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Table S1. Selected geometrical parameters (distances/A and angles/°) for 1 and 2.

1 2 1 (M = Fe) 2 (M = Mn)
Cul-0O1 1.968(2) 1.984(7) Cu4-06 2.023(2) 1.982(7)
Cul-02 1.990(2) 1.995(7) Cu4-07 1.877(2) 1.882(7)
Cul-O4 1.913(2) 1.921(7) Cu4-08 2.176(2) 2.206(7)
Cul-016 1.952(3) 1.961(7) Cu4-013 1.928(2) 1.938(7)
Cul-N1 2.404(3) 2.438(10) Cud—N4 2.122(3) 2.082(9)
Cu2-01 2.535(2) 2.480(7) M1-01 1.980(2) 1.975(7)
Cu2-03 1.981(2) 1.988(8) M1-03 1.959(2) 1.854(7)
Cu2-04 1.937(2) 1.935(8) M1-05 1.974(2) 1.886(7)
Cu2-09 1.973(3) 1.952(7) M1-010 2.019(2) 2.146(8)
Cu2-N2 2.615(3) 2.521(10) MI1-0O11 2.072(3) 1.999(8)
Cu2—Cll 2.2548(11) - M1-023 2.029(2) 2.185(8)
Cu2—ClIB - 2.194(9) M2-02 1.938(2) 1.889(8)
Cu3-05 1.929(2) 1.976(7) M2-06 2.105(2) 2.296(7)
Cu3-06 2.065(2) 1.991(7) M2-08 1.924(2) 1.871(7)
Cu3-07 1.923(2) 1.938(7) M2-014 2.079(2) 1.995(7)
Cu3-012 1.950(2) 1.941(8) M2-015 2.050(3) 2.113(7)
Cu3-N3 2.315(3) 2.349(9) M2-023 1.989(2) 1.945(8)
01-Cul-02 90.52(10) 89.1(3) 06-Cu4-07 81.94(10) 82.1(3)
O1-Cul-04 84.66(10) 83.7(3) 06-Cu4-08 80.86(9) 82.7(3)
01-Cul-016 167.19(10) 167.6(3) 06-Cu4-013 93.58(10) 92.2(3)
O1-Cul-N1 82.73(10) 81.5(3) 06-Cu4-N4 159.06(10) 161.5(3)
02-Cul-04 172.23(10) 172.6(3) 07-Cu4-08 96.60(10) 96.0(3)
02-Cul-016 90.89(10) 94.1(3) 07-Cu4-013 161.96(10) 163.6(3)
02-Cul-N1 78.58(10) 77.9(3) 07-Cu4—N4 86.54(11) 87.0(3)
04-Cul-016 92.48(10) 92.5(3) 08-Cu4-013 99.94(10) 98.5(3)
04-Cul-N1 106.75(10) 102.8(3) 08-Cu4-N4 83.18(10) 83.6(3)
016-Cul-N1 110.03(11) 110.8(3) 013-Cu4-N4 102.48(11) 102.1(3)
01-Cu2-03 72.10(8) 69.9(3) 01-M1-03 86.34(10) 85.1(3)
O1-Cu2-04 70.09(9) 71.1(3) 01-M1-05 94.87(10) 93.93)
01-Cu2-09 99.65(9) 101.5(3) 01-M1-010 91.83(10) 91.1(3)
O1-Cu2-Cl1 107.79(6) - 01-M1-011 173.72(10) 172.5(3)
O1-Cu2—CI1B - 105.4(3) 01-M1-023 92.30(10) 89.6(3)
O1-Cu2-N2 132.04(8) 133.6(3) 03-M1-05 178.73(10) 178.3(3)
03-Cu2-04 90.71(10) 90.4(3) 03-M1-010 88.91(10) 88.3(3)
03-Cu2-09 84.76(11) 87.3(3) 03-M1-011 87.49(10) 87.4(3)
03-Cu2-Cl1 173.51(8) - 03-M1-023 93.07(10) 94.9(3)
03-Cu2-Cl1B - 169.4(3) 05-M1-010 90.68(10) 90.4(3)
03-Cu2-N2 76.54(10) 77.3(3) 05-M1-011 91.31(10) 93.6(3)
04-Cu2-09 169.67(10) 172.6(3) 05-M1-023 87.27(9) 86.5(3)
04-Cu2-Cl1 95.34(8) - 010-M1-011 89.21(10) 88.8(3)
04-Cu2-Cl1B - 97.1(3) 010-M1-023 175.53(10) 176.8(3)
04-Cu2-N2 75.05(10) 77.3(3) 011-M1-023 86.87(10) 90.8(3)
09-Cu2—Cl1 88.89(8) - 02-M2-06 95.51(10) 94.0(3)
09-Cu2-Cl1B - 84.3(3) 02-M2-08 177.11(10) 173.1(3)
09-Cu2-N2 112.70(10) 109.0(3) 02-M2-014 90.69(10) 92.2(3)
N2-Cu2-Cl1 107.27(7) - 02-M2-015 90.83(10) 92.9(3)
N2-Cu2-ClIB - 111.6(3) 02-M2-023 88.52(10) 85.5(3)
05-Cu3-06 93.60(10) 94.4(3) 06-M2-08 85.01(10) 82.7(3)
05-Cu3-07 171.95(10) 174.1(3) 06-M2-014 85.06(9) 85.0(3)
05-Cu3-012 93.89(10) 92.9(3) 06-M2-015 171.48(10) 171.4(3)
05-Cu3-N3 80.92(10) 79.7(3) 06-M2-023 89.71(9) 88.0(3)
06-Cu3-07 79.78(10) 80.5(3) 08-M2-014 92.19(10) 93.6(3)

S2



06-Cu3-012 161.67(10) 167.0(3) 08-M2-015 88.94(10) 90.9(3)

06-Cu3-N3 83.16(10) 82.8(3) 08-M2-023 88.65(10) 88.3(3)
07-Cu3-012 91.17(10) 91.6(3) 014-M2-015 89.18(10) 89.6(3)
07-Cu3-N3 102.63(10) 102.5(3) 014-M2-023 174.61(10) 172.5(3)
012-Cu3-N3 114.55(10) 109.1(3) 015-M2-023 96.16(10) 97.6(3)

20 /°

Figure S1. Calculated (top) and experimental (bottom) powder X-day plots for 1.

Figure S2. Schematic representation of the molecular structure of 1.
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The analysis of the {Ms(u-X)7(us-X),}Molecular Structure Type (MST)

The analysis of the Molecular Structure Type (MST)' {Mg(u-X)7(u3-X)2} of 1 and 2 (Figure 2)
reveals that it can be represented as a combination of two M3(u-X),(u3-X) fragments joined together by
three bridging oxygen atoms. It was interesting to study in the CSD? the combinations of M3(u-X),(u3-
X) fragments other than that in 1 and 2. All structures can be classified into two groups, according to
the number of sub-structures (fragments) M;(pn-X),(p3-X) found in the respective MST: one fragment
(Table S2) and two fragments (Table S3). In the first group (Table S2), all molecular cores of the
hexanuclear complexes are based on the trimetallic M;(pu-X),(u3-X) fragment. The MSTs a {Mg(p-
X)o(u3-X)sp and b {Mg(p-X)4(pn3-X)(15-X)} are observed in the structures of the heterometallic
[Et;N]o[(OWS;Cu,),(pydt),] (Hpydt = 2-pyridinethiol) and [AgsW,Sg(CysHi,P)3]-2C3H/NO
compounds, respectively (CSD refcodes WOJYEA and KUYRIG), and contain the lowest number (six)
of the bridging (sulphur) atoms within molecular cores.> The main difference between them is the way
of the coordination of the similar M3X; lateral part to the main M;(pu-X),(pu3-X) moiety: in a the
coordination occurs via two p3-X atoms, while in b it is via ps-X. Moreover, in b the ps-X atom
completes the Ms(u-X),(p3-X) moiety into the incomplete cube-like M;(pn-X);(pn3-X) fragment, which
is one of the widespread fragments found in the different molecular cores. The MST ¢ {Mg(p-X)o(p3-
X)} is found in the organodiphosphonate derivative
(TBA);[(OsPCOHCH;3PO3)Mos0,sH(DMF)]-4.5H,0 (refcode XEGFIA) and it is formed with the
participation of the largest number of p-X bridging atoms showing an open-textured core structure.*
Among the studied compounds, the largest number of bridging atoms, 12, and the most complex
molecular core is observed in the MST d {Mg(p-X)o(p3-X)3}, which occurs in a molybdenum complex
with S-bridges. Similarly to MST b, in d the formation of the incomplete cube-like Ms(pu-X);(p3-X)

fragment via the direct coordination of the p-X atom to the trimetallic fragment is observed.

S4



Table S2. Geometries of M, X, coordination cores, based on the M3(u-X),(u3-X) fragment (shown as
dark blue).

MST NDk-m symbol Structure
a (Mg(1-X)a(3-X)a} 2,3,4,4M6-1
b {Mg(u-X)a(p3-X)(ps-X) } 2,4,4,5M6-1
c {M6(M‘X)9(H3'X)} 292,3735394M6-1
d {Me(n-X)o(p3-X)3 4 2,2,3,4M6-1

2 The dashed lines in d show the contacts X—X and are not taking into account in MST definition.

All complexes in the second group contain two Mj(u-X),(p13-X) fragments which are linked into an
hexanuclear core by different number of bridging atoms (Table S3). In the MST e Mg(u-X)7(p3-X), the
main trimetallic fragments are joined by one bridging atom, what is observed in [Mo3;S4(HBpz;),]>(p-
O)(n-C3H3N,), (CSD refcode JAFLAD).> A determining role in the formation of such molecular
structure conceivably is the presence of rigid bulky pyrazole-containing ligands, which, being
coordination to the Mo atoms, surround the overall hexanuclear core. In the MST f Mg(pn-X)s(3-X)s,
two atoms joining metal-containing trimetallic moieties are present. Moreover, in both cases, besides
bridging atoms between Mj(u-X),(u3-X) fragments, also bridging atoms that directly bond to the

trimetallic cores forming incomplete cube-like geometry were observed. The MST f'is found in the
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[Ws04Cl10]?> anion structure (refcode JIYMIN) and in [MogO;o(bpy)s(Hnta),] (refcode OZOQEA; nta
= nitrilotriacetate).6

In the MSTs g {Mg(u-X)7(p3-X),2} (found in the complexes 1 and 2), & {Mg(pn-X)o(p3-X),} and i
{Mg(n-X)s(p3-X)2(ng-X)} three bridging atoms are responsible for combining Mj(p-X),(p3-X)
fragments into hexanuclear cores. Apart from 1 and 2, the MST g is also observed in the structure of
[N(CHa3)4]4[ {H(SO4)W307(0,),},0] (refcode TALPAX), while MST /% is found in a molybdenum
compound with O, Cl and S bridging atoms (refcode MIWFOP).”- 8 The MST i, formed using a pys-X
bridging atom, is the most widespread MST in the performed search (24 hits in CSD) covering the
majority of hexanuclear molecular cores based on Mj(p-X)(pu3-X) fragments. All the compounds
belonging to the MST i are S/Se-bridged mono- or heterometallic iron-containing clusters revealing
close-packed metal cores.

It should be noted that, formally, MSTs e and g have the same {Mg(p-X);(p3-X),} formulae, but they
are different from the topological point of view. In general, the coordination core of the complex can be
represented as a graph, which vertexes are metal centres M and edges are any metal pairs linked by
bridging atoms, M—X-M. Such a simplification is useful in the classification of the metal core
topologies.'? So, the topology of the metal core M, X, can be written as a graph G = (V, E), where V =
a and the number of edges E should be further estimated, assuming any M—X-M bridging as an edge.’®
% More particularly, the topology of the metal core M,X, can be written using the NDk-m symbol,
where N is a sequence of coordination numbers of topologically non-equivalent graph vertexes (metal
centres), D is dimensionality of the coordination network (written as “M” for molecular clusters), & is
the number of graph vertexes (metal atoms) in the core, and m is an ordering number to distinguish
topologically different clusters having the same NDk symbol. The combination of these alternative
approaches and using MST as well as NDk-m symbols allow to make more precise identification of the

coordination cores topologies. Hence, the NDk-m symbol for e is 2,3M6-1, while for g is 2,3,4M6-1.
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The last member of the second group, the MST ;j {Mg(n-X)e(13-X)s} is observed in three crystal
structures of molybdenum S/Se/Cl-bridged compounds and can be viewed as combination of two
trinuclear fragments bonded by four bridging atoms forming a close-packed hexanuclear core.

Notably, in all described MSTs, except MST g, the trimetallic M;(pn-X),(p3-X) fragments within the
whole hexanuclear core are parts of incomplete cube-like M;(u-X);(pn3-X) moieties formed either by

bridging atoms directly coordinated to M3(u-X),(p3-X) fragments or bridges between them.

Table S3. Geometries of M, X,,, coordination cores, based on two M;(1-X),(p3-X) fragments (shown as
dark blue).

MST NDk-m symbol Structure
e {Me(p-X)7(p3-X)2} 2,3M6-1
_\’_
S AMe(p-X)s(pa-X)2} 2,3M6-2
7_&_

g IMg(p-X)7(n3-X)2} 2.3,4M6-1

h {Me(p-X)o(n3-X)2 } 2,3M6-3

i AMg(u-X)e(n3-X)o(na-X)}  2,4M6-1
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J IMe(u-X)e(m3-X)a} 2,3,4M6-2
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Figure S3. A dendogram of the Cluster Analysis (left) and the magnetostructural J-correlation (right)
for hydroxido-bridged Fe(Ill) complexes. Numbers in the right corner are those of the respective
clusters.
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Figure S4. A biplot of the Principal Component Analysis for hydroxido-bridged Fe(Ill) complexes.
Points are the objects (complexes) spanning the biplot. Numbers in the right corner are those of the
respective clusters.
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Correction of 80 incorporation levels into tertiary cis- and trans-1,2-dimethylcyclohexanols in the

experiment with H,'80

The mass-spectrometer PerkinElmer Clarus 600C (quadrupole mass analyser) was found to exhibit a
non-linear decay of low-intensity mass-peaks, in some cases. For non-labeled frans- and cis-1,2-
DMCH tertiary alcohols the 130/128 m/z ratio of 0.00568 can be predicted, from the natural abundance
of 180/1%0 isotopes. However, statistical data revealed considerable deviation of the 130/128 m/z ratio
in the low intensity range (Figure S5). This statistics was accumulated from the data of different
periods of time, calibrations, maintenance and does not seem to depend on these factors. The data were

empirically fitted to the Hill equation

I130"
R=V

(k” + 1130”)

where R is the observed 130/128 m/z ratio and Iy3y is the intensity of 130 m/z peak (these data
correspond to species having natural 30 abundance). The following coefficient values were found: V' =

0.3,k=3 %103, n=0.22.
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Figure SS. Dependence of 130/128 m/z intensities ratio on the 130 m/z peak intensity for non-labeled
tertiary 1,2-DMCH alcohols. Theoretical 130/128 ratio is 0.00568 and is shown as a horizontal blue
line. The inset shows the deviation of experimental data points from the empirical fit.

The final absolute intensities of 130 m/z peaks were estimated by applying the following correction:

0.00568 P
I3orinat = 1130~ = 11280.00568 = 0.00568 V™ (K" I135" ™" + I;50) = 114000568

where [j3p and [j;3 are experimentally observed absolute intensities of 130 and 128 m/z peaks,
respectively. For the 130 m/z peaks having absolute intensity higher than 4.6 x 103 the 0.00568/R ratio
was assumed to be equal to 1 (i.e. no correction is applied). The peaks of tertiary alcohols with
intensity of 130 m/z peak lower than 2 x 10* were considered as not reliable due to very high scattering
of experimental data in this region (Figure S5, inset). The intensities of 130 m/z peaks of trans-
alcohols, obtained within the experiments with H,'30, fall completely into 0 — 2 x 10 region. Thus, the
levels of 30 in the trans-alcohol product and in the non-labeled compound are comparable and,
therefore, cannot be reliably determined form the data collected. The initial data points for cis-alcohol
(0 — 2 h reaction time) are also of low intensity (lower than 2 x 10%), but since they fit well with the

other data (Figure 10, inset) one may consider them as reliable.

Estimate of percentage of retention of stereoconfiguration (RC)

The RC value (in %) in oxidation of cis-substrate is typically estimated as

(cis - trans)
RC=———-x100

B (cis + trans)
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where “cis” and “trans” are yields of tertiary cis- and trams-alcohols, respectively. RC of 100%

corresponds to full retention of stereoconfiguration in the oxidation of cis-1,2-DMCH. However, a real
substrate, cis-1,2-DMCH, always contains admixture of trans-1,2-DMCH, which should be taken into
account when estimating RC. The commercial cis-1,2-DMCH contained 1.8% of trans-1,2-DMCH.
Hence, the RC value (in %) can be calculated as

_ (cis - trans + 0.018cis)

RC =
(cis + trans — 0.018cis)

Figures (plots, chromatograms and mass-spectra)
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Figure S6. Fragments of the chromatograms of the reaction samples (from the cyclohexane oxidation
in the presence of various promoters) taken at 120 min time and recorded before addition of PPh; (SGE

BPX-5 column). GC analysis of the reaction sample with PCA promoter was performed under slightly
different conditions, thus revealing different retention times.
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Figure S8. Fragment of the chromatogram (top: 130 m/z signal; bottom: summary signal), showing the
reaction products in the course of cis-1,2-DMCH oxidation with m-CPBA, in the presence of HNO;
and H,'30, catalysed by the complex 1 (recorded at 6 h time after addition of PPh;; SGE BPX-5
column). Assignments of the known peaks (mins): 8.69 and 9.16, tertiary trans- and cis-alcohols; 8.95,
2-octanone; 10.20, 2,3-dimethylcyclohexanone; 10.35, 2,3-dimethylcyclohexanol; 10.45, 3,4-
dimethylcyclohexanol; 10.51, 3,4-dimethylcyclohexanone.
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Figure S10. Fragment of the chromatogram (top and bottom show different intensity scales) of the
reaction (by-)products in the oxidation of cis-1,2-dimethylcyclohexane with m-CPBA catalyzed by
complex 1 in the presence of HNOj in acetonitrile at room temperature and 24 h reaction time.
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Figures S11: The following figures represent EI mass-spectra of the peaks I-XVI (Figure S10),
measured in the catalytic tests performed in the absence (top, green) and presence (bottom, red) of
H,'30.
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Figure S12. Fragment of the chromatogram (top and bottom show different intensity scales) of the
reaction (by-)products in the oxidative amidation of cyclohexane with benzamide, in the presence of
‘BuOO’Bu, catalyzed by complex 1 in benzene at room temperature and 24 h reaction time. The mass-
spectrum of the peak at 7.73 min (Fig. S13) was not identified, while that of the peak at 9.59 min
suggests (Fig. S14) its correspondence to a derivative of benzamide with molecular weight of 149 g
mol~! (according to the highest m/z peak in the mass-spectrum).
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Figure S13: EI mass-spectrum of the peaks at 7.73 min from the chromatogram depicted at Figure S12.
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Figure S14: Bottom: EI mass-spectrum of the peaks at 9.59 min from the chromatogram depicted at
Figure S12. Top: EI mass-spectrum of benzamide.
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