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Fluorenone (FTSCH) and p-anisaldehyde (ATSCH) thiosemicarbazones react with

zinc(II) and cadmium(II) acetates forming M:L 1:2 complexes, characterized by IR, 1H
and 13C NMR spectra and elemental analyses. The coordination mode of the ligands is
discussed and four-coordinate, pseudo-tetrahedral structures are suggested.
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Zinc(II) ion is essential for all forms of life and several zinc(II) containing

metaloenzymes have been identified [1–2]. Further, the zinc(II) ion has been found to

be of catalytic importance in enzymatic reactions [3]. Zinc(II) – sulfur interactions

are of great interest in biochemical systems, due to the presence of sulfur at the active

sites of several enzymes, vitamins and proteins [4]. The ability to coordinate via sul-

fur is enhanced for cadmium, whose toxic properties could be related to strong cad-

mium(II)–sulfur bond [5]. Moreover, chelating sulfur donors are actually under study

as antidotes in cadmium(II) poisoning [6–7]. The enhancement of antitumour activity

of some thiosemicarbazones in the presence of zinc(II) [8] and cadmium(II) [9] ions has

been reported. Several reports dealing with crystal and molecular structure [10–13],

spectroscopic [14–18] and biological properties [19–22] of thiosemicarbazones and

their metal complexes have been published. Few reports on metal complexes of

fluorenone [23–26] and p-anisaldehyde [27–32] thiosemicarbazone are also avail-
able. Interesting applications of thiosemicarbazone compounds have encouraged us
to search for new complexes of these ligands. Spectroscopic properties of zinc(II) and
cadmium(II) complexes with fluorenone and p-anisaldehyde thiosemicarbazones,
abbreviated as FTSCH and ATSCH, respectively (Fig. 1), are described. One of these
complexes [Zn(FTSC)2] has been prepared previously [25], but only selected NMR
resonances were listed. We decided to include this compound here in order to present
its full NMR spectra compared with those of other complexes.
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EXPERIMENTAL

Syntheses: The preparation of the FTSCH and ATSCH ligands was published in [33]. For prepara-
tion of complexes, the ligand (20 mmol) was dissolved in ethanol (50 cm3) by heating on water-bath for 30
min. Ethanolic solution of respective metal acetate (10 mmol in 20 cm3) was added to the ligand solution
and the resultant mixture was heated at reflux for 2 hrs. After heating, it was allowed to stand at 25�C. The
complexes were filtered off and washed with ethanol, diethyl ether and dried over silica gel.

Measurements: Carbon, hydrogen and nitrogen were analyzed using a Coleman Analyzer at Re-
gional Sophisticated Instrumentation Center, CDRI, Lucknow, India. The IR, 1H and 13C NMR spectra
were recorded as reported earlier [26]. The stability of the complexes dissolved for NMR spectroscopy in
DMSO-d6 was verified by the IR spectra measured in the 1600–1100 cm–1 region, where the solvent
shows a few, low intensity bands, and absorptions observed for solid state complexes were detected.

RESULTS AND DISCUSSION

For uncoordinated ligands, several tautomeric forms are possible as has been

shown in Fig. 2. All these forms can be verified by the IR spectroscopy, where the re-

spective �(SH) and �(NH) stretching vibrations are very characteristic and absorb in
different regions. In the case of both ligands, the �(SH) band, expected at about 2500
cm–1, is absent, but the �(NH) mode is located between 3260 and 3300 cm–1, indicat-
ing that these compounds exist in thione form in the solid state [34]. Also the 1H NMR
spectra of FTSCH and ATSCH do not show a signal at about 4 ppm [35] attributed to
the SH proton. Further, the 13C NMR spectra, which exhibit carbon signal due to C=S
group at about 180 ppm, also support the thione form. However, the �-bonding sys-
tem attributed mainly to the C=S linkage may be delocalized over neighboring bonds
causing some conformational restrictions like that concerning the rotation around the
C–NH2 bond. Such delocalization of � electrons has been found for the
thiosemicarbazide, where the calculated �-bond orders for C=S (0.518), C–NH2

(0.547) and C–NH (0.551) bonds indicate their partial double character. Also the
computed stretching force constants for C=S (3.0 mdyn�Å–1) and C–N (6.25, and 5.55
mdyn�Å–1) support this conclusion [36]. In the same work, the computed �-bond or-

der for the NN group was 0.11 supporting the assumption that in the N–N group is a

�-bond. On the basis of the above information, the hydrazone form could be assigned
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Figure 1. Structure and atom numbering of FTSCH and ATSCH molecules.



to free ligands with sulfur and nitrogen atoms as potential metal binding centers.
These coordination abilities of the title ligands as well as the structures of formed
complexes will be discussed.

Infrared spectra: Selected IR spectral bands along with their tentative assign-
ments based on previously reported data [26] are given in Table 1. In the region above
3100 cm–1, the ligands show three distinct IR bands corresponding to coupled nitro-
gen-hydrogen stretching vibrations. Upon metal coordination, some changes are ob-
served in this region. The middle band, resulting predominantly from the �(NH)
vibrations, disappears, suggesting the deprotonation of the thiosemicarbazone group
during coordination. Observed splitting of the highest energy mode may be due to dif-
ferent hydrogen bonding of two amine groups present in the complex molecules.
Three IR bands observed for the ligands at about 1600, 1490 and 1430 cm–1 have been
previously attributed to the thiosemicarbazone moiety modes [26]. In the case of
three complexes, these bands change positions, supporting the significant electron
delocalization in the ligand CNNC skeleton during complexation. Since the 1598
cm–1 transition is generated mainly by the �(NH2) vibration, the mentioned hydrogen
bonding may also influence the number of bands observed in discussed region for
FTSC complexes. Bands with predominant �(CS) vibrations are located in the
FTSCH and ATSCH spectra at 851 and 821 cm–1, respectively. Again, for three com-
plexes, these bands shift after coordination to lower energy at about 710 cm–1, con-
firming the change into the carbon–sulfur bond order from double bonding in the
ligands toward single in the complexes. Similar effect was reported for other zinc(II)
and cadmium(II) complexes with thiosemicarbazones [37]. The exceptional spectral
behavior is observed for the [Zn(ATSC)2] complex, where most of the discussed
bands are less affected by metal coordination. This phenomenon suggests a different
ligand coordination mode, especially the smaller frequency lowering of the �(CS) vi-
brations indicates that the double C=S bond is preserved in this complex. In the far-IR
region, the complexes show new vibrational bands located at wavenumbers compara-
ble with those previously attributed to �(M-N) and �(M-S) modes [25]. The above
data suggest that FTSCH with both metals and ATSCH with cadmium(II) form coor-
dination bonds via iminyl nitrogen and thiolate sulfur atoms.
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Figure 2. Tautomeric forms of thiosemicarbazone moiety.



Table 1. Selected IR bands(a) [cm–1] of the ligands and complexes.

Mode FTSCH [Zn(FTSC)2] [Cd(FTSC)2] ATSCH [Zn(ATSC)2] [Cd(ATSC)2]

�(NH2) +
�(NH)

3410s
3262m
3156m

3480m, 3340m

3170w

3475m, 3360m 3407m
3293m
3159w

3420m

3170w

3490m, 3370m

�(NH2) +
�(CN)

1598s 1610sh
1600s
1570m

1605sh
1595s
1560sh

1607s 1610s 1615s

1490m
1433s

1560w
1430s

1490m
1420s

1475m
1449m

1475m
1450m

1490m
1480m

�(CS) 851m 710m 705m 821s 815m 715m
�(M-N) 405m 405m 470w 410w
�(M-S) 350w

320m
345w
330w

300w 325w

(a)s – strong, m – medium, w – weak, � – stretching, � – bending.

1
H NMR spectra: All 1H NMR spectra have been recorded in DMSO-d6. A spec-

tral comparison of the ligands and complexes leads to the following conclusions. The
signals at 10.80 or 11.33 ppm, attributable to the N–NH proton, disappear from the
spectra of all complexes (Table 2). Two 1H signals of the NH2 group appear between
7.9 and 8.7 ppm in the spectra of the ligands indicating hindered rotation of the amine
group due to partially double character of the respective C–N bond. For three com-
plexes these signals are combined into single, broad signal (Fig. 3), suggesting the
free rotation of the NH2 group as a result of the C(S)–NH2 bond order lowering on co-
ordination. However, two distinct signals are observed in the spectrum of
[Zn(ATSC)2] at 8.57 and 8.82 ppm, what supports the existence of partially double
bond for the C(S)–NH2 group even after deprotonation. This could be only possible if
the thione form of the ligand is preserved in the complex.

Table 2.
1H NMR chemical shifts(a), � [ppm vs TMS].

1H(b) FTSCH [Zn(FTSC)2] [Cd(FTSC)2] ATSCH [Zn(ATSC)2] [Cd(ATSC)2]

CH3 3.70 (s) 4.30 (s) 3.74 (s)
C(1)H 8.00 (d) 7.70 (d) 8.12 (d)
C(2)H 7.29 (t) 6.90 (t) 7.30 (t) 7.70 (d) 8.28 (d) 7.65 (d)
C(3)H 7.47 (t) 7.35 (t) 7.40 (t) 6.90 (d) 7.48 (d) 6.89 (d)
C(4)H 7.76 (d) 7.61 (d) 7.83 (d)
C(5)H 7.76 (d) 7.88 (d) 8.02 (d) 6.90 (d) 7.48 (d) 6.89 (d)
C(6)H 7.47 (t) 7.43 (t) 7.47 (t) 7.70 (d) 8.28 (d) 7.65 (d)
C(7)H 7.38 (d) 7.17 (t) 7.34 (t)
C(8)H 7.83 (d) 9.17 (d) 9.07 (d)
CH=N 7.98 (s) 8.51 (s) 8.05 (s)
N–NH 10.80 (s) 11.33 (s)
C–NH2 8.70 (s) 8.65 (br) 8.14 (s) 8.82 (s) 7.85 (s)

8.40 (s) 8.02 (br) 7.92 (s) 8.57 (s)

(a)Signal multiplicity is given in parentheses; s – singlet, d – doublet, t – triplet, br – broad.
(b)Atom numbering is shown in Fig. 1.

13
C NMR spectra: Most of the 13C NMR signals observed in the complex spectra

preserve positions close to those of the ligands (Table 3). For the compounds with
fluorenone group, the exceptions are signals assigned to the C(S) and C(9) carbon at-
oms. The C(S) carbon signal is shielded in the zinc(II) and cadmium(II) complexes
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with respect to the free ligand, suggesting the change of the C=S group to the thiol
one, upon coordination. The signal for C(9) is deshielded in the spectra of both com-
plexes. Such deshielding effect has been reported for other thiosemicarbazone com-
plexes [26], supporting the electron density change within the C(9)=N group as a
result of the metal–nitrogen bond formation. The above effect is partially extended on
fluorene group, but observed differences between ligand and complex signal posi-
tions diminish rapidly as the respective carbon atoms are located further from the co-
ordinating C=N group. The appearance of two signals for C=S, C=N and other carbon
atoms in the spectra of [Cd(FTSC)2] suggests the presence of two isomeric forms of
the complex. For the second ligand and its complexes, an upfield shift for C=S
(176.79 ppm) and downfield shift for CH=N (144.32 ppm) have been observed in the
spectrum of [Cd(ATSC)2]. In contrast, the carbon resonances due to C=S and CH=N
groups are both shifted to downfield in the spectrum of [Zn(ATSC)2]. These results
support the different coordination mode of ATSCH in its two complexes studied here.

Conclusion: From the elemental analyses, the complexes prepared here could be
formulated as ML2. The 1H and 13C NMR spectral measurements provide a valuable
data to propose the coordination mode of FTSCH. It appears that FTSCH acts as
mononegative bidentate chelating agent, coordinating through iminyl nitrogen and
thiolate sulfur atoms. Considering the above data and the bulkiness of the ligand mol-
ecules, we postulate the pseudo-tetrahedral central atom surroundings for FTSCH
complexes (Fig. 4). Similar conclusion can be formulated for the [Cd(ATSC)2] com-
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Figure 3.
1H NMR spectrum of [Zn(FTSC)2].



plex . Different spectral behavior of the [Zn(ATSC)2] complex suggests that the coor-
dination may take place via deprotonated nitrogen and thione sulfur atoms. If these
two atoms will act as metal binding centers, the four-membered chelate ring may be
formed. Despite the internal strain, such structure is possible as has been reported for
the [Tl(CH3)2(ATSC)] crystal [31]. However, the data collected here are not suffi-
cient to definitely confirm this structure.

Table 3.
13C NMR chemical shifts(a), � [ppm vs TMS].

13C(b) FTSCH
[Zn(FTSC

)2]
[Cd(FTSC)2] ATSCH [Zn(ATSC)2] [Cd(ATSC)2]

CH3 55.44 (q) 55.89 (q) 55.26 (q)
C (1) 131.3 (d) 132.14 (d) 132.39, 130.92 126.62 (s) 127.80 (s) 128.01 (s)
C (1a) 129.1 (s) 130.18 (s) 129.24, 128.96
C (2) 120.7 (d) 120.32 (d) 119.83, 119.78 114.39 (d) 115.20 (d) 114.10 (d)
C (3) 127.9 (d) 128.41 (d) 127.94, 127.38 129.20 (d) 129.90 (d) 128.49 (d)
C (4) 122.4 (d) 122.21 (d) 122.47, 122.20 161.06 (s) 162.50 (s) 160.17 (s)
C (4a) 141.5 (s) 140.12 (s) 141.19, 141.05
C (5) 122.4 (d) 122.21 (d) 120.48, 120.06 129.20 (d) 129.90 (d) 128.49 (d)
C (5a) 139.4 (s) 140.12 (s) 139.55, 139.25
C (6) 126.7 (d) 126.69 (d) 127.94, 126.69 114.31 (d) 115.25 (d) 114.10 (d)
C (7) 119.0 (d) 119.84 (d) 119.40, 119.30
C (8) 130.3 (d) 131.45 (d) 130.64, 129.97
C (8a) 136.7 (s) 133.32 (s) 136.82, 134.96
C (9) 145.5 (s) 152.59 (s) 150.08, 145.50
CH=N 143.38 (d) 144.10 (d) 144.32 (d)
C = S 180.2 (s) 175.94 (s) 179.62, 174.77 177.81 (s) 179.69 (s) 176.79 (s)

(a)Measurement in DMSO-d6; signal multiplicity is given in parentheses with abbreviations: s – singlet,
d – doublet, q – quartet.

(b)Atom numbering is shown in Fig. 1.
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