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Experimental

General procedures: All manipulations were carried out under argon atmosphere using standard
Schlenk techniques and gloveboxes. Benzene was dried with activated aluminium oxide, n-
pentane and n-hexane were obtained from a MBraun solvent purification systems (SPS). All other
solvents (Et,O, THF, toluene, benzene-ds, cyclohexane-d,) were distilled from a sodium-
potassium alloy and like the previous mentioned solvents subsequently degassed by three
freeze—pump-thaw cycles. Bis(germylene) A, BCls-addition product B, boradigermaallyl 1a, and
MeBBr,-SMe, were prepared according to literature procedures.” ? Further chemicals were
purchased commercially and used as received.

Elemental analysis: Elemental analysis was performed at the Institute of Inorganic Chemistry,
University of Tubingen using an elementar vario MICRO Cube.

NMR spectroscopy: NMR spectra were recorded with either a Bruker Avance Il HD 300 NanoBay
spectrometer equipped with a 5 mm BBFO probe head and operating at 300.13 ("H) and 96.29
("B) MHz, a Bruker Avance lI+ 400 spectrometer with a Quad Systems 5 mm BBFO probe head
operating at 400.11 ("H) and 100.61 ("*C) MHz, a Bruker Avance Ill HDX 600 spectrometer
equipped with a 5 mm Prodigy BBO cryo probe head operating at 600.13 ("H) and 150.90 (**C) or
a Bruker Avance Il HDX 700 NMR spectrometer equipped with a 5 mm TXI probe head operating
at 700.29 ('H) and 176.9 ("*C) MHz. Chemical shifts are reported in & values in ppm relative to
external SiMes ('H, 'C) or BFs;-OEt, (''B) referenced in most cases on the *H resonance
frequency of the solvent as follows: = = 25.145020 % for '*C, = = 32.083 974 % for "'B. The
multiplicity of the signals is indicated as s = singlet, d =doublet, t=triplet, sept = septet,
m = multiplet or br = broad/unresolved. For the assignment of proton and carbon signals detailed
analysis of 'H, "*C{'H}, '"H-"H COSY, 'H-"*C HSQC, "H-"*C HMBC, and "*C{'"H} DEPT 135 spectra
was done.

Cyclovoltammetry: Cyclovoltammetric measurements were performed with a Metrohm Autolab
PGStat100 potentiostat using a glassy carbon working electrode, a Pt-wire as counter electrode
and a silver-wire (freshly treated with agueous NaOCI solution, rinsed with dest water and dried
shortly prior to the experiment) as pseudo-reference electrode in 0.05M THF solutions of
[NBu,J[AL(OtBUF),]® in a custom-made electrochemical cell (1.5 mL sample volume, 1cm vial
diameter) kept within a glovebox. THF was freshly dried over LiAlH, and
vacuumtransferred/condensed. Due to great sensitivity and reactivity of the probed sample
application of internal reference systems such FeCp,/FeCp," remained unsuccesful.
Crystallography: X-ray data were collected with a Bruker Smart APEX Il diffractometer with
graphite-monochromated Mo-K, radiation. The programs used were Bruker’s APEX2 v2011.8-0,
including SAINT for data reduction, SADABS for absorption correction, and SHELXS for structure
solution, as well as the WinGX suite of programs version 1.70.01 or the GUI ShelXle, including
SHELXL for structure refinement. 4

UV/Vis Spectroscopy: Visible UV/Vis absorption spectra were recorded on PerkinElmer Lambda
35 spectrophotometer in gas tight 1 cm quartz cuvettes sealed with Teflon stoppers or Teflon
lined screw caps.



Synthesis

2: Bis(germylene) A (200 mg, 15.2 umol, 1.00 eq.)
is dissolved in n-pentane (15.0 mL). MeBBr;-SMe;
(37.6 mg, 15.2 umol, 1.00 eq.) is added to the
orange solution and the reaction mixture is stirred
for 2 h at RT. When the solution turns bright
yellow, the reaction is completed. If necessary,
some MeBBr;:SMe; can be added to achieve a
complete reaction. The solution is filtered and
concentrated to about half of the initial volume. After 30 min at RT small crystals begin to form,
if not, the solution needs to be further concentrated. The product 2 is obtained by fractional
crystallization over night at RT from n-pentane as pale yellow to colourless crystals (200 mg,
13.3 umol, 88%), which are suitable for X-ray crystal structure analysis. Analytical data: *H-
NMR (400.11MHz, CsDe): 6 [ppm] =-0.59 (s, 19—CHs), 0.20-2.00 (1H, 1-H, 17— CH3 + 18—CH3),
2.80-3.50 (17-H + 18-H), 6.4-7.4 (4-6—H, 11-H, 12—H, 15—H). signals could not be assigned, as
compound 2 is found to exist as two diastereomers (41:59). *'B{*H}-NMR (96.29MHz, C¢D¢): 6
[ppm] = 14.0 (br.s). Elemental analysis for CssH1130Ge2BBrz: 70.57% C (calc. 70.34%), 7.24% H
(calc. 7.58%).

1b: 2 (200.0 mg, 133 pmol, 1.00 eq.) is
dissolved in diethyl ether (10.0 mL). KCs (36.0
mg, 266 pumol, 2.00 eq.) is added to the pale-
yellow reaction solution at RT and the
reaction mixture is stirred for 30 min. The
solution first turns green and then intensely
blue. The solvent is removed, and the sample
is placed under dynamic vacuum for 4 hours.
The product is extracted with n-pentane and
graphite as well as KBr are filtered off. The product 1b is obtained by fractional crystallization
over night at -40 °C from n-pentane as blue crystals (147.0 mg, 109 umol, 82.2%). Crystals
suitable for X-ray crystal structure analysis can be obtained at -40 °C from n-pentane. Analytical
data: *H-NMR (400.11MHz, CsDs): 6 [ppm] = 0.51 (d, 12H, 3Jun = 6.7 Hz, 17—CH3), 0.57 (s, 3H,
19-CHs), 1.06 (d, 12H, 3Jun = 6.7 Hz, 17-CHs), 1.19-1.27 (m, 18H, 17—-CH3 + 1-H), 1.32-1.41 (m,
24H, 17— CHs+ 18—CHs + 18—CHs), 2.99 (sept, 4H, 3Jun= 6.9 Hz, 18—H), 3.04-3.16 (m, 8H, 17-H
+ 17-H), 6.50-6.59 (m, 2H, 5-H), 6.63 (dd, 2H, 3Jun = 7.5 Hz, “Jun = 1.3 Hz, 6-H), 6.79 (dd, 2H,
3Jun=7.5Hz, Jan=1.2 Hz, 4-H), 7.01 (d, 4H, 3Jun= 1.7 Hz, 15-H), 7.15-7.21 (m, 6H, 15—-H + 11—
H), 7.23-7.30 (m, 2H, 12—-H); B3C{*H}-NMR (100.61MHz, CsDs): 6 [ppm] = 6.0 (C19), 23.4 (17—
CHs), 23.8 (17—CHs), 25.0 (18—CHs), 25.1 (18—CHs), 26.9 (17—CHs), 27.4 (17-CH3+C1), 31.3
(C17),31.7 (C17), 35.2 (C18), 37.1 (C2), 121.5 (C15), 121.9 (C15), 124.5 (C5), 125.2 (C4), 127.9
(C11), 128.9 (C11), 131.1 (C12), 131.2 (C6), 133.1 (C3+C10), 136.0 (C7), 139.0 (C13), 147.1
(C14), 147.3 (C9), 148.9 (C14), 149.0 (C16), 149.4 (C10), 158.2 (C8); *B{*H}-NMR (96.29MHz,
CsDs): 6 [ppm] = 41.9 (br.s). Elemental analysis for CssH1130Ge;B: 78.79% C (calc. 78.71%),




8.17% H (calc. 8.48%). UV-vis (Et;0, ¢ = 0.149 mmol-L™): Amax /nm (g /L:‘mol™-cm™): 362
(6.0-103), 478 (3.3-103), 636 (8.7-103).

K[1a’]: B (50.0mg, 34.9 umol, 1.00 eq.) is dissolved
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of colour to dark blue. The solvent is removed, and
the sample is placed under dynamic vacuum for 4
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mL) and graphite and KCI are filtered off. The product is obtained by fractional crystallization
over several days at -40 °C from diethylether in the form of navy blue crystals (45.6 mg, 34.9
umol, 94.3%). Black-blue crystals suitable for X-ray crystal structure analysis can be obtained
at -40 °C from diethyl ether. Alternative synthesis: K[1a'] is as well accessible via reduction of
1a with KCsg (1 eq.) under identical reaction conditions, followed by the same workup as in the
main synthesis. Analytical data: cw-EPR (9.321653 GHz, Et,0): see EPR spectroscopy.
Elemental analysis for Cg7H1100Ge;BCIK: 75.01% C (calc. 74.51%), 7.76% H (calc. 7.91%). UV-vis
(Et20, ¢ = 0.029 mmol-L™"): A /am (g /L'mol™-cm™): 375 (2.5-103), 606 (2.4-103). The solution
magnetic susceptibility could not be evaluated using Evans Method, due to a very small peak
separation.

K[1b]: 2 (50.0 mg, 33.3 umol, 1.00 eq.) is
dissolved in diethyl ether (10.0 mL). KCs (13.5
mg, 99.8 umol, 3.00 eq.) is added to the pale-
yellow reaction solution and is stirred for 30 min
at RT. The solution first turns green followed by
a change of colour to dark blue. The solvent is
removed, and the sample is placed under
dynamic vacuum for 4 hours. The product is
extracted with n-pentane (2 mL) and graphite
and KBr are filtered off. The solvent is removed to obtain product K[1b’] (42.8 mg, 30.9 umol,
93.0%). Navy blue crystals suitable for X-ray crystal structure analysis can be obtained at -40
°C from diethyl ether. Alternative synthesis: K[1b'] is as well accessible via reduction of 1b with
KCs (1 eq.) under identical reaction conditions, followed by the same workup as in the main
synthesis. Analytical data: cw-EPR (9.321653 GHz, Et;0): see EPR spectroscopy. Elemental
analysis for CggH1130Ge2BK: 76.58% C (calc. 76.48%), 8.23% H (calc. 8.24%). UV-vis (Et20, c =
0.029 mmol-L™"): A /nm (g /L:‘mol™-cm™): 404 (2.9-103), 650 (3.6:103).




Kz[1a]: B (50.0mg, 34.9 umol, 1.00 eq.) is dissolved
in diethyl ether (10.0 mL). KCs (18.9mg, 139.0
umol, 4.00 eq.) is added to the pale-yellow
reaction solution and is stirred for 30 min at RT. The
solution first turns green, then dark blue and finally
dark green. The solvent is removed, and the
sample is placed under dynamic vacuum for 4
hours. The product K;[1a] is extracted with n-
pentane (2 mL) and graphite and KCI are filtered off. The product is obtained by fractional
crystallization over several days at -40 °C from n-pentane in the form of dark green crystals
(42.5 mg, 34.9 umol, 85.8%). Black-green crystals suitable for X-ray crystal structure analysis
can be obtained at —40 °C from n-pentane. Alternative synthesis: Kz[1a] is as well accessible
via reduction of 1a/K[1a’] with KCg (2/1 eq.) under identical reaction conditions, followed by
the same workup as in the main synthesis. Analytical data: *H-NMR (400.11MHz, CsD12): 6
[ppm] =0.30 (d, 12H, 3/uy=6.66 Hz, 17-CHs), 0.75 (d, 12H, 3Jun=0.76 Hz, 17—CHs), 0.98 (d, 12H,
3Jun = 6.78 Hz, 17—CH3), 1.16-1.33 (m, xH, 17—-CHs + 18—-CH3 + 1-H + 18—CHs), 2.83 (sept, 4H,
3Jun = 6.86 Hz, 18—H), 2.96-3.15 (m, 8H, 17—-H + 17-H), 6.27-6.42 (dd, 2H, 6-H), 6.50-6.57 (m,
2H, 5—-H), 6.62-6.68 (dd, 2H, 4-H), 6.76 (d, 4H, 3Jun= 1.65 Hz, 15-H), 6.85-6.93 (m, 8H, 11-H +
15-H), 7.02-7.11 (m, 2H, 12—H). 3C{*H}-NMR (100.61MHz, CeD12): & [ppm] = 22.9 (17—CHs),
24.1 (17—-CHs), 24.6 (18—CHs), 25.1 (18—CHs), 25.7 (17—CHs), 26.0 (17—CHs), 28.6 (C1), 30.9
(C17),31.7 (C17), 34.9 (C18),36.5 (C2), 117.9 (C6), 120.0 (C15), 122.9 (C5), 124.7 (C12), 129.9
(C11), 131.4 (C3), 132.9 (C4), 143.5 (C7), 145.4 (C9), 146.4 (C16), 149.1 (C10), 150.0 (C14),
150.1 (C14), 154.1 (C9), 154.3 (C8). MB{*H}-NMR (96.29MHz, CsD12): 57.0 (br.s). Elemental
analysis for Cs7H1100Ge2BCIK;: 72.61% C (calc. 72.49%), 7.66% H (calc. 7.69%). UV-vis (Et20, ¢
=0.028 mmol-L™): A /nm (g /L'mol™-cm™): 426 (13.3-103).

K2[1b]: GeBMeBr;Ge (50.0 mg, 33.3 umol,
1.00 eq.) is dissolved in diethyl ether (10.0
mL). KCs (18.00 mg, 133 umol, 4.00 eq.) is
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obtain product Kz[1b] (44.8 mg, 31.5 umol, 94.7%). Dark green crystals suitable for X-ray crystal
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well accessible via reduction of 1b/K[1b’] with KCs (2/1 eq.) under identical reaction

ipr



conditions, followed by the same workup as in the main synthesis. Analytical data: *H-NMR
(400.11MHz, C¢D12): 6 [ppm] = 0.31 (d, 12H, 3Jun = 6.6 Hz, 17-CHs), 0.78 (d, 12H, 3Jun = 6.7 Hz,
17—CHs), 0.84 (s, 3H, 19-H), 0.99 (d, 12H, 3/un = 6.8 Hz, 17—CHs), 1.17-1.25 (m, 30H, 17-CHs +
18—CHs + C1), 1.30 (d, 12H, 3Jun = 6.9 Hz, 18—CHs), 2.83 (sept, 4H, 3Jun = 6.9 Hz, 18—H), 2.96-
3.14 (m, 8H, 17-H + 17—-H), 6.30-6.4 (dd, 2H, 3/un = 0.7 Hz, “Juu= 7.3 Hz, 6-H), 6.44-6.52 (m, 2H,
5—H), 6.54-6.59 (dd, 2H, 3Jun= 1.2 Hz, “un = 7.4 Hz, 4-H), 6.76 (d, 4H, 3/ = 1.6 Hz, 15-H), 6.88
(d, 4H, 3Jun = 1.6 Hz, 15-H), 6.92 (d, 4H, 3Jun = 7.5 Hz, 11-H), 7.05-7.10 (m, 2H, 12—H). 13C{*H}-
NMR (100.61MHz, CéD12): & [ppm] =11.8 (C19), 23.1 (17—-CH3), 23.8 (17—CHs), 24.5 (18—CHs),
25.2 (18-CHs), 25.8 (17—CHs), 26.1 (17—CHs), 28.5 (C1), 31.0 (C17), 31.7 (C17), 34.9 (C18), 36.4
(C2), 116.9 (C4), 119.9 (C15), 120.0 (C15), 122.8 (C5), 124.4 (C12), 129.7 (C11), 131.4 (C3),
132.6 (C6), 143.5 (C7), 145.6 (C13), 146.2 (C16), 149.1 (C14), 149.3 (C10), 150.1 (C14), 154.1
(C8), 155.7 (C9). B{*H}-NMR (96.29MHz, CgD12): 55.5 (br.s). Elemental analysis for
CssH1130Ge2BK,: 74.22% C (berechnet 74.38%), 7.86% H (berechnet 8.01%). UV-vis (Et;0, c =
0.028 mmol-L™"): A /nm (g /L:‘mol™-cm™): 343 (2.9-103), 650 (1.4-103).



Crystal structure determination

Table SI1. Data of crystal structure determinations.

2 1b K[1a'] K[1a] K[1b]
empirical formula CasH113Ge,0BBr,  CegH133Ge203B CosH130BClGe2KOs  Co7H134Ge20BCIK2  CssH113Ge20BK2
M [g/mol] 1502.59 1491.01 1550.52 1585.67 1420.97
TIK] 100(2) 150(2) 100(2) 120(2) 100(2)

A [A] 0.71073 0.71073 0.71073 0.71073 0.71073
crystal system triclinic triclinic monoclinic triclinic triclinic
space group P1 P1 P24/n P1 P1
z 2 2 4 2 2
a[A] 13.9201(3) 14.16(3) 13.9575(3) 15.3084(4) 12.4223(3)
b [A] 14.5139(3) 15.57(3) 24.6291(4) 15.6697(4) 13.6169(3)
c[A] 22.3865(5) 23.12(4) 25.5330(5) 20.0999(5) 26.2587(6)
al’] 82.6770(10) 95.88(10) 90 80.7170(10) 93.5190(10)
Bl 71.9370(10) 106.07(13) 98.9240(10) 86.3170(10) 98.1790 (10)
v 65.7300(15) 111.83(10) 90 72.3980(10) 116.4050(16)
VA 3919.92(15) 4424(14) 8671.0(3) 4535.0(2) 3898.77(16)
D¢ [g/cm?3] 1.273 1.119 1.188 1.161 1.210
U [mm1] 1.831 0.726 0.820 0.828 0.922
F(000) 1576 1604 3316 1696 1512

. 0.28 x 0.27x 0.32x0.30 x 0.32x0.27 x 0.33x0.31x
crystal size [mm] 0.25 0.29 0.33x0.31x0.29 0.25 0.29
0 range [°] 1.539 -28.995 1.595 -28.850 1.569 - 29.512 2.234-28.344 1.583 -26.372

-18<h<18 -18<h<19 -16<sh<19 -20<h<20 -15<h<15
limiting indices -19<k<19 -21<k<21 -34<k<34 -20<k<20 -17<k<17

-30<1<30 -29<1<31 -35<1<30 -24<1<26 -32<1<32
reflections collected 130134 131330 180203 189066 132491
LZ:ZFC’EZ::M 20509 22867 23971 22161 15918
Rint 0.0321 0.0583 0.0352 0.0342 0.0219
Completeness [%] 99.6 99.6 99.1 99.6 99.6
absorption . . . . .
correction multi-scan multi-scan multi-scan multi-scan multi-scan
max., min.

transmission
parameter/restraints
R1, wR2 [I > 20(/)]

R1, wR: (all data)
GooF on F?

peak / hole [e-A3]
CCDC

0.6449/0.9799

888 /0

0.0249, 0.0604
0.0315, 0.0626
1.004
0.458,-0.328
2504374

0.6591/0.9799

998/115
0.0467,0.1112
0.0731,0.1231
1.077

1.575, -0.697
2504371

0.6707/0.7459

1057/452
0.0563, 0.1363
0.0744,0.1460
1.063
1.310,-1.965
2504372

0.7081/0.9799

1067/495
0.0392,0.1017
0.0529, 0.1091
1.026

1.069, -0.981
2504370

0.6979/0.9799

893/0

0.0786, 0.1826
0.0805, 0.1835
1.291
0.545,-2.558
2504373




NMR spectroscopy

NMR spectra of compound 2.
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Figure SI1. "H NMR of compound 2.

Current Data Parameters
NAME  SC804_400_Vollcharakterisierung
EXPNO 141

PROCNO 1

F2 - Acquisition Parameters
Date_ 20250521
Time 20.07
INSTRUM spect
PROBHD 5mm X,F/HFB
PULPROG zg30

TD 52656
SOLVENT CeD6

NS 32

DS 0

SWH 8305.647 Hz
FIDRES 0.157734 Hz
AQ 3.1698911 sec
RG .

DwW 60.200 usec
DE 6.00 usec

TE 299.2 K

D1 1.00000000 sec
TDO 1

P1 12.50 usec
PL1 -1.50 dB
PL1W 11.35402870 W
SFO1 400.1120007 MHz
F2 - Processing parameters
Sl 65536

SF 400.1099962 MHz
wWDwW EM

SSB 0

LB 0Hz

GB 0

PC 1.00

* impurity

o GiDs

* diethylether



Current Data Parameters

P e i IR Bar B BV BB DA i Bk e W V- W N NAME  SC604_400_Vollcharakterisierung
DI I T T T T T TOONOOONNNNNNNNNNNNT TS === O EXPNO 143
‘—FFF‘—‘—FF‘—‘—‘—‘—F‘—‘—‘—‘—‘—‘—‘—‘—‘—:;—)‘1—:—:—:—0\)_:‘\1_:2:\101:2:2 PROCNO 1
I—‘ﬁ:%%ﬁ\m\\\\'\//% F2 - Acquisition Parameters
@] Date_ 20250522
Time 2.08
INSTRUM spect
PROBHD 5 mm X,F/HF B
PULPROG udeft
TD 22218
~ SOLVENT CeD8
@ GDs DS 0
SWH 30864.197 Hz
FIDRES 1.389153 Hz
AQ 0.3599316 sec
RG 32800
DW 16.200 usec
DE 6.00 usec
TE 2082 K
D1 3.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
D20 100.00000000 sec
TDO 1
======== CHANNEL f{ ========
NUC1 13C
P1 14.40 usec
P13 2000.00 usec
P26 500.00 usec
PL1 -5.80 dB
PL1W 117.26847076 W
SFO1 100.6198135 MHz
SPe -0.91dB
SP13 1.39dB
SPNAM[8] Crp60,0.5,20.1
SPNAM[13 Crp60comp.4
SPOALS 0.500
SPOAL13 0.500
SPOFFS8 0Hz
SPOFFS13 0Hz
======== CHANNEL 2 ========
CPDPRG[2 waltz16
NUC2 1H
PCPD2 90.00 usec
PL2 -1.50 dB
PL12 15.65 dB
PL2W 11.35402870 W
PL12W 0.21885175 W
SFO2 400.1120007 MHz
F2 - Processing parameters
Sl 131072
l “ L SF 100.6077007 MHz
| \ WDW EM
SSB 0
LB 200 Hz
T T T T T T T T 1 GB 0
160 140 120 100 80 60 40 20 ppm PC 1.40

Figure SI2. *C{"H} NMR of compound 2.
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Current Data Parameters

[Te) NAME  SC604_400_Vollcharakterisierung

Q EXPNO 142

© PROCNO 1
F2 - Acquisition Parameters
Date_ 20250521
Time 20.11
INSTRUM spect
PROBHD 5mm X,F/HF B
PULPROG zgig30
TD 8192
SOLVENT C6D6
NS
DS 0
SWH 64102.562 Hz
FIDRES 7.825020 Hz
AQ 0.0638976 sec
RG 2050
DwW 7.800 usec
DE 6.00 usec
TE 299.2 K
D1 0.10000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL {1 ========
NUC1 11B
P1 15.00 usec
PL1 -3.00dB
SFO1 128.3711884 MHz
======== CHANNEL {2 ========
CPDPRG[2 waltz16
NUC2 1H
PCPD2 90.00 usec
PL2 -1.50dB
PL12 15.65 dB
PL2W 11.35402870 W
PL12W 0.21885175 W
SFO2 400.1108002 MHz
F2 - Processing parameters
Sl 8192
SF 128.3711880 MHz
WDW EM
SS8B 0
LB 50.00 Hz
GB 0
PC 1.40

T T T T T T T T T
200.0 150.0 100.0 50.0 0.0 -50.0 -100.0 -150.0 -200.0 ppm

Figure SI3. "'B{'"H} NMR of compound 2.



NMR spectra of compound 1b.
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Figure Sl4. "H NMR of compound 1b.

Current Data Parameters
NAME SC342_400_Nachtmessung

EXPNO 30
PROCNO 1

F2 - Acquisition Parameters
Date_ 20250402
Time 16.29
INSTRUM spect
PROBHD 5 mm X,F/HF B
PULPROG zg30

TD 52656
SOLVENT CeD6

NS 16

Ds 0

SWH 8305.647 Hz
FIDRES 0.157734 Hz
AQ 3.1698911 sec
RG 161

DW 60.200 usec
DE 6.00 usec

TE :

D1 1.00000000 sec
TDO 1
===z===== CHANNEL f{ ========
NUC1 1H

P1 12.50 usec
PL1 -1.50dB

PL1W 11.35402870 W
SFO1 400.1120007 MHz

F2 - Processing parameters
Si 65536

SF 400.1099987 MHz
WDW EM

888 0
LB 1.00 Hz
GB 0

PC 1.00

o diethylether
* impurity
o C,Dyg
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Figure SI5. "*C{"H} NMR of compound 1b.

Current Data Parameters
NAME  SC342_400_Nachtmessung
EXPNO 41

PROCNO 1

F2 - Acquisition Parameters
Date_ 20250405
Time 2.02
INSTRUM spect
PROBHD 5mm X,F/H,FB
PULPROG udeft
TD 22218
SOLVENT C6D6
NS 5700

DS 0

SWH 30864.197 Hz
FIDRES 1.389153 Hz
AQ 0.3599316 sec
RG 32800

DW 16.200 usec
DE 6.00 usec
TE 2002 K

D1 3.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec

D20 100.00000000 sec

P1 14.40 usec
P13 2000.00 usec
P26 500.00 usec
PL1 -5.90 dB

PL1W  117.26847076 W
SFO1 100.6198135 MHz
SP8 -0.91 dB

SP13 1.38 dB
SPNAM[8] Crp60,0.5,20.1
SPNAM[13 Crp80comp.4

SPOALS 0.500
SPOAL13 0.500
SPOFFS8 0 Hz
SPOFFS13 0 Hz

EPDPRG[Z \;v&\tz‘lﬁ

NUC2

PCPD2 90.00 usec
PL2 -1.60dB
PL12 15.65 dB

PL2W 11.35402870 W
PL12W 0.21885175 W
SFO2 400.1120007 MHz

F2 - Processing parameters

Sl 131072

SF 100.6076441 MHz
WDwW EM

SsB 0

LB 2.00 Hz

GB 0

PC 1.40
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Current Data Parameters
NAME  SC342_400_Nachtmessung

©

< EXPNO 43

<« PROCNO 1
F2 - Acquisition Parameters
Date_ 20250405
Time 2.1
INSTRUM spect
PROBHD 5 mm X,F/HF B
PULPROG zg30
TD 8192
SOLVENT CceD6
NS 1024
DS 0
SWH 64102.562 Hz
FIDRES 7.825020 Hz
AQ 0.0638976 sec
RG 50
Dw 7.800 usec
DE 6.00 usec
TE 299.2 K
D1 0.10000000 sec
TDO 1
======== CHANNEL 1 ========
NUCA 11B
P1 16.00 usec
PL1 -3.00 dB
SFO1 128.3711887 MHz
F2 - Processing parameters
Sl 8192
SF 128.3711880 MHz
wDw EM
55B 0
LB 50.00 Hz
GB 0
PC 1.40

I I T I I I I T T ]
200.0 150.0 100.0 50.0 0.0 -50.0 -100.0 -150.0 -200.0 ppm

Figure S16. ""B{"H} NMR of compound 1b.
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NMR spectra of compound Ky[1a].

Current Data Parameters
NAME  SC510_400_Nachimessung

DI~ OO O©T T DREVLOINLONGS VOVOITNDVNOTOD  EXPNO 10
00 M PO WWWwLw Mo OO O OWK N0 OONANANNDIENSM~ON PROCNO 1
DWW ODOOOOOOooo OO MONNNANN T T T - 000000

F2 - Acquisition Parameters

/
|
J
|

Date_ 20250412
Time 7.30
INSTRUM spect
PROBHD 5 mm X,F/HF B
PULPROG 2930
D 52656
SOLVENT ceD12

N 16

DS 0

SWH 8305.647 Hz
FIDRES 0.157734 Hz
AQ 3.1688911 sec
RG 64

DW 60.200 usec
DE 6.00 usec
TE 299.2 K

D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H

P1 12.50 usec
PL1 -1.50 dB
PLIW 11.35402870 W

SFO1 400.1120007 MHz

F2 - Processing parameters

| 65536
SF 400.1100184 MHz
WwDwW EM
SSB 0
LB Q Hz
GB 0
PC 1.00
5 = n-pentane
* + Impurity
: NNy = ePe
b
=[O N =] WO o |0 [ard | S -
N|co| NN N @ | g ge ‘(\_l
e T T
7.0 6.0 5.0 4.0 3.0 2.0 1.0 ppm

Figure SI7. "H NMR of compound K;[1a].
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Figure SI8. "*C{'"H} NMR of compound K;[1a].
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Current Data Parameters
NAME SC510_400_Nachtmessung
EXPNO 13

PROCNO 1

F2 - Acquisition Parameters
Date_ 20250412
Time 2.08
INSTRUM spect
PROBHD 5 mm X,F/H,F B
PULPROG udeft

TD 22218
SOLVENT CceD12
NS 5700

DS 0

SWH 30864.197 Hz
FIDRES 1.389153 Hz
AQ 0.3599316 sec
RG 32800

Dw 16.200 usec
DE 6.00 usec
TE 299.2K

D1 3.00000000 sec
D11 0.03000000 sec

D12 0.00002000 sec
D20 100.00000000 sec

TDO 1

======== CHANNEL f1 ========
NUC1 13

P1 14.40 usec

P13 2000.00 usec

P26 500.00 usec

PL1 -5.90 dB

PLIW  117.26847076 W
SFO1 100.6198135 MHz
SP8 -0.91 dB

SP13 1.39dB
SPNAM[8] Crp60,0.5,20.1
SPNAM[13 Crp60comp.4

SPOALS 0.500
SPOAL13 0.500
SPOFFS8 OHz
SPOFFS13 OHz

CPDPRG[2 waltz16

NUC2 1H
PCPD2 90.00 usec
PL2 -1.50 dB
PL12 15.65 dB

PL2W 11.35402870 W
PL12W 0.21885175 W
SFO2 400.1120007 MHz
F2 - Processing parameters
Sl 131072

SF 100.6076460 MHz
WDW EM

SSB 0
LB 2.00 Hz
GB 0

PC 1.40
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Current Data Parameters

g NAME 5C510_400_Nachtmessung
< EXPNQ 12
B PROCNC 1
F2 - Acquisition Parameters
Date 20250411
Time 20.11
INSTRUM spect
PROBHD 5 mm X,F/H,F B
PULPROG zgbsig
TD 8192
SOLVENT CeDlz2
NS 1024
L5 0
3wH 64102.562 Hz
FIDRES 7.825020 Hz
AQ 0.0638976 sec
RG 2050
LW 7.800 usec
DE 6.00 usec
TE 299.2 K
Ll 0.10000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f] ========
NUC1 11B
Pl 15.00 usec
pz 30.00 usec
PL1 -3.00 dB
5F01 128.3711887 MHz
CPDPRG [
NUC2 1H
PCPD2 90.00 usec
\‘ PL2 -1.50 dB
PL12 15.65 dB
PL2W 11.35402870 W
PL12W 0.21885175 W
SFO2 400.1108002 MHz
F2 - Processing parameters
51 z
3F 128.3711880 MHz
WDW
"\ 5SB 0
LH LB 100.00 Hz
Mty pab oz 0
PC 1.40
T T T T T T T T T
200.0 150.0 100.0 50.0 0.0 -50.0 -100.0 -150.0 -200.0 ppm

Figure SI19. ""B{"H} NMR of compound K;[1a].



NMR spectra of compound K;[1b].

|
|

o

Current Data Parameters
NAME  SC491_400_Nachtmessung
(]

EXPNO 2
PROCNQC 1

F2 - Acquisition Parameters
Date_ 20250520
Time 15.37
INSTRUM spect
PRCBHD 5 mm XF/HF B
PULPROG zg30

TD 52656
SOLVENT CeD12

N 16

DS 0

SWH 8305.647 Hz
FIDRES 0.157734 Hz
AQ 3.1698911 sec
RG 144

DWW 60.200 usec
DE 6.00 usec

TE 299,

D1 1.00000000 sec
TDO 1
======== CHANNEL f1 ========
NUC 1H

P1 12.50 usec
PL1 -1.50 dB
PLIW 11.35402870 W
SFO1 400.1120007 MHz

F2 - Processing parameters.
Sl 65536

SF 400.1100184 MHz
WDW M

wlwo/=|nlaw|o (= ofw[w/e|aa) (o
SRR a||le BRI GRS
ON| =T F | F N NN co|(=r NN O(M (N N
Nldl =l =l =
T T T T T T T T
7.0 6.0 5.0 4.0 3.0 20 1.0 ppm

Figure SI110. "H NMR of compound K;[1b].

* impurity
o n-pentane
e CsD12

* diethyl ether
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Current Data Parameters

Rl D) S b E i B b= TOONONOROYINCORNB® NAME ~SC491_400_Nachtmessung
NMWLITIITTTOTNNNN— — ©W S~ — 0N OO QO OOOLWLWS O EXPNO 24
T T T T T T T T T T T T T e e OOMONONNNNNNNNNNNN PROCNO 1
\\\\/ f// \\ / \ /‘ 'V/ F2 - Acquisition Parameters
Q Date_ 20250521
Time 2.01
INSTRUM spect
PULPROG . ueh ©
. ude
= n-pentane ™ 22218
1 1 SOLVENT C6D12
= impurity NS 5700
DS 0
o CGD12 SWH 30864.197 Hz
FIDRES 1.389153 Hz
AQ 0.3599316 sec
RG
Dw 16.200 usec
DE 6.00 usec
TE 289.2K
D1 3.00000000 sec
D11 0.03000000 sec
D12 0.00002000 sec
D20 100.00000000 sec
TDO 1
======== CHANNEL {1 ========
NUC1 13C
P1 14.40 usec
P13 2000.00 usec
P26 500.00 usec
PL1 -5.90 dB
PL1W 117.26847076 W
SFO1 100.6198135 MHz
SP8 -0.91 dB
SP13 139dB
SPNAM|[8] Crp60,0.5,20.1
SPNAM[13 Crp60comp.4
SPOALS8 0.500
SPOAL13 0.500
SPOFFS38 0 Hz
SPOFFS13 0 Hz
======== CHANNEL 2 ========
- CPDPRG[2 waltz16
NUC2 1H
PCPD2 90.00 usec
PL2 -1.50dB
PL12 15.65 dB
PL2W 11.35402870 W
PL12W 0.21885175 W
0. SFO2 400.1120007 MHz
F2 - Processing parameters
Sl 131072
\ [ \ ‘ . 11.82 SF 100.6076459 MHz
) | " WDW EM
AP Y v Wikt Pt . SSB 0
\ \ T \ I \ \ \ | LB 2.00 Hz
GB 0
160 140 120 100 80 60 40 20 ppm PC 1.40

Figure SI11. "*C{"H} NMR of compound K;[1b].
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Current Data Parameters

Ioe) NAME SC510 400 Nachtmessung
[te] EXPNO - T 1
3 PROCNO 1
F2 - Acquisition Parameters
Date 20240206
Time 11.19
TINSTRUM spect
PROEHD 5 mm X,F/H,F B
PULPRCG zgig30
TD 8192
SOLVENT CeDl12
NS 1024
DS 0
SWH 64102.562 Hz
FIDRES 7.825020 Hz
AQ 0.0638976 sec
RG 1820
oW 7.800 usec
DE 6.00 usec
TE 299.2 K
Dl 0.10000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 ==
11B
15.00 usec
-3.00 dB
128.3711880 MHz
CHANNEL f2 ==
waltzle
1H
90.00 usec
-1.50 dBe
15.65 dB
11.35402870 W
0.21885175 W
400.1108002 MHz
F2 - Processing parameters
s8I 8192
SF 128.3711880 MHz
WDW EM
SSB 0
1B 50.00 Hz
GB 0
PC 1.40
T T I T T I I I I
200.0 150.0 100.0 50.0 0.0 500 -100.0 -150.0 -200.0 ppm

Figure SI12. "B{'"H} NMR of compound Kz[1b].
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Comparison of the "B NMR chemical shifts of 1a and 1a?.

The observation that the "B NMR chemical shift of the Ge-B-Ge heteroallyl dianion 1a*, 5(''B) 57.0 ppm, features a boron atom less shielded than the
neutral parent compound 1a, 42.4 ppm, is surprising on first sight. However, quantum mechanical calculations of magnetic shieldings (see NMR
shielding tensor computations) reproduce this trend and provide more insights (Table SI2, Fig. SI13). The results of the calculated "'B magnetic
shieldings illustrated in Fig. SI13 (top axis) have been converted to ''B chemical shifts (bottom axis) via the absolute magnetic shielding scale
established by Jackowski et al. using o(''B, BF;OEt,) = 110.9 ppm."" In both compounds, 1a and 1a?, the magnetic shielding tensor is oriented in the
same way (Fig. SI14): the direction of least shielding, 11, points along the B-Cl bond, the direction of highest shielding, oss, is perpendicular to the plane
of the heteroallyl skeleton, and the direction of intermediate shielding, 0., completes the axes system, being in-plane and perpendicular to B-Cl. On
going from 1a to 1a?%, o,, and as; shift in such a manner that the changes cancel each other, hence the difference in the isotropic shieldings o, arises
from a significant change in 011, causing a deshielding contribution in the direction of the B-Cl bond. Contributions to paramagnetic shielding (i.e.,
deshielding) are caused by magnetic dipole allowed mixing of ground state (occupied) with excited states (empty orbitals)' ' of appropriate
symmetry.'*'® Because of the size of the molecules 1a, 1a%, there are hundreds of MOs (Fig. SI16) that are crucial for the quantitative description of the
systems but are lacking in simplicity. Similar to the way boranes helped researchers to deduce the likely structures of isoelectronic hypercarbon
systems,’® we shall reduce complexity in order to qualitatively rationalize the deshielding effect on "B by examining the prototypal allyl cation in point
group C,, and its MO diagram given in Fig. SI15. The picture has been produced using the extended Hickel MO program CACAO,'” with results similar to
published illustrations.’ According to group theory, mixing of orbitals that causes deshielding along the z axis (central C-H in allyl, B-Clin 1a, 1a%>) must
yield the irreducible representation A, (containing R,) as direct product, i.e. the products A.QA; and B.Q B1. In the allyl cation, the MO 1b is the HOMO
and 1a, the LUMO. Mixing of these orbitals results in B, which is effective in x direction (the most shielded direction), therefore must be not important.
In contrast, in the allyl anion 1a, is the HOMO and can interact with the low lying empty 5a1 orbital. Interestingly, in the carbon system the central carbon
in related allyl cations and anions have quite similar chemical shifts, the differences between the two systems manifested in the terminal carbon
atoms: 1,3-dimethylallyl MeHC-C*H-CHMe (C"*: 232.2, C?: 148.3 ppm)'® and 1-methylallyl MeHC-C*H-CH, (C': 255.1, C% 149.8, C*: 201.5 ppm)?° versus
allyl lithium (C"%: 51.2, C% 147.2 ppm)?' or allyl potassium (C'?: 52.8, C?: 144.0 ppm).%

Table SI2. "B NMR magnetic shielding tensors® of 1a and 1a%, (see NMR shielding tensor computations)

compd. Oiso / PpM o1/ ppm O/ ppm O3/ ppm
1a 66.3 41.4 62.4 95.0
1a 45.4 -23.4 73.5 85.9

) G412 02 2 033 ; Oiso = (011 + Oz + 033)/3
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o(''B) / ppm ——

-30 -20 -10 0 10 20 30 40 50 80 90 100 110
| | | | | | | | | | | |
I 1a
2-
I 011 Giso 633 1 d
I I I I I I I I I I I I
140 130 120 110 100 90 80 70 60 30 20 10 0

<~— &(""B) / ppm

Fig. SI13. Changes in "B NMR magnetic shielding tensor obtained from quantum mechanical calculations (see NMR shielding tensor computations) on
1a and 1a* (011 2 022 2 033 ; Oiso = (011 + O22 + 033)/3).



22

Fig. SI14. Orientations of "B magnetic shielding tensors obtained from quantum mechanical calculations on 1a (left) and 1a* (right).
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Fig. SI15. EHMO diagram of the allyl cation, produced using CACAO."
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1a

K,[1a]
E /Eh E /Eh
0.05 = A 0.05 —'
0 - 0 -
X
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0.1 ti32e8) ] 4
LUMO (182) = %17 homo v
4| 363 Sat : 4|
015 1 Homo i (1b1) L 018 ] w
-0.2
-0.25 H
—_—
.| —
-—

1a2 1a2
Fig. SI16. Molecular orbitals of 1a and 1a* corresponding to the 1a2 and 5a1 EHMO orbitals of the allyl cation.
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UV-Vis spectroscopy

1b (c=0.060 mmol/L)
1 T | -I T T -I T

09 r 4
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0.3 i

0.2 r 3
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O 1 | I | | | | 1 1
250 300 350 400 450 0500 550 600 650 700 750 800

wave length /nm
Figure S117. UV-Vis spectrum of compound 1b.
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Figure SI18. Absorption spectrum computed at the TD-B3LYP/def2-TZVP level of theory of compound 1b.

520

530

540

560

570



27

Figure SI19. TD-DFT transition densities of state 1 at the TD-B3LYP/def2-TZVP level of theory of compound 1b.

Table SI3. UV-Vis transitions (TD-B3LYP/def2TZVP) (out of excited state 1-5, ¢ > 0.3) of 1b.

State energy (cm™") wavelength (hm) fosc Relevant Transitions

1 17807.3 561.6 0.45 HOMO > LUMO (0.915681; c=-0.9569)

2 24442.7 409.3 0.01 HOMO > LUMO+1 (0.809156; c=0.8995), HOMO > LUMO+2 (0.160202; c=-0.4003)

3 25297.3 395.3 0.01 HOMO > LUMO+3 (0.914342; c=0.9562)

4 25749.9 388.3 0.08 HOMO > LUMO+2 (0.667804; c=0.8172), HOMO > LUMO+4 (0.189342; c=-0.4351),
HOMO > LUMO+5 (0.189342; c=-0.4351)

5 26184.9 381.9 0.06 HOMO-1 > LUMO (0.895400; c=-0.9463)
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K[1a] (c=0.057 mmol/L)
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Figure S120. UV-Vis spectrum of compound K[1a].
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Figure S121. Absorption spectrum computed at the TD-BSLYP/def2-+ZVP level of theory of compound K[1a].
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Figure S122. TD-DFT transition densities of state 2 at the TD-B3LYP/def2-TZVP level of theory of compound K[1a].

Table Sl4. UV-Vis transitions (TD-B3LYP/def2TZVP) (out of excited state 1-5, ¢ > 0.3) of K[1a].7

State energy (cm™) wavelength (nm) fosc Relevant Transitions

2 15791.1 633.5 0.11 a-HOMO > a-LUMO (0.884719; c=0.9406)

3 16428.0 608.6 0.05 a-HOMO > a-LUMO+1 (0.908662; c=-0.9532)
4 17166.1 582.5 0.04 a-HOMO - a-LUMO+2 (0.880230; c=-0.9382)
5 18479.3 541.1 0.01 a-HOMO - a-LUMO+3 (0.897150; c=-0.9472)
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K[1b] (c=0.116 mmol/L)
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Figure S123. UV-Vis spectrum of compound K[1b].
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Figure S124. Absorption spectrum computed at the TD-B3LYP/def2-TZVP level of theory of compound K[1b].
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Figure S125. TD-DFT transition densities of state 2 (left) and 3 (right) at the TD-B3LYP/def2-TZVP level of theory of compound K[1b].

Table SI5. UV-Vis transitions (TD-B3LYP/def2TZVP) (out of excited state 1-5, ¢ > 0.3) of K[1b].

State energy (cm™) wavelength (nm) fosc Relevant Transitions
0.15 a-HOMO - a-LUMO (0.664558; c=-0.8152),
2 14343.0 697.2 B-HOMO - B-LUMO (0.176698; c=0.4204)
a-HOMO - a-LUMO+1 (0.091045; c=-0.3017)
0.10 a-HOMO > a-LUMO+1 (0.753214; ¢c=0.8679)
3 15029.8 665.4 B-HOMO - B-LUMO (0.138376; c= 0.3720)
4 15289.6 654.1 0.02 a-HOMO - a-LUMO+2 (0.875497; ¢c=0.9357)
5 16540.9 604.5 0.03 a-HOMO - a-LUMO+3 (0.927893; c=-0.9633)
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K,[1a] (c=0.028 mmol/L)
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Figure S126. UV-Vis spectrum of compound K;[1a].



35

Abs. spectrumviatrans. el. dip. mom.
0.28

027
0.28
025
0.24
0.23
0.22
0.21

0.2
0.19
0.18

0.17

0.15
0.14
0.13
0.12

0.1

0.08
0.08
0.07
0.06

0.05

0.04
0.03
0.02
1 y I | | | 1
0
600 620 840 660 B

340 380 380 400 420 440 480 480 500 520 540 560 580
Wavelength, nm

Figure S127. Absorption spectrum computed at the TD-B3LYP/def2-TZVP level of theory of compound K;[1a].
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Figure S128. TD-DFT transition densities of state 2 at the TD-B3LYP/def2-TZVP level of theory of compound K;[1a].

Table SI6. UV-Vis transitions (TD-B3LYP/def2TZVP) (out of excited state 1-5, ¢ > 0.3) of K;[1a].

State energy (cm™) wavelength (nm) fosc Relevant Transitions

2 14186.9 704.9 0.06 HOMO » LUMO+1 (0.941813; ¢c=-0.9705)
3 14725.7 679.3 0.03 HOMO > LUMO+2 (0.930408; c=0.9646)
4 15609.3 640.6 0.05 HOMO » LUMO+3 (0.922726; c=0.9606)
5 16068.8 622.2 0.04 HOMO » LUMO+4 (0.917306; c=-0.9578)
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K,[1b] (c=0.113 mmol/L)
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Figure S129. UV-Vis spectrum of compound K;[1b].
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Figure S130. Absorption spectrum computed at the TD-B3LYP/def2-TZVP level of theory of compound K;[1b].

38

Abs. spectrum viatrans. el. dip. mom.

360

‘Ihl
380

4

00 420 440

460

480

500

520

540

580

580

800

620
Wavelength, nm

840 860

700

720

740

780

800

820

840

860

880



39

Figure SI131. TD-DFT transition densities of state 2 at the TD-B3LYP/def2-TZVP level of theory of compound K;[1b].

Table SI7. UV-Vis transitions (TD-B3LYP/def2TZVP) (out of excited state 1-5, ¢ > 0.3) of K;[1b].

State energy (cm™) wavelength (nm) fosc Relevant Transitions

2 13267.8 753.6 0.09 HOMO > LUMO+1 (0.945551; ¢=-0.9724)
3 13975.9 715.5 0.03 HOMO > LUMO+2 (0.894177; c=0.9456)
4 14267.3 701.0 0.05 HOMO > LUMO+3 (0.901529; ¢=0.9495)
5 14817.6 674.8 0.05 HOMO > LUMO+4 (0.927170; c=0.9629)
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EPR spectroscopy

Continuous-wave electron paramagnetic resonance (cw-EPR) spectra were recorded on a Bruker
EMXmicro spectrometer equipped with a PremiumX X-band microwave bridge (9.3217 GHz).
Unless stated otherwise, measurements were performed in solution at room temperature in
standard NMR tubes fitted with sealed quartz capillaries (2 mm outer diameter) which are stored
protected from light. Spectra were acquired using Bruker Xenon software (v1.1b.155). Field
calibration was performed using the Bruker strong pitch standard (gisc = 2.0028).

Numerical simulations were carried out using the EasySpin toolbox (v6.0.2) implemented in
matlab vR2023b.%® Simulations were performed using the garlic function, assuming isotropic fast-
motion conditions and an electronic ground state of S = 1/2. Fitting parameters included the
isotropic g-value (gis0), hyperfine coupling constants (Ai.), and linewidths (Lorentzian and
Gaussian contributions (full width at half maximum), (w).

Figure SI32. NMR/EPR active nuclei with localization of significant amount of spin density (blue)
of compound K[1a'] (left) and K[1b'] (right).

All NMR active nuclei (see Figure SI18, blue coloured) with localization of significant amount of
spin density (see quantum chemistry) were included in the simulation. The results of the
simulations are presented in Table 2 and 3. All nuclei were included in the simulations based on
their natural abundance as implemented in EasySpin.

Tabel SI8. Fitting parameters (giso and lw) for EPR spectra of compound K[1a']and K[1b"].

8iso lw (Gaussian) lw (Lorentzian)
K[1a'] 2.0116 0.1945 0.2097
K[1b'] 2.0161 0.4346 0.0939

Table SI9. Fitting parameters (JAiso|) for EPR spectra of compound K[1a'] and K[1b"].

Aiso(B) Aiss(Ge)  Aiso(K)  Aiso(Cl)  Aiso[H(CH3)]  Aiso[H(Xanth.)] Aiso[C(Xanth.)]
K[1a'] 14.07 59.65 1.66 0.28 - 2.22 5.00
K[1b'] 14.14 50.69 2.07 - 5.02 2.42 5.13
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Figure SI33. EPR spectrum of K[1a'].
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Figure SI34. EPR spectrum of K[1b'].
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Cyclic voltammetry

I I T T T

10 pA

—
7 /j"
<
E,,”=0.10 V vs. Ag/Ag’
0.5Vs™"
0.2Vs™
E,," =-1.38 V vs. Ag/Ag’ 0.1vs™"
——0.02 Vs
| | |
25 2 -1.5 -1 -0.5 0 0.5 1
Potential (V)
Figure SI35. Cyclic voltammogram of 1a at different scan rates.
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Figure SI36. Cyclic voltammogram of 1a at different scan rates.
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Figure SI37. Cyclic voltammogram of 1b at different scan rates.
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Figure SI38. Cyclic voltammogram of 1b at different scan rates.
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Number of electrons transferred during reduction of 1a

Randles-Sevéik equation (reversible process)

The Randles-Sevéik equation yields a value of n = 0.9 for the number of electrons transferred.?*
I, = 2.69-10°-n3%%-4-DY2.c. v/2

l, peak current 1,(100 mV) =1.90- 107> A

n number of transferred electrons

A electrode surface A=0.071 cm?

kBT
Ty

D diffusion coefficient D = ~ 5.79-107°% cm?s”

with ry = 8.05 A [molecule diameter = 16.09 A (r’scan-3c/CPCM(thf))]
andn (thf,rt) = 0.4695 mPa-s®

c concentrationc =1.99 - 10~® molcm™
vscanratev=0.1 Vs’

Modified Randles-Sevéik equation (quasi-reversible process AE, #57.5 mV)*

For quasi-reversible processes (AE, # 57.5 mV), the modified Randles-Sevé&ik equation must be
used [AE,=0.161V (v=100 mVs™), 0.191V (v=200 mVs™), 0.242 V (v =500 mVs™), 0.302V (v =1
VsT)].

I,=2.69-10°-n%%-4-DY?.c- v¥/2 . K
K modified parameter for quasi-reversible reactions

Based on Trachioti, Lazanas and Prodromidis, K can be estimated in the range 0.5-0.8 (a = 0.3,
log A = 0.16) yielding corrected values for n between 1.20 and 0.87.%

Quantum chemistry

Structure optimization/NBO analysis

All structures were fully optimized starting from experimentally determined structures obtained
by single-crystal X-ray diffraction (XRD). Structure optimizations were performed using both the
BP86 functional and the composite ’'SCAN-3c method as implemented in ORCA6.0.1.2% The
r’SCAN-3c method is a versatile and computationally efficient approach.3* This method combines
the r’'SCAN meta-GGA density functional with a tailored triple-{ Gaussian basis set (def2-
mTZVPP/J)*, an auxiliary basis set for the resolution-of-the-identity (RI) approximation, the D4
dispersion correction® for long-range London dispersion,®® and a geometric counterpoise
correction to account for basis set superposition error (gCP).*” Solvent effects were modeled
using the conductor-like polarizable continuum model (CPCM) as the solvent.® The BP86
calculations were conducted using Grimme's D3 dispersion correction, Becke-Johnson damping
(D3BJ). The Rl approximation was applied to accelerate the calculations. The basis set chosen
was def2-TZVP for Ge, B, Cl and def2-SVP on all other elements.3%4°

All computations employed tight convergence criteria for structure optimizations and very tight
thresholds for SCF convergence. The integration grid defgrid3 was used in all cases. All structures
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were fully optimized, and harmonic vibrational frequencies were computed to confirm whether
the stationary points correspond to minima.

Analyses of the electronic structure were carried out using NBO 6.0 as implemented in ORCA,
employing the structures optimized at the BP86 level of theory.*'

Excited state spectra were computed using time-dependent DFT with the B3LYP functional as
implemented in the ORCA with the def2-TZVP basis set and RIJCOSX approximation.*®“? For
radical species K[1], unrestricted Kohn-Sham (UKS) calculations were employed.

Computational study on EPR parameters of K[1°]

EPR parameters were calculated based on structures optimized with a range of density
functionals and dispersion corrections, with solvent effects of diethyl ether considered (see
below). The basis set chosen was def2-TZVP for Ge, B, Cl and def2-SVP on all other elements
(r’scan-3c was used with implemented def2-mTZVPP/J basis set).*“° All computations employed
default convergence criteria for structure optimizations and very tight thresholds for SCF
convergence. The integration grid defgrid3 was used in all cases.

Functionals used: wB97X*, wB97X-V*, B3LYP*?, CAM-B3LYP,** PBE0*, TPSS*’, BP86%“°, and
r’'SCAN-3c**

Dispersion corrections: D30%, D3BJ*'", D4* and non-local (NL)*°

Solvation models: CPCM* and SMD?®' (diethyl ether)

EPR single-point calculations were performed as implemented in ORCA using the B3LYP
functional in combination with the EPR-I1° basis set (for all compatible atoms), and def2-TZVP*
(for Ge, K, and Cl). Dispersion interactions were included via the D4 correction®, and solvation
effects of diethyl ether were modeled using CPCM* correction.

Computational study on EPR parameters of K[1a°]

Hyperfine coupling constants were calculated for Ge, B, K, Cl (considering Fermi contact term
(aiso), dipolar coupling (adip), and orbital contributions (aorb)) as well as all hydrogen atoms (only
aiso).

Table SI10a. Computation of EPR parameters (giso, Aiso) based on structures obtained by
optimization with different density functional methods. The relative percentage deviation to the
experimental parameters is given (%dev.) and highlighted in colours (green = low deviation, red =
high deviation).

Siso % dev. Aiso(Ge) % dev. Aiso (B) % dev.
experiment 2.0116 -59.64 -14.12

crystal structure 2.0125 0.043 -35.96 -35.29

The significant discrepancy between the calculated EPR parameters when using the crystal
structure and the experimentally obtained parameters (Table SI10a) shows the importance of the
accuracy of the underlying structure. To systematically investigate the influence of the structure
onthe calculated EPR parameters, gisc and Aiso Were computed based on structures optimized with
several density functionals, including different dispersion corrections and solvation models.
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Table SI10b. Computation of EPR parameters (g, Aiso) based on structures obtained by
optimization with different density functional methods.

structure Siso % dev. Aiso(Ge) % dev. Aiso (B) % dev.

PBEO/CPCM 2.0125 0.042 -38.25 35.9 -23.3 65
BP86/CPCM 2.0121 0.023 -38.3 35.8 -27.42 94.2
TPSS/CPCM 2.0121 0.027 -38.81 34.9 -24.47 73.3
B3LYP/CPCM 2.0122 0.028 -41.78 29.9 -20.94 48.3
wB97X/CPCM 2.012 0.022 -46.06 22.8 -11.91 15.6
r2scan-3c/CPCM 2.0117 0.004 -48.5 18.7 -6.96 50.7

All density functionals (Table SI10b) yield giso values which are in very good agreement with the
experimentally determined value of 2.0116. The best agreement is obtained with r2scan-3c
(0.004%dev.) and wB97X (0.022%dev.) functional. The hyperfine coupling constants of the
germanium Ais(Ge) display a more pronounced functional dependency. BP86, B3LYP, PBEO and
TPSS consistently underestimate Aio(Ge). The best results were obtained using r’scan-3c (18.7%
dev.) and wB97X (22.8% dev.) functionals. The boron hyperfine coupling constant is strongly
dependent on the utilized functional. Most functionals tend to overestimate Aiso(B), while only
r’scan-3c underestimates Aio(B). wB97X reproduces the experimental value remarkably well
(15.6% dev.). The different behavior of r’scan-3c is probably due to the implementation of D4
dispersion correction, which will be discussed in the next section.
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Table SI10c. Computation of EPR parameters (g0, Aiso) based on structures obtained by
optimization with different density functional methods.

structure Siso % dev. Aiso(Ge) % dev. Aiso (B) % dev.

B3LYP/CPCM 2.0122 0.028 -41.78 29.9 -20.94 48.3
B3LYP/D30/CPCM 2.0115 0.006 -54.04 9.4 0.16 101.2
B3LYP/D3BJ/CPCM 2.0115 0.007 -51.20 14.2 -2.22 84.3
B3LYP/D4/CPCM 2.0115 0.003 -50.75 14.9 -3.06 78.3
B3LYP/NL/CPCM 2.0115 0.007 -50.60 15.2 -3.72 73.7
TPSS/CPCM 2.0121 0.027 -38.81 34.9 -24.47 73.3
TPSS/D3BJ/CPCM 2.0113 0.016 -48.49 18.7 -4.82 65.8
TPSS/D4/CPCM 2.0113 0.016 -48.81 18.2 -4.25 69.9
BP86/CPCM 2.0121 0.023 -38.30 35.8 -27.42 94.2
BP86/D4/CPCM 2.0112 0.022 -49.96 16.2 -3.04 78.4
wB97X/CPCM 2.0120 0.022 -46.06 22.8 -11.91 15.6
wB97X/D4/CPCM 2.0119 0.015 -47.91 19.7 -8.78 37.8
wB97X-V/CPCM 2.0116 0.002 -49.75 16.6 -5.01 64.5
r’scan-3c/CPCM 2.0117 0.004 -48.50 18.7 -6.96 50.7

The implementation of dispersion corrections (D3, D4, NL, VV10) leads to consistent
improvements across all investigated functionals (Table SI10c). gis, values generally benefit from
dispersion, particularly when using the B3LYP and TPSS functionals. The impact on Aiso(Ge) is also
substantial, the values improve systematically for all methods studied. B3LYP/D3(0) yields the
best agreement with the experimental Ai.(Ge) value (9.4%dev.). In contrast, Aio(B) is
systematically underestimated upon inclusion of dispersion corrections. The improvement of
Aiso(Ge) is accompanied by a loss in the accuracy of Aiso(B). wB97X yields a balanced set of
parameters with and without dispersive corrections.

Table SI10d. Computation of EPR parameters (g0, Aiso) based on structures obtained by
optimization with different density functional methods.

structure Siso % dev. Aiso(Ge) % dev. Aiso (B) % dev.

B3LYP/CPCM 2.0122 0.028 -41.78 29.9 -20.94 48.3
B3LYP/SMD 2.0117 0.004 -47.78 19.9 -8.06 42.9
wB97X/CPCM 2.0120 0.022 -46.06 22.8 -11.91 15.6
wB97X/SMD 2.0121 0.026 -45.12 24.3 -13.26 6.1
r’scan-3c/CPCM 2.0117 0.004 -48.50 18.7 -6.96 50.7
r’scan-3c/SMD 2.0120 0.018 -44.21 25.9 -14.23 0.8
wB97X-V/CPCM 2.0116 0.002 -49.75 16.6 -5.01 64.5
wB97X-V/SMD 2.0119 0.014 -50.88 14.7 -8.04 43.1

The usage of CPCM generally provides better agreement with the experimental gis, value, although
in the case of B3LYP, SMD slightly improves the results (Table SI10d). For Aiso(Ge), the use of SMD
leads to better results when using B3LYP and wB97X-V but leads to worse results when using
wB97X and r2scan-3c. Aiss(B) consistently benefits from using SMD instead of CPCM across all
tested functionals. The combination of r’scan-3c and SMD yields excellent agreement with the
experimental Aiso(B) value (0.8%dev.), while yielding moderately accurate results for Aiso(Ge).
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Table SI10e. Computation of epr parameters (gs,, Aiso) based on structures obtained by
optimization with the wB97X/CPCM method.

structure single point Siso % dev. Aiso(Ge) % dev. Aiso (B) % dev.
wB97X/CPCM  BP86 2012 0018 -3493[ 414  -5.71 59.6
wBY7X/CPCM  B3LYP 2012 0.022 -46.06 228  -11.91 15.6
wB97X/CPCM CAM-B3LYP  2.0131  0.075 -54.93 7.9  -20.21 43.1
wB97X/CPCM _ BHLYP 2.0119| 0014  -705 18.2  -33.45 | 1136.9

Tovalidate the choice of functional for the EPR single-point calculations, a series of computations
were performed based on the wB97X/CPCM structure using exchange-correlation functionals
with varying amounts of exact exchange (BP86: 0%, B3LYP: 20%, CAM-B3LYP: 19% (short range)/
65% (long range), BHLYP: 50% exact exchange). The results (Table SI10e) illustrate that the range-
seperated hybrid functional CAM-B3LYP delivers the most accurate results while BP86 and BHLYP
deliver quite imbalanced results.

Table SI10f. Computation of EPR parameters (g0, Aiso) based on structures obtained by
optimization with the wB97X-V/CPCM method and a CAM-B3LYP epr single point.

structure single point Siso % dev. Ais(Ge) % dev. Aiso (B) % dev.
wB97X-V/CPCM CAM-B3LYP 2.0127 0.056 -58.35 2.2 -14.12 0

Finally, a combined approach was carried out: a CAM-B3LYP single-point calculation was
performed on the wB97X-V/CPCM structure including dispersion corrections (Table SI10f).
Despite a slight deterioration in the gis, value, both A, values are in very good agreement with the
experimental reference.

Computation of EPR parameters of K[1b°]

Table SI10g. Computation of EPR parameters (giso, Aiso) Of 1b™~ based on structures obtained by
optimization with the wB97X and wB97X-V functional combined with a BSLYP and CAM-B3LYP epr
single point.

geometry single point Siso % dev. Aiso(Ge) % dev. Aiso (B) % dev.
wB97X/CPCM  B3LYP 2013 0150 -29.99 408  -25.78 82.3
wB97X/CPCM ~ CAM-B3LYP 2015  0.072 -37.54 259  -33.45 111366
wB97X-V/CPCM  B3LYP 2.0124| 0185  -33.93 331  -14.88 5.2
wB97X-V/CPCM CAM-B3LYP  2.0139|  0.112  -41.87 17.4  -20.64 45.9

To evaluate the extent to which the results of the study are transferrable, the EPR parameters of
1b~ were calculated using the most promising methods: the wB97X and wB97X-V functional
combined with a B3LYP and CAM-B3LYP epr single point (Table SI10g). Overall, the values show a
larger deviation, however, the results obtained using the wB97X-V//CAM-B3LYP are still close to
the experimentally determined values.
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Spin density distribution and Mulliken atomic spin densities of K[1a]

Spin density distributions and Mulliken atomic spin densities were obtained from the optimized
structures from the previous section.

Figure SI25 shows the spin density distribution of K[1a'] obtained at the wB97X-V/CPCM(Et,0)
level of theory. Independent on the functional, the spin density is mainly localized on the
germanium atoms. A smaller negative spin density is localized on the boron atom. A certain spin
delocalization is also localized on the xanthene backbone.
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Figure SI39. Spin density distribution for K[1a°] (isosurface = 0.002174, wB97X-V/CPCM(Et,0)).

The Mulliken atomic spin densities indicate significant spin density on both Ge centers and a
negative spin density at the boron atom - analogous to the allyl radical (Ge 0.575%/0.583%, B -
0.170%/-0.179%). Especially the functional wB97X-V yields an evenly distributed spin density on
both germanium atoms, suggesting a well delocalized electronic structure.

Table SI11. Mulliken atomic spin densities of selected atoms in K[1a'] at different level of theories.

method p(Ge1) p(Ge2) p(B)

B3LYP/D4/CPCM 0.548 0.532 -0.248
wB97X/CPCM 0.580 0.563 -0.341
wB97X-V/CPCM 0.565 0.563 -0.224
BP86/D4/CPCM 0.536 0.520 -0.219

NMR shielding tensor computations

NMR computations were performed using the revPBE®® functional in combination with ZORAS¢-58
relativistic corrections, the ZORA-TZVP®® basis set, and the D3(BJ)*" dispersion correction.



Frontier orbital energies of 1, K[1] and K>[1]

Frontier orbital energies were computed at the r’scan-3c/CPCM(diethylether) level of theory.

Table SI12. Frontier orbital energies of 1, K[1] and K;[1].

1a Eh kcal/mol 1b Eh kcal/mol
HOMO -0.15 -95.56 HOMO -0.15 -96.93
LUMO -0.10 -64.91 LUMO -0.10 -62.86
LUMO+1 -0.06 -37.99 LUMO+1 -0.05 -33.21

K[1a] Eh kcal/mol K[1b] Eh kcal/mol
HOMO-1 -0.16 -99.03 HOMO-1 -0.15 -93.25
SOMO -0.11 -71.79 SOMO -0.11 -67.95
LUMO -0.05 -33.37 LUMO -0.05 -30.97

Kz[1a] Eh kcal/mol K2[1b] Eh kcal/mol
HOMO-1 -0.14 -90.89 HOMO-1 -0.13 -80.25
HOMO -0.10 -61.13 HOMO -0.09 -57.57
LUMO -0.05 -33.69 LUMO -0.05 -28.88
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Redox Potentials

Geometry optimizations were carried out using the r’'SCAN-3c* composite method. Solvent
effects were included via the conductor-like polarizable continuum model (CPCM)*® using
tetrahydrofuran (THF) as the solvent. All molecules were optimized in the absence of the
potassium counterion. The following compounds were computed:

e 1a,K[1a’], Ky[1a]
e 1b, K[1b'], Ky[1b]
e Ferrocene and ferrocenium (Fc and Fc™)

Standard-free redox potentials (E°) were derived from the calculated Gibbs free energies (G)
according to the equation:

AGORed/Ox

— E°(Fc/Fc*
- (Fe/Fc*)

0 —
E Red/Ox — —

where n. is the number of electrons transferred, F is the Faraday constant, and E° (Fc/Fc*) is the

0 +
reference potential E°(Fc/Fct) = —%.60 The redox potentials were subsequently

converted to potentials with respect to Ag/Ag* by substraction of the empirical value 0.22 V.%'
The following potentials were obtained for the 1a/K[1a]/K;[1a] redox couples:
E1."®P'(r*scan-3c/CPCM(THF)) = -1.80 V vs. Fc/Fc* = -1.58 V vs. Ag/Ag"

E12"®P%(r?scan-3c/ /CPCM(THF)) = -2.29 V vs. Fc/Fc* = -2.07 V vs. Ag/Ag*

The following potentials were obtained for the 1b/K[1b"]/K;[1b] redox couples:
E1."®P'(r*scan-3c/CPCM(THF)) = -1.94 V vs. Fc/Fc* = -1.72 V vs. Ag/Ag"

E12"®P%(r’scan-3c/CPCM(THF)) = -2.45 V vs. Fc/Fc* = -2.23 V vs. Ag/Ag’
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