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Abstract. Molybdenum (V) and (VI) complexes of novel ligand 2, 6-diformyl-pcresol his [-4-(X-phenyl) thiosemicarbazone] (where X =-H, o-CH3, m-CH3,
p-CH3, p-OCH 3 and p-C1) are synthesised and characterised on the basis of
elemental analyses and magnetic, IR, UV, EPR, and NMR spectral studies. The
complexes have the composition [MoO2LH] and [MoOC1LH]. The Schiff bases
behave as dibasic tetradentate SNON donor hgands.
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Introduction

The chemistry of molybdenum has been receiving increasing attention (Marabella et al
1983; Topich and Lyon 1984; Berg and Holm 1985; Holm 1987, 1990; Cleland et al
1987; Purohit et a11989; Craig et a11989; Hinshaw et al 1989), much of which is due to
increasing biochemical redox reactions associated with enzymes such as nitrogenase,
aldehyde oxidase, xanthine dehydrogenase, nitrate reductase etc. Sulphur donors
have assumed special importance in this respect because of their presence inside the
coordination sphere of Mo in molybdoenzymes (Cramer et al 1979; Tullius et al 1979;
Choudary 1985; Hinshaw et al 1989). Various dithio ligands (Bhattacharjee and
Bhattacharyya 1993, 1995) have been utilised extensively to gain insight into the
chemistry of molybdenum ligated to sulphur donor centres. Thiosemicarbazone,
a versatile organic reagent, has remarkable chelating ability, and possesses a wide
spectrum of biological activities like antibacterial and antitumour properties and also
medicinal properties (Campbell 1975; Klayman et al 1979; Scovill et al 1982).
The significant role played by molybdenum in biological systems and the pharmacological potential of thiosemicarbazone was the impetus for us to synthesise and
characterise molybdenum (V) and (VI) complexes of the newly synthesised thiosemicarbazones referred to in this paper, derived from 2, 6-diformyl-p-cresol and
4-(X-phenyl) thiosemicarbazide.
These thiosemicarbazones have three interesting features.
(1) The ligands contain SNONS donor sequences possessing five potential coordinating sites.
(2) The ligands can bind two metal ions leading to oxobridged binuclear complexes.
*For correspondence
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X = -H - D P H T S H 3
= -o-CH 3 - DOTTSH 3
HN~

~

i

NH

r

C=5

5=C

= -m-CH 3 - DMTTSH 3
= -p-CH 3 - DPTTSH a
= -p-OCH 3 - DPATSH a

LH3

= -p-C1 - DPCTSH 3

(3) The ligands can behave as monobasic, dibasic or tribasic moieties depending on
reaction conditions and the nature of the metal ions.

2. Experimental
Aniline, substituted anilines and other chemicals used in the preparation were
of reagent grade. Anilines were distilled or recrystallised prior to use. The preparation
of 2, 6-diformyl-p-cresol was carried out according to the reported method (Denton
and Suschitzky 1963) with slight modifications. The synthesis of 4-phenylthiosemicarbazide and substituted thiosemicarbazide is carried out according to the procedure
reported elsewhere (Sen and Gupta 1962).

2.1 Preparationof aryl thiosemicarbazones
Aryl thiosemicarbazide (0.021 mol) in ethanol (100 ml) was treated with 2, 6-diformylp-cresol (0.01 mol) and the reaction mixture refluxed for 3 - 4 h. The yellow solid that
separated was filtered, washed with ethanol 62-3 time~) and-dried. Yield'90%.
2.2

Preparationof [MoO2LH ] (for complexes (I_)-(6)

MoO2(acac)2 ((~001 mol) (Chert et a11976)in ethanolS50 ml)~as treated with thiosemicarbazone ligand, (1~001 mol) and the orange yellow mixture stirred for 6-7 h with a magnetic
stirrer. The fine microcrystalline complex formed was separated out by filtration on
a Gooch crucible, washed with ethanol and dried. Poor solubility of the complexes in
common organic solvents did not permit their recrystallisation. However, complexes were
purified in a soxhlet extractor using ethanol as solvent. Yield: 80%.
2.3

Preparationof [MoOLHCl] (for complex ( 7 ) - ( 1 1 ) )

The filtrate obtained by dissolving (NH4) 2 [MoOCIs] (0"002 mol) in absolute ethanol
(40 ml) was added dropwise to the solution ofligand (0.002 mol) in ethanol (20 ml). The
mixture was stirred with a magnetic stirrer for 7-8 h in an N 2 atmosphere. The brown
solid that separated was filtered through a Gooch crucible (G3), washed with ethanol
and purified in a soxhlet extractor using ethanol as solvent. Yield: 85%.

3. Analysis and physicochemical measurements
The elemental analyses of complexes for metal, nitrogen, sulphur and chloride were
carried out by standard methods (Vogel 1969). Infrared spectra of the ligands
and complexes in KBr were recorded using a Perkin-Elmer 783 spectrometer in
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4000-400cm- 1 region. Electronic spectra of the ligands and the complexes in D M F
solutions were recorded using a Hitachi 150-20 spectrophotometer in the 900-200 nm
range. Electron spin resonance spectra of a few complexes in polycrystalline state were
scanned on a Varian E-4 X-band EPR spectrometer, at room temperature (RT) with
DPPH as 'g' marker. 1H NMR spectra were recorded in d 6 DMSO solvent on a Varian
VXR 300S spectrometer. Magnetic susceptibility measurements of the complexes were
carried out at room temperature, by the Gouy method using Hg [Co(SCN)4] as calibrant.
4.

Results and discussion

All the complexes of molybdenum (VI) and (V) are insoluble in water, sparingly soluble
in methanol and ethanol but soluble in D M F and DMSO. Elemental analyses data are
shown in table 1. Molybdenum (VI) complexes are orange, while molybdenum (V)
complexes are brown in colour. Reactions with various metal to ligand ratios resulted
in the formation of a 1:1 complex only. Molar conductivities in D M F solution
(8-16 mho cm 2 mol-1) suggests that the complexes are nonelectrolytes.
Complexes (1) to (_6) are diamagnetic as expected for Mo(VI), d o system. Complexes
(_7) to (11) have shown magnetic moment 1-58 to 1.71 BM, which is slightly less than
expected (1.68-1-78) for magnetically dilute Mo(V) complexes with d ~ configuration
(Steifel 1977).

Table 1. Elemental analyses and magnetic data of complexes.

Elemental analyses (%), found (calc.)
Complex
[MoO 2 (DPHTSH)], 1
[MoO 2 (DOTTSH)], 2

Mo
16.21
(16.33)
15-49

(15-58)
[MoO 2 (DMTTSH)], 3

15.40

(15.58)
[MoO z (DPTTSH)], 4
[MoO 2 (DPATSH)], _5

15.42
(15.48)
14.78

(14.81)
[MoO 2 (DPCTSH)], 6
[MoOC1 (DPHTSH)], 7

14.74
(14-61)
15.69

(15.80)
[MoOCl (DMTTSH)], 8
[MoOC1 (DPTTSH)], 9
[MoOC1 (DPATSH)], 10
[MoOCl (DPCTSH)], 11

15.24
(15.11)
.15.20
(15.11)
14.49
(13-24)
14.10

(14.15)

N

S

14.14
(14.29)
13.50
(13-64)
13-81
(13-64)
13"69
(13.64)
12-89
(12-96)
12"85
(12-79)
13"69
(13-83)
13"41
(13-22)
13"17
(13"22)
12"43
(12-55)
12.45
(12-38)

10.64
(10.88)
10.20
(10.39)
10"55
(10-39)
10"23
(10"39)
9-76
(9"88)
9"83
(9"74)
10-42
(10-53)
10"15
(10-07)
10"21
(10-07)
9"42
(9-56)
9.59
(9.43)

CI

Magnetic
moment
~teff (BM)
Diamag
Diamag
Diamag
Diamag
Diamag
Diamag

5"96
(5"84)
5"65
(5"59)
5"68
(5"59)
5"39
(5.30)
5.32
(5.23)

1"71
1-62
1-69
1-58
1.65
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Table 2. IR spectral data of complexes.
v(C-H)
Complex
[MoO 2 (DPHTSH)], _1
[MoO 2 (DOTTSH)], 2
[MoO 2 (DMTTSH)], 3

[MoO 2 (DPTTSH)], 4
[MoO 2 (DPATSH)], _5
[MoO 2 (DPCTSH)], 6
[MoOCI (DPHTSH)], 7
[MoOCI (DMTTSH)], _8
[MoOC1 (DPTTSH)], 9
[MoOC1 (DPATSH)], 10
[MoOC1 (DPCTSH)], 11

4.1

v(MoO2)

(4NH),

(2N-H)

v(C=H)

3279
3296
3290
3269
3280
3260
3266
3281
3271
3289
3280

3131
3156
3135
3146
3150
3129
3150
3148
-3145
3170

1595
1592
1596
1597
1590
1596
1596
1598
1594
1589
1592

(sym)
931
945
940
937
950
943
939
938
940
935
945

(asym)
898
895
890
900
910
900

Infrared spectral studies

Important IR bands with tentative assignments are presented in table 2.
In all the complexes, the band around 3130 cm- 1 which was assigned to v(2N-H) in
the ligand, decreases in intensity (nearly half) relative to v(4N-H) on complexation.
This suggests that the 2N-Hproton has undergone deprotonation through enolisation
on complexation. The lowering in intensity of this band suggests only one - N H
group is deprotonated and not both. This evidence is further confirmed by NMR
spectra. The v(O-H) broad band around 2800-2600cm -1 has disappeared in
complexes suggesting deprotonation of phenolic oxygen on coordination to metal.
The sharp band at 1595-1602cm-1 which was assigned to v(C=N) has shifted to
lower energy by 3-11 cm- 1 suggesting coordination of both nitrogens to molybdenum. The band at around 860cm- ~ in the ligand which was assigned to v(C=S) has
lowered considerably in intensity, suggesting involvement of sulphur in coordination.
However, the appearance of this band at lower energy could not be traced due to
overlapping bands of ligand.
4.2 Electronic spectra
The spectral data are shown in table 3. The bands at 550 and 264 nm are common in
ligands and complexes. In the complexes (_1) to (6), shoulders or bands at 360 and
318 nm are assigned to ligand to metal charge-transfer transitions. No band is observed
beyond 600 nm suggesting molybdenum in + 6 oxidation state, which is also confirmed
by the diamagnetic behaviour.
Complexes (7) to (9) show a broad band or shoulder around 650-680nm, which
is assigned to an 2E 4--2B2 transition. Another band, expected at around 440-470 nm
for 2B 1 *-2B 2 transition, appears as a weak shoulder. These two bands are characteristic of monomeric molybdenum (V) species, a conclusion which is also supported
by magnetic data and EPR spectra. The other bands at around 350 and 320 nm are
assigned to ligand to metal charge-transfer transitions.
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Table 3. Electronic and EPR spectral data of complexes.
EPR parameters

Electronic spectral data
Complex

2m.~(nm) (e,M- 1era- 1)

[MoO 2 (DPHTSH)], 1
[MoO 2 (DOTTSH)], 2
[MoO 2 (DMTI'SH)], 3
[M002 (DPTTSH)], 4
[MoO 2 (DPATSH)], _5
[MoO 2 (DPCTSH)], 6
[MoOCl (DPHTSH)], 7
[MoOCl (DMTTSH)], 8
[MoOCl (DPTTSH)],_9
[MoOC1 (DPATSH)], 10
[MoOCl (DPCTSH)], 11

550(sh), 360(sh), 318, 264
373, 319, 264
550, 357, 318, 264
550, 358, 318, 264
550, 372, 318, 264
545, 360(sh), 314, 264
650 (280), 450 (4200)
660 (385), 435 (4600)
680 (190), 470 (7800)
675 (415), 460 (6200)
680 (4o5), 440 (4150)

g

g±

gll

g=~

No signal
No signal
No signal

1"94

1"97

1.92

1-95

1.94 1.97 1.91 1.95
1-95 1.97 1"91 1.95

Table 4. IH NMR spectral data of ligand and complexes (in 6).

Compound

-CH 3

Aromatic
protons

DPHTSH a
r M o O 2(DPHTSH)]

2.30
2"32

7-13-7.76
6-99-8"26

DPATSH 3
[MoOz(DPATSH)]

2"29
2"31

6"92-7"75
6"86-8"24

4.3

Azomethine
proton

-4NH
(phenyl)

-2NH
(hydrazine)

8.46
8"55
8"76
8.44
8"51
8"67

10.18
9"74
10-08
10"07
9"59
9-87

11.86
11"84
11"77
11"77
11"76

Electron paramagnetic resonance spectral studies

The complexes (_1) to (3) are EPR silent. Complexes (7) and (_9) exhibit signals
characteristic of molybdenum (V) species (table 3). Interestingly, complex (10) shows
a broad signal. The 0 values found (g = 1-94-1"95) are close to the values reported for
other oxomolybdenum species.
4.4

1H N M R spectral studies

The assignments of various signals in N M R spectra are indicated in table 4. Phenolic
proton signals could not be observed in the 0-15ppm region studied. On D 2 0
exchange, both - N H signals disappear.
In complexes of D P H T S H 3 and DPATSH 3, the azomethine proton signals show
downfield shift (8-51-8.77 ppm), suggesting coordination of azomethine nitrogens. Interestingly, the signal undergoes splitting with equal intensity. The phenyl - N H proton signal in
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_2

c,--o--SC

the complex has shifted upfield, and is split into two signals of equal intensity. Further, in
comglex (5) t~e - O C H 3 proton of the p-anisoyl moiety has also shown splitting. These
splittings may be due to the dissymmetry caused by nonplanarity of the ligand on
complexation (Yamanouchi and Yamada 1974). Further the hydrazine - N H signal has
shifted aplield with decreased intensity (which corresponds to one proton), This
suggests that only one part of thiosemicarbazone has undergone deprotonation
through thioenolisation. Deuterium exchange of complexes shows disappearance of
the - N H signal. Thus N M R spectra revealed the coordination of azomethine nitrogens and one thioketo sulphur to molybdenum (which is supplementary to IR) and also
nonplanarity of ligand on complexation.
On the basis of elemental analyses, magnetic, IR, electronic, EPR, and N M R
spectral studies, structures 1 and 2 are proposed for complexes (1)-(6) and (7)-(11)
respectively.
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