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Abstract : Some new coordination compounds of titanium(IV) are synthesized by the reaction of titanium isopropoxide
with ligand in 1 : 1 and 1 : 2 molar ratios using dry benzene as reaction medium. Ligands used in these studies are
the Schiff bases prepared by the condensation of ketones (1-acetyl-2-naphthol and 2-acetyl-1-naphthol) with amino acids
(glycine, leucine, -alanine and valine) in ethanol. An attempt has been made to probe the structures, bonding pattern
and geometries of their coordination compounds by the elemental analysis, molecular weight determination, conduc-
tance measurement and IR, NMR (1H, 13C) spectral evidences. Ligands and their coordination compounds have been
screened for their antibacterial and antifungal activities. Their comparative results are quite encouraging.
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Introduction

The coordination chemistry of Schiff bases has under-

gone dramatic growth over last forty years1–5. It has been
reported that metal complexes of amino acid Schiff bases
with transition metals possess great interest due to their

pharmacological activities which is frequently higher than
the free ligands6. The chemistry of amino acid Schiff

base ligands and their compounds with metal has also
shown high reactivity, specificity and biological signifi-

cance in many fields such as antifertility, antibacterial
and antifungal7–9 studies. The interest in titanium(IV) com-
plexes is due to their different mode of coordination and

applicability in different area of science10–12. Due to the
introducing of (>C=N) azomethine linkage with the ti-

tanium ion, the biological activity and efficiency of com-
plexes have affected. In the present paper we report the
synthesis of ligands (L1H2-L

8H2) by the condensation re-

action with amino acids (glycine, leucine, -alanine and
valine) and 1-acetyl-2-naphthol and 2-acetyl-1-naphthol

with keeping good above expectable facts (antibacterial,
insecticide, fungicides) in mind with creative efficiency

and their corresponding titanium complexes were also
synthesized. The structure of the amino acid Schiff base
ligands are shown in Fig. 1.

Experimental

Materials and analytical methods : The entire chemi-

cals used were of the AR grade and the solvents were

dried by standard method13 and ethanol was dried over

magnesium turnings with the iodine crystals. All the re-

actions were carried out under strictly anhydrous condi-

tion. Infrared spectra were recorded on a FTIR spectro-

photometer, using a model A-8400 S, Shimadzu using

KBr pellets. 1H and 13C NMR spectra were recorded in

CDCl3 and DMSO-d6 solution on a JEOL AL-300 spec-

trometer. C, H and N were analysed by Vario EL III

R = -(CH2)- {L
1H2} and {L

2H2}, -CHCH2CHMe2- {L
3H2} and

{L4H2}, -(CH2)2- {L
5H2} and {L

6H2}, -CHCHMe2- {L
7H2} and

{L8H2}

Fig. 1. Structures of the ligands.
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Element Analyzer instrument. Titanium was estimated as

TiO2 by direct ignition after treating with ammonium hy-

droxide. Molecular weights were determined by the Rast’s

method. Molar conductance measurements were made in

anhydrous DMF at 34 ± 1 ºC using a Systronics Model

305 conductivity bridge. Melting points were measured

by the melting point apparatus.

Synthesis of ligands :

The Schiff base ligands [L1H2-L
8H2] were prepared

by the condensation l-acetyl-2-naphthol and 2-acetyl-l-

naphthol with corresponding amino acids (glycine, leu-

cine, -alanine and valine) in 1 : 1 molar ratio using

absolute alcohol as a reaction medium in a round bottom

flask. The reaction mixture was refluxed for ~6–7 h and

then it was allowed to cool at room temperature. The

obtained precipitates were filtered, washed with EtOH

and recrystallized from hot EtOH. The crystals finally

dried under reduced pressure and yield, m.p.s were re-

corded.

1-Acetyl-2-naphthol glycine [L1H2] (1(i)a), creamy

solid, m.p. 89 ºC; 2-acetyl-1-naphthol glycine [L2H2]

(1(ii)b), shiny yellow solid, m.p. 170 ºC; 1-acetyl-2-naph-

thol leucine [L3H2] (1(i)c), light brown solid, m.p. 228ºC;

2-acetyl-1-naphthol leucine [L4H2] (1(ii)d), light yellow

solid, m.p. 84 ºC; 1-acetyl-2-naphthol -alanine [L5H2]

(1(i)e), cream solid, m.p. 247 ºC; 2-acetyl-1-naphthol -
alanine [L6H2] (1(ii)f), yellowish powder, m.p. 213 ºC;

1-acetyl-2-naphthol valine [L7H2] (1(i)g), white solid, m.p.

218 ºC; 2-acetyl-1-naphthol valine [L8H2] (1(ii)h), light

yellow solid, m.p. 197 ºC.

Synthesis of complexes :

The complexes [Ti(L)(OPri)2] and [Ti(L)2] have been

prepared as solid from the reaction of [Ti(OPri)4] with

azomethine of amino acid LH2 in 1 : 1 and 1 : 2 molar

ratio in dry benzene. The contents were refluxed for ~8–

10 h and isopropanol liberated in the reaction was re-

moved azeotropically with benzene. After the completion

of the reaction, the excess solvent was removed under

reduced pressure. The obtained solid compounds were

purified by recrystallization from EtOH 2–3 times and

dried by using a vacuum pump at room temperature. The

purity of the compounds was checked by TLC using silica

gel-G as an adsorbent.

[Ti(C18H23NO5)] (2(i)a) : Light brown solid; yield

77%; m.p. 219 ºC; Calcd. : C, 59.07; N, 3.63; Ti, 11.93

(%), Found : C, 58.98; N, 3.44; Ti, 11.75 (%); Mol. wt.

Calcd. : 407.28, Found : 407.12.

[Ti(C18H23NO5)] (2(ii)b) : Yellow brown solid; yield

73%; m.p. 197 ºC; Calcd. : C, 59.13; N, 3.55; Ti, 11.87

(%), Found : C, 58.98; N, 3.44; Ti, 11.75 (%); Mol. wt.

Calcd. : 407.28, Found : 407.12.

[Ti(C24H33NO5)] (2(i)c) : Cream solid; yield 71%;

m.p. 209 ºC; Calcd. : C, 62.37; N, 3.13; Ti, 10.49 (%),

Found : C, 62.21; N, 3.02; Ti, 10.33 (%); Mol. wt.

Calcd. : 463.39, Found : 463.18.

[Ti(C24H33NO5)] (2(ii)d) : Shiny green solid; yield

76%; m.p. 218 ºC; Calcd. : C, 62.53; N, 3.07; Ti, 10.67

(%), Found : C, 62.21; N, 3.02; Ti, 10.33 (%); Mol. wt.

Calcd. : 463.54, Found : 463.18.

[Ti(C21H27NO5)] (2(i)e) : Brown solid; yield 79%;

m.p. 212 ºC; Calcd. : C, 60.01; N, 3.47; Ti, 11.55 (%),

Found : C, 59.87; N, 3.32; Ti, 11.36 (%); Mol. wt.

Calcd. : 421.32, Found : 421.33.

[Ti(C21H27NO5)] (2(ii)f) : Reddish brown solid; yield

81%; m.p. 185 ºC; Calcd. : C, 59.99; N, 3.73; Ti, 11.47

(%), Found : C, 59.87; N, 3.32; Ti, 11.36 (%); Mol. wt.

Calcd. : 421.77, Found : 421.33.

[Ti(C23H31NO5)] (2(i)g) : Dark brown solid; yield

76%; m.p. 221 ºC; Calcd. : C, 61.83; N, 3.27; Ti, 10.92

(%), Found : C, 61.48; N, 3.12; Ti, 10.65 (%); Mol. wt.

Calcd. : 449.36, Found : 449.17.

[Ti(C23H31NO5)] (2(ii)h) : Yellow green solid; yield

78%; m.p. 214 ºC; Calcd. : C, 61.89; N, 3.29; Ti, 10.87

(%), Found : C, 61.48; N, 3.12; Ti, 10.65 (%); Mol. wt.

Calcd. : 449.63, Found : 449.17.

[Ti(C28H22N2O6)] (2(iii)a) : White solid; yield 81%;

m.p. 222 ºC; Calcd. : C, 63.87; N, 5.43; Ti, 9.09 (%),

Found : C, 63.41; N, 5.28; Ti, 9.03 (%); Mol. wt. Calcd. :

530.87, Found : 530.35.
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[Ti(C28H22N2O6)] (2(iv)b) : Creamy solid; yield 79%;

m.p. 210 ºC; Calcd. : C, 63.46; N, 5.37; Ti, 9.12 (%),

Found : C, 63.41; N, 5.28; Ti, 9.03 (%); Mol. wt. Calcd. :

530.77, Found : 530.35.

[Ti(C36H38N2O6)] (2(iii)c) : Yellowish orange; yield

71%; m.p. 219 ºC; Calcd. : C, 67.37; N, 4.43; Ti, 7.49

(%), Found : C, 67.29; N, 4.36; Ti, 7.45 (%); Mol. wt.

Calcd. : 642.66, Found : 642.56.

[Ti(C36H38N2O6)] (2(iv)d) : White solid; yield 74%;

m.p. 228 ºC; Calcd. : C, 67.33; N, 4.47; Ti, 7.67 (%),

Found : C, 67.29; N, 4.36; Ti, 7.45 (%); Mol. wt. Calcd. :

642.64, Found : 642.56.

[Ti(C30H26N2O6)] (2(iii)e) : Brown solid; yield 80%;

m.p. 212 ºC; Calcd. : C, 64.61; N, 5.09; Ti, 8.58 (%),

Found : C, 64.53; N, 5.02; Ti, 8.57 (%); Mol. wt. Calcd. :

558.47, Found : 558.40.

[Ti(C30H26N2O6)] (2(iv)f) : Reddish brown solid; yield

79%; m.p. 195 ºC; Calcd. : C, 64.56; N, 5.13; Ti, 8.59

(%), Found : C, 64.53; N, 5.02; Ti, 8.57 (%); Mol. wt.

Calcd. : 558.43, Found : 558.40.

[Ti(C34H34N2O6)] (2(iii)g) : Yellow powder; yield

76%; m.p. 201 ºC; Calcd. : C, 66.53; N, 4.61; Ti, 7.82

(%), Found : C, 66.45; N, 4.56; Ti, 7.79 (%); Mol. wt.

Calcd. : 614.66, Found : 614.51.

[Ti(C34H34N2O6)] (2(iv)h) : Dark brown solid; yield

72%; m.p. 216 ºC; Calcd. : C, 66.49; N, 4.58; Ti, 7.84

(%), Found : C, 66.45; N, 4.56; Ti, 7.79 (%); Mol. wt.

Calcd. : 614.63, Found : 614.51.

Bioassay :

Antibacterial test : In vitro antibacterial activity of

the ligands [L1H2-L
8H2] and their corresponding com-

plexes were evaluated against Escherichia coli (–) and

Staphylococcus aureus (+) by using the paper disc plate

method14–21. The nutrient agar medium was used as a

culture medium for bacterial growth. The compounds un-

der investigation were dissolved in DMSO to get final

concentration of 500 and 1000 ppm. The paper disc

(Whatman no. 1) having diameter of 5 mm were soaked

in these solutions and placed in appropriate medium pre-

viously seeded with tested organism in petridishes. The

plate incubated for 24 h at 30 ± 2 ºC. The zone of

inhibition thus formed around each disc containing the

test compound was measured accurately in mm. Strepto-

mycin was used as reference compound for antibacterial

activities. The antibacterial activities displayed by ligands

and their complexes are shown in Table 1.

Table 1. Antibacterial screening data of the ligands and TiIV

complexes

Diameter of inhibition zone (mm)

(Conc. in ppm)

Compd. Escherichia coli (–) Staphylococus aureus (+)

500 ppm 1000 ppm 500 ppm 1000 ppm

L1H2 7 9 11 15

L2H2 8 10 13 16

L3H2 7 12 13 18

L4H2 9 11 14 17

TiC20H25NO5 10 14 16 19

TiC20H25NO5 12 17 18 18

TiC20H25NO5 11 15 14 19

TiC20H25NO5 16 18 18 18

Streptomycin 18 20 16 19

L1H2 and L
2H2 = C14H13NO3, L

3H2 and L
4H2 = C18H21NO3.

Antifungal test : An antifungal activity of the ligands

[L1H2-L
8H2] and their corresponding complexes was found

in vitro against Aspergillus niger and Rhizopus phaseoli

by the agar plate technique22. In this method, the me-

dium used is potato dextrose agar medium (composition :

potato slices – 200 g, dextrose – 20 g, Agar-Agar – 15 g

and distilled water 1000 ml). The solutions of the com-

pounds in different concentration (100 and 200 ppm) in

DMF were then mixed with the medium. The linear growth

of the fungus was recorded by measuring the diameter of

colony and the percent inhibition was calculated.

Micostatin was used as reference compound for antifun-

gal activities (Table 2).

Results and discussion

The complexes [Ti(L)(OPri)2] and [Ti(L)2] have been

prepared by the reaction of [Ti(OPri)4] with amino acid

Schiff base ligands (LH2) in a 1 : 1 and 1 : 2 molar ratio
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in dry benzene as shown below :

Dry benzene
Ti(OPri)4 + LH2 ————————

Ti(L)(OPri)2 + 2PriOH

Dry benzene
Ti(OPri)4 + 2LH2 ————————

Ti(L)2 + 4PriOH

The above reaction was feasible with the liberation of
isopropanol, which was removed. The reaction was com-
pleted in ~8–10 h of refluxing. All the newly synthe-
sized TiIV complexes with the LH2 are coloured solid

and good yield. The colour of complexes are associated

with the presence of chromophoric azomethine group

(-C=N). They are hygroscopic in air atmosphere and

soluble in methanol, DMSO, DMF and other organic

solvents. The low value of molar conductance (18–22

–1 cm2 mol–1) of these complexes in anhydrous DMF

at the room temperature show them to be non electrolytic

in nature. The analytical data of complexes show 1 : 1

(2(i), (ii)) and 1 : 2 (2(iii), (iv)) metals to ligand ratio and

molecular weight measured by the Rast method reveals

the monomeric nature of these complexes.

Table 2. Antifungal activity of the ligands and TiIV complexes

Micostatin L3H2 TiC24H33NO3 L4H2 TiC36H38N2O6

100 ppm 200 ppm 100 ppm 200 ppm 100 ppm 200 ppm 100 ppm 200 ppm

A. niger IZ 25 24 18 19 24 23 14 18

(AI) (1.80) (1.75) (1.30) (1.35) (1.72) (1.65) (1.00) (1.25)

R. phaseoli IZ 14 27 21 22 14 26 17 18

(AI) (1.93) (1.57) (1.50) (1.54) (0.98) (1.86) (1.18) (1.27)

IZ = Inhibition zone (diameter in ppm); AI = Activity index (inhibition zone of tasted compounds), L3H2 and L
4H2 = C18H21NO3.

R = -(CH2)- {L
1H2} and {L

2H2}, -CHCH2CHMe2- {L
3H2} and {L

4H2}, -(CH2)2- {L
5H2} and {L

6H2}, -CHCHMe2- {L
7H2} and {L

8H2}

Fig. 2. Structures of the complexes.
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Spectroscopic characterization :

Infrared spectra :

Absence of (NH2) band (3240 cm–1) of amino acid

and (C=O) band (1745 cm–1) of ketone and presence of

(C=N) band occurs23,24 at 1620–1632 cm–1 in the spectra

of all free ligands (L1H2-L
8H2) indicates the condensa-

tion between ketonic group and amino group of amino

acids25,26. The broad and strong bands present in the IR

spectra of Schiff base ligands in the region 3200–3400

cm–1 and 1280–1330 cm–1 which are assigned to phe-

nolic (OH) and (C-O) vibrations respectively27,28. The

(OH) band disappears in the spectra of corresponding

complexes [Ti(L)(OPri)2] and [Ti(L)2] and strong bands

of phenolic (C-O) appears in the region 1360–1390 cm–1

in the complexes suggesting the chelation of the oxygen

to Ti ion29.

On comparison with the IR spectra of ligands [L1H2-

L8H2] all the [Ti(L)(OPri)2] and [Ti(L)2] exhibit a major

downward shift wave number by 12–20 cm–1 in (C=N)

(1605–1622 cm–1) suggesting the participation of

azomethine nitrogen in bonding with the metal ion30. The

downward shift can be explained by the donation of elec-

trons of nitrogen (C=N) to empty d-orbital of TiIV ion.

Two bands at 1670–1675 cm–1 and 1370–1390 cm–1 in

the ligands are assigned to asymmetric and symmetric

carboxyl groups. These bands are found at 1635–1640

cm–1 and 1415–1420 cm–1 indicating their involvement

in bonding to the metal ion. The difference between the

positions of asymmetric and symmetric carboxyl groups

in the complexes are found as more than 200 cm–1 sug-

gesting the covalent nature of the metal-oxygen bond31.

Bands at ~622 and ~550 cm–1 in the complexes may be

assigned to (Ti-O) and (Ti-N) vibrations respec-

tively32,33. The aforementioned IR spectral data suggest

that the ligands bonded via the nitrogen of azomethine

Fig. 3. 1H NMR specra of [L1H2] (1(i)a).

JICS-2
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and oxygen of the carboxylate group to the TiIV ion in

the complexes.
1H NMR spectra :

The proton magnetic resonance (1H NMR) spectra of

amino acid Schiff bases and their corresponding

titanium(IV) complexes were recorded in CDCl3 and TMS

was used as an internal reference. The coordination of

the ligand via azomethine nitrogen and carboxylate oxy-

gen to the metal is supported by the comparison of the 1H

NMR spectral data of the ligand and its complexes. A

sharp signal at  1.32–1.47 ppm is observed in the ligand

due to -C(CH3)=N- and it moves downfield ( 1.49–

1.58 ppm) in the complexes34. The singlets present in the
1H NMR spectra of the ligands in the region  ~11.64–

12.00 ppm (s) may be attributed to -OH proton were

found to be absent in the 1H NMR spectra of the com-

plexes, which shows deprotonation -OH proton of car-

boxylate group and formation of Ti-O bond. 1H NMR

spectra of the ligands at ~ 9.89–10.28 ppm (s) are as-

cribed to phenolic -OH and are absent in the spectra of

the corresponding titanium(IV) complexes indicates the

formation of Ti-O bond by the deprotonation of phenolic

-OH. The aromatic protons of the Schiff bases derived

from glycine, leucine, -alanine, valine and their corres-

ponding complexes were present as a complex pattern in

the region 7.28–7.86 ppm (m).

13C NMR spectra :

The 13C NMR spectra for ligands [L1H2-L
8H2] and

their corresponding complexes were recorded in CDCl3
and DMSO-d6 solution. The signal for >C=N was present

in the spectra of ligands at  163.47–165.87 ppm and

appears at  166.69–166.87 ppm in the complexes. The

downfield shifting of  ~2–3 ppm clearly defined that

the azomethine moiety has been involved during the com-

plexation. The signal for carbon attached to -OH shows a

small shift in comparison and indicates the formation of

Fig. 4. 1H NMR spectra of (2(i)a) metal complex of ligand (1(i)a).
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Ti-O bond. On the basis of aforementioned discussion

and spectral evidences the complexes contain the plau-

sible structure in Fig. 2.

Antimicrobial results :

The results of the antimicrobial screening of the Schiff
bases and their complexes against Gram-negative (Es-
cherichia coli) and Gram-positive (Staphylococcus aureus)
bacteria and some selected fungi (Aspergillus niger and
Rhizopus phaseoli) have been found. The inhibition zones
were measured in mm and results have been recorded in
Tables 1 and 2.

The experimental data clearly indicate that the metal

complexes are more potent activity in inhibiting the growth

of microorganisms than the ligands. The results further

conclude that antimicrobial activity of the complexes in-

creases due to metallation of its ligands35–39.

Conclusion

In our present studies we have synthesized biologi-
cally active amino acid Schiff bases ligands and their
complexes. On the basis of above evidences, trigonal
bipyramidal and octahedral geometries may be concluded
for resulting complexes. The antibacterial and antifungal
activity against (Escherichia coli, Staphylococcus aureus,
Aspergillus niger and Rhizopus phaseoli) tested microor-
ganisms of the studied complexes revealed that the acti-
vity increases upon complexation as compared to its ligand.
The compounds showed toxicity against all species of
fungi and inhibition zone growth of fungi depends on the
concentration of the compounds.
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