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Table S1. A comparison of Bond Lengths of Cr(CO);=C(OMe)Me Calculated (B3LYP/Tzvp) and
Observed (X-Ray Diffraction) in Related Complexes Cr(CO),(PPh;)=C(OMe)Me 2 and
Cr(C0O)s=C(OMe)Ph®

Bond Bond-Length (A) Bond-Length (A) Fo-Te
Observed r,? Calculated r,

Cr-C(carbene) 2.047, 2.04° 2.027

Cr-C(cis-carbonyl (average)) 1.862,1.88° 1.915

Cr-C(trans-carbonyl) 1.832,1.87° 1.916

C(carbene)-O 1.33° 1.321

C(carbene)-C(methyl) 1.503

aMills, O.S.; Redhouse, A.D. J. Chem. Soc., Chem. Commun. 1966, 814, ®Mills, O.S.; Redhouse, A.D., J.
Chem. Soc. (A), 1968, 642.

Table S2. The Correction Factor for Simulated IR Spectra at the B3LYP/TZVP level for syn and anti (1)

Correction
Calculated Calculated Calculated | Observed | Factor
anti syn Average
2029.5 2035.7 2032.6
2034.5 2036.5 2035.5 1945 0.955539
2047.4 2049.3 2048.35 1952 0.952962
2058.3 2064.3 2061.3 1961 0.951341
2136 2138 2137 2067 0.967244
Average Factor 0.956772

Anti to syn activation energy variable temperature NMR experiments

The activation energy for the anti to syn isomerisation for [(CO)sCrC(OMe)Me] was
determined by variable temperature *H NMR experiments over the temperature range 20 to
—25°C in deuterodichloromethane. The methyl protons resonate ~ 2.8 ppm while the
methoxy protons are evident at ~ 4.55 ppm relative to TMS. The Me signal was used in this
determination and the peak width at half height was measured at each temperature, and a
new peak was evident at 2.91 ppm at temperatures lower than -5°C.

The rate constant for the isomerisation (anti-syn) was estimated using the method
described by Gasparro and Kolodny (Gasparro, F.P. and Kolodny, N.H. J. Chem. Ed., 1977,

S3




54, 258-261). The rate data are presented in Table S3. An Arrhenius plot of these data
yielded an activation energy of 57 kJ mol.

Table S3. The temperature and rate data for the anti-syn isomerisation of (1).

1/T Ink
0.003533 1.8628
0.003731 0.4414
0.003952 -0.7981
0.004032 -1.6736

slope= -6796, which vyields a value of 57 kJ/mol for the activation energy of the
isomerisation process.

Table S4. The calibration of calculated IR bands (B3LYP/TZVP for Cr systems
B3LYP/Def2TZVP for W systems) using PCM solvent correction for heptane

Tungsten system

2080

el

2060

2040

2020

2000

1980

1960

1940 T T T T T T T 1
2000 2020 2040 2060 2080 2100 2120 2140 2160

Exp Calc
2073 2136
1982 2054
1960 2033
1945 2021
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Corrected band positions for (6) B3LYP/Def2TZVP solvent = heptane

Calc Corrected Intensity
1940.5 1856 | vw 193
1980.22 1900 | m 1144
2020.7 1945 | vs 2114
2035 1961 | m 963
2116.17 2051 | w 377

Chromium System

The corrected band positions for (3) (B3LYP/TZVP Solvent = heptane)

Calc corrected | Intensity
1980 1917 975
2000 1937 745
2016 1952 2485
2032 1968 1105
2116 2050 448

2080
2060
2040
2020
2000 /
1980
1960 2
2
1940 T T T T T T 1
2000 2020 2040 2060 2080 2100 2120 2140

Exp Calc Intensity

1948 2015 4700

1964 2024 1499

1984 2048 165

2065 2131 295
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Anti-Syn Isomerisation Reaction Coordinate Plot.
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Figure S1. Plot of the variation of ground-state and thefour lowest energy singlet excited
states (S1 to S4) with dihedral angle (see text for more details) in (1).
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Table S5. Table of optimised coordinates for (1) at the B3LYP/TZVP level .mol format
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The vertical excitation energies and oscillator strengths for the twenty lowest energy singlet excited

states of (1) at the TDDFT/B3LYP/TZVP level.

Excitation energies and oscillator strengths:

Excited State
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Excited
61

Excited
62

Excited
61l
63

Excited
6l
62
63

Excited
62
63
63

Excited
61
62

Excited
61
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Excited
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63

Excited
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Excited
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Excited
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6l
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63
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-> 64
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-> 64
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-> 67
-> 66

State
-> 66
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State
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-> 66
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-> 67

State
-> 70
-> 69
-> 72
-> 78
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-> 66
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-> 67
-> 68
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State

State
-> 64
-> 69

1:

10:

11:

12:

13:

14:

15:

0

-0

-0.
.25127
-0.
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-0.
-0.
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Table S6. Compositions of Molecular Orbitals of (1) (gross contributions, %) and overlap
populations (OP) between fragments

Molecule:[(CO)sCr=C(OMe)Me]
335 orbitals( 335 canonical) 63 alpha + 63 beta electrons

Number of fragments:
Fragment 1( 1atoms, 33 orbitals): Cr atom

3

Fragment 2 ( 10 atoms, 190 orbitals): CO Ligands
Fragment 3 ( 10 atoms, 112 orbitals): Carbene ligand

Alpha MO: 41 42 43 44 45 46 47 48 49 50
HOMO-22 HOMO-21 HOMO-20 HOMO-19 HOMO-18 HOMO-17 HOMO-16 HOMO-15 HOMO-14 HOMO-13
Energy(ev): -13.19 -12.84 -12.70 -12.70 -12.61 ~-12.60 -12.55 -12.38 ~-12.21 ~-12.16
Symmetry: A AAAAAAAAA
FRAG# 1: 21.06 2.53 3.00 3.54 2.67 2.44 2.23 0.11 0.57 0.04
s orbitals: 18.82 0.00 0.00 0.00 0.23 0.00 0.20 0.00 0.00 0.00
p orbitals: 0.82 0.00 1.53 2.31 0.99 1.99 1.25 0.00 0.19 0.00
d orbitals: 1.41 2.54 1.47 1.23 1.45 0.45 0.78 0.10 0.38 0.04
FRAG# 2: 67.06 95.47 94.23 96.33 79.06 83.51 93.98 88.19 63.47 99.55
s orbitals: 9.61 0.01 0.61 0.88 1.34 1.89 1.10 0.07 0.42 0.02
p orbitals: 57.18 94.57 92.71 94.53 76.88 80.73 91.82 86.95 62.19 98.05
d orbitals: 0.27 0.89 0.91 0.91 0.84 0.89 1.05 1.18 0.86 1.48
FRAG# 3: 11.88 1.99 2.77 0.13 18.27 14.05 3.79 11.70 35.96 0.41
s orbitals: 4.14 0.90 1.02 0.06 7.09 4.94 1.78 4.43 14.13 0.17
p orbitals: 7.66 1.07 1.73 0.07 11.04 9.06 1.94 7.20 21.67 0.24
d orbitals: 0.08 0.01 0.01 0.00 0.14 0.05 0.07 0.07 0.16 0.00
OP( 1 & 2) 0.099 0.025 0.035 0.042 0.029 0.027 0.030 0.001 0.004 0.000
Op( 1 & 3 ) -0.04¢6 0.000 0.000 0.001 -0.002 0.004 -0.008 0.000 0.002 0.000
OP( 2 & 3) 0.009 0.003 0.002 -0.002 -0.006 0.013 -0.020 0.008 -0.003 0.000
Alpha MO: 51 52 53 54 55 56 57 58 59 60
HOMO-12 HOMO-11 HOMO-10 HOMO-9 HOMO-8 HOMO-7 HOMO-6 HOMO-5 HOMO-4 HOMO-3
Energy(ev): -12.14 -12.08 -11.79 -11.77 -11.36 -11.05 ~-10.92 -10.56 -10.43 -8.22
Symmetry: A AAAAAAAAA
FRAG# 1: 0.28 0.38 1.89 31.93 24.15 8.41 9.71 0.51 1.97 14.96
s orbitals: 0.02 0.00 0.21 0.00 0.15 0.00 0.00 -0.10 0.00 0.98
p orbitals: 0.25 0.02 0.08 0.00 3.42 8.19 9.67 0.55 1.54 5.59
d orbitals: 0.01 0.36 1.60 31.93 20.58 0.22 0.04 0.07 0.42 8.39
FRAG# 2: 97.38 64.64 18.33 64.99 71.15 70.00 82.80 10.80 20.58 7.30
s orbitals: 0.40 0.30 1.17 22.21 23.02 23.51 29.76 3.56 8.29 2.37
p orbitals: 95.62 63.41 16.92 42.68 47.78 45.89 52.37 7.12 12.13 4.71
d orbitals: 1.36 0.93 0.24 0.10 0.35 0.60 0.66 0.13 0.16 0.23
FRAG# 3: 2.34 34.97 79.78 3.08 4.70 21.59 7.49 88.69 77.45 77.74
s orbitals: 1.10 14.49 32.33 1.22 1.59 6.86 2.63 23.66 17.09 17.39
p orbitals: 1.22 20.29 46.98 1.84 3.06 14.51 4.73 64.19 59.40 59.74
d orbitals: 0.02 0.18 0.48 0.02 0.05 0.22 0.13 0.83 0.96 0.61
OP( 1 & 2) 0.004 0.003 0.019 0.244 0.187 0.080 0.103 0.025 0.021 -0.016
op( 1 & 3 ) -0.001 0.001 -0.012 0.000 0.005 0.009 -0.003 -0.045 -0.004 0.113
Op( 2 & 3 ) -0.002 -0.020 -0.044 0.000 -0.006 0.013 -0.015 -0.061 -0.042 -0.026
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Alpha MO: 61 62 63 64 65 66 67 68 69 70
HOMO-2 HOMO-1 HOMO LUMO LUMO+1 LUMO+2 LUMO+3 LUMO+4 LUMO+5 LUMO+6
Energy (eV) : -6.37 -6.24 -6.04 -2.07 -1.03 -0.82 -0.73 -0.43 -0.06 0.02
Symmetry: A AAAAAADAA
FRAG# 1: 63.98 60.23 68.89 7.39 5.91 4.99 4.51 0.10 65.55 20.93
s orbitals: 0.01 0.00 -0.02 0.00 0.04 0.09 0.00 0.00 64.25 0.78
p orbitals: 0.02 0.03 0.09 1.60 5.78 4.37 3.45 0.02 -0.10 0.85
d orbitals: 63.95 60.21 68.82 5.79 0.09 0.53 1.06 0.08 1.40 19.30
FRAG# 2: 35.78 26.60 29.96 14.07 89.07 95.57 92.39 98.20 -17.38 77.58
s orbitals: 0.01 0.01 0.03 0.93 0.70 2.92 0.49 0.04 -20.74 -1.05
p orbitals: 34.31 25.52 28.75 12.95 87.75 91.97 91.20 97.40 3.26 78.24
d orbitals: 1.46 1.08 1.18 0.20 0.63 0.68 0.69 0.75 0.11 0.39
FRAG# 3: 0.24 13.17 1.15 78.54 5.02 -0.56 3.10 1.70 51.82 1.49
s orbitals: 0.07 1.38 0.73 7.65 1.78 1.24 0.81 0.57 40.23 -0.01
p orbitals: 0.16 11.52 0.22 69.78 3.17 -1.82 2.21 1.08 11.43 1.43
d orbitals: 0.01 0.27 0.20 1.11 0.07 0.02 0.08 0.05 0.16 0.07
OP( 1 & 2) 0.146 0.109 0.134 -0.019 0.134 0.005 -0.009 0.000 -3.739 -0.269
op( 1 & 3 ) -0.002 0.042 -0.028 -0.020 -0.170 -0.057 -0.038 0.000 -1.130 0.063
OP( 2 & 3 ) =-0.001 0.008 -0.011 -0.167 =-0.368 -0.015 0.002 -0.009 0.573 -0.105
Alpha MO: 71 72 73 74 75 76 77 78 79 80
LUMO+7 LUMO+8 LUMO+9 LUMO+10 LUMO+11 LUMO+12 LUMO+13 LUMO+14 LUMO+15 LUMO+16
Energy (eV) : 0.14 0.15 0.52 0.66 0.77 0.95 0.98 1.02 1.53 1.54
Symmetry: A AAAAAAAAA
FRAG# 1: 28.30 36.16 21.43 5.73 72.86 10.98 45.31 35.22 29.50 1.60
s orbitals: 0.00 1.69 9.88 0.00 62.57 0.00 0.00 2.70 24.97 0.00
p orbitals: 0.46 0.00 0.29 0.16 0.03 0.00 0.00 0.23 0.56 0.06
d orbitals: 27.84 34.46 11.26 5.56 10.27 10.98 45.31 32.30 3.97 1.55
FRAG# 2: 69.42 60.95 67.48 91.68 -10.78 88.56 50.85 20.12 1.95 2.99
s orbitals: 0.11 -0.63 -3.83 0.78 =-21.12 5.68 23.60 11.58 -21.54 0.24
p orbitals: 69.04 61.47 70.94 90.39 9.74 82.01 25.36 7.69 23.26 2.69
d orbitals: 0.27 0.11 0.37 0.51 0.60 0.88 1.89 0.85 0.22 0.07
FRAG# 3: 2.29 2.89 11.09 2.59 37.92 0.46 3.84 44.65 68.55 95.40
s orbitals: 0.29 2.13 -4.64 0.57 35.62 0.22 2.84 9.22 9.47 124.63
p orbitals: 1.94 0.75 15.55 1.96 2.06 0.24 0.96 34.66 58.01 -29.82
d orbitals: 0.06 0.02 0.17 0.06 0.24 0.00 0.04 0.77 1.07 0.59
op(1 & 2 ) -0.282 -0.501 -0.894 -0.073 -4.654 -0.077 -0.311 ~-0.713 -4.956 -0.074
op(1 & 3 ) -0.038 -0.027 -0.238 0.012 -2.391 -0.001 ~-0.008 0.019 -0.013 0.020
OP( 2 & 3) 0.035 0.011 0.149 -0.080 0.769 0.004 0.023 -0.700 -0.396 -0.073
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Table S7. Optimised coordinates for (3) at the B3LYP/TZVP level .mol format
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Table S8. Optimised coordinates for (4) at the B3LYP/Def2TZVP level .mol format
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Table S9. Optimised coordinates for (6) at the B3LYP/Def2TZVP level .mol format
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Figure S2 Single exponential curve fit for decay of 1970 cm™! feature following 400 nm excitation of
(1) in n-heptane at 298 K.
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S15




Figure S3. Single exponential curve fit for the decay of absorbance at 2003 cm* following 400 nm

excitation of (1) in n-heptane at 298 K.
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S16




Figure S4. Biexponential curve fit for the recovery of parent depletion (measure at 1935 cm™)
following 400 nm excitation of (1) in n-heptane at 298 K
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Figure S5. Decay curve fit for the excited state decay (measure at 1960 cm?) following 400 nm
excitation of (4) in n-heptane at 298 K
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Figure S6. Grow-in of metallaketene (measure at 1930 cm™) following 400 nm excitation of (4) in n-
heptane at 298 K
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Figure S7. Grow-in of second excited state (measure at 1920 cm™) following 400 nm excitation of (4)
in n-heptane at 298 K
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Figure S8. The CO vyield profile for the electrochemically induced CO release over time from
[(CO)sCrC(OMe)Me] or [(CO)sWC(OMe)Me] in acetonitrile under potentiostatic conditions (E = +
0.57 V and + 0.88 V vs. Fc/Fc*, respectively). The concentration of both complexes was 0.1mM and
the solution was continuously stirred.

Cyclic Voltammetry and Gas Chromatography

Cyclic Voltammograms (CVs) and bulk electrolysis profiles were recorded in anhydrous acetonitrile
(Sigma-Aldrich) with tetrabutylammonium hexafluorophosphate (TBAPFg), (0.1 M) as a supporting
electrolyte. The concentration of the sample was 0.001 M throughout. Experiments were carried out
using both a CH Instruments 600A and CH Instruments 750C electrochemical potentiostats (Pico-
Amp Booster and Faraday Cage). All electrochemical experiments were performed at room
temperature (20°C). A three electrode cell was employed which consisted of a glassy carbon working
electrode, a Pt wire auxiliary electrode and a Ag/AgCl reference electrode. The scan rate was 0.1V s’
T unless otherwise stated. The scan rate dependency of the redox processes was analysed by varying
the scan rate from 0.01 V s* to 0.05, 0.08, 0.1, 0.5, 0.8, 1.0, 10.0 15.0 1nd 20.0 V sL. Cited potentials
are referenced relative to the ferrocene/ferrocenium (Fc/Fc*) redox couple. The electrochemical cell
was deaerated with argon prior to all experiments.

For the bulk electrolysis experiments, deaeration of the solutions with argon prior to the experiment
ensured that any CO detected in the headspace resulted from CO-release from the complex. The
bulk electrolysis experiments were repeated using a clean glassy carbon electrode in analyte-free
electrolyte solution for comparison purposes. A control experiment was also carried out where the
complex was dissolved in the electrolyte and kept in the dark with no potential applied. CO-release
was detected using a Shimadzu GC-2010 Plus unit (Lab Solutions version 5.57 software) with a
dielectric barrier discharge ionization detector (BID) and a ShinCarbon micropacked column with
0.53 mm internal diameter.
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The atom numbering used for chromium ketene complex
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Atomic Coordinates of [ (CO)5CrC (OMe)Me]
Standard orientation:
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The atom numbering used for tungsten ketene complex
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Stoichiometry
Framework group C1[X(C8H606W) ]

Deg. of freedom

Full point group
Largest Abelian subgroup
Largest concise Abelian subgroup Cl

57
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Standard orientation:
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NOp 1
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X Y Z
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3.793497 -0.222697 1.529312
2.387574 1.873467 0.373825
2.326728 1.732412 1.452719
3.410527 2.170379 0.120512
1.716522 2.685297 0.102247
-0.504853 -0.033143 -0.136412
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Figure S9. The ps-TRIR spectra obtained following photolysis of (1) at 400 nm using a pulse energy
of 8 uJ, the spectra were recorded at 1, 5, 50, and 500 ps after the excitation pulse, showing the
formation of the CO-loss species. This process was not observed following 0.8 pJ pulse photolysis at
the same excitation wavelength.
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The contribution of two fragments (Cr(CO),, Fr 1; C,0,Hg, Fr2) to the valence orbitals of (3)

LUMO+6[#70, -0.147 eV]= Fr 1: 97.6%L+5

LUMO+5[#69, -0.312 eV]= Fr 1: 66.0%L+2 15.1%L+4 3.5%L+6 1.6%L+1 1.2%L+7

Fr 2:2.5%L+1 S(0.038 -0.044 -0.040 -0.118 -0.028 ) OP(-0.01 -0.01 0.00 -0.01 0.00 )
2.1%H-0 S(-0.052 0.044 -0.024 0.184 -0.009 ) OP(-0.02 -0.01 0.00 -0.01 0.00 )
1.5%L+2 S(-0.002 -0.075 -0.148 -0.063 -0.097 ) OP(0.00 0.01 -0.01 0.00 0.00 )

LUMO+4[#68, -0.407 eV]= Fr 1: 94.2%L+3 1.0%L+4
Fr 2: 2.4%L+0 S(-0.015 -0.002 ) OP(-0.01 0.00)

LUMO+3[#67, -0.590 eV]= Fr 1: 46.9%L+4 24.8%L+2 3.3%L+0 2.4%L+6 2.0%L+10 1.3%H-0
Fr 2:13.2%L+1 S(-0.044 0.038 0.136 -0.040 -0.145 -0.103 ) OP(-0.02 0.01 -0.02 0.00 0.01 -0.01)
1.5%L+3 S(-0.003 0.004 0.148 0.102 0.055 0.035 ) OP(0.00 0.00 0.01 0.00 0.00 0.00)

LUMO+2[#66, -1.714 eV]= Fr 1: 44.5%L+1 19.2%L+0 4.0%L+4 3.5%L+2

Fr 2: 6.7%L+2 S(-0.063 -0.263 -0.075 -0.002 ) OP(0.02 0.05 0.00 0.00 )
6.4%H-0 S(0.184 0.087 0.044 -0.052 ) OP(-0.10 -0.03 0.01 0.01 )
5.4%L+1 S(-0.118 0.136 -0.044 0.038 ) OP(-0.04 0.03 0.00 0.00 )
2.5%L+0 S(0.003 -0.031 -0.002 -0.004 ) OP(0.00 -0.01 0.00 0.00 )

LUMO+1[#65, -2.303 eV]= Fr 1: 8.2%L+1 3.4%H-2 3.3%H-1 2.0%L+3 1.6%L+0
Fr 2: 77.5%L+0 S(0.003 0.075 -0.085 -0.015 -0.031 ) OP(0.00 -0.03 -0.04 0.00 -0.01 )

LUMO+0[#64, -2.674 eV]= Fr 1: 46.0%L+0 29.1%L+1 1.4%H-0

Fr2:9.3%L+1 S(0.136 -0.118 -0.103 ) OP(0.05 0.03 -0.01 )
7.8%L+0 S(-0.031 0.003 0.022 ) OP(0.01 0.00 0.00)
1.7%L+2 S(-0.263 -0.063 0.000 ) OP(0.03 -0.01 0.00 )

HOMO-0[#63, -6.368 eV]= Fr 1: 85.4%H-0 2.2%H-1
Fr 2: 4.0%H-0 S(0.010 -0.002 ) OP(0.00 0.00 )
3.8%L+1 S(-0.103 0.002 ) OP(0.03 0.00)

HOMO-1[#62, -6.456 eV]= Fr 1: 58.7%H-1 39.6%H-2 1.2%H-0
HOMO-2[#61, -6.537 eV]= Fr 1: 55.1%H-2 35.1%H-1
Fr 2: 7.7%L+0 S(0.075 -0.085 ) OP(0.03 0.02 )

HOMO-3[#60, -7.351 eV]= Fr 1: 10.3%L+1 4.4%H-0 1.3%L+0
Fr 2: 76.7%H-0 S(0.184 0.010 0.087 ) OP(0.09 0.00 0.02 )

HOMO-4[#59, -9.117 eV]= Fr 2: 98.5%H-1
HOMO-5[#58, -10.467 eV]= Fr 2: 98.2%H-2
HOMO-6[#57, -11.150 eV]= Fr 1: 90.9%H-3
Fr 2: 5.9%H-5 S(0.044 ) OP(-0.02 )

HOMO-7[#56, -11.532 eV]= Fr 1: 89.2%H-4 9.4%H-5

HOMO-8[#55, -11.658 eV]= Fr 1: 84.6%H-5 9.3%H-4
Fr 2: 4.4%H-3 S(0.004 -0.001 ) OP(0.00 0.00 )
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Figure S10. A Molecular orbital interaction diagram showing the molecular orbitals of (3) and the
corresponding orbitals of the constituent fragments, occupied levels are indicated in blue and virtual
orbitals are in red. Energies and percentage compositions are presented above the plot. This plot
shows the ketene HOMO acting as a two electron donor by interaction with a virtual Cr(CO),

fragment orbital.
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Figure S11. The calculated vertical excitations superimposed on the experimental UV/vis. Spectra
for (1) and (4) including the excitation wavelengths used in the psTIR experiments. The blue
spectrum is that of (4) with the calculated vertical excitation to the lowest four triplet excited states.
The UV/vis spectrum of (1) is represented in black with the vertical excitation energies of the four
lowest energy singlet excited states. The downward red arrows indicate the excitation wavelengths
used in psTRIR and the blue arrows indicate the excitation wavelengths used in matrix isolation
experiments
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