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Two mononuclear manganese(III) complexes, [MnL1(OH2)(CH3OH)] �ClO4 (1) and [MnL2] 
(2), where L1 and L2 are the deprotonated forms of N,N�-bis(5-chloro-2-hydroxybenzyl-
idene)ethane-1,2-diamine and tris{2-[(3,5-dichlorosalicylidene)amino]ethyl}amine, respective-
ly, are obtained by the reaction of Schiff bases with manganese perchlorate in methanol. The 
complexes were characterized by elemental analysis, IR spectra, and single crystal X-ray de-
termination. In both complexes, Mn atoms are in the octahedral coordination. In the crystal 
structure of complex 1, the complex molecules are linked by water ligands through intermo-
lecular O—H�O hydrogen bonds to form dimers. The perchlorate anions are linked to the 
complex molecules through intermolecular O—H�O hydrogen bonds. In the crystal structure 
of complex 2, the molecules are stacked along the y axis through ��� interactions. The cata-
lytic oxidation on olefins of the complexes is studied. 
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INTRODUCTION

In recent years, much attention has been paid to explore efficient catalysts for organic reactions 
[ 1—5 ]. A great number of metal complexes have shown interesting catalytic properties for various 
reactions [ 6—10 ]. Among the complexes, manganese complexes with Schiff bases are effective cata-
lysts for the aerobic oxidation of olefins [ 11—13 ]. Aiming at the exploration of new catalysts for the 
oxidation of olefins, in the present work, two new mononuclear manganese(III) complexes, 
[MnL1(OH2)(CH3OH)] �ClO4 (1) and [MnL2] (2), where L1 and L2 are the deprotonated forms of N,N�-
bis(5-chloro-2-hydroxybenzylidene)ethane-1,2-diamine (H2L1) and tris{2-[(3,5-dichlorosalicylide-
ne)amino]ethyl}amine (H3L2), respectively, are described. 

EXPERIMENTAL 

Materials and measurements. 5-Chlorosalicylaldehyde, 3,5-dichlorosalicylaldehyde, ethylene-
1,2-diamine and tris(2-aminoethy1)amine were purchased from Fluka and used as received. Manga-
nese perchlorate was prepared by the reaction of manganese carbon in water, followed by recrystalli-
zation. The solvents used were of reagent grade. The H2L1 and H3L2 Schiff bases were prepared ac-
cording to the literature method [ 14, 15 ]. Elemental analyses were carried out using a Perkin—Elmer 
2400 II elemental analyzer. Infrared spectra were recorded on a Perkin—Elmer FT-IR spectrophoto- 
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meter with a KBr disc. GC analyses were carried out using a Shimadzu GC-2014C gas chromato-
graph. The X-ray diffraction was carried out on a Bruker SMART 1000 CCD area diffractometer at 
298(2) K. 

Synthesis of 1. H2L1 (3.36 g, 0.01 mol) and manganese perchlorate (3.62 g, 0.01 mol) were dis-
solved and stirred in methanol (50 ml). The mixture was stirred at room temperature for 1 h and fil-
tered. The filtrate was kept still at room temperature for several days, to give deep brown block-like 
single crystals. Yield: 45 %. Anal. Calcd. for C17H18Cl3MnN2O8 (%): C 37.8, H 3.4, N 5.2. Found (%): 
C 37.6, H 3.3, N 5.3. IR (KBr, cm–1): 3423 (m, O—H), 3020—2826 (w, C—H of aliphatic and 
aromatic), 1616 (s, C=N), 1560—1500 (s, C=C), 1215 (m, C—O), 1103 (s, Cl—O). 

Synthesis of 2. H3L2 (6.62 g, 0.01 mol) and manganese perchlorate (3.62 g, 0.01 mol) were dis-
solved and stirred in methanol (50 ml). The mixture was stirred at room temperature for 1 h and fil-
tered. The filtrate was kept still at room temperature for several days, to give deep brown block-like 
single crystals. Yield: 33 %. Anal. Calcd. for C27H21Cl6MnN4O3 ( %): C 45.2, H 3.0, N 7.8. Found 
( %): C 45.4, H 2.8, N 7.8. IR (KBr, cm–1): 3013—2830 (w, C—H of aliphatic and aromatic), 1613 (s, 
C=N), 1560—1500 (s, C=C), 1218 (m, C—O). 

X-ray crystallography. Single crystals of the complexes were mounted on the top of a glass fi-
ber. Graphite monochromatized MoK� radiation (� = 0.71073 Å) and the � scanning technique were 
used to collect the diffraction data. Absorption correction was applied with SADABS [ 16 ]. The struc-
tures of the complexes were solved by a direct method and refined by a full matrix least squares tech-
nique using SHELXTL [ 17 ]. Anisotropic thermal parameters were applied to all non-hydrogen atoms.  
 

T a b l e  1  

Crystallographic data for the complexes 

Parameter 1 2 

Empirical formula C17H18Cl3MnN2O8 C27H21Cl6MnN4O3 
FW 539.6 717.1 
Crystal shape / color Block / brown Block / brown 
Crystal size, mm 0.19�0.17�0.17 0.30�0.26�0.22 
Crystal system Monoclinic Triclinic 
Space group P21/c P-1 
�(MoK�), Å 0.71073 0.71073 
T, K 298(2) 298(2) 
	, mm–1 (MoK�) 1.032 1.008 
Unit cell dimensions a, b, c, Å 16.049(3),  19.134(3),  14.037(2) 12.901(2),  12.905(2),  20.631(3) 
                                  �, 
, �, deg. 
  90.177(2) 79.452(2),  73.696(2),  66.409(2) 
V, Å3 4310.6(10) 3011.3(6) 
Z 8 4 
Tmin / Tmax 0.8281 / 0.8441 0.7519 / 0.8087 
No. of measured / unique reflections 27387 / 7388 26644 / 10602 
No. of observed reflections [I � 2(I )] 4214 7383 
Data / restraints / parameters 7388 / 154 / 653 10602 / 0 / 739 
Rint 0.0835 0.0372 
F (000) 2192 1448 
Goodness of fit on F 2 1.037 1.076 
R1, wR2 [I � 2(I )] 0.0942,  0.1729 0.0866,  0.2126 
R1, wR2 (all data) 0.1610,  0.2083 0.1215,  0.2318 
Largest / deepest difference hole, e/Å–3 0.460 / –0.433 0.848 / –0.559 
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T a b l e  2  

Selected bond lengths (Å) 

1 2 
Mn1—O1 1.878(6) Mn1—O2 1.859(6) Mn1—O1 2.041(5) Mn1—O2 1.889(4) 
Mn1—N1 1.950(7) Mn1—N2 1.974(7) Mn1—O3 1.962(5) Mn1—N1 2.053(5) 
Mn1—O5 2.290(6) Mn1—O6 2.264(7) Mn1—N2 2.166(5) Mn1—N3 2.275(6) 
Mn2—O3 1.878(6) Mn2—O4 1.868(6) Mn2—O4 2.031(6) Mn2—O5 1.890(5) 
Mn2—N3 1.977(7) Mn2—N4 1.966(7) Mn2—O6 1.960(6) Mn2—N5 2.164(7) 
Mn2—O7 2.291(6) Mn2—O8 2.251(7) Mn2—N6 2.257(7) Mn2—N7 2.060(6) 

 
T a b l e  3  

Hydrogen-bonding geometry for 1 (Å, deg.) 

D—H�A D—H H�A D�A D—H�A 

O7—H7A�O3i 0.85(1) 1.97(2) 2.816(9) 172(10) 
O7—H7A�O4i 0.85(1) 2.65(9) 3.129(9) 117(8) 
O8—H8�O9 0.85(1) 1.97(7) 2.69(2) 142(10) 

 
 

 

Symmetry codes:  i1–x, –y, 1–z.  
 
The hydrogen atoms of the water and methanol molecules were located from electron density maps, 
with O—H and H�H distances restrained to 0.85(1) Å and 1.37(2) Å, respectively. The other hydro-
gen atoms were generated geometrically. The perchlorate anions in complex 1 are disordered, with 
occupancies of 0.323(2) and 0.677(2) for the Cl1—O9—O10—O11—O12 group, and 0.766(2) and 
0.234(2) for the Cl2—O13—O14—O15—O16 group. The crystallographic data and details of the data 
collection and refinement for the complex are listed in Table 1. Selected bond lengths and angles are 
given in Table 2. Hydrogen bonding information is given in Table 3. Crystallographic data for the 
complexes have been deposited with the Cambridge Crystallographic Data Centre (CCDC 1008303 
and 1008304). 

Catalytic epoxidation of olefins. To a solution of olefins (0.28 mmol), NaHCO3 (0.11 mmol) 
and catalyst (9.4�10�4 mmol) in MeCN (0.5 ml) H2O2 (1.1 mmol, 30 % H2O solution) was added as an 
oxidant. After the reaction was over, for the products analysis the solution was subjected to multiple 
ether extraction, and the extract was also concentrated down to 0.5 cm3 by distillation in a rotary eva-
porator at room temperature; then a sample (2 	L) was taken from the solution and analyzed by GC. 
The retention times of the peaks were compared with those of the commercial standards, and chloro-
benzene was used as the internal standard for the GC yield calculation. 

RESULTS AND DISCUSSION 

Synthesis. The two complexes were readily prepared by the reaction of equimolar quantities of 
the Schiff base ligands with manganese perchlorate in methanol. It should be noted that even though 
no problem occurred, perchlorate salts are potentially explosive. Only small quantities of such chemi-
cals should be handled and with great care. Elemental analyses of the complex are in good agreement 
with the expected values. 

Infrared spectra of the complexes. The medium and broad absorption centered at 3423 cm–1 for 
1 can be assigned to the O—H stretching vibrations of water and methanol ligands. Weak absorptions 
in the 3010—2820 cm–1 region result from C—H vibrations of the aliphatic and aromatic groups. In-
tense absorptions at 1616 cm–1 for 1 and 1613 cm–1 for 2 can be assigned to the vibration of C=N 
groups. The intense absorption indicative of the perchlorate anion is observed at 1103 cm–1. 
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Fig. 1. Molecular structure of complex 1 at a 30 % probability level 
 

Structure description of 1. The molecular structure of complex 1 is shown in Fig. 1. The asym-
metric unit of the complex contains two mononuclear manganese(III) complex cations and two per-
chlorate anions. The Mn atoms in the complex cations are in the octahedral coordination, with two 
imino N and two phenolate O atoms defining the equatorial plane, and with one water O and one me-
thanol O atoms located at the axial positions. The axial bonds are obviously longer than the equatorial 
ones, which is caused by Jahn—Teller effects. The distortion of the coordination can be observed from 
the bond angles related to the Mn atoms. Due to the strain from the five-membered chelated Mn1—
N1—C8—C9—N2 and Mn2—N3—C25—C26—N4 rings, the N1—Mn1—N2 and N3—Mn2—N4 
angles are much small. The Mn—O and Mn—N bond lengths in the present complex are comparable 
to those observed in similar manganese complexes [ 18, 19 ]. The dihedral angles between the two 
benzene rings of the Schiff base ligands are 5.6(3)� for the Mn1 molecule and 5.0(3)� for the Mn2 mo-
lecule. In the crystal structure of the complex (Fig. 2) the perchlorate anions are linked to the complex  
 

 
 

 

Fig. 2. Molecular packing of complex 
1, viewed along the y axis. Hydrogen 
     bonds are shown as dashed lines 
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T a b l e  4  

Parameters between the planes for 1 

Cg Distance between 
ring centroids, Å 

Dihedral 
angle, deg. 

Perpendicular distance 
of Cg(I) on Cg(J), Å 

Perpendicular distance  
of Cg(J) on Cg(I), Å 

Cg(1)—Cg(2)ii 4.982   4 –3.182 –3.411 
Cg(1)—Cg(4)ii 4.702   2 –3.300 –3.305 
Cg(2)—Cg(3)ii 4.896   7 –3.344 –3.408 
Cg(3)—Cg(4)ii 3.730   5 –3.424 –3.456 
Cg(4)—Cg(5)ii 4.788 48   2.183   4.622 
Cg(5)—Cg(6)iii 4.981   3 –3.206 –3.398 
Cg(5)—Cg(8)iii 4.700   2 –3.291 –3.314 
Cg(6)—Cg(7)iii 4.902   7 –3.348 –3.426 
Cg(7)—Cg(8)iii 3.739   5 –3.427 –3.465 
Cg(8)—Cg(1)iv 4.766 48   2.188   4.605 

 

 
 

Symmetry codes:  ii –x, 1–y, 1–z;  iii 1–x, 1–y, –z;  iv 1–x, 1–y, 1–z.  
Cg(1), Cg(2), Cg(3), Cg(4), Cg(5), Cg(6), Cg(7), and Cg(8) are the centroids of Mn1—O1—
C2—C1—C7—N1, Mn1—O2—C12—C11—C10—N2, C1—C2—C3—C4—C5—C6, C11—
C12—C13—C14—C15—C16, Mn2—O3—C19—C18—C24—N3, Mn2—O4—C29—C28—
C27—N4, C18—C19—C20—C21—C22—C23, and C28—C29—C30—C31—C32—C33, re-
spectively.  

 
cations through intermolecular O—H�O hydrogen bonds (Table 3). The crystal structure is stabilized 
by intermolecular O—H�O hydrogen bonds and ��� interactions (Table 4). 
 

 
 

Fig. 3. Molecular structure of complex 2 at a 30 % probability level 
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T a b l e  5  

Catalytic oxidation results 1 

Substrate Product Conversion (%) 2 (TON) 3 Conversion (%) 4 

  
81 (177) 
65 (159) 

22 
16 

 
 

87 (213) 
80 (187) 

35 
34 

 
 

94 (207) 
83 (192) 

40 
31 

 
 

77 (165) 
71 (150) 

18 
23 

 
 

 

1 Molar ratios for the catalyst: substrate:NaHCO3:H2O2 are 1:300:120:1200. The 
reactions were performed in a (80:20) mixture of CH3OH/CH2Cl2 under ambient 
conditions. 
2 The GC conversion was measured relative to starting olefin after 75 min.  
3 TON = (mmol of product)/mmol of catalyst.  
4 Conversion without the addition of sodium bicarbonate. 

 
Structure description of 2. The molecular structure of complex 2 is shown in Fig. 3. The asym-

metric unit of the complex contains two mononuclear manganese(III) complex molecules. The Mn 
atoms in the complex molecules are in the octahedral coordination, with two imino N and two phe-
nolate O atoms defining the equatorial plane, and with one imino N and one phenolate O atoms lo-
cated at the axial positions. The distortion of the coordination can be observed from the bond angles 
related to the Mn atoms. The cis and trans angles range from 82.1(2)� to 101.6(2)�, and 168.9(2)� to 
175.9(2)� for Mn1, and from 80.9(2)� to 104.4(3)�, and 165.6(3)� to 176.7(3)� for Mn2. The Mn—O 
and Mn—N bond lengths in the present complex are comparable to those observed in similar manga-
nese complexes [ 20—22 ]. The dihedral angles among the benzene rings of the Schiff base ligands are 
72.7(3)�, 79.8(3)�, and 67.9(3)� for the Mn1 molecule, and 68.8(3)�, 86.3(3)�, and 68.5(3)� for the 
Mn2 molecule. The apical N7 and N8 nitrogen atoms are not involved in the coordination and have 
long distances to the metal atoms in the range 3.07—3.20 Å. The angles of the apical atoms to the 
neighboring carbon atoms are forced to 115—120�, thus strongly deviating from an aminic trigonal 
pyramid. It is considered that the apical N atoms are repelled by the metal atoms. 

Catalytic properties. The catalytic oxidation results are listed in Table 5.The complexes have 
good catalytic capability in the oxidation of selected olefins to the corresponding epoxides. It is clear 
that complex 1 shows a slightly better activity than complex 2, which might be induced by the weak 
coordination of the water and methanol molecules at the axial positions. When H2O2 was used as a 
sole oxidant the catalytic efficiency was not good, but when NaHCO3 was added as a co-catalyst the 
efficiency of the system increased sharply. H2O2 and hydrogen carbonate may react in an equilibrium 
process to produce peroxymonocarbonate, 4HCO� , which is a more reactive nucleophile than H2O2 and 
speeds up the epoxidation reaction. 
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