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Abstract

A multisite Schiff base, H.damp, derived from the condensation of o-vanillin and a sterically
constrained amino-alcohol (2-amino-2-methylpropan-1-ol) was utilized to isolate a new mixed
valence heterometallic complex [NasMn''sMn'2(damp)s(pa-O)2(p1,3-O2CCH3)2(M1,1-N3)s(1,1,3-
N3)(H20)2]-5H20-CH3OH (1). Room temperature reaction of Hodamp in MeOH with Mn(Il)
acetate and NaNs provided the complex having Mn'";Mn"'¢Na's core. X-ray structure
determination revealed the use of azide ancillary ligands for the growth of the complex on
ligand-bound Mn"';0 fragments. The variable temperature magnetic characterization of 1
revealed intramolecular anti-ferromagnetic exchange interactions. Complex 1 also showed
catalytic property for the aerial oxidation of 3,5-di-tert-butyl catechol (3,5-DTBCH2) with a
turnover number (keat) of 392 h™X. EPR and mass spectrometric analysis established the probable
mechanism of catalytic oxidase reactivity on the model substrate. In EPR study the characteristic
peak at g ~ 2 allowed us to spot the presence of an organic radical confirming the conversion of
DTBCH:to DTBQ in radical pathway.



Introduction

Synthetic coordination chemistry has seen huge advancement in recent years through utilization
of simple Schiff bases for aggregation of multiple number of manganese ions under direct
coordination control of several ligand anions. [1-3] Such complexes, as representative analogues,
have drawn much attention because of their similarity to multimetallic cofactors [4] and in the
oxygen-evolving center (OEC) of photosystem II. [5-8] Studies on such model analogues can
offer a rational understanding for the stepwise growth of the trinuclear to octanuclear manganese
complexes.

Such synthetic endeavor can be targeted to the development of literature unknown family of
single-molecule magnets (SMMs), which can function as nanoscale magnetic particles below
their characteristic blocking temperature, Tg.[9] Thus choice of new ligand system and reaction
methodology would be worth exploring for the production of new family of SMMs. Such
multimetallic aggregates of manganese ions show a variety of shapes and topologies like
triangles,[10] cubes,[11] and butterflies,[12] to wheels,[13] discs,[14] rods,[15] truncated
cubes,[16] super-cubanes,[17] and super-tetrahedrons.[18] Majority of them are obtained via
self-assembly protocol through combination of Mn?* salts or [MnsO(0O2CR)sL3]™ triangles with
flexible ligands.[19]Use of azide and carboxylate ions, showing coordinating/bridging functions,
can be advantageous for fine tuning of aggregation processes and these ions are established as
structural and magnetic linkers in the fields of cluster synthesis and molecular magnetism.[20]
Multinuclear manganese complexes are fascinating because of their intriguing structures,
involvement in sensing studies, magnetism and catalysis.[21-23] Catalytic oxidation of a variety
of o-diphenol (or catechol) to o-quinone is executed by catechol oxidase in nature as found in
type 3 copper proteins. Several multinuclear complexes of manganese have also been shown to
promote the catalytic oxidation of catechol in laboratory condition. [24,25]

The methoxy substituted Schiff base having one alcohol-arm is known to facilitate the
coordination aggregation reaction smoothly.[26] The auxiliary ligands like MeCO,-, HO",
O?%and N3~ are known to be useful for extending and fine tuning the smaller aggregate to larger
one through occupancy of the vacant coordination sites around the participating manganese ions.
While exploring the synthesis of new form of manganese coordination aggregate, we have

reacted the —OMe substituted Schiff base 2-[(2-hydroxy-1,1-dimethyl-ethylimino)-methyl]-
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phenol (H2damp) (Chart 1) toward manganese acetate premixed with sodium azide, to isolate and

study the octanuclear manganese aggregate having [Mn'>Mn'"sNa's] core.

Chart I. Structure of Hadamp and its coordination modes observed in this work.

This ligand H>damp was previously utilized to obtain [Niz], [Cus] complexes by Dey et al.
[27,28] and [Mns], [Mn4] complexes by Pait et al.[29] The water derived O? binds Na* ions
from NaNz serve as templates to grow the final form of the compound following a new path for
molecular aggregation. The structure of the complex is determined by X-ray crystallography.
The solid-state magnetic properties and solution phase catalytic oxidation of catechol, mimicking

the catechol oxidase function in laboratory condition have been studied.

Experimental Section

Materials and Reagents

The solvents and chemicals used in this work were obtained from commercial sources. The
sources are manganese(ll) acetate tetrahydrate from SRL, India, sodium azide, triethyl amine
from Merck, India 2-hydroxy-3-methoxybenzaldehyde (o-vanillin) from Spectrochem, India and
2-amino-2-methylpropan-1-ol from Alfa Aesar, India. The chemicals used in this work were of

reagent-grade and were used as received without further purification.

Caution! Although no complications have arisen during synthesis with the reported compound,
organic ligand-containing metal complexes in combination with azide ions possess potential

explosiveness.



Synthesis of Ligand

H.damp  2-[(2-hydroxy-1,1-dimethyl-ethylimino)-methyl]-6-methoxy-phenol.  The ligand
Hodamp was prepared according to a previously reported procedure. H.damp was obtained from
Schiff base condensation reaction between the chosen aldehyde and its amine counterpart. To a
stirred solution of 2-amino-2-methylpropan-1-ol (0.18 g, 2 mmol) in MeOH (10 mL) was added
10 mL MeOH solution of 2-hydroxy-3-methoxybenzaldehyde (0.30 g, 2 mmol) in 1:1 molar
ratio. After complete addition, the solution was allowed to stir for 30 min followed by a reflux of
2 h duration. Then the whole solution was evaporated under reduced pressure to reduce the
solvent volume to obtain an orange oily mass. Repeated washing was made with n-hexane to
remove the unreacted reactants and finally recrystallized from methanol solution as reported

previously.[30]
Synthesis of the Complex

[NasMn"'sMn"5(damp)s(pla-O)2(U1,3-O2C CH3)2(1,1-N3)s(U1,1,3-N3) (H20)2]-5H20-CH30H(1)
Solid sodium azide (0.26 g, 4mmol) was added to a MeOH solution (10 mL) of manganese(ll)
acetate (0.49 g, 2mmol) resulting in a brown turbid solution. To this 10 mL MeOH solution of
Hodamp (0.22 g, Immol) was added. The turbidity slowly dissolved yielding a clear wine red
solution. After stirring this mixture for 30 min, NEts (0.20 g, 2mmol) was added to it in dropwise
manner. During the addition of NEts the solution color changed from wine red to brown. The
reaction mixture was next stirred for an additional period of 1.5 h. The whole reaction mixture
was then filtered and kept for slow evaporation. After 7 days, brown crystals suitable for X-ray
diffraction were obtained from the mother liquor. Yield: 0.48 g, 78%. Anal. Calc. for
C77H106MngN27NasOs2 (2430.30 g mol™?): C, 36.92; H, 4.57; N, 15.30. Found: C, 36.69; H, 4.65;
N, 15.21%. Characteristic FTIR peaks (KBr, cm™; s = strong, vs = very strong, m = medium,
br= broad): 3375(br), 2063(s), 1621(s), 1551(s), 1443(m). UV-vis spectra [Amax, nm (g, L mol™
cm 1] (MeCN solution): 222 (24900), 275 (7590), 310 (5090), 396 (1420).

Physical Measurements
The purity of the complex was examined by measuring the percentage of carbon, hydrogen,

nitrogen with a PerkinElmer model 240C elemental analyzer. A Shimadzu UV-vis—NIR spectro-



photometer model UV 3100 was used for recording the solution-state electronic absorption
spectra of the compounds. PerkinEImer model RX1 FTIR spectrometer was used to obtain the
FTIR spectra on KBr pellets. The ESI MS analysis was performed with Bruker Esquire 3000
plus mass spectrometer. Electron paramagnetic resonance (EPR) spectra were recorded at 9.13
GHz (X-band) in continuous-wave mode with a Bruker ELEXSYS 580 X-band EPR
spectrometer equipped with a standard accessory for room temperature operation (298 K). All
magnetic measurements were carried out on powdered crystalline samples restrained in eicosane
using a Quantum Design MPMS-XL SQUID magnetometer. Data were corrected for the
diamagnetic contribution of the sample holder and eicosane by measurements, and for the

diamagnetism of each compound.

Kinetic Studies. To investigate the ability of the catalytic oxidation of 3,5-di-tert-butyl catechol
(3,5-DTBCH,),1 x 104 M the MeOH solution of 1 was treated with 1 x 1072 M (100 equiv.) of
3,5-DTBCH2 under air saturated conditions and the reaction was monitored by UV-vis
spectroscopy. The kinetics of the 3,5-DTBCH. oxidation was studied by tracking the increase of
the concentration of the product 3.5-ditertiarybutylquinone (3,5-DTBQ). The concentration of
the substrate 3,5-DTBCH2 was always kept 100 times higher than that of the complex and the
increase of the respective quinone concentration was determined at around 410 nm. Initial rate
method has been followed for analyzing the kinetics for the oxidation of the substrate 3,5-
DTBCH: at 25 °C. The dependence of the initial rate on the concentration of the substrate was
monitored spectrophotometrically at a particular wavelength. The initial rate method showed a
first-order dependence on the concentration of the complex and exhibited saturation Kinetics at
higher substrate concentrations. Since the complex showed saturation Kinetics, a treatment based
on the Michaelis-Menten model seemed to be appropriate. The kinetic parameters like binding
constant (Km), maximum velocity (Vmax), and rate constant for the dissociation of substrates (i.e.,
turnover number, kcat) were obtained from the double-reciprocal Lineweaver—Burk plots of 1/V
vs. 1/[S], using the equation 1/V = {Km/Vma}{1/[S]} + 1/Vimax.

Method of hydrogen peroxide detection in the catalytic reaction

A modified iodometric procedure was employed to identify produced H2O>, if any, during the

catalytic oxidation of DTBCH> using spectrophotometry.[31] Reaction mixture was prepared



using 1:100 molar mixture of complex and 3,5-DTBCH2. To fully quench the reaction, the
reaction mixture was acidified to pH 2 after one hour using H2SO4 (1 x 10~ M). The product
3,5-DTBQ was extracted using CH2Cl> and the aqueous layer was separated. To this aqueous
layer 1 mL of 10% aqueous Kl was added, which results in triiodide (I37) ion formation in
presence of H.O», produced during catalytic cycle. Addition of few drops of ammonium
molybdate (3%) solution facilitates the generation of 137.[32] The triiodide ion gives a

characteristic absorption band at 349 nm (g = 26 000 L mol* cm™)

Single Crystal X-ray Diffraction Analysis

Single crystal X-ray structural study of complex 1 is performed in a Bruker SMART APEX-II
CCD X-ray diffractometer equipped with a graphite-monochromated Mo-Ko. (A =0.71073 A)
radiation by the ® scan (width of 0.3° frame ™) at 114 K with a scan rate of 5s per frame.
SAINT, SMART and XPREP software’s have been used for indexing, integration and space
group determination, respectively. [33] Direct method using SHELXT 2014/5 [34] is used to
solve crystal structures and refined by full-matrix least squares technique using SHELXL
(2014/7) programs. [35] Empirical absorption corrections (multi-scan) were carried out using
SADABS program. [36] All non-hydrogen atoms were refined with anisotropic displacement
parameters while hydrogen atoms were incorporated at geometrical positions and were refined
using the riding model. DIAMOND software was used for presenting the molecular
structures. [37] The structure showed a solvent void filled with a few electron density peaks due
to disordered/diffuse solvent and cations; attempts to model this were not possible. Accordingly,
the solvent mask routine in OLEX2 [38] was used to account for the contribution of the solvent.
Refinement parameters for complex 1 are summarized in Table S1and crystallographic data
(excluding structure factors) have been deposited with the Cambridge Crystallographic Data

Centre as supplementary publications CCDC 2344284 for complex 1.

Results and Discussion

Synthetic Protocol. Simple single step Schiff base condensation reaction provided H.damp.
Molecular oxygen from air was utilized for partial oxidation of the metal ion centers during the
reactions of the precipitates obtained from the reaction of the Mn(ll) acetate and sodium azide.
Controlled dissolution of these precipitates by Hz.damp provided 1. The final reaction with

Hodamp typically established the efficacy of the chosen ligand system for the reactions with
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initially formed Mn(N3)2 species in solution. These salts on reaction with Hadamp (1 equiv) in
presence of NEts resulted 1 from the reaction medium. The formation of 1 is summarized in

Scheme 1, which were finally established from X-ray structure determination. (vide supra)
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Scheme 1 Schematic for synthetic aggregation for complex 1

Slow evaporation of the solvent from the final reaction mixture gave 1 as nice brown colored
crystal in 78% vyield. Several solvent molecules were needed to stabilize the crystal lattices, apart
from coordinated water molecules in case of 1. The reactions were executed in the presence of
air and moisture of the laboratory environment. Interestingly in the complex structure phenolate
oxygen coordination triggered oxidation of manganese ions whereas azido environment

stabilized the reduced forms.

FTIR Spectral Characterization. The FTIR spectrum of the complexes was recorded on KBr
pellet. The characteristic stretching vibrations of the metal ion bound —C=N function was
observed at 1624 cm™ for 1. The presence of coordinated water and lattice water molecules



showed metal broad peak centered at 3375 cm™* for 1. The bridging acetates groups in 1
registered band due t0 Vassym and Vsym at 1551 cm ™t and 1443 cm™! for asymmetric and symmetric
stretching vibrations of the bridging carboxylate moiety.[39] The difference of these values, Av=
108 cm™t is characteristic for uis mode of bridging. Presence of the azido coordination in 1 is

confirmed from the appearance of very strong and sharp peak at 2063 cm™2. (Fig. S1 in SI)

Electronic Spectral Signatures. The electronic absorption spectrum of the complex was
recorded in MeCN solution. The distinctive phenoxido n—7* transition for Hodamp at 440 nm
(e, 22100 M7t cm™) is blue shifted to 396 nm (g, 14600 Mt cm™) in 1 may be assigned as the
ligand-to-metal ion charge-transfer (LMCT) bands. The absorption bands below 300 nm viz., at
275 (g, 25900 Mt cm™) and 221 nm (g, 74900 M~ cm™) are due to the ® — n* transitions of
ligand origin. The d-d transition for the Mn'" ions (°Eq — °Toq transition) in 1 was observed at
around 588 nm (g, 320 Mt cm™). The high spin Mn" centres in 1 did not contribute anything for

d—d transitions.

Description of Crystal Structures

[NasMn"sMn";(damp)e(pla-0)2(1,3-02CCH3)2(H1,1-N3)s(H1,1,3-N3) (H20)3]-5H20-CH3OH (1)

Complex 1 crystalizes in monoclinic P21m space group. Detail identification of the molecular
constituents revealed the presence of six damp? ligand anions, eight manganese ions and three
sodium ions along with structure stabilizing ancillary azide and acetate ions. The molecular
structure of 1 is depicted in Fig. 1 and the crystallographic data is summarized in Table S1.
Important bond distances and bond angles are listed in Table S2. The functionally tetradentate
ligand Hzdamp, bearing three O donors and one N donor in its fully deprotonated form (damp?)
binds one manganese ion and one sodium ion at the adjacent coordination sites utilizing the
bridging capability of the central phenolate group. Three such ligand anion bound
{NaMn"!(damp)}?** fragments are arranged around an oxido group forming two MnsO triangles.
Each Mn3O triangle, thus formed shows accomplishment of remaining coordination sites by two

bridging azido and one bridging acetato groups.



Fig. 1. Molecular structure of 1 with partial atom numbering scheme (Left). Color code: Mn"' magenta;
Mn''dark green; Na sky blue; C lavender, light green and tan; N blue; O red. View along z-axis (Right).

H-atoms and lattice water molecules are omitted for clarity

Each Mn"' jon of MnsO triangle is bound to damp* and simultaneously extended its
coordination capacity to Na' ion from one side and Mn' ion from the other. The terminal
alkoxido part thus took control of the fourth manganese ion in bivalent state and three such parts
fulfil one face. Binding of three N3~ ions from other face (facial binding) stabilized the bivalent
state. These N3~ ions showed bridging capacity to connect the other similar half. Through one of
the central azido group, one Na(H20). fragment is connected in vacant tetrahedron geometry.
The Chinese lantern like core structure of 1 is depicted in Fig. 2.

The oxidation states of the manganese ions were established from the difference in bond
distances and angles and further confirmed by BVS analysis.[40,41] The results for bond valance
sum calculations are provided in Table S3 in SI. All the manganese ions in the multimetallic
entity have distorted octahedral coordination geometry. The extent of distortions varies for the
nature of the donor atoms and their positions in the ligand folds. For Mn'" jons two types of
donor environments are observed: N2O4 (for Mn1, Mn2, Mn1* and Mn2*) and N3Oz (Mn3 and

Mn3*). The Mn'" ions (Mn4 and Mn4*) have a N3Oz donor environment.



Fig. 2. Core view of complex 1 with partial atom numbering scheme. Mn'" JT elongation axes shown as
orange bonds. Atoms with asterisks are related by the inversion center. Color code: Mn'" magenta; Mn"
dark green; Na sky blue; N blue; O red

Three damp? units are required to hold the MnsO triangle on both sides of the molecular
aggregate. Wherein the oxido bridges (010 and 010*) connect three individual Mn'"" centers in
triangular planes and the three edges are connected by two azido and one acetato groups in an
unsymmetrical fashion. The Mn"'-O(oxido) distances vary in 1.885-1.913 A range. Both Nal
and Nal* are coordinated by three deprotonated phenol oxygen atoms and three methoxido
oxygen atoms from three Schiff-base ligands. The two oxido donors O10 and O10* centers
placed in the center of the triangle defined by the three Mn'" cations are shifted 0.227 A toward
the Na' ions (NalAnd Nal*), which are seven-coordinated, and then the O donor is a ps-O
ligand.[42-44] The two seven-coordinated Na' ions, Nal and Nal* are below the [Mn3O] plane.
SHAPE [45] measurements show that the coordination polyhedron around Nal and Nal* are
very close to distorted Johnson elongated triangular pyramid J7 (JETPY-7, Cav) geometry and
the CShM value obtained is 5.136 (Table S4 in SI) whereas the tri-coordinated Na2 ion is in
distorted vacant tetrahedron geometry with CShM value of 1.264 (Table S6 in Sl). The two
[Mn''sMn""Na'] subunits are dissimilar and show different bond parameters. The Mn""---Mn'"
separations within these triangles having asymmetric edges, record a range from 3.137 to 3.416

A, with longer acetato edges. The three Mn'" jons in each Mn3O triangles are in distorted



octahedral geometry (Fig. 3) and the azido N and carboxylato O donors occupy the apical
positions along the longer Jahn Teller axes. All the three Mn"" jons show octahedral coordination
environment evident from the lowest CShMS value for six vertex polyhedra by SHAPE analysis
(Table S5 in SI).

© (d)

010

Fig. 3. Distorted octahedral geometry around the Mn'"" and Mn'"ions (a-d); tetrahedral and capped prism
geometry around the two types of Na' ions (d-€)

The deviation from an ideal octahedral geometry for three types of manganese centers is
reflected from the wide ranges of adjacent (77.04-104.45°) and opposite (162.13-177.25°)
angles. The central Mn' ions are also in distorted octahedral geometry, having Os faces from
alkoxido donors of three dmp?- ions and the three N3~ groups provide the opposite N3 face. This
N3 face connects two such Mn" ions in octahedral geometry recording Mn'---Mn" separation of
3.139 A. The three azido bridges are almost linear with N-N-N angles in the range of
178.32-179.64°.

Magnetic Properties. Direct current (dc) magnetic susceptibility measurements for 1 were
performed in the range of 290-2 K under a 0.1 Tesla applied magnetic field (Fig.4). The ymT
value of 22.5 cm® mol ™t K at 290 K is below that expected for six uncoupled Mn(I11) and two

uncoupled Mn(I1) ions (26.8 cm® mol 1 K, for g = 2). The multiple exchange interactions present



in the Mn"'sMn''; complex and the size of the spin system preclude fitting of the data to extract J
values. Hence, the data were fitted between 290 and 50 K using the Curie-Weiss law giving a
value of C = 283 cm® mol! K and & = -50.8 cm™, consistent with predominant

antiferromagnetic coupling.

A em’ mol' K

- -3
v/ em™ mol

0 50 100 150 200 250 300
Temperature / K

Fig.4. (top) ymT vs. T for 1 measured at 1 T. (bottom) y * vs. T. The white circles are the experimental
data, and the solid line corresponds to the fit of the data (see text for details)

Catalytic Catechol Oxidation using Complex 1. We were interested to examine the propensity
of the ligand anion bound metal ions for oxidation reactions. Thus, we have examined the
catalytic activity of 1 by evaluating its capacity for oxidation (Scheme 2) of the model substrate
3,5-di-tert-butylcatechol (3,5-DTBCH2) to 3,5-di-tert-butylquinone (3,5-DTBQ) via O
activation to o-quinone in air-saturated MeOH solutions at 25 °C. [46, 47]



OH
Catalyst, Methanol

oH ©2 H,0,

Scheme 2. Catalytic oxidation of 3,5-DTBCH, to 3,5-DTBQ in MeOH

Complex 1 showed significant catalytic oxidation of the model substrate as monitored by a
standard UV-vis spectrometer. The Kkinetics for the oxidation of the substrate 3,5-DTBCH> has
been determined by observing the increased concentration of the product, 3,5- DTBQ in solution,
following the procedure reported in the Experimental Section. The solution of 1 (~1 x 10~ mol
L) were treated with 100 equiv. (~1 x 1073 mol L %) of 3,5-DTBCH,under aerobic conditions
and time-dependent UV-vis spectra were recorded up to 1 h. The spectral scans are given in Fig.
5 (left).

The enzyme kinetics plot for 1 is shown in Fig. 5 (right). The kinetics for the oxidation of the
substrate 3,5-DTBCH: were determined by the initial rate method at 25 °C. The dependence of
the initial rate on the concentration of the substrate was monitored spectrophotometrically at a
particular wavelength. Moreover, the initial rate method showed a first-order dependence on the
complex concentration and exhibited saturation Kinetics at higher substrate concentrations.
Analysis of the experimental data shows that the Michaelis binding constant (Kwm) value is 2.38 =
0.04 x 10* whereas the Vmax value for 1 is (1.08 + 0.03) x 10°°. Kinetic parameters for 1 are
listed in Table 1.

The modified iodometric method was followed for the detection of formation of H2O: in the
catalytic reaction medium. The spectrophotometric method shows appearance of absorption band
at ~349 nm supporting the formation of I in the medium (Fig. S4), confirming the possibility of

formation of H2O: through the catalytic procedure.



Table 1. Kinetic parameters for the catalytic oxidation of 3,5-DTBCH; by 1 at 25 °C

Complex | Solvent Vmax (M s7%) Km (M) Keat (1) | Keat/Km (572
M)
1 MeOH (1.08 £ 0.03) % (2.38 £ 0.04) x 392 457
10°° 10
2.0 0.009
Complex 1 3,5-DTBQ
> =
= = 0.006 g
& * 3000000
n —/-‘\ - 2E0000Y
. Complex 1 1 9
c w F._, 2000001
B 3,5-DTBCH, E 0.003 g ::::‘
< : — -
> 2ONT NI [0 RO TR
0.0 1/[Substrate] (M)
350 400 450 500 0'0093000 0.0002  0.0004 0.0006 0.0008 0.0010

[Substrate] (M)

Fig. 5. UV-vis spectral changes with time for complexes 1 (conc. ~1 x 10-°mol L) upon addition of 100

Wavelength (nm)

fold 3,5-DTBCH_(conc ~1 x 10°mol L?) in MeOH at 298 K (left). Dependence of the reaction rates on
the substrate concentration for the oxidation of 3,5-DTBCH; catalyzed by complex 1 (right) in MeOH.

The corresponding Lineweaver—Burk plots (inset)

The rate study was executed using the Michaelis-Menten model, and the kinetic parameters were
extracted from the Lineweaver-Burk plot (insets of Fig.5 right). From the comparison of
the keat (in h™2) values with literature known manganese complexes (Table 2), it may be inferred

that complex 1 can be accepted as a functional model of catechol oxidase.

Table 2. Selected multinuclear manganese complexes and their keat (h™2) for catechol oxidation

Complex Solvent Keat (™)

Ref

[Mn"5Mn"402(pyz)o.61/(MeOH)o.39(0- MeCN 432

(NO2)CeH4COO)10:(H20)-{(CHz)2CO}-]-(CHz3).CO

48



https://pubs.rsc.org/en/content/articlelanding/2016/dt/c5dt03659c#tab4

[Mn'";Mn",02(pyz)o.28/(MeCN)3.72(0- MeCN 426 48
(NO2)CsH4COO)10-(H20)]
[Mn'';Mn"'(02CMe)4(L1)2(H20)2]-2H.0? MeCN 8220 49
[MN™Mn"(O2CCH2C)a(LL)2(H20)2]-Hz20-MeOH? MeCN 9011 49
[Mn"y(pz-O) (L1)a(u- MeCN 2082 49
DMSO)(N3)(DMSO)(H20)]ClO4-DMSO?
[Mn"y(ps-O) (L1)a(u- MeCN 1865 49
DMSO0)(CI04)(DMSO)(H20)]C104-DMSO?
[Mn4(L2)2(1-0)2(H20)4] (C104)4° MeCN 832 47
[Mna(L3)2(u3-Cl)2Clz] © DCM/MeOH 14924 | 50
[MNa(L3)2(ptr.1.1-Na)2(Na)2 ] DCM/MeOH 14312 | 50
[Mna(u-HaL4)2(u1 3- MeOH 61 51
02CCH3)4(CH30H)2](Cl104)2-4CH30H¢
[Mng(ua-H2L5)2(pu-H2L6)2(ps-OH)2(a 3- MeCN 644 51
02CC2H5)4](Cl04)2-2H20°
[MN™MN(L7)2(OAC)4(H20)2]-5H20 MeCN 209.1347 | 52
[MN™Mn"(L8)2(OAC)4(CH30H)2]- 3CH;OH? MeCN 197.7028 | 52
[Mn3(L9)2 (OAC)4]" DMF 44.28 53
[NasMn"sMn'2(dmp)s(a-0O)2(1,3-O2CCH3)2 (1 1- MeOH 392 This
N3)s(l41,1,3-N3)(H20)2]-4H.0-CH3s0H Work

8H,L 1= 2-[(2-hydroxy-1,1-dimethyl-ethylimino)-methyl]-phenol
PHL2=1,3-bis(bis((4-methoxy-3,5-dimethylpyridin-2-yl)methyl)amino)propan-2-ol)
°H2L3=N,N’-dimethyl-N,N'-bis(2-hydroxy-3-methoxy-5-methylbenzyl)ethylenediamine

dH3L4= 2,6-Bis{(1-hydroxy-2-methylpropan-2-ylimino)methyl}-4-methylphenol

*HsL5 = 2,6-bis[{1-hydroxy-2-(hydroxymethyl)butan-2-ylimino}methyl]-4-methylphenol; H3L6

= 3-{(1-hydroxy-2-(hydroxymethyl)butan-2-ylimino)methyl}-2-hydroxy-5-methylbenzaldehyde)




"H,L7 = 4-bromo-2-[(2-hydroxy-1,1-dimethyl-ethylimino)-methyl]-phenol
9H,L8 = 2,4-dibromo-2-[(2-hydroxy-1,1-dimethyl-ethylimino)-methyl]-phenol
"HL9 = 4-bromo-2-(((2-morpholinoethyl)imino)methyl)phenol

Mass Spectroscopic Analysis. The solution behavior of the complex has been investigated by
mass spectroscopic analysis in MeOH. The ESI-MS spectrum of the complex shows the base
peak at m/z value of 611.1011 along with some other less intense peaks at 499.1642, 693.1024,
844.1244 and 1099.0906. (Fig. S5) Based on the calculated values of m/z, these peaks are
assigned to the fragments [Mnz(damp)2(CH3COO)]" (C26H33sMn2N20Og; Calcd 611.0998),
[MnNa(damp)(Ns)(MeOH)(H20)7]* (C13H3sMnN4NaO13; Calcd 499.1424),
[Mn2(damp)2(CH3COO)(MeOH)2(OH2)]" (C2sH43Mn2N2011; Caled 693.1628), [Mna(damp)a(jia-
O)]" (C36HasMn3N3O10; Calcd 844.1246), and [MnsNa(damp)s(ps-OH)(N3)3(H20)2(MeOH)H?
(Ca7Hs9Mn3N12NaOss; Caled 1099.2262), respectively. The catalytic proficiency of the complex
on 3,5-DTBCH: was also examined by HRMS analysis. The complex was mixed with 3,5-
DTBCH2 in 1:100 molar ratio in MeOH and the mixture was examined by HRMS analysis after
5 min of mixing. The spectrum displays characteristic peak at 238.1839 for [3,5-DTBSQ-H.0]"
(C14H2203; Calcd 238.1569). (Fig. S6) The base peak at m/z value of 224.1329 can be assigned to
the species [Hsdamp]*. Other less intense peaks at m/z values of 469.2313 and 458.3326 can be
ascribed to the catalyst-substrate associates [Mn(o-vanillin)(3,5-
DTBSQ)(N3)]H"(C22H28MnN30s; Calcd 469.1409) and [Mn(o-vanillin)(3,5-
DTBSQ)(MeOH)]*(C23H3:Mn0Os; Calcd 458.1501), respectively. In solution the hydrolysis of
damp anion produced the parent o-vanillin molecule bound to the Mn'" center. Thus, the ESI-MS
analysis confirms the presence of single manganese bound hydrolyzed ligand fragment, which
acts as the active species during the catalytic oxidation of 3,5-DTBCH..

EPR Analysis. To gain further insight into the mechanistic pathway of the catechol oxidation
reaction, solution phase EPR spectral measurements were performed. The MeOH solutions of the
complex and complex-catechol mixture (1:100 molar ratio) were taken for EPR analysis. The
EPR spectrum of the complex (Fig. 6) shows six hyperfine lines resulting from the Mn'' (**Mn, 1
= 5/2).[54] The hyperfine lines appear at g values of 2.14, 2.08, 2.03, 1.98, 1.92 and 1.87 and Aay
value of 93.2 G. The EPR spectrum of the mixture of complex and 3,5-DTBCH> (1:100) shows
enhanced intensity of the six hyperfine lines along with appearance of a sharp radical peak at g =



2.004. This observation suggests the conversion of catalytically active ligand bound Mn'"

species
to Mn'" ions along with generation of an organic semiquinone radical during the oxidation
procedure. From the combined ESI-MS and EPR spectral analysis a plausible mechanistic

pathway is proposed in Scheme S1.

Complex
Complex + 3,5-DTBCH, (1:100)

| ] | 1
3200 3400 3600 3800
Field (G)

Fig. 6. EPR spectra of complex 1 (black) and 1:100 mixtures (red) of 1 with 3,5 DTBCH; in MeOH at
room temperature

Conclusion

An exciting synthesis of manganese coordination cluster complex has been explored utilizing
supportive secondary coordination of sodium ions. The unique and literature unknown species
has been obtained from the use of stoichiometric NaNs, rightly poised the entrapment of both the
cationic and anionic parts of the salt. Three sodium ions were needed for the saturation of the
available coordination pockets and stability of the sodium ion supported mixed-valence
manganese complex Mn'>Mn'''sNa's. The complex was produced in good yield while exploring
the multiple metal ion binding potency of the Schiff base H.dmp. Interestingly the complex has a
charming Chinese lantern like structural feature. The central {Mn'>(u—N3)s} unit, in lower
oxidation state joins two peripheral ligand bound {NaMn''3(damp)s} fragments to grow the
complex 1. The magnetic study of complex 1 indicated involvement of several exchange
interactions within Mn"'sMn'; network having predominant antiferromagnetic coupling. The

catalytic catechol oxidation potential of the complex 1 is explored on model substrate 3,5 -


https://pubs.acs.org/doi/10.1021/acs.inorgchem.6b02813#notes-1

DBTCHo>. Solution studies established complex 1 as a catalyst for the aerobic oxidation of 3,5-
DTBCH, to 3,5-DTBQ with a turnover number of 392 ht. The study confirmed the involvement
of ligand anion bound manganese(lll) center during catalysis through generation of catechol
based organic radical. Combined use of the EPR and mass spectrometry studies identified the

catalytic reaction pathway.
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Graphical Abstract

Synopsis

Ligand Hzdamp with potential donor atom bearing flexible side arms lead to [Mn'",Mn'"'sNa's]
coordination aggregates of fascinating molecular structure which show overall antiferromagnetic
interactions between the manganese ions. The complex has been explored as model for

catecholase activity.
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Highlights

. A new mixed-valence [Mn">Mn"'sNa's] coordination aggregate has been synthesized.
. The complex possesses unique Chinese Lantern Shaped topology.

. The variable temperature magnetic behaviour revealed antiferromagnetic interactions
prevailed between Mn centers.

. Catecholase activity of the synthesized complex was explored.



