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A new mononuclear Fe(III) Mannich-base complex
with selective histidine binding and catechol
oxidase activity†

Bikramaditya Mandal,a Anwesha Haldar,a Rakesh Ganguly, b Rajat Saha *c and
Debdas Mandal *a

The design of amino acid sensors have significant applications in biomarkers. Herein, we have developed

an achiral Fe(III)-complex [FeIIIL(bzac)] (complex 1) (H2L = N,N0-dimethyl-N,N0-bi(2-hydroxy-3,5-

dichlorobenzyl)-ethylenediamine (H2L) that shows highly selective sensing of histidine over others in an

aqueous methanolic solution. The complex has been synthesized by a simple stirring method using H2L

and benzylacetone (bzac) as the ancillary ligand and characterized by single crystal X-ray diffraction

analysis along with other spectroscopic studies. Structural study shows that it is a simple mononuclear

complex though the single molecule is chiral; however, the overall crystalline lattice is achiral in nature.

In the complex, Fe(III) shows distorted octahedral geometry, and each discrete complex is connected by

supramolecular hydrogen bonding interactions to form achiral 3D supramolecular structure. Both the

absorption spectral analyses reveal that the complex has peaks at 484 nm due to ligand-to-metal

charge transfer (LMCT) and emission spectra have a peak at 566 nm. In the presence of histidine, there

is a red-shift of about 70 nm and peaks arise at about 564 nm, while the emission spectra shows that

the peak at 566 nm disappears completely and a new peak at 603 nm appears. In the presence of other

amino acids, there is no such distinct change in both the absorption and emission spectra of the

complex. It also acts as an effective catalyst toward the oxidation of 3,5-di-tert-butylcatechol in

methanol solvent.

Introduction

Being an essential amino acid, histidine plays a significant role
in the functions of many proteins for the growth and repair of
tissues and organs.1 Histidine also acts as the neurotransmitter
or neuromodulator in muscular and central nervous system of
mammals and has an important role in controlling the trans-
mission of metal elements.2 A persistent deficiency of histidine
may cause chronic kidney diseases, Parkinson’s disease, epi-
lepsy, and pulmonary diseases, whereas excess histidine may
lead to metabolic and psychological disorders.3 Thus, the
qualitative and quantitative detection and monitoring of histi-
dine is of great importance. Different types of techniques such

as electrophoresis, chemiluminescence, Raman scattering,
mass spectroscopy, high performance liquid chromatography,
colorimetry, and fluorimetry have been utilized for the
purpose.4 Among these, fluorimetry has gained significant
attention due to its operational simplicity, high sensitivity,
and real-time detection.

To date, different types of fluorescent probes such as coor-
dination complexes, coordination polymers, and chemo-
sensing ensembles have been developed for the highly selective
detection of histidine in organic or organo-aqueous solutions.
Mostly divalent metal-ion based coordination complexes or
ensembles are used for the development of such sensors. Xu
et al. have developed an ensemble of Cu2+ with napthalimide-
based fluorescent molecule that shows highly selective detec-
tion of histidine in the aqueous phase.5 Zhao et al. prepared
another Cu(II)-thiamine ensemble, which shows the simulta-
neous detection of both histidine and glutathione.4 Li et al.
synthesized another ensemble of Cu(II) with a trispyridine
ruthenium complex for the detection of histidine.6 Hu et al.
have shown the turn on fluorescence of an Ir-complex
[Ir(C–N)2(CH3CN)2]+NO3

� in the presence of histidine.7 Das
et al. reported polymeric Cu(II)-complex with phenol-based
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ligand (2-(((2-(phenylamino)ethyl)imino)methyl)phenol) and
the resulting compound specifically senses histidine (His) with
high selectivity and sensitivity under physiological conditions.8

Chattopadhyay et al. observed the highly selective detection of
histidine by the Cu-Schiff base complex.9 Chan et al. developed
another chemo-sensing ensemble using Cu and 7-N,N-
diethylaminocoumarin-4-N-2-amino-N-(quinolin-8-yl)acetamide
for the fluorometric detection of histidine.10 Huang et al. have
shown another histidine sensing ensemble of Cu2+ with
anthracene-containing chiral macrocycle.11 In all these cases,
it is supposed that histidine directly interacts with the metal
center and forms the metal-histidine complex. To date, there is
no example of highly selective and sensitive detection of histi-
dine by the trivalent metal ion. In this respect, we are going to
report selective histidine sensing by a Fe(III)-Mannich base
complex in aqueous-methanolic solution.

Transition metal-based complexes with different types of
organic ligands such as Schiff base, Mannich base, and carboxylic
acids have gained much attention for their multifunctional
properties such as magnetism, catalysis, sensing, antiviral, and
antibacterial. Das et al. have reported bi-functional properties of
catalysis and sensing of two different copper and manganese
Schiff base complexes.8 In another article, the same group
reported the catalysis and antimicrobial activities of the copper
complex.12 Kumar et al. reported dual catalysis and dual sensing
behavior of a copper-based metal–organic framework.13 Following
such previous instances, herein, we have investigated the bifunc-
tional activities of complex 1. Catechol oxidase, a copper-containing
metalloenzyme, catalyzes the oxidation of a wide range of o-
diphenols to the corresponding o-quinones. The generated qui-
nones produce melanin via the autopolymerization process and it
protects tissues from damage against pathogens and insects.14 In
1998, the crystal structure of this metalloenzyme was determined
and it was revealed that the active center consists of a hydroxo-
bridged dicopper(II) center in which each Cu(II) center is coordi-
nated to three histidine nitrogen atoms.15 It is well established that
various mono and di-copper complexes oxidize catechol to corres-
ponding quinone.16–19 In recent times, the catecholase activity of
transition metal complexes with redox active metal ions have been
explored for the development of a bioinspired catalyst.20–27

Herein, we report the synthesis, characterization, and
bifunctional activity of a Fe(III)-Mannich-based complex 1
[FeIIIL(bzac)]. For the synthesis of complex 1, N,N0-dimethyl-
N,N0-bis(2-hydroxy-3,5-dichlorobenzyl)-ethylenediamine (H2L)
is used. Benzoylacetonate (bzac) in complex 1 plays the role
of an ancillary ligand. The catecholase activity of complex 1 has
been investigated following the oxidation of 3,5-di-tert-
butylcatechol (3,5-DTBC) to 3,5-di-tertbutylbenzoquinone (3,5-
DTBQ) with molecular oxygen in methanol at 25 1C. [FeIIIL(bzac)]
exhibits high turnover number (Kcat = 2.5 � 103) for the catalytic
oxidation of 3,5-DTBC in methanol to 3,5-DTBQ. Complex 1 shows
extremely selective sensing ability toward histidine (His). This
study has revealed that complex 1 is more sensitive toward His
compared to other amino acids. A thorough literature survey
revealed that it is an interesting example of a complex capable of
sensing histidine with an extensive decrease in fluorescence
intensity and a large redshift (42 nm) of the excitation wavelength.

Results and discussion
Synthesis

A mononuclear mixed ligand complex 1 [FeL(bzac)] has been
synthesized using facially coordinating tetradentate N2O2

ligand. Complex 1 was obtained by reacting the ligand (H2L)
with FeCl3�6H2O as the metal ion precursor and benzoylacetone
as an ancillary ligand in the presence of few drops of triethyla-
mine. The reaction is performed in methanol and the detailed
strategy is summarized in Scheme 1. The IR spectra also
contain all the characteristic bands of the coordinated tetra-
dentate ligands, (L2�). One such prominent band appears
at ca. 1310 cm�1 due to the n(C–O/phenolate) stretching
vibrations.28,29 Corresponding signature vibrations for the
b-diketonate moiety in 1 appears in the form of a twin band
at ca. 1590 and 1560 cm�1 due to u(CQC) and u(CQO) stretch-
ing, respectively.26

Crystal structure of the Fe(III) complex

Single crystal X-ray diffraction analysis reveals that it is a
mononuclear mixed ligand complex and crystallizes in the

Scheme 1 Schematic presentation for the preparation of 1.
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centrosymmetric space group P21/c (Table 1). The asymmetric
unit contains one Fe(III), one doubly deprotonated tetradentate
ligand (L2�), and a bidentate benzoylacetonatemoiety within
the crystal structure. Fe(III) shows distorted octahedral geome-
try. In the equatorial plane, four coordination sites are occu-
pied by O1, O2, and N2 atoms of the ligand and O3 atom of the
benzoylacetone moiety, while the axial sites are filled by N1
atoms of the ligand and O4 atoms of the bzac moiety (Fig. 1).
Selected bond lengths and angles are given in Tables 2 and 3,

respectively. The bond distances of Fe–N are in the range of
2.2331(19)–2.263(2) (Å) and those of Fe–O are in the range of
1.19171(16)–2.0472(17) (Å), all of which are in the desired
ranges.30,31 All the cisoid and transoid angles vary in the range
of 78.52(7)–98.62(7) and 166.3(7)–174.60(7) (Å).

The Mannich base ligand shows tetradentate chelating
behavior with four donor sites and it is present in the non-
planar twisted form. The bzac moiety presents a planar con-
formation and binds the metal center in the chelating fashion
with two donor oxygen atoms. Each discrete mononuclear unit
is connected by C–H� � �Cl bonds to form 1D supramolecular
zigzag chain, as shown in Fig. 2. All the hydrogen bond
dimensions are given in Table 4.

Electronic spectra of the complex

The electronic spectra of complex 1 is depicted in Fig. 3 and the
main features are inscribed in the experimental section.
1 � 10�4 M methanolic solution of 1 was used for this
examination. The spectra of mononuclear octahedral complex
shows a band in the 484 nm region, which can be assigned as
the ligand Ph–O�(pp)-to-metal FeIII(dp*) charge transfer
(LMCT) electronic transition.32 The higher energy absorbances
are observed at 298, 247, and 212 nm regions corresponding to
intraligand n - p* and p - p* electronic transitions,
respectively.33

Thermogravimetric analysis

The thermogram of complex 1 was obtained by heating from
30 1C to 800 1C in N2 gas atmosphere. Fe(III) complex was found
to be thermally stable up to 247 1C and shows three stages
decomposition up to 800 1C. Thermal decomposition proceeds
with heating at 289 1C (DTGA peak at 289 1C). The first stage of

Table 1 Crystallographic data for complex 1

Empirical formula C28H27Cl4FeN2O4

Formula weight 653.18
Space group P21/n
Crystal system Monoclinic
a, Å 9.2164
b, Å 16.5872
c, Å 18.3092
a, deg 90
b, deg 97.1255
g, deg 90
V, Å3 2777.39
Z 4
Dcalcluated (g cm�1) 1.562
m (mm�1) 0.966
F (000) 1340
y ranges (1) (2.541–27.491)
Index ranges �11 r h r 110 r k r 21 0 r l r 23
Reflections collected 6334
Rint 0.0574
Goodness of fit 1.026
R1a(F0), wR2b(F0) (all data) 0.0405, 0.0893
Largest diff. peak, deepest hole, eÅ�3 0.459, �0.565

a R =
P

||Fo| � |Fc||/
P

|Fo|. b wR = [
P

[w((Fo
2 � Fc

2)2]/
P

w(Fo
2)2].

Fig. 1 ORTEP diagram of complex (1) with 35% ellipsoid probability
(C: Blue, N: Pink, O: Red, Fe: Orange, Cl: Green).

Table 2 Selected bond distances (Å) in complex 1

Fe1–O2 1.9171(16)
Fe1–O1 1.9248(17)
Fe1–O4 1.9628(16)
Fe1–O3 2.0472(17)
Fe1–N1 2.2331(19)
Fe1–N2 2.263(2)

Table 3 Selected bond angles (1) in complex 1

O2–Fe1–O1 95.74(7)
O2–Fe1–O4 94.39(7)
O1–Fe1–O4 98.62(7)
O2–Fe1–O3 174.60(7)
O1–Fe1–O3 89.54(7)
O4–Fe1–O3 85.97(7)
O2–Fe1–N1 95.27(7)
O1–Fe1–N1 88.59(7)
O4–Fe1–N1 167.31(7)
O3–Fe1–N1 83.65(7)
O2–Fe1–N2 88.21(7)
O1–Fe1–N2 166.83(7)
O4–Fe1–N2 93.58(7)
O3–Fe1–N2 86.38(7)
N1–Fe1–N2 78.52(7)
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between a heating temperature from 247 1C to 352 1C (DTGA peak
at 289 1C) corresponds to the exothermic removal of coordinated
mixed ligand bzac. This stage is associated with experimental
weight loss of 24% (calcd. 24.7%). The second stage occurs in the
temperature range from 352 1C to 468 1C (DTGA peak at 402 1C)
corresponds the exothermic removal of the coordinated 2,4-
dichlorophenol group separated from the piperazinyl arm for the
coordinated ligand with 14% weight loss (calcd. 13.2%). The third
step continues to lose weight from 468 1C to 800 1C corresponds to
the removal of remaining organic residue. The experimentally
obtained weight loss associated with the DTGA peaks are in good
agreement with the calculated values (Fig. 4).

Electrochemical studies

The electrochemical behaviors of 1 have been monitored by
cyclic voltammetry (CV) in acetonitrile (0.1M TBAP) using a
platinum working electrode. The voltammetric features of the
complex are displayed in Fig. 5. A quasi-reversible peak is
obtained at E1/2 = 0.043 V (DEp = 86 mV) vs. saturated calomel
electrode (SCE) reference with the scan rate (100 mV s�1)
corresponding to FeIII to FeII reduction.34

Interactions with amino acids

The selectivity and sensitivity of 1 with various amino acids are
monitored by UV-vis and fluorescence spectroscopy. The UV-vis
spectrum of complex 1 shows an important absorption band in
the visible region at 484 nm. For this detection experiment,
1 mM (9 : 1, v/v, CH3OH : H2O) solution of complex 1 and 10 mM
(9 : 1, v/v, CH3OH : H2O) solutions of different amino acids are
prepared. With the addition of selective amino acids, the band
position and the intensity are changed, as shown in Fig. 6. A
new band at 511 nm with a significant redshift of 27 nm from
484 nm is observed when 1 mL solution (10 mM) of His is added
to 2 mL solution (1 mM) of 1. On the other hand, very small
shifts in the band positions are observed after the addition of
other amino acids in the same ratio (v/v). This study has
revealed that complex 1 is more sensitive toward His compared
to other amino acids. For fluorescence response, the above
experiments are repeated. Only the addition of His to complex 1
shows an extensive decrease in the fluorescence intensity and a
large redshift (42 nm) of excitation wavelength with lem at
604 nm (lex = 511 nm), accompanied by a blueshift of excitation

wavelength with lem at 553 nm (lex = 511 nm) compared to the
excitation wavelength of complex 1 with lem at 562 nm
(lex = 484 nm). The other amino acids do not produce a
remarkable change in the excitation wavelength in the emis-
sion spectra, as depicted in Fig. 7.

His titration experiment

The florescence response for complex 1 upon the addition
of increasing amount of His is monitored by fluorescence
spectroscopy, as shown in Fig. 8. For this experiment, 2 mL
(1 � 10�5 M) in (9 : 1, v/v) CH3OH : H2O solution of complex 1 is
titrated with the gradual addition of 20, 40, 60, 80, 100, 120,
140, 160, 180, and 200 mL (1 � 10�3 M) in CH3OH : H2O

Fig. 2 1D supramolecular chain formed by C–H���Cl hydrogen bonding interactions.

Table 4 Hydrogen bond dimensions of complex 1

D–H���A
D–H/
(Å)

H���A/
(Å)

D���A/
(Å)

oD–H���
A/(1) Symmetry

C8–H8B���O3 0.99 2.53 3.041(3) 112
C10–H10A���O3 0.98 2.43 2.911(3) 109
C11–H11B���Cl2 0.99 2.80 3.686(2) 149 �1/2 + x, 1

2 � y, 1/2 + z
C27–H27���O4 0.95 2.36 2.703(3) 100
C35–H35A���O3 0.99 2.36 2.993(3) 121

Fig. 3 Electronic absorption spectrum of 1 (1 � 10�4 M) in methanol.
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(9 : 1, V/V) solution of His. This experiment shows a gradual
increase in the intensity of the emission spectra of His in both
blueshift and redshift regions at about 553 and 604 nm, respec-
tively. Fig. 9 further implies a linear enhancement of the
fluorescence response of the titration experiment in the range
of 20 to 200 mL of (1 � 10�3 M) solution of His for the linear
enhancement of fluorescence response at 604 and 553 nm,
respectively. The linear regression equation is Y = 0.06181
[His] � 10�5 (M) + (�0.24431) with correlation coefficient
R2 = 0.99308 and Y = 0.12696 [His] � 10�5 (M) + (�1.87267)
with correlation coefficient R2 = 0.98764 for the linear enhance-
ment of fluorescence response at 604 and 553 nm, respectively.

Catalytic oxidation of 3,5-DTBC

The catecholase activity of 1 was studied using 3,5-di-tert-butyl
catechol (3,5-DTBC) as a model substrate in methanol under
aerobic conditions at room temperature. The most widely used

3,5-DTBC has been used as the substrate as it can be easily
oxidized to 3,5-di-tert-butyl benzoquinone (3,5-DTBQ). The two
bulky substutuents on the catechol ring makes it easily oxidiz-
able to the corresponding o-quinone 3,5-DTBQ and at the same
time, bulky tert-butyl methyl substituent’s prevent further
oxidation reactions. To monitor the reaction, 6.5 � 10�4 M
metabolic solutions of 1 were added with 100 equivalents of 3,5-
DTBC. After mixing 3,5-DTBC into complex 1, sequentially, the
progress of the reaction was recorded by the UV-vis spectra of
the mixtures at 5 min time intervals. The time-resolved spectra
for the conversion of 3,5-DTBC to 3,5-DTBQ (quinone band
maxima) was observed at a wavelength of about 400 nm in
methanol, as shown in Fig. 10. The rate constant for a parti-
cular complex–substrate concentration ratio was obtained by
the change in the absorbance versus time plot by employing the
initial rate method. The substrate concentration dependence of

Fig. 4 TG–DTA curves for complex 1 [FeIIIL(bzac)].

Fig. 5 Cyclic voltammogram of complex 1 (1 � 10�4 M) in acetonitrile with
TBAP as the supporting electrolyte at 25 1C at a scan rate of 100 mV s�1.

Fig. 6 UV-Vis absorbance spectra of complex 1 (1 mM) with amino acids
(10 mM) in (9 : 1, v/v) CH3OH : H2O.

Fig. 7 Fluorescence spectra of complex 1 (1 mM) with amino acids (10 mM)
in (9 : 1, v/v) CH3OH : H2O.
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the oxidation rate was examined under aerobic conditions, using
6.5 � 10�4 M solutions of 1 and increasing amounts of 3,5-DTBC
from 1.5� 10�3 M to 5 � 10�3 M. The observed rate vs. [substrate]
plot in methanol solution, as well as Lineweaver–Burk plot, is given
in Fig. 11. The observed rate versus substrate concentration data
were, then analyzed on the basis of the Michaelis–Menten
approach of the enzymatic kinetics to determine the Michaelis–
Menten constant (KM) and maximum initial rate (Vmax) using
Michaelis–Menten plots and Lineweaver–Burk plots. Kcat were
obtained by dividing the Vmax values by the concentration of the
corresponding complexes. Table 5 shows the catecholase activities of
the reported mononuclear Fe complexes. It is notable that complex 1
exhibits very high turnover number (Kcat = 2.5 � 103 h�1) for the
catalytic oxidation of 3,5-DTBC in methanol to 3,5-DTBQ as com-
pared to several reported mononuclear Fe complexes.

A plausible complex–substrate intermediates in the catalytic
cycles is shown in Scheme 2. We have checked the ESI-MS

spectra for complex 1 after 15 min of mixing of complex 1 and
3,5-DTBC with 1 : 10 mole ratio in methanol (Fig. S1, ESI†). The
observed ESI-MS features for the resulting mixture of complex 1
with 3,5-DTBC shows characteristic peaks at m/z = 243, 301,
413, 463, 555, and 712. The signal at about m/z = 243 is due to
the formation of [3,5-DTBC(Na)]+, a sodium aggregate of qui-
none. The peak at m/z = 463 can be assigned to the 2 : 1 quinone
sodium aggregate [(3,5-DTBC)2Na]+. Another peak at m/z = 555
is possibly due to the formation of a sodium aggregate of the
intermediate species [FeIII(L)(CH3OH)2H]+. The formation of a
sodium aggregate of the intermediate species [FeIII(L)(3,5-
DTBC)Na]+ is confirmed by the peak at m/z = 712.

The formation of H2O2 during the catalytic oxidation of 3,5-
DTBC to 3,5-DTBQ by complex 1 indicates some idea related to
probable mechanisms involved in the catalytic processes. Complex
1 give a positive result to the formation H2O2 as the byproduct by
observing the characteristic peak of I3� at 353 nm, produced by the
reaction of generated peroxide with potassium iodide. 80% H2O2

have been produced with respect to the formation of 3,5-DTBQ
after 1 h oxidation of 3,5-DTBC and this phenomenon suggests
that the two-electron reduction of molecular oxygen occurred
during the catalytic cycle. A probable mechanistic cycle for the
oxidation of 3,5-DTBC to 3,5-DTBQ catalyzed by complex 1 in the
presence of air is shown Scheme 2. In the first step of the catalytic
cycle, complex 1 dissociates to produce active species 1a. The active
species then binds with 3,5-DTBC to form 1b species. Then, the
reaction proceeds through the formation of the Fe(II)-
semiquinonate radical species 1c. In the final step of the catalytic
cycle, Fe(II)-semiquinonate species 1 reacts with di-oxygen to
produce 3,5-DTBQ along with the regeneration of complex 1 and
H2O2 as the byproduct.

Experimental
Materials

The tetradentate ligand N,N0-dimethyl-N,N0-bis(2-hydroxy-3,5-
dichlorobenzyl)-ethylenediamine (H2L) was reproduced by

Fig. 8 The fluorescence spectra of 1 (0.1 mM) with the addition of
increasing concentration of His (10 mM) in CH3OH : H2O (9 : 1, V/V).

Fig. 9 The linear relationship between the fluorescence increment of
complex 1 with His.

Fig. 10 3,5-DTBQ spectra at 5 min time intervals at 402 nm after the
addition of 10 equiv. of 3,5-DTBC to a 6.5� 10�4 M methanol solution of 1.
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earlier reported method.37 Solvents were reagent grade, puri-
fied using appropriate drying agents, and distilled under nitro-
gen prior to their use.38 All other reagents were commercially
available and were of reagent grade and used as received
without further purification.

Caution! Perchlorate compounds are potentially explosive.
Only a small amount of material should be prepared and
handled with care.

Preparation of complex 1 [FeIIIL(bzac)]

0.14g (0.5 mmol) FeCl3�6H2O was added to the methanolic
solution of 0.22 g (0.5 mmol) H2L. The mixture was stirred
for 30 min and 0.08 g (0.5 mmol) benzoylacetone was added. A
few drops of triethylamine were added to the solution. The
resulting solution was refluxed for 1 h. A dark brown color
solution was obtained and filtered. The filtrate was kept in
open air for crystallization. A brown crystalline compound was
obtained and collected. Finally, a crystalline compound along
with some diffraction quality crystals were obtained and col-
lected by filtration. Yield: 0.18 g (55%), Anal. Calcd. for
C28H27Cl4N2O4Fe: C, 51.45; H, 4.13; N,4.28. Found: C, 51.05;
H, 4.44; N,4.82. IR (KBr disk, cm�1): 3416, 1590, 1557, 1454,

1360, 1317, 1177, 759. UV-vis (CH3OH) [lmax/nm (e/mol�1 cm2)]:
299 (6615), 484 (2112).

Physical measurements

UV-Visible spectra for complex 1 in solutions were recorded on
a PerkinElmer 950 UV/VIS/NIR spectrophotometer, while for
the infrared spectra, a Nicolet Magna 750 FT-IR spectrometer
series II was employed with samples prepared as KBr pellets.
Fluorescence spectral studies were done on a PerkinElmer LS
55 FL spectrophotometer using a 450 W Xenon (Xe) lamp as the
excitation source. All spectral data were recorded at 25 1C.
Fluorescence measurements are done using 1 cm quartz cells
with 10 nm slit width for emission experiments. Thermogravi-
metric (TG) analysis was performed using a PerkinElmer
S.N.5032010 instrument.

X-Ray crystallography

Diffraction quality crystals of 1 were grown at room tempera-
ture by the slow diffusion of methanolic reaction mixture. The
intensity data for complex 1 was measured on a Bruker SMART
1000 CCD diffractometer using graphite monochromated Mo
Ka radiation (l = 0.71073 Å) at 293 K. Intensity data were
collected with ymax of 24.991. Relevant crystal data and refine-
ment details are given in Table 1. No crystal decay was observed
during the data collections for (1). The structures of the entitled
complex were solved by direct methods39 and refined on F2 by a
full-matrix least-squares procedure40 using the SHELXL 97
program.

Catecholase activity

The catecholase activity of 1 was explored employing the most
familiar substrate 3,5-DTBC as a model substrate in methanol
under aerobic conditions at room temperature.41 To examine
the catecholase activity of (1), a 6.5 � 10�4 M solution of (1) in
methanol was mixed with 10 equiv. of 3,5-DTBC under the
specified conditions. The reaction was performed spectropho-
tometrically by scrutinizing the increase in the maximum
absorbance of the quinone band at about 400 nm against
time.42 The absorbance vs. wavelength spectra of the solution
was recorded at regular time intervals of 5 min. It is noteworthy
that a blank experiment without complex (1), up to 6 h in
methanol, does not show any quinone band at about 400 nm.

Fig. 11 Plot of rate vs. [substrate] in the presence of (1) in methanol; the
inset represents the Lineweaver–Burk plot.

Table 5 Kinetics parameters for several mononuclear Fe(III) complexes

Complex Solvent Vmax (M min�1) KM (M) Kcat (h�1) Ref.

[Fe(L1)2]SCN ACN 9.12� 10�6 13.37 � 10�4 5.52 35
[Fe(L2)(HL3)]ClO4 ACN 4.178� 10�5 134.05 � 10�4 25.07 35
[Fe(L4)(phen)] MeOH 6.847 � 10�4 2.146 � 10�4 339 36
[Fe(L4)(bipy)] MeOH 3.315 � 10�4 2.142 � 10�4 352 36
[Fe(L5)(phen)] MeOH 5.407 � 10�4 2.330 � 10�4 444 36
[Fe(L5)(bipy)] MeOH 6.969 � 10�4 3.013 � 10�4 474 36
[FeIIIL(bzac)] (1) MeOH 4.44(2) � 10�3 6.64 � 10�3 2.5 � 103 This work

where, HL1 = 1-((3-amino-2,2-dimethylpropylimino)methyl)naphthalen-2-ol, H2L2 = N,N0-bis(3-ethoxysalicylidene)2,2-dimethyl-1,3-propanediamine,
HL3 = 2-((3-amino-2,2-dimethylpropylimino)methyl)-6-ethoxyphenol, H3L4 = bis(5-(tert-butyl)-2-hydroxybenzyl)glycine, and H3L5 = bis(2-hydroxy-5-
methylbenzyl)glycine.
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Detection of hydrogen peroxide

The detection of H2O2 was accomplished by the modified
iodometric method during catalytic reactions.43 The reaction
mixture containing complex (1) and 3,5-DTBC in methanol was
employed for the detection process. After 1 h of reaction, an
equal volume of distilled water was included in the reaction
mixture. One of the reaction products, quinone, was extracted
from the mixture using DCM. A few drops of conc. H2SO4 were
added to the aqueous extract to cease further oxidation. 1 mL KI
(10% solution) and three drops of ammonium molybdate
(3% solution) were added to the aqueous reaction mixture.
H2O2 produced from catalytic reaction oxidizes I� to I2. In the
presence of excess iodide ions, the triiodide ion was formed
according to the reaction, I2 + I�- I3

�. The reaction rate surges
with increasing concentrations of acid (H3O+) and the inclusion
of ammonium molybdate solution almost immediately con-
denses the reaction. The formation of I3

� was detected spectro-
photometrically owing to the development of the characteristic
I3
� band.

Conclusion

Mononuclear mixed ligand octahedral Fe(III) complex was prepared
using sterically constrained phenol-based ligand N,N0-dimethyl-
N,N0-bis(2-hydroxy-3,5dichlorobenzyl)-ethylenediamine (H2L) and
benzoyl acetone as a co-ligand. Complexes were characterized by a
single crystal X-ray diffractometer as well as other spectroscopic
tools. The resulting complex exhibits catechol oxidase activity with
high turnover number number (Kcat = 2.5� 103 h�1). The oxidation
reaction proceeds through the formation of the Fe(II)-semiquinonate
radical species. The selectivity of complex 1 with various amino

acids was monitored by UV-vis and fluorescence spectroscopy. The
study revealed that complex 1 was more sensitive toward His
compared to other amino acids. Absorption spectral analyses show
that in the presence of His, the band position and intensity of the
electronic spectra of the complex 1 are significantly changed.
The addition of His to complex 1 gives an extensive decrease in
the fluorescence intensity and a large redshift (42 nm) in the
excitation wavelength.
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R. Clérac and M. Chaudhury, Inorg. Chem., 2009, 48, 1826.

30 M. Scarpellini, A. Neves, A. J. Bortoluzzi, I. Vencato,
V. Drago, W. A. Ortizc and C. Zuccod, J. Chem. Soc., Dalton
Trans., 2001, 2616.

31 P. Angaridis, J. W. Kampf and V. L. Pecoraro, Inorg. Chem.,
2005, 44, 3626.

32 S. I. Lo, J. W. Lu, W. J. Chen, S. R. Wang, H. H. Wei and
M. Katada, Inorg. Chim. Acta, 2009, 362, 4699.

33 A. Dutta, S. Biswas, M. Dolai, B. K. Shaw, A. Mondal,
S. K. Saha and M. Ali, RSC Adv., 2015, 5, 23855.

34 M. Velusamy, R. Mayilmurugan and M. Palaniandavar,
Inorg. Chem., 2004, 43, 6284.
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