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NMR Spectra

(S1)

[Cp*Fe(2-endo-H-PCsPhs;H,)] (endo-3)
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Figure S1 'H NMR spectrum (400.13 MHz, 300 K, [Ds]THF) of [Cp*Fe(2-endo-H-PCsPh;H,)] (endo-3); *

[Ds]THF.
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Figure S2 3C{'H} NMR spectrum (100.61 MHz, 300 K, [Ds]THF) of [Cp*Fe(2-endo-H-PCsPhs;H»)] (endo-3); *

[Ds]THF.
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Figure S3 3'P{'H} NMR spectrum (161.98 MHz, 300 K, [Ds] THF) of [Cp*Fe(2-endo-H-PCsPhsH,)] (endo-3).
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Figure S4 3'P NMR spectrum (161.98 MHz, 300 K, [Ds]THF) of [Cp*Fe(2-endo-H-PCsPhsHs,)] (endo-3).
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[Cp*Fe(2-exo-H-PCsPh3H2)] (exo0-3)
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Figure S5 'H NMR spectrum (400.13 MHz, 300 K, [Ds]THF) of [Cp*Fe(2-exo-H-PCsPhsHy)] (exo-3); *

[Ds]THF.
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Figure S6 *C{'H} NMR spectrum (100.61 MHz, 300 K, [Ds]THF) of [Cp*Fe(2-exo-H-PCsPh;H,)] (exo0-3); *

[Ds]THF.
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Figure S7 *'P{'H} NMR spectrum (161.98 MHz, 300 K, [Ds]THF) of [Cp*Fe(2-exo-H-PCsPh;H,)] (exo0-3).
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Figure S8 'H NMR spectrum (400.13 MHz, 300 K, [Ds]THF) of [Cp*Fe(1-Me-PCsPh;H»)] (4); * [Ds]THF.
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Figure S9 '*C{'H} NMR spectrum (100.61 MHz, 300 K, [Ds]THF) of [Cp*Fe(1-Me-PCsPh;H>)] (4); * [Ds] THF.
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Figure S10 3'P{'H} NMR spectrum (161.98 MHz, 300 K, [Ds]THF) of [Cp*Fe(1-Me-PCsPhsH)] (4).

S5



[Cp*Fe(1-MesSi-PCsPhsH2)] (5)
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Figure S12 3C{'H} NMR spectrum (100.61 MHz, 300 K, [Ds]THF) of [Cp*Fe(1-MesSi-PCsPhsHy)] (5); *

[Ds]THF.
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Figure S13 >'P{'H} NMR spectrum (161.98 MHz, 300 K, [Ds]THF) of [Cp*Fe(1-Me;Si-PCsPhsH,)] (5).
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Figure S14 2Si DEPT NMR spectrum (79.49 MHz, 300 K, [Ds]THF) of [Cp*Fe(1-Me;Si-PCsPhsHa)] (5).
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[Cp*Fe(1-PPh2-PCsPhsH2)] (6)
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Figure S16 >C{'H} NMR spectrum (100.61 MHz, 300 K, [Ds]THF) of [Cp*Fe(1-PPh,-PCsPhsH,)] (6); *

[Dg]THF.
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Figure S17 3'P{'H} NMR spectrum (161.98 MHz, 300 K, [Ds]THF) of [Cp*Fe(1-PPh,-PCsPhsHs)] (6).
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Figure S18 3'P NMR spectrum (161.98 MHz, 300 K, [Ds]THF) of [Cp*Fe(1-PPh,-PCsPhsH,)] (6).
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2-benzo|d][1,3,2]dioxaborol-2-yl) (7)

[Cp*Fe(2-BCat-PCsPhsH:2)] (BCat
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Figure $20 *C{'H} NMR spectrum (100.61 MHz, 300 K, [Ds]THF) of [Cp*Fe(2-BCat-PCsPh;H,)] (7); *

[Ds]THF.
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Figure S21 *'P{'H} NMR spectrum (161.98 MHz, 300 K, [Ds]THF) of [Cp*Fe(2-BCat-PCsPhsH,)] (7); © minor
impurities.
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Figure S22 '"B{'H} NMR spectrum (128.38 MHz, 300 K, [Ds]THF) of [Cp*Fe(2-BCat-PCsPhs;H,)] (7). The large
background signal is caused by the borosilicate glass of the NMR tube.
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(S5) NMR Monitoring of the reaction of 1 with chlorocatecholborane
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Figure S23 3'P{'H} NMR Monitoring of the reaciton of 1 with chlorocatecholborane in [Ds]THF. * designates
unknown intermediates and ? and unidentified by-products formed below room temperature, o diphosphinine
complex [Cp*;Fe (u-{PCsPhsH»}2)], o presumably P—B functionalised complex [Cp*Fe(1-BCat-PCsPhsH>)]
(BCat = 2-benzo[d][1,3,2]dioxaborol-2-yl).
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(S3) UV-vis Spectra
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Figure S24 UV/vis spectrum of [Cp*Fe(2-endo-H-PCsPhs;H,)] (endo-3) in n-hexane.
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Figure S25 UV/vis spectrum of [Cp*Fe(2-exo-H-PCsPh3;H»)] (exo-3) in n-hexane.
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Figure S26 UV/vis spectrum of [Cp*Fe(1-Me-PCsPhsH,)] (4) in n-hexane.
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Figure S27. UV/vis spectrum of [Cp*Fe(1-MesSi-PCsPhsH)] (5) in n-hexane.
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Figure S28 UV/vis spectrum of [Cp*Fe(1-PPh,-PCsPhsH»)] (6) in n-hexane.
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Figure S29 UV/vis spectrum of [Cp*Fe(2-BCat-PCsPhsH»)] (7) in n-hexane.
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(S4)

X-ray crystallography

Table S1. Crystallographic data and structure refinement of endo-3, exo-3 and 4.

endo-3 €xo0-3 4
Empirical formula Cs3HssFeP Cs3HssFeP Cs4HssFeP
Formula weight / g-mol! 516.41 516.41 530.44
Temperature / K 123.0(1) 123.(1) 123.(1)
Crystal system monoclinic monoclinic monoclinic
Space group P2i/c P2i/c P2i/n
alA 10.6858(1) 8.5501(1) 9.89052(5)
b/ A 12.90255(8) 19.9687(3) 16.24733(7)
¢/ A 19.4099(2) 15.1620(2) 17.1954(1)
al° 90 90 90
p/r° 103.8168(8) 91.561(1) 99.3153(5)
y° 90 90 90
VA3 2598.69(4) 2587.71(5) 2587.71(5)
Z 4 4 4
Peale/ g e’ 1.320 1.326 1.292
g/ mm! 5.367 5.390 5.128
F(000) 1088.0 1088.0 1120.0
Crystal size / mm? 0.24 x 0.12 x 0.12 0.17 x0.11 x0.11 0.40 x 0.28 x 0.13
Radiation / A CuK, (A= 1.54184) CuK, (A= 1.54184)  CuK, (A= 1.54184)
20 range for data 8.304 — 147.364 7.322 — 133.446 7.534 —147.134

collection /°
Diffractometer

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]

Final R indexes [all data]

Largest diff. peak/hole / e
A3

Agilent Technologies
SuperNova
-12<h<13
-15<k<16
—-23<1<24

38029

5187 [Rine = 0.0286,
Rsigma = 0.0142]
5187/0/321

1.071

R;=0.0290, wR; =
0.0767
R;=0.0314, wRy =
0.0785

0.47/-0.44

Agilent Technologies
Gemini Ultra R
-10<h<9
—23<k<21
-18<1<17

16543

4548 [Rine = 0.0318,
Rsigma = 0.0270]
4548/0/321

1.074

R =0.0332, wRy =
0.0803
R;=0.0363, wRy =
0.0856

0.65/-0.40

Agilent Technologies

SuperNova
—12<h<12
—20<k<20
—-19<1<21

78382

5489 [Rine = 0.0357,
Rsigma = 0.0133]
5489/0/331

1.048

R, = 0.0291, wR, =
0.0765
R1=0.0302, wR, =
0.0774

0.45/-0.35
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Table S2 Crystallographic data and structure refinement of 5, 6 and 7.

5 6 7
Empirical formula C36H41F6PSi C45H42F€P2 C45H48BF605P
Formula weight / g-mol™! 588.60 700.57 766.46
Temperature / K 123.(1) 123.(1) 123.(1)
Crystal system orthorhombic monoclinic triclinic
Space group P212:24 P2/c P1
alA 10.6876(2) 20.8847(5) 11.4433(3)
b/A 16.4330(3) 8.5330(2) 12.5938(3)
clA 17.8191(3) 22.0647(5) 15.2161(5)
al® 90 90 99.662(3)
B° 90 116.708(3) 105.624(3)
y/° 90 90 108.818(3)
VA3 3129.5(1) 3512.6(2) 1919.3(1)
4 4 4 2
Peale/ g cn’! 1.249 1.325 1.326
1/ mm! 4871 4.536 3.910
F(000) 1248.0 1472.0 808.0
Crystal size / mm? 0.50 x 0.48 x 0.32 0.16 x 0.13 x 0.10 0.38 x0.35x0.18
Radiation / A CuK, (A=1.54184) CuK, (A=1.54184) CuK, (A=1.54184)
20 range for data 7.318 — 133.654 8.046 — 147.074 7.725 — 147.152

collection /°
Diffractometer

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e

A—}

Flack parameter

Agilent
Technologies
Gemini Ultra R
—12<h<8
-19<k<16
—-21<1<20

9237

5044 [Rine = 0.0352,
Rsigma = 0.0468]
5044/0/360

1.109

Ri1=0.0411, wR, =
0.1159

R, = 0.0428, wR, =
0.1177

0.38/-0.62

~0.005(5)

Agilent Technologies
SuperNova

—25<h<25
-10<k<10
—27<1<27

29452

6984 [Rin = 0.0329,
Riigma = 0.0252]
6984/0/438

1.105

R, = 0.0358, wR, =
0.0974

R, = 0.0396, wR, =
0.1037

0.44/-0.41

Agilent Technologies
SuperNova

—-13<h<14
-15<k<10
-18<1<18

14471

7382 [Rine = 0.0224,
Riigma = 0.0272]
7382/0/483

1.065

R, = 0.0337, wR, =
0.0904

R, = 0.0347, wR, =
0.0931

0.50/-0.35
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(S3)

DFT calculations

Table S3 Electronic energies, thermal and free enthalpies of the isomeric species 2, endo-3 and exo-3 calculated
at the BP86/def2-TZVP level.

2 endo-3 exo0-3
electronic energy £ / au —2883.41927769 —2883.43186157 —2883.43046884
relative electronic energy AE /
kcal mol! 7.9 0 0.9
thermal enthalpy H / au —2882.84216634 —2882.85329522 —2882.85102802

relative thermal enthalpy AH /

kcal mol!

total entropy S / au

298 K-S / kcal mol™

total free enthalpy G at 298 K/ au

relative free enthalpy AG at

298 K / kcal mol™!

7.0

0.09064251

56.88

—2882.93280885

59

0.08895247

55.82

—2882.94224769

1.4

0.09097113

57.09

—2882.94199915

0.2

Table S4 Electronic energies of the isomeric species 2, endo-3 and exo-3 obtained from single-point calculations
at the BP86/def2-QZVPP level on the BP86/def2-TZVP-optimized geometries.

2

endo-3

exo-3

Electronic energy E / au

Relative electronic energy
AE / kcal mol’!

—2883.5476119020

7.8

—2883.5599928575

0.8

—2883.5586834141

Cartesian Coordinates of endo-3 (optimized at the BP86/def2-TZVP level of theory)

NINONNNNNINMNTT

]

vwwuiohRFRPRWARWDRAND

.09995155189956
.00931386778806
.61130078127577
.70836909673193
.50588804601077
.86056519738851
.53192835703696
.78601883552313
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Cartesian Coordinates of ex0-3 (optimized at the BP86/def2-TZVP level of theory)
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Cartesian Coordinates of 2 (optimized at the BP86/def2-TZVP level of theory)
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(S6) Preparation and structural data of [Cp*Fe(1-Ph3;Sn-PCsPh;H»)] (8)

A suspension of triphenyltin chloride (15 mg, 0.04 mmol) in THF (1 mL) was slowly added to

a dark orange solution of 1 (39 mg, 0.04 mmol) in THF (1 mL) and stirred at room temperature

for 17 h. The resulting dark greenish brown mixture was dried in vacuo and the residue was

extracted with n-hexane (4 x 0.5 mL). The red brown extracts were combined and concentrated

to 2 mL. X-ray quality crystals of 8 were isolated as dark red rods after storage at room

temperature for two weeks. The yield was not determined and no further characterization was

performed, because the isolation of 8 as a pure compound was not successful.

Figure S30 Solid-state molecular structure of [Cp*Fe(1-Ph3Sn-PCsPh3H,)] (8). Displacement ellipsoids are drawn
at the 40% probability level. H-atoms are omitted for clarity.

Table S5 Selected bond lenghts [A] and angles [°] of [Cp*Fe(1-Ph;Sn-PCsPhsH,)] (8).

Fel—Cl1
Fel-C2
Fel-C3
Fel—C4
Fel-C5

2.170(2)
2.052(2)
2.084(3)
2.058(3)
2.133(2)

P1-C5
P1-Snl
C2-C1-P1
C1-C2-C3
C4-C3-C2

1.812(2)
2.5610(7)
121.8(2)
123.7(2)
120.1(2)
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Fel—Cp*(c)
P1-Cl1
C1—C2
C2—C3
C3—C4
C4-C5

1.700(1)
1.815(2)
1.411(4)
1.425(4)
1.424(3)
1.422(3)

C5-C4-C3 123.5(2)
C4-C5-P1 120.8(2)
C5-P1-Cl 94.3(1)
C1-P1-Snl 107.08(8)
C5-P1-Snl 104.21(8)

Table S6 Crystallographic data and structure refinement of [Cp*Fe(1-Ph3;Sn-PCsPhsH)] (8).

Empirical formula
Formula weight / g-mol’!
Temperature / K

Crystal system

Space group

alA

b/ A

clA

a/°

pr

y/°

VA3

Z

Peale/ g cm!

w/ mm!

F(000)

Crystal size / mm’
Radiation / A

20 range for data collection /°
Diffractometer

Index ranges

Reflections collected
Independent reflections

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

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A
Flack parameter

C51H47FGPSH
865.39

123.(1)

monoclinic

P21/C

13.8770(1)
20.7905(2)
14.6865(2)

90

105.530(1)

90

4082.50(8)

4

1.408

8.338

1776.0

0.44 x 0.26 x 0.13
CuK, (A =1.54184)
7.558 — 146.882
Agilent Technologies
SuperNova
—-17<h<15
—25<k<25
-17<1<18

24280

7980 [Rine = 0.0319,
Riigma = 0.0282]
7980/0/492

1.069

R;=0.0331, wR, =0.0898
R;=0.0348, wR, = 0.0912
1.40/-1.28
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