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A new ferrocenyl ligand was prepared from the condensation of 1,1’-diacetylferrocene dihydrazone
with 2-thiophenealdehyde. The ligand, 1,1’-bis[(2-thienylmethylidene)hydrazono-1-ethyllferrocene,
forms 1:1 complexes with cobalt(II), nickel(II), copper(II) and zinc(II) in good yield. Characterization
of the ligand and complexes was carried out using IR, 'H NMR, electronic absorption and elemental

analysis. Biological activity of the ligand and its complexes was assessed against Bacillus subtilis
(+ve), Staphylococcus aureus (+ve), Candida albicans (yeast), Esherichia coli (—ve), Salmonella typhi
(—ve), Aspergillus niger (fungi), and Fusarium solani (fungi). The biological results indicated that the
complexes prepared are more active than the ligand. Copyright © 2005 John Wiley & Sons, Ltd.
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INTRODUCTION

The chemistry of ferrocene attracted a great interest in the last
decade.!® This interest may be due to the wide application of
9-12 in the design of new
or in the preparation of new
biologically active compounds.'>!® In medicine, ferrocene

ferrocenyl compounds in catalysis,

nonlinear optics materials,'>14

derivatives have shown good activity against several types
of cancer.’-? The best example of these derivatives is
ferrocifen, which is biologically active against some types
of cancer and expected to enter phase I clinical trials very
soon.!"*? An excellent review has recently been published,
summarizing the important bioorganometallic compounds
(including ferrocene) and their pharmaceutical application.!
These interesting applications of the ferrocenyl compounds
attracted us to continue our previous studies®? on the
heterobimetallic complexes since some ferrocenyl complexes
show more biological activity than the parent ligand. The aim
of this article is to prepare and characterize a new ferrocenyl
ligand derived from condensation of 1,1'-diacetylferrocene
dihydrazone with 2-thiophenealdehyde. The study have been
extended to prepare and characterize the cobalt(II), nickel(II),
copper(Il) and zinc(II) complexes with the ligand mentioned
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in order to obtain the heterobimetallic complexes. The ligand
and its complexes prepared have been characterized by IR, 'H
NMR, UV -Vis spectra and elemental analysis. The complexes
prepared showed good antimicrobial activity against Bacillus
subtilis (+ve), Staphylococcus aureus (+ve), Candida albicans
(yeast), Esherichia coli (—ve), Salmonella typhi (—ve), Aspergillus
niger (fungus), and Fusarium solani (fungus).

EXPERIMENTAL

All chemicals and solvents are obtained from Merck. 1,1'-
Diacetylferrocene was prepared by the literature method.?
The yields refer to analytically pure compounds and were
not optimized. Melting points were taken on a capillary
melting-point apparatus and are uncorrected. 'H NMR
spectra were recorded with a JEOL EX-270 MHz FT NMR
spectrometer in CDCl; as a solvent. IR spectra were recorded
on a Perkin Elmer (Spectrum 1000) FT-IR spectrometer,
using KBr pellets. Elemental analyses were determined
at the Microanalytical Centre, Cairo University. Electronic
absorptions were recorded on a Shimadzu UV240 automatic
spectrophotometer in CHCl;.

Synthesis of the 1,1’-diacetylferrocene
dihydrazone

2.16 g of 1,1’-diacetylferrocene (8.0 mmol) was dissolved in
small amount of dry ethanol and stirred in hydrazine hydrate

Copyright © 2005 John Wiley & Sons, Ltd.



912

M. M. Abd-Elzaher, W. H. Hegazy and A. E-D. M. Gaafar

(70 ml) for about 48 h at room temperature under nitrogen.
The colour begins to change from reddish brown to orange
within 6 h and the stirring continued for 48 h. The orange
product was filtered, washed with cold ethanol and dried
under vacuum. Yield: 2.19 g (92%). Anal. Found: C, 56.4; H,
6.1; N, 18.0. Calc.: C, 56.3; H, 6.2; N, 18.1%. M.p. 184°C. IR
(cm™'): 3340, 3205 (-NH,), 1590 (-C=N). 'H NMR (§ ppm,
CDCl;): 1.97 (s, 6H, 2CHj3), 4.25 (m, 4H, Cp ring), 4.50 (m, 4H,
Cp ring), 5.08 (br-s, 4H, NH,). UV-Vis (MeOH): 448 nm.

Synthesis of the ligand L

2.03 ml (22 mmol) of 2-thiophenealdehyde was slowly added
to a magnetically stirred solution of 1,1'-diacetylferrocene
dihydrazone (2.98 g, 10 mmol) in 30 ml methanol. The
mixture was refluxed for 2 h. Concentration of the solution to
the appropriate volume and cooling at 5°C yield the ligand
L, which was filtered, washed with cold methanol and dried.

The ligand, 1,1-bis[(2-thienylmethylidene)hydrazono-
1-ethyl]ferrocene

CoyH,FeN,yS; (486.45), Yield: 64%. Anal. Found: C, 59.08; H,
4.67; N, 11.43. Calc.: C, 59.26; H, 4.56; N, 11.52%. M.p. 89°C.
IR (cm™1): 1659 s (-C=N), 1520 s (-C=C thiophene); 854 m
(C-S-C ring); 1043 m (N-N). 'H NMR (§ ppm, CDCl;):
2.21 (s, 6H, 2CH3), 4.21 (m 4H, CsHy), 4.43 (m, 4H, CsHy),
6.71-7.55 (m, 6H thiophene ring), 8.36 (s, 2H, H-C=N).
UV-Vis (CHCl3): 456 nm.

General procedure for the synthesis of the
complexes

The different complexes were prepared by the addition of
2.0 mmol of CoCl, - 6H,0O, NiCl, - 6H,O, CuCl, - 2H,O or
7ZnCl,, dissolved in ca 20 ml ethanol, to a warmed solution of
the ligand (2.0 mmol of L) in methanol (20 ml). The mixture
was refluxed for 2.0 h. The complex, which separated out
with cooling at 5°C, was filtered, washed twice with cold
ethanol and dried.

1,1-Bis[(2-thienylmethylidene)hydrazono-1-ethyl]
ferrocene dichlorocobalt(I)

CoyH,,Cl,CoFeN,yS, (616.28). Yield: 67%. Anal. Found: C,
46.86; H, 3.63; N, 8.94. Calc.: C, 46.77; H, 3.60; N, 9.09%. M.p.
203°C. IR (cm™1): 1632 s (-C=N), 1506 s (—~C=C thiophene);
842 m (C-S-C ring); 1060 m (N-N); 421 w (Co-N); 592 w
(Co-S). 'TH NMR (8 ppm, CDCl,): 2.27 (s, 6H, 2CHj3), 4.30 (m
4H, CsHy), 449 (m, 4H, CsHy), 6.78-7.64 (m, 6H thiophene
ring), 845 (s, 2H, H-C=N). UV-Vis (CHCl;): 560, 486,
450 nm.

1,1'-Bis[(2-thienylmethylidene)hydrazono-1-ethyl]
ferrocene dichloronickel(II)

C24H22C12F6N4N182 (61604) Yield: 61%. Anal. Found: C,
46.93; H, 3.72; N, 8.88. Calc.: C, 46.79; H, 3.60; N, 9.09%. M.p.
208°C. IR (cm™1): 1638 s (-C=N), 1508 s (-C=C thiophene);
843 m (C-S-C ring); 1056 m (N-N); 418 w (Ni-N); 588 w
(Ni-S). 'H NMR (8 ppm, CDCl,): 2.25 (s, 6H, 2CHj3), 4.31 (m
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4H, CsH,), 4.50 (m, 4H, CsH,), 6.79-7.64 (m, 6H thiophene
ring), 8.47 (s, 2H, H-C=N). UV-Vis (CHCls): 531, 490,
452 nm.

1,1-Bis[(2-thienylmethylidene)hydrazono-1-ethyl]
ferrocene dichlorocopper(Il)

C24H22C12C11F8N452 (62090) Yield: 65%. Anal. Found: C,
46.68; H, 3.65; N, 8.75. Calc.: C, 46.43; H, 3.57; N, 9.02%. M.p.
198°C. IR (cm™1): 1622 s (-C=N), 1508 s (-C=C thiophene);
845 m (C-S-C ring); 1056 m (N-N); 415w (Cu-N); 582 w
(Cu-S). "H NMR (8 ppm, CDCly): 2.27 (s, 6H, 2CHj), 4.27 (m
4H, CsHy), 4.49 (m, 4H, CsHy), 6.78-7.66 (m, 6H thiophene
ring), 8.45 (s, 2H, H-C=N). UV-Vis (CHCl,): 647, 513, 450,
332 nm.

1,1'-Bis[(2-thienylmethylidene)hydrazono-1-ethyl]
ferrocene dichlorozinc(Il)

CoyHyClFeNyS,Zn (737.77). Yield: 63%. Anal. Found: C,
46.42; H,3.42; N, 8.77. Calc.: C, 46.29; H, 3.56; N, 9.00%. M.p.
235°C. IR (em™): 1626 s (-C=N), 1510 s (-C=C thiophene);
841 m (C-S-C ring); 1054 m (N-N); 418 w (Zn-N); 586 w
(Zn-S). "H NMR (8 ppm, CDCl3): 2.26 (s, 6H, 2CH3), 4.27 (m
4H, CsHy), 449 (m, 4H, CsHy), 6.78-7.68 (m, 6H thiophene
ring), 8.47 (s, 2H, H-C=N). UV—-Vis (CHCl,): 354, 447 nm.

Antimicrobial studies

Preparation of the discs

The ligand /complex (60 pg) in CHCl; (0.01 ml) was mounted
on a paper disc (prepared from blotting paper (5mm
diameter) with the help of a micropipette. The discs were
left at room temperature till dryness and then applied on the
microorganism-grown agar plates.

Preparation of agar plates

Minimal agar was used for the growth of specific microbial
species. The preparation of agar plates for B. subtilis, S. aureus,
E. coli and S. typhi (bacteria) utilized nutrient agar (2.30 g;
obtained from Panreac Quimica SA, Spain) suspended in
freshly distilled water (100 ml), and potato dextrose agar
medium (3.9 g/100 ml; obtained from Merck) for C. albicans
(yeast), A. niger and F. solani (fungi). This was allowed to
soak for 15 min and then boiled on a water bath until the
agar was completely dissolved. The mixture was autoclaved
for 15 min at 120 °C and then poured into previously washed
and sterilized Petri dishes and stored at 30 °C for inoculation.

Procedure of inoculation

Inoculation was done with the help of a platinum wire loop,
which was heated to red-hot in a flame, cooled and then used
for the application of the microbial strains.

Application of the discs

Sterilized forceps were used for the application of the paper
disc on previously inoculated agar plates. When the discs
were applied, they were incubated at 37 °C for 24 h for bacteria

Appl. Organometal. Chem. 2005; 19: 911-916



m Bioorganometallic Chemistry

and yeast, and at 28 °C for 48 h for fungi. The zone of inhibition
around the disc was then measured in millimetres.?”

RESULTS AND DISCUSSION

Synthesis and characterization of the ligand
1,1'-Diacetylferrocene dihydrazone was prepared by dissolv-
ing 1,1'-diacetylferrocene in small amount of dry ethanol
and in presence of excess of hydrazine hydrate while stir-
ring under nitrogen atmosphere (Fig.1). The IR spectra
of the dihydrazone prepared showed a medium band at
1659 cm™!, which was assigned to the formation of the
C=N group. In addition, the frequency of the two NH,
groups appeared as a broad band in the IR spectra at
about 3340 to 3205 cm~1.% This result was confirmed from
the broad band appearing in the 'H NMR spectrum at
5.08 ppm, which was assigned to the NH, group. 1,1'-
Diacetylferrocene dihydrazone was prepared previously by
reflux in ethanol,” and by Casey et al®® at room tempera-
ture.

The ligand L, 1,1'-bis[(2-thienylmethylidene)hydrazono-
1-ethyl]ferrocene (Fig.1), was prepared by addition of
2-thiophenealdehyde to 1,1'-diacetylferrocene dihydrazone
in ~2:1 molar ratio in ethanol with reflux for 2h.
Characterization of the ligand was confirmed from the IR

Thiophene-containing ferrocenyl complexes

spectra; it was found that the band at 1659 cm~! due to
N=C became stronger and broader. This may be due to the
formation of another two N=C bonds in the ligand. It was
also noted that new bands appeared in the 'H NMR spectrum
at 7.3-7.8 ppm, which were assigned to the thiophene ring
protons (Fig. 1). The proton in the H-C=N group appeared
at8.3 ppmin the 'TH NMR spectrum. This band was confirmed
from other 'H NMR spectra of similar Schiff bases.’! In the
UV-Vis spectra, a broad band centred at 456 nm was noted
for the ligand. This band was attributed to charge transfer in
the ferrocenyl group (transition of the 3d electrons on iron
to either the nonbonding or the antibonding orbitals of the
cyclopentadienyl ring).* The ligand is red in colour, soluble in
MeOH, dimethylformamide (DMF), CH,Cl, and CHCl; and
it was purified by crystallization from CHCl;.

Synthesis and characterization of the complexes
The complexes of cobalt(II), copper(II), nickel(II) and zinc(II)
ions were prepared easily and in good yields from the
equimolar ratio of the ligand and the corresponding metal(II)
chloride in methanol with reflux. All the complexes are deep
red, stable in air and light, and are soluble in MeOH, DMF,
dimethylsulfoxide and CHCl;. The elemental analysis data of
the ligand and its complexes are consistent with the calculated
results from the empirical formula of each compound.

The IR spectra of the free ligand and its metal(II) complexes
were recorded in KBr and are given with their assignments in

o cr
c=0 I
Fe + 2 H,N— NH, 48 h, N, atmosphere . L
?= (I:=N-N|-|z
CH, I
I
+2 0=¢C |
- 2H,0 S
Y
CH, H

Figure 1. Preparation of the ligand.

Copyright © 2005 John Wiley & Sons, Ltd.
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the Experimental section. It was found that the characteristic
band of the C=N group in the free ligand (at 1659 cm™)
was shifted to a lower frequency (1622-1638cm™!) in
the complexes.> This shift indicates coordination of the
azomethine nitrogen to the metals in the complexes. It
was also found that the medium band due to N-N in the
free ligand (at 1043 cm™') was shifted to lower frequency
(by 11-17 cm™!) in the complexes.? This shift indicates the
bonding in the complexes were through the nitrogen atom.
The medium intensity band at 854 cm ™' observed in the free
ligand assigned to C-S-C (ring) stretching vibration.** This
band shifted to lower values by 11-13 cm™! for all complexes
which indicates the involvement of the sulphur atom in the
bonding with the metal ions.*

Two new bands at 582-592 and 415-421 cm~!, were also
observed. These two bands were observed in the complexes
and not found in the free ligand and they are attributed to
M-S and M-N bonds in the complexes (M=Co, Cu, Nij,
Zn).32,34

The characteristic frequencies of the ferrocenyl moiety
in the spectra of the ligands were observed at 3073 cm™},
1451 cm™!, 1101 cm™!, 822 cm™?!, 509 cm™!, and 482 cm™!
These bands were attributed to v(C=C) after v(C-H)
and before v(C-C) respectively.®* The corresponding
frequencies of the complexes appeared nearly at the same
position, which indicates that the cyclopentadienyl ring of
the ferrocene is not directly coordinated to the metal ion.*3

The 'H NMR spectra of the ligand and complexes were
recorded at room temperature in CDCl;; they showed two
multiplets for the «- and p-protons for the substituted
cyclopentadienyl rings appearing at ca 4.43 and 4.21 ppm.?®
The signals of the methyl bonded to the azomethine linkage
(CH3C=N) was observed at ca 2.21 ppm in the free ligands.
The signal appearing at 8.3 ppm in the ligand was assigned to
HC=N. The other signals of the thiophene group appeared
in the expected region. These signals were shifted slightly
downlfield in the spectra of the complexes, which may be due
to complexation of the azomethine nitrogen and sulfur atoms
with the metal ion.?*?’

The important electronic spectral data of the ligand and
its complexes were measured in CHCl;. The electronic

a) M = Ni(lI) and Cu(lI)
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spectra of the cobalt(Il) complex consists of two shoulder
bands at 560 nm and 486 nm. These bands are assigned
to the transitions *Ti,(F) — A (F) and *Tiz(F) — *Toe(P)
respectively, and they are characteristic for high-spin
octahedral geometry for the cobalt(Il) complexes (Fig. 2b).+¥
On the other hand, the spectrum of the nickel(Il) complex
consists of two bands at 531 and 490 nm. These bands
are attributed to the by, — by, and a;; — by, transitions,
which is compatible with the complexes having a square-
planar structure.®% In the spectra of the copper(Il) complex,
three bands were found at 647 nm, 513 nm and 332 nm.
The first two bands are assigned to the ?Bj; — Ay, and
’Bjg — E, transitions respectively.**” These bands are
typically characteristic for a square-planar configuration. The
third band is assigned to a metal — ligand charge transfer
(Fig. 2a). The electronic spectra of the zinc(Il) complexes
showed one high-intensity band at 354 nm, which assigned
to ligand—metal charge transfer.*%

A weak broad band was also observed for every complex
at 447-452 nm. This band was assigned to the transition
'Aj; — 'Ey, in the iron atom of the ferrocenyl group, which
indicates that there is no magnetic interaction between the
cobalt(Il), nickel(II), copper(Il) and zinc(Il) ions and the
iron(Il) ion of the ferrocenyl group.*!

On the basis of the physical and spectral data of the
complexes discussed above, and also by comparison with
other ferrocenyl dihydrazone complexes,?
that the metal ions are bonded to the ligand via one of the
azomethine nitrogen atoms and the thiophene-sulfur atom in
all complexes. Moreover, the chloride ion bonds directly with
the cobalt(Il) and zinc(II) complexes to form an octahedral
structure, whereas the nickel(Il) and copper(ll) complexes
have a square-planar structure. Both structures are illustrated
in Fig. 2a and b.

one can assume

Antimicrobial properties

The title ligand and its metal(Il) complexes were evaluated
for their antimicrobial activity against B. subtilis, S. aureus,
E. coli, S. typhi (bacterium), C. albicans (yeast), A. niger
and F. solani (fungi). The compounds were tested at a
concentration of 60 ug ml~" in CHCl; solution using the paper

CH,

'=—=3—(]|

@@

b) M= Co(II) and Zn(I)

Figure 2. Structure representation of the complexes.

Copyright © 2005 John Wiley & Sons, Ltd.
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Table 1. Antimicrobial activity data for the ligand and its complexes?

Thiophene-containing ferrocenyl complexes

Ligand/complex B. subtilis S. aureus C. albicans E. coli S. typhi A. niger F. solani
L — — — — — — +++
Co(L)Cl, — + + ++ + — _
Ni(L)Cl, +++ +++ 44+ +++ + + +
Cu(L)CL, ++ +++ ++++ ++ ++++ + ++
Zn(L)Cl, ++ ++ ++++ ++ +++ + +

2 Inhibition zone diameter (% inhibition): 4+, 6-9 mm (33-50%); ++, 10-12 mm (55-67%); +++, 13—-15 mm (72-83%); ++++, 16-18 mm

(89-100%). Percentage inhibition values were relative to inhibition zone (18 mm) with 100% inhibition.

disc diffusion method.””** The diameter of the susceptibility
zones was measured and the results are given in Table 1. The
susceptibility zones measured were the clear zones around
the discs inhibiting the microbial growth. The ligand was
found to be microbially inactive except against F. solani, but
the complexes showed significantly antimicrobial activity.
It is clear that the complexes of nickel(Il), copper(Il) and
zinc(IT) are more active towards C. albicans than the cobalt(II)
complex (Table 1). It is known that, compared with the parent
Schiff bases, chelation tends to make the ligands act as
more powerful and potent bactericidal agents, thus killing
the microorganisms. A possible explanation is that, in the
chelated complex, the positive charge of the metal is partially
shared with the donor atoms present in the ligands and there
is m-electron delocalization over the whole chelate ring.342
This, in turn, increases the lipophilic character of the metal
chelate and favours its permeation through the lipoid layers
of the microorganism membranes. Apart from this, other
factors, such as solubility, conductivity and dipole moment
(influenced by the presence of metal ions), may also be the
possible reasons for increasing this activity.?**2
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