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The title compound, [Zn,(C,H30,),(CsHgN,S),], is a centro-
symmetric dinuclear molecule with two acetate bridging
ligands in a syn-syn arrangement. The Zn'' atom is five-
coordinated in a trigonal-bipyramidal configuration by three
thiosemicarbazone atoms (two N and one S) and by an O atom
from each of the two acetate groups.

Comment

Metal complexes of Schiff bases synthesized by the conden-
sation of 2-acetylpyridine and thiosemicarbazides, semi-
carbazides and other amines (Nomiya et al., 2001; West et al.,
1993; Wang et al., 2004) have received much attention owing to
their antimicrobial, cytotoxic and antioxidant activities
(Reddy et al., 1999; Tarafder et al., 2001). However, only a few
studies of the synthesis, spectroscopic characterization and
antimicrobial activities of such compounds with the Schiff
base derived from 2-acetylpyridine and thiosemicarbazide
have been reported to date (Kasuga et al, 2003; Kovala-
Demertzi et al., 2001).
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Zinc(IT) complexes with thiosemicarbazone ligands have
been reported to have antitumour activities and to exhibit
effects in in vitro cell proliferation and differentiation.
However, few studies of the antimicrobial activities of zinc(IT)
complexes have been reported to date (Bermejo et al., 1997,
Offiong & Martelli, 1993). Divalent zinc(II) complexes are
influenced significantly by the reaction conditions, such as the
solvent, pH, stoichiometry and reaction temperature (Ferrari
et al., 1992; Casas et al., 2000). Furthermore, d*° metal poly-

nuclear complexes, including those containing zinc, have been
found to be thermally stable and to possess photolumin-
escence properties, a feature that has contributed immensely
to the search for new materials (Weidenbruch et al., 1989;
Kunkely & Vogler, 1990; Bertonacello et al., 1992; Wang et al.,
2003; Sang & Xu, 2005). As far as we are aware, no crystal
structure of a dinuclear Zn" complex of 2-acetylpyridine
thiosemicarbazone has been published to date. We report here
the synthesis and crystal structure of the title complex, (I).

Complex (I) is an acetate-bridged dinuclear Zn" compound
(Fig. 1) which has inversion symmetry. The coordination
geometry around the Zn atom is trigonal bipyramidal, based
on geometric parameter calculations: T = (8 — «)/60 gives T =
0.55, taking O1'—Zn1—N2 [121.36 (16)°; symmetry code: (i)
—x+1,—y+1,—z+ 1] as Band O2—Zn1—N1 [88.41 (14)°]
as @ (Addison et al, 1984). The calculated t value and the
geometry of the complex are in agreement with those of
dinuclear zinc(II) acetate complexes with similar thio-
semicarbazone derivatives reported previously (Garcia et al.,
2002; Bresolin et al., 1997). Compound (I) (Fig. 1), which
crystallizes as a centrosymmetric dinuclear molecule with the
two acetate bridging ligands in a syn—syn arrangement, is five-
coordinate, with both Zn atoms coordinated by three thio-
semicarbazone atoms and by an O atom of each of the two
acetate groups. The Zn- - -Zn distance of 3.749 (16) A is long
enough to rule out any metal-metal bonding.

As in other 2-pyridylthiosemicarbazones (Garcia et al.,
2002; Bermejo et al., 2004), the Zn—N;,,, Zn—N,, and Zn—S
bond lengths in (I) (Table 1) increase in that order. The Zn—
O bond distances are very similar [Zn—O1' = 2.014 (4) A and
Zn—02 =2.010 (3) A], showing the non-staggered nature of
the bridging acetate ion (Ainscough et al., 1987). The Zn1—S1
bond [2.3247 (16) A] is much longer than the other bonds,
indicating that the Zn—S bond is weaker compared with the
others; this is in agreement with bond distances reported for
other complexes of zinc(II) with similar thiosemicarbazones
(Bresolin et al., 1997). The bridging acetate groups are nearly

Figure 1
The molecular structure of (I), showing the atom-numbering scheme.
Displacement ellipsoids are drawn at the 50% probability level. H atoms
have been omitted for clarity. [Symmetry code: (i) —x+1, —y +1,
—z+1]
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Figure 2
The packing of (I) in the crystal structure. Dashed lines indicate hydrogen
bonds. [Symmetry code: (i) —x+1, =y +1, —z + 1.]

linear and show bent coordination modes with the metal
atoms [O1—C9—02 = 126.0 (5)°, Zn1—02—C9 = 125.3 (3)°
and Zn—O01—C9' = 132.1 (3)°], which is very similar to a
dinclear zinc thiosemicarbazone reported previously (Garcia
et al., 2002).

The N2—Znl—N1 (N2'—Znl1'—N1) bond angle
[75.63 (16)°] of the five-membered chelate ring is much
smaller than 90°, a result of the strain created by the five-
membered chelate rings Zn1/N1/C5/C6/N2 and Zn1'/N1/C5"/
C6'/N2' (You & Zhu, 2005). The C6=N2 bond length
[1.294 (5) A] conforms to the normal value of 1.32 A for a
double bond, while the C8—N3 bond length [1.333 (6) A]
conforms to the normal value of 1.37 A for a single bond
(Allen et al., 1987). As one can observe, the Zn—N bond
distances involving azomethine N atoms (N2 and N2') and
pyridyl N atoms (N1 and N1') are almost the same length, at
2.128 (4) and 2.125 (4) A, respectively, which suggests a
charge delocalization over the entire ligand. This is considered
important in thiosemicarbazones, especially those containing
an aryl group (Palenik ef al., 1974; Campbell, 1975).

In the crystal structure of (I) (Fig. 2), intermolecular
hydrogen-bond contacts N4—H4B---02" [3.073 (5) A] and
N4—H4A---N3'" [3.138 (6) A] are observed [Table 2;
symmetry code: (i) x — 1, y, z; (ili) —x, 1 — y, —z]. There are
fewer intermolecular hydrogen bonds in (I) than in other
complexes of 2-acetylpyridine thiosemicarbazones because of
the absence of solvent molecules. The distances and angle for
the interaction with the coordinated O atom are comparable
with the intermolecular N—H- - -O attraction in a dinuclear
acetate-bridged zinc complex with a similar thiosemicarba-
zone (Garcia et al., 2002), but without the N4—H4A. - .N3™
interaction observed in the present case. The molecules of (I)
are stacked along the a axis (Fig. 2) and are linked by short
intermolecular hydrogen bonding between atoms O2 and N3.

Experimental

The 2-acetylpyridine thiosemicarbazone (APytsc) Schiff base was
prepared according to the method of Offiong & Martelli (1993).
Single crystals of the title complex suitable for X-ray diffraction
analysis were obtained by the reaction of Zn(CH;COO),-4H,0O with
APytsc in a 1:1 molar ratio in an aqueous acetonitrile (1:3, 12 ml)
solution, stirred at room temperature for 10 min, followed by slow
evaporation of the solvents at room temperature over a period of two
weeks.

Crystal data

[Zn,(CH30,),(CsHoN,S), ]
M, = 635.33

Triclinic, P1 .
a=7.3690 (16) A

b = 8.4128 (18) A

Z=1

D, =1.736 Mg m >

Mo Ko radiation

Cell parameters from 2125
reflections

c=10.716 (2) A 6 = 0-25°
o = 76.124 (4)° w=219 mm™
B = 88.754 (4)° T=293(2)K

y =70.758 (4)°.
vV =6077(2) A’

Data collection

Bruker SMART APEX area-
detector diffractometer
¢ and w scans

Block, colourless
0.20 x 0.14 x 0.08 mm

2093 independent reflections
1603 reflections with I > 20(I)
Rin = 0.055

Absorption correction: multi-scan Omax = 25.0°
(SADABS; Bruker, 2002) h=-8—28
Tnin = 0.699, Tpax = 0.839 k=-10—->9

3048 measured reflections [=—-10— 12

Refinement

Refinement on F?
R[F? > 20(F%)] = 0.052
wR(F?) = 0.091
§=0.99

2093 reflections

166 parameters

H-atom parameters constrained

w = 1/[0*(Fy%) + (0.0035P)?]
where P = (F,” + 2F2)/3

(Alo)max < 0.001

Apiax =049 ¢ A7

APmin = —0.44 ¢ A3

Table 1 .

Selected geometric parameters (A, °).

C5—N1 1343 (6) N2—Znl 2.128 (4)
C6—N2 1.294 (5) 02—Znl 2.010 (3)
C8—N3 1.333 (6) O1'—Znl 2.014 (4)
N1—2Znl 2.125 (4) S1—Znl 2.3247 (16)
N1—C5—C6 115.8 (4) 02—7Zn1—0Ot! 118.95 (17)
N2—C6—C5 1152 (5) 02—Zn1—N1 88.41 (14)
02—C9—01 126.0 (5) O1'—Zn1—N1 86.60 (15)
Cl1—N1—Znl 1252 (4) 02—Zn1—-N2 115.90 (16)
C5—N1—Znl 115.4 (3) 01'—Zn1—N2 121.36 (16)
C6—N2—N3 119.7 (4) N1—Zn1—N2 75.63 (16)
C6—N2—Znl 117.6 (4) 02—Znl—S1 106.67 (11)
N3—-N2—Znl 122.5 (3) 01'—Zn1-S1 101.36 (12)
C9—02—Znl 125.3 (3) N1—2Zn1—S1 156.09 (13)
C9—01—2Znl' 132.1 (3) N2—2Znl1—S1 81.04 (11)
C8—S1—Znl 96.67 (18)

Symmetry code: (i) —x+1, —y+1, —z+ 1.

Table 2 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
N4—H4B- --02" 0.86 2.34 3.073 (5) 144
N4—H4A- - -N3" 0.86 2.29 3.138 (6) 168

Symmetry codes: (i) x — 1, y, z; (iii) —x, =y + 1, —z.

H atoms attached to C atoms were placed in calculated positions,
with aromatic C—H = 0.93 A and methyl C—H = 0.96 A, and were
allowed to ride on their parent atoms. Methyl groups were allowed to
rotate around their C—C axes. All H atoms were assigned Ujs,(H)
values of xUq(parent), with x = 1.2 for aromatic and water H atoms,
and x = 1.5 for methyl H atoms.

Data collection: SMART (Bruker, 2002); cell refinement: SMART,
data reduction: SAINT (Bruker, 2002); program(s) used to solve
structure: SHELXTL (Bruker, 2002); program(s) used to refine
structure: SHELXTL; molecular graphics: SHELXTL; software used
to prepare material for publication: SHELXTL.

m212

Nfor et al. « [Zn,(C,H30,),(CsHoN,S),]

Acta Cryst. (2006). C62, m211-m213



metal-organic compounds

ENN gratefully acknowledges the Third World Academy of
Science (TWAS) for a postdoctoral fellowship.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: AV1282). Services for accessing these data are
described at the back of the journal.

References

Addison, A. W,, Rao, T. N., Reedijk, J., van Rijn, J. & Verschoor, G. C. (1984).
J. Chem. Soc. Dalton Trans. pp. 1349-1356.

Ainscough, W. E., Bingham, A. G., Bogge, H., Muller, A. & Brodie, A. M.
(1987). J. Chem. Soc. Dalton Trans. 1, pp. 493-499.

Allen, F. H., Kennard, O., Watson, D. G., Brammer, L., Orpen, A. G. & Taylor,
R. (1987). J. Chem. Soc. Perkin Trans. 2, pp. S1-19.

Bermejo, E., Carballo, R., Castifieiras, A., Démingues, C., Maichle-Mossmer,
C., Swearingen, J. K. & West, D. X. (1997). Polyhedron, 18, 3695-3701.
Bermejo, E., Castifieiras, A., Fostiak, L. M. C., Santos, G. L., Strahle, J. & West,

D. X. (2004). Polyhedron, 23, 2303-2313.

Bertonacello, R., Betinelli, M., Casarin, M., Gulino, H., Tondello, E. &
Vittadini, A. (1992). Inorg. Chem. 31, 1558-1565.

Bresolin, L., Burrow, R. A., Horner, M., Bermejo, E. & Castifieiras, A. (1997).
Polyhedron, 21, 3947-3951.

Bruker (2002). SADABS (Version 2.03), SAINT (Version 6.02), SMART
(Version 5.62) and SHELXTL (Version 6.10). Bruker AXS Inc., Madison,
Wisconsin, USA.

Campbell, M. J. M. (1975). Coord. Chem. Rev. 15, 276-280.

Casas, J. S., Garcia-Tasende, E. S. & Sordo, J. (2000). Coord. Chem. Rev. 209,
197-205.

Ferrari, M. B., Fava, G. & Pellizzi, C. (1992). J. Chem. Soc. Dalton Trans. pp.
2153-2159.

Garcia, I., Bermejo, E., El-Sawaf, A. K., Castifeiras, A. & West, D. X. (2002).
Polyhedron, 21, 729-737.

Kasuga, N. C., Nomiya, K., Sekino, K., Koumo, C., Shimada, N. C., Ishikawa,
M., Honda, A., Yokoyama, M. & Nakano, S. (2003). J. Inorg. Biochem. 96,
298-310.

Kovala-Demertzi, D., Demertzi, A. M., Miller, J. R., Papadopoulou, C. &
Filousis, G. (2001). J. Inorg. Biochem. 86, 555-563.

Kunkely, H. & Vogler, A. (1990). J. Chem. Soc. Chem. Commun. pp. 1204—
1205.

Nomiya, K., Kasuga, N. C., Sekino, K., Koumo, C., Shimada, N. C. & Ishikawa,
M. (2001). J. Inorg. Biochem. 84, 55-60.

Offiong, E. O. & Martelli, S. (1993). 1l Farmaco, 48, 777-793.

Palenik, J. G., Rendle, D. F. & Carter, W. S. (1974). Acta Cryst. B30, 2390-2393.

Reddy, K. H., Reddy, P. S. & Babu, P. R. (1999). J. Inorg. Biochem. 77, 169-176.

Sang, R. & Xu, L. (2005). Inorg. Chem. 44, 3731-3737.

Tarafder, M. T. H., Kasbollah, A., Crouse, K. A., Ali, A. M., Yamin, B. M. &
Fun, H.-K. (2001). Polyhedron, 20, 2363-2370.

Wang, H. S., Huang, L., Chen, Z.-F., Wang, X. W., Zhou, J., Shi, S.-M., Liang, H.
& Yu, K.-B. (2004). Acta Cryst. E60, m354-m356.

Wang, S.-T., Hou, Y., Wang, E.-B,, Li, Y.-G,, Xu, L., Peng, J., Liu, S.-X. & Hu,
C.-W. (2003). New J. Chem. pp. 1144-1147.

Weidenbruch, M., Herrendorf, M., Schafer, A., Pohl, S. & Saak, W. (1989). J.
Organomet. Chem. 361, 139-145.

West, D. X., Gebremedhin, H., Buther, R. J, Jasinika, J. P. & Liberta, A. E.
(1993). Polyhedron, 12, 2489-2495.

You, Z.-L. & Zhu, H.-L. (2005). Acta Cryst. C61, m397-m399.

Acta Cryst. (2006). C62, m211-m213

Nfor et al. « [Zn,(C,H30,),(CsHoNLS),]  M213



