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a b s t r a c t

By unsymmetrical derivatization of acetylacetone with S-ethyl-dithiocarbazide, a new tetradentate che-
late ligand (N, N, S, S) has been prepared and studied. The compound can exist in two isomeric forms: an
open tetradentate chelating form and a cyclic dihydropyrazole form. The cyclic form is obtained in the
solid state and is the only one detected even in solution. However, in the presence of metal ions, a com-
petition between intramolecular cyclization and metal complexation of the open form is active, and mon-
ochelate square planar complexes can be obtained through transformation of the cyclized into the open
ligand form. We have proved this with metal ions prone to square planar coordination such as Ni(II) and
Pd(II). On the other hand, with VO(II), Pb(II), UO2(II), La(III), Ce(III), no complex was obtained and the
cyclized form was recovered from the reaction mixture. This indicates some selectivity of the ligand
towards specific metal ions.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

Dithiocarbazate compounds can be obtained by reaction of
dithiocarbazides with aldehydes or ketones. The presence of nitro-
gen and sulfur atoms as, respectively, medium and low crystal-
field donors (hard–soft ligands), gives dithiocarbazates good ability
to coordinate metal ions, yielding metal complexes with interest-
ing structural and electronic properties. These compounds gener-
ally behave as bidentate (N,S) ligands forming five-membered
chelate rings [1], but condensation with aldehydes or ketones hav-
ing donor atoms such as nitrogen or oxygen in suitable position
can lead to tridentate ligands [2] forming neutral and cationic com-
plexes with different structural properties.

Dithiocarbazates and related metal complexes are well known
because of their applications in biology and medicine. Bio-applica-
tions of metal-dithiocarbazato complexes include antibacterial
(Gram-positive and Gram-negative) [3], antifungal [4], anticancer
(SK-N-MC neuroepithelioma) [5], DNA cleavage activity [6], anti-
hypertensive and antidepressant properties [1b]. Recently, dithioc-
arbazate complexes have found applications also in heterogeneous
catalysis, and have been used in some catalytic reactions such as
selective oxidation of thiols and alcohols [6] and Heck and Sono-
gashira cross-coupling reactions [7]. Applications of dithiocarbaz-

ato complexes in material science as nano-materials [6], solar
cell components [8] and nonlinear optical (NLO) materials [9] have
also been reported.

As a prosecution of our studies on such type of ligands and re-
lated metal complexes [10], we were interested in developing dith-
iocarbazate compounds having new ligand features. In particular,
we were interested in developing tetradentate dithiocarbazate li-
gands in order to get monochelate complexes in square planar
geometry. On these grounds, we have planned the synthesis of
the new ligand shown in the Scheme 1, hereafter compound 1,
through derivatization of acetylacetone with dithiocarbazate units,
exploiting the reaction of carbonyl groups with amino function of
S-ethyl-dithiocarbazide.

In comparison with bis(dithiocarbazate) ligands obtained by
symmetric derivatization of b-diketones [11,12], for the less sym-
metric ligand 1, containing one dithiocarbazate group and one
dithiomethylidenehydrazono group, the formation of stable neu-
tral monochelate complexes with bivalent metals should be fa-
voured. In this paper we report on the noteworthy structural
features of the free ligand and of its metal complexes.

2. Experimental

2.1. Materials and methods

All reagents were analytical grade and were used without fur-
ther purification. All experiments were carried out in air. IR spectra
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were recorded on a FT-IR 8400-SHIMADZU spectrophotometer
using KBr pellets, in the 400–4000 cm�1. Elemental analyses were
carried out with a Thermo Finnigan Flash Elemental Analyzer
1112EA. 1H NMR and 13C NMR spectra were obtained at 25 �C with
a Bruker BRX 250 AVANCE spectrometer. The molar conductance of
1.0�10�3 M solutions of the metal complexes in DMF were mea-
sured at 25 �C using a Metrohm 712. Electronic absorption spectra
(DMF solution) were recorded with a SHIMADZU model 2550 UV–
Vis spectrophotometer in the 240–900 nm region. An Electrother-
mal digital melting point apparatus was used to determine the
melting points.

2.2. Ethyl 5-(2-(bis(ethylthio)methylidene)hydrazino)-3,5-dimethyl-
2-pyrazoline-1-carbodithioate (1)

S-ethyl dithiocarbazide was synthesized by dropwise addition
of CS2 (0.21 mL, 3 mmol) to a solution of hydrazine hydrate
(0.15 g, 3 mmol) in 20 mL ethanol at ca. 5 �C, in the presence of
KOH (0.18 g, 153 mmol) in 1 h. Ethyl bromide (0.33 g, 3 mmol)
was added to the above mixture with continuous stirring. Acetyl-
acetone (0.12 g, 1.2 mmol) diluted in 10 mL ethanol was mixed
with the solution. The mixture was heated for 30 min at 40 �C.
The crystalline white product was separated by filtration, washed
with cold ethanol and dried in vacuo over silica gel. The product
was recrystallized from warm ethanol.

White crystals. Yield: 0.21 g, 57.6%. m.p.: 108 �C. Anal. Calc. for
C13H24N4S4 (364.62 g mol�1): C, 42.82; H, 6.63; N, 15.37; S, 35.18.
Found: C, 42.69; H, 6.59; N, 15.26; S, 35.27%. IR (KBr), cm�1:
m(NH) 3175m, m(C@C) 1660w, d(N–H) + v(C@N) + d(C–H) 1609s,
[b(NH) + m(CN)] (thioamide I) 1550m, [m(CN) + b(NH)] (thioamide
II) 1375s, m(C@S) 1325s, v(C@C) + v(C–H) 1265m, m(N–N) 1035s,
[m(C@S) + m(C–S)] (thioamide IV) 971w, d(C–S) 868w. UV–Vis
(DMF), kmax, nm (loge, L mol�1 cm�1): 278 (4.62), 302 (4.69), 350
(3.57)sh. 1H NMR (250 MHz, CDCl3, 25 �C): d = 7.88 (s, 1H, N2H; ex-
changes with D2O), 3.62 (d, 1H, C8H), 2.95–3.11 (m, 3H, C10H3),
2.81–2.92 (m, 3H, C7H3), 2.67–2.78 (m, 1H, C8H), 2.05 (d, 6H,
C12H2, C5H2, C2H2), 1.25 (m, 9H, C1H3, C4H3, C13H3). 13C NMR
(62.90 MHz, CDCl3, 25 �C): d = 13.45 (C13), 14.47 (C4), 15.45 (C1),
16.16 (C7), 23.83 (C10), 26.76 (C5), 27.31 (C2), 28.38 (C12), 50.66
(C8), 86.39 (C6), 142.37 (C9), 157.74 (C3), 190.00 (C11).

2.3. General method of synthesis of the complexes

To a solution of 1 (1 mmol) in 10 mL warm ethanol was added a
solution (10 mL) of the appropriate salt (PdCl2 and Ni(OAc)2�4H2O)
(1 mmol) in the same solvent (10 mL); the mixture was heated at
reflux under magnetic stirring for 1 h at 90 �C on a water bath.
The resulting solution was left at room temperature and after 3–
4 days, by slow evaporation, it yielded suitable crystals of the com-
plexes which were filtered off, washed with ethanol and dried in a
desiccator over silica gel. The above method was used with some
other metal salts (VOSO4, Pb(OAc)2�3H2O, UO2(OAc)2�2H2O,
La(NO3)3�6H2O, Ce(NO3)3�6H2O). All the reactions led to pale yel-

low solutions from which, by slow evaporation at room tempera-
ture, white crystals of 1 were obtained.

2.3.1. Ethyl 2-(3-(2-(bis(ethylthio)methylidene)hydrazono)
methylbutylidene) hydrazinecarbo-dithioato-nickel(II) (2)

Green crystals. Yield: 0.19 g, 46%. m.p.: 102 �C. Molar conduc-
tivity (1.0�10�3 M; DMF): 29 X�1 cm2 mol�1. Anal. Calc. for C13H22-

N4NiS4 (421.30 g mol�1): C, 37.06; H, 5.26; N, 13.30; S, 30.44.
Found: C, 36.66; H, 5.17; N, 13.05; S, 30.97%. IR (KBr), cm�1:
m(C@C) 1656w, d(N–H) + v(C@N) + d(C–H) 1610s, [b(NH) + m(CN)]
(thioamide I) 1537m, [m(CN) + b(NH)] (thioamide II) 1392s, v(CSS)
1198w, v(C@C) + v(C–H) 1252m, m(N–N) 1026s, [m(C@S) + m(C–S)]
(thioamide IV) 974w, d(C–S) 903w. UV–Vis (DMF), kmax, nm (loge,
L mol�1 cm�1): 250 (4.61), 330 (3.78), 450 (4.02), 582 (2.44). 1H
NMR (250 MHz, CDCl3, 25 �C): d = 5.13 (s, 1H, C8H), 3.10 (m, 6H,
C2H2, C5H2, C12H2), 2.38–2.44 (s, 6H, C7H3, C10H3), 1.43 (m, 9H,
C1H3, C4H3, C13H3). 13C NMR (62.90 MHz, CDCl3, 25 �C): d = 14.35
(C5), 14.66 (C4), 14.72 (C13), 22.53 (C1), 22.80 (C7), 29.80 (C10),
29.94 (C12), 36.96 (C2), 96.95 (C8), 136.51 (C6), 155.40 (C3),
157.79 (C11), 158.89 (C9).

2.3.2. Ethyl 2-(3-(2-((bis(ethylthio)methylidene)hydrazono)
methylbutylidene) hydrazinecarbo-dithioato-palladium(II) (3)

Red crystals. Yield: 0.24 g, 53%. m.p.: 114 �C. Molar conductivity
(1.0�10�3 M; DMF): 27 X�1 cm2 mol�1. Anal. Calc. for C13H22N4PdS4

(469.03 g mol�1): C, 33.29; H, 4.73; N, 11.95; S, 27.35. Found: C,
33.15; H, 4.71; N, 11.89; S, 27.16%. IR (KBr), cm�1: m(C@C)
1658w, d(N–H) + v(C@N) + d(C–H) 1612s, [b(NH) + m(CN)] (thioam-
ide I) 1530m, [m(CN) + b(NH)] (thioamide II) 1395s, v(C@C) + v(C–
H) 1257m, m(N–N) 1029s, [m(C@S) + m(C–S)] (thioamide IV) 972w,
d(C–S) 902w. UV–Vis (DMF), kmax, nm (loge, L mol�1 cm�1): 252
(4.37), 330 (3.78), 448 (4.02). 1H NMR (250 MHz, CDCl3, 25 �C):
d = 5.05 (s, 1H, C8H), 2.85–3.31 (m, 6H, C2H2, C5H2, C12H2), 2.66–
2.27 (m, 6H, C7H3, C10H3), 1.30 (m, 9H, C1H3, C4H3, C13H3). 13C
NMR (62.90 MHz, CDCl3, 25 �C): d = 14.47 (C5), 14.60 (C4), 15.29
(C13), 21.68 (C1), 22.09 (C7), 30.40 (C10), 30.62 (C12), 36.62 (C2),
96.10 (C8), 134.30 (C6), 152.44 (C3), 154.68 (C11), 157.77 (C9).

2.4. X-ray analysis

All data for crystal structure determinations were measured on
a Bruker-Nonius KappaCCD diffractometer equipped with Oxford
Cryostream 700 apparatus, using graphite monochromated MoKa
radiation (0.71073 Å). Reduction of data and semiempirical absorp-
tion correction were done using SADABS program [13]. The structures
were solved by direct methods (SIR97 program [14]) and refined by
the full-matrix least-squares method on F2 using SHELXL-97 program
[15] with the aid of the program WINGX [16]. H atoms bonded to C
were generated stereochemically, that bonded to N in 1 was found
in a difference Fourier map; all H atoms were refined by the riding
model. Crystal and refinement data are summarized in Table 1.

The analysis of the crystal packing was performed using the
program MERCURY [17], which was also used for the calculation of
the X-ray powder diffraction patterns.

2.5. Computational details

An initial conformational analysis was carried out for both the
linear and the cyclic forms of the ligand (Scheme 2). This is a highly
advisable procedure because important molecular properties such
as charge distribution can significantly depend on conformations
[18]. The MMFF94 force field implemented in Spartan [19] was
used. Equilibrium geometries of all the lowest energy conformers
were then refined by full geometry optimization at DFT level of
computation. We adopted the B3LYP functional, which is known
to give excellent relative energies and geometries, except for the

Scheme 1. Chemical diagrams of the ligand (left) and complexes (right).
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cases where the self-interaction error prevents its use [20]. The 6-
31+G⁄⁄ was adopted throughout.

The geometries of the Ni(II) and VO(II) complexes were opti-
mized by DFT computations. Effects due to the polarization of
the solvent (ethanol) were taken into account by using the polariz-
able continuum model (PCM) [21]. UV–Vis absorption spectra were
computed by using time dependent DFT (TDDFT) computations;
PCM standard parameters for DMF were used. The unrestricted for-
malism was used for electron unpaired species. DFT and TDDFT
calculations were carried out by using the GAUSSIAN09 package [22].

3. Results and discussion

3.1. Structure of the ligand

It was early suggested [12] that reaction of b-diketones with
hydrazine derivatives can lead to the formation of 2-pyrazolinic
cyclic structures. Our results give a direct proof of that. In fact,
the X-ray single crystal analysis revealed that the molecular struc-
ture of the ligand in the solid state, shown in Fig. 1, is quite differ-
ent from that reported in Scheme 1. Indeed, an intramolecular
cyclization has taken place with formation of a 4,5-dihydropyraz-
ole ring unit.

Actually, the transformation of the open form into the cyclic one
is an isomerization process since the two species have the same
chemical formula, Scheme 2.

In the solid state only the cyclic isomer is obtained. The forma-
tion of the cyclic isomer should be energetically favoured, as the
form (II) contains one r bond more and one p bond less than (I).
Theoretical calculations support this picture. The calculated energy
difference between the most stable conformers of the two forms is
10.3 kcal/mol in the gas-phase, and 7.2 kcal/mol in ethanol solu-

tion, with the cyclic form (II) being always more stable than the
open one. Yet, the formation of the cycle is favoured also entropi-
cally, since the intramolecular process leads to a five membered
ring. So it is expected that in solution the cyclic form (II) is predom-
inant. The computed room temperature equilibrium constants for
the process (II) M (I), including vibrational zero point energies,
are 1.7�10�7 in the gas phase and 6.8�10�5 in ethanol solution.

NMR data of the ligand, reported in the Experimental Part and
in the Supplementary Material (SM), confirm that hypothesis, as
they indicate that only one form, in particular the most stable
(II), is detected both in polar (D6-DMSO) and in less polar solvents
(CDCl3). Of particular relevance for drawing that conclusion are the
13C NMR resonance signals of atoms C6 (d = 86.39) and C9
(d = 142.37) and, to a lesser extent, of C7 (d = 16.16) and C10
(d = 23.83). The significantly different chemical shifts of those
atoms are indicative of a different chemical environment which
is in agreement with the cyclic form (II) and not with the open
form (I).

3.2. Structure and packing of the complexes

Although some examples of metal complexes with pyrazole or
dihydropyrazole based ligands are reported in literature [23], it is
evident that in the form (II) the compound is expected to have a
far lesser chelating ability than (I). We have tried to obtain com-
plexes with a variety of metal ions, such as Ni(II), Pd(II), Pb(II),
VO(II), UO2(II), La(III), Ce(III), and only in the first two cases a metal
complex has been actually obtained; in the other cases the unre-
acted compound in the form (II) was obtained after recrystalliza-
tion from the reaction mixture. The crystal structures of the
nickel and palladium complexes, hereafter 2 and 3, are isomor-
phous. The X-ray structure of 3 is shown in Fig. 2 as a representa-
tive example, while that of 2 is given in the SM. It is evident that
the two complexes are obtained from the open form (I) of the li-
gand. So, metal chelation provides a tool for opening the cyclic
(II) into the ligand form (I); the formation of the complex shows
some selectivity, taking place only for two of the tested metal ions.
Actually, examples of tautomeric switching upon metal coordina-
tion, though not frequent, are described in literature [24], but to
our knowledge, this is the first example in which the non-coordi-
nating form is a highly stable heterocyclic ring. Upon coordination,
the ligand, form (I), loses the amido hydrogen and one methylene

Table 1
Crystal and refinement data for compounds 1, 2 and 3.

1 2 3

Empirical formula C13H24N4S4 C13H22N4S4Ni C13H22N4S4Pd
M 364.62 421.3 469.03
System triclinic triclinic triclinic
Space group P�1 P�1 P�1
a (Å) 9.818(3) 9.226(1) 9.1870(9)
b (Å) 9.927(1) 10.8870(9) 10.6440(9)
c (Å) 10.167(2) 10.889(1) 11.1770(5)
a (�) 95.33(1) 101.860(8) 101.178(5)
b (�) 107.36(2) 103.053(8) 103.003(4)
c (�) 91.174(15) 112.758(7) 112.164(7)
V (Å3) 940.5(3) 928.8(2) 938.0(1)
Z 2 2 2
T (K) 173 293 293
qcalc (g cm�3) 1.288 1.506 1.660
Reflections collected 11397 11137 11780
Unique reflections (Rint) 4248 (0.0452) 4222(0.0309) 4275 (0.0371)
R1 [I > 2r(I)] 0.0453 0.0317 0.0286
wR2 [all data] 0.1272 0.0672 0.0699
Maximum peak/hole (e Å�3) 0.459/�0.491 0.262/�0.251 0.360/�0.553

Scheme 2. The two isomeric forms of the free ligand.

Fig. 1. Ortep diagram of 1 in the solid state. Thermal ellipsoids are drawn at 30%
probability level. Only one orientation of the split S2-C5-C4 tail is shown for clarity.
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hydrogen, taken up by the metal counterions, assuming a p-conju-
gated planar structure with two negative charges; the complexes
are therefore neutral as also confirmed by conductance measure-
ments. This is a significant difference with respect to similar com-
plexes early proposed or even structurally characterized in
literature, but based on symmetric bis(dithiocarbazate) ligands
[11,12]; in those cases, in fact, the complexes bear acidic protons
and are obtained either in anionic or in dipolar form, and they
can be easily oxidized. Also the synthetic procedures are different.
In fact, they were prepared by reaction of metal-diketonate com-
plexes with large excess of S-alkylhydrazinecarbodithioate
[11,12], while we have reacted the free ligand with the metal salt
in mild conditions (vide supra).

The nickel and palladium complexes have a very similar geom-
etry, Table 2. The coordination around the metal is square planar
with the ligand acting as tetradentate chelate. The metal and the
four atoms to which it is bonded are coplanar within 0.0032(6) Å
in 2 and 0.0039(7) Å in 3. The metal to sulfur distances are, on
average, 0.4 Å longer than the metal to nitrogen distances and
bond lengths involving palladium are, on average, 0.12 Å longer
than the corresponding distances involving nickel.

The four bond angles around the metal are all close to the ex-
pected value of 90�. In particular, the angles corresponding to the
two five-membered chelate rings are close to each other and smal-
ler than the angle corresponding to the six-membered chelate ring.
The p-conjugation along the chain N2, C6, C8, C9, N4 is clearly evi-
denced by the pattern of the bond lengths. In particular, the bonds
C6–N2 and C9–N4 are significantly longer than double bonds and
the bond lengths C6–C8 and C8–C9 have values typical of benzene
rings. Inspection of the bond lengths also indicates that in both

complexes the dithiocarbazate moiety is in the thiolato form. This
is evidenced by the bond lengths C11–N3 which take values typical
of a double bond. In summary, the X-ray analysis indicates that the
solid state structure of complexes 2 and 3 corresponds to the
chemical diagram shown in Scheme 1. The solution NMR data sup-
port the results of the X-ray analysis. In particular, in the two com-
plexes, the 13C NMR resonance peaks of C6 (d = 136.51 for 2,
d = 134.30 for 3) and C9 (d = 158.89 for 2, d = 157.77 for 3) and of
C7 (d = 22.80 for 2, d = 22.09 for 3) and C10 (d = 29.80 for 2,
d = 30.40 for 3) are much more similar to each other than in the
free ligand (vide supra) indicating a much more similar electronic
environment.

3.3. Electronic spectra

The electronic spectrum of the ligand (see Experimental part
and SM) exhibits L ? L⁄ bands at 278 nm and 302 nm in DMF solu-
tion. These can be ascribed to p ? p⁄ and n ? p⁄ transitions of the
thioamide portion of the dithiocarbazate moiety. The metal com-
plexes (see Experimental Part and SM) display a blue shift in the
p ? p⁄ band and a red shift in the n ? p⁄ transition as compared
with the free ligand. The strong band at ca. 450 nm is assignable
to d ? p⁄ metal-to-ligand charge transfer transition. The presence
of this band is a strong evidence of sulfur coordinated to the metal
center. The square planar Ni-complex with d8 configuration shows
just the low energy 1A1 ?

1E spin-allowed transition at 592 nm,
the other d-d bands are covered by the CT transition band. Com-
pound 3 does not show any absorption peak in the visible region.

3.4. Theoretical analysis

The selectivity of the ligand toward complexation with specific
metal cations has also been investigated by theoretical computa-
tions in the two selected cases of Ni(II) and VO(II), by comparing
the stability of the two complexes with respect to unassociated
Ni2+, VO2+, and L2� in ethanol solution. B3LYP computations predict
association energy of 238 kcal/mol for the Ni complex, and of only
188 kcal/mol for the VO2+ one. The high energy difference can be
traced back to the significantly lower energy of the Kohn–Sham
LUMO level of Ni2+ with respect to that of VO2+, thus indicating that
r donation is much more effective in the former than in the latter.
The analysis of the atomic charges, carried out according to the
atomic polar tensor procedure [25], confirms the above picture:
the Ni ATP charge is nearly zero, whereas the vanadyl group still
holds a positive charge amounting to +0.7 atomic units.

The computed UV–Vis spectrum of the free ligand in DMF is re-
ported in Table 3.

Three strong absorptions are predicted in the region 290–
270 nm, in good agreement with the observed spectrum, showing
an absorption maximum at 302 nm with a shoulder at 278 nm. The
lowest energy strong absorption, computed at k = 289 nm, is essen-
tially due to a HOMO ? LUMO transition. The HOMO is mainly
localized on the diethylthiomethylidenehydrazino moiety, with

Fig. 2. X-ray molecular structure of 3. Thermal ellipsoids are drawn at 30%
probability level.

Table 2
Selected bond lengths (Å) and angles (�) for 1, 2 and 3.

1 2 3

M–N2 1.867(2) 1.999(2)
M–N4 1.857(2) 1.989(2)
M–S2 2.1516(7) 2.2568(8)
M–S4 2.1554(7) 2.2656(7)
C3–N1 1.269(3) 1.271(3) 1.272(4)
N1–N2 1.399(2) 1.401(2) 1.380(3)
N2–C6 1.449(3) 1.351(3) 1.339(4)
C6–C8 1.534(3) 1.371(3) 1.373(4)
C8–C9 1.486(3) 1.390(3) 1.403(4)
C9–N4 1.277(3) 1.336(3) 1.322(4)
N3–N4 1.406(2) 1.396(3) 1.394(3)
N3–C11 1.335(3) 1.281(3) 1.275(4)
C11–S4 1.669(2) 1.733(2) 1.738(3)
N2–M–N4 95.11(8) 93.68(9)
N2–M–S2 87.64(6) 84.71(7)
N4–M–S4 88.03(6) 85.31(7)
S2–M–S4 89.22(2) 96.30(3)

Table 3
Predicted (PCM/TD-B3LYP) transitions of the
free ligand in DMF.

k (nm)a Osc. Str.b

362 0.007
316 0.017
289 0.307
277 0.194
273 0.177
259 0.004

a Observed kmax (nm): 278, 302, 350.
b Oscillator strength.

32 R. Centore et al. / Inorganica Chimica Acta 404 (2013) 29–33
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contributions from the lone pairs of sulfur atoms and those of the
exocyclic nitrogens. The LUMO is a p⁄ orbital localized on the thi-
oamide part of the thiocarbazate moiety, so that the observed band
can be interpreted as an n ? p⁄ transition. Computations also pre-
dict intense transitions at 277 and 273 nm. They involve essen-
tially the HOMO-3 and the LUMO+1 orbitals, both having p
character; therefore the band observed at 278 nm in the experi-
mental spectrum can be interpreted as a p ? p⁄ transition.

The UV–Vis spectrum of the Ni complex in DMF features two in-
tense absorptions peaked at 315 and 450 nm; moreover in the re-
gion of longer wavelengths, a much less intense band, peaked at
592 nm, is observed (see SM). TD-B3LYP computations predict
two intense transitions, falling at 294 and 430 nm, respectively,
see Table 4. The transition at 294 nm does not involve contribution
from the metal cation, being essentially the n ? p⁄ of the free li-
gand, which is red-shifted in the complex, whereas the absorption
at 430 nm is mainly due to a metal-to-ligand d ? p⁄ transition
(vide supra). Finally TD computations predict two very weak tran-
sitions, at 622 and 590 nm, which involve orbitals localized on the
Ni atom (d ? d⁄), corresponding to the 1A1 ? 1E spin-allowed band
observed at 592 nm.

4. Conclusion

We have synthesized a new dithiocarbazate compound, which
exhibits two isomeric forms: an open form in which the compound
can behave as tetradentate chelate ligand and a cyclic dihydropy-
razole form. Because the cyclized form is by far more stable than
the open form, both in solution and in the solid state, a high metal
selectivity turns out: only if the metal complex is very stable, the
cyclic form can be converted in the open form, leading to formation
of the metal complex. As a matter of fact, within the metal ions
that we have tested, that happened only for Ni(II) and Pd(II).
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Appendix A. Supplementary material
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crystallographic data for compounds 1–3, respectively. These data
can be obtained free of charge from The Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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Table 4
Predicted (PCM/TD-B3LYP) transitions of the
Ni–L complex in DMF.

k (nm)a,b Osc. Str.c

622 0.0005
590 0.0003
465 0.0019
430 0.2408
422 0.0989
294 0.1069
269 0.1329
261 0.2666

a Observed kmax (nm): 250, 330, 450, 592.
b Only the most intense transitions have

been reported in the shorter wavelength
region.

c Oscillator strength.
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