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Preparation of [Ir(PNP-14)(n?:n>-COD)][BArf4] (1)
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Figure S3. *'P{"H} NMR spectrum of 1 (DFB, 162 MHz).
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NMR scale reaction of 1 with dihydrogen
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Figure S5. "H NMR spectrum showing formation of 4 (DFB, 400 MHz).
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Figure S6. *'P{'H} NMR spectrum showing formation of 4 (DFB, 162 MHz).

Preparation of [Ir(PNP-14)(biph)][BArf4] (2)
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Figure S7. "H NMR spectrum of 2 (DFB, 500 MHz).
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Figure S8. *C{'"H} APT NMR spectrum of 2 (DFB, 126 MHz).
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Figure S9. *'P{"H} NMR spectrum of 2 (DFB, 162 MHz).
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Figure $10. HR ESI-MS of 2.
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4 NMR scale reactions of 2
4.1  Synthesis of [I(PNP-14)(2-biphenyl)H][BAr 4] (3)
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Figure S11. '"H NMR spectrum showing formation of 3 (DFB, 400 MHz).
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Figure $12. *'P{'"H} NMR spectrum showing formation of 3 (DFB, 162 MHz).



4.2 Synthesis of [I(PNP-14)Hx(H2)|[BAr ] (4)
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Figure S13. '"H NMR spectrum showing formation of 4 (DFB, 500 MHz).
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Figure S14. *C{'H} APT NMR spectrum showing formation of 4 (DFB, 126 MHz).
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Figure $15. *'P{'"H} NMR spectrum showing formation of 4 (DFB, 162 MHz).



4.3  Synthesis of [I(PNP-14)Hz(C,H4)][BAr4] (5)
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Figure $16. '"H NMR spectrum showing formation of 5 (DFB, 500 MHz).
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Figure S17. *C{'H} APT NMR spectrum showing formation of 5 (DFB, 126 MHz).
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Figure $18. *'P{'"H} NMR spectrum showing formation of 5 (DFB, 162 MHz).



4.4  Synthesis of [I(PNP-14)(CoH4):][BAr 4] (6)
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Figure $19. '"H NMR spectrum showing formation of 6 (DFB, 600 MHz).
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Figure S20. *C{'H} APT NMR spectrum showing formation of 6 (DFB, 126 MHz).
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Figure S21. *'P{'"H} NMR spectrum showing formation of 6 (DFB, 162 MHz).



4.5 Synthesis and isolation of [Ir(PNP-14)(CO)][BAr 4] (8)

ON O TAN—AM®OOO O
..... Q9 T NNO®ON T A~
NNNNDN mm MM ANANAN A~
SN NN ~N AN
|
|
|
I I |
I l !I“I\ !I\k |
—AH I T T ——— R T
1.09.14.22.1 2

.0 2.0 4.21.92.02.12.120.819.9

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
Figure S22. '"H NMR spectrum of isolated 8 (CD2Cl,, 500 MHz).
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Figure S23. "*C{'"H} APT NMR spectrum of isolated 8 (CD.Cl>, 126 MHz).
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Figure S24. *'P{'"H} NMR spectrum of isolated 8 (CD.Cl>, 162 MHz).
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Figure S25. *'P{'"H} NMR spectrum of isolated 8 (DFB, 162 MHz). * = internal reference.
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Figure S27. IR spectrum of isolated 8 recorded in CHxCl>.

NMR scale reaction of [Ir(PNP-tBu)(biph)][BArF4] (ll) with dihydrogen
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Figure $28. "H NMR spectrum showing formation of [Ir(PNP-tBu)Hz(H2)][BAr 4] (DFB, 400 MHz).
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Figure S$29. *'"P{'"H} NMR spectrum showing formation of [Ir(PNP-tBu)Hx(H2)][BAr 4]

(DFB, 162 MHz).

Preparation of [Ir(PNP-14*)H][BArF4] (7)
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Figure $30. '"H NMR spectrum of 7 (CD2Cl,, 500 MHz).
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Figure S31. *C{"H} APT NMR spectrum of 7 (CD.Clz, 126 MHz).
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Figure $32. *'P{'"H} NMR spectrum of 7 (CD.Clz, 162 MHz).
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Figure S$33. *'P{'"H} NMR spectrum of 7 (DFB, 162 MHz).
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Figure S34. HR ESI-MS of 7.

NMR scale reaction of 7 with dihydrogen
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Figure S35. '"H NMR spectrum showing formation of 4 (DFB, 300 MHz).
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Figure $36. *'P{'"H} NMR spectrum showing formation of 4 (DFB, 121 MHz).

8 Catalytic homocoupling of 3,3-dimethylbutyne promoted by 1
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Figure S37. Catalytic homocoupling of 3,3-dimethylbutyne promoted by 1 (1 mol%, initially) and
producing Z-tBuC=CCHCH{Bu. Full experimental details provided in the manuscript. An additional

50 equivalents of substrate were added to the reaction mixture after 24 h.



5 min

1h

L
" I

. L »
MR | SR N o

Figure S38. '"H NMR spectra (DFB, 400 MHz) collected during the homocoupling of
3,3-dimethylbutyne promoted by 1 (1 mol%, initially) and producing Z-tBuC=CCHCH{Bu. Full
experimental details provided in the manuscript. An additional 50 equivalents of substrate were

added to the reaction mixture after 24 h.
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Figure S39. *'P{'"H} NMR spectra (DFB, 162 MHz) collected during the homocoupling of
3,3-dimethylbutyne promoted by 1 (1 mol%, initially) and producing Z-tBuC=CCHCH{Bu. Full
experimental details provided in the manuscript. An additional 50 equivalents of substrate were

added to the reaction mixture after 24 h.



9 Catalytic homocoupling of 3,3-dimethylbutyne promoted by 6

A solution of 6 (6.4 umol, generated in situ) in DFB (512 uL) within a J. Young NMR tube was treated
with a solution of 3,3-dimethylbutyne (79 yL, 642 umol) and the resulting homocoupling reaction
producing only Z-tBuC=CCHCH{Bu followed at RT in situ using NMR spectroscopy. The solution
was mixed constantly when not in the spectrometer. After 6 h the homocoupling was complete and

10 was observed as the major organometallic species (ca. 70%).
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Figure S40. Catalytic homocoupling of 3,3-dimethylbutyne promoted by 6 (1 mol%) and producing
Z-tBuC=CCHCH{Bu.
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Figure S41. '"H NMR spectra (DFB, 400 MHz) collected during the homocoupling of
3,3-dimethylbutyne promoted by 6 (1 mol%) and producing Z-tBuC=CCHCH{Bu.
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Figure S42. 3'P{'"H} NMR spectrum (DFB, 162 MHz) collected during the homocoupling of
3,3-dimethylbutyne promoted by 6 (1 mol%) and producing Z-tBuC=CCHCH{Bu (6 h).

10 Preparation of [Ir(PNP-14)(n3*-E-C(C=CtBu)CHtBu)(n'-E-CHCHtBu)][BArF4] (10)
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Figure S43. "H NMR spectrum of 10 (CD2Clz, 500 MHz).
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Figure S44. *C{"H} APT NMR spectrum of 10 (CD2Cl,, 126 MHz).
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Figure S45. 3'P{'"H} NMR spectrum of 10 (CD2Cl,, 162 MHz).
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Figure S46. *'P{'"H} NMR spectrum of 10 (DFB, 121 MHz).

S-22



Intens. TH6497.d: +M5, 0.1-1.4min #6-85
%]
(%] 916.5620

25

20

914.5590

917.5649

915.5621

918.5681
9138341 914.8677
/\ 919.5724
) A

.
i CarHa3IrNP2, 916.5625

1+
1004 916.5628

80

604 1+
9145601
917.5659
40

1+
915.5635

20

1+
918.5692

913 914 915 916 917 918 919 920 mz

Figure S47. HR ESI-MS of 10.
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Figure S48. '"H NMR spectrum of Z-tBuC=CCHCH{Bu isolated during the preparation of 10 (DFB,
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11 NMR scale reaction of 1 with Z-tBuC=CCHCHtBu
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Figure S49. "H NMR spectrum of the reaction of 1 with Z-tBuC=CCHCH{Bu (DFB, 400 MHz).
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Figure S$50. *'P{'"H} NMR spectrum of the reaction of 1 with Z-tBuC=CCHCH{Bu (DFB, 162 MHz).

12 Synthesis and characterisation of [Rh(PNP-14)(n?-norbornene)][BArf4]

A solution of [Rh(PNP-14)(H2)][BAr ] (18.6 umol, generated in situ as described in Dalton Trans.,
2020, 49, 2077 — 2086) in DFB (314 pL) was treated with a solution of norbornene in DFB (186 L,
0.50 M, 93.0 umol) and stirred at RT for 16 h. The volatiles were removed in vacuo and the resulting
yellow oil washed with SiMe4 (2 x 0.5 mL) and then dried under vacuum. Recrystallisation by slow
diffusion of SiMe4 into an Et;O solution at 4 °C afforded the product as a yellow crystalline solid.
Yield: 19.8 mg (12.9 ymol, 69%).

"H NMR (500 MHz, DFB): 5 8.11 — 8.16 (m, 8H, Ar"), 7.50 (br, 4H, ArF), 7.45 (t, 3Jun = 7.7, 1H, py),
7.13 (obscured, 1H, py), 7.05 (obscured, 1H, py), 3.67 (app t, J= 7, 1H, Rh(CH=CH)), 3.03 — 3.30
(m, 5H, 4xpyCH. + 1xRh(CH=CH) [5 3.15]), 2.84 (br d, 3Jun = 3.3, 1H, CH{NBE}), 2.81 (br d, 3Jun =
3.4, 1H, CH{NBE}), 0.90 — 2.39 (m, 32H, CH; + 4xCH,CH,{NBE} [6 1.51, 1.26; 1.39, 1.26]), 1.10 (d,
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3Jpn = 13.9, 9H, tBu), 0.86 (br d, 2Jus = 9.1, 1H, CHCH.CH{NBE}), 0.81 (d, 3Jpx = 13.5, 9H, tBu),
0.57 (br d, 2Jun = 9.0, 1H, CHCH.CH{NBE}).

3C{'"H} NMR (126 MHz, DFB): 5 163.1 (d, 2Jrc = 8, py), 162.6 (q, "Jcs = 50, Ar), 161.2 (d, 2Jpc = 7,
py), 138.1 (s, py), 135.1 (s, Ar%), 129.7 (qq, 2Jrc = 32, 3Jes = 3, ArF), 124.9 (q, "Jrc = 272, ArF), 121.0
(d, 3Jrc =9, py), 119.8 (d, 3Jrc = 11, py), 117.6 (sept, °Jec = 4, ArF), 66.7 (app t, J = 10, Rh(CH=CH)),
62.9 (dd, J = 10, 8, Rh(CH=CH)), 47.1 (s, CH{NBE}), 44.4 (d, J = 2, CH{NBE}), 41.0 (d, J = 2,
CHCH2CH{NBE}), 39.0 (dd, "Jrc = 19, pyCH>), 38.3 (d, "Jrc = 18, pyCH?>), 34.4 (d, "Jrc = 18, tBu{C}),
33.6 (dd, "Jrc = 15, 3Jpc = 6, tBU{C}), 31.6 (d, 2Jrc = 11, CHa), 30.2 (d, 2Jrc = 10, CHa), 30.1 (s, CHy),
29.8 (s, CHa), 29.5 (s, CHa), 29.3 (s, 2xCHy>), 28.6 (s, CH2), 27.9 (s, CH>), 27.7 (s, CH2), 27.5 (s,
CH.), 27.4 (d, 2Jpc = 4, Bu{CHs}), 27.2 (d, %Jec = 5, tBu{CHs}), 26.9 (s, CH2), 26.6 (s, CH>), 25.1 (br
d, "ec = 16, PCH.), 23.9 (d, 3Jec = 2, CHy), 20.7 (br d, "Jrc = 23, PCHy).

3P{"H} NMR (162 MHz, DFB): & 71.2 (dd, 2Jpp = 244, "Jrnp = 131, 1P), 55.9 (dd, 2Jpp = 244, "Jrnp =
125, 1P).

Figure S51. Solid-state structure of [Rh(PNP-14)(n?-norbornene)][BAr*4]; thermal ellipsoids at 30%
probability; anion omitted. Selected bond lengths (A) and angles (°): Rh1-P2, 2.2916(8); Rh1-P3,
2.3118(7); P2-Rh1-P3, 153.11(3); Rh1-N201, 2.088(2); Rh1-Cnt(C4,C5), 2.085(3); N201-Rh1-
Cnt(C4,C5), 169.19(11); Cnt = centroid.
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Figure $52. '"H NMR spectrum of [Rh(PNP-14)(rn*-norbornene)][BAr 4] (DFB, 500 MHz).
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Figure $53. *C{'"H} APT NMR spectrum of [Rh(PNP-14)(n*-norbornene)][BAr ;] (DFB, 126 MHz).
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Figure S54. 3'P{'"H} NMR spectrum of [Rh(PNP-14)(n*-norbornene)][BAr ;] (DFB, 162 MHz).
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