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1 Synthetic details

1.1 General experimental methods

All manipulations were performed under an atmosphere of argon, using Schlenk and glove box techniques.
Glassware was oven dried at 150 2C overnight and flamed under vacuum prior to use. Anhydrous heptane
and benzene (<0.005% H,0) were purchased from ACROS or Aldrich and freeze-pump-thaw degassed three
times before being placed under argon. C¢Ds and C¢D;, were dried over sodium and vacuum distilled.
Fluoroarenes (CgHsF, 1,2-CgH4F,, 1,3,5-CgH3F3) were dried over CaH,, vacuum distilled and stored over
thoroughly vacuum-dried 3 A molecular sieves. [Ir(2,6-(P'Bu,CH,),CsH3)(CO)] (1) was prepared using an
adapted literature protocol.’ [Ir(2,6-(P'Bu,CH,),CeH3)HCI]* was prepared from [Ir(COD)CI],®> and 1,3-
(P'Bu,CH,),C¢H4> in an analogous procedure to structurally related [Ir(2,6-(P'Bu,0),CeH3)HCI].* All other
solvents and reagents are commercial products and were used as received. NMR spectra were recorded on
Bruker AV spectrometers at 298 K unless otherwise stated. NMR spectra recorded in fluoroarenes were
locked and referenced using an internal sealed capillary of CsDs. Chemical shirts are quoted in ppm and
coupling constants in Hz. IR spectra were recorded on a PerkinElmer Spectrum One FT-IR spectrometer at
293 K. UV-Vis spectra were recorded on an Agilent Technologies Cary 60 UV-vis spectrometer at 293 K.

Microanalyses were performed by Stephen Boyer at London Metropolitan University.
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1.1.1 Selected data for [Ir(2,6-(P'Bu,CH,),CsH3)(CO)] (1)

*p{'H} NMR (C¢Ds, 202 MHz): & 82.0 (s). **P{*H} NMR (C¢D1,, 202 MHz): & 81.8 (s).
IR (CeH1,): v(CO) = 1926.8 cm™.
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Figure S-1: *'P{*"H} NMR spectrum of 1 (C¢D1,, 202 MHz).
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Figure S-2: Carbonyl stretching band in the IR spectrum of 1 (CgH1,).
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Figure S-3: UV-vis spectrum of 1 (CgH1,).

S3



1.2 General procedure for photolysis experiments
A solution of iridium pincer (0.01 mmol) in arene (0.5 mL) in a 5 mm quartz J. Young’s NMR tube under
argon was irradiated using a 100 W Hg arc lamp equipped with a water IR filter (Figure S-4). Reaction

progress was monitored by 'H and *'P NMR spectroscopy.
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Figure S-4: Photolysis equipment (100 W Hg arc lamp): power supply (a), arc lamp (b), safety shutter and IR
filter (c), interlocked reaction chamber (d), quartz NMR tubes held in beam (e).
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1.2.1 Photolysis of 1 in C¢Dg
Following the general procedure, the 1:2-dg ratio observed by *'P{"H} NMR spectroscopy after 3 hours total

irradiation was 1:1.63.
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Figure S-5: *p{*H} NMR spectrum of 1 after 3 hours total irradiation in C¢D¢ (202 MHz).

1.2.2 Photolysis of 2 in C¢Dg
Following the general procedure, the 1:2-dg ratio observed by *'P{"H} NMR spectroscopy after 3 hours total

irradiation was 1:1.64.
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Figure S-6: *p{*H} NMR spectrum of 2 after 3 hours total irradiation in C¢D¢ (202 MHz).
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1.2.3 Photolysis of 1 in C¢HsF

Following the general procedure, the 1:3a ratio observed by *'P{"H} NMR spectroscopy after 8 hours total

irradiation was 1:8.96.
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Figure S-7: *p{*H} NMR spectrum of 1 after 8 hours total irradiation in CgHsF (202 MHz).

1.2.4 Photolysis of 1in 1,2-CgH,4F,

Following the general procedure, the 1:3b ratio observed by *'P{*H} NMR spectroscopy after 8 hours total
irradiation was 1:3.13. Irradiation is accompanied by formation of a small amount of unknown compound
at 6 67.9 (3% total by integration) that we attribute to reaction of {Ir(PCP)} with a trace impurity in the

solvent (ca 60 ppm). The total conversion to 3b was 74%.
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Figure S-8: 31P{lH} NMR spectrum of 1 after 8 hours total irradiation in 1,2-CgH4F, (162 MHz).
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1.2.5 Photolysis of 1in 1,3,5-C¢HsF3
Following the general procedure, the 1:3c ratio observed by *'P{"H} NMR spectroscopy after 8 hours total

irradiation was 1:2.91.
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Figure S-8: 31P{lH} NMR spectrum of 1 after 8 hours total irradiation in 1,3,5-CgH3F3 (202 MHz).

1.3 General procedure for the preparation of [Ir(2,6-(P'Bu,CH,),C¢Hs)(Ar)H(CO)] (2 and 3)

A suspension of [Ir(2,6-(P'Bu,CH,),CeH3)HCI] (ca 0.05 mol, 1 equiv.), K[O'Bu] (1.1 equiv.) in arene (ca 5 mL,
excess) was heated at 752C for 30 minutes. The solution was cooled to 02C and placed under CO (1 atm)
and stirred at room temperature for 1 hour. The volatiles were removed in vacuo and residue extracted

with heptane. Cooling the filtrate to -202C afforded analytically pure crystalline products.

1.3.1 [Ir(2,6-(P*Bu,CH,),CcH3)(CsHs)H(CO)] (2)

Prepared using the general procedure. Yield = 54%.

Single crystalline sample for analysis by X-ray diffraction grown from heptane at -20 2C (Figure S-35).
Spectroscopic data is in agreement with literature values, but we report a more comprehensive

characterisation below.’

'H NMR (Cg¢D1,, 500 MHz): & 7.95 (d, *Juy = 7.4, 1H, Ph), 7.86 (d, /iy = 6.6, 1H, Ph), 6.86 (d, *Juu = 7.5, 2H,
CeHs), 6.74 - 6.79 (m, 1H, Ph), 6.72 (t, *Juy = 7.5, 1H, CeH3), 6.67 — 6.70 (m, 2H, Ph), 3.46 (dt, Juy = 16.1, Jpy =
4.1, 2H, CH,), 3.39 (dt, %Ju = 16.1, Jpy = 3.3, 2H, CH,), 1.20 (t, Jpy = 6.6, 18H, ‘Bu), 1.17 (t, Jpy = 6.6, 18H, ‘Bu),
-9.07 (t, *Jpy = 17.6, 1H, IrH).

Bc{’H} NMR (C¢D1,, 126 MHz): & 184.0 (m, CO), 150.4 (s, CeHs{IrC}), 148.7 (s, Ph), 148.2 (t, Joc = 6,
CeH3{CCH,}), 147.7 (s, Ph), 133.8 (t, *Jpc = 7, Ph{IrC}), 128.2 (s, Ph), 127.1 (s, Ph), 124.4 (s, C¢Hs), 121.3 (s, Ph),
120.6 (t, Joc = 7, CeH3), 42.9 (t, Jpc = 15, CH,), 37.5 (t, Jpc = 10, 'Bu{C}), 37.4 (t, Joc = 13, "Bu{C}), 30.1 (s,
‘Bu{Me}), 29.9 (s, ‘Bu{Me}).
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3p{'H} NMR (C¢D1z, 202 MHz): 8 51.1 (s). **P{*H} NMR (C¢D¢, 202 MHz): & 52.3 (s).
IR (CsH1,): v(CO) = 1981.7, 1971.1 cm™.
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Figure S-9: "H NMR spectrum of 2 (C¢D;,, 500 MHz).
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Figure S-10: *C{"H} APT NMR spectrum of 2 (C¢D1, 126 MHz).
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Figure S-11: *'P{*"H} NMR spectrum of 2 (C¢D1,, 202 MHz).
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Figure S-12: Carbonyl stretching bands in the IR spectrum of 2 (C¢Hy,).
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Figure S-11: UV-vis spectrum of 2 (CgH1,)



1.3.2 [Ir(2,6-(P*Bu,CH,),CcH3)(2-CsH4F)H(CO)] (3a)

Prepared using the general procedure. Yield = 32%.

Single crystalline sample for analysis by X-ray diffraction grown from heptane at -20 2C (Figure S-36).
Assignment of the rotamers was achieved by detection of an NOE interaction for Ir-H---H-Ar"(C6) in the
major rotamer (Figure S-18). This interaction is absent in the minor rotamer and instead e coupling of

10.0 Hz for the Ir-H resonance is observed (cf. 10.8 for 3c).

'H NMR (C¢D1,, 500 MHz, major rotamer): 8 7.94 (app. t, J = 6, 1H, Ar’), 6.87 (d, *Jus = 7.5, 2H, CeHs), 6.73 (t,
*Jun=7.5, 1H, CeH3), 6.68 — 6.72 (m, 2H, Arf), 6.49 — 6.53 (m, 1H, Ar’), 3.43 (dt, “Juy = 16.0, Jpy = 4.0, 2H, CH,),
3.38 (dt, “Jun = 16.1, Jpy = 3.3, 2H, CH,), 1.18 (t, Jou = 6.5, 18H, Bu), 1.17 (t, Jon = 6.5, 18H, 'Bu), -9.68 (td, */py
=17.2, Yy = 2.4, 1H, IrH). *H NMR (C¢D15, 500 MHz, selected data for minor rotamer): & 8.07 (app.t, /=6,
1H, Ar%), -8.86 (td, *Jpy = 17.2, "y = 10.0, 1H, IrH).

B3¢c{*H} NMR (C¢D12, 126 MHz, major rotamer): § 181.5 (m, CO), 169.5 (d, Jec = 227, Arf), 151.1 (d, *Jec = 17,
Arf), 148.9 (d, J = 4, CeHs{IrC}), 148.2 (t, Joc = 6, CeH3{CCH,}), 124.4 (s, CeH3), 123.9 (d, *Jic = 9, Arf), 123.3 (s,
Arf), 120.9 (t, Joc = 7, CeH3), 119.7 (dt, Yec = 47, Ypc = 7, Ar{IrC}), 113.1 (d, “Jrc = 35, Arf), 42.1 (t, Jpc = 15,
CH,), 37.5 (t, Jpc = 13, 'Bu{C}), 36.6 (t, Jpc = 10, ‘Bu{C}), 30.1 (s, ‘Bu{Me}), 29.8 (s, ‘Bu{Me}).

PE{*H} NMR (C¢D1, 377 MHz): § -71.48 (s, minor rotamer), -72.71 (s, major rotamer).

31p{*H} NMR (C¢D12, 202 MHz): 8 54.5 (s, minor rotamer), 51.7 (s, major rotamer). *P{*H} NMR (C¢HsF/C¢Ds,
202 MHz): 6 54.8 (s, minor rotamer), 51.8 (s, major rotamer).

Anal. Calcd. for C31HasFIrOP, (709.89 g-mol™): C, 52.45; H, 6.82; N, 0.00. Found: C, 52.37; H, 6.66; N, 0.00.

IR (CeH1): v(CO) = 1987.7, 1997.9 cm™.
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Figure S-14: 'H NMR spectrum of 3a (CsD;,, 500 MHz).
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Figure S-17: *'P{*"H} NMR spectrum of 3a (C¢D1, 202 MHz).
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Figure S-18: NOESY spectrum (CgD1,, 500 MHz).
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Figure S-19: Carbonyl stretching bands in the IR spectrum of 3a (CsH15).
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Figure S-20: UV-vis spectrum of 3a (CgH1,).

1.3.3 [Ir(2,6-(P'Bu,CH,),CsHs)(2,3-CcHsF,)H(CO)] (3b)
Prepared using the general procedure. Yield = 45%.

Single crystalline sample for analysis by X-ray diffraction grown from heptane at -20 2C (Figure 2).
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Assignment of the rotamers was achieved by detection of an NOE interaction for Ir-H---H-Ar"(C6) in the
major rotamer (Figure S-25). This interaction is absent for the minor rotamer and instead e coupling of

10.6 Hz for the Ir-H resonance is observed (cf. 10.8 for 3c).

'H NMR (C¢D1,, 500 MHz, major rotamer): § 7.62 — 7.66 (m, 1H, Ar"), 6.88 (d, >/ = 7.5, 2H, CeHs), 6.74 (t,
*Jun = 7.5, 1H, CeHs), 6.41 — 6.53 (m, 2H, Ar'), 3.43 (dt, Yun = 16.2, Jpy = 4.2, 2H, CH,), 3.39 (dt, ZJun = 16.2, Jpn
= 3.4, 2H, CH,), 1.19 (t, Jpy = 6.7, 18H, ‘Bu), 1.17 (t, Jpy = 6.6, 18H, Bu), -9.66 (td, *Jon = 17.1, *Jey = 2.3, 1H,
IrH). *H NMR (C¢D1,, 500 MHz, selected data for minor rotamer): 8 7.74 — 7.78 (m, 1H, Ar’), -8.88 (td, *Jpy =
16.9, ""Jpy = 10.6, 1H, IrH).

B3¢c{*H} NMR (C¢D1,, 126 MHz, major rotamer): § 181.1 (m, CO), 169.5 (dd, Yec = 226, 2Jec = 9, Ar'), 150.8 (dd,
Yee = 251, %Jec = 24, ArF), 148.1 (t, Joc = 6, CeH3{CCH,}), 144.9 (dd, *Jec = 16, “Jec = 4, Ar'), 124.6 (s, CeH3), 124.2
(dm, YJec = 41, Arf{IrC}), 123.1 (br, Arf), 121.0 (t, Jpc = 7, CHs), 110.8 (d, *Jic = 18, Ar), 41.9 (t, Joc = 15, CH,),
37.5 (t, Joc = 13, 'Bu{C}), 36.6 (t, Joc = 10, ‘Bu{C}), 30.1 (s, ‘Bu{Me}), 29.8 (s, ‘Bu{Me}). The C¢Hs{IrC} resonance
could not be unambiguously assigned.

E{*H} NMR (C¢D12, 377 MHz): 8 -98.25 (d, *J = 28.5, 1F / minor rotamer), -99.13 (d, *Jir = 28.6, 1F / major
rotamer), -139.07 (d, *Jis = 28.6, 1F / major rotamer), -139.52 (d, *Jer = 28.5, 1F / minor rotamer).

3p{’H} NMR (C¢D1,, 202 MHz): & 54.7 (s, minor rotamer), 52.2 (s, major rotamer). *P{*H} NMR (1,2-
CeH4F,/CsDg, 202 MHz): 8§ 52.1 (s, major rotamer).

Anal. Calcd. for C3;HysF2IrOP, (727.88 g-mol™): C, 51.15; H, 6.51; N, 0.00. Found: C, 51.03; H, 6.61; N, 0.00.
IR (CeH12): v(CO) = 1989.9, 2000.1 cm™.
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Figure S-21: 'H NMR spectrum of 3b (C¢D1,, 500 MHz).
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Figure S-24: 31P{ H} NMR spectrum of 3b (CeD1z, 202 MHz).
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Figure S-25: NOESY spectrum (CgD1,, 500 MHz).
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Figure S-26: Carbonyl stretching bands in the IR spectrum of 3b (CgH1,).
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1.3.4 [Ir(2,6-(P'Bu,CH,),CcHs)(2,4,6-CsH,F3)H(CO)] (3c)
Prepared using the general procedure. Yield = 49%.

Single crystalline sample for analysis by X-ray diffraction grown from heptane at -20 2C (Figure S-37).

'H NMR (CgD1,, 500 MHz): & 6.88 (d, *Juy = 7.5, 2H, CeHs), 6.76 (t, *Juu = 7.5, 1H, CeHs), 6.39 (tt, *Jen = 8.3, ey
= 1.8, 2H, Arf), 6.32 (tt, *Jr = 8.6, “Upy = 2.1, 2H, Ar'), 3.42 (br t, Jpy = 3.5, 4H, CH,), 1.19 (t, Jpy = 6.6, 18H, 'Bu),
1.14 (t, Jou = 6.7, 18H, 'Bu), -9.46 (tdd, *Jpy = 16.7, ""Jpy = 10.8, J = 2.9, 1H, IrH).

13c{*H} NMR (C¢D15, 126 MHz): & 180.9 (m, CO), 169.2 (ddd, Yec = 228, *Jic = 26, Jrc = 14, ArF), 168.8 (ddd,
Yee = 231, ¥ec = 25, *Jre = 13, ArF), 162.3 (dt, YUrc = 241, *Jec = 17, ArF), 147.7 (t, Jpc = 6, CgH3{CCH,}), 147.0 (t,
Joc = 4, CeH3{IrC}), 124.7 (s, CeHs), 121.3 (t, Joc = 7, CHs), 101.1 (t, Jic = 52, Ar{IrC}), 98.0 (ddd, Yec = 40, “Jc =
23, Yec = 4, ArF), 97.6 (ddd, Yec = 41, Y = 23, Ypc = 4, ArF), 41.9 (t, Jpc = 15, CH,), 37.0 (t, Joc = 9, 'Bu{C}), 36.2
(t, Joc = 13, 'Bu{C}), 30.4 (s, ‘Bu{Me}), 30.0 (s, ‘Bu{Me}).

E{'H} NMR (C¢D1,, 377 MHz): 8 -64.49 (d, “J = 7.0, 1F), -65.41 (d, *Jee = 7.0, 1F), -120.98 (t, *Jis = 7.0).
31p{'H} NMR (C¢D1, 202 MHz): 8 54.0 (s). **P{*H} NMR (1,3,5-C¢H3F3/CsD¢, 202 MHz): 8 53.7 (s).

Anal. Calcd. for C3;Hy6F3IrOP, (745.87 g-mol™): C, 49.92; H, 6.22; N, 0.00. Found: C, 50.04; H, 6.27; N, 0.00.
IR (CeH12): v(CO) = 1992.5, 2002.2 cm™.
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Figure S-28: 'H NMR spectrum of 3¢ (CsD1,, 500 MHz).
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Figure S-29: °C{"H} APT NMR spectrum of 3c (CsD1,, 126 MHz).
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Figure S-30: “F{"H} NMR spectrum of 3c (C¢D1,, 377 MHz).
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Figure S-31: *'P{*"H} NMR spectrum of 3¢ (CsD1,, 202 MHz).
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Figure S-32: Carbonyl stretching bands in the IR spectrum of 3¢ (CsH1). * Shoulder = 2002.23 cm™.
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Figure S-33: UV-vis spectrum of 3¢ (C¢H1y)
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1.4 Crystallography

Full crystallographic details including solution, refinement and disorder modelling procedures are
documented in CIF format and have been deposited with the Cambridge Crystallographic Data Centre
under CCDC 1520522 (2), 1520523 (3a), 1520524 (3b), 1520525 (3c). These data can be obtained free of

charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

Figure S-34: Solid-state structure of 2 (left, with numbering; right, viewed along the Ir1-C12 vector).
Thermal ellipsoids at 50% probability level; hydrogen atoms omitted for clarity. Selected bond lengths [A]
and angles [2]: Ir1-C2, 1.923(4); Ir1-C4, 2.156(4); Ir1-C12, 2.119(4); Ir1-P10, 2.3344(11); Ir1-P11, 2.3394(11);
C2-1r1-C12,91.15(17); C4-1r1-C12, 174.61(17); P10-Ir1-P11, 157.21(4).

Figure S-35: Solid-state structure of 3c (left, with numbering; right, viewed along the Ir1-C12 vector).
Thermal ellipsoids at 50% probability level; hydrogen atoms omitted for clarity. Selected bond lengths [A]
and angles [2]: Ir1-C2, 1.944(5); Ir1-C4, 2.178(5); Ir1-C12, 2.113(4); Ir1-P10, 2.3569(12); Ir1-P11, 2.3520(12);
C2-1r1-C12, 83.1(2); C4-1r1-C12, 179.75(18); P10-Ir1-P11, 156.54(4).
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2 Computational details

2.1 Geometry optimisations and free energy calculations

Density functional theory (DFT) calculations were implemented in the Gaussian 03 suite of programs.®
Based on successful implementation in related systems,’ calculations were carried out at the BP86 level in
combination with the LANL2DZ effective core potential (ECP) and basis set for iridium, and 6-31G** basis

sets were for all other atoms.®

Geometry optimisations were performed without symmetry constraints based on starting geometries
prepared in the following ways:

* The major rotamers of 1, 2 and 3a-c were initiated from the respective crystal structures. The
hydride ligands were added manually.

* Isomers of 3a-b are based on transposed optimised structures of 3a-b.

* Carbonyl dissociated intermediates 1’, 2’ and 3a’-c’ (see Figure S-36, S-37) were constructed by
deletion of CO atoms from the corresponding optimised structure. Several starting geometries of
the 5-coordinate intermediate 2’ were considered, but all optimised to the same square pyramidal
geometry.

* CO, benzene, fluorobenzene, 1,2-difluorobenzene and 1,3,5-trifluorobenzne were optimised from
handmade structures.

Optimised geometries provided in xyz format.

Normal mode analyses verified the located stationary points as minima on the potential energy surface.
Thermal corrections (298.15 K, 1 atm) were applied to deduce the Gibbs free energies of all optimised
species. Summation of these energies without further correction allows construction of an approximate
reaction pathway (Figure S-37), although transition states and o-CH intermediates have not been
considered. The calculated Gibbs free energies of the various isomers of 3a-b and 3a’-b’ are shown in

Figure S-36 and predict in each instance the correct lowest energy isomer (syn to carbonyl, ortho to

iridium).
Fluorobenzene isomers 1,2-Difluorobenzene isomers
H-[Ir] H-[Ir]-CO H-[Ir] H-[Ir]—CO
F 0.0 F 0.0 F F
o ® 0.0 ® ® 0.0
F F
® o o o
3a’ 3a 3b’ 3b

Figure S-36: Calculated Gibbs free energies of the regioisomers and rotamers of 3a, 3b, 3a’ and 3b’

expressed in kJ-mol™ relative to the lowest energy isomer. Experimentally observed major isomer in bold.
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Figure S-37: Calculated Gibbs free energy pathway (based on key intermediates) for the C—H bond
activation of benzene, fluorobenzene, 1,2-difluorobenzene and 1,3,5-trifluorobenzene (298 K).
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Table S-1: Calculated thermodynamic parameters for key intermediates in the C—H bond activation of
benzene, fluorobenzene, 1,2-difluorobenzene and 1,3,5-trifluorobenzene (298 K). Ey = Ecjec + ZPE; E= Ep +
Evip+ Eror + Etrans; H=E+RT, G=H-TS

Relative energies of benzene activation /kJ-mol™

1+ CgHg 1'+ CO + CgHg 2'+CO 2
E, 0.00 240.5 225.0 80.5
E 0.00 242.0 229.2 82.3
H 0.00 244.5 229.2 79.8
G 0.00 194.4 238.0 143.1

Relative energies of fluorobenzene activation /kJ-mol™

1+ CgHsF 1'+ CO + C¢HsF 3a'+CO 3a
Eo 0.00 240.5 197.3 63.1
E 0.00 242.0 201.1 64.3
H 0.00 2445 201.1 61.8
G 0.00 194.4 212.4 128.1

Relative energies of 1,2-difluorobenzene activation /kJ-mol™

1+ CgH,4F, 1' + CO + C¢H4F, 3b'+CO 3b
Eo 0.00 240.5 192.5 57.5
E 0.00 242.0 196.1 59.3
H 0.00 2445 196.1 56.8
G 0.00 194.4 208.8 121.0

Relative energies of 1,3,5-trifluorobenzene /kJ-mol™

1+ CgH3F3 1' + CO + C¢HsF; 3c'+CO 3c
Eo 0.00 240.5 176.2 52.0
E 0.00 242.0 179.4 53.4
H 0.00 2445 179.4 50.9
G 0.00 194.4 195.3 119.1
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2.2 Infrared vibrational modes
The normal mode analysis of 2, 3a-c predicts the coupling of the carbonyl stretching modes to the trans

hydride (Figure S-38), resulting in two carbonyl stretching modes as observed experimentally (vide supra).

a) J b) 9

Figure S-38: Graphical representation of the (a) symmetric and (b) antisymmetric carbonyl stretching
modes of 2 (‘Bu groups omitted for clarity). Arrows represent the approximate magnitude of atom
displacement.

Table S-2: Calculated and experimental carbonyl stretching frequencies for 1 — 3.

Frequency /cm™

Complex Mode

Exp. Calcd.

1 - 1926.8 1933.6
2 antisymmetric 1981.7 1938.8
symmetric 1971.1 2092.6

3a antisymmetric 1987.7 1953.7
symmetric 1997.9 2102.8

3b antisymmetric 1989.9 1951.8
symmetric 2000.1 2091.0

3c antisymmetric 1992.5 1958.3
symmetric 2002.2 2122.6
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2.3  TD-DFT calculations and assignment of UV-vis spectra

2.3.1 Methodology

Time-dependant DFT (TD-DFT) calculations for 1 and 2 were carried out using the Orca 3.0.3 suite of
programs.” After assessing several density functional and basis set combinations, the greatest
correspondence to the experimentally derived UV-Vis spectra was achieved using the double-hybrid
B2PLYP functional (53% HF exchange, 27% MP2 correlation) in combination with the DEF2-SD ECP and
DEF2-TZVP basis set and auxiliary basis for iridium, and 6-31G** basis sets with an SD auxiliary set for all
other atoms.™ The RIJCOSX algorithm was employed throughout.!' The first 40 singlet-singlet excitations
and their associated natural transition orbitals (NTOs) were assessed, with major (>10% contribution)
constituent NTOs for all transitions with an oscillator strength greater than 0.01 qualitatively assigned. NTO
surface plots were constructed with Orca and rendered in GaussView 5.0. Transitions of interest, associated
with a weakening of the M-CO bond were then identified as excitations which populate M-CO ni* and M-CO

o* antibonding orbitals or depopulate M-CO it and M-CO o bonding orbitals.

2.3.2 TD-DFT analysis of 1

5 T I T I T I T I T I T I T
- —— Calculated .
— Experiment
4 -

e/x10°M'em™”

1\%1\. : “

80 250 300 350 400 450 500 550
Wavelength / nm

Figure S-39: Overlay of experimental and calculated UV-vis spectra of 1. Gaussian convolution applied to
calculated vertical transitions with a FWHM of 6700 cm™. Vertical transitions depicted at an arbitrary
relative intensity for graphical clarity. Excitations marked with asterisks correspond to my.co = n*u.co or .
co =~ hon-bondingy.co transitions.
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Table S-3: TD-DFT derived excitation energies for 1 restricted to those with oscillator strengths (f) greater
than 0.01. Calculated NTOs with a greater than 10% contribution to a given excitation are shown rendered
with an isosurface value of 0.02 and the major constituent molecular and atomic orbitals assigned.

State | A/ nm f Contributing Natural Transition Orbitals
9
J‘J‘J
24 @9 40
2 2
1 441.8 0.0463 ; ‘:‘;%’ fg - 99%
%
9 ) ']
d22 T[aryl-lr-CO;' T[*aryl
‘6“
2 \ 2
3 363.8 | 0.0638 > P | ) 98%
)
T[aryl-lr-CO;' T[*aryl
Y )
2 327.5 0.1855 - 92%
TUr-cos T[*Ir-aryl; Taryl Taryl-Ir-cos T[*aryl
9 2
°9 9 o a' “J
. @D 40 o@ o
2 2 )
18 265.4 0.0105 2N , 98%
i=l=t - A :
e g 8 Ay
dp P centred
- 54%
%
Pe; T[aryl
15 238.9 0.0837
2
) R
2 % > 41%
'}/ ° @ K Y
TUr-co, T[*Ir-aryl; T[aryl
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%
17 | 231.1 | 0.0421 “aryl-lr-c?: T aryl
P8,
2 11%
P85 °
”, & %
77%
23 | 228.0 | 0.0427
16%
49%
21 | 2245 | 0.0152 24%
20%
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46%

19 221.1 | 0.1071 33%
16%
32 215.9 | 0.0371 88%

d22 T[aryl-lr-CO
34 207.0 | 0.0162 93%
39%

d, P centred

? 9

J“.J 4.“4
40 203.5 | 0.0334 34%
15%

I
2 : i &
Pe; T[aryl
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55%

29 202.1 | 0.4033
36%
20 195.4 | 0.0510 95%
0*aryl-|r-co; 0*pirp
-9
, P,
35 189.8 | 0.0415 R . d L 85%
a1 Eu
%5
5 9 ' 70
TUr-co, T[*Ir-aryl; T[aryl
79%
38 184.7 | 0.0371
11%

T[aryl-lr-CO
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2.3.3 TD-DFT analysis of 2

1 2 T I T l T l T I T | T
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Figure S-40: Overlay of experimental and calculated UV-Vis spectra for 2. Gaussian convolution applied to
calculated vertical transitions with a FWHM of 5000 cm™. Vertical transitions depicted at an arbitrary
relative intensity for graphical clarity. Excitations marked with an asterisks correspond to my.co = m*pm.co or
Tiw-co = hon-bondingy.co transitions.

Table S-4: TD-DFT derived excitation energies for 1 restricted to those with oscillator strengths (f) greater
than 0.01. Calculated NTOs with a greater than 10% contribution to a given excitation are shown rendered
with an isosurface value of 0.02 and the major constituent molecular and atomic orbitals assigned.

State | A/ nm f Contributing Natural Transition Orbitals

9
QB o

9

1 271.7 | 0.0685 97%
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