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1 X-ray Crystallographic Details

Yellow crystals of [TBA]3[(P4O12)Mo(CO)2(η3-C3H5)] and [PPN]2[(P3O9)VOF2]·2CH2Cl2 and colorless
crystals of [TBA]3[(P4O12)MoO2Cl] were grown from a mixture of diethyl ether and dichloromethane.
Yellow crystals of [PPN]2[(P3O9)Mo(CO)2(η3-C3H5)] were grown from vapor diffusion of diethyl ether
into a diluted dichloromethane solution. Colorless crystals of [PPN]2[(P3O9)MoO2Cl] and [PPN]2[(P3-
O9)WO2Cl] were grown from vapor diffusion of diethyl ether into a saturated acetonitrile. Green crystals
crystals of [PPN]2[(P3O9)MoOCl2] were grown from a mixture of dichloromethane:toluene (2:1).

Low-temperature (100 K) data were collected on a Siemens Platform three-circle diffractometer cou-
pled to a Bruker-AXS Smart Apex CCD detector with graphite-monochromated Mo Kα radiation (λ =
0.71073 Å, φ - and ω-scans). General refinement details have been described elsewhere.1,2 All structures
exhibited disorders, and generally, to all of the disordered atoms similarity restraints were applied on 1–2
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1 X-RAY CRYSTALLOGRAPHIC DETAILS

and 1–3 distances and displacement parameters as well as rigid bond restraints for anisotropic displacement
parameters; the ratio between the components of each disorder was refined freely and constrained to unity.
Specific details are provided in the text and tables below, and in the form of .cif files available from the
CCDC.3

Complex 3 crystallized in the orthorhombic space group P212121 with one anion, three cations, and one
dichloromethane solvent molecule per asymmetric unit, with the allyl and two carbonyl ligands disordered
together over two positions (52:48). Complex 5 crystallized in the monoclinic space group P21/c with one
anion, three cations, and one dichloromethane solvent molecule per asymmetric unit; in addition to parts of
five butyl arms and the solvent molecule being disordered, the cation also exhibits a minor disorder compo-
nent (85:15) stemming from the chloride ligand on the metal being disordered over two positions. Complex
7 crystallized in the monoclinic space group with Cc with one anion and two cations per asymmetric unit,
and no solvent or any disorders present, but the crystal was merohedrally twinned. Complex 8 crystallized
in the monoclinic space group P21/c with one anion, two cations, and no solvent in the asymmetric unit;
only a minor disorder was present stemming from the distribution of the chloride metal ligand over two
positions (95:5). Complex 9 crystallized in the triclinic space group P1̄ with half of anion and one anion
per asymmetric unit, and the anion was disordered over two unrelated positions (68:32) and refined to a
half total occupancy. Complex 10 crystallized in the triclinic space group P1̄ with one anion, two cations,
and two dichloromethane solvent molecules, one of which was disordered over two positions. Complex
11 crystalized in the monoclinic space group P21/c with one anion and two cations per asymmetric unit,
with a minor disordered component stemming from the distribution of the chloride metal ligand over two
positions (95:5).
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2 IR TABLES

2 IR Tables

Table S1 Selected IR stretches for salts 2, 3, 4, and 5 (cm−1)

Salt νC≡O νM−O
2 1874 (s)

1702 (s)
1708 (s)

3 1898 (s)
1709 (s)

4 896 (m)
880 (m)

5 912 (m)
2:[TBA]4[(P4O12)Mo(CO)3]·2H2O; 3:[TBA]3[(P4O12)Mo(CO)2(η3-C3H5)]; 4:[TBA]3[(P4O12)MoO2Cl]; 5:[TBA]3[(P4O12)VOF2]·Et2O.

Table S2 Selected IR stretches for complexes 6, 7, 8, 9, 10, and 11 (cm−1)

Complex νC≡O νM−O
6 1883 (s)

1723 (s)
7 1812 (s)

1928 (s)
8 923 (m)

898 (m)
9 932 (m)
10 930 (m)
11 938 (m)

907 (m)
6:[PPN]3[(P3O9)Mo(CO)3]; 7:[PPN]2[(P3O9)Mo(CO)2(η3-C3H5)]; 8:[PPN]2[(P3O9)MoO2Cl]; 9:[PPN]2[(P3O9)MoOCl2];
10:[PPN]2[(P3O9)VOF2]·2CH2Cl2; 11:[PPN]2[(P3O9)WO2Cl].
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3 CRYSTALLOGRAPHIC TABLES

3 Crystallographic tables

Table S3 Geometry of hydrogen bonds and short intramolecular contacts

D−H· · ·A D−H (Å) H · · ·A (Å) D· · ·A (Å) 6 D−H· · ·A (◦)
C1s−H1s2· · ·O41a 0.99 2.048 3.065 170
C1s−H1s1· · ·O33b 0.99 2.289 3.253 164
C1s−H1s1· · ·F2c 0.99 2.494 3.377 148
a[TBA]3[(P4O12)Mo(CO)2(η3-C3H5)]; b[TBA]3[(P4O12)MoO2Cl]; c[PPN]2[(P3O9)VOF2]·2CH2Cl2.
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