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TRANSITION AND NON-TRANSITION METAL COMPLEXES WITH
1-FORMYLFERROCENE 4-METHOXYBENZOYLHYDRAZONE AND

1-ACETYLFERROCENE 4-METHOXYBENZOYLHYDRAZONE

Kamalendu Dey* and Kartik Kumar Nandi

Department of Chemistry, University of Kalyani
Kalyani - 741235, West Bengal, India

ABSTRACT

Reactions of 1-formylferrocene 4-methoxybenzoylhydrazone
(HFfmbh) and 1-acetylferrocene 4-methoxybenzoylhydrazone
(HAfmbh) with hydrated metal salts yield complexes of the
type [Co(L)ZZHZOJ and [M(L)Z] (where, M = Ni(il), Cu(lII}),
Zn(ll) or Cd(II) and HL = HFfmbh or HAfmbh). HFfmbh and

HAfmbh reacted with (7-C_H ),TiClZ, MeZSnCI and MeSnCl, lead-~

5572 2 3

ing to the formation of the complexes (n-CSHS)ZTi(Ffmbh)ZCl,

(ﬂ—CSH Ti(Afmbh)zCl ' MeZSn(t“fmbh)2 ' MeZSn(Afmbh )2 ’

5)2
MeSn(Ffmbh)ZCI and MeSn(Afmbh)ZCI. Reactions of MeSn(Ffmbn)ZCI,

synthesized in this study, with MeSH, Measi(NMez), Megsi(N3)

and Me,Si-C =C-Ph afforded Mesu(Ffmbh)le (where L} = sMe,

3
27 N3 and C=C-Ph). The complexes have been characterized
on the basis of elemental analyses, magnetic moment, molar

NMe

conductance, molecular weight and spectroscopic (electronic, IR

419
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and 1H NMR) data, Both ligands function in a monobasic

bidentate fashion in the complexes and the deprotonated enolic

form of the ligand is involved in the coordination to the metal.

INTRODUCTION

Studies on metal complexes with organometallic ligands
including ferrocenyl ligands are of current inter‘astl-a. A search
for readily oxidisable ferrocenyl ligands has added a further
incentive to studies in the field, as the ferricinium ions
possess antitumour activity, whereas the parent ferrocene does

2 . . '
not . The activity of platinum and gold c:omplexes9 10

of 1,1'-
bis-(diphenylphosphino)ferrocene (Fdpp) against experimental
tumours has been reported. However, rdpp complexes are not

readily oxidised!!*1?,

The syntheses of oxidisable ferrocenyl
ligands would allow the design of multifunctional drugs.
Enhanced antibiotic activity of penicillin and cephalosporine has
been noted by replacing aromatic groups with the ferrocenyl

. 13
moiety .

The enzyme inhibiting properties of hydrazone ligands
have been nepor'ted14. The tuberculostatic properties of
hydrazides and their derivatives have been extensively
studied15 and the condensation products of hydrazides with
different carbonyl compounds {(aldehydes/ketones) are known to

be less toxic than the parent hydrazides; and this is probably

due to the blocking of the free amino group.
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In earlier publications Dey et 31.16—20 and Iskander

et al .21'22

have reported the synthesis, characterization and
reactivity of several new hydrazone ligands and their transition
and non-transition metal complexes., By comparison, few reports
are available on metal complexes of ferrocene-containing

1,6,7,23,24

hydrazone ligands and details of their preparation,

properties and structure are lacking.

Because of this and as part of our systematic studies on
hydrazide and hydrazone ligands, we describe here the
synthesis and characterisation of two new ferrocene substituted
aroylhydrazones, 1-formylferrocene 4-methoxybenzoylhydrazone
(HFfmbh) and 1-acetylferrocene 4-methoxybenzoylhydrazone
(HAfmbh) [(eq. (1)], and their complexes with nickel(II),
cobalt(Il), copper(II), zinc(II), cadmium(II), organotin(IV) and

organotitanium (IV) ions.

This paper also describes the reactions of MeSn~

(Ffmbh)ZCI, (15), synthesized in the present investigation, with

MeSH, MezNSiMea, Me3SiN3 and Me381C =CPh.
> EtOH
n-a -
CSHS.F8C5H4COR + HZNNHC(O)C6H4.OM8 p —?sto(l
(R = H or Me) (Hmbh) Retlux
5 o
n°-CH Fe.CoH, C(R)=NNHC H, .OMe-p (1)
R = H, HFfmbh
R = Me, HAfmbh
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RESULTS AND DISCUSSION

Syntheses

The condensation of 4-methoxybenzoylhydrazide (Hmbh)
with 1-formylferrocene or l-acetylferrocene (1:1 molar ratio) in
methanol in the presence of methanolic HZSO4 yielded the new
aroyl hydrazones, 1l-formylferrocene 4-methoxybenzoylhydrazone

(HFfmbh) and 1l-acetylferrocene 4-methoxybenzoylhhydrazone

(HAfmbh), respectively {eqn. (1}].

Reactions of Hr¥fmbh or HAfmbh with hydrated metal
salts, cyclopentadienyltitanium(iV) dichloride and organotin(IV)
chlorides yielded a large number of metal complexes which are

shown in Fig. 1 and Table I.

The reactivity of the 'Sp-Cl' bond in the comoplex MeSn-
(b‘imbn)ZCI (15) with different substrates was studied leading
to the syntheses of many new organotin(IlV) derivatives. Thus,
(15) on reaction with MeSH in THF-toluene (EtaN) gave
[MeSn(Ffmbn)z(SMe)] (17). Similarly, the complex
[MeSn(r‘fmbh)ZCI] (15) reacted smoothly with Me3Si(NMe2),
MeZSi(N3) and MeasiC =C-Ph in a mixed solvent system and
afforded amino-, azido- and phenyl ethynyl complexes of
organotin(IV) via desilylation of the reagents. Since the bypro-

duct, Me,SiCl, is a low-boiling liquid and miscible with

3
common organic solvents, it is easily removed by low-pressure

distillation, Hence, the new organometallic compounds of the
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R=H,HF fmbh
R=Me, HA fmbh

Complex No.
{See Table I)

Fig. 1.
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Structural formulations of the
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type [MeSn(Ffmbh)z(Ll)] were obtained in very pure form and

18); L' = N, (9); b -

good yield [where L1 = NMe 3

2!
-C=C-Ph, (20)] as shown in Fig. 2.

Characterisation and Spectroscopic Data

Both ligands are orange coloured and stable at ordinary
conditions and have a sharp melting point at 210°C for HFfmbh
and 195°C for HAfmbh. The metal complexes are also coloured

and stable under laboratory conditions.

The elemental analyses of the ligands as well as the
complexes agree well with their formulations (Table I). The
molecular weights (measured by cryoscopic or Rast's methods)
are also in good agreement with the theoretical values. Both
ligands are soluble in methanol, chloroform and dimethyl sul-
foxide, while the complexes are soluble in coordinating solvents
like dimethyl sulfoxide, dimethylformamide, pyridine and also
in other solvents like chloroform and methanol. All the
complexes are insoluble in n-hexane and ether. The molar
conductance values of the complexes in DMSO solutions show
very low values, in the range of 4.5-12.6 Q_lcmzmol-1 (Table

I), indicating their non-electr’olyticz6 nature.

Magnetic Moments and Electronic Spectra

The UV-Vis. spectral bands of the ligands HFfmbh and
HAfmbh in DMSO and some of the complexes in the same solvent

are recorded in Table II.
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MeSH
/ THF-PhMe, Et3 N\
i S
N o MegNSiMes; - N 0
N/ THF - PhMe N/
Me—SQ—Cl Me—Sr;—L’
/ Me3SiN3 o /
oN THF -PhMe . O
(15) o (= MeS(17)
\Me3S|C = CPh (= NMep (18)
THF - PhMe U= N3 (19)
'=C=CPh(20)
N\
where, ( _~ = monobasic bidentate anion
0 [Ffmbh 1~
Fig. 2. Reactions of [MeSn (Ffmbh),Cl].

The band observed in the 260-270 nm region in both

ligands and complexes is due to the B band of the cyclo-
pentadienyl ring (the compiexes show a small bathochromic
snift)23'24. The broad band at 450 nm, due to a charge
transter transition between the cyclopentadienyl ring and the
iron of the ferrocenyl moiety has been observed in very close
position both for the ligand and the complexesza'zs. The m - ¥
transition bands for the ligands were observed at 295-298 nm,
but in the case of the complexes this band was shifted to
higher trequency by about 10-15 nm. This indicates an increase
in conjugation in the complexesza. All complexes, other than

Cu(Afmbh)Z (3), Cu(Afmbh]2 (4), Co(II)(Ffmbh)z(HzO]2 (5), and

Co(II)(Afmbh)z(HzO)2 (6), are diamagnetic. The copper(lI)
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complexes (3) and (4) exhibit magnetic moments of 1.74 BM and
1.71 BM, respectively, at room temperature. The values are
quite close to the spin-only value, viz, 1.73 BM, expected for
a S=4% system. So the complexes Cu(Ffmbh)2 (3) and Cu(Afmbh)2
(4) may attain a distorted-octahedral or square-planar geometry
around copper(Il) ion27’28. These copper(lI) complexes display
two or three bands in the visible region. The tentative
assignments of the bands (Table II) are commensurate with a

distorted octahedral st mcturezg '30.

The cobalt(ll) complexes [Co(II](Ffmbh)z(HZO)z] (5) and
[Co(II)(Afmbh)z(HZO)z] (6) show magnetic moment values of 4.85
BM and 4.90 BM, respectively, at room temperature. These high
values of the magnetic moments and the stoichiometries suggest
a coordination number of six for the central cobalt(II) ion
attaining a pseudo-octahedral geometry. Molecular weights
(Rast's method) also support this inference. The Nujol mull
electronic spectra of the chelates (Table II) are consistant with
a pseudo-octahedral environment around the cobalt(1I) ional.
The spectra show a split band at ca. 476 nm and a broad band
at around 1000 nm, besides very weak bands in the form of
shoulders at 714-666 nm. The first and second band can,

4 4 4

. . 4, ; .
respectively, be attributed to I‘lg———» Tlg(P) and rlg——v 1“28

transitions in an 'Oh' symmetry. The weak bands are most

likely due to different forbidden transitions which are usually

31,32
obscured in the spectra of octahedral cobalt(II) complexes .
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The nickel(Il) complexes (1} and (2) are diamagnetic and
are probably square-planar. This contention is supported by
the electronic spectral bands in the 700-650 nm and 465 nm

1 1 1

. 1 et
regions assignable to Alg—-’ A28 and A1§“—’ Blg transitions
33,34

in a square-planar field around nickel(II) ion
The diamagnetic zinc(II) and cadmium(Il) complexes (7) =

(10) are possibly tetrahedral.

The organotitanium(lV) compounds (n-Cp)Ti(Ffmbh)ZCI (11)

and (n-Cp)Ti(Afmbh)ZCl, (12) show a new band around 460-400

nm in addition to the bands for the free ligands. This may be
35

ascribed to charge transfer bands in accordance with the

titanium({V) configuration,

Infrared Spectra

The infrared spectra of the 1ligands and the metal
complexes were recorded in KBr and are depicted in Table III
with some tentative assignments of important characteristic

bands.

Both ligands, HFfmbh and HAfmbh, show bands due to
V(N-H) at 3310 cm™ and 3220 cm-l, respectively, The band due
to v(C=0) for the ligands appeared in the 1642-1636 cm-1
region. These bands are completely missing in the complexes,
suggesting the enolisation of the ligands during complexation7.

This is also supported by the fact that no band for OH in the

spectra of the ligands and also in the complexes are observed.
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Instead, a band due to v(C-0) at about 1280-1220 cm™! was ob-

served for the complexes, which also supports the above

observation. The above facts suggest that the ligands remain in

the keto form in the solid state but in solution, both the keto
34

and enol form may remain in equilibrium® , and during

complexation deprotonation occurs from the enol form.

The free ligands also show a strong band at 1600 cm_1

assignable to the v(C=N) vibration, which was shifted to a

lower value by ~10 cm_1 in the complexes3'Z3'24. The lowering

is due to coordination to the metal ion, although few examples

for the increase of the +v(C=N) vibration due to coordination
have been repor‘ted21. Also a sharp band in the range 1628-1600

cm_1 was observed in the complexes and this can be attributed

to the stretching mode of the azine chromophore (>C=N-N=C <)]’36.

The presence of coordinated water molecules in the

cobalt(II) complexes (5) and (6) 1is evidenced by the

appearance of broad bands37 in the region 3540-3350 cm_1 along

1 1

with bands at 880-845 cm ~ and at 415-410 cm ~. TG data also

support this tentative assignment.

The characteristic bands for the ferrocenyl group

appearing in the ligands remained almost unchanged in the

23,38

complexes (Table 1III)., In the far-infrared region the com-

plexes (1) to (10) show medium or strong bands at 440 cm—1
and 300 cm-l; these can be assigned as v(M-=N) and v(M-0)

vibrations.
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In the organotin(IV) complexes new bands at 540 cm_l,

420 om™ and 340 cm™' may be attributed tov(Sa-0), v(Sn-N)
and v(5n-Cl) respectively39. In addition to the bands for the
ferrocenyl group, the organotitanium(IV) complexes show bands
at 3105 cm™ and 1032 cm™, which is attributed to the T-bonded
cyclopentadienyl gmup40. Also, the bands for v(Ti-N) and

V(Ti~0) appeared at 520 cm_1 and 605 cm-l, respectively.

4 NMR Spectra

lH NMR spectra of the free ligands Hffmbh and HAfmbh

and some of their metal complexes have been recorded in DMSO-
d6 with TMS as internal reference and are summarized in Table

IV with some tentative assignments.

1H NMR spectra support the conclusion derived from IR

and electronic spectra. The ligands HFfmbh and HAfmbh exhibit
two peaks in the 1H NMR spectra at § 4.2 ppm (s) and at § 4.8
ppm (br). These are assigned to proton signals of unsubstituted
and substituted cyclopentadienyl rings of the ferrocene moiety41,
respectively. Aromatic proton signals appeared at § 7 to 7.8
ppm (multiplet). Signals for the NH protons appeared at § 10.8-
11.15 ppm (s, br), which disappeared in the complexes. This
indicates that the ligands coordinate to the metal ions in the
enolic form and by depmtonationa. In addition to the signal at
§ 3.65 (s) for O-CH3 protons, the ligand HAfmbh displays a

3,42

signal at & 2.21 (s) for =C-CH, protons .

3
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In the complexes (measured in DMSO-dﬁ) the aromatic
proton signals appeared downfield, as expected, due to increased
conjugation during c:oordination42. But there is no appreciable
change in the chemical shifts of ferrocenyl protons on

chelation41 .

As expected, the organotitanium(IV) complexes (7-Cp)Tri-
(Ffmbh)2C1 (11) and (TT—Cp)Ti(Afmbh)ZCl (12) show correct in-
tegrations which are consistent with the formulae. The sharp

signals for S5-CH,, N(CH and &1—CH3 protons in the organotin

3)2
complexes MeZSn(r‘fmbh)2 (13) to MeSn(Ffmbh]z(Ns) (19) suggest

the trans arrangements,

The aromatic proton signals in the complex
MeSn(Ffmbh)z(C =C-Ph}) (20) appeared around 6§ 6.8-8.0 ppm (m)
and its correct integration supports the formulation of the said

complex,

Due to a solubility problem it was not possible to get 1H

NMR spectra for all complexes (Table 1V).

The structures (Figs. 1 and 2) of the compounds have
been suggested tentatively on the basis of the above

discussions.

EXPERIMENTAL
Materials

1-Formylferrocene and 1l-acetylferrocene were purchased

from Fluka and Sigma Chemicals, respectively, and were used
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without further purification. (TT-CSH TiCl2 was purchased from

5)2
Alfa Inorganics. Other chemicals and solvents were purified and

dried by standard procedures before use. MeZSnCl2 and MeSnCl3

were prepared by the method of Luijten and Vander Kirkszs.

The reactions with organotitanium and organotin compounds were
carried out in an atmosphere of dry nitrogen. Physical measure-

ments were carried out as described pmviouslylﬁ-zo.

Preparation of the Ligands

To a methanol solution (50 mL) of Hmbh (0.166 g, 1
mmol), a methanol solution (50 mL) of formylferrocene (0.227 g,
1 mmol} was added with stirring and the mixture was heated
under reflux at pH ~5 (the pH was adjusted by dropwise
addition of methanolic HZSO4) for 3 h. The orange-red solution
thus obtained gave orange crystals of HFfmbh or HAfmbh on
volume reduction and cooling. The product was filtered, washed
with cold ethanol and dried in vacuo. Yield : 0.18 g (~85%) for

HFfmbh and 0.19 g (~85%) for HAfmbh, respectively.

Preparation of Complexes

Nickel(II) Complexes. To a hot solution of HFfmbh (0.723 g, 2

mmol) or HAfmbh (0.751 g, 2 mmol) in dry ethanol (100 mL)
was added a solution of NiClZ.GHZO (0.237 g, 1 mmol) in dry
EtOH (40 mL) with stirring. The reaction mixture was heated
under reflux at pH ~7 for 2 h, and orange-red [Ni(Ffmbh]z]
(1) or red brown [Ni(Afmbh)Z] (2) was separated. The pro-

duct was removed by filtration, washed with EtOH and dried
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in a vacuum desiccator over anhydrous CaClZ. Yield: 0.60 g

for (1)and 0.63 g for (2), respectively.

A similar reaction of HFfmbh or HAfmbh with Ni(NO3)2.

BHZO or Ni(OAc)2.4H20 gave (1) or (2) also.

Copper(II) Complexes. To a hot solution of Hrffmbh (0.723 g, 2

mmoi) or HAtmbh (0.751 g, 2 mmol) in methanol (100 mL) was
added a solution of CuClz.ZHZO (0.17 g, 1 mmol) in methanol
(40 mL) with stirring. The resulting red-brown solution was
heated under reflux at neutral pH for 2 h., The volume of the
clear red solution was reduced to half of its original volume
and cooled to * 5°C to yield red [Cu(b‘fmbh)zl (3) or
[Cu(Afmbh)ZJ (4)., The products were collected by filtration,
washed with cold EtOH and dried in vacuo. In the above reac-

tion Cu(UAc)ZHZO may also be used in place of CuCl .2H20.

2
Yield: 0.55 g for (3) and 0.53 g for (4), respectively.

Cobalt(ilI} Complexes. A similar reaction of HFfmbh or

HAfmbh (2 mmol) with Co(OAc)2.4H 0O (0.249 g, 1 mmol) in dry

2
ethanol (60 mL) under N2 gave a brown solution, which on
concentration and cooling to ~10°C and subsequent treatment with
petroleum ether, gave the brown complex [Co(b‘fmbh)ZZHZO], (5)
or [Co(Afmbh)z.ZHZO] (6). It was filtered off, washed with

petroleum ether and n-nhexane and dried in vacuo. Yield:; 0.55

g for (5) and 0.50 g for (b6), respectively.

The complexes [Co(Ffmbh)Z.ZHZO] (8) or [Co(Afmbn)z—

ZHZO] (6) were alsg obtained using CoCl .SHZO at pH~8 (di-

2

lute NH40H solution).
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Zinc(i1) and Cadmium(II) Complexes. Similarly, the yellow to

light-yellow compounds [Zn(Ffmbh)zl (7); [Zn(Afmbh)z] (8);
[Cd(Ffmbn)ZJ (9) and [Cd(Afmbh)Z] {(10) were isolated in
about 60% yield by the reactions of Hffmbh and Hafmbh with
Zn(ChSCUO)z.ZHZO (0.22 g) and Cd(CH3C00)2.2H20 (0.27 g)
adopting the same reaction conditions. Yield: 0.47 g for (7),

0.49 g for (8), 0.50 g for (9) and 0.52 g for (10), respec-

tively.

Organotitanium(IV) Complexes. The following two methods were

used to study the reactions of (ﬂ-Cp)zTiCl2 with Hifmbh or

HAfmbh,

(i) To a solution of HFffmbh (0.361 g, 0.001 mol) or HAfmbh
(0.375 g, 0.001 mol) in dry chloroform (80 mL) was added a
fresh, hot solution of (ﬁ-Cp)zTiC12 (0.124 g, 0.0005 mol) in dry
chloroform (80 mL) with constant stirring. The mixture was
then heated under reflux at neutral pH for 8 h and filtered
while hot. The reddish-brown filtrate was concentrated in a
rotary evaporator and n-hexane was added with stirring and a
reddish brown precipitate of [(n-Cp)Ti(Ffmbh)ZCl] (11) or
[(TT-Cp)Ti(Afmbh)ZCIJ (12) appeared. The compounds were collec-
ted by filtration, washed with EtOH and n-hexane and dried
in vacuo. Yield: 0.32 g for (11) and 0.30 g for (12), respec-

tively.

(ii) The mixture of solutions of HFfmbh (0.361 g, 0,001 mol) or

HAfmbh (0.375 g, 0.001 mol) with (TT-Cp)zTiCI2 (0.124 g, 0.0005
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mol) in dry chloroform (150 mL) was stirred at room tempera-
ture in the presence of a stoichiometric amount of Et3N (0.05 g,
0.0005 mol) for 3 days and then filtered. From the resulting
brown solution the solvent chloroform was removed under
reduced pressure to obtain a solid mass. To the solid was then
added EtOH (70 mL) and the mixture was stirred vigorously and
filtered. The residue was washed tnoroughly with ethanol and
finally recrystallized from chloroform-n-hexane (40:60, v/v) and
dried in vacuo. Yield: 0.34 g for (11) and 0.31 g for (12),

respectively.

Organotin(1V) Complexes. The following two methods were

employed for the syntheses of organotin(IV) compounds.

(i) To a solution of HFfmbh (0.361 g, 0.001 mol) or HAfmbh
(0.375 g, 0.001 mol) in 50 mL of nitromethane/methanol (1:1)
was added a solution of Mez&xmz (0.105 g, 0.0005 mol) in
toluene (50 mL) with stirring and stirring was continued for 10
h at 60°C. The solvent was removed at reduced pressure. The
crude product was then extracted with n-hexane and cooled to
-20°C, whersby [MZSn(b‘fmbh)z] (13) or [Mezﬁl(Afmbh)z] (14)
separated as red solids. They were filtered, washed with n-
hexane-toluene mixture (40:60, v/v) and dried in vacuo. Yield:

0.33 g for (13) and 0.32 g for (14), respectively.

(ii) Similarly, the reaction of HFfmbh (0.361 g, 0.001 mol) or

HAfmbh (0.375 g, 0,001 mol) with MeSnCl, (0.099 g, 0,0005

3

mol) in the same solvent as above afforded orange red

[MeSn(b'fmbh]ZCI] (15) or red [MeSn(Afmbh)ZCI] (16). Yield:
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0.26 g for (15) and 0.27 g for (16), respectively. The

compounds are soluble in DMSO and are diamagnetic.

Reactions of [Me&l(Ffmbh)ZCI] (15)

Reaction with MeSH. One equivalent of [MeSn(Ffmbh)ZCI] (15)

(0.891 g, 1 mmol) was added to one equivalent of MeSH (0.04
g, 1 mmol) in THF-toluene (50:50, v/v) (50 mL) and stirred at
room temperature in the presence of a stoichiometric amount of
Et

N (0.1 g, 1 mmol) for 4 days. Solid Et N.HCl separated and

3 3
was removed by filtration and then the volume of the solution
was reduced under vacuum. Standing at -~20°C gave deep brown
crystals of [MeSn(Ffmbh)z(SMe)] (17) were obtained. They were

filtered, washed with n-hexane and dried in vacuo. Yield: 0.70

Reaction with Meesi(NMez). The complex [MeSn(Ffmbh)ZCI] (15)
(0.891 g, 1 mmol) was treated with an equimolar quantity of
Me3Si(NMe2) (0.117 g, 1 mmol) as before in the same solvent
system (60 mL) and [MeSn(Ffmbn)z(NMeZ)] (18) was isolated.

Yield: 0.72 g.

Reaction with Measi(Na). The compound [Me&l(Ffmbh)ZCI] (15)

when treated with MeSSi(Ns) (1:1 equivalent) in THF for 3
days, yielded the brown compound [MeSn(Ffmbh)z(N3)1 (19).
The byproduct (Me3SiCI) and the solvent were removed by dis-
tillation at low pressure. The crude product (19) was extracted
with n-hexane-THF mixture (50:50, v/v). The solution was

cooled to -20°C and the brown crystals which appeared were
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filtered, washed with n-hexane and dried in vacuo. Yield:

0.63 g.

Reaction with Me,SiC =C~Ph. Similarly, compound (15) (1 mmol),

3
when treated with MeasiCEC-Ph (1 mmol) (1:1 equivalent) in

THF, yielded light-brown compound [MeSn(Ffmbh)z(CEC—Ph)] (20)

in about 50% yield (0.48 g).
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