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Supporting information

IR- spectra.

Table S1 IR-spectra (cm™! in KBr) of starting compounds and complexes 1-4.
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Fig. S1 IR-spectrum of (PPN*){CpMo(CO),(77-Cqsy)}~ (1) in KBr pellet prepared in anaerobic conditions.
Absorption bands of Cgy are marked by asterisks.
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Fig. S2 IR-spectrum of (PPN*){CpMo(CO),(7?-C79)} -CsHi4 (2) in KBr pellet prepared in anaerobic

conditions. Absorption bands of Cy are marked by asterisks.
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Fig. S3 IR-spectrum of (PPN*){Cp*Mo(CO),(77-Cg)} - CsH4Cl,-CsHsCN (3) in KBr pellet prepared in

anaerobic conditions. Absorption bands of C¢, are marked by asterisks.
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Fig. S4 IR-spectrum of (PPN*){CpMo(CO);}~ (4) in KBr pellet prepared in anaerobic conditions.
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Fig. S6 View on the crystal structure of (PPN*){CpMo(CO);s}~ (4) along the ¢ axis



Data of EPR spectra for complex 3.
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Fig. S7 Temperature dependence of g-factor (a) and linewidth (b) of EPR signal from polycrystalline
complex 3. T marks the temperature of splitting of EPR signal.



Theoretical calculations

Table S2. Calculated state, total energies (E), relative energies (AE), <S?> values, and number
of imaginary frequencies (NImag.) of the singlet and triplet states in {CpMo(CO),(7>-C¢o)}~ and
{Cp*Mo(CO),(5#*-Cgo)} ~ at the CAM-B3LYP-D3 and M11/cc-pVTZ-PP/cc-pVDZ levels of
theory

Method? State E / hartree AE | eV <§2> NImag.
{CpMo(CO)x(7*-Ceo)}
RCAM-B3LYP-D3 14 —2773.3329 - 0 0
RM11 4 —2773.1358 - 0 0
RCAM-B3LYP-D3 4 —2773.2421 0 0 —b
UCAM-B3LYP-D3 34 —2773.1923 1.35 2.025 —b
RM11 4 —2773.0376 0.00 0 —b
UMI11 34 —2772.9910 1.27 2.031 —b

{Cp*Mo(CO)(r*-Co0)}

RCAM-B3LYP-D3 14 —2969.8076 0 0 0
UCAM-B3LYP-D3 34 —2969.7809 0.73 2.024 0
RMI11 4 —2969.5867 0 0 0
UMI11 | —2969.5633 0.63 2.030 0
RCAM-B3LYP-D3 14 —2969.1740 0 0 —b
UCAM-B3LYP-D3 34 —2969.1367 1.02 2.045 —b
RMI11 14 —2968.9446 0 0 —b
UM11 34 —2968.9095 0.95 2.040 —b

@The cc-pVTZ-PP and cc-pVDZ basis sets were used for molybdenum and the other atoms,
respectively.
b X-ray structure was used without geometry optimization.



Table S3. Observed and calculated bond lengths and Wiberg bond indices of the '4 state in
{CpMo(CO),(57*-Cgo)}~ at the RCAM-B3LYP-D3 and RM11/cc-pVTZ-PP/cc-pVDZ levels of
theory

Bond length, A Wiberg bond index
RCAM- RCAM-
Obs. RM11 RM11
B3LYP-D3 B3LYP-D3

Mol—C61 2.368(2) 2.414 2.434 0.281 0.273
Mol1-C62 2.354(3) 2.356 2.371 0.334 0.326
Mo1-C63 2.351(3) 2.330 2.345 0.355 0.342
Mol-C64 2.369(3) 2.356 2.371 0.334 0.326
Mo1-C65 2.392(3) 2.414 2.434 0.281 0.273
Mol1—-C66 1.943(3) 1.946 1.942 1.325 1.310
Mol1-C67 1.947(3) 1.946 1.942 1.325 1.310
C66—01 1.157(3) 1.163 1.159 2.013 2.033
C67-02 1.164(3) 1.163 1.159 2.013 2.033
Mol1-C9 2.252(2) 2.234 2.220 0.572 0.586
Mol-C1 2.241(2) 2.234 2.220 0.572 0.586
C9—C1 1.497(3) 1.509 1.516 0.976 0.961
C9—C10 1.478(3) 1.484 1.486 1.062 1.058
C9—-C8 1.480(3) 1.482 1.484 1.057 1.052
C1—C2 1.475(3) 1.484 1.486 1.062 1.058
C1-C5 1.483(3) 1.482 1.484 1.057 1.052

Total of Mo 6.035 5.963




Table S4. Observed and calculated bond lengths and Wiberg bond indices of the 'A4 state in
{Cp*Mo(CO),(5#*-C¢o)} ~ at the RCAM-B3LYP-D3 and RM11/cc-pVTZ-PP/cc-pVDZ levels
of theory

Bond length, A Wiberg bond index
RCAM- RCAM-
Obs. RMI11 RMI11
B3LYP-D3 B3LYP-D3

Mol1B-C1B 2.306(7) 2.344 2.359 0.329 0.315
Mo1B—-C2B 2.450(6) 2.447 2.464 0.258 0.248
Mol1B—C3B 2.513(7) 2.447 2.462 0.258 0.252
Mo1B—C4B 2.415(7) 2.344 2.351 0.329 0.324
MolB-C5B 2.284(7) 2.305 2.317 0.346 0.332
Mol1B—C11B 1.815(16) 1.940 1.931 1.329 1.332
Mo1B—C12B 1.943(14) 1.940 1.942 1.329 1.296
Cl11B-O1B 1.23(2) 1.164 1.162 1.998 2.011
C12B-02B 1.228(16) 1.164 1.160 1.998 2.028
Mo1B—C302 2.385(13) 2.247 2.236 0.549 0.560
Mo1B—-C307 2.205(11) 2.247 2.229 0.549 0.568
C302—-C307 1.525(19) 1.511 1.518 0.974 0.959
C302—C301 1.476(17) 1.481 1.482 1.068 1.064
C302—C303 1.421(17) 1.482 1.484 1.059 1.054
C307-C314 1.466(17) 1.481 1.484 1.068 1.062
C307-C315 1.528(17) 1.482 1.483 1.059 1.055

Total of Mo 6.016 5.942




Table S5. Observed and calculated bond lengths and Wiberg bond indices of the 34 state in
{Cp*Mo(CO),(#*-Cgo)} ~ at the UCAM-B3LYP-D3 and UM11/cc-pVTZ-PP/cc-pVDZ levels of
theory

Bond length, A Wiberg bond index
UCAM- UCAM-
Obs. UMI11 UMI11
B3LYP-D3 B3LYP-D3

MolB—-C1B 2.306(7) 2.355 2.359 0.314 0.307
Mol1B—-C2B 2.450(6) 2.408 2.410 0.269 0.265
Mo1B—-C3B 2.513(7) 2.397 2.397 0.275 0.273
Mol1B—-C4B 2.415(7) 2.338 2.340 0.340 0.334
Mol1B-C5B 2.284(7) 2.317 2.323 0.349 0.340
MolB-C11B 1.815(16) 1.985 1.998 1.172 1.125
Mo1B—CI12B 1.943(14) 1.970 1.973 1.189 1.160
C11B-0O1B 1.23(2) 1.153 1.148 2.087 2.128
C12B-02B 1.228(16) 1.154 1.151 2.078 2.105
Mo1B—C302 2.385(13) 2.306 2.267 0.455 0.485
Mo1B—-C307 2.205(11) 2.234 2.209 0.525 0.553
C302—C307 1.525(19) 1.465 1.472 1.103 1.083
C302—C301 1.476(17) 1.486 1.489 1.044 1.032
C302—C303 1.421(17) 1.485 1.489 1.043 1.032
C307-C314 1.466(17) 1.487 1.490 1.039 1.031
C307-C315 1.528(17) 1.489 1.492 1.035 1.028

Total of Mo 5.453 5.381




Table S6. Sum of charge densities for the '4 and 34 states in {CpMo(CO),(m>-Ceo)}~ and
{Cp*Mo(CO),(7>-Cqp)}~ by Mulliken and natural population analyses at the CAM-B3LYP-D3
and M11/cc-pVTZ-PP/cc-pVDZ levels of theory“.

14 state 34 state
Mulliken NPA? Mulliken NPA?
{CpMo(CO)y(7*-Ceo) }
CAM-B3LYP-D3
Mol —-0.589 —0.892
C66—-01 0.121 0.250
C67-02 0.121 0.250
Cp 0.084 0.029
Ceo -0.737 —0.638
Ml11
Mol —0.469 -0.916
C66—-01 0.112 0.284
C67-02 0.112 0.284
Cp 0.044 —0.005
Ceo -0.799 —0.648
{Cp*Mo(CO)(17*-C0) }~
CAM-B3LYP-D3
MolB —0.453 —0.815 —0.411 —0.533
C11B-0OI1B 0.113 0.241 0.180 0.300
C12B-02B 0.113 0.241 0.182 0.289
Cp* 0.048 0.018 0.216 0.107
Ceo —0.822 —0.686 —-1.166 —-1.163
Ml11
MolB —0.373 —0.842 —0.360 —0.542
C11B-0O1B 0.096 0.268 0.178 0.346
C12B—-02B 0.106 0.286 0.186 0.326
Cp* 0.042 —0.020 0.223 0.076
Ceo —0.869 —0.692 -1.227 —-1.206

@ Geometry optimization was carried out.
b Natural population analysis.



Table S7. Observed and calculated frequencies
(ecm™) of CO stretching mode of the 'A states in
{CPMo(CO)a(17*-Co)}~ and  {Cp*Mo(CO)y (17>
Ce0)}~ at the RCAM-B3LYP-D3 and RMIl1/cc-
pVTZ-PP/cc-pVDZ levels of theory.

Calc.@
Obs. RCAM- RMI11
B3LYP-D3
{CpMo(CO)x(*-Ceo)}
1798
1820 1822
1819
1879 1877
1888
{Cp*Mo(CO)1(17*-Cg0) }
1787 1807 1808
1878 1868 1866

@ The calculated frequencies at RCAM-B3LYP-
D3 and RM11/cc-pVTZ-PP/cc-pVDZ levels are
scaled by 0.9303 and 0.9244, respectively.
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Table S8. Sum of spin densities for the 34 state? in {Cp*Mo(CO),(7>-Csgo)}~ by Mulliken

and natural population analyses at the UCAM-B3LYP-D3 and UM11/cc-pVTZ-PP/cc-pVDZ
levels of theory.

UCAM-B3LYP-D3 UMI11
Mulliken NPA? Mulliken NPA?
MolB 0.813 0.783 0.830 0.805
C11B-0O1B 0.118 0.109 0.099 0.093
C12B-02B -0.010 —-0.004 —0.011 —0.006
Cp* 0.068 0.082 0.067 0.079
Ceo 1.011 1.030 1.015 1.029

¢ Geometry optimization was carried out. ” Natural population analysis.



Fig. S8 Optimized structures: {CpMo(CO),(7?>-Cg)}~ in the '4 states at the (a) RCAM-B3LYP-D3
and (b) RM11; {Cp*Mo(CO),(#*-Cg)} in the 'A4 states at the (¢c) RCAM-B3LYP-D3 and (d)
RM11, and the 34 states at the (¢) UCAM-B3LYP-D3 and (f) UM11/cc-pVTZ-PP/cc-pVDZ levels
of theory. In the top view, cyclopentadienyl and pentamethylcyclopentadienyl ligands are omitted,

and Mo(CO), moiety is highlighted for clarity. 13
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Fig. S9 Energy diagrams for the frontier Kohn-Sham orbitals of the '4 state in {CpMo(CO),(#?-
Ceo)}~ calculated at the RCAM-B3LYP-D3 levels of theory.
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Fig. S10 Energy diagrams for the frontier Kohn-Sham orbitals of the !4 state in {Cp*Mo(CO),(#>-
Ce0)}~ calculated at the (a) RCAM-B3LYP-D3 and (b) RM11/cc-pVTZ-PP/cc-pVDZ levels of

theory.
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Fig. S11  Electrostatic potential maps on the 0.02 electron/au® of electron density surface in
{CpMo(CO),(7*-Cgo)}~ for the 'A states at the (a) RCAM-B3LYP-D3 and (b) RMII, and
{Cp*Mo(CO),(5>-Cq)}~ for the 'A4 states at the (c) RCAM-B3LYP-D3 and (d) RM11 and the 34 states at

the (e) UCAM-B3LYP-D3 and (f) UM11/cc-pVTZ-PP/cc- pVDZ levels of theory.
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Fig. S12 The isosurface plots on spin density distribution of the 34 state in {Cp*Mo(CO),(#>*-
Ce0)}~ calculated at the (a) UCAM-B3LYP-D3 and (b) UMI11/cc-pVTZ-PP/cc-pVDZ levels of
theory. The isosurface value is 0.0009 electron/au®. The isosurfaces in blue and green denote the

positive and negative spin density, respectively.
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