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Thiosemicarbazide derivatives are widely used in
medicine for treatment of various diseases [1, 2].
They all contain a set of donor atoms and are bound
to metal ions to form coordination compounds with
diverse composition, structure, and properties. In
many cases, the biological activity of drugs is corre-
lated with their complexation capacity [3–5]. The
structural features of the biologically active transi-
tion metal complexes with thiosemicarbazones of
aromatic hydroxyaldehydes have been studied rather
comprehensively [6–8]. However, since these com-
pounds have mainly been synthesized from thiosemi-
carbazides of unsubstituted aromatic aldehydes, it
appeared pertinent to elucidate the effect of substitu-
ents of different nature introduced in the salicylidene
fragment of azomethine on the structure and proper-
ties of the resulting complexes.

The purpose of this study is to prepare (5-bromosal-
icylidenethiosemicarbazido)aquacopper(II) sulfato(5-
bromosalicylidenethiosemicarbazido)aquacuprate(II)
tetrahydrate (

 

I)

 

, (5-nitrosalicylidenethiosemicar-
bazido)dimethylsulfoxide(methanol)copper(II) sulfate
(

 

II

 

), and catena(

 

µ

 

-thiocyanato)(5-nitrosalicylidenethi-

HL
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.

Br
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N
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Abstract

 

—The crystal structures of (5-bromosalicylidenethiosemicarbazido)aquacopper(II) sulfato(5-bromo-
salicylidenethiosemicarbazido)aquacuprate(II) tetrahydrate (

 

I

 

), (5-nitrosalicylidenethiosemicarbazido)dimeth-
ylsulfoxide(methanol)copper(II) sulfate (

 

II

 

), and catena(

 

µ

 

-thiocyanato)(5-nitrosalicylidenethiosemicar-
bazido)copper(II) (

 

III

 

) were determined. In structure 

 

I

 

, the independent part of the unit cell contains four water
molecules of crystallization and the cation–anion complex [Cu(H

 

2

 

O)(L)][Cu(H

 

2

 

O)(L)(SO

 

4

 

)] containing two
nonequivalent copper complexes (

 

A

 

 and 

 

B

 

). In these, the metal atom coordinates monodeprotonated 5-bromo-
salicylaldehyde thiosemicarbazone (HL) and water molecules, and in anion 

 

B

 

 also a sulfate ion. In complex ions

 

A

 

 and 

 

B

 

, sulfur, azomethine nitrogen, and phenolic oxygen of the salicylidene thiosemicarbazone fragment, and
also water molecule form a distorted planar square around the metal atom. The axial vertex of the pyramid in
anion 

 

B

 

 is occupied by the oxygen atom of the monodentate sulfate anion. In structure 

 

II

 

, the independent part
of the unit cell contains the (5-nitrosalicylidenethiosemicarbazido)dimethylsulfoxide(methanol)copper(II)
complex cation and the sulfate anion. The coordination polyhedron of the central atom is a slightly distorted
tetragonal pyramid whose base is formed by sulfur, azomethine nitrogen, phenolic oxygen of thiosemicarba-
zone, and dimethyl sulfoxide oxygen. The axial position is occupied by the methanol oxygen atom. In structure

 

III

 

, the copper atom coordinates 5-nitrosalicylaldehyde thiosemicarbazone and the thiocyanate ion, which com-
bines complexes into infinite polymer chains along the [010] direction. The copper coordination polyhedron in

 

III

 

 is a slightly distorted tetragonal pyramid whose base is formed by sulfur, azomethine nitrogen, phenolic
oxygen of thiosemicarbazone, and nitrogen of thiocyanate ion, the axial vertex is occupied by sulfur of thiocy-
anate ion of the neighboring complex.
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osemicarbazido)copper(II) [Cu(L

 

1

 

)(NCS)] (

 

III

 

) and
study their crystal structures by X-ray diffraction.

EXPERIMENTAL

 

Synthesis of I. 

 

A solution containing copper(II) sul-
fate pentahydrate (2.5 g, 10 mmol) in distilled water
(30 ml) was added with continuous magnetic stirring
and heating (

 

50–55°ë

 

) to a solution containing 5-bro-
mosalicylaldehyde thiosemicarbazone (2.74 g,
10 mmol) in methanol (50 ml). Then the reaction mix-
ture was heated at reflux for 50–60 min. On cooling,
dark green crystals precipitated from the solution.
These were collected on a filter, washed with small
amounts of ethanol and ether, and dried in air. The yield
of complex 

 

I

 

 was 71%.

IR (

 

ν

 

, cm

 

–1

 

): 1590 

 

ν

 

(C=N), 1215 

 

ν

 

(C–O), 1180

 

 and
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(C=S), 1045 
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3
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1
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, 640
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4
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, 515
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−

 

N), 470 
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(Cu–O),
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.

At room temperature (294 K), the effective mag-
netic moment 

 

m

 

eff

 

 of compound 

 

I

 

 equals 1.85 

 

m

 

B

 

 (per
paramagnetic ion).

 

Synthesis of II. 

 

The complex was prepared in 60%
yield by the reaction of copper(II) sulfate pentahydrate
in methanol with 5-nitrosalicylaldehyde thiosemicarba-
zone in 1 : 1 ratio in DMSO according to the above-
described procedure.

IR (
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): 3625 
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(Cu–O), 445 
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(ëu
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.
At room temperature (292 K), the effective mag-

netic moment 

 

µ

 

eff

 

 of compound 

 

II

 

 equals 1.94 

 

m

 

B

 

.

 

Complex III 

 

was prepared by a procedure similar to
that described above from a suspension of copper(II)
sulfate pentahydrate in methanol and 5-
nitrosalicylal dehyde thiosemicarbazone in DMSO in

For C16H26Br2Cu2N6O12S3

anal. 
calcd. 
(%):

C, 21.90; H, 2.99; Br, 18.21;Cu, 14.48; N, 9.58; S, 10.96.

Found
(%):

C, 21.69; H, 2.75; Br, 18.10;Cu, 14.21; N, 9.41; S, 10.79.

O4
2–

O4
2–

O4
2–

O4
2–

For C22H34Cu2N8O14S5

anal. calcd. (%):C, 28.66; H, 3.72; Cu, 13.7; N, 12.15; S, 17.39.

Found (%): C, 28.49; H, 3.50; Cu, 13.64; N, 12.25;S, 17.19.

O4
2–

O4
2–

the presence of potassium thiocyanate (1 : 1 : 1 molar
ratio). The product III was formed as a dark green solid
in 77% yield.

IR (ν, cm–1): 2110 ν(C=N)Cu–NCS–Cu, 1595 ν(C=N),
1220 ν(C–O), 1185 and 1120 δ(C–N), 1120 ν(C=S),
530 and 420 ν(Cu–N), 460 ν(Cu–O), 450 ν(Cu–S).

At room temperature (293 K), the effective mag-
netic moment µeff of compound III equals 1.75 µB.

Compounds I–III are readily soluble in DMF and
DMSO, poorly soluble in water and alcohols, and
almost insoluble in ether. Their single crystals suitable
for X-ray crystallography were obtained by recrystalli-
zation from a methanol–DMSO (4 : 1) solution.

X-ray diffraction analysis of compounds I–III was
carried out on a Nonius Kappa diffractometer with a
CCD detector (Moäα radiation, λ = 0.71069 Å) at room
temperature (293(2) K). Analytical absorption correc-
tion was applied only for complex III [9]. The struc-
tures of complexes I–III were solved by the direct
method using SHELX-86 [10] and SIR-97 [11] soft-
ware and refined by least squares in the anisotropic
approximation for nonhydrogen atoms (CRYSTALS)
[12]. The hydrogen atoms were refined isotropically. In
complex I, all hydrogen atoms were included in the
refinement in geometrically calculated positions
(except for water hydrogens, which were not located).
In compounds II and III, the hydrogens attached to the
carbon atoms were included in the refinement in geo-
metrically calculated positions, while the other H atoms
were located from the Fourier syntheses. In compound
II, the phenolic hydroxyl and methanol atoms were not
located. The C–H and N–H bond lengths varied in the
0.93–0.98 and 0.86–0.89 Å ranges, respectively. The
thermal factors UH were taken to be 1.2–1.5 times as
high as the Ueq values of the carbon and nitrogen atoms
bearing these hydrogens.

The key X-ray experiment details for I–III are pre-
sented in Table 1 and interatomic distances and bond
angles are listed in Table 2. The coordinates of basis
atoms are deposited with the Cambridge Crystallo-
graphical Data Center (CCDC No. 623449–623451).
The geometric calculations and drawings were made
with the PLATON program [13]; the drawings show
only the hydrogen atoms involved in hydrogen bonds.
The structures were analyzed using the CSDB data
(version 5.27) [14, 15].

RESULTS AND DISCUSSION

The independent part of the crystal unit cell in structure I
contains four water molecules of crystallization and the cat-
ion–anion complex [Cu(H2O)(L)][Cu(H2O)(L)(SO4)] com-
posed of two nonequivalent copper complexes (Ä and Ç).

For C9H7CuN5O3S2

anal. calcd. (%): C, 29.96; H, 1.96; Cu, 17.61;N, 19.41;S, 17.17.

Found (%): C, 29.75; H, 2.09; Cu, 17.47;N, 19.20;S, 16.99.
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Table 1.  Crystal data and X-ray experiment and structure refinement details for structures I–III

Parameter

Value

I II III

M 873.77 919.94 359.93

System Orthorhombic Monoclinic Orthorhombic

Space group Pcab C2/c Pbca

a, Å 8.661(5) 18.954(5) 15.531(5)

b, Å 18.732(5) 17.345(5) 10.389(5)

c, Å 39.567(5) 13.483(5) 15.987(5)

β, deg 90 119.105(5) 90

V, Å3 6419(4) 3873(2) 2580(2)

Z 8 4 8

ρcalcd,  g/cm3 1.778 1.578 1.858

µMo, mm–1 4.069 1.436 2.031

Crystal size, mm 0.09 × 0.13 × 0.25 0.11 × 0.15 × 0.29 0.09 × 0.10 × 0.40 

θ range, deg 1.03–24.43 1.7–28.16 2.55–27.86

Range of intensity measurements –10 ≤ h ≤ 6, 
–21 ≤ k ≤ 15,
–45 ≤ l ≤ 43

–24 ≤ h ≤ 20, 
–19 ≤ k ≤ 22, 
–14 ≤ l ≤ 17

–20 ≤ h ≤ 18, 
–13 ≤ k ≤ 13, 
–21 ≤ l ≤ 20

The number of measured reflections 22468 21090 23984

The number of independent reflections 5247 (Rint = 0.122) 4532 (Rint = 0.1041) 3071 (Rint = 0.111)

The number of reflections with  I > 2σ(I) 2627 945 1834

The number of refined parameters 394 231 181

GOOF on F2 1.07 1.0892 1.0696

R-factor (I > 2σ(I)] R1 = 0.0663,
wR2 = 0.0958

R1 = 0.0764,
wR2 = 0.0808

R1 = 0.0512,
wR2 = 0.0430

R-factor (for the whole array) R1 = 0.1280,
wR2 = 0.1312

R1 = 0.2359,
wR2 = 0.1467

R1 = 0.0973,
wR2 = 0.0636

∆ρ(max) and ∆ρ(min), e Å–3 1.29 and –0.67 0.81 and –0.92 0.68 and  –0.39
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Table 2.  Selected interatomic distances and bond angles for compounds I–III

Bond

d, Å

I
II III

A B

Cu(1)–S(1) 2.263(4) 2.276(5) 2.245(6) 2.291(2)
Cu(1)–O(1) 1.929(9) 1.921(8) 1.88(1) 1.937(3)
Cu(1)–O(2SN(5)) 1.97(1) 1.99(1) 1.94(2) 1.928(5)
Cu(1)–O(3VS(2)) 2.414(9) 2.44(2) 2.887(2)
Cu(1)–N(1) 1.94(1) 1.925(9) 1.95(2) 1.954(3)
S(1)–C(8) 1.69(1) 1.73(1) 1.71(3) 1.684(5)
O(1)–C(3) 1.32(1) 1.28(2) 1.29(3) 1.302(5)
N(1)–N(2) 1.40(2) 1.38 (1) 1.42(2) 1.389(4)
N(1)–C(1) 1.29(2) 1.29(2) 1.25(3) 1.288(6)
N(2)–C(8) 1.33(2) 1.35(2) 1.29(3) 1.345(6)
N(3)–C(8) 1.29(2) 1.35(2) 1.34(3) 1.328(7)
C(1)–C(2) 1.40(2) 1.45(2) 1.43(3) 1.438(7)
C(2)–C(3) 1.39(2) 1.39(2) 1.43(3) 1.422(6)
C(2)–C(7) 1.37(2) 1.46(2) 1.40(3) 1.399(6)
C(3)–C(4) 1.37(2) 1.39(2) 1.37(3) 1.422(7)
C(4)–C(5) 1.37(2) 1.32(2) 1.32(3) 1.346(7)
C(5)–C(6) 1.38(2) 1.41(3) 1.40(3) 1.397(7)
C(6)–C(7) 1.36(2) 1.39(2) 1.37(3) 1.372(7)

Angle ω, deg

S(1)Cu(1)O(1) 172.8(3) 173.0(3) 175.8(5) 168(1)
S(1)Cu(1)O(2SN(5)) 91.4(3) 89.6(3) 89.3(5) 95(1)
S(1)Cu(1)O(3VS(2)) 100.4(2) 101.6(5) 92.25(5)
S(1)Cu(1)N(1) 87.3(3) 86.1(3) 87.3(5) 86.3(1)
O(1)Cu(1)O(2SN(5)) 89.8(4) 91.2(4) 91.2(6) 88.2(2)
O(1)Cu(1)O(3VS(2)) 86.6(3) 82.5(6) 100.1(1)
O(1)Cu(1)N(1) 91.6(4) 92.5(4) 91.3(7) 90.5(1)
O(2SN(5)Cu(1)O(3VS(2)) 84.8(4) 99.8(8) 90.98(14)
O(2S)Cu(1)N(1) 178.5(5) 173.4(4) 165.8(7) 175.83(17)
O(3V)Cu(1)N(1) 100.9(3) 94.5(7) 93.2(1)
Cu(1)S(1)-(8) 95.8(4) 96.0(5) 94.4(7) 95.7(2)
Cu(1)O(1)C(3) 127.7(7) 128.9(8) 131(1) 129.5(3)
Cu(1)(1)N(2) 115.2(8) 120.0(7) 116(1) 116.8(2)
Cu(1)N(1)C(1) 126.7(8) 125.8(8) 128(2) 127.7(3)
N(2)N(1)C(1) 118(1) 114(1) 115(2) 115.4(3)
N(1)N(2)C(8) 120(1) 117(1) 117(2) 118.9(4)
N(1)C(1)C(2) 126(1) 126(1) 123(2) 125.3(4)
C(1)C(2)C(3) 124(1) 123(1) 125(2) 122.3(4)
C(1)C(2)C(7) 116(1) 114(1) 117(2) 117.4(4)
C(3)C(2)C(7) 120(1) 123(1) 117(2) 120.2(4)
O(1)C(3)C(2) 1244(1) 124(1) 120(2) 123.6(4)
O(1)C(3)C(4) 117(1) 122(1) 121(2) 118.7(4)
C(2)C(3)C(4) 119(1) 114(1) 118(2) 117.7(4)
C(3)C(4)C(5) 122(1) 127(1) 124(2) 121.6(4)
C(4)C(5)C(6) 117(1) 119(1) 118(2) 119.4(4)
C(5)C(6)C(7) 122(1) 121(2) 121(2) 122.1(5)
C(2)C(7)C(6) 119(1) 116(1) 120(2) 118.9(4)
S(1)C(8)N(2) 120.9(9) 121(1) 124(2) 122.0(3)
S(1)C(8)N(3) 123(1) 121(1) 117(2) 122.6(4)
N(2)C(8)N(3) 116(1) 118(1) 119(2) 115.4(4)
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In cation Ä, the metal atom coordinates monodeproto-
nated 5-bromosalicylaldehyde thiosemicarbazone (HL)
and water molecules, and in anion Ç also a sulfate ion
(Fig. 1). In complex cation Ä, the S(1Ä) atom, the azome-
thine N(1A) atom, the phenolic O(1A) atom of the sali-
cylidene fragment of thiosemicarbazone, and the O(2AS)
atom of the water molecule form a distorted square around
the metal atom (Cu–S(1Ä), Cu–O(1Ä), Cu–N(1Ä), Cu–
O(2ÄS) are 2.263(4), 1.929(9), 1.94(1), and 1.97(1) Å,
respectively; the OCuN, SCuN, and SCuO angles are

87.3(3)°–91.6(4)°, respectively. In cation Ä, the displace-
ments of the donor atoms from the mean plane vary from
–0.08 to 0.07 Å, the deviation of the copper atom from this
plane equals 0.056 Å. To find out whether the metal coor-
dination polyhedron in the complex anion Ç is a tetragonal
pyramid or trigonal bipyramid, the index τ = (β – α)/60
[16] was used, where α and β are the greatest angles
between the bonds formed by the central atom. If τ = 0, the
metal coordination polyhedron is described as a perfect
tetragonal pyramid and τ = 1 implies a perfect trigonal
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C(2B)
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Fig. 1. Structure of complex I.
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Fig. 2. Fragment of two-dimensional hydrogen bond network in structure I.
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bipyramid. For anion Ç τ = 0.01; thus, the coordination
polyhedron of copper is nearly a perfect tetragonal pyra-
mid. The pyramid base is formed by the S(1Ä) atom, the
azomethine N(1B) atom, the phenolic O(1B) atom of
ligand L, and the O(2ÇS) atom of the water molecule. The
displacements of these atoms from their mean plane vary
from –0.02 to 0.02 Å; the deviation of the copper atom
from this plane is 0.107 Å, which exceeds that in com-
plex cation A. The bond lengths in the pyramid base in
anion Ç are as follows: Cu(1Ç)–S(1Ç) 2.276(5),
Cu(1Ç)–O(1Ç) 1.921(8), Cu(1Ç)–N(1Ç) 1.925(9),
Cu(1Ç)–O(2ÇS) 1.99(1) Å. The axial vertex of the pyr-
amid is occupied by the O(3V) atom of the monoden-
tate sulfate ion (Cu(1B)–O(3V) 2.414(9) Å; the angles
formed by this bond with the bonds of the pyramid base
are in the range 84.8(4)°–100.9(3)°. In complexes Ä
and Ç, the metal rings are nearly coplanar: the angles
between the Cu(1)N(1)N(2)C(8)S(1) and
Cu(1)N(1)C(1)C(2)C(3)O(1) planes are 4.5° and 4.6°
and the angles between the planes of six-membered
metal rings and the C(2)–C(7) salicylidene fragments
of thiosemicarbazone are 1.6° and 1.8°.

In the crystal of I, complex ions Ä and Ç are com-
bined by a hydrogen bond (HB) (Figs 1, 2; Table 3).
Owing to HBs 2 and 3, theses pairs form two-dimen-
sional networks parallel to (001) plane. The layers are
connected by van der Waals contacts. Since water
hydrogen atoms have not been located, Table 4 presents
the intermolecular contacts that define the correspond-
ing HB.

The independent part of the unit cell of II contains
the (5-nitrosalicylidenethiosemicarbazido)dimethyl-
sulfoxide(methanol)copper(II) complex cation and the
sulfate anion. In the cation, the metal atom coordinates
5-nitrosalicylaldehyde thiosemicarbazone and metha-
nol and dimethyl sulfoxide molecules. For the cop-
per(II) coordination polyhedron in the crystal of II, τ =
0.17 [16], i.e., the coordination polyhedron of the metal
atom is a slightly distorted tetragonal pyramid with the
base formed by the S(1) atom, the azomethine N(1)
atom, the phenolic O(1) atom of the organic ligand, and
the O(3) atom of the dimethyl sulfoxide molecule. The
displacements of these atoms from their mean plane are

Table 3.  Geometric parameters of hydrogen bonds for compounds I–III

No. D–H···A bond
Distance, Å DHA angle, 

deg Coordinates of A atom
D···A H···A D–H

I

1 N(3A)–H(32A)···O(5B) 2.93(2) 2.1 0.9 171 x, y, z

2 N(3B)–H(32B)···O(6B) 3.08(2) 2.3 0.9 159 1/2 + x, –3/2 – y, z

3 N(3A)–H(31A)···O(6B) 2.76 (2) 1.9 0.9 179 –1/2 + x, –1 – y, 3/2 – z

4 N(3B)–H(31B)···O(1w) 3.08(2) 2.2 0.9 176 3/2 – x, –1 + y, 1/2 + z

II
5 N(3)–H(3a)···O(6) 2.83(2) 1.99 0.86 165 x, y, z

6 N(2)–H(2)···O(7) 2.79(3) 2.02 0.86 149 –x, y, 3/2 – z

7 N(3)–H(3b)···O(7) 3.08(2) 2.24 0.86 165 –x, –y, 1 – z

8 C(5)-H(5)···O(7) 3.32(2) 2.54 0.93 142 1/2 + x, 1/2 – y, 1/2 + z

9 C(1)–H(1)···O(7) 3.24(3) 2.55 0.93 131 –x, y, 3/2 – z

10 C(10)–H(10)···O(6) 3.36(3) 2.44 0.96 160 1/2 + x, 1/2 + y, z

III
11 N(3)–H(3b)···O(1) 2.971(6) 2.24 0.86 143 –1/2 + x, y, 1/2 – z

12 N(2)–H(2)···O(3) 2.867(6) 2.02 0.88 164 –1/2 + x, –1/2 – y, –z

13 N(3)–H(3a)···O(2) 3.049(6) 2.2 0.87 165 –1/2 + x, –1/2 – y, –z

14 C(1)–H(1)···O(3) 3.244(6) 2.41 0.95 147 –1/2 + x, –1/2 – y, –z

Table 4.  Short intermolecular contacts for water molecules
in compound I

Contact Distance, Å Coordinates 
of the second atom

O(1w)···O(2AS) 2.66(1) 1/2 – x, 1/2 + y, 1 – z

O(1w)···O(4B) 2.80(1) 1 – x, –y, 1 – z

O(1w)···O(5B) 2.76(1) 1/2 – x, 1 + y, –1/2 + z

O(2w)···O(3w) 2.66(2) –1 + x, y, z

O(2w)···O(2AS) 2.72(2) 1/2 – x, 1/2 + y, 1 – z

O(2w)···O(1A) 2.76(1) 1/2 – x, 1/2 + y, 1 – z

O(2w)···O(2BS) 2.67(1) 1 – x, –y, 1 – z
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in the range from –0.08 to 0.09 Å; the deviation of the
copper atom from this plane (0.154 Å) is greater than
that in I. The bond lengths are as follows: Cu(1)–S(1),
2.245(6) Å; Cu(1)–O(1), 1.88(1) Å; Cu(1)–N(1),
1.95(2) Å; and Cu(1)–O(2S), 1.94(2) Å. The axial posi-
tion in the pyramid is occupied by the O(3V) atom of
the methanol molecule (Cu(1)–O(3V) is 2.44(2) Å; the
angles formed by this bond with the bonds of the coor-
dination pyramid base are 82.5(6)°–101.6(5)°). The
metal rings in structure II lie almost in one plane; the
angle between the Cu(1)N(1)N(2)C(8)S(1) and
Cu(1)N(1)C(1)C(2)C(3)O(1) planes is 7.2° and the
angle between the planes of six-membered metal ring
and C(2)–C(7) salicylidene fragment of thiosemicarba-
zone is 4.6°.

In the crystal of II, the molecules are united by HB 5
(Figs. 3, 4; Table 3). Owing to HBs 6–10, these pairs
form a three-dimensional HB motif (Fig. 4, Table 3).

In structure III, as in I or II, the copper atom coor-
dinates 5-nitrosalicylaldehyde thiosemicarbazone and
the thiocyanate ion NCS–. The ion combines complexes
III related by the glide plane y into infinite polymer
chains along the [010] direction (Fig. 5). The coordina-
tion polyhedron of copper is a slightly distorted tetrag-

C(10)

S(2)

C(9)
O(1)

C(11)

Cu(1)

C(3)
C(4)

C(5)

O(4)

C(6)

N(4)
O(5)

C(7)

C(2)

N(1)

C(1)

N(2)

C(8) N(3)

S(1)

O(7) O(6)

S(3)

O(7)
O(6)

O(2S)
O(3V)

Fig. 3. Structure of complex II.

8
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5 6
10

Fig. 4. Fragment of the packing of compound II.

O(2)
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C(5) C(4)
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O(9)

S(2)

S(1)

N(3)
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N(1)

C(1)
C(2)C(7)
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Fig. 5. Structure of the polymeric chain in compound III.
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onal pyramid (τ = 0.14 [16]). The pyramid base is
formed by the S(1) atom, the azomethine N(1) atom,
the thiosemicarbazone phenolic O(1) atom, and the
N(5) atom of thiocyanate. The displacements of these
atoms from their mean plane vary from –0.09 to 0.08 Å;
the deviation of the copper atom from this plane
(0.147 Å) is greater than that in I and similar to that in
II. The bond lengths are as follows: Cu(1)–S(1),
2.291(2) Å; Cu(1)–O(1), 1.937(3) Å; Cu(1)–N(1),
1.954(3) Å; and Cu(1)–N(5), 1.928(5) Å. The axial
position in the pyramid is occupied by the S(2) atom of
the neighboring complex related to the initial complex
by plane y (Cu(1)–S(2) is 2.887(2) Å; the angles formed

by this bond with the bonds of the coordination pyra-
mid base are 90.5(1)°–100.1(1)°). The metal rings in
structure III lie almost in one plane; the angle between
the Cu(1)N(1)N(2)C(8)S(1) and
Cu(1)N(1)C(1)C(2)C(3)O(1) planes is 7.1° and the
angle between the planes of six-membered metal ring
and the C(2)C(3)C(4)C(5)C(6)C(7) salicylidene frag-
ment of thiosemicarbazone is 4.0°.

In the crystal of III, the polymer chains are com-
bined by HB 11 (Fig. 6; Table 3) to form two-dimen-
sional layers parallel to the (001) plane. Owing to HBs
12–14, these layers are combined into a three-dimen-
sional HB motif (Fig. 7, Table 3).

The bond lengths in compounds I–III almost coin-
cide with published data [17, 18]. An exception is the
distance from the copper atom to the sulfur atom of the
thioamide fragment. The Cu(1)–S(2) bond length in III
(2.291(2) Å) exceeds that in IA and in II by 0.028 and
0.046, respectively, and is markedly longer than similar
distances in binuclear copper complexes with 2-hyd-
roxyacetophenone hexamethyleneiminothiosemicar-
bazone [17] (2.200(2) Å) and with 5-methyl-2-
hydroxyacetophenone N(4)-dimethylthiosemicarba-
zone [18] (2.206(2) Å).

Our study demonstrated that coordination of triden-
tate thiosemicarbazones of substituted aromatic
hydroxy aldehydes by the copper atom affords five- and
six-membered metal rings, which lie virtually in one
plane. However, the type of the complex crystal lattice
depends on the nature of the substituent in the sali-
cylidene fragment of thiosemicarbazone, on the nature
of the acid residue, and on the synthesis conditions.

11

Fig. 6. Fragment of two-dimensional hydrogen bond net-
work in structure III.

13 12

14

Fig. 7. Fragment of the packing of compound III. 
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