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Experimental Section:

General considerations. All experiments were carried out employing standard Schlenk
techniques under an atmosphere of dry nitrogen employing degassed, dried solvents in a solvent
purification system supplied by PPT, LLC. Non-halogenated solvents were tested with a standard
purple solution of sodium benzophenone ketyl in tetrahydrofuran in order to confirm effective
moisture removal. de-benzene was dried over molecular sieves and degassed by three freeze-
pump-thaw cycles. All other reagents were purchased from commercial vendors and used
without further purification unless otherwise stated. 1,2-bis(di-n-propylphosphino)ethane)

(dnppe),! HBCy2,2 and [Cp*Fe(dnppe)Cl]® were prepared according to literature procedures.

Physical methods. 'H NMR spectra are reported in parts per million (ppm) and are referenced to
residual solvent e.g., 'H(CsDs): 0 =7.16; 3C(CsDs): 6 =128.06; coupling constants are reported in
Hz. BC, 3P, and "B NMR spectra were performed as proton-decoupled experiments (unless

explicitly stated otherwise) and are reported in ppm.

S2



Preparation of Compounds:

[Cp*Fe(dnppe)N2IBPhs (1; CisHe/BFeN2P2, Mw = 801 g/mol): In the y _ |BPh,
glovebox, [Cp*Fe(dnppe)Cl] (500 mg, 1.02 mmol) was weighed into a 20 Fle"

mL scintillation vial equipped with a stir bar. Approximately 10 mL of N / \N\\\N
Et20 was added. To this solution was added NaBPhs (107 mg, 0.31 mmol, \\

1 equiv.) suspended in 3 mL of Et2O. The mixture was stirred for 1 h during which time it became
yellow. The solvent was removed in-vacuo and the powder extracted into THF and filtered
through Celite®. The orange filtrate was dried in-vacuo and the resulting orange powder was
washed with 3 x 5 mL of pentane and dried (598 mg, 73%). Crystals suitable for X-Ray diffraction
were grown from THF layered with pentane at -35 °C overnight. 'H NMR (500 MHz, ds-THF, 298
K): 6= 7.26 (m; 8H; 0-CeHs [BPha]), 6.83 (m; 8H; m-CsHs [BPha]), 6.69 (m, 4H; p-CsHs [BPh4]), 1.93
(m; 2H; P-CH2-CH>-P linker), 1.79 (m; 4H; overlapping P-CH>-CH>-CHs signals), 1.63 (m; 2H;
overlapping P-CH>-CH>-CHs signals), 1.59 (s, 15H; Cp*-CHs), 1.51-1.41 (m, 10H; overlapping P-
CH>-CH>-CHssignals), 1.28 (m, 2H; P-CH2-CH>-P linker), 1.05-0.98 (overlapping triplets, 12H; P-
CH>-CH>-CHs). *C{*H} NMR (125.8 MHz, ds-THF, 298 K): oc = 165.0 (q; [BPha]), 137.0 (s; 0-CsHs
[BPhs]), 125.5 (s; m-CsHs [BPha]), 121.7 (s; p-CsHs [BPha]), 91.9 (s; Cp*(aromatic)), 29.0-28.7 (m;
overlapping CH: signals), 22.8 (m; CH:), 18.7 (app. s; CHz), 17.8 (m; CH2), 16.2-15.9 (m;
overlapping CHssignals), 9.97 (s; Cp*-CHs). *P{*H} NMR (202.5 MHz, ds-THF, 298 K): op=+71.2.
1B{*H} NMR (160.5 MHz, ds-THF, 298 K): o= -6.5 (s; BPhs). FT-IR (ATR): 2098 cm (v[N2]).

[(n®-CsMes=CHz)Fe(dnppe)l (2; CsHisFeP2, Mw =452 g/mol): In the glovebox, 1
(400 mg, 0.50 mmol) was weighed into a 20 mL scintillation vial equipped with ﬂ/
a stir bar and dissolved in approximately 4 mL of THF. This solution was cooled 7 .

to -35 °C in the glovebox freezer. Next, n-butyllithium (1.6 M in hexane, 1 equiv.) /[— ‘L\
was added. The reaction was stirred for 30 min at room temperature. The solution became
gradually red over time. The solvent was removed in-vacuo, and the product was extracted with

3 x 2 mL portions of pentane and filtered through Celite®. The red filtrate was dried in vacuo

giving 2 as a red powder (192 mg, 85%). Crystals suitable for X-ray diffraction were grown from
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a saturated pentane solution at -35 °C overnight. 'H NMR (500 MHz, CsDs, 298 K): ou=2.74 (t;
2H; n%-CsMes=CH: (}Jur = 3.6 Hz)), 1.70 (s; 12H; n°>-CsMes=CH?2), 1.63 (m; 2H; CH2), 1.51-1.45 (m;
8H; multiple overlapping CH:signals), 1.37 (m; 3H; multiple overlapping CH:signals), 1.20 (m;
7H; multiple overlapping CHzsignals), 0.96 (t; 6H; P-CH>-CH>-CHs (3Ju-n = 7.24 Hz)), 0.92 (t; 6H;
P-CH2-CH2-CHs (3Ju-n = 7.24 Hz)). BC{'H} NMR (75.5 MHz, CsDs, 298 K): oc = 96.2 (s; 1>-[CsMes]C
=CH), 84.0 (br. s; n>-[CiMes]C=CHz), 35.6 (m; CH2), 23.5 (m; n°>-[CsMes]C=CH>), 28.3 (m;
multiple overlapping CH: signals), 19.0 (s; CH-), 18.3 (s; CH), 16.7 (m; multiple overlapping P-
CH:-CH2-CHs signals), 12.7 (s; n°-[CsMes]C=CHz), 11.9 (s; n°>-[CiMes]C = CHz). 3'P{*"H} NMR
(202.5 MHz, CsDs, 298 K): or=+89.6.

[(n*-CsMes—CH:-CO2)Fel'(dnppe)] (3; C2sHacFeO2P2, Mw = 496 g/mol): In the

glovebox, 2 (20 mg, 0.04 mmol) was weighed into a J-Young NMR tube and %
dissolved in approximately 500 puL of THF. The J-Young NMR tube was /T 4 o770
removed from the glovebox and degassed with 3 freeze-pump-thaw cycles K\

on the Schlenk line. After the third cycle, the ]J-Young NMR tube was warmed to room
temperature and an atmosphere of CO: was introduced. The J-Young NMR tube was shaken
vigorously for 5 mins then left to sit for 1 h. During this time, the solution changed from red to
purple. The solvent was removed in-vacuo on the Schlenk line, then the tube brought back into
the glovebox. The purple solid was extracted into THF and filtered through Celite®. The filtrate
was dried in-vacuo and the purple solid washed with 3 x 2 mL of pentane, giving 3 (16 mg, 72%).
Crystals suitable for X-ray diffraction were grown from slow evaporation of THF at room
temperature overnight. 'H NMR (500 MHz, CsDs¢, 298 K): o= 3.26 (br. s; 2H; n°>-CsMes—CH>-COy),
2.07 (br. s; 6H; n>-CsMes—CH>-CO2), 1.90 (m; 2H; CH), 1.69 (m; 4H; multiple overlapping CH-
signals), 1.47 (m; 8H; multiple overlapping CHzsignals), 1.26 (m; 2H; CH>), 1.18 (m; 2H; CH>), 1.11
(m; 2H; CHz), 1.00 (br. t; 6H; P-CH>-CH2-CHs), 0.90 (br. s; 6H; 1)>-CsMes—CH2>-COz), 0.86 (br. t; 6H;
P-CH:-CH>-CHs). ®*C{*H} NMR (125.8 MHz, C¢D¢, 298 K): &c = 184.7 (app. s; 1>-CsMes—CH2—-CO2
(assigned from a 'H-*C HMBC experiment), see Figure 514), 91.7 (s; °>-CsMes—CH2—CO2), 82.2 (s;
N>-CsMes—CH2—COz), 80.0 (s; n>-CsMes—CH2—-CO2), 32.9 (s; n>-CsMes—CH>-COz), 29.9 (m; CH>), 27.5
(m; CH2), 24.2 (m; CH>), 18.5 (m; CH>), 18.3 (m; CH-2), 16.6 (s; P-CH2-CH2-CHs), 16.4 (s; P-CH>-
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CH:-CHs), 11.5 (s; n°-CsMes—CH2-CO2), 11.3 (s; n*-CsMes—CH2—-CO2). 3'P{*H} NMR (121.5 MHz,
CsDs, 298 K): or=+79.1. IR (ATR): 1622 cm™ (v[C=0]).

[£(n’>-CsMes—CH-PhCHO)Fe'(dnppe)]l (()-4; CsiHs2FeOP2, Mw = 559

g/mol): In the glovebox, 2 (20 mg, 0.04 mmol) was weighed into a 20 mL

scintillation vial equipped with a stir bar and dissolved in approximately __/"!
4 mL of PhCHs. Benzaldehyde (0.04 mmol, 4 uL, 1 equiv.) was added and K\ *)

the solution stirred overnight at room temperature. The solution became purple over time. The
solvent was removed in-vacuo and the product extracted into 3 x 2 mL of pentane and filtered
through Celite®. The solvent was removed in-vacuo giving 4 as a purple solid (18 mg, 82%).
Crystals were grown by slow evaporation of pentane at room temperature. Connectivity map
shown in Figure S36. 'H NMR (300 MHz, CsDs, 298 K): o= 7.55 (m; 2H, Ph), 7.29 (m; 2H, Ph),
7.10 (m; 1H, Ph), 5.42 (m; 1H, n*>-CsMes—CH>-PhCHO), 2.55 (app. d; 3H; n>-CsMe+—CH>-PhCHO),
2.46-2.36 (m; 2H; n°-CsMes—CH>-PhCHO), 2.30 (app. d; 3H; n°>-CsMe«—CH>-PhCHO), 2.08-2.03
(3H; multiple overlapping CH: signals), 1.92-1.86 (2H, multiple overlapping CH- signals), 1.60-
1.48 (4H; multiple overlapping CH- signals), 1.48-1.18 (11H; multiple overlapping CH signals),
1.13 (s; 3H; n°-CsMes—CH>-PhCHO), 1.10 (s; 3H; 1>-CsMes—CH>-PhCHO), 0.98-0.85 (12H; multiple
overlapping P-CH>-CH»-CHs signals). B*C{'H} NMR (75.5 MHz, CeDs, 298 K): oc = 152.5 (s;
quaternary C (Ph)), 127.0 (s; Ph), 125.9 (s; Ph), 125.5 (s; Ph), 109.2 (s; n>-CsMes—CH2-PhCHO), 93.8
(m; 1>-CsMes—CH2-PhCHO), 83.8-79.2 (overlapping Cp*-(aromatic) signals), 38.0 (s; n>-CsMes—
CH2-PhCHO), 30.9-30.2 (multiple overlapping CH: signals), 25.8-23.6 (multiple overlapping CH>
signals), 19.1-18.3 (multiple overlapping CH: signals), 17.0-16.5 (multiple overlapping CHs
signals), 13.7 (s; CHs), 12.9 (s; CHs), 12.3 (s; CHs), 11.9 (s; CHs), 11.5 (s; CHs). 3'P{*H} NMR (121.5
MHz, CsDs, 298 K): or=+80.5 (d; 2Jr-p = 33.7 Hz), +78.2 (d; ?Je-» = 33.7 Hz).
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[(n°-CsMes—CH2—-Au-(PPhs))Fe'(dnppe)Br] (5; Ci2He1t AuBrFePs, Mw = 992 PPh;
g/mol): In the glovebox, 2 (20 mg, 0.04 mmol) was weighed into a 20 mL |
scintillation vial equipped with a stir bar and dissolved in approximately CH2

4 mL of PhCHs. Bromo(triphenylphosphine)gold(I) (0.04 mmol, 22 mg, 1 AR

equiv.) was added and the solution stirred for 1 h at room temperature. \\)

The solution became gradually darker over time. The solvent was

removed in-vacuo and the product extracted into 3 x 2 mL of pentane and filtered through Celite®.
The solvent was removed in-vacuo giving 5 (15 mg, 34%). 'H NMR (300 MHz, ds-toluene, 298 K):
on=7.30 (br. m; 6H; Ph [PPhs]), 7.11 (br. s; 3H; Ph [PPhs]), 7.03-6.99 (Ph signal coincident with
residual toluene (from ds-toluene) signals), 2.55 (br. s; 2H; 1°>-CsMes«—CH>—Au-PPhs), 2.31 (br. m;
6H; multiple overlapping CH-: signals), 1.99 (s; 6H; n>-CsMes—CH>—Au-(PPhs)), 1.96 (s; 6H; 1°-
CsMes—CHz-Au-(PPhs)), 1.89 (br. s; 2H; CH-z), 1.77 (br. s; 2H; CHz), 1.70 (br. s; 2H; CHz), 1.59 (br.
m; 2H; CHz), 1.48 (br. m; 4H; multiple overlapping CH- signals), 1.36 (br. s; 2H; CH-2), 1.11 (br. t;
6H; P-CH2-CH>-CHs), 0.99 (br. t; 6H; P-CH>-CH>-CHs). *C{*H} NMR (125.8 MHz, ds-toluene, 298
K): 6c=134.4 (d; Ph-(aromatic)), 130.6 (m; Ph-(aromatic)), 100.9 (s; n>-CsMes—CH2—Au-(PPhs)), 84.9
(s; N>-CsMes—CHz—-Au-(PPhs)), 73.6 (s; n*-CsMes—CHz—Au-(PPhs)), 32.2 (m; CH-2), 31.3 (m; CH-2), 30.3
(m; CH>), 28.3 (br. m; n>-CsMes+—CH>-Au-PPhs; assigned from a 'H-*C HSQC experiment), 24.2-
24.0 (mulitple overlapping CH: signals), 19.7 (m; CH), 18.7 (m; CHz), 16.9-16.8 (multiple
overlapping P-CH.-CH:-CHs signals), 12.4 (s; n°-CsMes«—CH2—-Au-PPhs), 12.2 (s; n°>-CsMes—CHo-
Au-PPhs). Note: Other Ph-(aromatic) peaks (for PPhs) coincident with ds-toluene solvent peaks in
BC{'H} NMR spectrum. *P{*H} NMR (202.5 MHz, ds-toluene, 298 K): ¢&r=+77.9 (s; dnppe), +40.3

(br; PPhs).
[{n3-CsMes—CH2-B(CsFs)s}Fe!'(dnppe)N:] (6; C2H1sBF1sFeN2P2, Mw = 992 B(C¢Fs)s
|
g/mol): In the glovebox, 2 (20 mg, 0.04 mmol) was weighed into a 20 mL CHz
|
scintillation vial equipped with a stir bar and dissolved in Fe'

approximately 4 mL of THEF. Tris(pentafluorophenyl)borane (0.04 \/\'\‘ SN
mmol, 21 mg, 1 equiv.) was added and the solution stirred for 1 h at

room temperature. The solution became yellow over time. The solvent was removed in-vacuo and
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the product washed with 3 x 2 mL of pentane. The product was dried in-vacuo giving the titled
compound as a yellow solid (31 mg, 70%). Crystals suitable for X-ray diffraction were grown by
slow evaporation of THF at room temperature overnight. 'H NMR (300 MHz, ds-THF, 298 K): ou
= 2.55 (br. s; 2H; n°>-CsMes—CH2-B(CsFs)s), 2.19-2.14 (m; 2H, multiple overlapping CH: signals),
1.95-1.88 (m; 6H, multiple overlapping CH- signals), 1.66 (s; 6H; n>-CsMes—CH>-B(CcFs)s), 1.59-
1.55 (m; 12H, multiple overlapping CH: signals), 1.12-1.07 (m; 12H, multiple overlapping P-CH>-
CH>-CHs signals), 0.99 (s; 6H, n>-CsMes—CH2-B(CsFs)3). *C{*H} NMR (125.8 MHz, ds-THF, 298 K):
oc = 149.1 (m; C-F(aromatic) [B(CsFs)s]), 138.1 (m; C-F(aromatic) [B(CeFs)s]), 127.0 (br; C-
F(aromatic) [B(CeFs)3]), 112.6 (app. s; quaternary C-(aromatic) [B(CsFs)3]), 93.3 (s; n°>-CsMes—CHz—
B(CsFs)3), 92.0 (s; n°-CsMes—CH2-B(CsFs)s), 86.5 (s; n°-CsMes—CH2-B(CsFs)s), 30.4 (app. s; CH2), 29.6-
28.5 (multiple overlapping CHb2 signals), 22.9-22.6 (overlapping 1n°>-CsMes«—CH>-B(CéF5); and CH>
signals), 18.9 (br. s; CH>), 17.7 (br. s; CH>), 16.1 (br. s; P-CH>-CH»-CH3), 15.9 (br. s; P-CH-CH>-
CHs), 9.9 (overlapping n°-CsMes—CH>-B(CeFs)s signals). 3'P{*H} NMR (202.5 MHz, ds-THF, 298 K):
or=+73.4. YF{'H} NMR (282.4 MHz, ds-THF, 298 K): or=-127.1 (br. s), -161.5 (m), -164.7 (br. s).
UB{*H} NMR (96.3 MHz, ds-THF, 298 K): ¢s=-14.7. FT-IR (ATR): 2093 cm (v[Nz]).
[{n3>-CsMes—CH2-B(Cy2)}Fe'(dnppe)H] (7, CssHesBFeP2, Mw = 631 g/mol): Cy. .Cy
In the glovebox, 2 (20 mg, 0.04 mmol) was weighed into a 20 mL EHZ
scintillation vial equipped with a stir bar and dissolved in approximately x?u

4 mL of PhCHs. Dicyclohexylborane (HBCy2; 0.04 mmol, 7 mg, 1 equiv.) 4y

was added and the solution stirred for 1 h at room temperature. The \\

solution became orange over time. The solvent was removed in-vacuo and

the product extracted into 3 x 2 mL of pentane and filtered through Celite®. The product was
dried in-vacuo giving 7 as a yellow oil (23 mg, 81%). 'H NMR (500 MHz, CsDs, 298 K): o1=2.42 (s;
2H, n°-CsMes—CH>-B(Cy?2)), 2.00 (s; 6H, n°>-CsMes—CH2>-B(Cy?2)), 1.97 (s; 6H, 1)>-CsMes—CH>-B(Cyn2)),
1.78-1.76 (10H, multiple overlapping CH>/CH signals), 1.61-1.58 (10H, multiple overlapping
CH»/CH signals), 1.48-1.46 (5H, multiple overlapping CH:/CH signals), 1.30 (17H; multiple
overlapping CH:/CH signals), 1.08-1.02 (12H, multiple overlapping P-CH2-CH2-CHs signals), -
17.83 (t; 1H, [Fe]-H (*Jur=70.6 Hz). ®*C{'H} NMR (125.8 MHz, CsDs, 298 K): 6c =90.0 (s; n)>-CsMes—
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CH:-B(Cy2)), 83.7 (s; n>-CsMes—CH2-B(Cy2)), 82.7 (s; n>-CsMes—CH2-B(Cyz)), 35.9-35.7 (multiple
overlapping sp*-carbon signals), 27.8-27.2 (multiple overlapping sp3-carbon signals), 26.5 (br. s; 1°-
CsMes—CH>-B(Cy2)), 19.2 (br. s; sp>-carbon signal), 18.7 (br. s; sp*-carbon signal), 16.8 (br. s; P-CH>-
CH:-CHs), 16.6 (br. s; P-CH2-CH2-CHz), 13.7 (s; n°>-CsMes—CH2-B(Cy2)), 13.1 (s; n°>-CsMes—CHo-
B(Cy2)). ¥P{'H} NMR (202.5 MHz, CsDs, 298 K): o>=+97.8. "B{'"H} NMR (160.5 MHz, CsDs, 298
K): 9= +82.6 (A12=1390 Hz). FT-IR (ATR): 1844 cm™ (v[Fe-H]).
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Multinuclear NMR Data:

Figure S1: 1, '"H NMR, ds-THF, 500 MHz, 298 K.
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Figure S2: 1, 'H NMR, ds-THF, 500 MHz, 298 K — expansion of the alkyl region.
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1, ¥P{'H} NMR, ds-THF, 202.5 MHz, 298 K.

Figure S3
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Figure S5: 1, "B{'H} NMR, ds-THF, 160.5 MHz, 298 K.
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Figure S6: 1, FT-IR ATR, 298 K (v[Nz] = 2098 cm™).
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Figure S7: 2, '"H NMR, CsDs, 500 MHz, 298 K.
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Figure S8: 2, 'TH NMR, CeD¢, 500 MHz, 298 K — expansion of the alkyl region.
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Figure S9: 2, 3'P{'H} NMR, CsDs, 202.5 MHz, 298 K.
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Figure S10: 2, “C{'H} NMR, CsDs, 75.5 MHz, 298 K.
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Figure S11: 3, '"H NMR, CsDs, 500 MHz, 298 K.
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Figure S12: 3, 3'P{'H} NMR, CsD¢, 121.5 MHz, 298 K.
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Figure S13: 3, BC{'H} NMR, CsD¢, 125.8 MHz, 298 K.
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4, 31P{*H} NMR, CsDs¢, 121.5 MHz, 298 K. Insert shows an enhanced view of the two

sets of doublets.
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Figure S19: 5, '"H NMR, ds-toluene, 300 MHz, 298 K.
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Figure S20: 5, 3'P{'H} NMR, ds-toluene, 202.5 MHz, 298 K.
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Figure S21: 5, BC{'H} NMR, ds-toluene, 125.8 MHz, 298 K.
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Figure §22: 5, 'H-3C HSQC showing the location of the n>-CsMes~CH>— Au-PPhs carbon signal
from the proton signal for n>-CsMes—CHo—Au-PPha.
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Figure S23: 6, 'H NMR, ds-THF, 300 MHz, 298 K
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Figure S24: 6, 3'P{'H} NMR, ds-THF, 202.5 MHz, 298 K.
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Figure S25: 6, "B{'H} NMR, ds-THF, 96.3 MHz, 298 K.
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Figure S26: 6, "F{'H} NMR, ds-THF, 282.4 MHz, 298 K.
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Figure S27: 6, “C{'H} NMR, THF-ds, 125.8 MHz, 298 K.
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Figure S28: 6, FT-IR ATR, 298 K (v[N2]
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Figure S29: 7, 'H NMR, CeD¢, 500 MHz, 298 K. Note that the integral value for the [Fe]-H signal
is lower than expected. This has been observed for other [Fe]-hydrides reported by our group3*

and can be attributed to relaxation time.
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Figure S30: 7, 'H NMR, CsDs, 500 MHz, 298 K — expansion of the alkyl region.
* = residual pentane solvent.
] wmn vl vd [ Xviod ®mon o oNSTITO
g 85 Bre  Za@ =g E gEREES
o N~ - - - - -
| NN Y \ Sy
Cyq _.Cy
l 1l
Fe
VA
/" H
0/ \
*
- - 8 = o S S
g Iy
0 100 o =1 <0 r~ o
: i ‘"Inl b B rl"’ulr" - : : : i
25 2.0 15 1.0 0.5 -0.0 ppm]



Figure S31: 7, 'TH NMR, CeDs, 500 MHz, 298 K — expansion of the [Fe]-H signal.
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Figure S32: 7, 3'P{'H} NMR, CsDs, 202.5 MHz, 298 K.
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Figure S33: 7, "B{'H} NMR, CsDs¢, 160.5 MHz, 298 K.
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Figure S34: 7, BC{'H} NMR, CsDs¢, 125.8 MHz, 298 K.
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X-Ray Crystallography:

Single crystal X-Ray diffraction (scXRD) data for X was collected using a Bruker D8 Venture
diffractometer equipped with an Apex detector having a Cu/Mo IuS microsource at the
University of Windsor. All crystals were mounted on a MiTeGen loop.

Cell refinement and data reduction were performed using Apex3.> An empirical absorption
correction based on multiple measurements of equivalent reflections and merging of data was
performed using SADABS.® Data conversion from XDS to SADABS file format was performed
using XDS2SAD.” The space group was confirmed by XPREP.#?

Routine checkCIF and structure factor analyses were performed using Platon.” CCDC 2266746-
2266749 contains the supplementary crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallographic Data Centre via
www.ccde.cam.ac.uk/data_request/cif.
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Table S1. Crystallographic data for 1 and 2.

Compound
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

/A

o/°

p/°

v/°

V/As

V4

Peale g/cm3

p/ mm-t

F(000)

Crystal size/ mm?
Radiation

20 range for data collection/®
Index ranges

Independent reflections

Data/restraints/parameters
Goodness-of-fit on F?

R [I>=20 (I)] (R1, wR2)

R (all data) (R1, wR2)

Largest diff. peak/hole / (e A%)

1
CssHe7BFeN2P2
800.63
170.0
Triclinic
P-1
10.4118(10)
14.7221(14)
15.2322(16)
96.196(4)
93.280(4)
105.849(4)
2223.8(4)

2
1.196
0.445
860.0
0.1 x0.07 x 0.05
MoK, (A =0.71073)
5.92 to 52.94
-13<h<13,-18<k<18,-19<
1<19
9147 [Rint = 0.0916, Rsigma =
0.0381]
9147/1352/659
1.029
R1=0.0542, wR2=0.1317
R1=0.0753, wR2 =0.1458
1.06/-0.96

R1=X [ lFol-1Fcl | / X IFol; wR2 = [Z(W(Fo? - F2)?) / X w(Fo?)?]"2
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2
Ca4HasFeP:
452.40
170.0
Triclinic
P-1
8.3558(12)
9.4334(16)
16.5656(18)
82.946(9)
82.104(9)
77.117(8)
1255.1(3)
2
1.197
0.735
492.0
0.17 x 0.07 x 0.03
MoK (A =0.71073)
4.45 to 56.652
-11<h<11,-12<k<12,-22<
1<22
6237 [Rint = 0.0547, Rsigma =
0.0227]
6237/0/252
1.0064
R1=0.0283, wR2 = 0.0656
R1=0.0369, wR2 = 0.0703
0.32/-0.30



Table S2. Crystallographic data for 3 and (+)-4.

Compound
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

/A

o/°

p/°

v/°

V/As

V4

Peale g/cm3

p/ mm-t

F(000)

Crystal size/ mm?
Radiation

20 range for data collection/®
Index ranges

Independent reflections

Data/restraints/parameters
Goodness-of-fit on F?

R [I>=20 (I)] (R1, wR2)

R (all data) (R1, wR2)

Largest diff. peak/hole / (e A%)

** = Connectivity map only

3
C2sHuFeO2P2
496.41
170.0
Monoclinic
P21/c
18.7645(10)
8.6734(4)
16.7609(9)

90
100.195(2)

90
2684.8(2)

4
1.228
0.699
1072.0
0.15 x 0.04 x 0.02
MoK, (A =0.71073)
4.938 to 56.682
-25<h<25,-11<k<11,-22<
1<22
6700 [Rint = 0.0543, Rsigma =
0.0263]
6700/0/279
1.063
R1=0.0278, wR2 = 0.0682
R1=0.0320, wR2>=0.0714
0.49/-0.22

R1=2 | 1Fol-IFcl | /£ IFol; WR2 = [S(w(Fe? - F2)?) / & w(Fo)?]12
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()4
Cs1Hs2FeOP:
558.51
170.0
Triclinic
P-1
9.790(14)
10.43(2)
16.32(2)
84.54(8)
89.08(5)
67.93(5)
1537(4)
2

4%
4%
4%
4%
4%
4%

4%
4%

4%
4%
4%
4%

4%



Figure S36. Connectivity map of (+)-4. Protons omitted for clarity except on n>-CsMes—CH>—
PhCHO.
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Table S3. Crystallographic data for 6.

Compound
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

/A

o/°

p/°

v/°

V/As

V4

Peale g/cm3

p/ mm-t

F(000)

Crystal size/ mm?
Radiation

20 range for data collection/®
Index ranges

Independent reflections

Data/restraints/parameters
Goodness-of-fit on F?

R [I>=20 (I)] (R1, wR2)

R (all data) (R1, wR2)

Largest diff. peak/hole / (e A%)

6
Ca2HasBF1sFeN2P:2
99241
170.0
Orthorhombic
Pca?1
24.1488(9)
9.1691(4)
20.0496(6)

90
90
90
4439.4(3)

4
1.485
0.508
2032.0
0.15x 0.1 x0.02
MoK (A =0.71073)
3.989 to 56.728
-32<h<32,-12<k<12,-26 <
1<26
11077 [Rint = 0.0744, Rsigma =
0.0227]
11077/6/575
1.057
R1=0.0330, wR2 = 0.0759
R1=0.0434, wR2=0.0831
0.48/-0.40

R1=2 | 1Fol-IFcl | /£ IFol; WR2 = [S(w(Fe? - F2)?) / & w(Fo)?]12
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Computational Details:

All calculations were performed using version 5.0.3 of the ORCA computational package!® and
were run on the Graham cluster maintained by Compute Canada. All geometry optimizations
and frequency calculations were performed at the BP86-D3(BJ)/def2-TZVP level of theory.! The
RI approximation was used to enhance computational efficiency, along with the auxiliary basis
def2/]. 12 Convergence criteria were met using the defgrid2 integral grid size. Frequency
calculations (Freq) were performed to confirm that each optimized geometry was a true minimum
indicated by the absence of imaginary frequencies. Single-point calculations were performed at
the BP86-D3(B])/def2-TZVP level of theory on optimized geometries.

Accurate electronic energies were determined using CCSD(T) at the DLPNO-CCSD(T)/def2-
TZVP level of theory.'® The RIJCOSX approximation was used to enhance computational
efficiency, along with a def2/] auxiliary basis set.!* As well, a def2-TZVP/C auxiliary basis set was
used.!®

To obtain accurate thermochemical information, the final Gibbs free energies for each chemical
species were calculated using the following equation.

AGsolv = Eel(DLPNO—CCSD(T)) + AGcorrecz‘ion(DFT) + AGosolv(DFT).

Ea(DLPNO-CCSD(T)) is the final electronic energy from a DLPNO-CCSD(T)/def2-TZVP
calculation, AGeorrection(DFT) is the G-Ea (Gibbs free energy minus the electronic energy) from a
BP86-D3(BJ)/def2-TZVP calculation, and AG'«i(DFT) is the sum of AGene(CPCM Dielectric) and
AGcps(Free-energy(cav+disp)) from an SMD single point calculation.

Wiberg bond indices (WBIs) were calculated at the BP86-D3(B])/def2-TZVPP level of theory using
the Multiwfn program.!¢

NBOs were calculated using the NBO 7.0 program implemented with Gaussian 16, revision
C.01.2 The D3(BJ) dispersion correction was used along with the BP86 functional and the def2-
TZVPP basis set. NBOs were visualized in Avogadro.'
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Figure S37. NBOs showcasing the bonding between Fel and the two carbon atoms of the
exocyclic alkenyl fragment on the fulvene ligand of 2. Atomic contributions are in parentheses.

Fe (14%) Fe (49%)
C1 (12%) C1 (44%)
C2 (41%)
Table S4. Wiberg bond index (WBI) data from DFT calculations on 2.
Atom pair Wiberg bond index (WBI)
C1-C2 1.33
C2-C3 1.11
C3-C4 1.21
C4-C5 1.21
C5-C6 1.21
Co-C2 1.11
Fel-C1 0.70
Fel-C2 0.70
Fel-C3 0.60
Fel-C4 0.52
Fel-C5 0.52
Fel-C6 0.60
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Figure S38. Computationally-determined thermodynamics for deprotonation of either a methyl
group on a Cp*-ring or dnppe propyl arm. Energy calculated using DLPNO-CCSD(T).
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in-silico
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Grei=0kcalmol' G,y =- 2.3 kcal mol

The thermodynamics of generating the tucked-in complex 2 were examined. Specifically,
we were interested to see if it was more favourable to deprotonate one of the methyl
groups on the dnppe ligand (to generate a stable five-membered ferra(Il)cycle) or
deprotonate the Cp*(CHs) ligand. This investigation was prompted by a previous study,
where we observed such five-membered ferra(Il)cyclized products, speaking to their ease
of access.® Starting with [1]*, we found that deprotonation of the dnppe(CHs) arm was
tavoured by 2.3 kcal mol’, indicating that formation of 2 is likely a kinetic effect.
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