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	 Copper(II)	 complex,	 cis‐[Cu(L‐κ2S,O)2]	 of	 N‐(di‐n‐propylcarbamothioyl)cyclohexane
carboxamide	 ligands	 (HL)	 has	 been	 synthesized	 and	 structurally	 characterized	 by	 various
spectroscopic	techniques	and	single	crystal	X‐ray	diffraction	crystallography.	The	cis‐[Cu(L‐
κ2S,O)2],	 C28H50CuN4O2S2:	 Monoclinic,	 space	 group	 P21/n	 (no.	 14),	 a	 =	 10.025(2)	 Å,	 b	 =
21.724(4)	 Å,	 c	 =	 14.848(3)	 Å,	 β	 =	 100.60(3)°,	 Z	=	 4,	Dcalc	=	 1.259	g/cm3,	 22069	 reflections
measured	(5.88°	≤	2Θ	≤	50.2°),	5639	unique	(Rint	=	0.0630,	Rsigma	=	0.0678)	which	were	used
in	 all	 calculations.	 The	 final	R1	was	 0.0488	 (≥2σ(I))	 and	wR2	was	 0.1277	 (all	 data).	 Single
crystal	analysis	revealed	that	a	square‐planar	coordination	geometry	 is	 formed	around	the
copper	atom	by	two	sulphur	and	two	oxygen	atoms	of	the	related	ligand,	which	are	in	a	cis
configuration.	
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1.	Introduction	
	

Acyl	 substituted	 thioureas	 were	 first	 synthesized	 by	
Neucki	 [1].	 These	 ligand	 systems	 of	 thioureas	 are	 attractive	
scaffolds	 for	 several	 reasons	 (I)	 potential	 applications	 in	 a	
wide	 range	 of	 fields	 are	 being	 investigated	 and	 (II)	 these	
compounds	 are	 easily	 synthesized	 in	 high	 yields.	 Many	 acyl	
thiourea	 derivatives	 are	 well	 known	 as	 collectors	 in	 froth	
flotation	 processes	 [2,3]	 and	 as	 ionophores	 in	 ion‐selective	
electrodes	[4‐6].	At	the	same	time	some	of	them	are	display	a	
wide	 range	 of	 biological	 activity	 including	 insecticidal,	
herbicidal,	antibacterial,	antifungal,	antitubercular,	antithroid,	
antihelmintic,	 rodenticidal	 and	 plant‐growth	 regulator	
properties	 [7‐10].	 Thiourea	 derivative	 ligands	 are	 tend	 to	
coordinate	to	both	transition	group	and	main	group	metal	ions	
via	 both	 sulfur	 and	 oxygen	providing	 a	multitude	 of	 bonding	
possibilities	 [11‐13].	 Copper(II)	 complexes	 of	 acyl	 thiourea	
ligands	have	been	described	repeatedly	 in	 the	 literature	with	
regard	to	their	synthesis	and	general	characterization	[14‐16]	
and	molecular	structures	[17‐20].	These	copper(II)	complexes	
are	 in	 every	 case	 nearly	 square‐planar	 neutral	 bis	 chelates	
with	a	cis	arrangement	of	the	ligands	around	the	copper	atom.	
In	this	study,	we	describe	the	single	crystal	structures	of	N‐(di‐

n‐propylcarbamothioyl)cyclohexanecarboxamide	ligand	based	
copper(II)	complex.	
	
2.	Experimental	
	
2.1.	Instrumentation	
	

Melting	 points	 were	 recorded	 on	 electrothermal	 model	
9200	apparatus.	Carbon,	hydrogen	and	nitrogen	analyses	were	
carried	 out	 on	 a	 Carlo	 Erba	 MOD	 1106	 elemental	 analyzer.	
Infrared	 measurement	 was	 recorded	 in	 the	 range	 400‐4000	
cm−1	 on	 a	 Perkin	 Elmer	 Spectrum	 100	 series	 FT‐IR/FIR/NIR	
Spectrometer	 Frontier,	 ATR	 Instrument.	 The	 NMR	 spectra	
were	recorded	in	CDCl3	solvent	on	Bruker	Avance	III	400	MHz	
NaNoBay	FT‐NMR	spectrophotometer	using	tetramethylsilane	
as	an	internal	standard.		

Crystallographic	 measurements	 of	 the	 compound	 were	
carried	 out	 at	 153(2)	 K	 using	 a	 Bruker	 APEX‐II	 CCD	 area‐
detector	 diffractometer.	 The	 intensity	 data	 were	 collected	
using	 graphite	monochromated	MoKα	 radiation,	 λ	 =	 0.71073	
Å.	 Absorption	 corrections	 were	 applied	 with	 the	 program	
SADABS	 [21].	 The	 structure	 was	 solved	 by	 direct	 methods	
SHELXS‐97	 [22],	 and	 refined	 by	 full‐matrix	 least‐squares	
techniques	 on	 F2	 using	 SHELXL‐97	 with	 refinement	 of	 F2	
against	all	reflections.		
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Scheme	1
	

	
	

Scheme	2
	
	
Hydrogen	atoms	were	constrained	by	difference	maps	and	

were	 refined	 isotropically,	 and	 all	 non‐hydrogen	 atoms	were	
refined	 anisotropically.	 The	 molecular	 structure	 plots	 were	
prepared	 using	 OLEX2	 [23].	 The	 anisotropic	 thermal	 para‐
meters	and	structure	factors	(observed	and	calculated),	full	list	
of	bond	distances,	bond	angles	and	torsional	angles	are	given	
in	supplementary	materials.	The	geometric	special	details:	all	
e.s.d.'s	(except	the	e.s.d.	in	the	dihedral	angle	between	two	l.s.	
planes)	are	estimated	using	the	full	covariance	matrix.	The	cell	
e.s.d.’s	are	taken	into	account	individually	in	the	estimation	of	
e.s.d.’s	 in	 distances,	 angles	 and	 torsion	 angles;	 correlations	
between	e.s.d.’s	in	cell	parameters	are	only	used	when	they	are	
defined	 by	 crystal	 symmetry.	 An	 approximate	 (isotropic)	
treatment	of	cell	e.s.d.’s	is	used	for	estimating	e.s.d.’s	involving	
l.s.	planes.	
	

2.2.	Reagents	
	

The	cyclohexanecarbonyl	chloride,	copper(II)	acetate	were	
purchased	from	Sigma	Aldrich.	Potassium	thiocyanate	and	di‐
n‐propylamine	 were	 purchased	 from	 Merck	 and	 used	 as	
received.	All	other	chemicals	and	solvents	were	obtained	from	
commercial	suppliers	and	used	without	further	purification.	
	
2.3.	Synthesis	of	the	ligand	
	

The	ligand	was	prepared	according	to	procedure	reported	
in	 the	 literature	 [24].	 A	 solution	 of	 cyclohexanecarbonyl	
chloride	(0.005	mole)	in	acetone	(30	mL)	was	added	dropwise	
to	 a	 suspension	 of	 potassium	 thiocyanate	 (0.005	 mole)	 in	
acetone	 (30	 mL).	 The	 reaction	 mixture	 was	 heated	 (50	 °C)	
under	reflux	for	30	min,	and	then	cooled	to	room	temperature.	
A	 solution	 of	 di‐n‐propylamine	 (0.005	 mole)	 in	 acetone	 (30	
mL)	was	added	and	the	resulting	mixture	was	stirred	for	2	h.	
Hydrochloric	acid	(0.1	N,	100	mL)	was	added	and	the	solution	
filtered.	 The	 solid	 product	 was	 washed	 with	 water	 and	
purified	by	recrystallization	from	an	ethanol:dichloromethane	
mixture	(1:2,	v:v)	(Scheme	1).	

N‐(Di‐n‐propylcarbamothioyl)cyclohexane	 carboxamide	
(HL):	 Color:	White.	 Yield:	 85%.	M.p.:	 121‐122	 °C.	 Anal.	 calcd.	
for	C14H26N2OS:	C,	62.18;	H,	9.69;	N,	10.36.	Found:	C,	62.70;	H,	
9.60;	N,	10.40	%.	FT‐IR	(ATR,	ν,	cm‐1):	ν(NH)	3231	(w),	ν(CH)	
2959,	 2924,	 2856	 (w),	 ν(C=O)	 1655	 (s),	 ν(C=S)	 1313	 (s).	 1H	
NMR	(400	MHz,	CDCl3,	 δ,	ppm):	7.89	 (s,	1H,	NH),	3.85	 (t,	2H,	
NCH2),	3.38	(t,	2H,	NCH2),	2.22	(tt,	1H,	CH,	ch),	1.89	(d,	1H,	CH,	
ch),	1.79	(d,	1H,	CH,	ch),	1.78	(m,	1H,	CH,	ch),	1.75	(m,	1H,	CH,	
ch),	1.66	(m,	1H,	CH,	ch),	1.62	(m,	1H,	CH,	ch),	1.42	(m,	4H,	CH,	
ch),	1.32‐1.12	(m,	4H,	NCH2CH2),	0.94	(t,	3H,	CH3),	0.84	(t,	3H,	
CH3).	
	
2.4.	Synthesis	of	the	copper(II)	complex		
	

The	 copper(II)	 complex	 was	 prepared	 according	 to	 the	
method	described	[25‐27].	The	solution	of	ligand	(10.0	mmol)	
in	 ethanol	 (50	 mL)	 was	 added	 dropwise	 a	 solution	 of	
copper(II)	 acetate	 (10.0	 mmol)	 in	 etanol	 (50	 mL)	 at	 room	
temperature.	The	reaction	mixture	was	stirred	for	30	min,	and	
then	 cooled	 to	 room	 temperature.	 A	 precipitate	 was	 formed	
which	 was	 filtered	 off	 and	 recrystallized	 from	 ethanol:	
dichloromethane	mixture	(2:1,	v:v)	(Scheme	2).	

Bis(N‐(di‐n‐propylcarbamothioyl)cyclohexanecarboxamido)	
copper(II),	 cis‐[Cu(L‐κ2S,O)2]:	Color:	 Green.	 Yield:	 86	%.	M.p.:	
78‐80	°C.	Anal.	calcd	 for	C28H50N4O2S2Cu:	C,	55.83;	H,	8.37;	N,	
9.30.	Found:	C,	56.80;	H,	8.50;	N,	9.20%.	FT‐IR	(ATR,	ν,	cm‐1):	
ν(CH)	2963,	2932,	2852	(s),	ν(CN)	1514	(s),	ν(CO)	1481	(vs).	
	
3.	Result	and	discussion	
	

The	 cyclohexanecarbonyl	 chloride	 reacted	 with	 a	 potas‐
sium	 thiocyanate	 in	 acetone.	 This	 reaction	 resulted	 in	 the	
formation	of	cyclohexanecarbonyl	isothiocyanate.	The	product	
could	be	used	for	the	next	step	without	purification.	Then	the	
cyclohexanecarbonyl	 isothiocyanate	 reacted	 with	 di‐n‐
propylamine.	 The	 resulting	 product	 N‐(di‐n‐propylcarbamo	
thioyl)cyclohexanecarboxamide	 was	 purified	 by	 recrystal‐
lization	from	an	ethanol:dichloromethane	mixture	and	charac‐	
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Table	1.	Crystal	data	and	details	of	the	structure	refinement	for	cis‐[Cu(L‐κ2S,O)2].	
Parameters	
Crystal	formula	 C28H50CuN4O2S2
Formula	weight		 602.38	
Temperature	(K)		 153(2)		
Crystal	system		 Monoclinic	
Space	group		 P21/n		
a,	(Å)	 10.025(2)		
b,	(Å)	 21.724(4)	
c,	(Å)	 14.848(3)	
β,	(ᵒ)		 100.60(3)	

Volume	(Å3)	 3178.5(11)	
Z		 4	
Dcalc	(g	cm‐1)	 1.259	
μ	(mm‐1)	 0.848	
F	(000)		 1292.0		
Crystal	dimensions	(mm3)	 0.41	×	0.24	×	0.10		
Radiation		 Mo	Kα	(λ	=	0.71073)	
2Θ	range	for	data	collection	(°)		 5.88	to	50.2		
Index	ranges		 ‐10	≤	h ≤	11,	‐25	≤	k ≤	25,	‐17	≤ l ≤	17	
Reflections	collected		 22069	
Independent	reflections		 5639	[Rint =	0.0630,	Rsigma =	0.0678]	
Data/restraints/parameters		 5639/0/338	
GOF	 1.054	
Final	R	indexes	[I≥2σ	(I)]		 R1 =	0.0488,	wR2 =	0.1104	
Final	R	indexes	[all	data]		 R1	=	0.0779,	wR2	=	0.1277		
()	min	‐()	max	(e	Å‐3)	 0.56	‐	0.38		
	
	

	
	
Figure	1.	Molecular	structure	of	cis‐[Cu(L‐κ2S,O)2]	with	the	atom	numbering	scheme.	Displacement	ellipsoids	are	shown	at	the	50	%	probability	level.
	
	
terized	 by	 elemental	 analyses,	 1H	 NMR,	 13C	 NMR	 and	 FT‐IR	
spectroscopy.	 Scheme	1	shows	 the	pathway	 for	 the	synthesis	
of	 the	 ligand.	 The	 reaction	 of	 the	 ligands	 with	 copper(II)	
acetate	at	room	temperature	in	ethanol	as	solvent	yielded	the	
complex.	Scheme	2	shows	the	pathway	for	the	synthesis	of	the	
copper(II)	 complex.	 The	 metal	 complex	 was	 recrystallized	
from	 ethanol:dichloromethane	 mixture	 and	 characterized	 by	
various	 spectroscopic	 techniques	 and	 also	 by	 X‐ray	
crystallography.	 Data	 of	 all	 synthesized	 compounds	 confirm	
the	proposed	structures.	

The	 IR	 spectra	 of	 prepared	 ligand	 was	 showed	 charac‐
teristic	band	at	3231	cm−1	corresponding	to	ν(NH)	stretching	
bond.	In	addition,	the	strong	ν(C=O)	stretching	vibration	band	
was	observed	at	1655	cm−1.	Moreover	synthesized	ligand	show	
weak	 intensity	 ν(C=S)	 stretching	 vibration	 at	 the	 1313	 cm−1.	
The	FT‐IR	spectra	of	the	copper(II)	complex	display	important	
differences	when	compared	with	the	FT‐IR	spectra	of	the	free	
ligand.	The	most	 important	difference	is	 the	ν(NH)	stretching	
band	of	free	ligand	disappeared	completely	in	the	spectrum	of	
the	copper(II)	complex	indicating	the	deprotonation	of	the	NH	
group.	 The	 main	 vibrational	 bands	 of	 the	 investigated	 com‐
pounds	are	given	in	the	experimental	section.	

The	 signals	 belong	 to	 the	 NH	 group	 of	 the	 ligand	 was	
observed	as	a	singlet	at	δ	7.89	ppm	in	the	NMR	spectrum.	This	

peak	 does	 not	 appear	 in	 the	 copper(II)	 complex.	 All	 other	
proton	signals	of	synthesized	ligand	and	complex	are	appeared	
in	 appropriate	 place.	 The	 NMR	 data	 of	 the	 compounds	 are	
given	in	the	experimental	section.	

X‐ray	diffraction	quality	crystals	of	cis‐[Cu(L‐κ2S,O)2]	were	
grown	 from	 ethanol:dichloromethane	 mixture	 (1:1,	 v:v).	 The	
structure	 of	 copper	 complex	 was	 confirmed	 by	 the	 result	 of	
single	crystal	X‐ray	diffraction	determination.	Single	crystal	X‐
ray	analysis	shows	that	complex,	cis‐[Cu(L‐κ2S,O)2],	belongs	to	
monoclinic	 crystal	 system,	 space	 group	 P21/n.	 Relevant	
crystallographic	 data	 are	 presented	 in	 Table	 1‐3.	 The	 mole‐
cular	structure	of	cis‐[Cu(L‐κ2S,O)2]	is	shown	in	Figure	1.	

The	 results	 confirmed	 the	 connectivity	 of	 ligand	 to	 the	
metal	in	2:1	and	the	square	planar	geometry	around	the	metal	
centre	(O2‐Cu1‐O1	87.61(11),	O2‐Cu1‐S2	94.42(8),	O1‐Cu1‐S2	
157.47(8)	and	O2‐Cu1‐S1	155.91(8)°)	(Table	3).	

In	 the	 complex,	 the	 ligand	 forms	 by	 coordination	 a	 bis	
chelate	with	cis	arrangement	of	the	donor	atoms	sulphur	and	
oxygene.	 The	 Cu1‐S1,	 Cu1‐S2,	 Cu1‐O1	 and	 Cu1‐O2	 bond	
lengths	are	2.2511(11),	2.2372(12),	1.938(3)	and	1.930(2)	Å,	
respectively,	 and	 Cu1‐S	 bond	 lengths	 are	 longer	 than	 Cu1‐O	
bond	lengths	(Table	2).	This	indicates	the	stronger	bonding	of	
the	oxygen	atom	to	Cu(II)	than	sulphur	atom.		
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Table	2.	Selected	bond	lengths	for	cis‐[Cu(L‐κ2S,O)2].	
Atom	 Atom	 Length	(Å)	 		 Atom	 Atom	 Length	(Å)	
Cu1	 O2	 1.930(2)	 C4 C5 1.519(6)	
Cu1	 O1	 1.938(3)	 C5 C6 1.516(6)	
Cu1	 S2	 2.2372(12)	 C8 C9 1.513(5)	
Cu1	 S1	 2.2511(11)	 C9 C14 1.521(5)	
S1	 C7	 1.739(4)	 		 C9	 C10	 1.528(6)	
S2	 C21	 1.740(4)	 		 C10	 C11	 1.528(5)	
O1	 C8	 1.273(4)	 C11 C12 1.524(6)	
O2	 C22	 1.270(4)	 		 C12	 C13	 1.515(7)	
N1	 C7	 1.339(5)	 		 C13	 C14	 1.520(6)	
N1	 C4	 1.467(5)	 C15 C16 1.507(5)	
N1	 C1	 1.485(5)	 C16 C17 1.527(5)	
N2	 C8	 1.325(5)	 C18 C19 1.511(5)	
N2	 C7	 1.341(5)	 C19 C20 1.535(5)	
N3	 C21	 1.342(4)	 C22 C23 1.520(5)	
N3	 C15	 1.473(4)	 		 C23	 C24	 1.529(5)	
N3	 C18	 1.478(4)	 C23 C28 1.539(5)	
N4	 C22	 1.315(5)	 		 C24	 C25	 1.528(5)	
N4	 C21	 1.340(5)	 		 C25	 C26	 1.521(6)	
C1	 C2	 1.517(6)	 		 C26	 C27	 1.513(6)	
C2	 C3	 1.519(6)	 C27 C28 1.539(5)	
	
	

Table	3.	Selected	bond	angles	for	cis‐[Cu(L‐κ2S,O)2].	
Atom	 Atom	 Atom	 Angle	(°)	 		 Atom	 Atom	 Atom	 Angle	(°)	
O2	 Cu1	 O1	 87.61(11) N2 C8 C9	 114.7(3)
O2	 Cu1	 S2	 94.42(8)	 C8 C9 C14	 113.6(3)
O1	 Cu1	 S2	 157.47(8) C8 C9 C10	 111.7(3)
O2	 Cu1	 S1	 155.91(8)	 		 C14	 C9	 C10	 110.5(4)	
O1	 Cu1	 S1	 95.08(8)	 C9 C10 C11	 110.4(3)
S2	 Cu1	 S1	 92.14(4)	 		 C12	 C11	 C10	 111.2(3)	
C7	 S1	 Cu1	 99.27(13)	 		 C13	 C12	 C11	 111.7(4)	
C21	 S2	 Cu1	 102.14(13) C12 C13 C14	 111.7(4)
C8	 O1	 Cu1	 128.4(3)	 C13 C14 C9	 111.0(3)
C22	 O2	 Cu1	 130.4(2)	 N3 C15 C16	 113.3(3)
C7	 N1	 C4	 120.4(3)	 C15 C16 C17	 111.9(3)
C7	 N1	 C1	 124.3(3)	 N3 C18 C19	 113.2(3)
C4	 N1	 C1	 115.2(3)	 C18 C19 C20	 110.7(3)
C8	 N2	 C7	 124.8(3)	 N4 C21 N3	 115.1(3)
C21	 N3	 C15	 123.6(3)	 		 N4	 C21	 S2	 126.7(3)	
C21	 N3	 C18	 120.8(3)	 		 N3	 C21	 S2	 117.9(3)	
C15	 N3	 C18	 115.6(3)	 		 O2	 C22	 N4	 128.4(3)	
C22	 N4	 C21	 124.9(3)	 O2 C22 C23	 116.0(3)
N1	 C1	 C2	 112.2(3)	 		 N4	 C22	 C23	 115.4(3)	
C1	 C2	 C3	 109.3(3)	 C22 C23 C24	 110.7(3)
N1	 C4	 C5	 111.9(3)	 C22 C23 C28	 111.8(3)
C6	 C5	 C4	 112.0(3)	 C24 C23 C28	 110.5(3)
N1	 C7	 N2	 114.9(3)	 C25 C24 C23	 111.0(3)
N1	 C7	 S1	 119.3(3)	 C26 C25 C24	 110.9(3)
N2	 C7	 S1	 125.7(3)	 C27 C26 C25	 111.8(3)
O1	 C8	 N2	 127.5(3)	 		 C26	 C27	 C28	 111.7(3)	
O1	 C8	 C9	 117.7(3)	 C27 C28 C23	 110.2(3)
	
	

																						 	
	

Figure	2.	The	chair	conformation	and	bond	angles	of	cyclohexane	rings	in	synthesized	copper(II)	complex.	
	
	
The	C7‐N1,	N2‐C8,	C7‐N2,	N4‐C22,	N4‐C21,	and	N3‐C21	bond	
lengths	 are	 1.339(5),	 1.325(5),	 1.341(5),	 1.315(5),	 1.340(5)	
and	 1.342(4)	 Å,	 respectively,	 and	 these	 bond	 lengths	 are	
shorther	than	the	normal	C‐N	single	bond	(1.48	Å)	and	longer	
than	normal	C=N	double	bond	(1.25	Å)	[28].	But	N1‐C4,	N1‐C1,	
N3‐C15	 and	 N3‐C18	 bond	 lengths	 are	 1.467(5),	 1.485(5),	
1.473(4)	and	1.478(4)	Å,	respectively,	and	these	bond	distance	
are	similar	to	the	normal	C‐N	single	bond	[29‐36].	

The	 double	 bond	 character	 of	 the	 carbonyl	 and	
thiocarbonyl	groups	when	compare	with	literature	results	are		
	

weakened	(C22‐O2	1.270(4),	C8‐O1	1.273(4),	C21‐S2	1.740(4)	
and	C7‐S1	1.739(4)	Å)	due	 to	 the	donation	of	electron	 to	 the	
metal	 centre.	 The	 cyclohexane	 rings	 (C9‐C10‐C11‐C12‐C13‐
C14	 and	C23‐C24‐C25‐C26‐C27‐C28)	 in	 the	 copper(II)	 comp‐
lex	exhibits	chair	conformation	as	can	be	seen	 in	Figure	2.	 In	
this	conformation,	all	hydrogen	atoms	are	staggered	and	all	C‐
C‐C	 bond	 angles	 are	 nearly	 tetrahedral	 with	 a	 value	 of	
approximately	 at	 ∼111°.	 These	 bond	 angles	 are	 typical	 for	
chair	conformation	of	cyclohexane	ring	[37].	The	unit	cell	and	
packing	of	the	complex	is	given	in	Figure	3.	
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Figure	3. The	unit	cell	and	packing	of	cis‐[Cu(L‐κ2S,O)2].

	
4.	Conclusions	
	

Cis‐copper(II)	 complex	 of	 N‐(di‐n‐propylcarbamothioyl)	
cyclohexanecarboxamide	 ligand	 has	 been	 successfully	
synthesized	 and	 characterized	 by	 a	 single‐crystal	 X‐ray	
diffraction	 study.	 Single	 crystal	 analysis	 revealed	 that	 the	
ligand	 forms	 by	 coordination	 a	 bis	 chelate	 with	 cis	
arrangement	of	the	donor	atoms	sulphur	and	oxygene.	
	
Acknowledgements		
	

This	study	was	supported	by	the	Research	Fund	of	Mersin	
University	in	Turkey	with	Project	Number: BAP‐SBE	TB	(CKÖ)	
2007‐1	YL.	
	
Supplementary	material	
	

CCDC‐1513033	 contains	 the	 supplementary	 crystallo‐
graphic	data	for	this	paper.	These	data	can	be	obtained	free	of	
charge	 via	 www.ccdc.cam.ac.uk/data_request/cif,	 or	 by	
e‐mailing	 data_request@ccdc.cam.ac.uk,	 or	 by	 contacting	 The	
Cambridge	 Crystallographic	 Data	 Centre,	 12	 Union	 Road,	
Cambridge	CB2	1EZ,	UK;	fax:	+44(0)1223‐336033.	
	
References	
	
[1]. Neucki,	E.	Ber.	Dtsch.	Chem.	Ges.,	1873,	6,	598‐600.	
[2]. Hope	G.	A.;	Woods,	R.;	Boyd,	S.	E.;	Watling,	K.	Colloids	Surf.	A,	2004,	

232,	129‐137.	
[3]. Guang‐yi,	L.;	Hong,	Z.;	Liu‐yin,	X.;	Shuai,	W.;	Zheng‐He,	X.;	Miner.	Eng.	

2011,	24,	817‐824.	
[4]. Otazo‐Sanchez,	 E.;	 Perez‐Marin,	 L.;	 Estevez‐Hernandez,	 O.;	 Rojas‐

Lima,	 S.;	 Alonso‐Chamarro,	 J.	 J.	 Chem.	 Soc.,	 Perkin	 Trans.	 2001,	 2,	
2211‐2218.	

[5]. Wilson,	 D.;	 Arada,	 M.	 A.;	 Alegret,	 S.;	 DelValle,	 M.;	 J.	Hazard.	Mater.	
2010,	181,	140‐146.	

[6]. Daud,	A.	I.;	Khairul,	W.	M.;	Mohamed,	Z.	H.;	KuBulat,	K.	J.	Sulfur	Chem.	
2014,	35,	691‐699.	

[7]. Yuan,	Y.	F.;	Wang,	 J.	T.;	Gimeno,	M.	C.;	Laguna,	A.;	 Jones,	P.	G.	 Inorg.	
Chim.	Acta	2001,	324,	309‐317.	

[8]. Zhang,	Y.	M.;	Wei,	T.	B.;	Xian,	L.;	Gao,	L.	M.	Phosphorus	Sulfur	Silicon	
Relat.	Elem.	2004,	179,	2007‐2013.	

[9]. Zhang,	Y.	M.;	Wei,	T.	B.;	Wang,	X.	C.;	Yang,	S.	Y.	Indian	J.	Chem.	Sect	B	
1998,	37,	604‐606.	

[10]. Zhou,	W.	Q.;	Li,	B.	L.;	Zhu,	L.	M.;	Ding,	J.	G.;	Yong,	Z.;	Lu,	L.;	Yang,	X.	J.	J.	
Mol.	Struct.	2004,	690,	145‐150.	

[11]. Henderson,	W.;	 Nicholson,	 B.	 K.;	 Dinger,	 M.	 B.;	 Bennett,	 R.L.	 Inorg.	
Chim.	Acta	2002,	338,	210‐218.	

[12]. Sacht,	 C.;	 Datt,	 M.	 S.;	 Otto,	 S.;	 Roodt,	 A.	 J.	Chem.	 Soc.,	Dalton	Trans.	
2000,	24,	4579‐4586.	

[13]. Lipowska,	M.;	Hayes,	B.	L.;	Hansen,	L.;	Taylor,	A.;	Marzilli,	L.G.	Inorg.	
Chem.	1996,	35,	4227‐4231.	

[14]. Beyer,	L.;	Hoyer,	E.;	Hennig,	H.;	Kirmse,	R.;	Hartmann,	H.;	Liebscher,	J.	
J.	Prakt.	Chem.	1975,	317,	829‐839.	

[15]. Beyer,	L.;	Hoyer,	E.;	Liebscher,	J.;	Hartmann,	H.	Z.	Chem.	1981,	21,	81‐
91.	

[16]. Beyer,	L.;	Richter,	R.;	Seidelmann,	O.;	J.	Prakt.	Chem.	Chem.	Ztg.	1999,	
341,	704.	

[17]. Richter,	R.;	Beyer,	L.;	Kaiser,	J.;	Z.	Anorg.	Allg.	Chem.	1980,	461,	67‐73.	
[18]. Flores‐Centurion,	R.;	Richter,	R.;	Angulo‐Cornejo,	J.;	Beyer,	L.	Bol.	Soc.	

Quim.	Peru	1999,	65,	211‐215.		
[19]. Gomes,	J.	R.	B.;	Ribeiro	da	Silva,	M.	A.	V.	Inorg.	Chem.	Commun.	2003,	

6,	149‐153.	
[20]. Schroder,	U.;	Richter,	R.;	Beyer,	L.;	Angulo‐Cornejo,	 J.;	Lino‐Pacheco,	

M.;	Guillen,	A.;	Z.	Anorg.	Allg.	Chem.	2003,	629,	1051‐1058.	
[21]. Bruker,	SADABS,	Bruker	AXS	Inc.,	USA,	2007.	
[22]. Sheldrick,	G.	M.	Acta	Crystr.	A	2008,	64,	112‐122.	
[23]. Dolomanov,	 O.	 V.;	 Bourhis,	 L.	 J.;	 Gildea,	 R.	 J.;	 Howard,	 J.	 A.	 K.;	

Puschmann,	H.	J.	Appl.	Cryst.	2009,	42,	339‐341.	
[24]. Ozer,	C.	K.;	Arslan,	H.;	VanDerveer,	D.;	Binzet,	G.	J.	Coord.	Chem.	2009,	

62,	266‐276.	
[25]. Arslan,	H.;	Kulcu,	N.;	Florke.	U.	Transition	Met.	Chem.	2003,	28,	816‐

819.	
[26]. Ozer,	C.	K.,	MSc	thesis,	Mersin	University,	Mersin,	Turkey,	2008.	
[27]. Arslan,	 H.;	 Duran,	 N.;	 Borekci,	 G.;	 Ozer,	 C.	 K.;	 Akbay,	 C.	Molecules	

2009,	14,	519‐527.	
[28]. Al‐abbasi,	A.	A.;	Yamin,	B.	M.;	Kassim,	M.	B.	Acta	Crystallogr.	E	2011,	

67,	o1891‐	o1891.	
[29]. Rauf,	 M.	 K.;	 Ebihara,	 M.;	 Badshah,	 A.	 Acta	 Crystallogr.	 E	 2012,	 68,	

o119‐	o119.	
[30]. Yamin,	 B.	 M.;	 Osman,	 U.	 M.	 Acta	 Crystallogr.	 E	 2011,	 67,	 o1286‐

o1286.	
[31]. Yang,	W.;	Zhou,	W.Q.;	Zhang,	Z.	J.	J.	Mol.	Struct.	2007,	828,	46‐53.	
[32]. Arslan,	H.;	Florke,	U.;	Kulcu,	N.;	Binzet,	G.	Spectrochim.	Acta	A	2007,	

68,	1347‐1355.	
[33]. Yusof,	M.	 S.;	 Jusoh,	R.	H.;	 Khairul,	W.	M.;	 Bohari,	M.Y.	 J.	Mol.	Struct.	

2010,	975,	280‐284.		
[34]. Al‐Abbasi,	A.	A.;	Yamin,	B.	M.;	Kassim,	M.	B.	Acta	Crystallogr.	E	2011,	

67,	1891‐1894.	
[35]. Mohamadou,	A.;	Dechamps‐Olivier,	I.;	Barbier,	J.	P.	Polyhedron	1994,	

13,	1363‐1370.	
[36]. Arslan,	H.;	Florke,	U.;	Kulcu.	N.	Acta	Chim.	Slov.	2004,	51,	787‐792.	
[37]. Dragojlovic,	 V.	 Chem	 Texts	 2015,	 1‐14,	 DOI:	 10.1007/s40828‐015‐

0014‐0.	
	


