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Abstract

Biologicallﬁ active tridentate amino acid (Alanine, Glycine & Tyrosine) derived Schiff-
bases and their Co(II), Cu(Il) & Ni(II) complexes have been synthesised and characterised
on the basis of their conductance and magnetic measurements, elemental analysis and 13C-
NMR,!H-NMR, IR and electronic spectral data. These Schiff-bases and their complexes
have been evaluated for their antibacterial activity against bacterial species such as
Staphylococcus aureus, Escherichia coli, Klebsiella pneumonae, Proteus vulgarus and
Pseudomonas aeru%inozsa and this activity data show the metal complexes to be more
antibacterial than the Schiff-bases against one or more bacterial species.

Introduction . ) ) ) . .

Transition metal chemistry of virtually all naturally occuring amino acids has been studied
in details!-4. Almost all amino acids have been found to coordinate solely through the amino
and carboxylato groups forming a stable five membered chelate ring system with the metal
ion 56, In the lIl)rg:sent studies we have introduced an azomethine linkage which ma?/ ermit
a variety in their coordination behaviour and complexation role.Therefore, novel Schiff-
bases HL,, HL,and HL; (Fig 1) were synthesised by the reaction of amino acids e. g;
tyrosine, a]lanme & glycine with indole-3-carboxaldehyde and their co-ordination behaviour

with Co(II), Cu(II) and Ni(II) metal ions was investigated.
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Fig 1 Structure of Schiff-bases

Experimental

Material and Methods .

All chemicals and solvents used were of Analar grade. All the metals were used as their
chloride salts. Infrared and UV spectra were recorded on IR 408 - Shimadzu and Hitachi U-
2000 double-beam Spectrophotometers. Conductance of the metal complexes was
determined in DMF on a YSI-32 model conductometer. Meltlrég oints were recorded on
Gallenkam a8paratus and are uncorrected. !H-NMR and 13C-NMR spectra of Schiff-
bases in DMSO-dg were recorded on a R gand Brucker 250 MHz Spectometer.

* Present address : Department of chemistry, Meston Walk, University of Aberdeen,
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Elemental analysis was carried out on a Coleman automatic analyser. Magnetic
measurements were done on solid complexes using the Gouy method. The antibacterial
studies were carried out with the help of the Department ot Pathology, Quaid-e-Azam
Medical College, Bahawalpur (PaklstanI)).

In view of the promising fphysiological properties of various amino acids and their
derivatives, we thought it of interest to study the biological role of metal ions on these
synthesised amino acid derived Schiff-bases. This role of metal ions on the biological
ro%ertles was studied against bacterial species such as_ Staphylococcus  aureus,
scherichia coli, Klebsiella pneumonae, Proteus vulgarus and Pseudomonas aeruginosa.

Preparation of Schiff-bases ) . ) )
To an ethanolic solution (20 ml) of the res;ljectwe amino acid (0. 01 M) were added indole-
3-carboxaldehyde (0. 01 M) in ethanol (10 ml) with stirring. Then 2-3 drops of conc.
H,SO,4 were added and this mixture was refluxed for 1h. The reaction mixture was then
coolgé in an ice-bath which immediately gave a precipitated product. The product thus
obtained was filtered, washed with ethanol %1 x 5 ml) then with ether (2 x 5 ml)Hand dried.
The crude ]Saroduct was crystallised from aqueous ethanol to give HL, (70%), HL, (68%)
and HL; (65%.)
Preparation of Metal Complexes .
To a_hot ethanolic solution (20 ml) of the Schiff-base (0. 02 M) was added an aqueous
solution (10 ml) of the respective metal (II) chloride (0. 01 salt. The mixture was
refluxed for 2 h. The resulting mixture was cooled, filtered and reduced nearly half its
volume. This concentrated solution was left overnight at room temperature which resulted
in the formation of a solid product. The product thus obtained was filtered, washed with
ethanol jlxlO ml) and dried. Crystallisation from agueous ethanol gave 1 (69%), 2 (65%), 3
(67%), 4 (67%), S (65%), 6 (66%), 7 (70%), 8 (65%) and 9 (68%).
Antibacterial Studies . .
The synthesised metal _comglexes and the free Schiff bases were screened for their
antibacterial activity against bacterial species Staphylococcus aureus (a), Escherichia coli
(b), Klebsiella pneumonae (gc), Proteus vultgarus (dj and Pseudomonas aeruginosa (e). The
aper disc diffusion method23-25 was used for the determination of antibacterial activity
reparation of Discs ) )
A Schiff base / complex (30ug) in DMF (0. 01 ml) was applied on a paper disc prelparqd
from blotting paper (% mm diameter) with the help of a micropipette. The discs were left in
an incubator for 48 h at 370C and then applied on bacteria grown agar plates
Preparation of Agar Plates ) . . )
Minimal agar was used for the growth of specific bacterial species. For the preparation of
agar plates for Escherichia coli, MacConkey agar (50 gﬁ, obtained from Merck Chemical
ompany, was suspended in freshly distilled water (1 L). It was allowed to soak for 15
minutes and then boiled on a water bath until the agar was completely dissolved. The
mixture was autoclaved for 15 minutes at 120_C and then poured into previously washed
and sterilised petri dishes and stored at 400 C for inoculation.
Procedure of Inoculation . . .
Inoculation was done with the help of a platinum wire loop which was made red hot on a
flame, cooled and then used for the application of bacterial strains.
Application of Discs o i .
A sterilised forcep was used for the ap(i)hcatlon of paper disc on the already inoculated
a%ar plates. When the discs were applied, they were incubated at 370 C for 24 'h. The zone
of inhibition was then measured (in diameter) around the disc.

Results and discussion .

Schiff-bases were prepared by the same method as reported earlier’-9.The structural
determination of synthesised Schiff bases HL,, HL, and HL; was done on the basis of their
IR, 'H-NMR, 13C-NMR and CHN analytical data (Table 1 & 2).

The IR spectra of the Schiff bases (Table 1) show characteristic absorption bands at 3465,
3380, 1730, 1625 and 1545 cm-! due to (-OH), (-NH), (-C = O),é- =N) and gC =C)
stretching vibrations respectively. The appearance of the new bands at 1625 cm-! due to
the Schiff-base azomethine linkage confirm the formation of the (HL,, HL, and HL;). The
'H-NMR and 13C-NMR spectral data (Table 2) was assigned by comparing the chemical
shifts of these molecules to those of the known ~ similar structures. The analytical
data (Table 1) also is found to be in agreement with the expected molecular structures of
the Schiff bases and their metal complexes (Table 3).
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Table 1 _Physical, Spectral and Analytical Data of the Schiff bases

Schiff-base/ M.P. IR Cal(Found)%
Mol.Form (oC) (cm-1) C H N
HL 180-182 | 3465,3382,2915, | 65.36 4.94 13.85
C“l!IIONzOz 2865,2015,1945, | (65.93) (4.87) (13.69)
1730,1625,1545,
1350,875
HL 142-143 1 3465,3380,2965, 1 66.99 5.11 T13.01
C,zf{”Nzoz 21061255119544551730,16‘167.62) (4.29) (12.78)

1410,1055,875

HL T68-T70 | 3463,3380,2015, | 69.64 443 9.352
C,7H,5N,05 2860.2115.2025. | (70.08) (3.86) (10.16)
1940,1730,1695.
1625.1545,1355,
1295,1110,1055,
875

Table 2 1H-NMR and 13C-NMR Data of the Schiff bases

SchiftF - p T3C- (DMSO-dy)

base (ppm) (ppm)

AL, [ 3.87G,2H,NCH).4.68(s,1H 6.13§s,1H, 61 32(NCH,), 104 71(C, ). 112,24
azometh1ne2,7.42 -7.48(m,2H),7.91-7.94 | (C,),121.36(C5),123.22(C,),124.12
(m,2H),8.33(s,1H,NH),8.83(s.1H,0H) C)126.20(C>).129.12(C4).137.27

Co)152.31(C2NY.187.38(C=0)

AL, [ 1.87(.3H,CH;),3.48(s,NCH).Z.62(5. 11D, 27.4§a{ Y,60.23(NCH),104.6(C3),
6.15(s.1H.azomethine),7.44-7.46(m.2H). | 112.21(C53,121.18(C<) 123 21(Ca).
7.92-7.94(m,2H),8.34(s,1H,NH).8.85(s, | 124.57(C¢).126.08(C>).129.50(Cs).
1H.0H) I3746(C5)155.11 CEN),186.92

HT; 3.81(s,1H,NC1-£[) 4.66§S,IH%,{6.12§S,1H 70.27(NCH-PR), T04.T1(C>).112-36
azomethine),7.43-7.4 Iglm,z ?,7. 1:7.52 | (C;),117.18(Ph),121.31(C5),121.5(Ph)
%m,ZH) 7.8927.91(m,2H).8.218.53(m.2H), | ,17 .46%C4),124.41$)C ),126.82(C,),

36(s,1H,NH),8.76(s,1H),8.87(s, IH,OH) | 129.38 )133.11(5h,137.22
(¢ 2175( .8%’)=N),1 7.18(C-OH),

The metal complexes gl -9) of the title Schiff bases were Frepared by reacting the metalgl
chloride and the Schiff base in the molar ratio M:L = 1:2. All the complexes are stable
crystalline solids which decompose without melting. The conductivity behaviour of these
complexes in DMF show their low conductivity values (14-18 ohm-"cm2 mol-1) observed
for these complexes in DMF suggest!!. 12 them t0 be non-electrolyte.

The magnetic susceptibility data (Table 3) of all the solid complexes at room temperature
indicate three unpaired electrons for Co(Il) ion (U = 3.6 - 3.65 B.M), one unFalyed
electron for Cugllﬁ ion (U = 1.82 - 1.87 B.M) and two unpaired electrons I1zI>er Ni( II\? ion
(W efe = 3.12 - 3.15 B.M(f suggesting!3 - 15 an octahedral geometry for Co(II) and Ni(Il)
com%lexes and a distorted octahedral geometry for Cu (II) complexes. ) .

The ondmﬁ of the ligand to the metal jon was investigated by comparing the infrared
spectra of the free Schiff bases with their metal complexes (Table 3) 1ndlcat1n% that the
ligands are coordinated to the metal atom in three wa(irs, thus, representing all the [igands to
act as tridentates. It indicated that v (-C = N) band in the spectra of the Schiff bases at
1625 cm-! due to azomethine linkage was shifted towards lower frequency (5-10 cm-1),
respectively, indicating that the ligands are coordinated to the metal atoms through
azomethine nitrogen. Also, in the spectra of the Schiff bases the bands due to v gC =0) g
1730 cm-! shifted towards lower frequency side and the band due to v (OH) at 3465 cm
disappeared which was an evidence for the coordination of these groups with the metal
atom. However, the band at 3380 cm-! due to v (-NH) of indole remained unchanged
indicating that it is not involved in the coordination. Moreover, the new bands appearing in
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the spectra of the metal complexes and not observed in the spectra of the free Schiff bases
within 445 - 450 cm-! and 435-440 cm-1 assigned!6. 17 to M - O and M - N modes,
conclusively indicated that the ligands are coordinated to the metal ions through these
groups.

Table 3 Phxsical Sgectral and Analgtical Data_of the Comglexes

Complex/ M.P| B.M. IR (cm-1) Amax(cm-1) Calc (Found)%
M.Formula oC (Ketr) C H N
Dec.
[Co(L;):C 2471365 | 3380,3023, 30250,17945, | 49.66 338 1033
22ngcf 60 404 | 249 2065.2015.1945, | 8950 (50.46)(2.86)(10.43)
1810,1723.1615,
1547,1410,1052,
875,450,435
2 TCo(L);Cl J 740 362 | 3380,2913, 79T00,17550, | 51.64 3.58 10.03
CaqH,ChEoR;0, | 242 2865.2015.1880, | 8250 (52.60)(3.86)(9.27)
1722,1621,1544,
1412,1054.875,
510,450
3 [Lo(L)Clﬁj 2751 360 | 3330,3163, 3T000,18213, | 5718 3.36 7.8
C34H,4CLLCoN,O4 | 22 2915.2860,2025, | 9850 (57 08)(2.18)(8. 62)
2115.1940.1720,
162215471295,
875,451,440
[CW(L;);C 237 187 [ 3380,3023, 30795,22950, | 4923 3.335 1043
zzngcf u 404 | 249 2965.2015.1945, | 13170 (49 46)(3.68)(11.12)
1721,1620,1545,
1412,1351.875,
445435
5 lcu(m 7564 1.82 | 3380,2913, 3027022550, | 3122 3.3
CasHaoCly u 404 | 258 2865.2015.1945, | 12500 ( 50)(3. 76)(9 62)
1880,1720,1615,
1544,1412,1054,
875,445,438
[Lu(L) 215 T.85 [ 3330,3163, 3T500,23170, | 3681 3.33 7.70
& EEuR.0, | 317 291528602115, | 13750 3398)3781)(7.92)
1940,1722.1695,
1615.1545.1295
1110.875.,445.440
7 TNIL);CI 2351315 | 3380,3025, 78330,16913, 338 1057
CooH i CHLNIN,O, | 237 2065.2015,1945, | 9745 (49 56)(3 25)(10.14)
1810,1720.1695,
1620,1545,1410
1055.875,445,440
5351712 | 386030131945, | 9535 07 | 3188)312)10 1)
8 [Ni(L,),Cl ,2015,1945, 58)(2. .
o L
C24Ha0CLNIN,Og 873 315 445
9 [NI(LD:CT 2T0 315 | 33803163, 78950,17500, | 57.19 336 7.84
CseHysCHLNIN,O, | 212 2915.2860,2025, | 10220 (57.12)(3.28)(7.69)
1940,1720.1695,
1620,1545,1295,
1110,1055.875,
445435

The electronic _spectra of the metal complexes (Table 3) show different A, values with
various metal(I IflOIlS which is due to the perturbing influence of the central metal atom on
the chelate group. The shift of the band with the chan e of different colours of the
comI[I) exes however strengthen the evidence of co 0p ex formation. In these spectra, the
Co(II) complexes exhibit bands between 29100 - 3100, 17550 - 18215 and 8250 - 9850 cm-
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I region assigned to the transitions 4T g (F) (P) 4T2, (F)( V1), 4T 4 (F) = 4As, (F)(V,) and
4Tyg (F) = 4T, (P)(V3) in an octahedral geometr &,19) The spectra_of Cu { complexes
exHibit three bfoad bands in the region 30270 - 31500, 22550°- 23170 and 12500 - 13750
cm-l, The lower energy band may be assigned as 10 Dq band for a distorted octahedral
configuration20. 21 corresponding to the transition 2E , _, 215, The second band can be

attributed to intra - ligand charge transfer and the highest energy band is ass1§ned to charge
transfer transitions. The electronic s?ectra of N1 gII) comflexes showed three bands
between 28350 - 28950, 16250 - 17500 and 9555 - 10220 cm-! region assignable
respectively, to the transitions 3 Ay, (F) = 3 T, (F)(V1), 3A 5, gF) — 3T 1, (F)(V2) and
3A,, (F) — 3Ty, (P)(V3) suggest their of their octahedral geometry?22. 23,

On ‘the’ basis of the above observations it is, therefore, Eroposed that all the complexes
show octahedral geometry in which the two ligands behaving as tridentate possibly
accommodate themselves around the metal atom in such a way that a stable configuration
of a chelate ring is formed (Figure 2).

H
N
4

HC\ o ||C \\

\Nul\l,, ~© HeR
oo O/Cl\N/
\! 2 e

4

N
H

Figure 2 Proposed structure for the metal complex

Table 4. Antibacterial Activity Data

Schiffbases/| M i c ro bi a l Sp e ci e s
Complexes
a b c d e

HL, ++ + + ++ +
HL, + ++ ++ + +
HL; ++ + - + +
1 +++ +++ ++ ++ ++
2 +++ +4++ ++ +++ +++
3 ++ +++ ++ ++ ++
4 +++ ++ +++ ++ +++
5 ++ ++ ++ +++ ++
6 +++ +++ ++ ++ ++
7 +H+ ++ o+ e+ ++
8 ++ ++H+ ++ . +
9 e+ s +H + ++

a = Stapnylococcus aureus, b = Escherichia coli, ¢ = Klebsiellapneumonae
d = Proteus vulgarus, e = Pseudomonas aeruginosa
Inhibition zone diameter (mm), + : 6-10; ++ : 10-14; +++ : 14-18; ++++ : 18-22

Antibacterial Studies
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The title Schiff bases HL,, HL, and HL; and their metal complexes 1-9 were tested for their
antibacterial properties against Staphylococcus aureus (a), Escherichia coli ﬁb), Klebsiella
preumonae (Ic)) roteus vulgarus (d) and Pseudomonas aeruginosa_(e). All the compounds
were qvaluatecf at a concentration of 30 pg / 0. 01 ml in DMF solution using the paper disc
diffusion method?4-26. ) i . . .
These studies (Table 4) show that all the free Schiff bases are biologically active and their
metal complexes show more significant activity against one or more bacterial species than
the uncomplexed free Schiff bases.
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