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Copper(II) complexes with N,O-coordinating 
thiopseudoureas: syntheses, structures, and properties

Kinche Shakunthala, Seema Nagarajan, Gunasekaran Balamurugan and 
Samudranil Pal 

School of Chemistry, University of Hyderabad, Hyderabad, India 

ABSTRACT 
Syntheses, characterization, and physical properties of two com
plexes of copper(II) having the general molecular formula 
[Cu(Ln)2] (1 and 2) with benzyl-N0-(4-R-benzoyl)-N-(2,6-diisopropyl
phenyl)carbamimidothioates (HLn, where n¼ 1 and 2 for R¼H 
and Cl, respectively) are reported. Both complexes were character
ized by mass spectrometric, magnetic susceptibility, and various 
spectroscopic (IR, UV–Vis, and EPR) measurements. The molecular 
structures of 1 and 2 were established by single crystal X-ray crys
tallographic studies. In each complex, the bivalent metal center is 
in a near perfect square-planar trans-N2O2 coordination environ
ment assembled by two bidentate six-membered chelate rings 
forming iminolate-O and azomethine-N donor (Ln)− ligands. In the 
crystal lattice, the packing of 1 is according to the symmetry 
operations, while intermolecular p� � �p and C–H� � �p interactions 
assisted self-assembly of 2 leads to a two-dimensional sheet-like 
structure. Mass spectrometric and infrared and electronic spectro
scopic data are in agreement with their molecular formulas and 
similar structures. The room temperature magnetic moments and 
EPR spectra of both complexes are consistent with the S¼ 1=2 

ground state and the square-planar coordination geometry of the 
metal ion in each complex.
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1. Introduction

Thiourea, isothiourea, and thiopseudourea derivatives and their complexes with transi
tion metal ions have attracted interest due to their coordination, catalytic, biological, 
and biochemical properties. These versatile properties have led to their wide-ranging 
use as receptors, catalysts in a variety of organic reactions, and pharmaceuticals for 
therapeutic and diagnostic applications [1–4]. Recently we reported two complexes of 
nickel(II) having the general formula [Ni(Ln)2] with two thiopseudoureas benzyl-N0-(4-R- 
benzoyl)-N-(2,6-diisopropylphenyl)carbamimidothioates (HLn, where n¼ 1 and 2 for 
R¼H and Cl, respectively) [5]. In these complexes, despite more steric crowding 
around the N-atom in contrast to the S-atom, the ligand (Ln)– is an O,N-donor to 
nickel(II) instead of O,S-donor both being six-membered chelate rings. The reason 
behind the observed O,N-coordination mode of (Ln)– is the effective delocalization of 
its negative charge which is not possible in the alternative O,S-coordination mode. 
Herein, we have investigated the coordination behavior of the above mentioned two 
thiopseudoureas (HLn) toward copper(II) and isolated two analogous complexes of for
mula [Cu(Ln)2] (Scheme 1). Here also, (Ln)– is O,N-coordinated to the metal center. In 
the following sections, we have described the syntheses, X-ray structures, and physical 
properties of these two complexes.

2. Experimental

2.1. Materials

Benzyl-N0-(4-R-benzoyl)-N-(2,6-diisopropylphenyl)carbamimidothioates (HL1 and 
HL2) were synthesized in high (�90%) yields using the corresponding 4-R-benzoyl 
chlorides (R¼H and Cl), NH4SCN, 2,6-diisopropylaniline, and benzyl bromide 
according to a procedure reported earlier [3(b), 5]. All other chemicals were of 
reagent grade available commercially and were used as received. Solvents used 
were purified by standard methods [6].

Scheme 1. Syntheses of [Cu(L1/2)2] (1 and 2): (i) Cu(OAc)2 �H2O in MeOH–CHCl3 (1:1) mixture at 
50 �C for 24 h.
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2.2. Physical measurements

A Bruker Maxis (ESI-TOF analyzer) spectrometer was used to record the mass spectra. 
Magnetic susceptibility measurements were performed with a Sherwood scientific bal
ance. Diamagnetic corrections calculated from Pascal’s constants [7] were used to 
obtain the molar paramagnetic susceptibilities. Infrared spectra were recorded in ATR 
mode with a Thermo Scientific Nicolet iS5 FT-IR spectrophotometer. Electronic spectra 
were recorded using a Shimadzu UV-3600 UV–Vis–NIR spectrophotometer. A Jeol JES- 
FA200 spectrometer was used to record EPR spectra.

2.3. Synthesis of [Cu(L1)2] (1)

A solution of Cu(OAc)2 �H2O (200 mg, 1 mmol) in methanol (30 mL) was added to a 
chloroform solution (30 mL) of HL1 (862 mg, 2 mmol), and the mixture was stirred at 
50 �C for 24 h. The light green solid separated was collected by filtration, washed with 
water, and finally dried under vacuum. The dry solid was then recrystallized from a 1:1 
mixture of chloroform and methanol. Yield: 600 mg (65%). ESI-MS Data Calcd (found) 
for [1þH]þ (m/z): 922.3370 (922.3253). Selected IR band (cm−1): 1591 (C¼N). UV–Vis 
data in CHCl3 [kmax (nm) (e (M−1 cm−1))]: 565 (111), 395 (3.7� 103), 274 (7.6� 104). leff 

(lB): 1.71.

2.4. Synthesis of [Cu(L2)2] (2)

Complex 2 was synthesized by following the same procedure as described above for 
1 using Cu(OAc)2 �H2O (200 mg, 1 mmol) and HL2 (930 mg, 2 mmol). Yield: 615 mg 
(62%). ESI-MS Data Calcd (found) for [2þH]þ (m/z): 992.2577 (992.2510). Selected IR 
band (cm−1): 1579 (C¼N). UV–Vis data in CHCl3 [kmax (nm) (e (M−1 cm−1))]: 560sh (139), 
398 (5.2� 103), 283 (10.4� 104). leff (lB): 1.72.

2.5. X-ray crystallography

X-ray quality single crystals of [Cu(L1)2] (1) and [Cu(L2)2] (2) were grown by slow evap
oration of their solutions in chloroform-methanol (1:1) mixture. A Rigaku Oxford 
XtalLAB Synergy equipped with a HyPix3000 CCD area detector and PhotonJet micro
focus source for mirror monochromated Mo Ka radiation (k¼ 0.71073 Å) was used for 
the unit cell determination and the intensity data collection at 298 K for 1. Data acqui
sition, integration, reduction, and absorption correction were performed using 
CrysAlisPro software package [8]. Unit cell determination and intensity data collection 
for 2 were carried out at 298 K on a Bruker D8 Quest diffractometer fitted with a 
Photon 100 CMOS area detector and an Incoatec microfocus source for graphite 
monochromated Mo Ka radiation (k¼ 0.71073 Å). APEX3 software package [9] was 
used for data acquisition, integration, and reduction. The SADABS program [10] was 
employed for an empirical absorption correction. Structures of both complexes were 
solved by direct methods and refined on F2 using full-matrix least-squares procedures. 
In each structure, all nonhydrogen atoms were refined with anisotropic displacement 
parameters and the hydrogen atoms were placed in idealized positions and included 
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in the refinement by using a riding model. The SHELX-97 programs [11] accessed 
through the WinGX suite [12] were used for structure solution and refinement. 
Structural illustrations were prepared using the Mercury package [13]. Selected crystal 
and refinement data for 1 and 2 are listed in Table 1.

3. Results and discussion

3.1. Synthesis and properties

Reactions of Cu(OAc)2 �H2O with HL1 and HL2 in 1:2 mole ratio in MeOH–CHCl3 (1:1) 
mixture (Scheme 1) provided [Cu(L1)2] (1) and [Cu(L2)2] (2), respectively, in good yields 
(>60%). In the ESI-MS spectra of both complexes, the m/z values of the base peaks 
and their isotopic patterns are in agreement with their corresponding molecular for
mulas (Figures S1 and S2 in Supplementary Material). The room temperature (30 �C) 
effective magnetic moments of 1 and 2 are 1.71 and 1.72 lB, respectively. These values 
are consistent with the þ2 oxidation state of the metal ion and hence d9 electronic 
configuration (S¼ 1=2). At room temperature, both complexes are insoluble in most 
common organic solvents such as methanol, ethanol, acetonitrile, dimethylsulfoxide, 
and N,N-dimethylformamide, but they are highly soluble in dichloromethane and 
chloroform, providing green solutions. In solution, each complex behaves as a 
nonelectrolyte.

3.2. X-ray structures

The structures of both 1 and 2 have been solved in the triclinic P�1 space group. Each 
of the two complex molecules is centrosymmetric with copper at the inversion center. 
As a result, the asymmetric unit of each structure contains copper with half occupancy 

Table 1. Selected crystal data for [Cu(L1)2] (1) and [Cu(L2)2] (2).
Complex 1 2

Chemical formula C54H58N4O2S2Cu C54H56N4O2S2Cl2Cu
Formula weight 922.70 991.59
Crystal system Triclinic Triclinic
Space group P�1 P�1
a (Å) 9.34213(19) 8.4568(8)
b (Å) 10.6633(2) 12.5798(14)
c (Å) 13.4522(2) 12.8615(14)
a (�) 68.9231(19) 97.099(4)
b (�) 80.6265(17) 105.585(4)
c (�) 80.4844(18) 97.431(4)
V (Å3) 1225.41(4) 1288.8(2)
Z 1 1
q (g cm−3) 1.250 1.278
m (mm−1) 0.575 0.652
Reflections collected 25,319 41,160
Reflections unique 4305 4522
Reflections I� 2r(I) 3413 3348
Data/restraints/parameters 4305/0/290 4522/0/295
R1, wR2 (I� 2r(I)) 0.0516, 0.1365 0.0489, 0.1135
R1, wR2 (all data) 0.0678, 0.1481 0.0777, 0.1237
GOF on F2 1.066 1.043
Final diff. peak/hole (e Å−3) 0.396, −0.500 0.342, −0.298
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and one bidentate ligand (Ln)–. The molecular structures of 1 and 2 are depicted in 
Figure 1. Selected bond parameters are listed in Table 2. In both 1 and 2, C(7)–N(1) 
bond is �0.06 Å shorter and the C(7)–O(1) bond is �0.04 Å longer in comparison to 
the corresponding bonds in HL1 and HL2 [5]. On the other hand, the C(8)–N(1) bond is 
�0.03 Å longer and C(8)–N(2) bond is �0.01 Å shorter in 1 and 2 when compared with 
those bonds in HL1 and HL2 [5]. Thus, after deprotonation the amine-imine-ketone 
(–N2(H)–C8¼N1–C7(¼O1)–) fragment of HLn becomes imine-iminolate (−N2¼C8– 
N1¼C7(–O1–)–) in the ligand (Ln)– of both 1 and 2 (Scheme 1 and Figure 1). The lig
and (Ln)– can coordinate a metal ion through the iminolate-O and the azomethine-N 
atoms or iminolate-O and the thioether-S atoms. Both coordination modes form a six- 
membered chelate ring. In each of 1 and 2, the (Ln)– has the O,N-coordination mode 
as observed for the analogous nickel(II) complexes [5]. The O,N-coordination instead of 
the sterically less crowded O,S-coordination is preferred due to the delocalization of 
the negative charge, which is possible only in the former mode (Scheme 1 and Figure 
1). In a similar competitive situation, it has been found that copper(II) can have either 
O,N-coordination [14] or O,S-coordination [1(d), 15] provided the negative charge of 
the ligand is delocalized. Thus, it appears that the resonance stabilization energy 
decides the coordination mode of this type of ligand. In both 1 and 2, the two inverse 
symmetry related (Ln)– assemble an essentially ideal square-planar trans-N2O2 coordin
ation environment where the copper(II) resides at the center of the square-plane. The 

Figure 1. Molecular structures of [Cu(L1)2] (1) (left) and [Cu(L2)2] (2) (right). In both structures, ther
mal ellipsoids of all nonhydrogen atoms are drawn at 40% probability level and the hydrogen atoms 
are shown as spheres of arbitrary radius. Only selected atoms of each molecule are labeled for 
clarity.
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cis angles are within the narrow range of 89.91(9)–90.09(9)� and the trans angles are 
180� with no deviation of any of the atoms from the mean plane constituted by 
CuN2O2. As a matter of fact, except for the phenyl rings, all the atoms in the two six- 
membered chelate rings including the thioether-S and the benzylic-C atoms are satis
factorily planar (plane-a) in both complexes (rms deviations: 0.05 and 0.08 Å for 1 and 
2, respectively; Figure 1). As expected, due to the presence of the isopropyl (ip) 
groups the 2,6-diip-phenyl ring plane (average rms deviation 0.005 Å) and plane-a are 
very close to orthogonal (dihedral angles are 86.8(1)� in 1 and 90.0(1)� in 2). The dihe
dral angle between plane-a and the benzoyl group phenyl ring planes (average rms 
deviation 0.007 Å) are also very similar in both 1 (7.2(2)�) and 2 (5.4(2)�). In contrast, 
the dihedral angle between plane-a and the benzyl group phenyl ring planes (average 
rms deviation 0.004 Å) are much larger and quite different in 1 (58.1(1)�) and 2 
(70.2(1)�). The above dihedral angles and the structure overlay diagram (Figure 2) 

Figure 2. A molecular overlay of [Cu(L1)2] (1) (red) and [Cu(L2)2] (2) (blue). Hydrogen atoms are 
omitted for clarity.

Table 2. Selected bond lengths (Å) and angles (�) for 1 and 2.
Complex 1 2

C(7)–O(1) 1.270(3) 1.268(3)
C(7)–N(1) 1.305(4) 1.310(4)
C(8)–N(1) 1.343(4) 1.344(4)
C(8)–N(2) 1.317(4) 1.313(4)
C(8)–S(1) 1.759(3) 1.764(3)
Cu(1)–O(1) 1.881(2) 1.904(2)
Cu(1)–O(10) 1.881(2) 1.904(2)
Cu(1)–N(2) 1.976(2) 1.967(2)
Cu(1)–N(20) 1.976(2) 1.967(2)
O(1)–Cu(1)–O(10) 180.0 180.0
O(1)–Cu(1)–N(2) 89.93(9) 89.91(9)
O(1)–Cu(1)–N(20) 90.07(9) 90.09(9)
O(10)–Cu(1)–N(2) 90.07(9) 90.09(9)
O(10)–Cu(1)–N(20) 89.93(9) 89.91(9)
N(2)–Cu(1)–N(20) 180.0 180.0(1)

Symmetry transformations used to generate equivalent atoms: 1: –xþ 1, –yþ 1, –zþ 1; 2: –xþ 1, –y, –zþ 1.
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clearly indicate that except for the benzyl groups the remaining portions of the mole
cules of 1 and 2 are almost superimposable. In general, the Cu–N and Cu–O bond 
lengths and bond angles in both 1 and 2 are very similar (Table 2) and comparable 
with those reported for copper(II) square-planar complexes with analogous six-mem
bered chelate ring forming ligands [14].

Both structures have been scrutinized for noncovalent intermolecular interactions 
to reveal the self-assembly patterns. No significant noncovalent interaction has been 
found in the case of 1. Thus, the packing of the molecules in the crystal lattice is 
guided by the symmetry operations (Figure S3 in Supplementary Material). On the 
other hand, every molecule of 2 is connected to four neighboring molecules via inter
molecular p� � �p and C–H� � �p interactions involving the benzyl group phenyl ring and 
2,6-diip-phenyl ring H-atom adjacent to one of the two isopropyl groups (Figure 3). It 
appears that the different orientation of the benzyl groups in 2 compared to that in 1 
(Figure 2) makes these interactions possible in the former but not in the latter. Each 
of the two benzyl group phenyl rings in 2 is involved in a p� � �p interaction with 
another benzyl group phenyl ring (dihedral angle between the ring planes is 0�) of a 
neighboring molecule on one side and a C–H� � �p interaction with a 2,6-diip-phenyl 
ring H-atom from a second neighboring molecule on the other side. Similarly, two H- 
atoms from its two 2,6-diip-phenyl rings are involved in C–H� � �p interactions with the 
benzyl group phenyl rings of two neighboring molecules on both sides. In the p� � �p 

interaction, the interplanar distance and the centroid-to-centroid (Cg� � �Cg) distance 
between the overlapping ring planes are 3.34 and 4.22 Å, respectively. Thus the slip 
angle, the angle between the normal to the planes and the Cg–Cg vector, is 37.7�

[16]. In the C–H� � �p interaction, the H� � �Cg and the C� � �Cg distances are 3.171 and 

Figure 3. Intermolecular p� � �p and C–H� � �p interactions in [Cu(L2)2] (2).
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4.040 Å, respectively, and the C–H� � �Cg angle is 156.4�. Self-assembly of 2 via these 
intermolecular p� � �p and C–H� � �p interactions leads to a two-dimensional (2-D) sheet- 
like structure parallel to the bc-plane (Figure S4 in Supplementary Material).

3.3. Spectroscopic characteristics

Infrared spectra of 1 and 2 were recorded in the range 4000–500 cm−1. Both spectra display a 
large number of bands of various intensities (Figure S5 in Supplementary Material). In the spec
tra of HL1 and HL2, the N–H and the C¼O stretching vibrations are at �3180 and 
�1670 cm−1, respectively [5]. None of the spectra of 1 and 2 displays any band in these 
regions. Thus during complexation, HL1 and HL2 are deprotonated and the corresponding imi
nolate forms (L1)– and (L2)– are coordinated to copper in 1 and 2, respectively (Scheme 1). 
Both HL1 and HL2 display a medium intensity band at �1598 cm−1 due to the C¼N stretch 
[5]. A similar medium intensity band observed at a slightly lower frequency of �1585 cm−1 in 
the spectra of 1 and 2 is attributed to the metal coordinated C¼N stretch [5, 17].

Chloroform solutions of 1 and 2 were used to record the electronic absorption spectra. 
The spectra of both complexes are very similar (Figure S6 in Supplementary Material). Each 
spectrum shows a low intensity absorption band at �560 nm. Similar weak absorption 
observed at 500–600 nm for square-planar copper(II) complexes are assigned to a d–d tran
sition [18]. This ligand field band is followed by a moderately intense band at 395 nm and a 
very strong band at 280 nm. These two absorption bands are attributed to the ligand to 
metal charge transfer and intraligand transitions, respectively [5, 18(b,c), 19].

The X-band EPR spectra of paramagnetic 1 and 2 were recorded at room temperature 
(298 K) in powder phase. The spectra are illustrated in Figure 4. Both complexes display 
very similar axial spectra (gjj> g?> 2.0023) commonly observed for square-planar copper(II) 

Figure 4. EPR spectra of 1 (—) and 2 (- - -) in powder phase at 298 K.
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complexes where the unpaired electron resides in the dx2–y2 orbital [18(b), 20]. The gjj, Ajj, 
and g? values are 2.18, 204 G, and 2.05 for 1 and 2.19, 198 G, and 2.05 for 2. The value of 
gjj/Ajj ratio is shown as an empirical index to measure the extent of tetrahedral distortion in 
a square-planar copper(II) complex [20(b)]. For square-planar geometry this ratio is 105– 
135 cm. The gjj/Ajj ratio is 104 and 107 cm for 1 and 2, respectively. Thus, the EPR spectra 
of both complexes are also consistent with near perfect square-planar trans-N2O2 environ
ment around the copper(II) center in both complexes as observed in their X-ray structures.

4. Conclusion

Two copper(II) complexes, [Cu(L1)2] (1) and [Cu(L2)2] (2), with the thiopseudoureas HL1 and 
HL2 have been synthesized and characterized. ESI mass spectrometric data and the electric
ally nonconducting character of the two complexes are in agreement with their molecular 
formulas. The X-ray crystal structures of the centrosymmetric 1 and 2 reveal the bidentate 
six-membered chelate ring forming iminolate-O and azomethine-N coordination mode of 
the ligands (L1/2)– and essentially ideal trans-N2O2 square-planar coordination geometry of 
the metal center in both complexes. The effective delocalization of the negative charge of 
(L1/2)– makes their O,N-coordination mode preferred over the O,S-coordination mode. In the 
solid state, the molecules of 1 and 2 are almost superimposable to each other barring the 
benzyl groups. As a result, intermolecular p� � �p and C–H� � �p interactions involving the ben
zyl group phenyl rings are observed in 2 but not in 1. Due to these intermolecular nonco
valent interactions, a self-assembled 2-D sheet-like structure is formed in the crystal lattice 
of 2. The room temperature magnetic moment values and EPR spectra confirm the one 
electron paramagnetic nature and the square-planar coordination environment of the 
bivalent copper center (d9 configuration) in both 1 and 2.
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