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Abstract A potentially hexadentate N,O, Schiff base
ligand, L, has been synthesized by condensation of an
aromatic diamine with 2-pyridinecarbaldehyde. The com-
plexes [MLNO;]NO3; (M=Cu, Ni, Cd or Zn) and [MICI,]
(M=Co or Mn) were synthesized by the reactions of L with
metal salts in methanol. Both free L and its complexes
were characterized by physicochemical and spectroscopic
methods. In addition, the crystal structures of [CuLNOs]-
NOj; and [ZnLNO3]NOj3 have been determined by single-
crystal X-ray diffraction. In both complexes, the ligand L is
coordinated via pyridine and azomethine nitrogen atoms to
give a distorted octahedral geometry. These complexes
have antibacterial activities against three Gram-positive
and three Gram-negative bacteria, which in most cases
exceed those of tobramycin and tetracycline as standards.
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Introduction

The use of Schiff bases in biological or therapeutic appli-
cations as promising drug agents or biological probes and
analytical tools has been reported by several researchers. In
particular, the bioactivities of Schiff bases as antibacterial
[1, 2], antiradical [3, 4], anticancer [5], antifungal [6] and
antiviral agents [7, 8] have been reported. Schiff bases
derived from aromatic amines and aromatic aldehydes have
a wide variety of applications in mimicking biological
materials and naturally occurring compounds [9, 10].
Recently, we and others have reported the synthesis,
characterization and antibacterial studies of some new
Schiff base complexes [11-16]. The present work describes
the synthesis and characterization of a new hexadentate
N4O, donor Schiff base ligand L and some of its metal
complexes, including spectroscopic and X-ray crystallo-
graphic studies. In addition, their in vitro antibacterial
activities were tested against three Gram-positive and three
Gram-negative human pathogenic bacteria. The results
indicated that these compounds have stronger activities
than the standard antibiotics against some bacterial strains.

Experimental
Materials and methods

2-(2-((2-Aminophenoxy)methyl)benzyloxy)benzenamine
was synthesized according to the literature procedure [17].
Solvents, 2-pyridinecarbaldehyde and metal salts were
purchased from Merck and wused without further
purification.

Infrared spectra were collected using KBr pellets on a
BIO-RAD FTS-40A spectrophotometer (4000-400 cm ™).
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A Perkin-Elmer Lambda 45 (UV-Vis) spectrophotometer
was used to record the electronic spectra. CHN analyses
were obtained using a Perkin-Elmer, CHNS/O elemental
analyzer model 2400 series 2. Conductance measurements
were taken using a Hanna HI 8820 conductivity meter. 'H
and *C NMR spectra were recorded in DMSO-dg on a
Bruker Avance 400 MHz spectrometer using Si(CHj3),4 as
internal standard.

X-ray crystallography

Green crystals of [CuLNO;3]NO; and yellow crystals of
[ZnLNO;]NO; were grown by slow diffusion of diethyl
ether vapor into an acetonitrile solution of each. X-ray data
were collected on a STOE IPDS-II diffractometer with
graphite-monochromated Mo—Kua radiation. Cell constants
and an orientation matrix for data collection were obtained
by least-squares refinement of diffraction data. Data were
collected at a temperature of 298(2) K in a series of w
scans in 1° oscillations and integrated using the Stoe
X-AREA [18] software package. A numerical absorption
correction was applied using the X-RED [19, 20] and
X-SHAPE [19, 20] software. The data were corrected for
Lorentz and polarization effects. The structures were
solved by direct methods using SIR2004 [21]. The non-
hydrogen atoms were refined anisotropically by full-matrix
least-squares methods on F? using SHELXL [22]. All
hydrogen atoms were added at ideal positions and con-
strained to ride on their parent atoms. Crystallographic data
for the complexes are listed in Table 1. Selected bond
distances and angles are summarized in Table 3.

Antimicrobial assays

Some microorganisms were obtained from Persian Type
Culture Collection, Tehran, Iran, and others were locally
isolated (LI).

The standard strains of the following microorganisms
were used as test organisms:

Bacillus thuringiensis (PTCC 1358), Bacillus subtilis
(ATCC 6051), Staphylococcous saprophyticus (ATCC
6633), Pseudomonas fluorescens (PTCC 1310), Pectobac-
terium Sp. (LI), Klebsilla axytoca (LI).

The organisms were subcultured in nutrient broth and
nutrient agar (Oxiod Ltd.) for use in experiments, while
diagnostic sensitivity test agar (DST) (Oxoid Ltd.) was
used in antibiotic sensitivity testing.

For bioassays, suspensions of approximately 1.5 x 10®
cells per mL in sterile normal saline were prepared as
described in the literature [23]. The sensitivity testing was
determined using the agar-gel diffusion method [24, 25]. In
each disk, 20 pL of each chemical, containing 10 pg in
DMSO, was loaded. The minimum inhibitory concentration

@ Springer

(MIC) of each test compound was also determined using a
twofold dilution method [26]. The isolated bacterial strains
were first grown in nutrient broth for 18 h before use. The
inoculum suspensions were standardized and then tested
against the test compound, using 20 pL for each disk in DST
medium. The plates were then incubated at 37.0 £ 0.5 °C
for 24 h after which they were observed for zones of inhi-
bition. The effects were compared with those of the standard
antibiotics tobramycin and tetracycline at a concentration of
1 mg/mL [27]. The MIC was also determined by tube dilu-
tion techniques in Mueller—Hinton broth (Merck) according
to the literature procedure [28]. The experiments were
repeated at least three times for each organism, and the data
are presented as the mean £ SE of 3—5 samples.

Synthesis of L

A solution of 2-(2-((2-aminophenoxy)methyl)benzy-
loxy)benzenamine (0.320 g, 1 mmol) in methanol (20 mL)
was added dropwise to a stirred solution of 2-pyridinecar-
baldehyde (0.214 g, 2 mmol) in methanol (30 mL)
(Scheme 1). The mixture was stirred at room temperature for
12 h. The yellowish precipitate so obtained was filtered off,
washed with cold methanol and dried in vacuo. Yield:
(0.41 g,80 %). M.p. 79 °C. Anal. Calc. for C3,H,N40,: C,
77.1; H, 5.3; N, 11.2 found: C, 77.0; H, 5.1; N, 11.4 %. IR
(cm™', KBr): 1629 (s, vC=N). '"H NMR (DMSO dg, ppm) Oy
5.369 (s, 4H, Ar—CH,); 6.655-8.167 (m, 20H, Ar—H); 8.542
(s, 2H, Ar—CH=N). >*C NMR (DMSO dg, ppm) d¢: 69.7 (Cs,
C)), 117.8,122.1, 122.5, 122.8, 127.1, 128.8, 129.4, 129.5,
129.7, 138.5, 139.4, 142.4, 146.8 (aromatic rings), 151.2
(Cyy, C})). UV=Vis [/ (nm), ¢ M~" em™")]: 269(40,430),
275(42,320), 347(9310).

Synthesis of [CALNOs]NO;

A methanolic solution (25 mL) of Cd(NOs3),.6H,O
(0.3445 g, 1 mmol) was added slowly to a warm solution
of L (0.498 g, 1 mmol) in methanol (50 mL). The mixture
was stirred under reflux for 12 h. The resultant yellow
precipitate was filtered off, washed with diethyl ether and
dried under vacuum. Yield: 0.56 g (76 %). M.p. 277 °C.
Anal. Calc. for C3,H,cCdNgOg MW: 735.0): C, 52.3; H,
3.6; N, 11.4 found: C, 52.1; H, 3.7; N, 11.3 %. IR (cmfl,
KBr): 1636 (s, vC=N). 'H NMR (DMSO d, ppm) Oy:
4.955 (s, 2H, Ar-CH,); 6.817-8.004 (m, 18H, Ar—H);
8.042, 8.173 (s, 2H, Hie); 8.491, 8.589 (d, 2H, Ar—
CH=N).’C NMR (DMSO dq, ppm) d¢: 73.3(Cs, Ch),
118.8, 119.7, 123.2, 124.2, 130.2, 130.6, 131.7, 136.4,
140.1, 141.9, 151.6, 151.9 (aromatic rings), 162.6 (Cy,
Ci). UV-Vis [A (nm), ¢ ™Mm! cm_l)]: 267(23,360),
275(21,990), 346(8670). A, = 107.7 cm® Q' mol ™.
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Table 1 Crystal data and structure refinement for [CuLNO;]NOj and [ZnLNO;]NO;3; complexes

Empirical formula C3,H,6CuNgOg C3,H,6NgOgZn
Identification code m_c2¢c m + c2c
Formula weight 686.13 687.96
Temperature (K) 298(2) 298(2)
Wavelength (A) 0.71073 0.71073
Crystal system Monoclinic Monoclinic
Space group C2/c C2/c
Unit cell dimensions
a(A) 36.755(7) 36.457(7)
b (A) 10.920(2) 10.965(2)
¢ (A) 16.337(3) 16.522(3)
o (°) 90 90
B (© 109.56(3) 109.63(3)
7 () 90 90
Volume (A% 6179(2) 6221(2)
Z 8 8
Calculated density (Mg/m™> 1.475 1.469
Absorption coefficient (mm~") 0.769 0.852
F(000) 2824 2832
0 range for data collection (°) 2.47-29.20 2.46-25.00

Limiting indices

Reflections collected/unique [Riny]
Completeness to 6 = 25.00 (%)
Refinement method
Data/restraints/parameters
Goodness-of-fit on F?

Final R indices [/ > 2sigma(/)]

R indices (all data)

Largest diff. peak and hole (e A3

—14<h=<50,-14<k=<14,-22<1<21
14,916/8316 [0.0600]

99.3

Full-matrix least-squares on F 2

8316/0/435

1.049

R1 = 0.0370, wR2 = 0.0707

R1 = 0.1827, wR2 = 0.0848

0.313 and —0.590

43 <h<12,—-13<k=<12,—-18<1<19
9749/5473 [0.0433]

99.8

Full-matrix least-squares on F° 2

5473/0/435

0.926

R1 =0.0341, wR2 = 0.0713

R1 = 0.0731, wR2 = 0.0765

0.274 and —0.384

NH,

H,N

O
X MeOH
_—

F

Scheme 1 Synthesis of macroacyclic Schiff base ligand (L) with NMR numbering

Synthesis of [CuLNO;]NO;

The preparation of this green microcrystalline complex
followed the same procedure described for [CALNO5]NO3,

(e}

using a solution of Cu(NO;),-6H,0O (0.2956 g, 1 mmol) in
25 mL of methanol. Yield: 0.49 g (71 %). M.p. 234 °C.

Anal. Calc. for C3,H,CuNgOg (MW: 686.13): C, 56.0; H,
3.8; N, 12.2 found: C, 55.9; H, 39; N, 12.1 %. IR (cm_l,
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KBr): 1632 (s, vC=N). UV-Vis [A (nm), ¢ M~ ' ecm™))]:
267(14,760), 289(11,640), 348(7310), 508(244), 691(92).
Ay = 1444 cm? Q7' mol ™.

Synthesis of [CoL.Cl,]H,O

The preparation of this red complex followed the same
procedure described for [CALNO;]NOs, by using a solution
of CoCl,-6H,0 (0.2378 g, 1 mmol) in 25 ml of methanol.
Yield: 0.59 g (78 %). M.p. 346 °C. Anal. Calc. for Cs;.
H>3Cl,CoN,O3 (MW: 646.43): C, 59.5; H, 4.4; N, 8.7
found: C, 59.3; H, 4.5; N, 8.6 %. IR (cmfl, KBr): 1642 (s,
vC=N). UV-Vis [4 (nm), ¢ M ' em™)]: 268(44,470),
274(43,600), 344(9970), 545(1489), 680(208). A,, = 32.8
em® Q' mol ™.

Synthesis of [NiLNO;]NO;

The preparation of this green complex followed the same
procedure described for [CALNO53]NO;, using a solution of
Ni(NO3),-6H,0 (0.2908 g, 1 mmol) in 25 mL of methanol.
Yield: 0.53 g (78 %). M.p. 346 °C. Anal. Calc. for Cj;.
H,6NiNgOg (MW: 681.28): C, 56.4; H, 3.9; N, 12.3 found:
C, 56.3; H, 4.0; N, 122 %. IR (cm™', KBr): 1645 (s,
vC=N). UV-Vis [1 (nm), & Mt cm_l)]: 266(35,570),
277(29,240),  335(4260), 493(210). A, = 97.7 cm?
Q' 'mol™"'.

Synthesis of [MnLCl,]

The preparation of this orange complex followed the same
procedure described for [CALNO3]NO;, using a solution of
MnCl,-4H,0 (0.1979 g, 1 mmol) in 25 mL of methanol.
Yield: 0.49 g (78 %). M.p. 303 °C. Anal. Calc. for Cs,.
H,cC1LMnN,O, (MW: 624.42): C, 61.6; H, 4.2; N, 9.0
found: C, 61.4; H, 4.3; N, 8.8 %. IR (cm™', KBr): 1642 (s,
vC=N). UV-Vis [A (nm), ¢ M ' em™1)]: 267(84,010),
276(85,560), 345(14,420), 490(233), 634(249). A, = 244
em? Q' mol ™.

Synthesis of [ZnLNO;]NO;

The preparation of this yellow microcrystalline followed
the same procedure described for [CALNO3]NOs, using a
solution of Zn(NO3),-6H,0 (0.2975 g, 1 mmol) in 25 mL
of methanol. Yield: 0.56 g (82 %). M.p. 337 °C. Anal.
Calc. for C3,H,6ZnNgOg (MW: 687.97): C, 55.9; H, 3.8; N,
12.2 found: C, 55.7; H, 4.0; N, 12.1 %. IR (cmfl, KBr):
167 (s, vC=N). "H NMR (DMSO dg, ppm) yy: 4.957 (s, 4H,
Ar-CH,); 6.882-8.067 (m, 18H, Ar—H); 8.246, 8.337 (s,
2H, Hye); 8.668, 8.679 (d, 2H, Ar—-CH=N). '*C NMR
(DMSO dg, ppm) dc: 71.2 (C4, C)), 117.8, 123.2, 125.0,

@ Springer

129.7, 130.1, 133.1, 136.8, 138.9, 143.1, 148.2, 150.6,
151.1 (aromatic rings), 163.1 (Cyy, C’“). UV-Vis [A (nm), ¢
M Pem™h]: 269(27,268), 281(25,435), 314(9504).
Ap = 108.3 cm? Q7! mol ™.

Results and discussion

A new potentially hexadentate N4O, Schiff base ligand L
was readily prepared from the reaction between 2-(2-((2-
aminophenoxy)methyl)benzyloxy)benzenamine and
2-pyridinecarbaldehyde. Complexes of L with copper(Il),
nickel(Il), zinc(II) and cadmium(Il) nitrate and also
cobalt(I) and manganese(II) chloride were synthesized by
template condensation reactions starting from the appro-
priate metal salt, 2-pyridinecarbaldehyde and 2-(2-((2-
aminophenoxy) methyl)benzyloxy)benzenamine (mole
ratio 1:1:1), respectively, in methanol. The same products
were also obtained by direct condensation reactions of the
metal salts with L in equimolar ratio in methanol. The
composition of the products was not affected upon varying
the mole ratio of reacting species. Molar conductivity
measurements indicated that all the synthesized complexes
except [CoLCl,] and [MnLCl,]H,O are (1:1) electrolytes
(see Experimental section). All of the complexes were
characterized by elemental analysis, IR and UV-Vis. In
addition, [CALNO3]NO5 and [ZnLNO3]NO; were charac-
terized by 'H and '*C NMR spectroscopy and [CuLNO;]
NO; and [ZnLNO3]NO; by X-ray diffraction (see “Ex-
perimental section” section, Tables 1, 3; Figs. 1, 2). The
solid compounds are air stable and soluble in common
organic solvents such as CH3CN, CHCl;, EtOH, MeOH
and toluene.

Spectroscopic data

The IR spectra of these complexes show a sharp band in the
range of 1632-1645 cm™ !, attributed to v(C=N), which is
shifted to higher frequency compared with the free ligand
(1629 cm™ ! for L). Coordination of the imine nitrogen to
the metal in these complexes is consistent with the X-ray
diffraction results. The absence of C=0 and N-H stretching
vibrations in the spectra of free L and the complexes is
consistent with Schiff base condensation. A band at
1384 cm ™! for [CALNO;]NO;, [CuLNO;]NO;, [NiLNO;]
NO; and [ZnLLNO;s]NOs is ascribed to the nitrate group
stretching vibrations.

The electronic spectra of the free Schiff base and its
metal complexes are summarized in Table 2. Free L shows
three strong peaks at 269, 275 and 347 nm. The two strong
bands at 269 and 275 nm are attributed to benzene 1 — ©*
and imino © — 7* transitions, respectively [28]. The third
band is assigned to n — m* transitions. In the metal
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Fig. 1 ORTEDP representation of [CuLNO3;]NO;. Displacement ellip-
soids are drawn at the 50 % probability level, and H atoms are shown
as small spheres of arbitrary radii. The counter ion (nitrate) is omitted
for clarity

complexes, this band is shifted to shorter wavelengths. This
shift may be attributed to the donation of the nitrogen atom
lone pair of the Schiff base to the metal center (M « N).

Electronic absorption spectra of the complexes were
recorded in DMF solutions. Bands below 346 nm can be
attributed to 1 — ©* and n — 7©* transitions within the
ligand. As can be seen in Table 2, in the electronic spectra
of these complexes a charge transfer (CT) transition due to
overlap with the n — n* transition spectrum is not
observed. The electronic spectrum of the Cu(Il) complex
displays a broad band at 691 nm assignable to the
’Eg — *T,g transition, characteristic of an octahedral
geometry around Cu(Il) [29]. The Ni(II) complex exhibited
three bands at 550, 493 and 428 nm attributed to the
Asg - °Tog (v), CAsg - Tig(F) () and
*A,g — T, g(P) (v5) transitions, respectively, indicating an
octahedral geometry around the Ni(Il) center [30]. The
electronic spectrum of the Co(Il) complex shows two
absorption bands at 680 and 545 nm. These are assigned to
the *T,g(F) — *A,g(F) and *T,g(F) — “T,g(P) transitions,
respectively, characteristic of an octahedral geometry [31].
The complexes of Zn(Il) and Cd(II) are diamagnetic
without any d—d transitions. The Mn(II) complex also does
not show any d—d transition [32].

Fig. 2 ORTEP representation of [ZnLNO3]NOs;. Displacement ellip-
soids are drawn at the 50 % probability level, and H atoms are shown
as small spheres of arbitrary radii. The counter ion (nitrate) is omitted
for clarity

Molar conductivities

The molar conductivity (Ay;) data were measured at 25 ‘C
using 107 M solutions of the complexes [MLNO5].NO;,
(M=Ni, Cu, Cd or Zn) and [MLCL], (M=Mn or Co) in
DMF solution (see “Experimental” section). The results
for the nitrate complexes suggest that one of the nitrate ions
is coordinated directly to the central metal, while the other
remains uncoordinated. The values for the chloride com-
plexes indicate that both chlorides are coordinated to the
metal. The elemental analyses are consistent with the
proposed formulae, and that the ratio of M/L in all of these
complexes is 1:1 [33, 34].

X-ray crystal structures

Suitable crystals of the copper(Il) and zinc(II) complexes
were obtained by slow diffusion of diethyl ether vapor into
acetonitrile solutions of each complex. ORTEP views of
these complexes are shown in Figs. 1 and 2, respectively.
Crystallographic data and structure refinement parameters
are given in Table 1, and selected bond distances and
angles are given in Table 3.

@ Springer
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Table 2 Electronic

spectroscopy data (nm) for Compound® s (nm)(&)°
ligand (L) and related Intraligand (LL) d—d
complexes
L 269(40,430)  275(42,320)  347(9310)
[MnLCl,] 267(84,010)  276(85,560)  345(14,420)
[CoLCl,] 268(44,470)  274(43,600)  344(9970) 545(1489)  680(208)
[NiLNO5]NO; 266(35,570)  277(29,240)  335(4260) 428(615)° 493(210)  550(154)
[CuULNOsINO;  267(14,760)  289(11,640)  346(7310) 691(92)
[CALNOsINO;  267(23,360)  275(21,990)  346(8670)
[ZnLNO;]NO; 269(27,268)  281(25,435)  344(9504)
% All spectra were recorded in CHCl;
> Mol™' Cm™"
¢ Shoulder

Both complexes display the same coordination geome-
try. In each complex, the ligand L coordinates to the metal
center through the nitrogen atoms of the two pyridine rings
[N(1) and N(4)] and the two nitrogen atoms of the imine
groups [N(2) and N(3)], forming two five-membered che-
late rings, while the etheric oxygen atoms [O(1)) and O(2)]
remain uncoordinated. Furthermore, two oxygen atoms
[O(3) and O(4)] of just one nitrate ligand form a four-
membered chelate ring with the Cu(Il) and Zn(II) centers,
resulting in very distorted octahedral environments. As
has been seen in similar cases [35, 36], this situation
can be readily analyzed by examining the observed cis
and trans angles {51.84(9)-135.65(10)° for [CuLNO5]NO3
and 55.65(8)-130.20(10)° for [ZnLNO3]NO5;} and
{134.79(11)-169.69(12)°  for  [CuLNO3]NO; and
140.33(10)-168.46(10)° for [ZnLNO3]NO;}, respectively.
The Cu(I) center in [CuLNO3]NO5; and Zn(II) center in
[ZnLLNOs]NOj3 are both coordinated by N4O, donor sets,
such that the two pyridine nitrogen atoms [N(1) and N(4)]
are disposed trans to each other with a bond angle of
169.69(12)° in the Cu complex and 168.46(10) in the Zn
complex. Both oxygen atoms of the nitrate group [O(3) and
0O(4)] and two azomethine nitrogen atoms [N(2) and N(3)]
occupy cis coordination sites with bond angles of 51.84(9)°
and 135.65(10)° for [CuLNO3]NO; and 55.65(8)° and
130.20(10)° for [ZnLNO;]NOj;. The dihedral angle
between the two five-membered chelate rings in
[CuLNO3]NO; (46.36(9)°) is significantly smaller than that
in [ZnLNO3]NO; (51.37(8)").

As we have seen, the coordination mode of the nitrate
groups, whether as monodentate or bidentate ligands, plays
a crucial role in deviation from a regular octahedral
structure [14].

Antibacterial activities

Antibacterial activities of these compounds were studied
against Gram-positive and Gram-negative bacterial strains
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Table 3 Selected bond lengths (10\) and bond angles (°) for com-
plexes [CuLNO;]NO; and [ZnLNO;]NO;

[CuLNO3]NO; [ZnLNO3;]NO3

Bond Distance Bond Distance
Cu(1)-N(1) 1.992(2) Zn(1)-N(1) 2.135(2)
Cu(1)-N(2) 2.058(3) Zn(1)-N(2) 2.069(3)
Cu(1)-N(@3) 2.034(3) Zn(1)-N(3) 2.065(2)
Cu(1)-N(4) 1.992(2) Zn(1)-N(4) 2.146(2)
Cu(1)-0(3) 2.371(3) Zn(1)-0(3) 2.299(3)
Cu(1)-0(4) 2.423(3) Zn(1)-0(4) 2.309(3)
Bond Angle Bond Angle
N(D)-Cu(1)-N(2)  81.19(11)  N(1)-Zn(1)-N(2)  79.07(10)
N(1)-Cu(1)-N(3) 100.57(11)  N(1)-Zn(1)-N(3) 109.75(10)
N(1)-Cu (1)-N@4)  169.69(12) N(1)-Zn (1)-N(4) 168.46(10)
N(2)-Cu (1)-N@3) 135.65(10) N(2)-Zn (1)-N(3)  130.20(10)
N(2)-Cu(1)-N(4) 104.94(11)  N(2)-Zn(1)-N(4) 100.82(10)
N(3)-Cu(1)-N4) 80.97(12) N(@B3)-Zn(1)-N(4) 79.29(10)
O(3)—Cu(1)-N(1) 86.94(11) 0O(3)—Zn(1)-N(1) 86.16(10)
O(4)—Cu(1)-N(1) 84.87(10) O(4)—Zn(1)-N(1) 83.37(10)
0(3)-Cu(1)-N(2) 134.79(11)  O(3)-Zn(1)-N(2) 142.57(9)
O(4)—-Cu(1)-N(2) 83.60(10) O(4)—Zn(1)-N(2) 88.36(10)
O(3)-Cu(1)-N(3) 89.34(11) 0O(3)-Zn(1)-N(3) 87.14(9)
0O(4)-Cu(1)-N(3) 140.72(10)  O(4)-Zn(1)-N(3) 140.33(10)
O(3)-Cu(1)-N(4) 82.87(11) O(3)-Zn(1)-N(4) 87.18(9)
O(4)-Cu(1)-N(4) 87.57(11) O(4)-Zn(1)-N4) 85.09(9)
0(3)-Cu(1)-0(4) 51.84(9) 0(3)-Zn(1)-0(4) 55.65(8)

(Table 4). All of the compounds inhibited the growth of
bacterial strains, producing a zone of inhibition of diameter
6.0-25.0 mm. The most effective combinations were 1
against Pectobacterium Sp. and Klebsiella oxytoca, 2
against Klebsiella oxytoca and 5 against B. thuringiensis.
In some cases, these compounds were even more effective
than the standard antibiotics tobramycin and tetracycline.
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Table 4 Antibacterial activity of the studied chemicals that was expressed as diameter of inhibition zone (mm) and minimum inhibitory concentration (MIC)

Zone of inhibition (mm)

Standards

Microorganisms

Main compounds

[CULNO;JNO;  [ZnLNOs]NO;  [CALNO5]NO;

[NiLNO;]NO;

[CoLCl,]

[MnLCl,]

Tetracyclin (30 mg mL™")

Tobramycin (10 mg mL ~1)

16

12

12

4

MIC (pg/mL)
Gram (—)

6+£1

5+1
441

P. fluorescens

10+2
18+2

1I5+2
I5+£3

25+ 4

6+£1

Pectobacterium Sp.

21 £32 14+2

11£2

10£2

K. oxytoca
Gram (+)

16 £3
13£3

12+ 1
13+1

18+ 3
11£2

1I5+3
12+2

13+1
14 +£2

12+2
10+ 2

8§+ 1

6+ 1

B. thuringiensis

15+3
15+2

22 £ 4
13+2

S. saprophyticus
B. subtilis

Since comparison of the size of inhibition zones is
generally not trustworthy, the MIC values of the com-
pounds were also determined according to the previously
reported method [39]. These test results indicated that the
MIC values against the tested organisms varied between 2
against Pectobacterium Sp. to 16 against B. thuringiensis
pg mL~". The standard antibiotic tobramycin showed MIC
values 4 g mL™" and tetracycline 8 ng mL~'. Hence,
these compounds have stronger activities than the standard
antibiotics against some bacterial strains.

Conclusion

In this paper, we have reported the synthesis and spectro-
scopic characterization of a series of complexes with a new
Schiff base ligand derived from 2-(2-((2-aminophe-
noxy)methyl)benzyloxy)benzenamine. The X-ray crystal
structures of [CuLNO3]NOs3 and [ZnLNO;3]NO; show
distorted octahedral geometries in which the Schiff base
acts as a tetradentate ligand. The complexes have inter-
esting antibacterial activities.
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