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INTRODUCTION

Thiosemicarbazones are convenient starting sub-
stances for syntheses of coordination compounds. They
make it possible to diversify the composition and
geometry of the coordination sphere. A change in the
composition of the aldehyde or ketone fragment in the
thiocarbazide ligand substantially affects the physico-
chemical and biological properties of the correspond-
ing coordination compounds of 

 

d

 

 elements. Transition
metal complexes with thiosemicarbazones are thor-
oughly studied. However, since mainly aromatic alde-
hydes or ketones are used as the starting substances in
their syntheses, it was of interest to establish the influ-
ence of the replacement of these ingredients by an alde-
hyde containing an unsaturated radical on the structure
and properties of the complexes. Therefore, we synthe-
sized 3-phenylpropenal thiosemicarbazone hydrate
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 bis(4-methanol-phenylpropenalidenethiosemi-
carbazido)nickel solvate 

 

[

 

Ni

 

(

 

L

 

)

 

2
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· CH

 

3

 

OH

 

 

 

(

 

II

 

)

 

, and
bis(4-phenylpropenalidenethiosemicarbazido)zinc

 

[

 

Zn

 

(

 

L

 

)

 

2

 

] 

 

(

 

III

 

)

 

 and determined their crystal structures by
X-ray diffraction analysis.

EXPERIMENTAL

 

Synthesis of I.

 

 Azomethine was synthesized by the
reaction of a hot (

 

55–60°ë

 

) alcohol solution containing
3-phenylpropenal (10 mmol) in methanol (15 ml) with
a solution containing thiosemicarbazide (10 mmol) in

 

ëç

 

3

 

éç

 

 (35 ml). On cooling the reaction mixture, a
light yellow precipitate was formed. It was filtered off
on a glass filter, washed with a small amount of alcohol,
and dried in air (65% yield). Thiosemicarbazone 

 

I

 

 is
well soluble in dimethylformamide, dimethyl sulfox-
ide, and (on heating) alcohols.

 

Synthesis of II.

 

 A solution containing thiosemicar-
bazone 

 

I

 

 (20 mmol) in alcohol (30 ml) was added to a
methanol solution containing nickel diacetate tetrahy-
drate (10 mmol) in alcohol (20 ml) on continuous stir-
ring with a magnetic stirrer and heating (

 

45–50°ë

 

).
Then, the reaction mixture was heated with a reflux
condenser for 25–30 min. On cooling, dark brown crys-
tals precipitated from the resulting solution. The crys-
tals were filtered off on a glass filter, washed with small

For C10H13N3OS 

anal. calcd. (%): C, 58.40; H, 5.30; N, 19.09; S, 14.18.

Found (%): C, 58.81; H, 5.83; N, 18.83; S, 14.35.
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Ni
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·

 

 

 

n

 

CH

 

3

 

OH (

 

II

 

) and [Zn

 

(

 

L

 

)

 

2

 

] (

 

III

 

) are studied by X-ray diffraction. The crys-
tals of 

 

I

 

 are orthorhombic: 

 

a 

 

= 6.227(1) Å, 

 

b

 

 = 7.763(2) Å, 

 

c

 

 = 25.585(5) Å, 

 

β

 

 = 90

 

°

 

, space group 

 

P

 

2

 

1

 

2

 

1

 

2

 

1

 

, 

 

Z

 

 = 4,

 

R

 

 = 0.0426. A nonplanar molecule of 

 

I

 

 has an 

 

E

 

 conformation. The crystals of 

 

II

 

 are triclinic: 

 

a

 

 = 6.551(2) Å,

 

b

 

 = 10.752(3) Å, 

 

c

 

 = 10.885(3) Å, 

 

α

 

 = 64.751(5)

 

°

 

, 

 

β

 

 = 82.753(5)

 

°

 

, 

 

γ

 

 = 89.857(5)

 

°

 

, space group 

 

, 

 

Z

 

 = 1, 

 

R

 

 =
0.0661. In a centrosymmetric molecule of 

 

II

 

, the central atom coordinates two deprotonated ligands L through
the immine nitrogen atom and thioamide sulfur atom at the vertices of a distorted square. The crystals of 

 

III

 

 are
monoclinic: 

 

a

 

 = 25.342(2) Å, 

 

b

 

 = 9.150(2) Å, 

 

c

 

 = 21.340(3) Å, 

 

α

 

 = 90

 

°

 

, 

 

β

 

 = 111.84(2)

 

°

 

, 

 

γ

 

 = 90

 

°

 

, space group

 

C

 

2/

 

c

 

, Z = 8, R = 0.0556. In a molecule of complex III, two deprotonated bidentate ligands L are coordinated
by the zinc ion through the immine nitrogen atoms and thioamide sulfur atoms to form a distorted tetrahedron
at the central atom. In both II and III, ligand L after coordination by the metal ion changes the E conformation
with respect to the N(1)–C(2) bond for the Z conformation. In crystals I–III, molecules are packed to form infi-
nite layers parallel to the planes (001) and (010).
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amounts of alcohol and ether, and dried in air. Com-
plex II is well soluble in dimethylformamide and
dimethyl sulfoxide, weakly soluble in water and alco-
hols, and virtually insoluble in ether.

Synthesis of III. The complex was synthesized
using a procedure similar to that described above, from
zinc diacetate dihydrate and thiosemicarbazone I taken
in a molar ratio of 1 : 2.

Single crystals of compounds I–III appropriate for
X-ray diffraction analysis were prepared by the recrys-
tallization of substances under study from a methanol
solution.

X-ray diffraction analysis. The X-ray diffraction
studies of compounds I–III were carried out on Philips
PW1100 and Bruker Smart diffractometers with a CCD
detector (MoKα radiation, λ = 0.71073 Å). Absorption
correction was applied for II and III using the
SHELXTL-NT V. 5.1 programs [1]. The structures of
compounds I–III were solved by the direct methods
and refined by the least-squares method using the
SHELX97 programs [2] in the anisotropic approxima-
tion for non-hydrogen atoms and in the isotropic
approximation for hydrogen atoms. The positions of
the latter were calculated geometrically. The main
experimental parameters are presented in Table 1. The
selected interatomic distances and bond angles are
given in Table 2. The coordinates of basic atoms of the
studied structures were deposited at the Cambridge
Structure Database (CCDC 262822–262824). The geo-
metric calculations were performed and figures were

For C21H24N6NiOS2

anal. calcd. 
(%):

C, 50.50; H, 4.81; N, 16.83;Ni, 11.82;S, 12.83.

Found (%): C, 50.39;H, 4., 59;N, 16.75;Ni, 11.71;S, 12.70.

For C20H20N6S2Zn

anal. calcd. (%):C, 50.74;H, 4.23;N, 17.76;S, 13.53;Zn, 13.74.

Found (%): C, 50.62;H, 4.16;N, 17.54;S, 13.40;Zn, 13.60.

plotted using the PLATON program [3]. The data from
the Cambridge Structure Database (V. 5.25) were used
for analysis of the obtained structures [4, 5].

RESULTS AND DISCUSSION

Azomethine molecule I (Fig. 1) is nonplanar, and
the dihedral angle between the planes of the thiosemi-
carbazone chain (Ä) and phenyl ring is equal to 10.0°.
Chain A in I has an E conformation relative to the C(1)–
N(2) and N(1)–C(2) bonds. Dimeric layers parallel to
the (001) plane are formed in crystal I due to hydrogen
bonds (1–5, Fig. 2) that involve a molecule of water of
crystallization. Thiosemicarbazone I contains an
intramolecular hydrogen bond N(3)–H···N(1) (Table 3).
The sulfur atom is involved in three hydrogen bonds,
which results, most likely, in a considerable elongation
of the S(1)–C(1) distance (to 1.754(4) Å) as compared
to the standard length of the S=C double bond. In similar
compound 1-(4-p-tolyl-but-3-en-2-ylidene)thiosemi-
carbazide (IV) [6], this bond is shortened by 0.073 Å as
compared to that in I. The N(1)–N(2) (1.431(4) Å),
C(2)–C(3) (1.489(5) Å), and C(4)–C(5) (1.513 Å)
bonds in I are shorter than those in IV (by 0.044, 0.031,
and 0.045 Å, respectively).

The structure of compound II is based on a tetraco-
ordinated centrosymmetric monomeric complex
[Ni(L)2] (Fig. 3). The central atom coordinates two
deprotonated ligands L through the imine nitrogen
atom N(1) and thioamide sulfur atom S(1) at the verti-
ces of a distorted square. The N(1)Ni(1)S(1) angle is
equal to 85.8(1)°. The Ni(1)–S(1) (2.171(1) Å) and
Ni(1)–N(1) (1.892(4) Å) distances in II agree with
those in square complexes of nickel(II) thiosemicarba-
zones (Ni–S 2.09–2.18 Å and Ni–N 1.84–1.93 Å [7]).
These bond lengths differ from the corresponding val-
ues in the octahedral nickel(II) thiosemicarbazone com-
plexes (Ni–S 2.31–2.43 Å and Ni–N 1.98–2.18 Å [7]).

During coordination by the metal atom, ligand L in
structure II changes the E conformation with respect to
the N(1)–C(2) bond for the Z conformation. The S(1)–
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Fig. 1. Structure of molecule I.
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C(1) bond (1.739(5) Å) is shorter than 1.82 Å for the
standard ordinary bond and longer than 1.56 Å for the
S=C double bond [8], and coincides in length within 3σ
with the C–S bond in free thiosemicarbazone of cinna-
roic aldehyde. The plane of the chelating fragment
S(1)C(1)N(1)N(2) in II is unfolded relative to the
planes of the C(2)C(3)C(4) chain and phenyl ring by
16.8° and 27.5°, respectively.

Dimeric layers parallel to the (001) plane are formed
in crystal II due to hydrogen bonds 7–9 involving a
methanol molecule of crystallization (Fig. 4). Crystal II
also contains an intramolecular hydrogen bond C(2)–
H(9A)···S(1) (Table 3), which closes the second five-
membered metallocycle.

In compound III, two deprotonated bidentate
ligands L are coordinated by the zinc ion through the

Table 1.  Crystallographic data and experimental details for structures I–III

Parameter
Value

I II III

M 223.29 531.33 473.95 

Experimental temperature, K 293(2) 120(1) 293(2) 

Crystal system Orthorhombic Triclinic Monoclinic

Space group P212121 C2/Ò

Unit cell parameters

a, A 6.227(1) 6.551(2) 25.342(2) 

b, A 7.763(2) 10.752(3) 9.150(2) 

c, A 25.585(5) 10.885(3) 21.340(3) 

α, deg 90 64.751(5) 90

β, deg 90 82.753(5) 111.84(2) 

γ, deg 90 89.857(5) 90

V, A3 1236.8(4) 686.8(3) 4593.1(1) 

Z 4 1 8 

ρ(calcd), g/cm3 1.199 1.285 1.371 

µåÓ, mm–1 0.241 0.886 1.269 

Crystal sizes, mm 0.4 × 0.2 × 0.2 0.2 × 0.1 × 0.05 0.5 × 0.3 × 0.1

θ range, deg 3.1–26.9 2.1–27.0 1.7–28.5 

Number of measured
reflections

1510 19185

Number of independent
reflections

1510 2942 (Rint = 0.0505) 5127 (Rint = 0.1017)

Number of refined parameters 137 152 238 

GOOF against F2 0.81 0.980 0.856 

Final R factor (I > 2σ(I)) R1 = 0.0426, wR2 = 0.0505 R1 = 0.0661, wR2 = 0.1309 R1 = 0.0556, wR2 = 0.1049

R factor (over the whole array) R1 = 0.066, wR2 = 0.0649 R1 = 0.1116, wR2 = 0.1444 R1 = 0.3227, wR2 = 0.1621

∆ρ(max) and ∆ρ(min), e A–3 0.160 and –0.138 0.942 and –0.839 0.441 and –0.344

P1
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Table 2.  Selected interatomic distances and bond angles for compounds I–III

I II, M = Ni
III, M = Zn*

ligand 1 ligand 2

Bond d, Å

Me–S(1) 2.171(1) 2.271(2) 2.259(2)

Me–N(1) 1.892(4) 2.047(5) 2.069(6)

S(1)–C(1) 1.754(4) 1.739(5) 1.784(7) 1.779(8)

N(3)–C(1) 1.332(5) 1.324(6) 1.363(7) 1.347(7)

N(2)–C(1) 1.356(4) 1.318(6) 1.272(7) 1.283(8)

N(2)–N(1) 1.431(4) 1.402(6) 1.362(6) 1.373(7)

N(1)–C(2) 1.289(6) 1.303(7) 1.281(7) 1.274(8)

C(2)–C(3) 1.489(5) 1.436(8) 1.424(8) 1.444(9)

C(3)–C(4) 1.343(5) 1.334(8) 1.329(8) 1.331(8)

C(4)–C(5) 1.513(5) 1.468(9) 1.464(7) 1.445(8)

O(1S)–C(1S) 1.473(12) 

Angle ω, deg

N(11)MN(12) 180 114.7(2)

N(11)MS(12) 94.2(1) 120.2(2)

N(12)MS(12) 85.8(1) 87.3(2)

N(11)MS(11) 85.8(1) 87.2(2)

N(12)MS(11) 94.2(1) 119.5(2)

S(12)MS(11) 180 130.67(9)

C(2)N(1)M 126.4(3) 127.2(4) 127.7(5)

N(2)N(1)M 121.3(3) 116.9(5) 115.9(5)

C(1)S(1)M 96.20(16) 91.5(3) 92.4(3)

C(2)N(1)N(2) 116.1(3) 112.3(4) 115.9(6) 116.3(6)

C(1)N(2)N(1) 120.5(3) 111.8(4) 115.9(6) 116.2(6)

N(2)C(1)N(3) 115.0(3) 118.2(5) 119.4(6) 117.9(7)

N(2)C(1)S(1) 120.9(3) 122.2(4) 128.5(5) 128.0(6)

N(3)C(1)S(1) 124.1(3) 119.6(4) 112.2(6) 114.1(7)

N(1)C(2)C(3) 120.9(4) 126.8(5) 125.2(7) 126.3(7)

C(4)C(3)C(2) 122.5(4) 121.7(5) 123.2(7) 121.6(8)

C(3)C(4)C(5) 128.0(4) 126.3(6) 128.0(6) 128.8(8)

C(6)C(5)C(4) 120.3(4) 122.2(7) 118.5(6) 118.0(8)

C(10)C(5)C(4) 123.9(4) 119.1(6) 121.4(6) 122.0(8)

* Numbering of atoms for structure III: 1n–5n (n = 1, 2).
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iminne nitrogen atoms and thioamide sulfur atoms at
the vertices of the distorted tetrahedron (Fig. 5). The
dihedral angle between the planes of the chelate
cycles is equal to 87.9°. The NZnN angles range from

87.2(2)° to 120.2(2)°, and the S(12)Zn(1)S(11) and
N(11)Zn(1)N(12) angles are 130.67(9)° and 114.7(2)°,
respectively. The Zn–S (2.271(2), 2.259(2) Å) and
Zn–N (2.047(5), 2.069(6) Å) distances in III agree with

6

1

2

3
4

5

Fig. 2. Fragment of structural unit packing in crystal I (H bond nos. 1–6).

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

H bond no. Bond D–H···A
Distance, Å

Angle DHA, deg Coordinates of atom A
D···A H···A D–H

I

1 N(1)–H(4)···S(1) 3.483(4) 2.54 0.96 167 1/2 + x, 3/2 – y, –z

2 O(1w)–H(11)···S(1) 3.326(3) 2.53 0.82 167 –1 + x, y, z

3 O(1w)–H(17)···S(1) 3.289(3) 2.47 0.84 168 –1/2 + x,1/2 – y, –z

4 N(2)–H(14)···O(1w) 2.850(4) 1.95 0.93 163 x, y, z

5 C(2)–H(5)···O(1w) 3.511(5) 2.73 0.98 137 x, y, z

6 N(1)–H(13)···N(3) 2.644(5) 2.24 0.94 105 x, y, z

II

7 O(1S)–H(1O)···N(2) 2.755(5) 1.93 0.85 165 x, y, z

8 N(3)–H(3A)···O(1S) 2.911(6) 2.04 0.88 173 2 – x, –y, –1 – z

9 N(3)–H(3B)···O(1S) 2.929(5) 2.09 0.88 160 x, y, z

10 C(2)–H(9A)···S(1) 3.071(6) 2.47 0.95 121 2 – x, –y, –z

III

11 N(31)–H(13A)···N(21) 3.033(8) 2.19 0.86 167 1/2 – x, –1/2 – y, 1 – z

12 N(32)–H(23A)...N(22) 3.013(1) 2.17 0.86 167 –x, 1 – y, 1 – z
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those in eight zinc complexes with anionic thiosemicar-
bazone ligands (2.255(3)–2.408(3) and 1.989(6)–
2.177(3) Å, respectively [9–11]). The C–S distances
(1.784(7) Å and 1.779(8) Å) in compound III, as well
as in complex II, are intermediate between the standard
C–S and C=S bond lengths. Their values in III exceed
the values of similar bonds in [9–11] (1.705(16)–
1.759(8) Å). The N(2)=C(1) (1.272(7) and 1.283(8) Å)
and N(1)=C(2) (1.281(7) and 1.274(8) Å) double bonds
in complex III are shortened as compared to those in
compound II (1.318(6) and 1.303(7) Å), respectively).

In both structures III and II, ligand L has a Z con-
formation with respect to the N(1)–C(2) bond. In coor-
dination compound III, the plane of the chelating frag-
ment S(11)C(11)N(11)N(21) is rotated about the
C(21)C(3)C(41) chain and phenyl cycle through 7.6°
and 23.0°, respectively. For the second ligand L, analo-
gous angles are 4.6° and 12.6°. Dimeric layers parallel
to the (010) plane are formed in crystal III due to
hydrogen bonds 11 and 12 (Fig. 6).

Thus, after coordination by nickel(II) and zinc(II)
ions, deprotonated ligand L changes its E conformation

C(2)

C(1)

S(1)

Ni(1)

N(1)

N(2)

N(3)

C(3)

C(4)C(5)

C(6)C(7)
C(8)

C(9)

C(10)

O(1S) C(1S)

Fig. 3. Structure of compound II.

10

8

7

9

Fig. 4. Fragment of structural unit packing in crystal II (H bond nos. 7–10).
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(in an HL molecule (structure I)) with respect to the
N(1)–C(2) bond for the Z conformation. This is accom-
panied by a considerable elongation of the S–C dis-
tance in the organic anion L– as compared to a standard
value of the S=C double bond. The coordination poly-
hedra of the nickel (in II) and zinc (in III) atoms are
distorted square and tetrahedron, respectively. In crys-
tals I–III, molecules are packed into infinite layers par-
allel to the planes (001) and (010).
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