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The VY atom in the title complex, [V(C,¢H;sNsS)0,], is five-
coordinate in a highly distorted square-pyramidal geometry,
with the pyridyl N, the azomethine N and the thiolate S atoms
of the di-2-pyridyl ketone N*N*-(butane-1,4-diyl)thiosemi-
carbazone ligand and one oxo ligand occupying the basal
coordination positions, while the second oxo ligand occupies
the apical position. The molecules are interconnected by weak
intermolecular interactions, mainly of the C—H---O type,
involving the apical oxo atom.

Comment

Thiosemicarbazones possessing NNS, NNO and ONS donor
sites have emerged as an important class of biologically active
ligands in the past few decades. The biological activity of
thiosemicarbazones is related to their chelating ability with
transition metal ions, bonding through their S and N atoms
(Klayman et al., 1984), and also to the parent aldehyde or
ketone (Padhye & Kauffman, 1985; Lukevics et al., 1995).
Among thousands of screened compounds (Klayman et al.,
1979), 2-acetylpyridine thiosemicarbazones having the N4
atom disubstituted or as a part of the ring system possess the
highest activity as antimalarial agents. Compared with the
extensive studies on 2-acetylpyridine thiosemicarbazones
(Garg et al, 1988), there are few reports on the metal
complexes of thiosemicarbazones derived from di-2-pyridyl
ketone (Duan et al, 1996; Philip et al., 2004). Vanadium
coordination is seen in a variety of chemical and biological
systems, thereby extending the inorganic pharmacology of
thiosemicarbazones. Much of the biochemistry of vanadium is
centered around the ability of vanadate ions, [HZVVO4]_, to
adopt either a four-coordinate tetrahedral geometry or a five-
coordinate trigonal-bipyramidal geometry (Crans, 1994). The
establishment of the presence of a V"/VY equilibrium in the
reducing environment of living cells (Degani et al., 1981; Li et
al., 1996), and the range of biological activities, including

antitumor, fungicidal, bactericidal, anti-inflammatory and
antiviral activities, of thiosemicarbazones (Sreekanth &
Kurup, 2003), prompted us to undertake the crystal structure
determination of the title compound, (I).

]

Recently, di-2-pyridyl ketone 4-methylthiosemicarbazone,
acting as a pentadentate ligand towards rhenium carbonyls
(Pereiras-Gabian et al., 2005), has been reported. We have
reported the crystal structures of the present ligand, di-
2-pyridyl ketone N*N*-(butane-1,4-diyl)thiosemicarbazone
(Usman et al., 2002; hereafter NBT), di-2-pyridyl ketone
4-methyl-4-phenylthiosemicarbazone (Philip et al., 2004) and
the transition metal complexes of these ligands (Philip et al.,
2004, 2005). We report here the first vanadium complex of the
NBT ligand with the ligand in the tridentate form.

In the formation of (I), the NBT moiety loses one H atom
from its tautomeric thiol form and coordinates to vanadium
through atoms N1, N3 and S1, which together with the O2 oxo
ligand form the basal plane of a highly distorted square
pyramid (Fig. 1 and Table 1). The atoms defining the basal
plane have an average deviation of 0.190 (4) A from the plane;
the second oxo ligand, O1, fills the apical position, and atoms
V1 and O1 lie 0.539 (1) and 2.132 (2) A from this plane. The
02—V1—N3 and O1—V1—N3 angles of 133.74 (8) and
116.82 (8)° are consistent with this description. The increase in
C—S bond length from 1.671 (4) to 1.734 (2) A together with a
decrease in the N4—C12 bond length from 1.374 (4) to
1.329 (2) A in the compound (I) compared with NBT confirms
the coordination in the thiolate form. The E configuration

Figure 1
A view of compound (I), shown with 50% probability displacement
ellipsoids and the atom-numbering scheme. H atoms are shown as small
spheres of arbitrary radii.
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about the C6—N3 and C12—N4 bonds relative to the N3—N4
bond of the thiosemicarbazone group is retained in (I).

Typically, vanadium(V) forms square-pyramidal five-coor-
dinate complexes or octahedral six-coordinate complexes,
except when significant steric constraints, such as those
provided by a protein, are present (Mokry & Carrano, 1993).
In (I), the t value for the complex is 0.279, indicating a
significant distortion towards the trigonal-bipyramidal form
(Addison et al., 1984; Cornman et al., 1997). This configuration
is in agreement with the values found in the dioxovana-
dium(V) complex of 2-[2-(N,N’-dimethylaminoethylimino-
methyl]phenol (Xie et al, 2004). The formation of (I) in a
highly distorted square-pyramidal rather than trigonal-
bipyramidal geometry may be attributed to the electronic and/
or steric requirements.

The V1— 01 distance is 0.009 (2) A shorter than the V1—02
distance, in agreement with values in similar dioxovanadium
complexes (Sreekanth et al., 2003; Xie et al., 2004), but in
contrast to another dioxovanadium complex (Maurya et al.,
2002), where the two V—O distances are equal. The O—V —
O angle is similar to those reported previously for the cis-VO,
moiety in other complexes (Xie et al., 2004; Sreekanth et al.,
2003; Melchior et al., 1999; Asgedom et al., 1996; Ligtenbarg et
al., 1999; Maurya et al., 2002). The V1—N1 bond is 0.098 (2) A
shorter than the V1 —N3 bond, thus confirming the strength of
the pyridyl N-coordination; this situation is also found in
the dioxovanadium complex of 2-acetylpyridine morpholyl-
3-thiosemicarbazone (Sreekanth et al., 2003) and the dioxo-
vanadium complex of the ligand derived from 2-acetylpyri-
dine and S-benzyldithiocarbazate (Maurya et al., 2002). The
thiosemicarbazone moiety, comprising atoms C6, N3, N4, C12,
S1 and NS5, shows a slight deviation from planarity after co-
ordination, the maximum out of plane deviation at atom
N4 changing from 0.0140 (1) A for NBT to —0.0667 (3) A
for (1).

Ring-puckering analyses (Cremer & Pople, 1975) reveal
that the pyrrolidine ring (Cg3), comprising atoms N5, C13,
C14, C15 and C16, is closest to a twist form on atoms C14 and
C15, with puckering parameters g, = 0.337 (3) A and ¢ =
278.1 (4)°, in contrast to the approximate envelope confor-
mation in NBT. On complex formation, the thiosemicarbazone
group forms two new five-membered rings, viz. Cgl
[comprising atoms N3, N4, C12, S1 and V1, with a maximum
out-of-plane deviation of 0.0608 (3) A for atom N3] and Cg2
[comprising atoms N1, C5, C6, N3 and V1, with a maximum
deviation of 0.057 (2) A for atom N3]. The other two rings,
Cg4 (N1/C1-C5) and Cg5 (N2/C7-C11), are planar pyridyl
rings; the Cg4 ring is close to being coplanar with the thio-
semicarbazone moiety, with a dihedral angle of 9.48 (1)°
between their planes. The coordination of the azomethine N
atom to the VY atom results in a slight redistribution of elec-
tron density along the thiosemicarbazone chain. This leads to
a barely significant increase in length of 0.014 (4) A for the
azomethine C6—N3 bond, a decrease in length of 0.045 (4) A
for the N4—C12 bond and an insignificant decrease of
0.002 (4) A in the N3—N4 bond length in the complex
compared with NBT.

__{

Figure 2

Part of the unit-cell of (I), viewed along the b axis, with the main
intermolecular hydrogen bonds shown as dashed lines (Table 2). The
asterisk (*) and hash (#) symbols indicate atoms at equivalent positions
(x,1—y,z—1)yand (—x,1+y,3 — 2), respectively.

In the crystal packing, each molecule is linked principally
through one normal and one weak intermolecular C—H. - -O
hydrogen bond utilizing oxo atom O1 (Fig. 2 and Table 2).
These V=0---H—C interactions are in agreement with
previous reports (Mokry & Carrano, 1993). The crystal
structure cohesion may also be reinforced by weak aromatic
n—r stacking interactions and a weak V1— O2. - -7 interaction
with pyridyl ring Cg5 [symmetry code: —x, 1 —y, 1 — z; at a
distance of 3.899 (3) A and with an angle subtended at O2 of
143.46 (8)°]. The latter type of interaction has not been
observed before for similar systems.

Experimental

The NBT ligand was prepared as described by Usman et al. (2002). A
solution of the ligand (5 mmol) in dichloromethane (20 ml) was
mixed with an equimolar amount of vanadyl(IV) acetylacetonate
dissolved in the same solvent (10 ml). The mixture was stirred for
24h and the resulting solution was allowed to stand at room
temperature. After slow evaporation, orange-red crystals of the
complex separated out; these were collected by filtration, washed
with ether and dried over P,Oyq in vacuo. Single crystals suitable for
X-ray diffraction were collected by slow evaporation of a solution in a
1:1 (v/v) mixture of methanol and dichloromethane. Elemental
analysis found: C 48.9, H 4.16, N 17.77 %; calculated: C 48.86, H 4.10,
N 17.80%.

Crystal data

[V(Ci6H16N5S)O,]
M, =393.34

Mo Ko radiation
Cell parameters from 545

Monoclinic, P2, /c reflections
a=11718 (5) A 6 =24-28.1°

b =10.794 (5) A w=072mm"
¢ =13.868 (6) A T=293(2) K

B=99.727 (8)°
V =17289 (14) A®
Z=4

D,=1511 Mgm™

Rectangular, orange-red
0.40 x 0.25 x 0.22 mm
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Data collection

Bruker SMART APEX CCD 4189 independent reflections

diffractometer 3223 reflections with 7 > 20(1)
w scans R, = 0.021
Absorption correction: multi-scan Omax = 28.1°

(SADABS; Sheldrick, 1996) h=-15—> 14

Tnin = 0.763, Tpax = 0.859 k=-14 —> 14
15040 measured reflections I=—-17— 18

Refinement

w = 1/[c*(F2) + (0.0682P)*
+0.1736P]
where P = (F2 + 2F2)/3
(A/O) max = 0.001
ApPpay = 035 e A3
Apmin = =020 ¢ A3

Refinement on F?

R[F? > 20(F?)] = 0.039
wR(F?) = 0.112

S§=1.03

4189 reflections

226 parameters

All H-atom parameters refined

Table 1 .

Selected geometric parameters (A, °).

V1-01 1.6080 (17) S1—Cl12 1734 (2)
V1—02 1.6174 (16) N3—C6 1311 (2)
V1-NI1 20781 (17)  N3—N4 1.359 (2)
V1-N3 2.1763 (16) N4—CI2 1329 (2)
V1-Sl1 23613 (9) N5—Cl12 1326 (3)
01-V1-02 109.11 (9) 02—-V1-S§1 96.97 (6)
O1—V1-—N1 97.39 (8) N1—-V1-S1 150.45 (5)
02—V1—NI1 95.79 (8) N3—-V1-S1 78.20 (5)
O1—V1—N3 116.82 (8) Cl12—S1—V1 99.23 (7)
02—V1—N3 133.74 (8) C6—N3—N4 118.24 (14)
N1—-V1—-N3 73.72 (6) N3—-C6—C5 113.91 (15)
01—V1—-S1 10339 (7) N3—C6—C7 124.95 (17)
N1—-C5—C6—N3 6.8 (2) N3—C6—C7—N2 —138.0 (2)
C4—C5—C6—N3 —169.71 (17) N3—-C6—C7—C8 41.7 (3)
Table 2

Hydrogen-bond and short-contact geometry (A, °).

D—H---A D—H H---A D---A D—H---A
CI3—Hl3a---Ol' 0.97 2.54 3411 (3) 149
C3—H3...01" 0.93 2.65 3.544 (3) 162

Symmetry codes: (i) x,5 —y, z — % (i) —x, 3 +y,3 — z.

The H atoms were fixed geometrically and treated as riding on the
parent C atoms, with C—H distances of 0.93-0.97 A.

Data collection: SMART (Bruker, 1998); cell refinement: SMART;
data reduction: SAINT (Bruker, 1998); program(s) used to solve
structure: SHELXS97 (Sheldrick, 1997); program(s) used to refine
structure: SHELXL97 (Sheldrick, 1997); molecular graphics:
ORTEP-3 (Farrugia, 1997) and PLATON (Spek, 2003); soft-
ware used to prepare material for publication: WinGX (Farrugia,
1999).

This work was supported by the SARD program of Kerala
State Council for Science Technology and Environment,
Thiruvananthapuram. The authors also acknowledge the DST
IRPHA for the data collection.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: GA1108). Services for accessing these data are
described at the back of the journal.
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