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ABSTRACT

Biological important complexes of aluminium (I11) derived from biologically active sulfur
donor ligand 1-acetylferrocene hydrazinecarboxamide (LH) have been prepared and
investigated using a combination of micro analytical analysis, melting point, electronic, IR,
'H NMR and *C NMR spectral studies,. Aluminium isopropoxide interacts with the ligand
in 1:1, 1:2 and 1:3 molar ratios (metal: ligand) resulting in the formation of coloured
products. On the basis of conductance and spectral evidences, a penta coordinated
structure for aluminium (111) complexes have been assigned. The ligand are coordinated to
the aluminium(l11) via the azomethine nitrogen atom and the enolic oxygen atom.
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1. Introduction:

Ferrocene has enjoyed steady interest among chemists since its discovery in the early 1950s
[1] [2]. The interest in ferrocene results from the uniqueness of its molecular geometry, its
ability to undergo reversible oxidation and its aromaticity [3]. The heat and photochemical

stability of ferrocene is accompanied by its stability towards air and water. The combination
of these properties makes ferrocene an exceptional molecule [4].
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Aluminum is the third abundant element in the earth inferior to oxygen and silicon, and it
is widely used as building materials, water purification, food additives and clinical drug °.
In Schiff base complexes of aluminium, the coordination environment at the metal center
can be modified by attaching different substituents to the ligand, providing useful steric and
electronic properties essential for the fine tuning of structures and reactivity?®.

2. Experimental:

All the chemicals used in the synthesis of the complexes were of A.R. grade. All the solvents
were dried and distilled before use.

2.1. Analytical Methods and Physical Measurements:

The molecular weights were determined by the Rast camphor method. IR spectra of the
ligand and their metal complexes were recorded with the help of Nicolet Megna FT IR 550
spectrophotometer using KBr pellets. The purity of these ligand and their metal complexes
was checked by the TLC on silica Gel-G using anhydrous dimethylsulphoxide and benzene
(1:1) as solvent. 'H NMR and *C NMR spectra were recorded in deuterated
dimethylsulphoxide (DMSO-dg) using tetramethylsilane (TMS) as standard on a JEOL AL
300 FT NMR spectrometer. Electronic spectra of the complexes were recorded in DMF on
a UV-160 a Shimadzu spectrophotometer in the range 200-600 nm. X-Ray powder
diffractograms of the compounds were obtained on a Philip Model PW 1840 automatic
diffractogram using Cu(Ka) target with Mg filter. The wavelength used was 1.540598 A.
Nitrogen and sulfur were estimated by the Kjeldahl’s and Messengers methods,
respectively’. Carbon and hydrogen analyses were performed at the CDRI, Lucknow.

2.2 Preparation of the Ligand:

The ligand (LH) by the condensation of 1-acetylferrocene with hydrazinecarboxamide
hydrochloride in presence of sodium acetate in equimolar ratio (1:1:1) in ethanol. as

reported earlier®,
H3C
576 z “C=N O
\

e HN—C
\NHZ

1-Acetylferrocene hydrazinecarboxamide
2.3 Preparation of aluminium (111) complexes

Aluminium (111) isopropoxide and ligand were dissolved in dry benzene in 1:1, 1:2 and 1:3
molar ratios. The resulting mixture was refluxed for 16-20 hours. The progress of the
reaction was checked by measuring the amount of isopropanol in the azeotrope.
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After completion of the reaction the excess of the solvent was removed under reduced
pressure and dried in vacuo. The physical properties and analytical data of these complexes
are enlisted in Table 1.

3. Results and Discussion:

3.1 Reactions of aluminium (I11) isopropoxide with various N"O donor ligand of
1-acetylferrocene

The reactions of aluminium (111) isopropoxide with monofunctional bidentate ligand of 1-
acetylferrocene (LH,) refluxing in benzene in 1:1, 1:2 and 1:3 molar ratios have resulted in
the successive replacement of isopropoxy according to the following equations:
1:1
2[AI(OPr')s] + 2N"OH ———» [(OPr'),AI(N"O)]+ 2Pr'OH
Dry benzene
1:2
2[AI(OPr);] +4N"OH 5 [(OPr') AI(N"0),], + 4Pr'OH
Dry Benzene
1:3

[AI(OPr);] +3 N"OH >  [AI(N"O)s]+ 3PFOH

Dry benzene

These reactions are quite facile and the resulting complexes are coloured solids and soluble
in methanol, CHCl;, DMF, THF and DMSO. These newly synthesized complexes of 1:1
and 1:2 types are dimeric and 1:3 are monomeric in nature as indicated by their molecular
weight determinations by the Rast Camphor method. The complexes are non electrolytes in
nature, because they have low molar conductance values (8-14 ohm™ cm? mol™).

3.1 Electronic Spectra:

The electronic spectra of the ligand (LH) show broad maxima in the range 370-360 nm due
to the n-n* electronic transitions of the azomethine group, which undergoes a blue shift in
the aluminium complexes, due to the polarisation within the >C=N chromophore caused by
the metal ligand interactions®.

The bands in the region 285-280 nm due to n-n* electronic transitions of the ligand,
undergoes a bathochromic shift in the complexes.
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3.2 Infrared Spectra:

The infrared spectra of the ligand (LH) show strong band in the region 1620-1590 cm™ due
to the >C=N group, which shifts to the higher wave number in the complexes thus showing
the coordination of the azomethine nitrogen to the metal atom. The absorption bands at
3410-3140 cm™, 1610-1580 cm™?, 1010-1015/ 1680-1660 cm™ and ~ 950-940 cm™ are
assigned to v(N-H), v(C=S)/v(C=0) and v(N-N), respectively’®. The v(N-H), &(N-H),
v(C=S) and v(C=0) bands are absent in the complexes, indicating the enolization of the
ligand™ followed by deprotonation during the complexation. The new bands at 1170-960
cm™ and 935-920 cm™ in 1:1 complexes are ascribable to vC-O vibrations of terminal and
bridging isopropoxy groups, respectively. Whereas, the bands at 960-925 cm™ in the spectra
of 1:2 complexes are assignable to v C-O vibrations of bridging isopropoxy groups. The
complexes exhibit new bands in the region 760-615 cm™, 590-460 cm™ and 430-300 cm™
which may be attributed to the different vibrational modes of (Al-O). Two sharp bands at
3485-3455 and 3365-3345 cm™ due to the asymmetric and symmetric vibrations of (NH>)
group remain unchanged in the spectra of the complexes showing the non-involvement of
this group in coordination.

The characteristic bands of the ferrocenyl group** appears at 3080-3070 cm™, 1450-1445
cm™, 1120-1110 cm™, 829-825 cm™* and 480-470 cm™ arising from v(C-H), v(C=C), 5(C-
H), n(C-H) and (Fe-ring), respectively.

3.3 'H NMR Spectra:

The proposed bonding pattern in the newly synthesized complexes is further supported by
the 'H NMR spectral studies. The *H NMR spectra of the ligand and their aluminium
complexes were recorded in DMSO-ds and the chemical shift values (8, ppm) are listed in
Table 2. The methyl proton signal (8 2.10-2.35 ppm) of the azomethine moiety in the
spectra of the ligand gets shifted towards downfield in the complexes. The disappearance
of the -NH proton signal (5 8.34- 8.96 ppm) of the ligand in their respective metal
complexes indicates the removal of a proton from the -NH group and the coordination of
nitrogen with simultaneous covalent bond formation by sulfur or oxygen with the metal.
The NH; proton signal (5 2.21- 2.42 ppm) remains almost at the same position in the
ligand (LH) and their complexes, indicating the non-involvement of NH, group in the
complexes.

3.4 3C NMR Spectra

The *C NMR spectra of the ligand and their corresponding metal complexes have also been
recorded in DMSO-ds (Table 3). The chemical shift values of the carbon atoms attached to
the azomethine nitrogen, thiolic sulfur and amido oxygen, show considerable shift which
further support the proposed coordination in the complexes.

On the basis of the UV, IR, *H and *C NMR spectral data, the following penta and hexa
coordinated structures for the derivatives of monobasic bidentate ligand have been
suggested.
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Fig. 1. Structure of the 1-Acetylferrocene hydrazinecarboxamide

aluminium(111) complexes.Where R=NH,
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Table 1; Synthetic and analytical data of of the ligand and their aluminium(lll)
complexes of 1-Acetylferrocene hydrazinecarboxamide

Sr. Reactants (g) Molar| Productand |M.P.| Analyses (%) Found/ | Mol. Wt.
No ratio Colour (°C) (Calcd) Found/
(Calcd.)

Metal Ligand C H N M
1. Ci3HisN3OFe 54.68 | 5.26 | 14.63 271.39

- Brown 185

(LH) (54.76)((5.30)((14.74) (285.13)
2. |AI(OPr'); LH 1:1 |{AI(OPr'),(L)}.| 220- 9.79 | 6.24 | 864.34
Sandy brown | 222 (9.89) |(6.30)| (858.52)
3 |Al(OPr'); LH 1:2 |{AI(OPr')(L).}.| 210- 12.72 | 4.06 | 1312.35
Brown 212 (12.85)((4.12)|(1308.56)
4 |AI(OPr'); LH 1:3 {AI(L):} 206- 14.20 | 3.00 | 884.25
Brown 208 (14.34)((3.08)| (879.32)
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Table 2: '"H NMR Spectral data (5, ppm) of the ligand and their aluminium (I11)

complexes.
Compound -NH | -NH; -S- -CH3 Isopropoxy groups
(s) (s) CH; (s) Gem-dimethyl Methine
(s) (d) (septet)
LH 8.34 | 221 - 2.12 - -
{AI(OPr')2(L)}. - 2.22 - 2.43 | 1.04 (terminal) | 4.16 (terminal)
1.23 (bridging) | 4.52 (bridging)
{AI(OPr')(L):}- - 2.24 - 2.46 | 1.25 (bridging) | 4.56 (bridging)
{AI(L)s} - 2.28 - 2.42 - -
Table 3: ®*C NMR Spectral data (8, ppm) of ligand and their aluminium (l11)
complexes.

Compound Chemical shift values Isopropoxy group
>C=0/ SC=N | -CH, Ferrocenyl | a-carbon B-carbon
>C=S carbons

LH 189.42 | 185.59 | 11.13 {69.91, 71.18, - -
72.99, 77.45
_ 190.18 | 186.81 | 11.20 ({69.93, 71.17,|71.94 terminal)|22.82(terminal)
{AI(OPr')2(L)}2 73.94,77.41
73.79(bridging)|23.38(bridging)
, 191.92 | 188.53 | 11.18 {69.92, 71.24,|73.19(bridging)|23.06(bridging)
1
{AIGPO)(L)e 73.04, 77.82
193.20 | 189.75 | 11.16 |70.01, 71.22, - -
AlL)} 73.12, 77.74
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