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1. Electrochemical data
Table S1 Redox potentials £y, for 2 and C.”

Compound  Eyp' Evl’ Eup° Eup’
2 -90 -33 551 666
C 56 138 - -

“ Potentials in mV vs. F¢*/Fc (Fc = ferrocene).

2. ESI-MS and NMR spectra of new compounds
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Fig. S1 HR-ESI-MS of a THF solution of 1. Inset: experimental (bottom) and
theoretical (top) isotopic distributions for 17
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Fig. S2 *H-NMR spectrum of 1 in DMSO-ds (600 MHz).
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Fig. S3 *C-NMR spectrum of 1 in DMSO-d, (125 MHz).
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Fig. S4 MALDI-TOF-mass spectrum of oligomer [BiFcBO,CsHgO2B], (positive
mode, dithranol matrix). The intensities in the 2250-4000 m/z range were multiplied by
a factor of 20. Inset: experimental (left) and theoretical (right) isotopic distributions for
[BiFcBO,CsHgO2B]. (n = 2).
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Fig. S5 HR-ESI-MS of a CHCI; solution of 2. Inset: experimental (bottom) and
theoretical (top) isotopic distributions for 2*.



Fig. S6 *H-NMR spectrum of 2 in DMSO-ds (600 MHz).
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Fig. S7 *H-NMR spectrum of 2 in CDCl; (600 MHz).
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Fig. S8 *C-NMR spectrum of 2 in CDCl; (125 MHz).



3. X-ray Crystallographic Data and Structure Data

Fig. S9 Expanded structures of 1 in the crystal of Form I. Hydrogen atoms are omitted
for clarity expect for the O-H hydrogen atoms (purple). Hydrogen bonds (bold dotted
lines) and O-H short contacts (dotted lines) are indicated. O-O distances (A): 0'-02*
2.7936(16); O'-022 3.491(2).
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Conformer A

Fig. S10 ORTEP drawing of molecular structure in the crystal of (1)s(THF), (Form I1)
with thermal ellipsoids set at the 50% probability level. Selected bond lengths (A) and
angles (deg): O1-B1 1.374(3), 02-B1 1.362(2), C5-B1 1.548(3), C8-C15 1.463(2),
03-B2 1.358(3), 04-B2 1.366(3), C18-B2 1.556(3), O5-B3 1.368(3), 06-B3 1.3675(19),
C25-B3 1.552(3), C28-C28" 1.461(3), O1-B1-C5 118.36(14), 02-B1-C5 124.28(19),
01-B1-02 117.36(18), 03-B2-C18 118.21(16), O4-B2-C18 124.41(18), 03-B2-O4
119.32(15), O5-B3-C25 124.37(14), 0O6-B3-C25 117.61(15), O5-B3-06 118.00(17).
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ConformerA

Fig. S11 Secondary structure composed of 1D (blue) and laminated stepwise
hydrogen-bonded networks in the crystal of (1)3(THF), (Form II). O-H hydrogen atoms
are purple except for those in the 1D network. C-H hydrogen atoms are omitted for
clarity. Hydrogen bonds are indicated as black dotted lines inside the first network
structure and green dotted lines between networks.
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4. DFT Calculations

Fig. S12 Optimised gas-phase structures of 1 (having a nearly eclipsed conformation)
and 1’ (having a more staggered conformation) calculated using a DFT method
(B3LYP/LanL2DZ (Fe atom) and 6-31G(d) (all other atoms) levels of theory).

Table S2 Coordinates of the optimised gas-phase geometries of 1 calculated using a
DFT method (B3LYP/LanL2DZ (Fe atom) and 6-31G(d) (all other atoms) levels of

theory).

Centre Atomic Coordinates (A)

Number Number X Y Z
1 26 2.446779 -0.916747 0.014398
2 8 3.416298 3.048487 1.1259
3 8 1.995404 2.933951 —-0.738079
4 6 3.510192 0.152976 —1.405925
5 6 4.139832 —1.105491 —1.180821
6 6 4.512267 —1.165895 0.196544
7 6 4.12114 0.057687 0.808709
8 6 3.497162 0.897996 —0.174145
9 6 1.517383 —2.309551 1.242756
10 6 0.902695 -1.031332 1.407246
11 6 0.368359 -0.617515 0.137222
12 6 0.684885 —1.65037 —0.805711
13 6 1.382107 —2.690378 —0.124967
14 5 2.92998 2.328831 0.066534
15 1 2.966738 3.906784 1.175162
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2.322372
—-1.860137
-0.575076
—1.244668
—-1.409137
—0.139431
0.803364
0.122777
—-2.013841
—2.324062
1.857563
0.572853
—-0.014834
—-1.121755
0.737557
1.406966
1.181957
—-0.195052
—-0.80706
0.175504
—-0.064936
-1.171322
1.32254
2.354962
1.91382
—-0.691606
—-1.851215
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Table S3 DFT-calculated molecular orbital compositions of 1 in the gas phase.

MO E eV Composition / %

Fe Cp B(OH),
115 0.71 83 10 7
114 0.58 73 24
113 0.5 92 1
112 0.25 55 44
111 0.18 77 3 20
110 -0.04 55 37 8
109 -0.09 55 33 12
108 (LUMO) -0.21 58 38 4
107 (HOMO) -4.99 81 19 0
106 -5.17 85 14 0
105 -5.18 87 13 0
104 -5.23 84 16 0
103 -5.79 22 78 0
102 -6.18 89 11 1
101 -6.2 91 8 1
100 -6.41 8 89 3
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Fig. S13 Optimised gas-phase structure of 2 calculated using a DFT method
(B3LYP/LanL2DZ (Fe atom) and 6-31G(d) (all other atoms) levels of theory). Selected
distances are also shown.

Table S4 Coordinates of the optimised gas-phase geometries of 2 calculated using a
DFT method (B3LYP/LanL2DZ (Fe atom) and 6-31G(d) (all other atoms) levels of

theory).
Centre Atomic Coordinates (A)
Number Number X Y Z

1 26 —4.116582 —2.677082 1.075091
2 26 5.745445 —1.864547 0.796647
3 8 —0.964255 —4.548559 —0.80859
4 8 —1.999886 —2.771657 -2.050177
5 8 1.86504 —2.252744 —0.007241
6 8 2.916677 -2.964731 —2.048157
7 6 —5.589408 —3.974328 0.377197
8 6 —4.822273 —4.622632 1.393752
9 6 —3.468037 —4.663302 0.959374
10 6 -3.371576 —4.033332 -0.330123
11 6 —4.701789 —3.606405 —0.674002
12 6 —4.619993 —0.648898 0.94973
13 6 -5.00664 —1.186652 2.223004
14 6 -3.842361 —1.678298 2.883229
15 6 —2.724628 —1.460342 2.022395
16 6 —3.203052 —0.832145 0.830619
17 6 0.269631 —4.355145 —1.496019
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Table S5 DFT-calculated molecular orbital compositions of 2 in the gas phase.

MO E eV Composition / %
Fe Cp BO,CsHsO,B

263 0.66 82 14 4
262 0.61 74 15 10
261 0.6 75 15 10
260 0.44 88 7 5
259 0.4 92 7 1
258 0.27 85 6 9
257 0.26 90 6 4
256 0.01 o7 41 2
255 0.01 58 41 2
254 -0.1 54 40 6
253 -0.11 55 39 6
252 -0.26 54 34 12
251 -0.27 53 34 13
250 -0.51 53 36 11
249 (LUMO) -0.51 52 36 12
248 (HOMO) -5.16 82 17 1
247 -5.17 82 17 1
246 -5.31 86 14 0
245 -5.31 86 14 0
244 -5.35 87 13 0
243 -5.35 87 13 0
242 -5.36 84 15 1
241 -5.37 84 15 1
240 -5.97 22 77 1
239 -5.97 22 77 0
238 -6.34 86 13 1
237 -6.34 86 13 1
236 -6.37 91 9 1
235 -6.37 91 9 1
234 -6.55 8 90 2
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Fig. S14 Optimised gas-phase structure of C calculated using a DFT method
(B3LYP/LanL2DZ (Fe atom) and 6-31G(d) (all other atoms) levels of theory). Selected

distances are also shown.

Table S6 Coordinates of the optimised gas-phase geometries of C calculated using a
DFT method (B3LYP/LanL2DZ (Fe atom) and 6-31G(d) (all other atoms) levels of

9.68 A

> Fe1

theory).

Centre Atomic Coordinates (A)

Number Number X Y Z
1 26 4.839096 0.000428 -0.00162
2 6 3.792115 -1.224795 -1.335937
3 6 3.983187 0.08572 -1.898258
4 6 5.377137 0.354477 -1.985985
5 6 6.075242 -0.786192 -1.480661
6 6 5.107003 -1.749514 -1.078853
7 6 3.793749 1.224163 1.335613
8 6 5.108227 1.749408 1.077479
9 6 6.077158 0.785728 1.476648
10 6 5.379865 -0.355689 1.981521
11 6 3.985783 -0.087062 1.895984
12 5 2.443008 1.908335 1.009537
13 8 1.275432 1.326887 1.438296
14 6 0.022448 1.995634 1.267225
15 6 0.000287 2.873419 0.001721
16 6 -1.241041 3.781153 -0.026977

21



17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

o O U1 00 OO OO OO 00 O O 00 O ©

N
»

P P P P P P P 2 0101 00 OO OO 0O OO OO OO OO O OO O

-2.450909
1.241034
2.451298
-0.021126
-1.273802
1.274133
0.020661
-0.000417
-0.022018
-1.275503
-2.442997
-3.793533
-3.985231
-4.83954
-5.379267
-6.076877
-5.108211
-3.792061
-5.107026
-6.075142
-5.376894
-3.982988
-2.451564
-1.24134
1.241003
2.450935
2.441824
-2.441749
3.19025
5.82851
7.148908
5.314945
5.315368
7.150689
5.831917
3.193315

22

3.087631
3.781987
3.088923
1.997124
1.328119
-1.330862
-1.997691
-2.873601
-1.995684
-1.328232
-1.908123
-1.223431
0.087843
0.000077
0.356531
-0.784876
-1.748642
1.224195
1.749226
0.785597
-0.355569
-0.086791
-3.087545
-3.781825
-3.781146
-3.086195
-1.908968
1.908326
0.767581
1.274002
-0.881623
-2.709686
2.710241
0.881615
-1.275573
-0.769587

-0.303875
0.03157
0.307582
-1.2648
-1.437303
-1.440077
-1.264935
0.001909
1.267354
1.44022
1.009421
1.335477
1.895843
-0.001228
1.982183
1.477797
1.078177
-1.336274
-1.080159
-1.481499
-1.98553
-1.897542
0.305407
0.032145
-0.026774
-0.29979
-1.007578
-1.008011
-2.175072
-2.335193
-1.381935
-0.625453
0.625092
1.376956
2.328885
2.172487



53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

e e e T T R e S e e N S N N L

-0.743744
-0.164
-1.104545
-1.368554
1.368162
1.103994
0.165492
0.745316
-0.168439
-0.744418
0.743309
0.166172
-3.192667
-5.830995
-7.150472
-5.315654
-5.315057
-7.148866
-5.828246
-3.190001
-1.367693
-1.105384
1.105948
1.367075

1.21794
2.617563
4.563728
4.284494
4.2867
4.563501
2.620079
1.219635
-2.620563
-1.218882
-1.217176
-2.617262
0.77033
1.27655
-0.880794
-2.709472
2.709825
0.881147
-1.275286
-0.769105
-4.288318
-4.561887
-4.561915
-4.286734

1.230737
2.154035
-0.788182
0.939073
-0.933836
0.79377
-2.150833
-1.228829
-2.150507
-1.228022
1.229864
2.154019
2.172173
2.329621
1.37879
0.62592
-0.627699
-1.383558
-2.334264
-2.17306
-0.932402
0.796017
-0.790114
0.938263

23



Table S7. DFT-calculated molecular orbital compositions of C in the gas phase.

MO E eV Composition / %
Fe Cp BO,CsHsO,B

172 0.6 92 5 3
171 0.59 87 10 3
170 0.51 69 17 14
169 0.51 83 9 8
168 -0.1 53 38 9
167 -0.11 52 38 10
166 -0.33 50 32 19
165 (LUMO) -0.34 49 31 20
164 (HOMO) -5.3 85 13 1
163 -5.3 85 13 1
162 -5.33 86 13 1
161 -5.33 86 13 1
160 -6.29 86 11 3
159 -6.3 86 11 3
158 -6.53 7 90 3
172 0.6 92 5 3

Table S8. Selected Fe---Fe distances, B---C(spiro)---B angles, torsion angles in the
fulvalenide moiety of 2 in the X-ray and DFT-optimized structures.

Fe---Fe B---C(spiro)---B  C10-C6-C21-C22  C7-C6-C21-C25

A (deg) (deg) (deg)
X-ray  11.733 130.45 9.00 11.61
DFT 12.19 134.20 21.74 22.03

“ Fe atoms located on the longer diagonal of the parallelogram.

C(spiro)
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Energy (eV)

HOMO-6 HOMO-7

Fig. S15 Selected molecular orbital contributions and energy diagrams for ferroceneboronic acid (A), 1, 2 and C in gas phase,
calculated using a DFT method (B3LYP/LanL2DZ (Fe atom) and 6-31G(d) (all other atoms) levels of theory) (isosurface values 0.02
au).
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