
This article was downloaded by: [University of Cambridge]
On: 08 October 2014, At: 07:50
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Synthesis and Reactivity in Inorganic, Metal-Organic,
and Nano-Metal Chemistry
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/lsrt20

Synthesis, X-Ray Structural Characterization,
and Catalytic Property of a Manganese
(II) Complex With 2-Bromo-6-[(3-
cyclohexylammoniopropylimino)methyl]phenolate and
Thiocyanate Ligands
Qiwen Yang a b , Yan Lei a c & Pu Wang a
a School of City Construction and Environmental Engineering , Chongqing University ,
Chongqing , P. R. China
b China Huaxi Engineering Design & Construction Co. Ltd , Sichuan , P. R. China
c School of Chemistry and Environmental Engineering , Chongqing Three Gorges University ,
Chongqing , P. R. China
Accepted author version posted online: 23 Sep 2013.Published online: 26 Mar 2014.

To cite this article: Qiwen Yang , Yan Lei & Pu Wang (2014) Synthesis, X-Ray Structural Characterization, and Catalytic
Property of a Manganese (II) Complex With 2-Bromo-6-[(3-cyclohexylammoniopropylimino)methyl]phenolate and
Thiocyanate Ligands, Synthesis and Reactivity in Inorganic, Metal-Organic, and Nano-Metal Chemistry, 44:8, 1208-1211, DOI:
10.1080/15533174.2013.799211

To link to this article:  http://dx.doi.org/10.1080/15533174.2013.799211

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”) contained
in the publications on our platform. However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness, or suitability for any purpose of the
Content. Any opinions and views expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the Content should not be relied upon and
should be independently verified with primary sources of information. Taylor and Francis shall not be liable for
any losses, actions, claims, proceedings, demands, costs, expenses, damages, and other liabilities whatsoever
or howsoever caused arising directly or indirectly in connection with, in relation to or arising out of the use of
the Content.

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any
form to anyone is expressly forbidden. Terms & Conditions of access and use can be found at http://
www.tandfonline.com/page/terms-and-conditions

http://www.tandfonline.com/loi/lsrt20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/15533174.2013.799211
http://dx.doi.org/10.1080/15533174.2013.799211
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Synthesis and Reactivity in Inorganic, Metal-Organic, and Nano-Metal Chemistry, 44:1208–1211, 2014
Copyright C© Taylor & Francis Group, LLC
ISSN: 1553-3174 print / 1553-3182 online
DOI: 10.1080/15533174.2013.799211

Synthesis, X-Ray Structural Characterization, and Catalytic
Property of a Manganese (II) Complex With 2-Bromo-6-[(3-
cyclohexylammoniopropylimino)methyl]phenolate and
Thiocyanate Ligands

Qiwen Yang,1,2 Yan Lei,1,3 and Pu Wang1

1 School of City Construction and Environmental Engineering, Chongqing University, Chongqing,
P. R. China
2 China Huaxi Engineering Design & Construction Co. Ltd, Sichuan, P. R. China
3 School of Chemistry and Environmental Engineering, Chongqing Three Gorges University, Chongqing,
P. R. China

A new manganese(II) complex [MnL2(NCS)2]·2H2O with the
Schiff base ligand derived from 3-bromosalicylaldehyde with N-
cyclohexylpropane-1,3-diamine has been synthesized and struc-
turally characterized by physicochemical methods and single-
crystal X-ray determination. The crystal of the complex crystallizes
in monoclinic space group C2/c, with a = 24.749(2), b = 7.2957(7),
c = 26.183(4) Å, β = 118.70(2)◦, V = 4171.6(8) Å3, Z = 4, R1 =
0.0893, wR2 = 0.2305, GOOF = 1.084. X-ray analysis indicates that
the complex is a mononuclear manganese species, which possesses
crystallographic inversion center symmetry. The Mn atom, lying
on the inversion center, is coordinated in an octahedral coordina-
tion by two phenolate O and two imine N atoms from two Schiff
base ligands, and two thiocyanate N atoms. The catalytic property
for epoxidation of styrene by the complex has also been tested.

Keywords catalytic property, crystal structure, manganese complex,
Schiff base ligand, thiocyanate ligand

INTRODUCTION
Schiff base compounds represent one of the most attrac-

tive series of ligands in coordination chemistry. The ligands
bearing typical C N groups and suitable O, N, or S donor
atoms are capable of binding various transition and rare earth
metal atoms to form complexes with versatile structures and
properties.[1–3] To date, most Schiff base complexes have been
reported to have interesting catalytic properties, such as asym-
metric epoxidation, oxidation of sulfides, and various type of
polymerization.[4–8] Among the Schiff base complexes, those
with Mn centers are of particular interest for their epoxi-
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dation of olefins.[9–11] Herein we report the synthesis, X-ray
crystal structure, and catalytic property of a new manganese
complex, [MnL2(NCS)2]·2H2O, where L is 2-bromo-6-[(3-
cyclohexylammoniopropylimino)methyl]phenolate.

EXPERIMENTAL

Materials
Manganese chloride, 3-bromosalicylaldehyde, and N-

cyclohexylpropane-1,3-diamine were purchased from Aldrich.
All other reagents with AR grade were used as received without
further purification.

Physical Measurements
Infrared spectra (4000–400 cm−1) were recorded as KBr

discs with a FTS-40 BioRad FT-IR spectrophotometer. Mi-
croanalyses (C, H, N) of the complex were carried out on a
Carlo-Erba 1106 elemental analyzer. Solution electrical con-
ductivity was measured at 298 K using a DDS-11 conductivity
meter. GC analyses were performed on a Shimadzu GC-2010
gas chromatograph.

X-Ray Crystallography
Crystallographic data of the complex were collected on

a Bruker SMART CCD area diffractometer with graphite
monochromated Mo-Kα radiation (λ = 0.71073 Å) at 298(2)
K. Absorption corrections were applied by using the multi-
scan program.[12] The structure was solved by direct meth-
ods and successive Fourier difference syntheses (SHELXS-97),
and anisotropic thermal parameters for all non-hydrogen atoms
were refined by full-matrix least-squares procedure against
F2 (SHELXL-97).[12] All non-hydrogen atoms were refined
anisotropically. Hydrogen atoms were set in calculated posi-
tions and refined by a riding mode, with a common thermal
parameter. The crystallographic data and experimental details
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TABLE 1
Crystallographic data for the single crystal of the complex

Empirical formula C34H50Br2MnN6O4S2

Formula weight 885.7
Temperature (K) 298(2)
Crystal system Monoclinic
Space group C2/c
a (Å) 24.749(2)
b (Å) 7.2957(7)
c (Å) 26.183(4)
β (◦) 118.070(2)
V (Å3) 4171.6(8)
Z 4
F(000) 1820
Data/restraints/parameters 3701/6/223
Goodness-of-fit on F2 1.084
Final R indices [I > 2σ (I)] R1 = 0.0893, wR2 = 0.2305

for the structure analysis are summarized in Table 1, and the
selected bond lengths and angles are listed in Table 2.

Preparation of 2-bromo-6-[(3-
cyclohexylaminopropylimino)methyl]phenol

Hot methanol solutions of 3-bromosalicylaldehyde and N-
cyclohexylpropane-1,3-diamine (1:1, v/v) were stirred under
reflux for 1 h, and cooled to room temperature. The yellow
precipitate was collected by filtration and dried in vacuo. Yield:
83%. Anal. Calcd. for C16H23BrN2O (%): C, 56.6; H, 6.8; N,
8.3. Found (%): C, 56.4; H, 6.9; N, 8.2.

Preparation of the Complex [MnL2(NCS)2]·2H2O
To a stirred solution of 2-bromo-6-[(3-cyclohexylaminopr-

opylimino)methyl]phenol (0.34 g, 1 mmol) and ammonium
thiocyanate (0.076 g, 1 mmol) in 20 mL methanol was added
MnCl2·4H2O (0.20 g, 1 mmol). The resulting mixture was

TABLE 2
Selected bond distances (Å) and bond angles (◦) for the

complex

(1)

Bond distance
Mn1-O1 1.883(6) Mn1-N1 2.054(6)
Mn1-N3 2.288(8)
Bond angle
O1-Mn1-O1A 180 O1-Mn1-N1A 88.9(2)
O1-Mn1-N1 91.1(2) N1-Mn1-N1A 180
O1-Mn1-N3 90.4(3) O1-Mn1-N3A 89.6(3)
N1-Mn1-N3A 90.4(2) N1-Mn1-N3 89.6(2)
N3-Mn1-N3A 180

refluxed for 1 h. The deep brown reaction solution was fil-
tered and the solvent removed under reduced pressure, yield-
ing brown solid of the complex. Yield: 43%. Well-shaped sin-
gle crystals suitable for X-ray diffraction were obtained by
recrystallization of the solid from methanol. Anal. Calcd. for
C34H50Br2MnN6O4S2 (%): C, 46.1; H, 5.7; N, 9.5. Found (%):
C, 46.2; H, 5.7; N, 9.4.

Styrene Epoxidation
The epoxidation reactions were carried out at room temper-

ature in acetonitrile under N2 atmosphere with constant stir-
ring. The composition of the reaction mixture was 2.00 mmol
of styrene, 2.00 mmol of chlorobenzene (internal standard),
0.10 mmol of the complex (catalyst) and 2.00 mmol iodosyl-
benzene or sodium hypochlorite (oxidant) in 5.00 mL freshly
distilled acetonitrile. When the oxidant was sodium hypochlo-
rite, the solution was buffered to pH 11.2 with NaH2PO4 and
NaOH. The composition of reaction medium was determined by
GC with styrene and styrene epoxide quantified by the internal
standard method (chlorobenzene). All other products detected
by GC were mentioned as others. For each complex the reaction
time for maximum epoxide yield was determined by withdraw-
ing periodically 0.1 mL aliquots from the reaction mixture and
this time was used to monitor the efficiency of the catalyst on
performing at least two independent experiments. Blank ex-
periments with each oxidant and using the same experimental
conditions except catalyst were also performed.

RESULTS AND DISCUSSION

Synthesis
The Schiff base ligand was readily prepared by condensation

reaction of 3-bromosalicylaldehyde with N-cyclohexylpropane-
1,3-diamine in methanol (see Scheme 1). The stoichiometric
reaction of the Schiff base ligand and ammonium thiocyanate
with manganese chloride in refluxing methanol yielded the cor-
responding manganese complex (see Scheme 2). The reaction
progress is accompanied by an immediate color change of the
solution from yellow to deep brown. We have attempted to pre-
pare and grow diffraction quality crystals of the complexes from
various solvents; yet, only methanol is suitable. The molar con-
ductivity (�M = 30 �−1 cm2 mol−1) is consistent with the values
expected for non-electrolytes.[13]

Description of the Structure of the Complex
Single-crystal X-ray analysis reveals that the complex con-

sists of a centrosymmetric mononuclear manganese complex

SCH. 1. The preparation of the Schiff base ligand.
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SCH. 2. The preparation of the complex.

subunit and two water molecules of crystallization. The OR-
TEP plot of the complex is shown in Figure 1. The manganese
atom is in a distorted octahedral geometry, which is coordinated
by the N2O2 donor atoms from two zwitterionic Schiff base
ligands in the equatorial mode and two N donor atoms from
two thiocyanate ligands in the axial positions. The distortion
of the octahedral coordination of the structure can be observed
from the bond angles (Table 2) related to the Mn atoms. The
O1–Mn1–N1A and O1–Mn1–N1 bond angles are 88.9(2)◦ and
91.1(2)◦, respectively, which are slightly distorted from the ideal
value of 90◦. The bond lengths of Mn–O and Mn–N (Table 2) are
close to those in other Mn-Salen complexes.[14,15] As expected,
the bond lengths in the axial positions are elongated due to a
Jahn-Teller distortion effect. The space packing of the complex
along the c axis is shown in Figure 2, in which hydrogen bonds
link the manganese complex subunits and the water molecules
into a one-dimensional supramolecular aggregation.

Spectral Characterization
In the IR spectrum of the complex exhibits strong absorption

at 2060 cm−1, assignable to the asymmetric stretching vibra-
tion of the thiocyanate ligand. Also, the strong characteristic
absorption of the CH N group is detected at 1619 cm−1.[16]

2

FIG. 1. ORTEP diagram of the complex (30% thermal ellipsoid).

The medium band centered at 3370 cm−1 can be attributed to
the νOH vibrations of the water molecules.

Catalytic epoxidation results
The percentage of conversion of styrene, selectivity for

styrene oxide, yield of styrene oxide, and reaction time to obtain
maximum yield using both the oxidants are given in Table 3. The
data reveal that the complex as a catalyst converts styrene most
efficiently in the presence of both oxidants. Nevertheless, the
catalyst is selective towards the formation of styrene epoxides
despite of the formation of by-products, which have been iden-
tified by GC-MS as benzaldehyde, phenylacetaldehyde, styrene
epoxides derivative, and alcohols. From the data it is also clear
that the complex exhibits excellent efficiency for styrene epox-
ide yield. When the reactions are carried out with PhIO and
NaOCl, styrene conversions were about 80% and 67%, respec-
tively. It is evident that between PhIO and NaOCl, the former
acts as a better oxidant with respect to both styrene conversion
and styrene epoxide selectivity. The epoxide yields for the com-
plex are 72% using PhIO as an oxidant and 55% using NaOCl
as an oxidant.

FIG. 2. The molecular packing structure of the complex linked by hydrogen
bonds.
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TABLE 3
Catalytic epoxidation results

Time
(h) Oxidant

Conversion
(%)

Epoxide
yield
(%)

Selectivity
(%)

2 PhIO 80 72 83
3 NaOCl 67 55 79

CONCLUSION
A new Mn-Schiff base coordination complex has been pre-

pared and structurally characterized in this study. Structural
analysis shows that the complex consists of a centrosymmet-
ric mononuclear manganese complex subunit and two water
molecules of crystallization. The thiocyanate groups act as ter-
minal ligands. The Schiff base ligands are zwitterionic, with the
phenol hydrogen transferred to the amino group. The complex
shows effective catalytic epoxidation on styrene.
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