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The title compound, [Mo4(C16H20)2O8]�6H2O, is a centrosym-

metric ansa-molybdocene complex in which two dinuclear

[C2Me4(�5-C5H4)2]Mo(�2-O)2MoO2 units dimerize by

forming two �3-O bridges between three Mo atoms. The

ansa-molybdocene [C2Me4(�5-C5H4)2]Mo unit has a typical

bent-sandwich metallocene structure with an inter-ring angle

of 127.98 (8)�. The Mo atom in the bridging (�2-O)(�3-O)2-

MoO2 group has a distorted trigonal–bipyramidal coordina-

tion. The Mo—(�3-O) and Mo—(�2-O) bond distances inside

the units [2.0869 (14) and 2.1014 (15) Å, respectively] are

slightly longer than the Mo(�x + 1,�y + 1,�z)—(�3-O) bond

distance between the units [1.9986 (14) Å]. The solvent water

molecules together with complex O atoms form a network of

O—H� � �O hydrogen bonds.

Related literature

For related structures, see: Prout & Daran (1978); Adam &

Green (1981); Daran & Prout (1977); Prout et al. (1974). For

general synthesis and reactivity information on related tetra-

methylethylene-bridged ansa-molybdocene complexes, see:

Ahmed et al. (2007).

Experimental

Crystal data

[Mo4(C16H20)2O8]�6H2O
Mr = 1044.50
Triclinic, P1
a = 7.4106 (7) Å
b = 9.3518 (8) Å
c = 13.5735 (12) Å
� = 93.365 (1)�

� = 98.604 (1)�

� = 103.175 (1)�

V = 901.39 (14) Å3

Z = 1
Mo K� radiation
� = 1.43 mm�1

T = 173 (2) K
0.30 � 0.09 � 0.07 mm

Data collection

Bruker APEX CCD diffractometer
Absorption correction: multi-scan

(SADABS; Bruker, 2000)
Tmin = 0.673, Tmax = 0.907

10175 measured reflections
3916 independent reflections
3621 reflections with I > 2�(I)
Rint = 0.014

Refinement

R[F 2 > 2�(F 2)] = 0.021
wR(F 2) = 0.054
S = 1.09
3916 reflections
250 parameters

H atoms treated by a mixture of
independent and constrained
refinement

��max = 0.46 e Å�3

��min = �0.41 e Å�3

Table 1
Selected bond lengths (Å).

Mo1—O1 2.0869 (14)
Mo1—O2 2.1014 (15)
Mo2—O4 1.7217 (16)
Mo2—O3 1.7237 (16)

Mo2—O2 1.8385 (15)
Mo2—O1i 1.9986 (14)
Mo2—O1 2.0481 (15)

Symmetry code: (i) �x þ 1;�yþ 1;�z.

Table 2
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

O1S—H2S� � �O3Sii 0.76 (4) 2.02 (4) 2.771 (3) 169 (4)
O3S—H6S� � �O2S 0.80 (4) 1.99 (4) 2.792 (3) 175 (3)
O2S—H4S� � �O4i 0.76 (4) 2.16 (4) 2.908 (3) 167 (4)
O3S—H5S� � �O1Siii 0.81 (4) 2.06 (4) 2.850 (3) 163 (3)
O2S—H3S� � �O1S 0.76 (4) 2.12 (4) 2.865 (3) 165 (4)
O1S—H1S� � �O3i 0.82 (3) 2.01 (3) 2.816 (3) 167 (3)

Symmetry codes: (i) �xþ 1;�yþ 1;�z; (ii) xþ 1; y; z; (iii) �xþ 1;�yþ 1;�zþ 1.

Data collection: SMART (Bruker, 2000); cell refinement: SAINT

(Bruker, 2000); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 2008); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL.

We thank the NSF for funding.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: HB2806).
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Di- 3-oxido-di- 2-oxido-tetraoxidobis(1,1,2,2-
tetramethylethylenedicyclopentadienyl)dimolybdenum(IV)dimolybdenum(VI) hexahydrate

T. J. Ahmed, L. N. Zakharov and D. R. Tyler

Comment

We previously reported the synthesis and characterization of ansa-molybdocenes bridged by tetramethylethylene linkages

(Ahmed et al., 2007). Of those species, the monomeric [{C2Me4(η5-C5H4)2}Mo(OH)(OH2)][C7H7SO3] was exploited for

catalytic hydration and hydrolysis reactions in aqueous solution.

The title complex, (I), was obtained as large needles from the slow oxidation of the [{C2Me4(η5-

C5H4)2}Mo(OH)(OH2)][C7H7SO3] catalyst in the presence of 0.50 ml ethyl acetate in water at approximately pH 4. It is

uncertain whether the title compound exists in equilibrium with the catalytic complex in water under anaerobic conditions.

The compound is a centrosymmetric ansa-molybdocene complex in which two {C2Me4(η5-C5H4)2}Mo(µ2-O)2MoO2 units

are connected by two µ3-O bridges between three Mo atoms (Fig. 1). The ansa-molybdocene {C2Me4(η5-C5H4)2}Mo2

has a typical bent-sandwich structure with an angle of 127.98 (8)° between the average planes of the C5-rings. The Mo

atom in the bridging (µ2-0)(µ3-O)2MoO2 group has a distorted trigonal bipyramidal coordination. The Mo(1)-(µ3-O) and

Mo(1)-(µ2-O) bond distances, 2.0869 (14) and 2.1014 (15) Å, respectively, are slightly longer than the O(1)-Mo(2)(1-x,

1-y,-z) bond distance, 1.9986 (14) Å (Table 1). Solvent water molecules together with O atoms of the (µ2-0)(µ3-O)2MoO2

groups form a network of H-bonds (Table 2, Fig. 2).

Analogous non-ansa oxides, [(η5-C5H4R)2Mo2O4]2 (where R = H or Me), were reported in previous literature (Prout et
al., 1974, Prout & Daran, 1978, Adam & Green, 1981). In those cases, the tetranuclear molybdenum dimers were prepared

by reaction of the respective molybdocene dichloride, (η5-C5H4R)2MoCl2, and sodium molybdate. The structure of the

[(η5-C5H4Me)2Mo2O4]2 was determined by single crystal diffraction methods (Prout & Daran, 1978). The central frame-

work in this compound is similar to that found in the title compound.

Experimental

Ethyl acetate (7 ml) was added to an NMR tube containing [{C2Me4(η55-C5H4)2}Mo(OH)(OH2)][C7H7SO3] (0.0023 mg,

0.0026 mmol) in 0.50 ml D2O. The mixture was allowed to react over two months at 323 K during which time the ethyl

acetate was converted to ethanol and acetic acid. As the reaction proceeded, the mixture turned dark in color and crystalline
needles of (I) suitable for X-ray analysis appeared on the NMR tube walls.

http://dx.doi.org/10.1107/S1600536808031668
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Ahmed,%20T.J.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Zakharov,%20L.N.
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Tyler,%20D.R.
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Refinement

The positions of the H atoms in solvent water molecules were found from the residual density and their positions were freely
refined with isotropic thermal parameters. Other H atoms were positioned geometrically and refined in a rigid group model,
C—H = 0.98 Å (C5-rings) and 0.96 Å (Me-groups); Uiso(H) = 1.2 and 1.5 Ueq(C), respectively.

Figures

Fig. 1. The structure of the [{C2Me4(η5-C5H4)2}Mo2O4]2 unit in (I) with 50% probability
displacement ellipsoids [Symmetry code (i): 1-x,1-y,-z]. The H atoms were omitted for clarity.

Fig. 2. The network of H-bonds (dashed lines) in the structure of (I).

Di-µ3-oxido-di-µ2-oxido-tetraoxidobis(1,1,2,2-\
tetramethylethylenedicyclopentadienyl)dimolybdenum(IV)dimolybdenum(VI) hexahydrate

Crystal data

[Mo4(C16H20)2O8]·6H2O Z = 1
Mr = 1044.50 F000 = 524

Triclinic, P1 Dx = 1.924 Mg m−3

Hall symbol: -P 1 Mo Kα radiation
λ = 0.71073 Å

a = 7.4106 (7) Å Cell parameters from 6153 reflections
b = 9.3518 (8) Å θ = 2.6–28.2º
c = 13.5735 (12) Å µ = 1.43 mm−1

α = 93.365 (1)º T = 173 (2) K
β = 98.604 (1)º Cut block, orange
γ = 103.175 (1)º 0.30 × 0.09 × 0.07 mm

V = 901.39 (14) Å3

Data collection

Bruker APEX CCD
diffractometer 3916 independent reflections

Radiation source: fine-focus sealed tube 3621 reflections with I > 2σ(I)
Monochromator: graphite Rint = 0.014

T = 173(2) K θmax = 27.0º
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ω scans θmin = 1.5º
Absorption correction: multi-scan
(SADABS; Bruker, 2000) h = −9→9

Tmin = 0.673, Tmax = 0.907 k = −11→11
10175 measured reflections l = −17→17

Refinement

Refinement on F2 Secondary atom site location: difference Fourier map

Least-squares matrix: full Hydrogen site location: inferred from neighbouring
sites

R[F2 > 2σ(F2)] = 0.021
H atoms treated by a mixture of
independent and constrained refinement

wR(F2) = 0.054
  w = 1/[σ2(Fo

2) + (0.0277P)2 + 0.6752P]
where P = (Fo

2 + 2Fc
2)/3

S = 1.09 (Δ/σ)max = 0.001

3916 reflections Δρmax = 0.46 e Å−3

250 parameters Δρmin = −0.41 e Å−3

Primary atom site location: structure-invariant direct
methods Extinction correction: none

Special details

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes)

are estimated using the full covariance matrix. The cell esds are taken

into account individually in the estimation of esds in distances, angles

and torsion angles; correlations between esds in cell parameters are only

used when they are defined by crystal symmetry. An approximate (isotropic)

treatment of cell esds is used for estimating esds involving l.s. planes.

Refinement. Refinement of F2 against ALL reflections. The weighted R-factor wR and

goodness of fit S are based on F2, conventional R-factors R are based

on F, with F set to zero for negative F2. The threshold expression of

F2 > 2sigma(F2) is used only for calculating R-factors(gt) etc. and is

not relevant to the choice of reflections for refinement. R-factors based

on F2 are statistically about twice as large as those based on F, and R-

factors based on ALL data will be even larger.
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Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2)

x y z Uiso*/Ueq

Mo1 0.29716 (2) 0.241010 (19) 0.116363 (13) 0.01106 (6)
Mo2 0.40229 (2) 0.365828 (19) −0.091484 (13) 0.01260 (6)
O1 0.4426 (2) 0.42724 (16) 0.05904 (11) 0.0143 (3)
O2 0.2879 (2) 0.19918 (16) −0.03835 (11) 0.0177 (3)
O3 0.2214 (2) 0.40535 (18) −0.17230 (13) 0.0252 (4)
O4 0.5547 (3) 0.30518 (18) −0.15855 (14) 0.0267 (4)
C1 0.3632 (3) 0.0962 (2) 0.23884 (16) 0.0145 (4)
C2 0.3911 (3) 0.0317 (2) 0.14559 (16) 0.0164 (4)
H2A 0.3272 −0.0696 0.1132 0.020*
C3 0.5455 (3) 0.1302 (3) 0.11548 (17) 0.0184 (5)
H3B 0.6036 0.1113 0.0556 0.022*
C4 0.6129 (3) 0.2517 (3) 0.18767 (17) 0.0181 (5)
H4B 0.7234 0.3356 0.1862 0.022*
C5 0.5003 (3) 0.2357 (2) 0.26298 (17) 0.0171 (4)
H5A 0.5205 0.3032 0.3256 0.021*
C6 0.0704 (3) 0.2045 (2) 0.21417 (16) 0.0149 (4)
C7 −0.0141 (3) 0.1375 (2) 0.11433 (16) 0.0156 (4)
H7A −0.0799 0.0315 0.0951 0.019*
C8 −0.0106 (3) 0.2551 (3) 0.05167 (17) 0.0180 (5)
H8A −0.0662 0.2437 −0.0210 0.022*
C9 0.0778 (3) 0.3893 (3) 0.10838 (18) 0.0196 (5)
H9A 0.0953 0.4889 0.0829 0.024*
C10 0.1328 (3) 0.3613 (2) 0.20837 (17) 0.0172 (4)
H10A 0.1881 0.4376 0.2663 0.021*
C11 0.2217 (3) 0.0245 (2) 0.30248 (16) 0.0162 (4)
C12 0.0833 (3) 0.1277 (2) 0.31082 (16) 0.0171 (4)
C13 0.3320 (4) 0.0042 (3) 0.40383 (18) 0.0244 (5)
H13A 0.4152 −0.0610 0.3933 0.037*
H13B 0.2439 −0.0397 0.4471 0.037*
H13C 0.4073 0.1003 0.4357 0.037*
C14 0.1182 (3) −0.1308 (2) 0.25306 (18) 0.0208 (5)
H14A 0.2091 −0.1916 0.2493 0.031*
H14B 0.0551 −0.1234 0.1854 0.031*
H14C 0.0248 −0.1763 0.2930 0.031*
C15 −0.1156 (3) 0.0416 (3) 0.3224 (2) 0.0258 (5)
H15A −0.1963 0.1106 0.3272 0.039*
H15B −0.1079 −0.0098 0.3831 0.039*
H15C −0.1688 −0.0306 0.2640 0.039*
C16 0.1514 (4) 0.2459 (3) 0.40115 (18) 0.0265 (5)
H16A 0.0605 0.3070 0.4029 0.040*
H16B 0.2741 0.3081 0.3948 0.040*
H16C 0.1630 0.1975 0.4631 0.040*
O1S 0.8478 (3) 0.5646 (2) 0.37887 (16) 0.0327 (4)
O2S 0.4926 (4) 0.6405 (3) 0.36850 (19) 0.0472 (6)
O3S 0.2122 (3) 0.6526 (2) 0.48301 (17) 0.0336 (4)
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H1S 0.843 (4) 0.569 (3) 0.319 (3) 0.032 (9)*
H2S 0.951 (6) 0.596 (4) 0.402 (3) 0.051 (12)*
H3S 0.592 (6) 0.631 (5) 0.380 (3) 0.063 (14)*
H4S 0.483 (5) 0.668 (4) 0.317 (3) 0.047 (11)*
H5S 0.219 (5) 0.596 (4) 0.526 (3) 0.038 (9)*
H6S 0.296 (5) 0.646 (4) 0.453 (3) 0.041 (10)*

Atomic displacement parameters (Å2)

U11 U22 U33 U12 U13 U23

Mo1 0.00936 (9) 0.01184 (10) 0.01173 (10) 0.00140 (7) 0.00206 (7) 0.00287 (7)
Mo2 0.01369 (10) 0.01183 (10) 0.01116 (10) 0.00041 (7) 0.00266 (7) 0.00113 (7)
O1 0.0162 (8) 0.0134 (7) 0.0109 (7) −0.0019 (6) 0.0029 (6) 0.0023 (6)
O2 0.0212 (8) 0.0147 (8) 0.0137 (7) −0.0026 (6) 0.0032 (6) 0.0012 (6)
O3 0.0246 (9) 0.0191 (8) 0.0254 (9) −0.0005 (7) −0.0079 (7) 0.0040 (7)
O4 0.0319 (10) 0.0184 (8) 0.0336 (10) 0.0051 (7) 0.0195 (8) 0.0007 (7)
C1 0.0126 (10) 0.0155 (10) 0.0162 (10) 0.0058 (8) 0.0002 (8) 0.0048 (8)
C2 0.0162 (11) 0.0137 (10) 0.0205 (11) 0.0055 (8) 0.0033 (9) 0.0030 (8)
C3 0.0128 (10) 0.0220 (11) 0.0229 (12) 0.0073 (9) 0.0048 (9) 0.0055 (9)
C4 0.0097 (10) 0.0200 (11) 0.0251 (12) 0.0050 (8) 0.0002 (8) 0.0067 (9)
C5 0.0135 (10) 0.0182 (11) 0.0186 (11) 0.0044 (8) −0.0023 (8) 0.0032 (8)
C6 0.0113 (10) 0.0169 (11) 0.0185 (11) 0.0049 (8) 0.0058 (8) 0.0037 (8)
C7 0.0090 (10) 0.0208 (11) 0.0176 (11) 0.0030 (8) 0.0034 (8) 0.0052 (9)
C8 0.0098 (10) 0.0252 (12) 0.0201 (11) 0.0053 (9) 0.0013 (8) 0.0084 (9)
C9 0.0144 (11) 0.0204 (11) 0.0286 (13) 0.0089 (9) 0.0071 (9) 0.0111 (9)
C10 0.0139 (10) 0.0160 (11) 0.0231 (12) 0.0051 (8) 0.0055 (9) 0.0022 (9)
C11 0.0165 (10) 0.0175 (11) 0.0150 (10) 0.0039 (8) 0.0031 (8) 0.0058 (8)
C12 0.0200 (11) 0.0195 (11) 0.0141 (10) 0.0060 (9) 0.0062 (8) 0.0055 (8)
C13 0.0262 (13) 0.0291 (13) 0.0189 (12) 0.0083 (10) 0.0011 (10) 0.0098 (10)
C14 0.0210 (12) 0.0158 (11) 0.0251 (12) 0.0010 (9) 0.0063 (9) 0.0052 (9)
C15 0.0217 (12) 0.0334 (14) 0.0283 (13) 0.0103 (10) 0.0125 (10) 0.0153 (11)
C16 0.0353 (14) 0.0311 (14) 0.0162 (11) 0.0124 (11) 0.0072 (10) 0.0015 (10)
O1S 0.0298 (12) 0.0441 (12) 0.0231 (11) 0.0051 (9) 0.0032 (9) 0.0115 (9)
O2S 0.0370 (14) 0.0829 (19) 0.0293 (12) 0.0235 (13) 0.0123 (10) 0.0135 (12)
O3S 0.0328 (11) 0.0361 (11) 0.0341 (11) 0.0074 (9) 0.0109 (9) 0.0124 (9)

Geometric parameters (Å, °)

Mo1—O1 2.0869 (14) C7—C8 1.428 (3)
Mo1—O2 2.1014 (15) C7—H7A 1.0000
Mo1—C2 2.259 (2) C8—C9 1.399 (3)
Mo1—C6 2.272 (2) C8—H8A 1.0000
Mo1—C1 2.272 (2) C9—C10 1.415 (3)
Mo1—C7 2.284 (2) C9—H9A 1.0000
Mo1—C10 2.286 (2) C10—H10A 1.0000
Mo1—C3 2.310 (2) C11—C13 1.537 (3)
Mo1—C5 2.319 (2) C11—C14 1.540 (3)
Mo1—C8 2.354 (2) C11—C12 1.572 (3)
Mo1—C9 2.360 (2) C12—C16 1.543 (3)
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Mo1—C4 2.372 (2) C12—C15 1.545 (3)
Mo2—O4 1.7217 (16) C13—H13A 0.9800
Mo2—O3 1.7237 (16) C13—H13B 0.9800
Mo2—O2 1.8385 (15) C13—H13C 0.9800

Mo2—O1i 1.9986 (14) C14—H14A 0.9800
Mo2—O1 2.0481 (15) C14—H14B 0.9800

O1—Mo2i 1.9985 (14) C14—H14C 0.9800
C1—C2 1.433 (3) C15—H15A 0.9800
C1—C5 1.445 (3) C15—H15B 0.9800
C1—C11 1.521 (3) C15—H15C 0.9800
C2—C3 1.424 (3) C16—H16A 0.9800
C2—H2A 1.0000 C16—H16B 0.9800
C3—C4 1.402 (3) C16—H16C 0.9800
C3—H3B 1.0000 O1S—H1S 0.82 (3)
C4—C5 1.407 (3) O1S—H2S 0.76 (4)
C4—H4B 1.0000 O2S—H3S 0.76 (4)
C5—H5A 1.0000 O2S—H4S 0.76 (4)
C6—C10 1.444 (3) O3S—H5S 0.81 (4)
C6—C7 1.445 (3) O3S—H6S 0.80 (4)
C6—C12 1.533 (3)

O1—Mo1—O2 69.58 (6) C1—C2—H2A 126.2
O1—Mo1—C2 127.58 (7) Mo1—C2—H2A 126.2
O2—Mo1—C2 91.12 (7) C4—C3—C2 109.1 (2)
O1—Mo1—C6 133.26 (7) C4—C3—Mo1 75.01 (13)
O2—Mo1—C6 132.42 (7) C2—C3—Mo1 69.91 (12)
C2—Mo1—C6 96.13 (8) C4—C3—H3B 125.3
O1—Mo1—C1 136.34 (7) C2—C3—H3B 125.3
O2—Mo1—C1 127.87 (7) Mo1—C3—H3B 125.3
C2—Mo1—C1 36.88 (8) C3—C4—C5 108.7 (2)
C6—Mo1—C1 69.27 (8) C3—C4—Mo1 70.18 (12)
O1—Mo1—C7 133.87 (7) C5—C4—Mo1 70.51 (12)
O2—Mo1—C7 95.63 (7) C3—C4—H4B 125.6
C2—Mo1—C7 94.87 (8) C5—C4—H4B 125.6
C6—Mo1—C7 36.99 (8) Mo1—C4—H4B 125.6
C1—Mo1—C7 87.77 (8) C4—C5—C1 107.6 (2)
O1—Mo1—C10 96.48 (7) C4—C5—Mo1 74.60 (13)
O2—Mo1—C10 132.96 (7) C1—C5—Mo1 69.88 (12)
C2—Mo1—C10 128.54 (8) C4—C5—H5A 126.0
C6—Mo1—C10 36.95 (8) C1—C5—H5A 126.0
C1—Mo1—C10 93.79 (8) Mo1—C5—H5A 126.0
C7—Mo1—C10 61.30 (8) C10—C6—C7 107.47 (19)
O1—Mo1—C3 91.40 (7) C10—C6—C12 125.1 (2)
O2—Mo1—C3 79.28 (7) C7—C6—C12 127.30 (19)
C2—Mo1—C3 36.30 (8) C10—C6—Mo1 72.04 (12)
C6—Mo1—C3 128.90 (8) C7—C6—Mo1 71.97 (12)
C1—Mo1—C3 60.16 (8) C12—C6—Mo1 124.10 (14)
C7—Mo1—C3 129.81 (8) C8—C7—C6 106.60 (19)
C10—Mo1—C3 147.47 (8) C8—C7—Mo1 74.77 (12)
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O1—Mo1—C5 101.32 (7) C6—C7—Mo1 71.04 (12)
O2—Mo1—C5 137.56 (7) C8—C7—H7A 126.4
C2—Mo1—C5 60.90 (8) C6—C7—H7A 126.4
C6—Mo1—C5 84.85 (8) Mo1—C7—H7A 126.4
C1—Mo1—C5 36.67 (8) C9—C8—C7 109.4 (2)
C7—Mo1—C5 116.53 (8) C9—C8—Mo1 72.97 (12)
C10—Mo1—C5 88.38 (8) C7—C8—Mo1 69.42 (12)
C3—Mo1—C5 59.11 (8) C9—C8—H8A 125.3
O1—Mo1—C8 98.21 (7) C7—C8—H8A 125.3
O2—Mo1—C8 78.13 (7) Mo1—C8—H8A 125.3
C2—Mo1—C8 125.79 (8) C8—C9—C10 108.8 (2)
C6—Mo1—C8 59.69 (8) C8—C9—Mo1 72.50 (13)
C1—Mo1—C8 123.14 (8) C10—C9—Mo1 69.41 (12)
C7—Mo1—C8 35.81 (7) C8—C9—H9A 125.6
C10—Mo1—C8 59.07 (8) C10—C9—H9A 125.6
C3—Mo1—C8 150.51 (8) Mo1—C9—H9A 125.6
C5—Mo1—C8 143.69 (8) C9—C10—C6 107.6 (2)
O1—Mo1—C9 78.84 (7) C9—C10—Mo1 75.18 (13)
O2—Mo1—C9 97.77 (7) C6—C10—Mo1 71.01 (12)
C2—Mo1—C9 153.50 (8) C9—C10—H10A 125.9
C6—Mo1—C9 59.71 (8) C6—C10—H10A 125.9
C1—Mo1—C9 127.20 (8) Mo1—C10—H10A 125.9
C7—Mo1—C9 59.55 (8) C1—C11—C13 107.72 (18)
C10—Mo1—C9 35.41 (8) C1—C11—C14 109.32 (18)
C3—Mo1—C9 170.20 (8) C13—C11—C14 106.88 (19)
C5—Mo1—C9 121.75 (8) C1—C11—C12 107.16 (17)
C8—Mo1—C9 34.53 (8) C13—C11—C12 113.68 (19)
O1—Mo1—C4 78.20 (7) C14—C11—C12 111.97 (18)
O2—Mo1—C4 104.43 (7) C6—C12—C16 109.04 (19)
C2—Mo1—C4 59.57 (8) C6—C12—C15 109.10 (18)
C6—Mo1—C4 119.70 (8) C16—C12—C15 106.4 (2)
C1—Mo1—C4 59.39 (8) C6—C12—C11 106.92 (17)
C7—Mo1—C4 147.17 (8) C16—C12—C11 112.75 (19)
C10—Mo1—C4 116.66 (8) C15—C12—C11 112.60 (19)
C3—Mo1—C4 34.82 (8) C11—C13—H13A 109.5
C5—Mo1—C4 34.89 (8) C11—C13—H13B 109.5
C8—Mo1—C4 174.32 (8) H13A—C13—H13B 109.5
C9—Mo1—C4 139.82 (8) C11—C13—H13C 109.5
O4—Mo2—O3 109.85 (9) H13A—C13—H13C 109.5
O4—Mo2—O2 103.42 (8) H13B—C13—H13C 109.5
O3—Mo2—O2 103.62 (8) C11—C14—H14A 109.5

O4—Mo2—O1i 95.84 (7) C11—C14—H14B 109.5

O3—Mo2—O1i 97.04 (7) H14A—C14—H14B 109.5

O2—Mo2—O1i 144.73 (6) C11—C14—H14C 109.5
O4—Mo2—O1 127.83 (8) H14A—C14—H14C 109.5
O3—Mo2—O1 121.19 (8) H14B—C14—H14C 109.5
O2—Mo2—O1 75.67 (6) C12—C15—H15A 109.5

O1i—Mo2—O1 69.18 (7) C12—C15—H15B 109.5
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Mo2i—O1—Mo2 110.82 (7) H15A—C15—H15B 109.5

Mo2i—O1—Mo1 145.59 (8) C12—C15—H15C 109.5
Mo2—O1—Mo1 103.59 (6) H15A—C15—H15C 109.5
Mo2—O2—Mo1 110.95 (7) H15B—C15—H15C 109.5
C2—C1—C5 107.47 (19) C12—C16—H16A 109.5
C2—C1—C11 125.40 (19) C12—C16—H16B 109.5
C5—C1—C11 127.0 (2) H16A—C16—H16B 109.5
C2—C1—Mo1 71.08 (12) C12—C16—H16C 109.5
C5—C1—Mo1 73.45 (12) H16A—C16—H16C 109.5
C11—C1—Mo1 123.64 (14) H16B—C16—H16C 109.5
C3—C2—C1 106.98 (19) H1S—O1S—H2S 105 (3)
C3—C2—Mo1 73.79 (13) H3S—O2S—H4S 106 (4)
C1—C2—Mo1 72.03 (12) H5S—O3S—H6S 105 (3)
C3—C2—H2A 126.2

O4—Mo2—O1—Mo2i 80.94 (10) O2—Mo1—C5—C1 −93.12 (14)

O3—Mo2—O1—Mo2i −85.59 (9) C2—Mo1—C5—C1 −38.26 (12)

O2—Mo2—O1—Mo2i 176.97 (9) C6—Mo1—C5—C1 61.70 (13)

O1i—Mo2—O1—Mo2i 0.0 C7—Mo1—C5—C1 41.99 (15)
O4—Mo2—O1—Mo1 −99.53 (9) C10—Mo1—C5—C1 98.55 (13)
O3—Mo2—O1—Mo1 93.93 (9) C3—Mo1—C5—C1 −80.37 (14)
O2—Mo2—O1—Mo1 −3.51 (6) C8—Mo1—C5—C1 73.63 (18)

O1i—Mo2—O1—Mo1 179.52 (12) C9—Mo1—C5—C1 111.06 (13)

O2—Mo1—O1—Mo2i −177.62 (16) C4—Mo1—C5—C1 −115.83 (19)

C2—Mo1—O1—Mo2i −102.69 (15) O1—Mo1—C6—C10 −6.53 (17)

C6—Mo1—O1—Mo2i 52.73 (18) O2—Mo1—C6—C10 −108.72 (13)

C1—Mo1—O1—Mo2i −53.65 (19) C2—Mo1—C6—C10 154.11 (13)

C7—Mo1—O1—Mo2i 104.65 (15) C1—Mo1—C6—C10 128.38 (14)

C10—Mo1—O1—Mo2i 48.79 (15) C7—Mo1—C6—C10 −115.94 (18)

C3—Mo1—O1—Mo2i −99.60 (15) C3—Mo1—C6—C10 136.84 (13)

C5—Mo1—O1—Mo2i −40.86 (16) C5—Mo1—C6—C10 94.17 (13)

C8—Mo1—O1—Mo2i 108.37 (15) C8—Mo1—C6—C10 −77.68 (14)

C9—Mo1—O1—Mo2i 79.64 (15) C9—Mo1—C6—C10 −37.48 (13)

C4—Mo1—O1—Mo2i −67.17 (15) C4—Mo1—C6—C10 95.80 (14)
O2—Mo1—O1—Mo2 3.17 (6) O1—Mo1—C6—C7 109.41 (13)
C2—Mo1—O1—Mo2 78.09 (10) O2—Mo1—C6—C7 7.22 (16)
C6—Mo1—O1—Mo2 −126.48 (9) C2—Mo1—C6—C7 −89.95 (13)
C1—Mo1—O1—Mo2 127.14 (9) C1—Mo1—C6—C7 −115.69 (14)
C7—Mo1—O1—Mo2 −74.56 (11) C10—Mo1—C6—C7 115.94 (18)
C10—Mo1—O1—Mo2 −130.42 (8) C3—Mo1—C6—C7 −107.22 (14)
C3—Mo1—O1—Mo2 81.19 (8) C5—Mo1—C6—C7 −149.89 (13)
C5—Mo1—O1—Mo2 139.93 (8) C8—Mo1—C6—C7 38.25 (12)
C8—Mo1—O1—Mo2 −70.84 (8) C9—Mo1—C6—C7 78.46 (13)
C9—Mo1—O1—Mo2 −99.57 (8) C4—Mo1—C6—C7 −148.27 (12)
C4—Mo1—O1—Mo2 113.62 (8) O1—Mo1—C6—C12 −127.28 (16)
O4—Mo2—O2—Mo1 129.77 (9) O2—Mo1—C6—C12 130.54 (16)



supplementary materials

sup-9

O3—Mo2—O2—Mo1 −115.59 (9) C2—Mo1—C6—C12 33.37 (18)

O1i—Mo2—O2—Mo1 8.53 (16) C1—Mo1—C6—C12 7.63 (17)
O1—Mo2—O2—Mo1 3.62 (7) C7—Mo1—C6—C12 123.3 (2)
O1—Mo1—O2—Mo2 −3.68 (7) C10—Mo1—C6—C12 −120.7 (2)
C2—Mo1—O2—Mo2 −133.74 (9) C3—Mo1—C6—C12 16.1 (2)
C6—Mo1—O2—Mo2 126.90 (9) C5—Mo1—C6—C12 −26.57 (18)
C1—Mo1—O2—Mo2 −137.18 (9) C8—Mo1—C6—C12 161.6 (2)
C7—Mo1—O2—Mo2 131.26 (9) C9—Mo1—C6—C12 −158.2 (2)
C10—Mo1—O2—Mo2 75.83 (12) C4—Mo1—C6—C12 −24.9 (2)
C3—Mo1—O2—Mo2 −99.24 (9) C10—C6—C7—C8 −3.2 (2)
C5—Mo1—O2—Mo2 −88.12 (12) C12—C6—C7—C8 173.5 (2)
C8—Mo1—O2—Mo2 99.85 (9) Mo1—C6—C7—C8 −66.90 (14)
C9—Mo1—O2—Mo2 71.29 (9) C10—C6—C7—Mo1 63.74 (14)
C4—Mo1—O2—Mo2 −74.94 (9) C12—C6—C7—Mo1 −119.5 (2)
O1—Mo1—C1—C2 −94.33 (14) O1—Mo1—C7—C8 6.30 (17)
O2—Mo1—C1—C2 5.73 (16) O2—Mo1—C7—C8 −60.66 (13)
C6—Mo1—C1—C2 134.00 (14) C2—Mo1—C7—C8 −152.27 (14)
C7—Mo1—C1—C2 101.14 (13) C6—Mo1—C7—C8 113.99 (19)
C10—Mo1—C1—C2 162.19 (13) C1—Mo1—C7—C8 171.50 (14)
C3—Mo1—C1—C2 −38.41 (12) C10—Mo1—C7—C8 75.95 (14)
C5—Mo1—C1—C2 −115.66 (18) C3—Mo1—C7—C8 −141.40 (14)
C8—Mo1—C1—C2 107.07 (14) C5—Mo1—C7—C8 147.93 (13)
C9—Mo1—C1—C2 149.37 (13) C9—Mo1—C7—C8 35.06 (13)
C4—Mo1—C1—C2 −78.92 (13) C4—Mo1—C7—C8 171.41 (14)
O1—Mo1—C1—C5 21.33 (17) O1—Mo1—C7—C6 −107.69 (13)
O2—Mo1—C1—C5 121.39 (13) O2—Mo1—C7—C6 −174.65 (12)
C2—Mo1—C1—C5 115.66 (18) C2—Mo1—C7—C6 93.74 (13)
C6—Mo1—C1—C5 −110.34 (14) C1—Mo1—C7—C6 57.51 (13)
C7—Mo1—C1—C5 −143.20 (13) C10—Mo1—C7—C6 −38.04 (12)
C10—Mo1—C1—C5 −82.16 (13) C3—Mo1—C7—C6 104.61 (14)
C3—Mo1—C1—C5 77.25 (14) C5—Mo1—C7—C6 33.94 (15)
C8—Mo1—C1—C5 −137.27 (13) C8—Mo1—C7—C6 −113.99 (19)
C9—Mo1—C1—C5 −94.98 (14) C9—Mo1—C7—C6 −78.93 (13)
C4—Mo1—C1—C5 36.74 (12) C4—Mo1—C7—C6 57.4 (2)
O1—Mo1—C1—C11 145.17 (15) C6—C7—C8—C9 2.0 (2)
O2—Mo1—C1—C11 −114.77 (17) Mo1—C7—C8—C9 −62.35 (16)
C2—Mo1—C1—C11 −120.5 (2) C6—C7—C8—Mo1 64.37 (14)
C6—Mo1—C1—C11 13.50 (16) O1—Mo1—C8—C9 −56.30 (14)
C7—Mo1—C1—C11 −19.36 (18) O2—Mo1—C8—C9 −123.32 (14)
C10—Mo1—C1—C11 41.68 (18) C2—Mo1—C8—C9 153.97 (13)
C3—Mo1—C1—C11 −158.9 (2) C6—Mo1—C8—C9 79.57 (14)
C5—Mo1—C1—C11 123.8 (2) C1—Mo1—C8—C9 108.95 (14)
C8—Mo1—C1—C11 −13.4 (2) C7—Mo1—C8—C9 119.12 (19)
C9—Mo1—C1—C11 28.9 (2) C10—Mo1—C8—C9 36.36 (13)
C4—Mo1—C1—C11 160.6 (2) C3—Mo1—C8—C9 −164.06 (15)
C5—C1—C2—C3 1.1 (2) C5—Mo1—C8—C9 65.78 (19)
C11—C1—C2—C3 −175.59 (19) O1—Mo1—C8—C7 −175.42 (13)
Mo1—C1—C2—C3 66.06 (15) O2—Mo1—C8—C7 117.57 (13)
C5—C1—C2—Mo1 −64.94 (14) C2—Mo1—C8—C7 34.86 (17)
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C11—C1—C2—Mo1 118.4 (2) C6—Mo1—C8—C7 −39.55 (13)
O1—Mo1—C2—C3 5.24 (16) C1—Mo1—C8—C7 −10.16 (17)
O2—Mo1—C2—C3 70.07 (13) C10—Mo1—C8—C7 −82.75 (14)
C6—Mo1—C2—C3 −157.03 (13) C3—Mo1—C8—C7 76.8 (2)
C1—Mo1—C2—C3 −114.45 (19) C5—Mo1—C8—C7 −53.3 (2)
C7—Mo1—C2—C3 165.83 (14) C9—Mo1—C8—C7 −119.12 (19)
C10—Mo1—C2—C3 −137.42 (13) C7—C8—C9—C10 −0.1 (3)
C5—Mo1—C2—C3 −76.42 (14) Mo1—C8—C9—C10 −60.21 (15)
C8—Mo1—C2—C3 146.22 (13) C7—C8—C9—Mo1 60.14 (15)
C9—Mo1—C2—C3 −179.91 (17) O1—Mo1—C9—C8 122.93 (14)
C4—Mo1—C2—C3 −36.04 (13) O2—Mo1—C9—C8 55.62 (13)
O1—Mo1—C2—C1 119.69 (12) C2—Mo1—C9—C8 −52.9 (2)
O2—Mo1—C2—C1 −175.47 (12) C6—Mo1—C9—C8 −79.51 (14)
C6—Mo1—C2—C1 −42.58 (13) C1—Mo1—C9—C8 −96.18 (15)
C7—Mo1—C2—C1 −79.72 (13) C7—Mo1—C9—C8 −36.36 (13)
C10—Mo1—C2—C1 −22.97 (16) C10—Mo1—C9—C8 −118.64 (19)
C3—Mo1—C2—C1 114.45 (19) C5—Mo1—C9—C8 −140.58 (13)
C5—Mo1—C2—C1 38.03 (12) C4—Mo1—C9—C8 179.09 (13)
C8—Mo1—C2—C1 −99.33 (14) O1—Mo1—C9—C10 −118.43 (13)
C9—Mo1—C2—C1 −65.5 (2) O2—Mo1—C9—C10 174.27 (13)
C4—Mo1—C2—C1 78.41 (13) C2—Mo1—C9—C10 65.7 (2)
C1—C2—C3—C4 0.4 (2) C6—Mo1—C9—C10 39.13 (13)
Mo1—C2—C3—C4 65.27 (16) C1—Mo1—C9—C10 22.46 (17)
C1—C2—C3—Mo1 −64.87 (14) C7—Mo1—C9—C10 82.28 (14)
O1—Mo1—C3—C4 66.83 (13) C5—Mo1—C9—C10 −21.94 (16)
O2—Mo1—C3—C4 135.74 (14) C8—Mo1—C9—C10 118.64 (19)
C2—Mo1—C3—C4 −117.32 (19) C4—Mo1—C9—C10 −62.27 (18)
C6—Mo1—C3—C4 −87.41 (15) C8—C9—C10—C6 −1.9 (2)
C1—Mo1—C3—C4 −78.28 (14) Mo1—C9—C10—C6 −64.08 (14)
C7—Mo1—C3—C4 −135.84 (13) C8—C9—C10—Mo1 62.15 (16)
C10—Mo1—C3—C4 −37.5 (2) C7—C6—C10—C9 3.2 (2)
C5—Mo1—C3—C4 −35.54 (13) C12—C6—C10—C9 −173.64 (19)
C8—Mo1—C3—C4 176.29 (14) Mo1—C6—C10—C9 66.86 (15)
O1—Mo1—C3—C2 −175.85 (13) C7—C6—C10—Mo1 −63.70 (14)
O2—Mo1—C3—C2 −106.93 (13) C12—C6—C10—Mo1 119.5 (2)
C6—Mo1—C3—C2 29.91 (17) O1—Mo1—C10—C9 60.26 (13)
C1—Mo1—C3—C2 39.04 (13) O2—Mo1—C10—C9 −7.77 (17)
C7—Mo1—C3—C2 −18.52 (17) C2—Mo1—C10—C9 −148.67 (13)
C10—Mo1—C3—C2 79.78 (19) C6—Mo1—C10—C9 −114.96 (19)
C5—Mo1—C3—C2 81.79 (14) C1—Mo1—C10—C9 −162.24 (13)
C8—Mo1—C3—C2 −66.4 (2) C7—Mo1—C10—C9 −76.87 (14)
C4—Mo1—C3—C2 117.32 (19) C3—Mo1—C10—C9 163.19 (15)
C2—C3—C4—C5 −1.8 (3) C5—Mo1—C10—C9 161.47 (14)
Mo1—C3—C4—C5 60.21 (15) C8—Mo1—C10—C9 −35.44 (13)
C2—C3—C4—Mo1 −62.02 (15) C4—Mo1—C10—C9 140.28 (13)
O1—Mo1—C4—C3 −110.13 (14) O1—Mo1—C10—C6 175.22 (12)
O2—Mo1—C4—C3 −45.07 (14) O2—Mo1—C10—C6 107.18 (13)
C2—Mo1—C4—C3 37.59 (13) C2—Mo1—C10—C6 −33.71 (16)
C6—Mo1—C4—C3 116.49 (14) C1—Mo1—C10—C6 −47.29 (13)
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C1—Mo1—C4—C3 80.68 (14) C7—Mo1—C10—C6 38.08 (12)
C7—Mo1—C4—C3 80.78 (19) C3—Mo1—C10—C6 −81.86 (19)
C10—Mo1—C4—C3 158.49 (13) C5—Mo1—C10—C6 −83.57 (13)
C5—Mo1—C4—C3 119.3 (2) C8—Mo1—C10—C6 79.51 (14)
C9—Mo1—C4—C3 −166.48 (13) C9—Mo1—C10—C6 114.96 (19)
O1—Mo1—C4—C5 130.55 (14) C4—Mo1—C10—C6 −104.76 (13)
O2—Mo1—C4—C5 −164.39 (12) C2—C1—C11—C13 117.9 (2)
C2—Mo1—C4—C5 −81.73 (14) C5—C1—C11—C13 −58.1 (3)
C6—Mo1—C4—C5 −2.83 (16) Mo1—C1—C11—C13 −152.36 (16)
C1—Mo1—C4—C5 −38.64 (13) C2—C1—C11—C14 2.1 (3)
C7—Mo1—C4—C5 −38.5 (2) C5—C1—C11—C14 −173.9 (2)
C10—Mo1—C4—C5 39.17 (15) Mo1—C1—C11—C14 91.9 (2)
C3—Mo1—C4—C5 −119.3 (2) C2—C1—C11—C12 −119.4 (2)
C9—Mo1—C4—C5 74.20 (17) C5—C1—C11—C12 64.5 (3)
C3—C4—C5—C1 2.5 (2) Mo1—C1—C11—C12 −29.7 (2)
Mo1—C4—C5—C1 62.48 (14) C10—C6—C12—C16 6.5 (3)
C3—C4—C5—Mo1 −60.01 (15) C7—C6—C12—C16 −169.6 (2)
C2—C1—C5—C4 −2.2 (2) Mo1—C6—C12—C16 97.7 (2)
C11—C1—C5—C4 174.4 (2) C10—C6—C12—C15 122.3 (2)
Mo1—C1—C5—C4 −65.59 (15) C7—C6—C12—C15 −53.8 (3)
C2—C1—C5—Mo1 63.38 (14) Mo1—C6—C12—C15 −146.47 (17)
C11—C1—C5—Mo1 −120.0 (2) C10—C6—C12—C11 −115.6 (2)
O1—Mo1—C5—C4 −49.33 (14) C7—C6—C12—C11 68.2 (3)
O2—Mo1—C5—C4 22.71 (18) Mo1—C6—C12—C11 −24.4 (2)
C2—Mo1—C5—C4 77.57 (14) C1—C11—C12—C6 30.3 (2)
C6—Mo1—C5—C4 177.53 (14) C13—C11—C12—C6 149.24 (19)
C1—Mo1—C5—C4 115.83 (19) C14—C11—C12—C6 −89.5 (2)
C7—Mo1—C5—C4 157.82 (13) C1—C11—C12—C16 −89.5 (2)
C10—Mo1—C5—C4 −145.62 (14) C13—C11—C12—C16 29.4 (3)
C3—Mo1—C5—C4 35.46 (13) C14—C11—C12—C16 150.66 (19)
C8—Mo1—C5—C4 −170.54 (13) C1—C11—C12—C15 150.16 (19)
C9—Mo1—C5—C4 −133.11 (13) C13—C11—C12—C15 −91.0 (2)
O1—Mo1—C5—C1 −165.16 (12) C14—C11—C12—C15 30.3 (3)
Symmetry codes: (i) −x+1, −y+1, −z.

Hydrogen-bond geometry (Å, °)

D—H···A D—H H···A D···A D—H···A

O1S—H2S···O3Sii 0.76 (4) 2.02 (4) 2.771 (3) 169 (4)
O3S—H6S···O2S 0.80 (4) 1.99 (4) 2.792 (3) 175 (3)

O2S—H4S···O4i 0.76 (4) 2.16 (4) 2.908 (3) 167 (4)

O3S—H5S···O1Siii 0.81 (4) 2.06 (4) 2.850 (3) 163 (3)
O2S—H3S···O1S 0.76 (4) 2.12 (4) 2.865 (3) 165 (4)

O1S—H1S···O3i 0.82 (3) 2.01 (3) 2.816 (3) 167 (3)
Symmetry codes: (ii) x+1, y, z; (i) −x+1, −y+1, −z; (iii) −x+1, −y+1, −z+1.
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