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Abstract

A novel thiourea derivative, N-((2-chloropyridiny®carbamothioyl) thiophene-2-
carboxamide,GHsCIN3OS, (HL) and its Co(ll), Ni(ll) and Cu(ll) complexedM( ., type)
were prepared and characterized by elemental asalfg-IR 'H-NMR and HR-MS
methods. The crystal structure of HL was also itigated by single crystal X-ray diffraction
study. The HL crystallizes in the orthorhombic taysystem withP 2; 2; 2, space group,
Z=4, a=3.8875(3) A, b=14.6442(13) A, c=21.8950(19) Ahe [MLy] complex structures
were optimized by using B97D/TZVP level. Molecutabitals of HL ligand were calculated
at the same level. Thermal and electrochemical\betsof the complexes were investigated.
Anticancer and antioxidant activities of the conxgle were also investigated. Antioxidant
activities were determined by using DPPH (2,2-dipié.-picrylhydrazyl) and ABTS (2,2
azinobis-(3-ethylbenzothiazoline-6-sulfonic acidsays. Anticancer activities were studied
via MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenglirazolium bromide) assay in MCF-7
(Michigan Cancer Foundation-7) breast cancer cells.
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1. Introduction

Thioureas and their metal complexes are being extiufdir a long time. Synthesis of thiourea
compounds is facile. They have remarkable potents&# as highly selective reagents for
metal extraction [1]. In these type complexes, ietal ions are surrounded with S and O
terminal atoms of the benzoylthioureas over a hemalgring chelate. The delocalization
occurs for the free pair of electrons on S, O anoh Mexagonal ring. Thiourea derivatives
show high bioactivity characteristics against tdidstumors. Previous studies showed that
benzoylthiourea complexes have antibacterial, amgi&l, antithyroid, antitubercular and
insecticidal properties [2-4]. Benzoylthioureas @awen reported as extractants for some
transition metals [5, 6]. In previous studies, rhetamplexes of benzoylthiourea derivatives
were synthesized and their properties were rep¢rie@|. Hence, in present study we focused
on synthesis, characterization and elucidatingctigstal structure of new thiourea derivative
ligand (Figure 1) and its metal complexes. Quantimamical computations were made to
investigate molecular orbitals of the HL ligand aogtimized geometries of the ML
complexes. We investigated thermal behavior, ardtant and anticancer activity of metal

complexes and electrochemical behavior of the Guptex.

2. Material and Methods
2.1. Experimental
2.1.1. Synthesis of the HL Ligand

A solution of an appropriately substituted thiopdierarboxylic acid chloride (0.01 mol) in

acetone (50 mL) was added dropwise to a solutioRSEEN (0.01 mol) in acetone (30 mL).

The reaction mixtures were heated under reflux 36r min and then cooled to room

temperature. 3-amino-2-chloropyridine (0.01 molagetone (10 mL) solution was added into
cooled down reaction mixture. The reaction mixtwas stirred for 2 h. Then, the mixture
was poured onto HCI (0.1 N, 300 mL) and filteretheTobtained solid product was washed
with pure BO and re-crystallized by usingisOH/CH,Cl, according to a method given by

H. Arslan, et al., 2003 [10].

N-((2-chloropyridin-3-yl)carbamothioyl)thiophene-2-carboxamide, HL: White. Yield: 84%,
m.p. 161-163C. Elemental analysiound: C, 44.3; H, 2.5; N, 14.0; S, 21.5;:85CIN;0S
calc.: C, 44.4; H, 2.7; N, 14.1; S, 21.5%. FT-IR (AT&?Y): uv(N-H) 3105,u(C-H aro.)



3062,0(C=0) 1660 (s)P(C=S) 1165u(C-Cl) 745.'"H-NMR (400 MHz, CDC}, ppm): 8.31
(s, 1H, N-H), 7.37-7.22 (m, 6H, Ar-H).

2.1.2. Synthesis of the [ML;] complexes
The complexes were synthesized using the follomomgcedure at room temperature.
MCl2.xH;0 (0.001 mol) (M:C6", Ni*" and CG") in ethanol (10 mL) were added to the ligand

(0.002 mol) in ethanol (40 mL) under constant stgrnn 30 min. At the end of the synthesis

procedure, the precipitate was filtered, washed witld ethanol and dried in desiccator
(Eg.1) [11].
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Bis(N-((2-chloropyridin-3-yl)carbamothioyl )thiophene-2-carboxamide) cobalt(l1), [ColL,]:
Green. Yield: 78%.Elemental analysjsfound; C, 41.6; H, 2.1; N, 13.2, S, 20.5;
C22H14CINgO2S,Co cale.: C, 41.3; H, 2.2; N, 12.9; S, 19.7%. FT-IR (ATRn'b: U(C=N)
1505 (s). HR-MS (EY, mvz (calc./found): 652.4847/652.4958.

Bis(N-((2-chloropyridin-3-yl)carbamothioyl )thiophene-2-carboxamide) nickel(11), [NiLy]:
Pale green. Yield: 82%. Elemental analydmund: C, 41.0; H, 2.2; N, 13.1, S, 20.3;
CaH14ClLNgOSINI, calc.: C, 40.9; H, 2.2; N, 12.9; S, 19.7%. FT-IR (AT&n™): u(C=N)
1522 (s).'H-NMR (400 MHz, CDC}, ppm): 7.21-6.93 (m, 12H, Ar-H), 4.29 (m, 1H, N-H)
HR-MS (ES), m/z (calc./found): 652.2450/652.2534.

Bis(N-((2-chloropyridin-3-yl)carbamothioyl )thiophene-2-carboxamide) copper(11), [CuLy]:
Green. Yield: 77%. Elemental analysitound: C, 42.1; H, 2.3; N, 125, S, 20.1;



CaH14ClLNeO-SsCu, calc.: C, 41.8; H, 2.2; N, 12.7; S, 19.5%. FT-IR (ATRod: u(C=N)
1573 (s). HR-MS (ES, nvz (calc./found): 657.0976/657.1060.

2.2. Instrumental

'H-NMR spectra were studied on a Bruker Avance 004Hz NMR spectrometer.*H-
NMR studies were made by using CB@k solvent and TMS as internal standariNMR
signals were recorded. Perkin Elmer LX-125000B RT4gpectrophotometer with ATR
component (4000-30 ¢ was used to obtain FT-IR spectra. Elemental aealyvere made
on a Costech ECS 4010 instrument. Melting pointthefligands were determined via Stuart
model SMT30. Mass studies were made via Waters SYNA1 MS instrument. The
positive mode (ES+) with HR-MS (Da 50-1000, ESI-FWS) was used for exact mass
analysis. Single crystal X-ray data of the HL wewalected on a Bruker D8 Venture
diffractometer by using monochromated Mpolkadiation. The structure was solved and
refined using Bruker SHELXTL Software. The struetwf the HL was solved by direct
methods and refined or? By full matrix least-squares using SHELXL 2013[22]I non-
hydrogen atoms were refined with anisotropic disphaent parameters. The molecular
structure plots were prepared by using Mercury @323]. TG/DTA analyses were carried
out on a SEIKO-II instrument. The thermal decompaosibehaviors of the complexes were
investigated at a heating rate of 10 °C ™imder N atmosphere via DTA/TG. The cyclic
voltammetric measurements using glassy carbonretietwere carried out by using a BAS
100 W (Bioanalytical System, USA) electrochemicaklsgzer. A glassy carbon working
electrode (BAS®: 3 mm diameter), a Ag/AgCI reference electrode 888 M KCI) and
platinum wire counter electrode were used. Thedstah one-compartment three electrode
cell was used in all experiments. The cyclic voltangram plots were taken at room

temperature.
2.3. Computations

In this study, computations were made by using @@ program package. HOMO and
LUMO orbitals of the ligands were computed as sngloint calculation by using
B97D/TZVP [13,14] level on the X-ray structure. D(8ensity of state) spectrum was
obtained by using Gaussum [15] program package.pfoposed [ML] complex structures

were optimized by using the same computationallléiee optimized bond distances and



angles were visualized by using CYLView[16] prograrackage. Frequency calculations
were made to verify that optimized structures a@ianary points with no imaginary

frequency.

3. Results and Discussion

3.1. FT-IR studies

FT-IR studies were made to identify the types aidsin the ligand and its metal complexes.
In the FT-IR spectra of the HL broad vibration bsage observed at 3105 €rand 3320 cim

! which indicate the N-H groups. The sharpest pdagenved at 1660 cthbelongs to the
stretching vibration of the carbonyl group in the.Ht was observed that the vibration band
of the C=0 and C=S disappeared after the complerdtion reaction. At the same time, a
new peak appeared in the 1470-1620" range, which can be attributed to the absorption of
C—N stretching vibration band. In the spectra ¢ tomplexes, there is another intense
absorption band at 848—8681* corresponding to the C—S fragment. The stretchibgation
band of the C=S group was observed at 1165"cfihe shifted vibration band of the C=S
group in the complexes cannot be observed becdusesdapping with other bands in that
region.

When HL is attached to metal, deprotonation occBesthe stretching vibration band of the
N-H group (3320 cm-1) cannot be observed in théRE$pectra of the metal complexes. HL
it is bonded to the metal atom (Table 1). The pedkihe C-Cl group in the compound are
observed in the range 740-745 cm-1. Disappearant®e dN—H band and shifting of the C=0
and C=S bands confirmed formation of the compleXbsse results are appropriate with our
previous results [10,17-21]. The C-S , C-O and G#idtching bands were also computed
with B97D/TZVP for the complex structures. Thearalicalculations show the stretching
vibration bands of the C-S, C-O and N-H groups E80lcni', 874 cmi and 3474 ci,
respectively. The selected vibrational bands carsden in Table 2 and the theoritical IR

spectrum of the [Nig] is also shown in Figure 2.



3.2. H-NMR Studies

The molecular structures of the ligand and [jlitomplex were also described by-NMR
method. In*H-NMR spectrum of the HL, the observed peaks a®-831 ppm can be
attributed to the N-H group. The aromatic C-H greupHL appear as multiple peaks at 7.37-
7.22 ppm. Another N-H peak is also observed at 4fw. The N-H peaks, which are
observed at 8.29-8.31 ppm, did not appear in the;JNThese results are affirmative of the
complexation reaction. The other N-H peak and atmn@H protons in the [Nik] appeared
at 4.29 ppm and 7.21-6.93 ppm respectivély-NMR spectra of the [Coll and the [Cul]

complexes could not be obtained because of theanpagnetic properties.
3.3. Crystal structure analysis of the HL

The crystal and instrumental parameters were usdtig unit-cell determination and data
collection is summarized in the supporting inforimiat Molecular structure scheme of the HL

is given in Figure 3.

Crystal data and the structure refinement parameiethe HL are given in Table 3. The

experimental geometric parameters are also givémeiisupporting information.

The structures were resolved and refined usingplaee grouf® 2, 2; 2, with Z = 4 for the
formula unit, GHsCIN3;OS, (HL) via Bruker SHELXTL Software Package. Specifiond
lengths (Table 4) and angles (Table 5) of the Hi.tabulated as below.

The bond lengths and angles in the HL are typigatte thiourea derivatives; C6-S2 and C5-
O1 bonds displayed a typical double-bond charaetigth 1,657(3) and 1,222(3) A,
respectively. The bond lengths of the N2-C6, N3-88;C5, and N2-C7 were determined to
be 1,328(4), 1.392(3), 1.376(4) and 1,410(4) Apeesively. Considering these results it
could be interpreted with partial double bond cbta@a The carbonyl and thiocarbonyl bond
angles are N2-C6-S2, 119.3(2); N3-C6-S2, 118.5(13:C5-01, 122.1(3) and O1-C5-C4,
122.1(3Y[17,19]. The crystal packing scheme of HL is giweifrigure 4.

There is one intermolecular, N-H...O hydrogen bondde Hond length of H...O in this is
1,955 A [10, 24, 25]. Orbital diagrams of the Miere given in Figure 5. For HL molecule,



HOMO are dominantly made up af orbitals of the sulfur atom. On the other hana th
LUMO mainly delocalized over amide and thioamideiety and thiophene ring of the HL

molecule.

3.4. The Complex Structure

The [ML;] (M: Ni, Co, Cu) structures were proposed basedttan reported cis-Bid{,N-
dimethylN'-2-chlorobenzoylthioureato)Ni(ll) crystal structuf26] and were optimized by
using B97D/TZVP computational level. Figure 6 shaysimized bond distances and O-M-S

bond angles of the [Mil structures, respectively.

The O-M-S bond angles in the [NiLand [Coly] structures are very similar, but in the [GUL
they slightly differ from those of the Ni and Congplexes. While the M-O distance in the
complexes follows the order Ni-O < Co-O < Cu-O trder of the M-S distance follows the
order Co-S < Ni-S < Cu-S. It can be said that thedblengths of the rest of the bond types
(the C-O, C-S, C-N, C-C, and C-H bonds) are alntfustsame in all complex structures since
the largest difference is only 0.02 A. The C6-SRddistance elongates from 1.657 A in the
HL structure to 1.73 — 1.74 A in the [MLstructure. Similarly, the C5-O1 bond length also
stretches from 1.222 A to 1.28 — 1.29 A for the pJiIDue to leaving proton from N3 atom,
C6-N3 and C5-N3 bond lengths changed to 1.34 ad4l A.in the [MLy], respectively. The
elongation of C-S, C-O and C-N bonds is estimaled the coordination possibly originating

from back-donating character of the ligand.

3.5. Thermal Behavior of the Complexes

The DTA/TG curves of the [Cal are shown in Figure 7 and the thermo-analytiealits are
given in Table 6.

The TG curve reveals that the decompositions of[@wd,] take place in four stages. The
first decomposition stage occurs in the temperatange 145-252C. In this step, 1/3 mol
ligand was eliminated via an experimental mass loisd6.20% (calc.~15.2%) and the
intermediate product formed is given with the folan[CoLs;s]. The second decomposition
carried out between 251 and 35 with a mass loss of 12.10% (calc.:~11.4%). Is #tage,
1/4 mol ligand was decomposed and turned into gedugts and an intermediate with the

[CoL1714 formula was formed. The third decomposition isetved between 39& and 587



°C with a mass loss of 29.80% (calc.:~30.4%). Atéhd of this stage, 2/3 mol ligand left
from the structure and turned the gas productsaanititermediate with the [Cal] formula
was formed. The last decomposition is observed tn@erature >587C. The remaining
product is thought to be CoS [7,27]. The resultsioled from TG/DTA curves are tabulated
in Table 6.

Thermal decomposition reactions of the [Glodre suggested to be as follows;

145-251 °C 251-395 0C 395-587 0C >587 0C
[CoL,] ———— [ColLs;3] ——— [CoL 7] —* [CoL3y] ——— CoS

The DTA/TG curves of the [Ni] are shown in Figure 8 and the results are gimehable 7.
The TG curve shows that the decomposition prock#sedNiL,] occurs in three stages. The
first decomposition stage occurs in the temperatange between 182—-40T. In this step,
1/3 mol of the ligand was eliminated correspondm@n experimental mass loss of 15.10%
(calc.~15.2%) and an intermediate with the form{MaLs;3] was formed. The second
decomposition is observed between 407 and 883 with a mass loss of 46.30%
(calc.:~45.7%) and one mol ligand was decomposeat! am intermediate with [Nig]
formula was formed. Then, this compound turns iNt8, at >583°C with a mass loss of
21.20% (calc.:~20.3%)[18, 28, 29]. The TG/DTA iHésare given in Table 7.

Thermal decomposition reactions of the [BJiare suggested to be as follows;

, 182-40PC 407-583°C . >583°C .
[NIiL o] ———— [NiL5/5] ———— [NiL g ———> [NiS]]

The DTA/TG curves of the [CUt] are given in Figure 9 and the results are giveRable 8.

The decomposition process of the [Gutakes place in three stages. The first decomiposit
occurs in temperature range of 145-285 In this step, 1/3 mol of ligand was broken up
resulting in an experimental mass loss of 15.208c(€15.1%). At the end of this stage, the
intermediate with the formula [Cyk] was formed. The second decomposition stage is
observed in temperature range of 285-%Z5vith a mass loss of 45.90% (calc.:~45.3%). At
this stage, 1 mol ligand was seperated and tumtedgas products and an intermediate with
the formula [Cukys] was formed. The last decomposition is observedéen 575 and 93%

and the remaining product is suggested to bgofSu[18, 28, 29]. The TG/DTA results are

given in Table 8.



Thermal decomposition reactions of the [Gudre recommended to be as follows;

145-2850C 285-5750C >575 0C
[CulL,] —— [CuLs;3] —— [Cul,;3] — > Cuy96S

3.6. Antioxidant and Antitumor Activities

The biological activities of the [Col, [NiL,] and [Cul;] complexes were investigated by
studying their antioxidant and antitumor activitiescell culture systems. The antioxidant
activities were studied by using the DPPH and ARiBESays. The antioxidant activity of the
complexes is proportional to DPPH, ABTS and reducpower values. The DPPH, ABTS,

Reduction power and Kgvalues are presented in Table 9.

As a result of studies, it was observed that [ffahows good antioxidant properties when
compared to other complexes. These results shavatii@xidant properties of the [Cglare
better than those of Propyl gallate and worse thase of Vitamine E [30]The anticancer
activities were studied MTT assay in MCF-7 breastaer cells. MTT assay is an important
method fast, facile and highly accurate method determining the anticancer activitj
tetrazolium salt MTT is a yellow colored, living I2 bind specifically to the succinate
dehydrogenase enzyme located in the mitochondige amount of living cells will be
determined as a function of the amount of bindireyspectrophotometric methodhiourea
compounds are known to exhibit high antitumor props[31]. In other studies, it was
suggested that the external N-H of the thioureaahhstter hydrogen bond interaction with
the protein [32]. Besides, it suggested that compewvith strong electron-drawing groups on
aromatic ring (as Cl) may benefit for the antitunactivities of compounds [32]. It is known
that the low value of 1§ means that the antitumor property of compoundoisdg In this
study, the results showed that the [GJudlso have good antitumor activity. Thes¢@alue of
[CuL;] complex have a comparable activity as 5-FU whishwidely employed in the
treatment of cancer. Besides other compoundg (i@ues, >50 ppm) were less active against
the tumor cells [33]. In a similar way, the resé@ns examined the antitumor properties of
the Cu complex. They observed that the Cu complekesved good antitumor properties

againstoreastumor [34, 35].



3.7. The Electrochemical Behavior of the [Culy]

In previous studies, electrochemical behavior ebufea derivatives was investigated [36,
37]. In this work, to understand electrochemicatdaor of the [Cuk], cyclic voltammetric
(CV) studies were made. In the cyclic voltammograithe [Culy], two peaks were
observed. One of them was observed at about +0,38hi¢h is an oxidation peak, and the
other one was observed at about -0.50 V whichréglaction peak. pH measurements showed
that the optimum medium is pH=2 (in Britton-Robinsbuffer solution, BRB) since the
sharpest and best peak results were obtained snntleidium. To understand whether the
process diffusion or absorption controlled scae stidies were carried out between 25 mV/s
and 750 mV/s scan rates. Scan rate studies were miagH=2 in BRB, where the best
oxidation reduction results were obtained. Thechlpscan rate curves of the [Cilare

given in Figure 10.

Scan rate studies were investigated between thb@5nV/s scan rate and at a concentration
of 1 x 10° M. The linear dependence of the peak current )p(uthe square root of the scan
rate W2 (mVs?) was found by GCE which indicated diffusional beba The equations
regarding the scan rate studies for the [§ud give via the below equation (1);

Log Ip (MA) = 0, 1974lv (mVs') —0, 9191 =0, 9109) )(1

The linear relationship between Ldgand Logv was investigated and the equations about
these relationships are given via the below eqng&y;

Log I, (MA) = 0, 5959 Log v (mV8) — 1, 0703 (t= 0, 9177) 2)

The slope of the relationships fit the theoreticadkpected values for an ideal diffusion
controlled reaction (0.5) [38]. The Cu (ll) compésxcould be investigated since they are
stable in this pH range. However, the electrochahtbehavior of other complexes could not

be investigated for instability [39, 40].



4. Conclusions

N-((2-chloropyridin-3-yl)carbamothioyl)thiopheneezrboxamide, GHsCIN3OS, (HL), and

its Co(ll), Ni(ll) and Cu(ll) complexes were syn#ieed. To define the structure of HL and its
metal complexes elemental analysis, FT4R;NMR and HR-MS methods were used. The
HL was also characterized by single crystal X-réfrattion study. X-ray diffraction study
results showed that Htrystallizes in the orthorhombic system wikh2; 2; 2, space group
and Z=4, and its unit cell parameters were a=3.8974(2=14.6442(13) A, ¢=21.8950(19)
A. Molecular orbitals of both HL and [M]. structures were optimized by B97D/TZVP level.
Thermal behaviors of the complexes were investiyaiehe [Coly], [NIiL,] and [Culy]
complexes are thermally stable up to 145, 182 affsl °C, respectively. The [Ni] and
[CuL;] complexes were decomposed in three stages wiel¢Gol,] complex was degrades
in four steps. The anticancer and antioxidant &t/ of the metal complexes were also
investigated. The antioxidant activities of the pbaxes were determined by using the DPPH
and ABTS assays. Anticancer activities of the caxgs were studied via MTT assay in
MCF-7 breast cancer cells. The comparison of tlelte obtained with those obtained with
other complexes showed that the [Gutomplexes had better antitumor activities. Howeve
only the cyclic voltammograms of [CulLcould be obtained. Cu (II) complexes were statle
working pH range. The cyclic voltammograms of [Gukhowed oxidation and reduction

peaks at +0.35 V and -0.50 V, respectively.

Appendix A. Supplementary material

Crystallographic data for the structure reportedthis paper have been deposited at the
Cambridge Crystallographic Data Centre (CCDC), CCIB55244 (HL). This data can be
obtained free of charge from The Cambridge Crystgphic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif. [Fax: int cedd(1223) 336-033; e-mail: deposit@
ccdc.cam.ac.uk]. Cartesian coordinates of optimgeoimetries and the computed IR spectra
are also available.
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Table 1 Selected vibration bands of ligands and their cexgs.

Table 2 The computed C-S , C-O and C—N stretching withlB8ZVP in the complex
structures.

Table 3 Crystal data and structural refinement parameterthe HL.

Table 4 Bond lengths®@) for the HL.

Table 5 Bond angles®j for the HL.

Table 6 Thermoanalytical results of the decomposition rieastof the [Cob].

Table 7 Thermoanalytical results of the decomposition rieastof the [Nily].

Table 8 Thermoanalytical results of the decomposition rieastof the [Culy].

Table 9 The antioxidant and antitumor activities of the aiebmplexes.



Figure 1 Molecule structures of the HL.

Figure 2 An example of the calculated IR spectra with BIZD/P for HL-Ni complex structure.

Figure 3 ORTEP view of the HL; thermal ellipsoids are shaatrthe 50% probability level.

Figure 4 Crystal packing of the HL iR 2; 2; 2;.

Figure5 Orbital diagrams of the HL computed using B97D/T2ZéRel on the X-ray structure.

Figure 6 Optimized the [MLy)] structure using B97D/TZVP level.

Figure7 The DTA/TG diagrams of the [Cgl(10 °C miri* heating rate, Natmosphere, 8.20 mg
sample mass)

Figure 8 The DTA/TG diagrams of the [Nl (10 °C min® heating rate, Natmosphere, 8.05 mg
sample mass)

Figure9 The DTA/TG diagrams of the [Cu](10 °C min* heating rate, Natmosphere, 8.25 mg
sample mass)

Figure 10 Cyclic Voltammograms of [Cull compound with different scan rates.



U(N%-H4)/ U(N2-H5s) U(ClH) (ring)/ v(C=0)/ v(C=N)/ U(C:§)/ U(C-Etll)/

Comp.
cm cm cnt cm cm cm
HL 3320 3105 3062 1660 - 1165 745
Col - 3095 2972 - 1505 - 745
NiL, - 3075 2976 - 1522 - 741
Culb - 3085 2971 - 1573 - 740




Vibrations (cnt) | Assignment

3474 (N-H)

3179 - 3109 (C — Hhn

1568 — 1549 (C — N and C —Giine
1515 - 1502 (C — Giophen

1452 - 1405 (60— N —G-9)

1256 - 1258 (C—-%)and (C-0Q)—
1180 (C—--c

874 (C -0y

836 (C — St)liophen«




Empirical formula G1HsCIN3OS,

Formula weight(g/mol) 297.78

T(K) 299

MA) 0.71073

Crystal system Orthorhombic

Space group P2,2,2

Unit cell dimensions: (A,°)

A 3.8875(3)

B 14.6442(13

C 21.8950(19)

A 90

B 90

r 90

V(A3 1246.47(18)

Z 4

u (mm™) 0.631

p (g cm?®) 1.587

F(000) 608

Crystal size (mm) 0.02x0.05x0.1

8 range for data collection(®) 2.32 to 25.32

Index ranges -4sh<4
-17<k<17
-26<1<26

Reflections collected 27017

Independent reflections 2266
Coverage of independent ref99.4%

Data/parameters 2266/163
Max. and min. transmission  0.988/0.940
R1, wR2 [I> 26(1)] 0.0288
0.0558
R1, wR2 (all data) 0.0405
0.0590
GOF on E 1.077

Apmax, Apmin(e A3) 0.168/-0.143




S2-C6
S1-C4
01-C5
N2-C7
N3-C5
N3-H4
N1-C10
C7-C9
C4-C5
C8-H6
C3-H3
C11-H7
C2-H2
C10-H8

1.657(3)
1.716(3)
1.222(3)
1.410(4)
1.376(4)
0.87(3)
1.335(4)
1.386(4)
1.459(4)
0.93
0.93
0.93
0.93
0.93

S1-C1
CI1-C9
N2-C6
N2-H5
N3-C6
N1-C9
C7-C8
C4-C3
C8-C11
C3-C2
C11-C10
C2-C1
Cl-H1

1.687(3)
1.744(3)
1.328(4)
0.78(3)
1.392(3)
1.311(4)
1.381(4)
1.366(4)
1.372(4)
1.400(4)
1.367(5)
1.340(4)
0.93




C1-S1-C4
C6-N2-H5
C5-N3-C6
C6-N3-H4
C8-C7-C9
C9-C7-N2
C3-C4-S1
N2-C6-N3
N3-C6-S2
0O1-C5-C4
C11-C8-C7
C7-C8-H6
C4-C3-H3
N1-C9-C7
C7-Co-Cl1
C10-C11-H7
C1-C2-C3
C3-C2-H2
C2-C1-H1
N1-C10-C11
C11-C10-H8

91.31(16)
116.(2)
128.5(3)
113.3(19)
116.7(3)
119.6(3)
111.2(2)
115.1(3)
118.5(2)
122.1(3)
119.0(3)
1205
124.1
125.3(3)
118.7(2)
120.4
113.0(3)
1235
123.7
123.2(3)
118.4

C6-N2-C7
C7-N2-H5
C5-N3-H4
C9-N1-C10
C8-C7-N2
C3-C4-C5
C5-C4-S1
N2-C6-S2
O1-C5-N3
N3-C5-C4
C11-C8-H6
C4-C3-C2
C2-C3-H3
N1-C9-Cl1
C10-C11-C8
C8-C11-H7
C1-C2-H2
C2-C1-&1
S1-C1-H1
N1-C10-H8

126.8(3)
117.(2)
118.2(19)
116.5(3)
123.6(3)
131.4(3)
117.4(2)
126.4(2)
122.1(3)
115.8(3)
1205
111.9(3)
124.1
116.0(2)
119.3(3)
120.4
1235
112.6(2)
123.7
118.4




0 0 Interm. product
Comp. Stage DTA peak/°"C TGtemp.range/"C  Massloss% (or residue)

Exper. Theor.
CoL', | 232 145-251 16.2 152 Col g3
I 295 251-395 121 114 ColL 1712
1 417 395-587 298 304 Colg4

A\ 636 587-830 2718 290 CoS




Mass loss% Interm. product
(or residue)

Comp. Stage DTA peak/°C TG temp. range/°C

Exper. Theor.
NiL%, I 223 182-407 151 15.2 NiLs/3
Il 452 407-583 46.3 457 NiL s
1l 601 583-925 21.2 203 NiS,




Comp. Stage DTA peak/’C TG temp. range’C  Massloss% Interm. product

(or residue)
Exper. Theor.
CuL’, I 213 145-285 15.2 151 CulLs3
[l 320 285-575 459 453 CuL 3

Il 635 575-935 163 158 Cup96S




Comp. DPPH ABTS Red.p. 1€ (ppm)

Col, 19,894+0,625 68,248+0,3548,908+0,843 135
NiL,  4,9739+0,8882 86,108+0,637 3,3885+0,4895 92
Cul, 2,283+0,140 1,237+ 0,029 0,735+0,067 48

*DPPH, ABTS and reduction power; mg trolax eq./109 sample
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