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Figure S1 Plots of the cyclic voltammograms (CV) data for complexes [1a-d] - [Sa-d] (CH,Cl,, 0.1 M

NBu4PFg, room temperature) vs ferrocene/ferricenium [E;,(Fc/Fc*) = 0 V] at a platinum working
electrode.
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Table S1. Summary of the *C{'H} NMR data (& / ppm) from complexes [1a-d] — [5a-d].

m p

o(Jer) | B 1 2 3 4 i o(Jep) m p dppe | Cp | Me | OMe | CMe; | CMe;z | Ref

1a | 1374 120.3 | 130.6 | 131.7 | 127.5 | 123.2 | 139.8, 134.7, 127.4, 129.2, 311 87.8 | 10.5 1
(t, 40Hz) 137.8 134.0 127.2 129.0

1b | 132.0 119.3 | 124.8 | 131.5 | 114.1 | 156.7 | 140.0, 134.7, 1274, 129.2, 31.2 87.7 | 10.5 | 549 2
(m) 138.2 134.4 127.2 128.9

1c | 165.9 125.1 | 137.7 | 129.7 | 124.0 | 141.8 | 138.3, 134.0, 127.6, 1294, 30.8 88.8 | 10.2 2
(t, 40Hz) 136.8 133.9 127.4 129.3

1d | 107.7 124.8 140.4, 134.9, 127.3, 128.9, 30.4 87.0 | 10.5 31.1 33.0 2
(m) 138.7 134.3 127.2 128.7

2a | 125.0 120.6 | 130.0 | 130.4 | 127.5 | 123.0 | 142.5, 133.9, 128.7, 129.3, 28.6 79.2 3
(t,41Hz) 138.2 1319 128.0 128.9

2b | 1329 119.7 | 123.1 | 131.3 | 113.1 | 1559 | 142.6, 133.9, 128.0, 129.2, 28.5 79.1 55.3
(m) 138.3 131.9 127.7 128.8

2¢c | 146.4 124.0 | 136.8 | 130.3 | 123.7 | 143.3 | 142.0, 133.8, 128.2, 129.7, 28.7 80.1 4
(m) 137.9 132.1 1279 129.1

2d | 95.0 - 144.0 134.7, 127.9, 129.2, 28.6 79.3 30.2 32.8 5
(t, 43Hz) 139.2 132.0 127.4 128.5
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3a | 1289 109.8 | 131.5 | 130.3 | 127.6 | 122.6 | 139.1, 133.9, 127.5, 129.0, 29.6 92.7 | 10.2 6
(m) 1371 133.4 127.3 1289
(t, 43 Hz)
3b | 1243 108.5 | 124.5 | 131.2 | 113.3 | 155.7 | 139.3, 133.9, 127.5, 128.9, 29.6 92.6 | 10.2 | 55.4 6
(t, 25Hz) 137.2 133.4 127.2 128.8
(t, 4.5 Hz) (t, 4.5 Hz)
3c | 1528 114.3 | 138.5 | 130.0 | 123.6 | 142.1 | 138.2, 133.5, 127.8, 129.4, 29.5 93.4 | 10.1 6
(t, 24Hz) 136.4 133.2 127.5 129.3
(t, 5.3 Hz) (t, 4.5Hz)
3d | 1005 116.4 139.7, 134.2, 127.4, 128.6 29.6 919 | 101 294 |328 |5
(t, 26Hz) 137.8 133.3 127.0
(t, 4.5 Hz) (t, 4.5 Hz)
43 | 116.1 111.7 | 1299 | 130.5 | 127.1 | 122.9 | 1424, 133.9, 127.8, 129.2, 28.0 82.4 7
137.0 131.5 127.6 128.8
4p | 112.0 1109 | 123.1 | 131.7 | 113.0 | 156.0 | 142.7, 134.1, 128.0, 129.4, 28.2 82.5 55.3
(t, 25Hz) 137.4 131.8 127.8 129.0
(t, 5.2 Hz) (t, 5.0 Hz)
4c | 1384 114.7 | 137.4 | 130.5 | 123.3 | 142.7 | 141.8, 131.6, 128.3, 129.8, 28.3 83.1 8
(t, 25Hz) 136.4 1339 128.0 129.3
(t, 5.2 Hz) (t, 4.6 Hz)
4d | 88.3 119.0 143.6, 134.5, 127.8, 129.0, 28.2 82.2 294 | 323
(t, 25Hz) 137.4 131.5 127.4 128.5
(t, 5.2 Hz) (t, 4.6 Hz)
5a | 1163 114.5 | 130.7 | 130.6 | 127.8 | 123.1 | 139.1 134.0 127.3 128.5 85.3 9
(t, 25Hz) (t, 20.4Hz) | (t 5.3 Hz) (t, 4.5 Hz)
5b | 111.8 113.3 | 1238 | 131.5 | 1134 | 156.0 | 139.1 134.01 127.3 128.5 85.2 55.4 10
(t, 25Hz) (t, 20.8 Hz) | (t,4.9 Hz) (t, 4.5 Hz)
5¢ | 139.1 117.6 | 137.7 | 130.5 | 123.8 | 142.8 | 138.6 133.8 127.5 128.8 85.8 11
(t, 25Hz) (t, 4.5 Hz) (t, 4.5 Hz)
5d | 864 120.3 139.6 134.1 127.0 128.2 85.2 302 |331 |5
(t, 25Hz) (t,4.5 Hz) (t,4.5 Hz)
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TH NMR, 31P, 13C{'H} and MS Spectra of complexes [1a-d] - [5a-d].
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Figure S3. The 'H NMR spectrum of [1a]. The inset shows an expansion of the aromatic region for clarity.
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Figure S4. The 3'P NMR spectrum of [1a].
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Figure S6. The ESI(+) mass spectrum of [1a].
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Figure S10. The ESI(+) mass spectrum of [1b].
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Figure S14. The ESI(+) mass spectrum of [1¢].
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Figure S20. The *'P NMR spectrum of [2a].

S30



2a GERN2SREEASNEETEEAIREY . he
YO RERARNARAAERARYALHS onfw @
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ - ~ ~ 161
5 53 R3INBUIEE AZR 8 U
8§ &7 RR45888F 14y 8 g
55 RREKERER ﬁ

135 130 125
Chemical shift / ppm

stk Slodoasseam _ [

T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
Chemical shift / ppm

Figure S21. The BC{'H} NMR spectrum of [2a]. The inset shows an expansion of the aromatic region for
clarity.

S31



VJK 2A
04062020 045 15 (0.300) 1: TOF MS ES+
- 621.1488 584
100
=
630.2062
622 1511 633.1405
’ 634.1449
635.1391
620.1406
I 636.1361
. I 623.1556
6191600 637.1142
617.1781 638.1000 649 1241 |
606.0989 | 1 ‘ ( 1:641.0471 ‘ 653.1412
o-lu ‘L L ygls }‘\. \‘“ \‘\II\ Yo .‘IF?WJ%ZFW. I \;Hw‘nhwl ‘IH\I ‘HL \‘.; MN\ ‘m\}\| by b \‘|| 4 m” ‘ll ] Ll Hui ‘\H‘ f ‘.‘l‘ L ‘L\ ‘Hmﬁw o \‘I\ NIRRT . \1‘\\ | H\Im.m‘h ; \I\‘I P ‘I‘ L miz
605 610 615 620 625 630 635 640 645 650 655 660

Figure S22. The ESI(+) mass spectrum of [2a].
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Figure S23. The "H NMR spectrum of [2b]. The inset shows an expansion of the aromatic region for clarity.
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Figure S24. The 3'P NMR spectrum of [2b].
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Figure S26. The ESI(+) mass spectrum of [2b].
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Figure S32. The 3'P NMR spectrum of [2d].
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Figure S36. The 3'P NMR spectrum of [3a].
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clarity.
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Figure S66. The ESI(+) mass spectrum of [4d].

S76



sa T S REELRERET: 8
e N N R S S S A S «
B LU R
& AanuLg 2388
~ [ApRpRpEpIT S
| AN TSN AN
T T T T T T
7.30 7.25 7.20 7.15 7.10 7.05
Chemical shift / ppm
|
=
| [ &)
1! *Q
|
| .
Nedin b4
T T T T T T T T T T T T T T T T T T T T T T T T T
120 115 1i0 105 100 95 9.0 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

Chemical shift / ppm

Figure S67. The "H NMR spectrum of [5a]. The inset shows an expansion of the aromatic region for clarity.

S77



50.39

140 120 100 80 60 40 20 0 -10 -30 -50 -70 -90
Chemical shift / ppm

Figure S68. The 3'P NMR spectrum of [5a].

S78



S6'9L
91 RWy
el

£E'58 —

ST
arer o
6Z'9TT W
Sp'91T
orezt
TELET N
bELET
LELLT
BLLET
TS8CT
S90ET
PLOET
96°EET
66'EET
EOFET
BL'BET
T6'BET
90'BET
6T'BET
EE'BET

S5a

CEPIT ~
<horT

6C°9TT M _
SHOTT ~7

OT'ect — -

3 ras
bELTT W

LE4TT - —
srr 4y -
TS'82T

SI0ET ~_

L 0ET =

96'EET
GEEET
E0PET

125 120 115
Chemical shift / ppm

130

135

-10

200 190 180 170 160 150 140 130 120 110 100 0 80 70 60 50 40 30 20 10
Chemical shift / ppm

210

Figure S69. The 3C{'H} NMR spectrum of [5a]. The inset shows an expansion of the aromatic region for

clarity.

S79



VJK 5A

100+

%

760

04062020_055 40 (0.847)

793.1721
792.1793
791 1859 795.1764
790.1760
796.1830
787.1900
|
797.1376
! | !
767.2354 774 3900 7812116 | ! |
797.3768 8065773  819.4132
il

765 770 775 780 785

790

795 800

805 810 815 820

829.1542

825

1: TOF MS ES+

830

149

|
83147122

m/z
2835

Figure S70. The ESI(+) mass spectrum of [Sa].

S80



5b

|

T T T T T
730 725 720 715 7.0 7.05 7.00 6.95
Chemical shift / ppm

1

@
-
-
T

.13‘1}\;

6.29

7.51
7.50
7.48
7.26
7.20
7.19
717
7.08
7.08
7.08

?_

6.72
6.70

<

*DCM

—4.30
—3.78

1.96 —=

5.00 ==

312 =

12,5 120 115 11.0 105 100 95 90 85 80 75 7.0

E 5.5
Chemical shift / ppm

45 4.0

Figure S71. The "H NMR spectrum of [5b]. The inset shows an expansion of the aromatic region for clarity.

S81



5b

50.33

200 180 160 140 120 100 80 60 40

Figure S72. The *'P NMR spectrum of [5b].

S82



BE'G5 —

56'9L
MLL W.
LELL

0c's8 —

Z9'TIT
6LTTT W
SE'TIT

GE'ETT

5b

Z9TIT
6LTIT
SETIT =
BEETT
ZFETT

mmmwl
bE (e /
LYET A
PSTET ~_
B86EET

TOFET Wv
FOFET

98°8ET
66'8ET
PIBET
LTBET

TFBET

—

140 135 130 125 120 115 110

145

Chemical shift / ppm

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
Chemical shift / ppm

210

Figure S73. The BC{'H} NMR spectrum of [5b]. The inset shows an expansion of the aromatic region for

clarity.

S83



VJK 5B
04062020 057 18 (0.372) 1: TOF MS ES+
100- 823 1849 s
i 822.1883
1 825.1827
0\07
821.1862
| 820.1915
826.1851
817.171
827.1810
! ! | ! ! |
799.0953 816.1702 828211y 8421573 856.1271 : !
879.7621
886.1741
0 \|\‘1 ‘(‘ o L IM‘\ g = Ll |\7'\“|”\‘H‘l'\i “”."”"‘E(\”‘”}' ‘I”‘I ‘H‘ Lo ““l il “ |‘“ ‘| |’7‘§4'? “1“7“6“‘0' ‘lu‘ﬂ “ |“‘ L il ‘u‘ iy I| bt | L ‘HN pld ‘I“ ki ‘ T m/Z
800 810 820 830 840 850 860 870 880 890

Figure S74. The ESI(+) mass spectrum of [Sb].
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Figure S77. The 3C{'H} NMR spectrum of [5¢]. The inset shows an expansion of the aromatic region for
clarity.
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Figure S78. The ESI(+) mass spectrum of [Sc].
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Figure S79. The "H NMR spectrum of [5d]. The inset shows an expansion of the aromatic region for clarity.
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Figure S81. The BC{'H} NMR spectrum of [5d].
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Figure S82. The ESI(+) mass spectrum of [5d].
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Table S2. X-ray Single-Crystal Experimental Details.

Structure code 1d 2d 3d 4d 5d
Crystal data
Chemical formula C42H48FCP2 C37H38F6P2 C42H48P2Ru C37H38P2Ru C47H44P2Ru
M, 670.59 600.46 715.81 645.68 771.83
Crystal system, space |Monoclinic, Cc | Triclinic, P 1 Monoclinic, P2; |[Monoclinic, Monoclinic,
group P2/c P2,/c
Temperature (K) 100 100 99 120 100
a, b, c(A) 8.3802 (1), 9.9070 (2), 8.7348 (2), 8.6680 (1), 10.7560 (1),

22.2533 (3), 12.3781 (3), 19.3206 (4), 18.5220 (2), 16.9328 (2),
19.4016 (3) 25.5901 (7) 10.6426 (2) 20.3518 (2) 20.8157 (2)
o, B,v(°) 90,90.318 (1), [91.779 (2), 90,96.473 (2), [90,98.041 (1), |90,93.991 (1),
90 91.683 (2), 90 90 90
101.312 (2)

V (A3) 3618.09 (9) 3073.65 (13) 1784.61 (6) 3235.33 (6) 3781.95 (7)
Z 4 4 2 4 4
Radiation type Cu Ka Mo Ko, Mo Ka. Cu Ko Mo Ka.

u (mm') 4.37 0.62 0.56 5.02 0.53
Crystal size (mm) 0.15 x 0.04 x 0.17 x 0.12 x 0.36 x 0.15 x 0.22 x 0.18 x 0.26 x 0.19 x

0.02 0.09 0.08 0.10 0.18
Data collection
Diffractometer Oxford Oxford Xcalibur, Ruby, |XtaLAB Oxford
Diffraction Diffraction Gemini ultra Synergy, Single |Diffraction
Gemini-R Ultra |Xcalibur-S source at Xcalibur-S
home/near,
HyPix
Absorption correction | Multi-scan Multi-scan Multi-scan Analytical Multi-scan
CrysAlis PRO CrysAlis PRO CrysAlis PRO CrysAlis PRO CrysAlis PRO
1.171.39.46 1.171.39.46 1.171.40.53 1.171.40.53 1.171.39.46
(Rigaku Oxford |(Rigaku Oxford [(Rigaku Oxford [(Rigaku Oxford |(Rigaku Oxford
Diffraction, Diffraction, Diffraction, Diffraction, Diffraction,
2018) 2018) 2019) 2019) 2018)

Tnins Tmax 0.915,1.0 0.926, 1.0 0.945, 1.000 0.822,0.912 0.949, 1.0
No. of measured, 15913, 4949, 65673, 20231, 55220, 8148, 160066, 6916, (43512, 12511,
independent and 4455 12908 7175 6215 10287
observed [/ > 26(])]
reflections
Rint 0.060 0.075 0.066 0.092 0.037
(sin 8/ )max (A1) 0.599 0.753 0.665 0.637 0.753
Refinement
R[F? > 2c(F?)], 0.045, 0.110, 0.057, 0.129, 0.037, 0.066, 0.038, 0.100, 0.036, 0.092,
wR(F?), S 1.00 1.00 1.08 1.09 1.00
No. of reflections 4949 20231 8148 6916 12511
No. of parameters 414 727 390 339 454
No. of restraints 2 0 1 15 0
Admaxs Mmin (€ A3) 0.45,-0.34 0.81, -0.49 1.16, -0.48 0.56, -0.90 0.88, -0.58
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Structure code 2a 2b 3c 4b
Crystal data
Chemical formula |CsoH;4FeP, C4oH36FeOP, C4H43NOyPoRu C4H360P,Ru
M, 620.45 650.48 780.80 695.70

Crystal system,
space group

Monoclinic, P2/c

Orthorhombic, Pbca

Monoclinic, P2,/c

Orthorhombic, Pbca

Temperature (K) 100 100 100 102

a,b,c(A) 39.5527 (15), 9.5048 9.4107 (1), 17.3043 (3), [12.8214(1),22.3082 (1), |[9.3194 (2), 17.5662 (4),
(4), 33.7838 (16) 39.0246 (6) 14.6199 (1) 39.2393 (13)

o, B,v(°) 90, 100.680 (4), 90 90, 90, 90 90, 113.563 (1), 90 90, 90, 90

Vv (A3) 12480.7 (9) 6354.98 (16) 3832.96 (5) 6423.7 (3)

z 16 8 4 8

Radiation type Cu Ko Cu Ko Cu Ko Cu Ko

p (mm-') 5.04 5.00 4.39 5.13

Crystal size (mm)

0.18 x 0.03 x 0.02

0.24 % 0.04 x 0.03

0.33 x 0.05 x 0.05

0.26 x 0.09 x 0.03

Data collection

Diffractometer Oxford Diffraction Oxford Diffraction Oxford Diffraction Xcalibur, Ruby, Gemini
Gemini-R Ultra Gemini-R Ultra Gemini-R Ultra ultra

Absorption Multi-scan Multi-scan Multi-scan Multi-scan

correction CrysAlis PRO CrysAlis PRO 1.171.39.46 | CrysAlis PRO 1.171.39.46 |CrysAlis PRO 1.171.39.46
1.171.39.46 (Rigaku (Rigaku Oxford (Rigaku Oxford (Rigaku Oxford
Oxford Diffraction, Diffraction, 2018) Diffraction, 2018) Diffraction, 2018)
2018)

Tnins Tmax 0.942, 1.0 0.705, 1.0 0.650, 1.0 0.871, 1.000

No. of measured,
independent and
observed [/ >

20(1)] reflections

64691, 22211, 12161

29925, 5666, 4162

38371, 6847, 5985

30269, 5711, 3779

Rine 0.153 0.103 0.039 0.119

(sin 6/ )max (A1) 10.599 0.598 0.598 0.598

Refinement

R[F? > 2c(F?)], 0.065, 0.151, 0.96 0.055, 0.144, 1.00 0.032, 0.089, 1.00 0.045, 0.091, 1.06
wR(F?), S

No. of reflections  |22211 5666 6847 5711

No. of parameters | 1513 398 456 398

No. of restraints 0 0 0 0

Admaxs Mmin (€ A3) 0.43,-0.45 0.90, -0.42 0.90, -0.33 0.69, -0.38

Computer programs employed for crystallographic work: CrysAlis PRO 1.171.39.46 (Rigaku Oxford
Diffraction, 2018), CrysAlis PRO 1.171.40.53 (Rigaku Oxford Diffraction, 2019), SHELXT2015/1,'2
Olex2.solve 1.3,'3 SHELXL2018/3 (Sheldrick, 2015), SHELXL 2018/3,'* X-SEED v. 4.0,'> Olex2 1.3'6
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Figure S83. Structure of 1d with anisotropic displacement parameters drawn at 50% probability. Colour
scheme is grey: Carbon, orange: Phosphorous and yellow: Iron. H-atoms have been removed for clarity.

Figure S84. Structure of 2a with anisotropic displacement parameters drawn at 50% probability. Colour
scheme is grey: Carbon, orange: Phosphorous and yellow: Iron. H-atoms have been removed for clarity.
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Figure S85. Structure of 2b with anisotropic displacement parameters drawn at 50% probability. Colour
scheme is red: Oxygen, grey: Carbon, orange: Phosphorous and Teal: Ruthenium. H-atoms have been
removed for clarity.

Figure S86. Structure of 2d with anisotropic displacement parameters drawn at 50% probability. Colour
scheme is grey: Carbon, orange: Phosphorous and yellow: Iron. H-atoms have been removed for clarity.
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Figure S87. Structure of 3¢ with anisotropic displacement parameters drawn at 50% probability. Colour
scheme is red: Oxygen, blue: Nitrogen, grey: Carbon, orange: Phosphorous and Teal: Ruthenium. H-atoms
have been removed for clarity.
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Figure S88. Structure of 3d with anisotropic displacement parameters drawn at 50% probability. Colour
scheme is grey: Carbon, orange: Phosphorous and teal: Ruthenium. H-atoms have been removed for clarity.

Figure S89. Structure of 4b with anisotropic displacement parameters drawn at 50% probability. Colour
scheme is red: Oxygen, grey: Carbon, orange: Phosphorous and Teal: Ruthenium. H-atoms have been
removed for clarity.
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Figure S90. Structure of 4d with anisotropic displacement parameters drawn at 50% probability. Colour
scheme grey: Carbon, orange: Phosphorous and Teal: Ruthenium. H-atoms and the disorder on the tert-butyl
and Cp ligand have been removed for clarity.

Figure S91. Structure of 5d with anisotropic displacement parameters drawn at 50% probability. Colour
scheme is grey: Carbon, orange: Phosphorous and Teal: Ruthenium. H-atoms have been removed for
clarity.
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