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Abstract—A new mononuclear manganese(III) complex has been synthesized from the Schiff base com-
pound N, N'-3,4-chlorophenylene-bis(5-methylsalicylaldimine) and manganese perchlorate in the presence
of sodium azide. The complex has been characterized by physico-chemical and spectroscopic methods, as
well as single crystal X-ray determination (CIF file CCDC no. 1054335). The Mn atom in the complex is six-
coordinate by two nitrogen and two oxygen atoms of the Schiff base ligand, one nitrogen atom of an azide
ligand, and one oxygen atom of a methanol ligand. Crystal structure of the complex is stabilized by hydrogen
bonds and &t---7 interactions. The complex and the Schiff base compound were assayed for antibacterial activ-
ities against three Gram-positive bacterial strains (B. subtilis, S. aureus, and St. faecalis) and three Gram-neg-
ative bacterial strains (E. coli, P. aeruginosa, and E. cloacae) by MTT method. As a result, the complex showed
effective antimicrobial activity against the microorganisms tested.

DOI: 10.1134/S107032841511010X

INTRODUCTION

Schiff bases represent one of the most widely uti-
lized classes of ligands in metal coordination chemis-
try. They offer versatile and flexible ligands capable of
binding various metal ions to give complexes with ver-
satile structures and properties [1—5]. Over the past
few decades considerable study has been made on the
chemistry of manganese(III) complexes derived from
Schiff base ligands due to their important role in cata-
Iytic, magnetic and biological properties [6—10]. In
addition, manganese plays an important role in metal-
loenzymes such as catalase [11], superoxide dismutase
[12, 13], and photosystem II of green plants [14, 15].
An important aspect of Mn(I1I) salen type complexes
is their antibacterial application [16—18]. We report
here the synthesis, characterization including single
crystal X-ray structure of a new manganese(I1l) com-
plex, [Mn(L)(N;)(MeOH)] - MeOH (I), where L is
the dianionic form of N,N'-3,4-chlorophenylene-
bis(5-methylsalicylaldimine) (H,L). The antibacterial
activity against three Gram-positive bacterial strains
(B. subtilis, S. aureus, and St. faecalis) and three
Gram-negative bacterial strains (E. coli, P. aeruginosa,
and E. cloacae) by MTT method was studied.

EXPERIMENTAL

Materials and physical methods. The Schiff base
compound H,L was prepared by 2 : 1 condensation of

! The article is published in the original.

5-methylsalicylaldehyde and 4-chloro-o-phenylene-
diamine in methanol, according to the literature
method [19]. All the other reagents and solvents were
purchased from commercial sources and used as re-
ceived. FT-IR spectra were recorded as KBr pellets on
Bruker Tensor-27. Elemental (C, H, and N) analyses
were performed on a Perkin-Elmer 2400 II analyzer.
Single crystal X-ray diffraction was carried out with a
Bruker Apex I CCD diffratometer. Magnetic suscep-
tibility measurement was carried out with a Sherwood
Scientific Co., UK magnetic susceptibility balance.
Electronic spectra were obtained with Lambda 900
spectrophotometer. Molar conductivity of the com-
plex in acetonitrile was measured with a DDS-11A
molar conductivity meter.

Caution! Perchlorate and azide complexes of metal
ions are potentially explosive. Only a small amount of
material should be prepared, and it should be handled
with caution.

Synthesis of complex I. To a stirred suspension of
H,L (0.378 g, 1.00 mmol) and sodium azide (0.130 g,
2.00 mmol) in methanol (20 mL) was added dropwise
a methanol solution (10 mL) of manganese(Il) per-
chlorate hexahydrate (0.254 g, 1.00 mmol). After a few
minutes a brown precipitate started to deposit. This
was dissolved by adding the requisite amount of aceto-
nitrile. After one hour stirring, the solution was filtered
and the filtrate was kept for slow evaporation. The dif-
fraction quality deep brown single crystals that depos-
ited over a period of a few days were collected by filtra-
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Table 1. Crystallographic data and refinement parameters
for complex I

Parameter Value
Molecular weight 537.88
Crystal color; habit Brown; block
Crystal size, mm 0.18 x0.18 x 0.13
Crystal system Monoclinic
Space group P2,/n
Unit cell dimensions:
a, A 17.185(2)
b, A 7.477(1)
¢, A 19.455(3)
B, deg 101.898(2)
v, A3 2446.1(6)
zZ 4
Pealed» & €M™ 1.461
p, mm~! 0.690
6 Range collected, deg 2.42—-25.50
T i and Trpay 0.886 and 0.916
Reflections collected/unique 21588/4534
Observed reflections (I = 2c([)) 3746
Data/restraints/parameters 4534/2/334
R, wR, (I =25(1)) 0.0375, 0.0956
R, wR, (all data) 0.0499, 0.1020
GOOF on F? 1.066
Largest differences in peak/hole, e/A3 0.299/—0.267
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tion and washed with methanol. The yield was 435 mg
(81%).

For C24H25N504C1Mn
anal. calcd., %: C, 53.59; H, 4.68; N, 13.02.
Found, %: C, 53.45; H, 4.77, N, 13.15.

Crystal structure determination. Intensity data of
complex I were collected at 298(2) K on a Bruker
Apex II CCD diffractometer using graphite-mono-
chromated MoK, radiation (A = 0.71073 A). For data
processing and absorption correction the packages
SAINT and SADABS [20] were used. The structure
was solved by direct and Fourier methods and refined
by full-matrix least-squares based on F? using
SHELXL-97 [21] package. The non-hydrogen atoms
were refined anisotropically. The remaining hydrogen
atoms have been placed at geometrical positions with
fixed thermal parameters. The Cl atom is disordered
over two sites and modeled accordingly, with occupancies
0of 0.89(1) and 0.11(1). Crystallographic data are summa-
rized in Table 1. Selected bond lengths and angles are
listed in Table 2.

Supplementary material for structure I has been
deposited with the Cambridge Crystallographic Data
Centre (no. 1054335; deposit@ccdc.cam.ac.uk or http://
www.ccdc.cam.ac.uk).

Antibacterial activity. Antibacterial activity of the
complex was tested against B. subtilis, S. aureus,
St. faecalis, P. aeruginosa, E. coli, and E. cloacae using
MTT medium. The minimum inhibitory concentra-
tions (MICs) of the complex were determined by a
colorimetric method using MTT dye [22]. A stock so-
lution of the complex (50 ug mL~") in DMSO was pre-
pared and quantities of the complex were incorporated
in specified quantity of sterilized liquid medium. A
specified quantity of the medium containing the com-

Table 2. Selected bond distances (A) and angles (deg) for complex I

Bond d A Bond d A
Mn(1)—O(1) 1.8651(15) Mn(1)—0(2) 1.8766(15)
Mn(1)—N(1) 1.9930(17) Mn(1)—N(2) 1.9868(17)
Mn(1)—0O(3) 2.4548(18) Mn(1)—N(3) 2.229(2)

Angle o, deg Angle o, deg
O(1)Mn(1)0(2) 90.51(7) O(HMn(1)N(2) 172.88(7)
O(2)Mn(1)N(2) 93.40(7) O(1)Mn(1)N(1) 93.19(7)
O2)Mn(1)N(1) 173.53(7) NQ@)Mn(1)N(1) 82.39(7)
O(1H)Mn(1)N(3) 99.33(8) O2)Mn(1)N(3) 96.36(8)
NQ)Mn(1)N(3) 86.15(8) N(1)Mn(1)N(3) 88.28(7)
O(1)Mn(1)0O(3) 90.43(7) O(2)Mn(1)0(3) 88.47(7)
N(2)Mn(1)O(3) 83.73(7) N(1)Mn(1)O(3) 86.20(7)
N(3)Mn(1)O(3) 169.04(7)
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Fig. 1. Molecular structure of complex I with 30% thermal ellipsoids.

plex was poured into microtitration plates. Suspension
of the microorganism was prepared to contain approx-
imately 10° cfu mL~! and applied to microtitration
plates with serially diluted complexes in DMSO to be
tested, and incubated at 37°C for 24 h for bacteria. Af-
ter the MICs were visually determined on each mi-
crotitration plates, 50 pL of phosphate buffered saline
(PBS 0.01 mol L', pH 7.4: Na,HPO, - 12H,0 2.9 g,
KH,PO, 0.2 g, NaCl 8.0 g, KC1 0.2 g, distilled water
1000 mL) containing 2 mg mL~' of MTT was added to
each well. Incubation was continued at room temper-
ature for 4—5 h. The content of each well was removed,
and 100 pL of isopropanol containing 5% 1 mol L
HCI was added to extract the dye. After 12 h of incu-
bation at room temperature, the optical density (OD)
was measured with a microplate reader at 570 nm.

RESULTS AND DISCUSSION

Reaction of manganese(II) perchlorate and H,L in
the presence of sodium azide produces the mononu-
clear manganese(IIT) complex I. Clearly, aerial oxida-
tion of manganese(Il) to manganese(IIl) and metal
assisted deprotonation of the phenolic moieties take
place during the formation of the complex. The poor
conductivity of the complex (15 Q' cm?mol~"') indi-
cates that azide ion is coordinated to the metal center
and is not dissociated by acetonitrile molecule in solu-
tion. The characteristic imine stretching of the com-
plex is observed at 1605 cm™' as a strong signal. Ap-
pearance of intense band at 2037 cm~! indicates the
presence of azide ligand. The IR spectrum of the com-
plex exhibits one broad and weak absorption centered
at 3432 cm™! due to the vibration of the
hydroxyl groups of the methanol molecules. UV-Vis
spectrum of the complex exhibits two typical bands
centered at 415 and 312 nm which can be assigned to
phenolate — manganese(IIl) charge transfer and

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY Vol. 41

manganese(IIl) — imine (d — =*) metal to
ligand charge transfer transitions, respectively. The
observed magnetic moment at 300 K of the complex is
4.70 B. M., indicating that the manganese(I1I) center
in the complex exists in high spin state.

The components and crystal structure of the com-
plex are shown in Fig. 1. The asymmetric unit of com-
plex I contain a mononuclear [Mn(L)(N;)(MeOH)]
molecule and a methanol molecule of crystallization.
The structure shows that the complex having the metal
center in the salen-type cavity of L>~. The Mn atom is
six-coordinated, with two oxygen and two nitrogen at-
oms of the Schiff base ligand in the equatoiral plane,
and with one azido nitrogen and one methanol oxygen
atoms defining the axial positions. The coordination
environment of the metal ion is slightly distorted octa-
hedral. The average deviation (0.0053 A) of the equa-
torial donor atoms and the displacement (0.0914 A) of
the metal center from the least-squares plane O(1)—
O(2)—N(1)—N(2) indicates that the N,O, cavity af-
fords an almost perfect plane to the metal center. In
the equatorial plane, the metal—ligand bond distances
involving the imine nitrogens (Mn(1)—N(1) 1.993(2),
Mn(1)—N(2) 1.987(2) A) are slightly longer than the
bond lengths involving phenolate oxygens (Mn(1)—
0(1) 1.865(2), Mn(1)—0(2) 1.877(2) A). As expected
due to Jahn—Teller distortion of high spin manga-
nese(I1I), the bond distances involving the axial meth-
anol and azide donor atoms (Mn(1)—0(3) 2.455(2),
Mn(1)—N(3) 2.229(2) A) significantly longer than the
bond lengths involving the equatorial atoms. The tran-
soid angles (172.88(7)°, 173.53(7)°, and 169.04(7)°)
and the cisoid angles (82.39(7)°—99.33(8)°) deviate
slightly from the ideal values. The coordinate bond
values are comparable to those in manganese(III)
complexes with Schiff bases [23—25]. The Schiff base
ligand is approximate planar with dihedral angel be-
tween the two methyl-substituted benzene rings of
9.6(2)°.
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As shown in Fig. 2, methanol molecules are linked
to the mononuclear manganese complex molecules
via intermolecular O(3)—H(34)---O(2)! hydrogen
bonds (O(3)—H(34) 0.88(1), H(3A4)--O(2)! 2.35(2),
0(3)--0(2)1 3.033(2) A, O(3)—H(34)--0(2)! = 135(3)°,
symmetry code: '1 —x, —1 —y, —7), as well as r---x in-
teractions (Cg(1)---Cg(2)"" 4.313(2), Cg(2)---Cg(3)"
3.762(2), Cg(3)--Cg(4)ii 4.792(2), Cg(4)---Cg(3)ii
4.866(2) A, symmetry codes: i —x, —y, 1 —z; 1i1/2 — x,
1/2 +y, 3/2 — z; Cg(1), Cg(2), Cg(3), and Cg(4) are
the centroids of Mn(1)—0O(1)—C(9)—C(8)—C(7)—
N(), C(1)-C(2)—C(3)—C4)—C(5)—C(6), C(8)—
CO)-C10)—C(11)—C(12)—C(13), and C(16)—
C(17)—C(18)—C(19)—C(20)—C(21), respectively).

Complex I and H,L were screened for antibacterial
activities against three Gram-positive bacterial strains
(B. subtilis, S. aureus, and St. faecalis) and three
Gram-negative bacterial strains (. coli, P. aeruginosa,
and E. cloacae) by MTT method. The MICs of the
complexes against the bacteria are presented in Table 3.
Penicillin and kanamycin were tested as reference
compounds. The antibacterial activities of the com-
plex are obvious higher than H,L, except for St. faeca-
lis. The free Schiff base is inactive against the Gram-
positive bacterial strains while shows weak activities
against the Gram-negative bacterial strains. The com-
plex exhibited significant activities against B. subtilis,
S. aureus and FE. coli, and medium activity against
P. aeruginosa and F. cloacae. Such an enhanced activ-
ity of the complex can be explained on the basis of
Overtone’s concept and Tweedy’s chelation theory
[26]. According to Overtone’s concept of cell perme-
ability, the lipid membrane that surrounds the cell fa-
vors the passage of only lipid soluble materials due to
which liposolubility is an important factor that con-
trols antimicrobial activity. On chelation, the polarity
of the metal ion is reduced to a greater extent due to
the overlap of the ligand orbital and partial sharing of
the positive charge of the metal ion with donor groups.
Further, it increases the delocalisation of m-electrons
over the whole chelate ring and enhances the lipophi-
licity of the complexes. This increased lipophilicity

Table 3. MICs (ug mL~") of complex I and related material
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Fig. 2. Molecular packing diagram of complex I, viewed
along the y axis direction. Hydrogen bonds are drawn as
dotted lines.

enhances the penetration of the complexes into lipid
membranes and blocking of metal binding sites on the
enzymes of the microorganisms. The complex also
disturb the respiration process of the cell and thus
block the synthesis of the proteins that restricts further
growth of the organism. The variation in the effective-
ness of the different compounds against different or-
ganisms depends on the impermeability of the cells of
microbes or difference in ribosome of the microbial
cells.

Gram positive Gram negative
Tested material
B. subtilis S. aureus St. faecalis P. aeruginosa E. coli E. cloacae
Complex | 3.12 6.25 >50 12.5 6.25 12.5
H,L >50 >50 >50 50 25 25
Penicillin 1.56 1.56 1.56 6.25 6.25 3.12
Kanamycin 0.39 1.56 3.12 3.12 3.12 1.56
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