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We report the synthesis and structural characterisation of new Mnigand MnigsM analogues, [Mn'"'12Mn''7(1a-O)s(u3-OCH3)2(ps-
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Br)s(HLMe)12(MeOH)e]Br2  (2) and

[Mn''1,Mn"6Sr(pLa-Os(p3-Cl)s(HLM®)12(MeCN)s] Cl2

cluster (3), where HsLMe is 2,6-

bis(hydroxymethyl)-p-cresol. The electrochemistry of 2 and 3 have been investigated and their activity as catalysts in the

oxidation of benzyl alcohol has been evaluated. Selective oxidation of benzyl alcohol to benzaldehyde by O was achieved

using 1 mol% of catalyst with conversions of 74 % (2) and 60 % (3) at 140 °C using TEMPO as a co-catalyst. No partial

conversion of benzaldehyde to benzoic acid was observed. The results obtained revealed that different operative

parameters - such as catalyst loading, temperature, time, solvent and the presence of molecular oxygen - played an

important role in the selective oxidation of benzyl alcohol.

Introduction

Manganese-based coordination clusters continue to attract intense
research interest because they serve as models for various
metalloenzymes,? and sometimes show interesting magnetic
properties.23 For some time now, we have developed a variety of
homo- and hetero-metallic Mn clusters using phosphonate ligands,*
8 and the HsLR ligand system based on 2,6-bis(hydroxymethyl)-4-R-
phenol (where R is the substituent at the 4-position).>14 Among
others, we are particularly interested in the coordination chemistry
of the HsLR ligand system because of the variable modes (W, or ps) of
coordination provided by this oxido-rich molecule that leads to the
isolation of organic-inorganic hybrid architectures with multiple
metal centres. To this end, we have successfully developed
reproducible routes for the syntheses of homometallic Mnig(R) (R =
H, Me, |, F, OMe, SMe)?12 and/or heterobimetallic MnigM (M = Cd,
Sr, Dy, Lu, Y) aggregates314 using this ligand system. The Mng and
MnisM systems represent a family of materials with attractive
structural and magnetic properties which may open new gateways
to coordination complexes exhibiting a broad range of
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physicochemical properties appropriate for developing applications
in  data  storage,’> catalysis,1®  piezoelectricity,’”  and
superconductivity.1® Experimental and theoretical studies have
revealed that the achievement of the maximum possible ground spin
state of Sy = 83/2 for the mixed-valence Mnig system is insensitive to
replacement of its eight ps-N3 ligands of the original Mn1s aggregate
[Mn!!,Mn!l7(Els-0)s(B3-N3)s(HLME) 12(MeCN)6]Cla (1) by ps-Cl, us-Br, ps-
OH or u3-OMe, substantiating that the ferromagnetic interactions
are mediated mainly by the internal (ps-O) ligands. Indeed, ESI-MS
studies have further demonstrated the robustness of the inorganic
{Mnl;;Mn'l;(us-0)s} core in the Mnis and MnigY species as these
maintain their integrity even in relatively reactive solvents
(MeOH/H,0).12 While structural studies on these systems have
focused on the modification of peripheral organic ligands, the
manipulation of the face-bridging ligands as well as the selective
incorporation of heterometals in view of assessing their influence on
the magnetic properties of the resulting compounds,®14 their
potential as catalysts has not been explored, despite their structural
(core robustness, labile apical ligands, ease of functionalization) and
electronic (mixed-valence Mn) attributes. Manganese species have
been shown to function as catalysts for organic and water oxidations
in the presence of a variety of oxidants,1? and have also been used as
electrocatalysts.20:21

A variety of catalytic methods have been developed to harness
molecular oxygen for the partial oxidation of alcohols to aldehydes,
or for their complete oxidation to yield carboxylic acids.22 Along
these lines, the partial oxidation of benzyl alcohol to benzaldehyde
with molecular oxygen has been particularly well-studied, due to the
role of the latter as a versatile intermediate in the pharmaceutical
and agrochemical industries.23-26 A great many factors such as
catalyst, temperature, solvent and oxidant play an important role in
the reaction.?’-33 Homometallic Mn and heterometallic Mn/M (M =
Ce) complexes and many other metal-oxo complexes have also been
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widely used as oxidants in chemical transformations such as the
partial dehydrogenation of primary alcohols into their corresponding
aldehydes.33-37 To this end, we have chosen the partial oxidation of
benzyl alcohol as a model substrate to study the catalytic activity of
new analogues of the structural robust Mnig and MnysSr
coordination clusters, namely, [Mn';;Mn";(ps-Og(p3-OCH3)2(Us-
Br)5(HLMe)12(MeOH)6]Br2 (2) and [Mn'”12Mn“55r(u4-08(u3-
Cl)g(HLMe)1,(MeCN)g]Cl; (3). Compounds 2 and 3 are mixed-valent,
comprising multiple Mn"/Mn'" centres and thus have the ability to
transfer (multiple) electrons. Moreover, the core features labile
solvent molecules that may facilitate the coordination of incoming
substrates. The electrochemical properties of 2 and 3 have been
investigated, and their catalytic activity in the oxidation of benzyl
alcohol has been evaluated, to test the potential of these compounds
in molecular catalysis.

Experimental

Reagents and analytical methods

All chemicals and solvents were of reagent grade and purchased
from Sigma-Aldrich and used without further purification. Infrared
spectra were recorded on a PerkinElmer Spectrum One FT-IR
spectrometer using either a universal ATR sampling accessory or a
diffuse reflectance sampling accessory. Data were collected and
processed using Spectrum v5.0.1 (2002 PerkinElmer Instrument LLC)
software. The scan rate was 16 scans per minute with a resolution of
4 scans in the range 4000-500 cm@(ATR measurements were
performed on an ATR IRAffinity-1 instrument (Shimadzu Scientific
Instruments). The analyzed samples were prepared by deposition of
powder or crystals directly onto the sample plate surface). The
standard abbreviations were used to describe the intensities: s,
strong; m, medium; w, weak; br, broad. Elemental analyses (CHN)
were performed at the School of Chemistry and Chemical Biology,
University College Dublin (Ireland), using Exeter Analytical CE 440
elemental analyser. GC-MS analysis were performed on a GC System
7820A (G4320) connected to a MSD block 5977E (G7036A), using
Agilent High Resolution Gas Chromatography Column: PN 19091S —
433Ul, HP = 5MS Ul, 28 mx0.250 mm, 0.25 Micron, SN USD 489634H.
All samples were prepared in ethyl acetate (200 pL sample volume).
The analysis was carried out on a splitless 1 pL injection volume with
an injection port temperature 250 °C. Column oven temperature
program was as follows: 60 °C for 1 min, ramped at 30 °C/min to 310
°C with 3 min hold, with a total running time of 12.33 min. The mass
spectrometer was turned on after 2 min and was operated at the
electron ionization mode with quadrupole temperature of 150 °C.
Data acquisition was performed in the full-scan mode (50-
500).Hydrogen (99.999 % purity) was used as carrier gas at a constant
flow rate of 1.5 mL/min.

Synthesis

Synthesis of [Mnlll;2Mnll7 (ps-0)s(ps-OCH3z)2 (us-
Br)e(HLMe)12(MeOH)s]Br2 (2)

MnCl;-4H,0 (0.2 g, 1 mmol, 1.0 equiv), EtsN (0.1 g, 1 mmol, 1.0 equiv)
and 2,6-bis(hydroxymethyl)-4-methylphenol (0.17 g, 1 mmol, 1.0
equiv) were respectively added, under stirring, to a MeCN/MeOH
solution (25 mL/5 mL). The resulting slurry was stirred for 1 h at RT,
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before being heated at reflux for 2 h, to afford a dark brown solution,
which was cooled and filtered. Dark brown crystals of 2 were
obtained after 48 h slow evaporation at RT. The crystals were
filtered, washed and dried. Yield: 30 % (based on Mn). Elemental
analysis (%) calc. for C137H184BrsMnigN100s3: C 36.55; H 4.12; N 3.11;
found: C36.62; H 4.23; N 3.25. Selected IR data (KBr pellet, cm?t) 600
(s), 800 (s), 1050 (m), 1100 (m), 1211 (s), 1409 (s), 1610 (m), 2800
(w), 3300 (w,br).

Synthesis of [Mn!!';,Mn"Sr(ps-Os(p3-Cl)s(HLMe)1,(MeCN)g]Cl; (3)
Aslurry of MnCl;-4H,0 (0.2 g, 1 mmol, 1.0 equiv), EtsN (0.1 g, 2 mmol,
2.0 equiv), 2,6-bis(hydroxymethyl)-4-methylphenol (0.17 g, 1 mmol,
1.0 equiv) in a solvent mixture of MeCN and MeOH (25 mL/5 mL) was
stirred for 30 min at RT, and Sr(NOs); (0.11 g, 0.5 mmol, 0.5 equiv)
was added. The resulting mixture was further stirred for an
additional 1 h, then heated at reflux for 2 h. The dark brown mixture
was cooled and filtered. After a 24 h slow evaporation at RT, dark
brown crystals of 3 suitable for X-ray diffraction analysis were
obtained. Yield: 40 % (based on Mn). Elemental analysis (%) calc. for
C127H154ClsMn1gNgO0s1Sr (3): C 38.71; H 3.94; N 2.13; found: C 38.62;
H 3.63; N 2.25. FT-IR (cm®): 610 (s), 740 (s), 990 (s), 1050 (s), 1248
(s), 1495 (s), 1600 (m), 2812(w), 3300(s,br).

Single-crystal X-ray crystallographic measurements

X-ray structural analyses for crystals of 2 (TCD304) and 3 (TCD 716)
were performed on at 100K on a Bruker APEX DUO CCD and Bruker
D8 Quest ECO diffractometer respectively (Mo-Kq A =0.71073 fk). The
maximum resolution for data collection was 0.77 A with data
collected using w and ¢ scans for 2 and 0.80 A using w scans only for
3.

The data were reduced and processed using the Bruker APEX suite of
programs.38 Multi-scan absorption corrections were applied using
SADABS.3? Using Olex2,%0 the structure was solved with the XT41
structure solution program using Intrinsic Phasing and refined with
the XL2 refinement package using Least Squares minimisation. All
non-hydrogen atoms were refined anisotropically. Hydrogen atoms
were placed in calculated positions and refined with a riding model,
with isotropic displacement parameters equal to either 1.2 or 1.5
times the isotropic equivalent of their carrier atoms.

The data were solved in the monoclinic space group P2;/n (2) trigonal
space group R3 (3). In the structure of 2, uncoordinated MeOH was
refined with restraints (DFIX, ISOR) and modelled as half occupied.
Hydroxide hydrogen atoms on all MeOH (coordinated and
uncoordinated) as well as ligand OH moieties were located and
refined with restraints (DFIX). Two acetonitrile solvates were also
modelled with restraints (ISOR). In 3, all MeOH molecules were
modelled as half occupied with restraints (DFIX, ISOR).One MeOH
(C32-033) is on the three fold axis and the hydrogens are modelled
with an occupancy of 0.16667. Large voids are present in 3 of ca. 227
A3, with a total of 689A3 per unit cell. SQUEEZE*3 was used to verify
that the void volume does not contain any electron density.

Crystal data and details of data collection and refinement of
compounds 2 and 3 are summarized in Table S1. Crystallographic
data, CCDC 1882361-1882362, can be obtained free of charge from
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the
www.ccdc.cam.ac.uk/ data_request/cif.

Cambridge Crystallographic Data Centre via

Electrochemistry

Electrochemical measurements were carried out in DMF containing
0.1 M BusNPFs in a classical three-electrode cell by cyclic
voltammetry (CV) and rotating-disk voltammetry (RDV). The working
electrode was a glassy carbon disk (GC, 3 mm in diameter), the
auxiliary electrode a Pt wire, and the pseudo reference electrode a
Pt wire. The cell was connected to an Autolab PGST, AT30
potentiostat (Eco Chemie, Holland) driven by a GPSE software
running on a personal computer. All potentials are given vs. Fc*/Fc
used as internal reference and are uncorrected from ohmic drop.

Chemical Oxidation

Optimization of oxidation of benzyl alcohol to benzaldehyde

All reactions were carried out in 1 mL glass vial under oxygen
atmosphere, unless otherwise noted.

In a typical experiment: To a 1 mL glass vial containing a Teflon-
coated magnetic stir bar was added cluster catalyst (2.3 mg, 0.60
pmol, 1.0 mol%), TEMPO (2.1 mg, 0.013 mmol, 22 mol%), benzyl
alcohol (6.4 uL, 0.060 mmol, 1.0 equiv), followed by the addition of
DMF (300 pL). The contents of the vial were flushed with oxygen for
ca. 2 minutes. The vial was then quickly sealed and the reaction
mixture magnetically stirred for 24 h in sand bath that was
maintained at an internal temperature of 140 °C using an electronic
thermocouple. The reaction vial was then removed from the sand
bath and allowed to cool to RT. 500 pL of ethyl acetate was added to
the mixture, and the solution was centrifuged until separation of the
solid catalyst was achieved. A sample for GC-MS analysis was
prepared by removing 10 pL of the liquid phase from the reaction,
followed by dilution with ethyl acetate (190 pL).

Results and Discussion

Previously, we have demonstrated that depending on the reactants,
the face-bridging ligands of the Mn1q system can either be N3, Br, Cl,
OMe or OH.%-14 Herein, refluxing a mixture of HsLMe and MnBr,:4H,0
in the presence of EtsN in MeCN/MeOH (5/1, v/v) afforded
[Mn'”uMn”y(u4-08(u3-OCH3)2(ug-Br)G(HLMe)u(MeOH)s]Brz (2) When
a similar reaction was carried out with MnCl,-4H,0 as source of Mn
and in the additional presence of Sr(NOs);, the compound
[Mn;5Mn6Sr(a-Os(s-Cl)g(HLMe);,(MeCN)g]Cla (3) was obtained.
Single crystal X-ray analyses revealed that the compounds crystallize
in the monoclinic P2;/n (2) and the trigonal R-3 (3) space groups, with
two and three molecules, respectively in the unit cell. The results of
the X-ray structural analysis are summarized in Table S1. The crystal
structure of 2 and 3 are given in Fig. 1.

This journal is © The Royal Society of Chemistry 20xx

Fig. 1 Symmetry unique metal/halide labelled core only diagrams of 2 (upper)
and 3 (lower). All solvents, hydrogen, carbon and nitrogen atoms omitted for
clarity. A full diagram of each molecule is given in the SI. Atomic displacement
shown at 50% probability.

The core of 2 and 3 are isostructural to the topology of the previously
reported {Mnigo} and {Mn;sM} complexes®14 and can be considered
as consisting of two supertetrahedral {Mn"¢Mn'l;} units sharing a
common Mn''vertex (2) or two supertetrahedral {Mn"'sMn'3Sr} units
sharing a common Sr vertex (3). Compounds 2 and 3 slightly differ
from the previously reported analogues. For instance, compound 2
differs from the original Mn;o aggregate (1)?, as well as the analogous
compound  [Mn"';;Mn"7(s-0)g(HLMe)5(s-Br)7(ps-OH)(MeCN)g]Br
(4)12, in terms of their ps-face-bridging ligands. In 2, the two face-
bridging ligands on the molecular threefold axis are both (us-OMe)
unlike in compound 1 and 4 where these are made up of ps3-N3 (1)
or Ws-Brand ps-OH (4) ligands, respectively. Compound 2 also differs
from 4 in the composition of the six terminal ligands on the outer
Mn' vertices of the supertetrahedron. In 2, these are MeOH while in
4 these are exclusively MeCN as in compound 1. It should be pointed
out here that while similar solvent mixtures (MeCN/MeOH, 5/1,
vol/vol) were employed for these reactions, the reason for the
observed differences in structural composition is unclear. Moreover,
all attempts to completely substitute the face-bridging ligands with
Ms-Br by using excess bromide source were unsuccessful. We have
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also previously reported a Mnjys aggregate, [Mn";;Mn7 (-
0)s(HLMe)15(u3-Cl)g(3-OMe)2(MeOH)s(MeCN)]Cl, (5),12 where the
two face-bridging ligands on the molecular threefold axis are both
p3-OMe as observed in 2. In 5, six of the face-bridging ligands are
chlorides, hence compound 2 is a new analogue of the Mnjq system.

Electrochemistry

Investigations of the species were carried out by cyclic voltammetry
and rotating disk voltammetry (RDV) in DMF + 0.1 M BusNPFs. The
electrochemical data for compound 2 and 3 are shown in Table 1.

Table 1 Electrochemical data for 2 and 3 in DMF (+ 0.1 M BuaNPFs against
Fc*/Fc).

Indeed, we have done two exhaustive oxidations giving 6.8, and 7.4
electrons exchanged. The fluctuation of the number of electron
exchanged is probably due to the adsorption of compound (2) at the
electrode which strongly alter the measurements.

For the MnysSr cluster (3), in oxidation, cyclic voltammogramm (CV)
showed only one irreverible peaks at 0.25 V vs. Fc*/Fc. RDV
presented also only one wave at 0.29 V vs. Fc*/Fc (Fig. 54). The first
peak detected might be due to the oxidation of the six Mn(Il) atoms
to Mn(lll). Such behaviour is similar to 2 compound except that the
six Mn(ll) are easier to be oxidized (0.25 V versus 0.43 V).

In the cathodic domain, CV showed three successive reductions. The
first two reductions are irreversible and ill-defined at -1.29 V and -
1.89 V, while the last reduction was reversible at -2.25 V (RE, = 90
mV) vs. Fc*/Fc peaks. Due to significant adsorption at the electrode,

the RDV in the cathodic domain is ill-defined and is not exploitable

Fig. S3). Thus for compound 3, the presence of the Sr atom does not
pffect strongly the redox behaviour in reduction. In oxidation, the

xidation of the Mn(ll) are 180 mV easier to be oxidized than for 2.
The redox behaviour in reduction is also similar to 2 showing three
successive steps but 90, 140 and 150 mV easier to be reduced than
for 2, respectively.

Species cv RDV
E°a AEp b Ep9 Ei2 9
V/kessre mV V/kersee V/kcsfre
Mnys (2) 0.42 0.33
-1.29 d)
-1.89 d)
-2.25 90
MnasSr (3) 0.25 0.29
-1.20 -1.20
-1.75 -1.75
-2.10 -2.16

Fe,

Mn1g

20 A

9 E° = (Epc + Epa)/2, where Epc and Epa correspond to the cathodic and anodic
peak potentials, respectively.

bREp = Epa - Epc.

¢ Ep, = irreversible peak potential.

9 Due to important adsorption at the electrode, the RDV in the cathodic
domain is ill defined and is not exploitable.

In oxidation, cyclic voltammetry (CV) of 2 showed two successive
irreversible peaks measured at -0.12 V and 0.42 V vs. Fct/Fc
measured without Fc after the reduction of Mnyg (2) (Fig. 2, red curve
with initial scanning direction to negative potential, explicitly
reduction followed by the oxidation) while RDV presented only one
wave at 0.33 V vs. Fc*/Fc (Fig. S3, left). It should be pointed out that,
the first peak detected from CV at -0.12 V was not measured in the
case of the initial scanning direction to positive potential (Fig. 2, black
curve), namely oxidation followed by the reduction. The potential of
the only irreversible peak observed was measured at 0.27 V
(measured in the absence of Fc), a value close to the potential
obtained from RDV (Fig. S3). Thus, the first peak may be due to the
re-oxidation of the reduced compound 2, which might evolve after
reduction to give a different oxidation potential for the Mn(lil/11)
redox couple. Alternatively, the first signal might be due to
adsorption of the reduced compound 2 at the GC electrode, which
renders the Mn atoms easier to oxidize. Because of such adsorption
the coulometry is difficult to be done and give important variability
of the value for the number of electron exchanged measured. The
wave from CV at 0.27 V corresponds to the irreversible oxidation of
the seven Mn(ll) atoms to Mn(lll) according the molecular structure
of [Mn'”uMn"7(u4-08(u3-0CH3)2(u3-Br)s(HL""e)1z(MeOH)s]Brz (2)
Controlled potential coulometry under continuous argon bubbling
and stirring at applied potential of 0.4 V has been conducted several
times and consumes between 6.8 to 7.4 electrons per molecule.

4 | Dalton. Trans., 2018, 00, 1-6
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E(V)vs Fct/Fe

Fig. 2 Cyclic voltammetry of Mng (2) at a scan rate of 0.1 Vs®' in DMF 0.1 M
TBAPFswith Fc (blue curve) and without Fc (black and red curves), c =1 mM.
The arrow as well as the color of the curves (black or red) indicate the
beginning and sweep direction of the voltammetric scan. Black curve: initial
scanning direction to negative potential [reduction of Mnas (2)] followed by a
reverse sweep back in order to join the oxidation wave. Red curve: initial
scanning direction to positive potential [oxidation of Mnig (2) ].

Catalytic Oxidation

The ability of compounds 2 and 3 to act as catalysts for the partial
chemical oxidation of benzyl alcohol to benzaldehyde was
investigated. In analogy with previous catalytic oxidations using
manganese clusters,33 our initial investigations employed 2 (typically
1 mol%) with benzyl alcohol (1 equiv) and TEMPO (22 mol%) in DMF
under an oxygen atmosphere (1 atm). GC-MS analysis of reactions
carried out in a variety of solvents after 18 h at 100 °C indeed
confirmed that DMF was the most efficient, likely due to the high
solubility of the catalyst in that solvent (see Table S2). After
optimization of temperature and time, it was found that after 24 h at
140 °C, 74% conversion to benzaldehyde was achieved without
observable accompanying over-oxidation to benzoic acid (Table 2,
entry 1). Further optimisation and control experiments were carried
out to better understand the reaction. Catalyst 2 was indeed

This journal is © The Royal Society of Chemistry 20xx



required (entry 2). Lower reaction temperatures were not suitable
(entries 3-4). A catalyst loading of 1 mol% was found to be optimal,
with higher or lower loadings leading to poorer yields (entries 5-7).
Leaving out TEMPO does not completely stop the reaction but leads
to lower yields (entry 8). In the presence of TEMPO, using air instead
of O, or even conducting the reaction under an Ar atmosphere still
does not completely inhibit the reaction (entries 9-10), showing that
the ultimate source of oxidant is flexible. However, an oxidant is
nonetheless required, since omitting TEMPO and using air instead of
0; at the same time leads to a drastic drop in yield (entry 11).

The oxidation of benzyl alcohol was also evaluated with MngSr
(3) under the same conditions (Table 3). The MnysSr catalyst gives
slightly lower yields compared to Mn1s and overoxidation is again not
observed. No reaction occurs in the absence of 3 (entry 2). One
notable observation is that the MnsSr catalyst works best in the
absence of TEMPO (entry 3), in departure from oxidation reactions
catalysed by CeMng clusters previously reported by Christou and co-
workers.33 In that prior report, the Ce atom was found to be the
active component in the catalytic oxidation, and served to oxidize
TEMPO, which in turn oxidizes the alcohol. The presence of TEMPO
was thus found to be essential to catalytic oxidation. In the present
work, the observation that the MnigSr catalyst 3 is optimal in the
absence of TEMPO indicates a change in mechanism, such that the
catalyst itself is capable of oxidizing the alcohol with catalytic
turnover. As expected, the yield drastically decreases if TEMPO, O,
or both are removed (entries 4-6).

Table 2 Influence of conditions on the chemical oxidation of benzyl
alcohol catalysed by Mniq 2.

2 (1 mol%)
TEMPO (22 mol%) H

OH O, (1 atm)
4> o

140 °C, DMF, 24 h

Entry Deviation from standard Alcohol Aldehyde
conditions®® (%) (%)
1 None 26 74
2 No 2 99 1
3 120 °Cinstead of 140 °C 70 30
4 100 °Cinstead of 140 °C 95 5
5¢ 5 mol% 2 instead of 1% mol% 80 20
6° 10 mol% 2 instead of 1 mol% 100 0
7¢ 0.1 mol% 2 instead of 1 mol% 79 21
8 No TEMPO 48 52
9 Air instead of O 53 47
10 Ar instead of O 54 46
11¢ No TEMPO and air instead of Oz 89 11

aReaction conditions: oxygen (1 atm), benzyl alcohol (0.06 mmol), TEMPO
(22 mol%), Mn1s 2 (1 mol%) in 1 mL of DMF, at 140 °C; 48 h. *PhCHO was the
only product; no PhCO:H acid was detected by GC-MS. ¢Reaction run for 48
h.

This journal is © The Royal Society of Chemistry 20xx

Table 3. Influence of various conditions in the chemical oxidation of
benzyl alcohol by Mn1sSr 3.

gOH

3 (1 mol%) H
TEMPO (22 mol%)
O, (1 atm) o)

140 °C, DMF, 24 h

Entry Deviation from standard Alcohol Aldehyde
conditions? (%) (%)
1 None 54 46
2 No 3 99 1
3 No TEMPO 35 65
4 Air instead of O 49 51
5 Ar instead of O 55 45
6 No TEMPO and air instead of Oz 65 35

2Reaction condition: oxygen (1 atm), benzyl alcohol (0.06 mmol), TEMPO (22
mol%), Mn1sSr 3 (1 mol%) in 1 mL of DMF, at 140 °C; 24 h.®PhCHO was the
only product; no PhCO2zH acid was detected by GC-MS.

To determine whether the catalysts employed in the present study
are stable under the reaction conditions, the solid catalyst was
analysed by IR spectroscopy. The IR spectra of 2 and 3 before and
after the reaction show some discrepancy (Fig. S9, new bands
appearing at 1300-1600 cm?), suggesting that the catalyst might
have undergone some modification under the catalytic conditions.
This is expected as we previously observed that the system
undergoes ligand exchange and/or scrambling under certain
conditions.1?

Conclusions

We have reported new analogues of the {Mnis} and {MnisSr}
aggregates, compounds 2 and 3 and demonstrated their catalytic
activity in the selective oxidation of benzyl alcohol to benzaldehyde
in up to 74 and 65 % yields, respectively. These values are
comparable to those obtained by Christou et al for similar cluster
compounds.33 The attractiveness of the {Mniq} system is that it can
be further tuned to access a variety of functionalized Mnis(R)
aggregates, where the interplay of the electronic contribution of the
substituent R can be investigated, where R = the substituent at the
4-positon of the HsLR ligand system). Moreover {Mn1sM} (where M is
a heterometals), are readily accessible and could be suitable
candidates to explore the influence of heterometals on the redox-
potential of the system and hence catalysis, even in the absence of
organic co-catalysts. Linking these species to form one-, two- and
three-dimensional extended arrays and evaluation of these
compounds towards photo-catalytic water splitting (oxygen
evolution) is also envisaged.
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