cell cultur€yto-  dium was carefully drained, DMSO was added &nd
toxicity was evaluated biochemically using the MTTcubated for 20 minutes, and then the optical density of
method. To determine the cytotoxic effect, HeLa cellthe solution was measured at a wavelength of 620 nm.
were scattered into 9%ell plates in an amount of 20 Reference is cells without treatment, where degree of
30 thousand cells/mL in 160 of RPMI 1640 medium MTT entrance into cells is 100% (0% inhibitiofMhe

obtained results listed in Table 1.
Table 1.
Efficacy of compounds against kteLacell cultures

Do s e Samflg Inhibition of MTT introduction in cells, %
100 10
DCF 20,2 23,5
EDA 25,5 36,1
(DCFABDA 38,3 6,1
[Zn(DCF)] 47,0 40,6
[Zn(EDA)2(H20):](DCF), 20,7 22,1
[Cu(DCF)| 88,4 43,4
[Cu(EDA)2(H20)2](DCF), 28,6 39,4
[Ni(DCF),] 30,4 12,2
[Ni(EDA) 2(H20)2](DCF). 9,3 7,1
Cisplatin 95,7 634
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It was determinethat the cytotoxic activitpf the antiproliferative effects. InorgChem. 2017. 56(3).
mixedligand complexe®f DCFis lower thanthat of 14831497.
the complexes of diclofenac with metal cations. This 5. R. Ahmadi, L. Ghaderi, G. Keyhani. The Ef-
result can be explained by the fact that due to the hifects of Diclofenac on Proliferation of L929 Tumor
donor ability of ethylenediamine, this molecule attractCell Line in Cell cultwe. Proceedings of 2015 Int. Con-
metal cations, and the diclofenac molecule is displacderence on Biological and Environmental Sciences
into the exernal spheref the complexes (BIOES15), Phuket, Thailand, Octobet2] 2015.

Conclusion 6. M.P. Seed, J.R. Brown, C.N. Freemantle, J.L.

The metalcomplexes of DCF with Ni, Ci?*and Papworth, P.R. ColvifidNash, D. Willis, K.W. Somer-
Zn?* cations exhibit stronger cytotoxic activity againsiille, S. Asculai, D.A. Willaughby. The Inhibition of
HelLacells than initial diclofenad,e., a complex for- colon26 Adenocarcinoma Development and Angio-
mation of DCF with metal cations enhances signifigenesis by Topical Diclofenac in 2.5% Hyaluronan.
cantly its cytotoxicity. Addition of EDA as a ligand Cancer Res. 1997. 57. 162629.
leads to the disposition of DCF molecules to outer 7. JE. Weder C.T. Dillon, T.W. Hambley, BJ.
sphere of the complex. Thus, synthesis and structuKennedyP.A. Lay, J.R Biffin, H.L. Regtop, NM. Da-
study of DCF complexes is attractifrom the theoret- vies Copper complexes of nesteroidal antinflam-

ical and practical view of points. matory drugs: anpportunity yet to be realize@oord.
Chem. Rev2002.232. 95126
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Petty.Reviewof diclofenac andavaluation of its place 2001. 108(5). 938244.
in therapyas anonsteroidalantrinflammatory agent. 9. T. P. O6Bri en, Q. J. Li
Drug Intell. Clin. Pharm. 1988. 22. 8%%9. Reviglio, T. Rana, M.F. Ashraf. The role of matrix met-

2. E.D. Arisan, R.O. Akar, O. Rencuzogullari, alloproteinases in ulcerative keratolysis associated with
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fenac differ from ibuprofen to induce agopis and ep- 10.J.K. Hsu, W.T. Johnston, R.W. Read, et al.
ithelial mesenchymal transition due to alternation oHistopathology of corneal melting associated with di-
oxidative stress management p53 independently in P(clofenac use after refractive surgetyCataract Refract
prostate cancer cells. Prostate International. 2019. Surg 2003. 29(2). 25®56.

156-165. 11. M. Ayaki, A. lwasawa, M. Soda, S. Yaguchi,

3. P. Pantziarka, V. Sukhatme, G. Bouche, LR. Koide. Gitotoxicity of five fluoroquinolone and two
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Abstract

The processes of crystallization of a mixture of cocoa butter and new modifiecefhid esters of stearic
acid are considered in the article. Ethyl stearate is a promising product for the confectionery industry in terms of
providing solid lowmelting nodified fats without trangssomers. The aim of the study is to obfain(V) stable
modifications of cocoa butter.-Kay analysis and differential scanning calorimetry were used in the studies. The
results of the study indicate thatat a concentrationf cocoa butter of 50% or more ethyl stearate turns into an
amorphous state;a mixture of ethyl stearate and cocoa butter does not form solid solutions at any concentration;
- the addition of ethyl stearate to chocolate products reduces the viscasityoaf butter, which probably allows
the formation of cocoa butter crystals in a stable modification, thus avoiding the "blooming" of the finished prod-
uct.
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Abstract

Last decade development @f[; - lasers in the world went major rates. There were models technological
u [o-lasersdifferent compactness, reliability and high performances. As it is known, such lasers last years are
used for an optical rating of the molecular lasers generating irréorge infrared region, stalled FIRlasers.

Application of such lasers is relatednedicine, examination of various organic substances, for example, the
oil analysis, higkprecision laser detection and ranging and fight against terrorism that became actual and for our
country.

In the report observational are given and theoretical effiect also the design of making domestic powerful
portableterahertzsystems.

At frequency tuning powerful the singleo d e wavegui de -B0&anes[-1000 by meadsefl s v [
a diffraction grating record power (to 300 w) frequency tuning on excititiea methanol, ammonia is gained,
etc.
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