metal-organic compounds

Acta Crystallographica Section C
Crystal Structure
Communications

ISSN 0108-2701

Transition metal complexes with thio-
semicarbazide-based ligands. XV. A
square-pyramidal Ni" complex with an
asymmetric coordination of 2,6-di-
acetylpyridine bis(S-methylisothio-
semicarbazone)

Vukadin M. Leovac,® Goran A. Bogdanovi¢,’* Valerija I.
Cesljevi¢® and Vladimir Divjakovic¢?

*Faculty of Sciences, University of Novi Sad, Trg Dositeja Obradovi¢a 3, 21000 Novi
Sad, Yugoslavia, and beyinéa’ Institute of Nuclear Sciences, Laboratory of Theoretical
Physics and Condensed Matter Physics, 11001 Belgrade, PO BOX 522, Yugoslavia
Correspondence e-mail: goranb@rt270.vin.bg.ac.yu

Received 10 April 2000
Accepted 11 May 2000

The title compound, [diacetylpyridine bis(S-methylisothio-
semicarbazonato)]iodonickel(II), [Ni(C3HgN;S,)I], is the
first example of a complex involving the N coordination of
the isothiosemicarbazide moiety. 2,6-Diacetylpyridine bis(S-
methylisothiosemicarbazone), as a potentially pentadentate
ligand (Ns), is coordinated as a tetradentate species, whereby
one (deprotonated) isothiosemicarbazide moiety is coordi-
nated in the usual way ('N*N), but the other (neutral) is
bonded via the >N atom only, the fourth ligator being the
pyridine nitrogen. The difference in coordination mode of the
isothiosemicarbazide moiety is reflected in the 'N—?N bond
lengths of 1.359 (4) and 1.379 (3) A in the deprotonated and
undeprotonated moieties, respectively. The structure contains
three fused chelate rings in a 5:5:6 arrangement. The six-
membered ring has a non-planar conformation.

Comment

Up to now, more than 60 metal complexes with isothio-
semicarbazides and isothiosemicarbazones of different denti-
city have been characterized by X-ray analysis (Malinovskii et
al., 1985; Obadovi¢ et al., 1997; Bogdanovi¢ et al., 1999).
Consequently, it has been found that the isothio-
semicarbazone moiety is coordinated via the terminal N atoms
'N and *N. To our knowledge, the only exceptions are the Ni"
complex with diacetyl monoxime S-methylisothio-
semicarbazone (Biyuskin et al., 1986) and the Pd" complex
with salicylaldehyde S-methylisothiosemicarbazide (Revenko

coordinated via 'N, and via 'N plus the alkylated S atom,
respectively.

The common 'N*N coordination mode of both isothio-
semicarbazide moieties has also been found in the penta-
gonal-bipyramidal Mn" complex with 2.6-diacetylpyridine
bis(S-methylisothiosemicarbazone) (L) as a pentadentate
ligand (Ns) of the formula [Mn(NCS)L(MeOH)]NCS (Leovac
et al., 1997).

The crystal structure of the Ni'' complex with the mono-
anion of this ligand (L —H), (I), described in the present work,
represents the first example of a new mode of coordination of
this class of ligands, i.e. one isothiosemicarbazide moiety is
coordinated only through the *N atom which, together with
the common 'N*N coordination of the other (deprotonated)
isothiosemicarbazide moiety and the pyridine nitrogen, gives
rise to a tetradentate character for this ligand (Fig. 1).
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The consequence of such an asymmetric coordination is
seen most clearly as the difference in the N1—N2 and N1'—
N2’ bond lengths, which are 1.379 (3) and 1.359 (4) A, as well
as the location of the H atom in the neutrally coordinated
isothiosemicarbazide fragment; if the isothiosemicarbazide
moiety is coordinated in its neutral form in the usual way, one
of the H atoms is always bonded to °N, ='N—*NH—>C(—
SR)="'NH (imido form), so that this fragment has an E
configuration. Such an instance has also been found in the
structure of the previously mentioned Mn"' complex with L, in
which a bidentate coordination (‘N*N) in the imido form has
been observed for both isothiosemicarbazide fragments. In
contrast to this, the neutral free ligands (Argay et al., 1983;
Bourosh et al., 1987, 1989; Simonov et al, 1990) are char-
acterized by a Z configuration with both H atoms located on
the *N atom, ='N—>N="C(—SR)—*NH, (amido form).
Because of the absence of the coordinated N3 atom in the title
Ni'"' complex, the undeprotonated isothiosemicarbazide frag-
ment from this complex retains a Z configuration and the
amido form as in the case with the non-coordinated ligands
(contrary to the coordinated ligands).

The Ni atom is located in a pseudo-square-pyramidal
surrounding (with the tetradentate ligand around the central
ion in the basal plane and the I atom in the apical position).
The Ni—I bond of 3.485 (2) Ais very elongated, and can be
considered as an electrostatic interaction between the two
atoms. However, considering that the iodine is situated in the
regular apical position, with angles to the corresponding
coordinated atoms from the basal plane of less than 100.4°, it
can be supposed that the Ni atom is in a pseudo-square-
pyramidal environment. The basal coordination plane is

et al., 1996), in which the isothiosemicarbazide moiety is slightly puckered, showing a tetrahedral distortion with a
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maximum displacement of 0.097 (3) A, while the Ni atom is
displaced by 0.0495 (13) A from this plane towards the apical
iodine.

The basal coordination plane is characterized by the very
deformed angles between the coordinated atoms and the
metal atom. The largest deviation is seen for the angle N2—
Ni—N3', which is a consequence of the steric hindrance
between the N3’H and N3H2 groups, with a closest distance of
2.31 (5) A between the H atoms. The N1//N2//C1'/N3’ frag-
ment is nearly planar with a torsion angle of 3.4 (4)°, which is
commonly observed for the isothiosemicarbazide ligands.
However, in contrast, the corresponding N1/N2/C1/N3 frag-
ment is not planar, the torsion angle being 167.5 (3)°. This
difference is also a consequence of the ligand tendency to
diminish the repulsion of the N3'H and N3H2 groups. The
Ni—N1’ distance is significantly shorter than the distances to
the other N atoms, which could be related to the distribution
of the negative charge on the deprotonated isothio-
semicarbazide fragment to which N1’ belongs.

The five-membered rings are almost planar. Their total
puckering amplitudes are 0.074 (3) and 0.052 (2) A for Ni/N1//
N2'/C1'/N3’ and Ni/N1'/C3'/C9/N4, showing half-chair and
envelope conformations, respectively. The six-membered
chelate ring is puckered and assumes a conformation between
half-chair and envelope, which can be explained in terms of
the °S, form (Boeyens, 1978) (the Ni atom was taken as the
first atom in the ring). The puckering parameters (Cremer &
Pople, 1975) for the Ni/N4/C5/C3/N1/N2 sequence are q> =
0210 (3) A, ¢° = —0.079 (3) A, 0 = 0.224 (3) A, 6=110.7 (9)°
and ¢ = 139.4 (8)°. The maximum deviation from the best
plane is 0.292 (3) A for the N2 atom.

Figure 1
A view of the molecular structure of (I) showing the atom labels.
Displacement ellipsoids are shown at the 50% probability level.

The crystal-packing arrangement in (I) consists of parallel
layers with a shortest distance C1’---C8' of 3.455 (5) A
[symmetry code: (i) —x + 1, —y + 1, —z + 1]. Inside the layers,
the shortest contact is between the S atoms: S2...S2% =
3.364 (2) A [symmetry code: (i) —x + 1, —y + 1, —z].

Experimental

The dark brown diamagnetic monocrystals of the title complex result
from a template synthesis, i.e. the reaction of equimolar amounts of
warm MeOH solutions (reflux, 40 min) of NiL’,I, (L' = 3-methyl-
isothiosemicarbazide; Leovac et al., 1980) and 2,6-diacetylpyridine.

Crystal data

[Ni(Cy13H1sN7S)1] zZ=2

M, = 522.07 D,=1878 Mgm™
Triclinic, PT Mo Ka radiation
a="17713(2) /D\o Cell parameters from 23

b =10.653 (3) A
c=12535(3) A
a = 108.08 (5)°
B =101.01 (4)°
y = 101.51 (6)°
V =9234(4) A’

Data collection

reflections
6 =12.10-16.56°
w=2.959 mm~!
T=2933)K
Prismatic, dark brown
0.34 x 0.29 x 0.28 mm

Enraf-Nonius CAD-4 diffract- Ri, = 0.020
ometer Omax = 25.30°

/20 scans h=-9—9

Absorption correction: by integra- k=—-12 - 12
tion (ABSORB; DeTitta, 1985) I=—-14 - 15

Tinin = 0.363, Tax = 0.437
4230 measured reflections
3325 independent reflections
2926 reflections with 7 > 20(1)

Refinement

Refinement on F>

R[F? > 20(F%)] = 0.027

wR(F?) = 0.070

S =1.356

3325 reflections

229 parameters

H atoms treated by a mixture of
independent and constrained
refinement

2 standard reflections
frequency: 120 min
intensity decay: none

w = 1/[c*(F,?) + (0.0337P)*
+0.0788P]
where P = (F,” + 2F.%)/3
(A/0) max < 0.001
APmax = 079¢ A3
Appin = —0.71 e A3

Table 1 .

Selected geometric parameters (A, °).

Ni—N1’ 1.844 (2) N2 —Cl’ 1.339 (4)
Ni—N4 1.879 (2) N3’ —Cl’ 1.315 (4)
Ni—N3’ 1.890 (3) N1—-C3 1.286 (4)
Ni—N2 1893 (3)  NI—N2 1379 3)
N1'—C3' 1.300 (4) N2—Cl 1.343 (4)
N1'—N2/ 1359 (4) N3—C1 1.308 (4)
N1'—Ni—N4 83.92 (12) N1'—Ni—N2 176.51 (11)
N1'—Ni—N3' 80.91 (12) N4—Ni—N2 9321 (12)
N4—Ni—N3’ 162.78 (12) N3’ —Ni—N2 102.21 (12)
C3—NI1—N2—Ni 214 (4) N2—Ni—N4—C5 78 (3)
N4—Ni—N2—N1 —21.0 (3) Ni—N4—C5-C3 53 (4)
N2—N1—-C3—C5 —2.6(5) N1—C3—C5—N4 113 (5)
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Table 2 .

Hydrogen-bonding geometry (A, °).

D-H--A D-H H-A DA D-H--A
N3—HI1-- I 0.84 (6) 2.97 (5) 3.635 (4) 138 (4)
N3—H12.- T 0.86 (4) 2.83 (5) 3.583 (4) 147 (4)

Symmetry code: (i) —x, —y, —z.

All H atoms were found in difference Fourier maps, but those
connected to C atoms were placed at calculated positions using a
riding model [isotropic displacement parameters equal to 1.2 (or 1.5
for methyl H atoms) times the equivalent isotropic displacement
parameter of the parent atom].

Data collection: CAD-4 Software (Enraf-Nonius, 1989); cell
refinement: CAD-4 Software; data reduction: a local modification of
MOolEN (Fair, 1990); program(s) used to solve structure: SHELXS97
(Sheldrick, 1997); program(s) used to refine structure: SHELXL97
(Sheldrick, 1997); molecular graphics: ORTEPIII (Burnett &
Johnson, 1996); software used to prepare material for publication:
SHELXL97 and PARST (Nardelli, 1995).

This work was supported financially by the Ministry for
Science and Technology of the Republic of Serbia.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: NA1472). Services for accessing these data are
described at the back of the journal.
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