
The theory of coordination
chemistry gives great importance to
metallic complexes obtained from
inorganic or organic ligands with an
N atom in the molecule. In particular,
azomethinic ligands  of the  type I
(F1), which contain a C=N- bond
with an sp2-hybridized N atom, have
been intensively studied over the last
30 years.

The goal of synthetic work in
this area has been to produce differ-
ent kinds of metal complexes start-
ing from the same ligand. Different
complexes may arise as a conse-
quence of the presence of an intra-
molecular hydrogen bond, a
tautomeric equilibrium between ke-
toenol (thione-thiol) and imino-
amine forms, or of  the molecular
spatial configurations (substitution
patterns) summarized in F1.

Thus, two broad classes of coor-
dination compounds can be obtained:
adducts (molecular complexes) with
a conserved ligand system, and

chelates with a deprotonated
azomethinic group containing intra-
chelate bonds. Depending on the na-
ture of the metal and anion, as well
as the synthetic conditions, either an
adduct or a chelate is obtained.

In the ligand I systems (F1), it is
possible to obtain rings containing
six members with an intra-molecular
hydrogen bond, which gives the pos-
sibility of obtaining the correspond-
ing metal chelates with six
membered rings.

The chelates of azomethinic de-
rivatives of 2-(N-tosylamino)ben-
zaldehyde (Ia) are not very common
(1-7), in contrast to similar ligands of
the salicylaldehyde series Ib (8-13)
(F1). For this reason, it is interesting
to obtain and characterize metal
chelates on the basis of this new sys-
tem, specifically involving the III
ligand (LH3) shown in F2.

In this paper the direct electro-
chemical synthesis of the metallic
chelates [M3L2]n (M=Co,Cu) or

[Zn(LH)]2 from a new ligand sys-
tem—salicylhydrazone of 2-(N-
tosylamino)-benzaldehyde (F2)—
is reported, and the products are com-
pared with those synthesized using
conventional chemical methods. On
the basis of IR and 1H NMR spectros-
copy and magnetochemistry data,
the structures of di- and trimeric
complexes are also discussed.

Experimental Procedures

Materials and Equipment
Metals and LiClO4 (Aldrich)

were used as supplied. Methanol was
purified by a standard method. The
electrosyntheses were carried out us-
ing a power supply PS 500-1 (Sigma
Aldrich). Metal contents were deter-
mined by the atomic absorption
method. C,H,N contents were deter-
mined by standard methods of or-
ganic analysis on a Carlo-Erba 1108
microanalyzer. IR and 1H NMR
spectra were recorded on a Perkin-
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Elmer spectrophotometer and on a
Bruker DPX 400 spectrometer (125
MHz, 298 K, with Me4Si as an inter-
nal reference  and DMSO-d6 as a
solvent), respectively. The determi-
nation of  magnetic properties was
carried out by Faraday’s method at
80-300 K (14). The diamagnetic sus-
ceptibility χd was calculated accord-
ing to the Pascal method (15). The
polarization magnetism Nα was ac-
cepted to be 60 x 10-6 cm3/mol per
copper atom.

Ligand Synthesis
Salicylhydrazone of 2-(N-tosy-

lamino)benzaldehyde was synthe-
sized as reported in the literature (2).
Briefly, a methanol solution (20 mL)
of salicylhydrazide (1.52 g, 10-3

mol) was added to a methanol solu-
tion (50 mL) of 2-(N-tosylamino)-ben-
zaldehyde(2.75g,10-3 mol) (16). This
mixture was heated at reflux for two
hours. After cooling, the sediment
was isolated, filtered and recrystal-
lized from methanol (yield: 90%).

Metal Complexes
The metal complexes were ob-

tained as follows:

Conventional chemical synthesis. A
methanol solution (30 mL) of each
metal (Co, Cu or Zn) acetate (10-3

mol) was added to a methanol solu-
tion (30 mL) of an equimolar amount
of the salicylhydrazone of 2-(N-to-
sylamino)benzaldehyde. The mixture
was heated at reflux for one hour in
a water bath. The solids formed were
filtered, washed three times with 5
cm3 of methanol and dried in vacuo
at 150 oC (yield: 75-80%).

Electrochemical synthesis (17-19).
The electrochemical cell consisted
of a tall-form beaker, and the solu-
tion phase contained the ligand (10-3

mol) and LiClO4 (0.01 N) dissolved
in methanol (30 mL) as a supporting
electrolyte. A metal sheet was used
as the anode and a platinum sheet
formed the cathode. The electrolysis
was conducted at a current of 20 mA
and a voltage of 20-30 V for four
hours at room temperature. The elec-
trochemical cell can  be schemati-
cally represented by:

Pt(-)/ligand, CH3OH/M(+)
(M = Co, Cu, Zn)

The resulting complexes were
filtered, washed three times with 5
cm3 of methanol and dried in vacuo
at 150 oC (yield: 90-95%).

The corresponding elemental
analysis data are presented in T1.
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M.P.
(oC) C H

%
(f/c)**

N M S Formula

III H3L 209-210 f: 61.40
c: 61.60

4.90
4.68

10.95
10.26

–
–

7.95
7.83 C21H11N3O4S

IVa Co3L2 >250 f: 51.12
c: 50.97

3.15
3.26

8.25
8.49

17.98
17.86

6.21
6.48 C42H32N6O8S2Co3

IVb Cu3L2 >250 f: 50.92
c: 50.28

3.57
3.18

8.64
8.37

18.72
19.00

6.50
6.39 C42H32N6O8S2Cu3

IVb* Cu3L2 >250 f: 51.02
c: 50.28

3.49
3.18

9.08
8.37

18.64
19.00

6.50
6.39 C42H32N6O8S2Cu3

V [Zn(HL)]2 >250 f: 53.66
c: 53.34

3.90
3.62

9.02
8.89

14.07
13.83

6.36
6.78

(C21H17N3O4SZn)2

V* [Zn(HL)]2 >250 f: 53.70
c: 53.34

3.42
3.62

9.10
8.89

13.75
13.83

6.80
6.78 (C21H17N3O4SZn)2

VI Cu3L2Py2 >250 f: 53.17
c: 53.77

4.09
3.62

9.20
9.64

16.70
16.42

5.72
5.52

C52H42Cu3N8O8S2

* Complexes obtained electrochemically.
** f: found, c: calculated.

T1

Elemental analysis
and related data of
salicylhydrazone of
2-(N-tosylamine)-
benzaldehyde (I) and
its complexes.
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Results and Discussion

The IR data (amide carbonyl
band at 1633 cm-1 and azomethinic
band at 1606 cm-1) and 1H NMR
spectra (NH 10.97 ppm, Ts-NH
11.83 ppm, N=CH 8.52 ppm, O-
H...O=C 12 ppm) testify to the exist-
ence of a tautomeric equilibrium for

Ia (F1). This kind of equilibrium is
also  typical for other  azomethinic
ligands (2,10,11,20,21), in which
form I predominates (22). The 1H
NMR spectrum of the hydrazone
fragment coincides with the data re-
ported in the literature (23).

Some types  of complexes,  in-
cluding di- and trinuclear structures

(3,6), can be obtained on the basis of
the polydentate ligand III (F2).
Moreover, the chelates containing an
acetate group are formed as a result
of a conventional chemical synthesis
from MAc2 (Ac = OCOMe-). The
complexes without an acetate group
are obtained by electrosynthesis
from elemental metals (19,24-27).

The elemental analysis data (T1)
are consistent with the fact that
chelates [M3L2]n (M=Co,Cu) and
[Zn(LH)]2 (LH3 = III) can be ob-
tained by both chemical and electro-
chemical synthesis methods.

The structures of the resulting
products will now be discussed on
the basis of spectral (Zn complexes)
and magnetochemical (Cu com-
plexes) data. The intense amide car-
bonyl band at 1633 cm-1 disappears
upon complexation, and bands at
1606-1616 cm-1 are observed; these
bands could be attributed to valence
oscillations of the azomethinic coor-
dinated bond by the N-atom (28). In
the case of the copper chelates, the
bands of OH and NH groups (3159
and 3356 cm-1, respectively) disap-
pear (T2). On the other hand, a band

No.
n(OH)
cm-1

n(NH)
cm-1

n(C=0)
cm-1

n(C=N)
cm-1

nas(SO2)
cm-1

ns(SO2)
cm-1

III 3356 w 3159 w 1633 vs 1606 s 1327 vs 1147 vs

IVa – – – 1610 vs 1593 vs 1280 s 1128 vs

IVb – – – 1608 vs, 1593 vs 1273 s 1126 vs

IVb* – – – 1608 s, 1593 s 1273 s 1126 vs

V 3204 w – – 1616 s, 1586 s 1260 s 1113 vs

V* 3205 w – – 1615 s, 1587 s 1262 s 1113 vs

VI – – – 1593 s 1274 s 1124 vs

*Complexes obtained electrochemically.

T2

IR spectral data of
ligands and
metal complexes.
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T3a. Compound:IVb g = 2.13, J1 = -45 cm-1, J2 = -188 cm-1, r = 1.47

T, K 82.6 86.5 91.8 99.6 128.5 141.0 185.5 245.0 285.0 299.3

M’eff
exp, B.M. 1.09 1.09 1.08 1.11 1.12 1.15 1.25 1.35 1.42 1.42

M’eff
teor, B.M. 1.09 1.09 1.09 1.10 1.13 1.15 1.25 1.35 1.42 1.44

T3

Magnetic properties of
copper complexes
(meff /copper atom).

T3b. Compound:VI g = 2.25, J1 = -39 cm-1, r = 2.38

T, K 80.0 86.0 100.0 141.0 152.0 180.0 197.0 224.0 246.0 287.0

M’eff
exp, B.M. 1.44 1.47 1.54 1.70 1.72 1.76 1.80 1.83 1.84 1.85

M’eff
teor, B.M. 1.46 1.49 1.56 1.68 1.70 1.75 1.77 1.80 1.82 1.85

43 Current Separations 18:2 (1999)



of low intensity  at ≈3200 cm-1 is
observed in the spectrum of the zinc
complex obtained in both the chemi-
cal and electrochemical syntheses.
This can be attributed to valence os-
cillations of the OH group, which
takes part in the formation of a hy-
drogen bond with the nitrogen atom
of the C=N  fragment (29).  These
results testify that a complete depro-
tonation of the ligand system LH3

takes place in the copper complex;
thus, three hydrogen atoms are re-
placed by metal (IV) (F3), but, in the
case of the zinc complex, one hydro-
gen atom remains (V) (F4).

Additional evidence supporting
structure V was obtained by a com-
parative study of 1H NMR spectra of
the ligand III (F2) and the complex
V. Of note are the following: for
structure V: 2.30 ppm (s, 3H, CH3),
6.83-6.90 ppm (m, 3H, Harom.), 7.03-
7.11 (m, 2H, Harom.), 7.23-7.37 (m,
4H, Harom.), 8.46 ppm (s, 1H,
N=CH), 13.5 ppm (w.s., 1H, OH). In
contrast to the spectrum of the ligand
III (F5), which contains peaks for
the NH and OH groups (30), only
one peak (13.5 ppm, OH fragment)
is observed in this region of the spec-
trum for the zinc complex V (F6).
Moreover, an HC=N group peak
(8.50 ppm (30)) is also present.

Although the  formation of  di-
mers (V) has not strictly been proved
in the present work, their existence
is certainly possible taking into ac-
count that many similar structures
are present in various hydrazone
complexes (31-33). According to X-
ray diffraction data (33,34), a dimer
structure containing the Zn2O2

bridge exists in the zinc complex of
the thioacylhydrazone of salicylic al-
dehyde. The zinc atom in V is penta-
coordinate due to O-atoms of
DMSO, which was used as a solvent.

To confirm structures of the cop-
per complexes, their magnetic prop-
ert ies were studied over the
temperature range 80-300 K. The re-
sults show that the magnetic proper-
ties of the copper chelates [Cu3L2]n

are practically the same, inde-
pendent of the preparation method
used. The magnitudes of the effec-
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tive magnetic moments (µeff.) calcu-
lated for each copper atom are lower
(1.42 B.M.) than those correspond-
ing to pure spin, and decrease with
the reduction of temperature (T3).
Such a temperature dependence of
µeff. is undoubtedly related to an anti-
ferromagnetic exchange interaction
between copper atoms. The ex-
change parameters were calculated
for the three-nuclear fragment ac-
cording to (35). Exchange interac-
tion constants in fragment IVb (F3)
between copper atoms Cu1-Cu3 and
Cu2-Cu3 (J1 = -45 cm-1) are consid-
erably lower (absolute magnitude)
than those for Cu1-Cu2 (J2 = -188
cm-1). This is probably related to the
fact that the exchange is carried out
through a conjugated system in the
first case, and through bridging oxy-
gen atoms in the second case.

The studied copper complexes
were recrystallized from pyridine
(Py). It is known from the majority
of reported data (8,36) that the inter-
action of dimer and polymer struc-
tures having a M2O2 bridge and
N-bases of an azine type leads to
monomer adduct formation. How-
ever, the elemental analysis data
(compound VI, T1) and the variation
of magnetochemical properties with
temperature are consistent with the
conclusion that the isolated adduct
has the composition Cu3L2Py2 and
the structure VI (F7).

The trimer VI has antiferromag-
netic properties; however, the mag-
nitude of its exchange interaction is
lower than that of complex IVb (F3).
This apparent contradiction can be
explained by the increase in the Cu1-
Cu2 distance in chelate VI as com-
pared to that in the trinuclear
compound IVb.

Conclusions

Chelates from the new ligand 2-
(N-tosylamine)-benzaldehyde were
obtained. The structures [M3L2]n

(M=Co,Cu) and [Zn(LH)]2 were de-
duced for these chelates from spec-
troscopic analysis and magneto-
chemical data. They were obtained
by both conventional chemical and
direct electrochemical synthesis
methods.

The direct electrochemical syn-
thesis using elemental metals as sac-
rificial anodes (37) gave higher
yields (90-95%) than those obtained
with traditional methods using metal
acetates (75-80%).
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